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Foreword 
Since the discovery of gold at Cape River in 1867, mining has played an important role in North 
Queensland by providing income, opening up new areas to settlement and providing markets for 
pastoralists and retailers. Mining is valued at more than $700 million per annum. Over 24 million 
ounces of gold have been mined or discovered in North Queensland. The Charters Towers district 
is a world class gold province with 15 million ounces of gold discovered in that area alone to date. 
Bauxite is a major commodity, contributing 10% of the world's production. The area has also been 
a major tin producer, and has produced, or is producing, base metals, nickel, tungsten, kaolin, 
antimony, silver, gemstones, limestone, dimension stone, dolomite, perlite, fluorite, molybdenum 
and diatomite. 

North Queensland has well-established mining and transport infrastructure. It includes a major port in 
Townsville (main export port for the Mount Isa region) and a major international. airport at Cairns. 
Townsville also has copper ~d lateritic nickel refineries, and construction has commenced on a zinc 
refinery. Energy is available from the coalfields and the large coal bed methane resources of the 
Bowen Basin, undeveloped coal deposits in the Laura and Galilee Basins, undeveloped oil shale in 
the Eromanga Basin, or the large gas fields of Papua New Guinea. Uranium has been discovered in 
the Townsville hinterland and in th_e Georgetown district. 

This book, a product of the National Geoscience Mapping Accord (NOMA) North Queensland 
Project, provides an up-to-date synthesis of geoscientific knowledge in North Queensland. The 
jointAGSO/GSQ North Queensland Project team consolidated data from Bureau of Mineral Resources 
(BMR)/ GSQ 1:250 000 mapping in the 1960s, 1:100 000 mapping (e.g. Georgetown Region) in the 
1970s, the GSQ Regional Geological Mapping Program (RGMP) in the 1980s, and the NOMA mapping 
program in the 90s. 

This book is accompanied by a 1:1 000 000 geological map of North Queensland and has a companion 
atlas (Atlas of North Queensland Geology at 1:3 000 000 scale). A large number of reports and maps, 
as well as digital databases and geographic information systems are available from both organisations. 

This book, map and atlas updates and .expands much of the information in the Geology and 
Geophysics of Northeastern Australia by RA Henderson and PJ Stephenson, which was published 
in 1980 and has been the definitive text on northeastern Australia since then. There are many aspects 
of the geology of North Queensland that are still poorly known; this book identifies those in need of 
further research. 

Neil Williams Gerhard Hofmann 

Executive Director Director 
Australian Geological Survey Organisation Geological Survey of Queensland 

27th November 1997 
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Purpose and Scope 
Nnrtlr Queemlmul (H•nlox,y 1s a tllgest of' geoscicntlf'ic 
information about North Queensland that 1s primanl~ a 
l'l!gional genlogy. but also describes the mim:ml and energy 
l'l!sourcc:s of \iorth Queensland. In addnion to the nine 
regional ge(liOg} chapter~ and the regional synthesis 
chaptc:r. thc:re arc chapter-. that e-xamine the rcgmnal 
l'lllltc\t l>fNorth Queensland. the history and methodology 
of isotopic dating, regolith or lapc York Peninsula and 
lllmcralisatmn. A bncf getllogtcul history i~ presented a~ 
a conclusion. 

I Ius hook ts the result ol work during the last 40 years 
( 1956 I 996} by gcosctcntists oft he Geological Survey of 
C)ucensland (GSQ). and till' .\ustrulian (icologlcal Survey 
Organisation CAGSOl and it-. predecessor. the Bul'l!au of 
\1ineml Resources, Gcolo)!~ :md Geophysics (BMR), hy 
minerul and petroleum e\ploration companies. and by 
uni' en.ity rc.;eareher:.. 

I he <i20 000 km' arcu covcn:J b) th1s book. und the 
assoctatcd map (North <..)uccnsland (il:ulogy at 1: I 000 000 
scale. Bain & Haipolu 1997) and atlas (Atlas of North 
<..)ucensland Geology at I :J 000 000 sca le. Bain & Draper 
19'>7) ( l'igurc 1.1, plate 1.1 l ts essentially the northcm half 
ur Queensland cast of 141 ·I and purts of the Gulf of 
C'arpcntana and Coral Sea .\ \Jat10nal Geo~c1cncc 
Mapptng Accord (NGMA) project \\<ls imtmted 111 I 1NO 
in this area to pro' uJc a modern. comprehcn<;l\ e. 
gcuscientific knowledge b~IM! for onh Qut!ensland. The 
pmjcct expanded and updated extstmg maps and datascr... 
collected llC\\ data types. made all rcadJiy access1blc 111 

d1g1tal fnmutt, and comp1k·d this !>ynthcsts of the regional 
geulogy The results nf the proJeCt provide governments, 
indu~try and the communtty With essential informntion 
for sound dt.:ctsion-making on de' L!lopment tllld 
conservation stratcg1es in a region of' strategic natinnul 
1mportuncc. Ne\\ informatwn and tdcas presented 111 
u-;cahlc formats prov1dc tmpctu-. lor new exploration amJ 
reduce c\plorat1on nsk. 

NORTH 
QUEENSLAND ,__,._ J 

' 
• ProteroZOIC gramles 

Palaeoprolero.otol & Mesoprolerozo•c 
sechmentnry & metamorph1cs 
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l•'i~o:urc J. J. Location of North ()ul.'cnslaml area covered in tlus 
ht~nl.. 1"111.' di,lrihulmn of Pnsll'rtltoi~: nl\.·1.., in o\u,tralia ""'"' 
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CHAPTER 1 

INTRODUCTION 
by ff DR.\ PI R. JIIC liM,\ and C r P \II\ 

North Queensland 1s .1n area or complc\ gcolog~ <lllU 
geological h1story. It contains ,\u~traha \ northeastemmosl 
Pruteruzoic rocks (Figure I .I ). indlcatiClll~ or se\ cr;ll 
Protenumc orogcnu; events, the northernmost dclt)rmatwn 
of the l:arly Cambrian Delamerian Orogeny. and igncou~ 
and sedimentary rocks of equi,,1Jcnt age to those tn the 
1 achlan FoiJ Belt. There arc also large area:. of mid to 
latest Palaeozoic igneous rocks\\ 1th <J~soc1ated \\ idespread 
gold ,tnd tin ll1111eralisattnl1 .. 11\U e\ idence or deformat1011 
allributcd to the Pcrm1an to fnass1c llulllcr-Bowcn 
Orogeny. Much of the area 1:-. covered by scu1mcnts olthc 
Mesozoic Great Artesmn Basm and CatnoLolc Karumhu 
Ba~tn . large Cainozoic basalt fields with lluws as youn~· 
as 10 000 years BP. and extensive rcgol1th mclud1ng 
c\tensi,·e bau\itc dcposlls. 

The contributors to each chapter arc I istcd at the bcginnmg 
uf the chapter. The authur~ of indi' idual sections '' i1hin 
chapters are listed at the hcginnmg of a section and arc 
re-.ponsihlc for all the tC\t between that listing and the 
next listing or authors. Given the large number uf 
geographic names. mine-. and prospect:. mcntiont'U 1n the 
hook. 11 has not been posstble t<) pr<l\ 1dc maps showmg 
them a ll. Readers"' ill need Ill obtain detailed geographic 
tnfmnwtion from published topugraphu: and genlog1ca l 
maps or the particular area he111g d.-.eusscd or lnHn 
rc:fi:rcnces 4UOted herem. An mdex 1s pro\ 1dl!d lt~ung 
major references to stratigraphic tllltts. major mine,, 
mining districts. major mincml prospcch and :.tructural 
and tcctomc features. l ach regional chapter contams tables 
of strallgrapiHC units, these arc pla~Cd 31 the ends of 
chapters. 

The period since 1956. and c:-.pcc1ally !'rom 19X7 to 1997 
has seen many development., in the geos~1t:nec ... 
tnrormation technology, and field technlllllcs. This honk 
1s. ol nct:csslty, an amulgam of the trad11lonal Jppruach to 
l'1eld geology and reporting meum wtlh modern remold} 
scn~cd and digital data using th~.: late~t technology. The 
accompanymg map and atlas \\ere prepared usin!!. a Ji.tllv 
digital approach. ~ · 

Although thts book rellects the prngrc!>S made 111 
understandmg the geology of North Qm.:ensland then: arc: 
still many geologicJI problems to he sol\ed ranging from 
lucalqucstions to broad 1ssues such as tectonic setting~ 
and pi;.Jte tcctomc models. T hcsl! problems arc idcnllficd 
throughout the book. 

Historical Perspective 
"Jorth Queensland has " long history (lr uccupanc) h) 
Aboriginal and Torres Strati Islander people. H,·iucncc or 
uccupancy datmg :;.-JO 000 years ha-. heen found 111 a mel\ 
o.;hdtc:r ut ':iandy Creek (Rowland 1993 ). Torres '\trait and 
Cape York Peninsula \\as an urea of" intcr..tctlon bct\\I!Cil 
Papuans. forrcs Strait J:...landers and Abonginal 
·\ustralians. Stgndicanl lruding routes were set up in the 
(lrcu r!tc Torres Stra ti Islander:. and manv ur Jhc 
J\bong1ncs have rctamcd their tmditionallmks tti the land 
despite many hm mg been d1splnced as ;l result ofluropcan 
occuput1on. The areas of North Queensland under direct 
1\hongmal and l~lanJcr control ;Ire shown 10 Plate 2 or 
thcAtla-.. 
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C H A P T E R 0 N E I n 1 r " ,{ 11 1 1 " 11 

TI1ere is much conjecture over vistts by Asians to Australian 
shores before Furopean exploration (Fitzgerald 1982). 
Macassan trepangers vtsitcd the west side of the Gul f of 
Carpentaria. but there is no firm evidence that they 
established camps in North Queensland. Strong arguments 
have been advanced that the Portuguese were the first 
Europeans to visit North Queensland waters (see 
discussion in Fitzgerald 1982). Luis Vacz deTorres, a 
Portuguese, sailed through Torres Strait in 1606, possibly 
using pre-existing maps. TI1c same year, Wi llem Jansz, a 
Dutchman, charted a portion of the Gulf of Carpentaria 
including the west coast of Cape York Peninsula. Captain 
James Cook visited the east coast 111 1770 and 'took 
possession' of the east coast of New Holland for England 
at PossessiOn Island in Torres Strait. 

Other navigators, mcluding Matthew Flinders. visited 
North Queensland before the first land explorer. Ludwig 
Leichhardt, entered the area in 1845. Leichhardt named, 
among other features. the Burdekin River. Mitchell River 
and Valley of Lagoons. Edmund Kennedy's ill-fated 
expedition to Cape York Pcntnsula followed in 1848. 
Following a favourable report on the upper Burdekin 
district by Dalrymple in 1856, pastoralists moved into 
North Queensland and by 1866 the southern pans of North 
Queensland were occupted. Ports were established at 
Bowen (Port Denison) in 1861 and Cardwell in 1864 to 
provide access to pastoral areas. Townsville was also 
established in 1864, but not gazetted as a port of entry 
until 1865. An administrative centre and port for the Torres 
Strait area was established in 1864. initially at Somerset 
on Cape York , but from 1877 on Thursday Island. 
Norman ton was established in 1868 to service the pastoral 
industry. Figure 1.2. Richard Daintrcc. 

By 1866 the pastoral industry in North Queensland was 
strugglmg, but the discovery of gold 111 I H67 at Cape River 
began a new era in the north. The importance of this 
discovery is highlighted by Fitzgerald (I 982): 

Despite its short productive li{~t. the 
notoriously hrllfal Cap!! field hrought m·er 
2.500 people to the struggling north: it 
r-reated nen· ports. slrengthened old ones. and 
fUVvided a reac(r market (or ht>e/ Near-b1• 
pw;wralist.,· were kept in hu.1iness. and a 
mining-oriented population wa.\' a{{racred to 
North Queensland. increasing the possibility 
f~/(im her finds. 

The Cape River discovery was followed by Ravenswood 
( 1868), Etheridge { 1870), Charters Towers ( 1871 ), Palmer 
River ( 1873 ), llodgkinson (I 876) and Croydon (I SR5 ). 
Towns sprang up to support the miners. Ravenswood. 
Charters Towers, Georgetown, Cooktown. Cairns and 
many smaller towns formed the framework around which 
North Queensland developed. Other rni nerals were 
discovered. Sugar cane was first planted in the early 1880s. 
lending to a flourishing industry. North Quccnsl<md has 
continued to develop since then. with mining, pastoralism 
and agriculture providing the economic backbone of the 
region. 

The earliest geological observations of North Queensland 
were made by naturalists and others on board the vanous 
vessels that explored the coastline and the Great Barrier 
Reef. The first professional geologist to visit North 
Queensland was Joseph Jukes, who subsequently became 
Director of the Irish Geological Survey. aboard HMS fly Figure 1.3. Rllhcn Logan Jm:k. 
in 1843- 44 (Jukes 184 7). Detailed geo logi ca l 
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uwcsllgattons uf Nt1rth QUI.:t:no;lund hegnn \\llh Rtchurd 
Daantrcc gculugi!'t. explorer. pastoralist and 
photographr.:r 1 ftgurc 1.2). Daimrce discovered the Cape 
Rwcr gold field in 1~67. Hc was appointed (io\l.:rnmcnt 
Gculngn•t for the northern region or Qu~Xnslanu in I R6X. 
resigning frum the posJlton in I R71 Datntrcc ·s mup and 
rcpon on the gcolog} QI'Qu~.-.oenslnnd was published in 1872 
(Oamtrcc 1~72). 

Nonil Qucl!nsland was wtlhout ,, go\'crnmcnt gcologtst 
umil 1 R77 when Rubcrt Logan Jack (Figure 1.3) was 
tlppointcd the <icological Sum:yor for North Queensland. 
lie hecaml! ( iowrnment (,cok1gist for Queensland Ill 1879 
.\ C.nbh Mmtlnnd wa-. appomtcd in 18g8 to assist Jack in 
North (.)uecnslantl. The headlJuartcn. of the Gcologtcal 
Sun e) ofQucenslanc.J rcmumcd 111 Townsnllc until I g92. 
wh~.:n it was consolidated in Brisbane .lack \\as u 
productl\c geulngtst :md contributed enormously to the 
undcrst<mcltng of th~: geology (lr North Queensland. lie 
pnlducl.'tll\\0 geological mars urQuccnslanu (Jack I R!<6; 
Jad. & Ltheridgo: 1892). the i'irst map and report of the 
Charters J"owl.'rs !:\l1lc.lrit.•ld l)ack 1879a). and eollJboratcd 
"uh Robl.'n l ·theridgc Jr t(l prl1duce a monumental volumc 
on the state's gcolog) and palocontlliOg} (Jad. & hhcric.lg~.: 
ltN2J. lie \\~ts ~dso the first to n:cugnise the Grcm J\ncs1an 
Basin. 

Other early contnbutors to geolog1cal stud1es m North 
Quccn:;lonu were J.ll. Reitl W H. Rands. L.C. Ball. I· .l . 
o:;umt-Smuh. :u1d B. Dunstan. In 1935. C.(. Morton was 
appointed to Regtonal (icologi~t. <I nC\1. position 1n 
Charters Tl1wcrs lie \\as succcclkd O) A K. Oenmcad Ill 
IIJ~b. ·1 lonnah in 1<}50. und K.R I cvmgston in 1956. 
The posttton m Chartl.'rs Towers was ubnlishl.'u in 1990. 

1-'iRUn" lA. Tinminmg, Great Snuth.:rn Mml.', lrvJnebunk r t Hl!th). 

C H A P T E R 0 N ( I " r r '' .J u • r I " n 

Much of tho: early gU\cmmcnt \\Ork wns 111 direct support 
of mining. ulthough some regional geologtcal -;tudit.:s \\ere 
carried nul. More systematic g~ologicnl mapptng has 
occurred since the Second World War. although some 
systematic studic:-. had been carried uut betwccn 1914 ;md 
1940 by the Aenal Geological ami Ocophys1eal Survey of 
Northern \ustmlia (AGGSNA :tjoint Common\\cahh 
State initiattvc). AGGSNA sur\Cys included the Croydun 
and ilerberton mineral fields. In 1956 GSQ and BMR 
began a jotnt regional mappang program 111 North 
Queensland commencmg w1th ATIICRTON and CLARKi 
RIVI R1• By 1975, 1:150 000 maps had been prepared for 
all o!'North Queensland and s~.:cond pass mapping. m()stly 
at I 00 000 scale. begun. By 1996 a large nu111ber of maps 
had been preparecJ for -;elected arcus at seal~.:~ of 
1.100 000. I :250 000 and 1.500 000. Th1s book is the result 
of past mapping and all geologist:; '"ho huw contributed 
to the fil'lit nnd second pass m<~pping arc sho\\n lln the 
accompanying I: I 000 000 map. Of partictdur sign i fica nee 
arc the rcgiunnl Bullcti11s and associated maps of D.A. 
Whtte (Georgetown-Clarke Rtvcr, 19CI5). ( .D. Oranch 
(volcanic cauldrons. ring cornpi~.:.\Cli and UM>ocintcd 
gr.tnitc-... 1966 ), r. de Keyser & K.G. Lucas ( llodgkmson 
andLuum Basins.I%X).D.H. Blake(llcrbcrtonTinftdd. 
1972). W.l. Willmott. W:G. Whitaker. W:D. Palfre}man 
and D.S. Trail (Cape York Peninsula and 1 orres Stra1t, 
1973 ). J. Smart. K.G. Grime~. II. F. Ollutl:h und J. Pinchi11 
(Carpentana and Karumba Basans. 19!<0). and K.R. 
Lc\ ingston (Burdekin Ri\'cr Rcgum. \981} 

t ·251l non '.:~lc map an:a\ are gl!nemll~ '"o"n as c,tpna[, thmughour 
th.: bool. , e.1; lOWNSVll.l I I he I .?.50 000 ~heet t~rc;" lor N(lrth 
Quccn,lnnJ .trc 'ho\\n tn \llu' Plat~ I (Butn & Dr.tpt:r 11J<l71 
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CHAPTER ONE lnrr o ducrion 

Universities have contributed significantly to geological 
studies in North Queensland. F. W. Whitehouse from the 
University of Queensland studied faunas from the area in 
the I 930s and Dorothy Hi II (University of Queensland) 
described the coral faunas in the 1940s and 1950s. In recent 
years, researchers from the University of Queensland and 
Macquarie University provided detailed palaeontological, 
biostratigraphic and sed imentological studies of the 
Broken River Province and the Burdekin Basin. Other 
universities have provided input into aspects of North 
Queensland geology (for example, granites: Australian 
National University (ANU); mineralisation: University of 
Tasmania; carbonatesedimentology: LaTrobe University). 
The establishment of a university at Townsville, James 
Cook University of North Queensland (JCU), in the early 
1960s, provided a focus for academic studies in North 
Queensland. Studies from that university covered many 
aspects of the geology of North Queensland including 
mineralisation, structure and tectonics, marine geology, 
and Cainozoic volcanism. R.A. Henderson and P.J. 
Stephenson from JCU were the editors of The Geology 
and Geophysics of Northeastern Australia which, since 
1980, has been the major text on the geology of North 
Queensland (Henderson & Stephenson I 980). Museums 
such as the Queensland Museum have been involved in 
palaeontological studies in North Queensland. 

Since the 1950s, exploration and mining have been more 
controlled, with a statutory requirement to lodge reports 
on exploration. The Company Report system maintained 
by the Queensland Department of Mines and Energy is a 
valuable source of information on the geology of 
mineralised areas. Many exploration geologists have 
contributed to the understanding of North Queensland 
through company sponsored projects or through external 
funding bodies such as the Australian Mineral Industry 
Research Association (A MIRA). Mineral Deposits of 
Northeast Queensland: Geology and Geochemistry 
(Beams 1995), published by JCU, is an important volume 
presenting the results of company research in the area. 

Economic OverView 
North Queensland is sparsely populated, with the bulk of 
the population living on the coastal strip between 
Townsville and Cairns. The more remote settlements are 
reached by rail, bitumen or unsealed roads, air or sea. 
Townsville is a major port, industrial and education centre. 
Cairns is a major tourist destination with an international 
airport. Cairns also has educational facilities including 
several campuses of JCU. 

Mining 
Since the discovery of gold at Cape River in I 867, mining 
has played an important role in North Queensland by 
providing income, opening up new areas and providing 
markets for pastoralists and retailers. Mining in North 
Queensland is valued at more than $700 million per annum. 

The Charters Towers area is a world class gold province, 
with 15 million ounces of gold discovered in·that area alone 
to date. Over 24 million ounces of.gold have been 
discovered in North Queensland. Important deposit types 
include epithermal, volcanogenic, porphyry, plutonic, slate 
belt, and placer. Important existing mines are Mount 
Leyshon, Kidston, Pajingo (Vera-Nancy), and Ravenswood 
(Nolans and Sarsfield). Historically important fields 
include Cape River, Charters Towers, Ravenswood, Palmer 
River, Etheridge, Croydon, Wool gar, and Red Dome, which 
ceased operation in 1997. 

Over 200 000 tonnes of alluvial and hard rock tin 
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concentrate have been produced in North Queensland to 
date (Figure 1.4). More than 250 000 tonnes oflow grade 
hard rock resource remains. Large alluvial resources are 
also present. Tungsten has been mined, with more than 
31 000 tonnes W03 produced (>50% from Mt Carbine). 
The undeveloped Watershed Grid deposit contains 39 000 
tonnes W as scheelite. Thirty-nine million tonnes of 
lateritic nickel ore at 1.5% Ni and 0.1% Co were mined at 
Greenvale between 1974 and 1992. The nickel refinery at 
Townsville continues to operate on imported ore. Volcanic
hosted massive sulphides are mined at Thalanga; other 
known deposits include Balcooma (at feasibility stage). 
Other important base metal deposits are Besshi-Kieslager 
type copper at Dianne and Mount Molloy, stratiform base 
metals at Einasleigh, copper at Red Dome; copper-rich 
skarns in the Chillagoe area and zinc-rich skarn at Mount 
Garnet. 

Bauxite is mined from a world class deposit at Weipa 
(reserves of248 Mt with a total resource of3700 Mt); 206 
Mt were produced between I 960 and 1993. Annual 
production of 8.5 Mt is about I 0% of world supply. Over 
700 Mt bauxite resources occur elsewhere in western Cape 
York Peninsula. By mid 1997 production is expected to 
start at the Ely deposit 25 km north of Weipa. Kaolin is 
present, with a possible resource at Weipa of 50 Mt and a 
resource of 27 Mt at Skardon River (feasibility stage). 
Kaolin was produced at Weipa between 1986 and 1996. 
Silica sand production at Cape Flattery is about 1.8 Mt 
pa. Cape Flattery has reserves of200 Mt, and the resource 
is much larger. Additional resources are present at 
Shelburne Bay ( 143 ~t) and Colmer Point ( 192 Mt). 

Other minera ls produced or discovered in North 
Queensland include antimony, silver, uranium (Ben 
Lomond, Maureen), gemstones, limestone, dimension 
stone (including Chillagoe marble), dolomite, perlite, 
fluorite, coal (Bathurst Range, Pentland), molybdenum, 
heavy minerals, iron ore, manganese, diatomite and oil 
shale. 

The North Queensland region has a major port in 
Townsville, wh ich is the main export port for the Mount 
rsa area, and an international airport at Cairns. Townsville 
has copper and lateritic nickel refineries, and a zinc 
refinery is under construction. Townsville is well placed 
to service the expanding circum-Pacific region. Energy is 
available nearby from the coalfields and the large coal bed 
methane resources of the Bowen Basin, undeveloped coal 
deposits in the Laura and Galilee Basins, undeveloped oil 
shale near Julia Creek, undeveloped uranium resources, 
and the large natural gas fields of Papua New Guinea (a 
feasibility study for a gas pipe line to Townsville is being 
undertaken). 

Agriculture and Fisheries 
Pastoral activities dominate agriculture by area with all 
bar the coastal strip and adjacent tablelands used for 
grazing. Beef cattle dominate the pastoral industry, with 
sheep restricted to the southwest corner of the area. Dairy 
cattle are grazed on the Atherton Tableland, which provides 
much of the dairy produce for North Queensland. Sugar 
cane on the coastal strip is the main crop grown. Tobacco 
(now in decline), tropical fruits, vegetables, peanuts and a 
variety of other crops are grown. Major prawn and reef 
fisheries are also important contributors to the North 
Queensland economy. 

Tourism and Service Industries 
Tourism is a major industry in North Queensland, with a 
large international and domestic market. Cairns is the 



centre of the industry, with easy access to the Great Barrier 
Reef and the tropical rain forests. North Queensland is 
also a mecca for bush tourism with Cape York Peninsula 
and other remote areas are popular destinations. Both 
Cairns and Townsville are service centres for mining and 
agriculture and for mining and petroleum activities in 
Papua New Guinea and Irian Jaya Province of Indonesia. 

Physiography 
The area can be divided into the uplands of the Torres 
Strait, Coen, Cairns, Georgetown, Clarke River, Charters 
Towers, Belyando and Proserpine Regions, and the 
lowlands of the Carpentaria Lowlands and Quinkan 
Regions (Figure 1.1 and Atlas Plate 3). 

The uplands are almost entirely erosional in origin, and 
consist of a variety of landforms ranging from steep hi lis 
with a relief of several hundred metres to plateaus with a 
relief of only tens of metres. There is usually a close 
correspondence between rock type and landforms. The 
more resistant rocks such as quartzite form higher ground 
which is often structurally controlled. More easily 
weathered granites usually form lower relief areas such as 
the plateau areas in the Coen Region. Elsewhere, however, 
such as on MOSSMAN and INNISFAIL, more resistant 
granites occupy high areas. For example, Mount Bartle 
Frere, the highest mountain in Queensland, is granite. The 
Hodgkinson formation in the Cairns Region is strongly 
dissected, with steep slopes and often sharp ridges. On 
the other hand, Cainozoic basalts such as those on the 
Atherton Tableland form dissected plateaus. Plateaus are 
also formed on areas of flat lying sedimentary rocks. 

The lowlands are, for the most part, depositional in origin. 
South of the Holroyd River the Carpentaria Lowlands, a 
series of large alluvial fans, are almost entirely 
depositional. The older fans closer to the uplands, 
corresponding mainly to areas ofBulimba Formation, are 
dissected, while the younger fans retain most of the 
depositional features relating to their formation. North of 
the Holroyd River, and in the Quinkan Region, the 
landforms are more dissected, with erosional plains formed 
on sedimentary rocks, and plateaus with low scarps 
occupying higher ground. 

The Great Divide between west and east flowing drainage 
runs along the eastern part of the study area, as does the 
Great Escarpment (Atlas Plate I 8), a major geomorphic 
boundary between the older parts of the uplands and the 
younger, more eroded areas to the east. In places the Great 
Escarpment coincides with the Great Divide, but for the 
most part, it is to the east. 

There are extensive areas of coastal plains and beach ridges 
along the western side of Cape York Peninsula. Coastal 
plains are also found on the eastern side, especially in 
Quinkan Region, and south of Cairns. There are also areas 
of coastal sand dunes, such as those at Shelburne Bay and 
north ofCooktown. 

Geological )>rinciples 
Geological Regions and Provinces 
We use two different concepts in this book and the 
associated atlas to facilitate description, analysis and 
synthesis of the complex geology of North Queensland. 
These concepts, outlined below, enable us to subdivide, 
associate or group related elements. · 

Geological regions (Plate 1.1 and Atlas Plate 7) have been 
defined, which divide this large part of Queensland into 
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geographic areas, each with a cohesive, albeit in some cases 
complex, geologic assemblage. As far as possible well 
established boundaries and names have been retained, and 
in general, names relate to significant towns or geographic 
features within the region. For example, the Georgetown 
Region is approximately equivalent to the established but 
inappropriate term Georgetown Inlier. Boundaries are 
smooth and generalised but based on sometimes complexly 
sutured divides such as unconformities. Each region can 
be represented by a single polygon. Regions are convenient 
first pass subdivisions that break the area into smaller, 
more coherent entities. They are not uniquely time-related, 
but tend to have unique and contrasting geological 
histories. For example, compare the complex Proterozoic
Palaeozoic Georgetown Region with the relatively simple 
Mesozoic-Cainozoic Carpentaria Lowlands Region. 

The following regions have been defined and are discussed 
in the listed chapters: 

Georgetown Region (Chapter 3) 

Coen Region (Chapter 4) 

Torres Strait Region (Chapter 5) 

Charters Towers Region (Chapter 6) 

Cairns Region (Chapter 7) 

Clarke River Region (Chapter 8) 

Carpentaria Lowlands and 

Gulf of Carpentaria Regions (Chapter 9) 

Quinkan Region (Chapter 10) 

Coral Sea Region (Chapter II) 
Proserpine and Belyando Regions (Atlas Plate 7) occur 
mainly outside North Queensland and are not described 
herein, although aspects of their geology are discussed 
where relevant. 

A geological region may contain several geological 
provinces or sedimentary basins, or parts thereof, where 
the province or basin extends beyond the region. The 
Georgetown Region for example, contains parts of seven 
provinces and three basins. · 

Geological provinces (Plates 14.2, 14.4, 14.10 and Atlas 
Plates 10-17) are specifically tim.e-related geological 
assemblages. They are divided into three categories based 
on dominant rock type: sedimentary, metamorphic and 
igneous. Sedimentary provinces (basins) are coherent 
packages of sedimentary rock with .specific depositional 
continuity, dimensions (including thickness), and age 
ranges. They crop out over much of North Queensland 
and obscure many of the older rocks. The Mesozoic basins 
in particular cover a large area of Proterozoic rocks 
between Mount Isa and the Ge9rgetown and Coen Regions. 
There are also small areas of sedimentary rocks not 
assigned to basins. The basins discussed are: 

Concealed Palaeozoic or Proterozoic: Bamaga Basin 

Early Devonian to early Carboniferous: Bundock, 
Burdekin, Clarke River, Drummond, Gilberton and 
Pascoe River Basins 

Carbo11ijerous to Middle Triassic: Bowen, Galilee, 
Gamboola, Lakefield, Ngarrabullgan and Olive River 
Basins 

Jurassic to Cretaceous: Carpentaria, Eromanga, Laura 
and Townsville Basins 

Cainozoic: Kalpowar and Karumba Basins 
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Metamorphic provinces are mostly strongly deformed and 
variably metamorphosed sedimentary basins: they 
represent coherent packages of rock with specific 
dimensions, including thickness, and age ranges. 
Subprovinces are equivalent to sub-basins; some contain 
significant quantities of igneous rocks. Most extensive 
areas of igneous rocks of common age, especially those 
not regionally metamorphosed, are allocated to igneous 
provinces. Provinces may extend beneath other provinces 
or basins, e.g. the Proterozoic Etheridge and Savannah 
Provinces extend westwards from the Georgetown Region 
beneath the Mesozoic Carpentaria and Eromanga Basins 
in the Carpentaria Lowlands Region and much of the 
Carpentaria Basin is concealed beneath the Cainozoic 
Karumba Basin. Boundaries may be faulted or 
superpositional. Some provinces are composite with 
basement and cover components, others are simple. The 
following metamorphic provinces have been defined: 

Proterozoic: Claraville, Croydon, Etheridge, Keer 
Weer, Kowanyama, Mount lsa, and Savannah Provinces 

Neoproterozoic or early Palaeozoic: Barnard, Cape 
River and Iron Range Provinces 

Early to mid Palaeozoic: Broken River, Hodgkinson 
and Thalanga Provinces 

Igneous provinces represent coherent packages of intrusive 
and or extrusive igneous rocks with specific dimensions, 
including thickness, and age ranges. They are 
superimposed on, or intruded into, older .igneous and 
metamorphic provinces, and sedimentary basins. They are 
mostly unaffected by regional metamorphism, but are 
commonly locally hornfelsed by subsequent igneous 
intrusions. Most are discontinuous, comprising many 
related volcanic deposits and discrete intrusive bodies. For 
example, the Kennedy Igneous Province is scattered 
throughout most of North Queensland, and thus 
represented by hundreds of map polygons. They generally 
extend beyond the other geological entities. Igneous 
provinces described are: 

Ordovician: Macrossan Igneous Province 

Silurian to Devonian: Pama Igneous Province 

Carboniferous to Permian: Kennedy Igneous Provin~e 

Cainozoic: Eastern Australian Cainozoic Igneous 
Province 

The provinces and basins are defined and described in 
Chapter 14. 

Geological Time Scale 
The time scale used throughout is the AGSO Phanerozoic 
Timescale (Young & Laurie 1996). The Proterozoic 
timescale used is Plumb (I990). 

In the atlas (Plates 19-26), the time scale has been split 
into seven time slices representing intervals of coherent 
geological events. Throughout the book, these time slices 
are the basis for description of the rock units, but may be 
further subdivided where the region's complexity requires 
such an approach. 

Time slice I covers the Statherian and Caiymian periods 
of the Palaeoproterozoic and Mesoproterozoic eras. 
Constituents are thought to have been formed between 
1700 and 1500 Ma ago. The exposed metamorphic 
Etheridge, Croydon, Savannah and Mount Isa Provinces 
and the non-exposed metamorphic provinces (Keer Weer 
and Claraville Provinces) formed during this period. 

Time slice 2 is represented by rocks of unknown age that 
·constitute the predominantly metasedimentary Iron Range, 
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Cape River and Barnard Provinces. These rocks are known 
to be older than latest Cambrian and, in the case of the 
Iron Range and Cape River Provinces, younger than II 00 
Ma: they contain detrital zircons that were derived from 
an I I 00 Ma source. They may well be younger than 650 Ma. 

Time slice 3 covers the latest part of the Cambrian (495-
490 Ma), and the Ordovician period (490-434 Ma). 
Principal elements are the igneous rocks of the Macrossan 
Province and metasedimentary and metavolcanic rocks in 
the Thalanga, Hodgkinson and Broken River Provinces. 

Time slice 4 contains rocks that formed during the Silurian 
and Devonian periods (434-354 Ma). Principal events 
during this period were the emplacement of the granites 
of the Pama Province and development of most of the 
Hodgkinson Province. 

Time slice 5 contains those rocks that formed during a 
130 Ma interval that included the last of the Devonian, all 
of the Carboniferous and Permian, and the Early and 
Middle Triassic (360-230 Ma). This interval is 
characterised by an abundance of igneous rocks (Kennedy 
Province), and a number of sedimentary and volcaniclastic 
basins. 

Time slice 6 is a 140 Ma interval in the middle of the 
Mesozoic Period (from Middle Jurassic to the end of the 
Early Cretaceous). It was characterised by fluvial 
sedimentation progressing to shallow marine 
sedimentation in the Great Australian Basin in the west, 
and felsic igneous intrusions in the far southeast. 

Time slice 7, the Cainozoic, was characterised by fluvial 
processes that built substantial fans over the Cretaceous 
sediments, and basaltic volcanism that covered substantial 
areas of the older rocks with lavas during late Tertiary and 
Quaternary time. The bauxite deposits, silica sand 
dunefields, the coastal beach ridges and cheniers of Cape 
York Peninsula, and the Great Barrier Reef also formed 
during this period. 

Geological Nomenclature 
Generally the terminology used in this book conforms with 
definitions in the Glossary of Geology (Bates & Jackson 
I 987), the JUGS nomenclature for igneous rocks 
(Streckeisen 1973), and ignimbrite nomenclature defined 
by Mackenzie (1993). Structure and deformation of the 
various provinces are discussed both within the regional 
chapters and in Chapter 14. In order to avoid confusion as 
to the deformation event being discussed, a prefix is used 
to show the entity being discussed. For example, in Chapter 
8 (Clarke River Region) ' cc' is used for Camel Creek 
Subprovince (ccDx), ')'for Judea Formation (jD.) and 'gc' 
for post-Ordovician Graveyard Creek Subprovince (gcD,). 

Information Base 
The geoscientific information base for North Queensland 
is large and varied . Written descriptions of North 
Queensland geology started with Leichhardt and a large 
number of descriptive and interpretative works have been 
published since. Many of these have been referred to in 
this book, although the reference list is not exhaustive, 
particularly with relation to local or small-scale geological 
features. Reports published by GSQ and AGSO include 
Explanatory Notes and Map Commentaries (for map 
sheets), Bulletins, Reports and Records. Records contain 
a large amount of detailed information . Queensland 
Department of Mines and Energy (DME) also maintains 
a collection of company reports (>27 000) from exploration 
tenure. 



Maps are available in a number of formats and a variety 
of scales. In hard copy form, maps are available as 
photoscale compilation sheets (generally J :25 000 scale), 
1: I 00 000 scale lithoprinted or ' print on demand' maps, 
I :250 000 scale lithoprinted maps (standard coverage) and 
larger scale regional maps. Atlas Plate I shows the standard 
I :250 000 sheet areas in North Queensland. Most of the 
maps in North Queensland are available in digital fom1at. 

A number of digital data bases are available. The jointly 
produced Igneous Rocks of North Queensland GIS covers 
many of the igneous rocks, but does not cover the whole 
area. DME maintains a corporate database MERLIN 
(Mineral and Energy Resources, Location and Information 
Network) which contains a land tenure component and a 
geoscience data component. ME RUN contains geological 
mapping data, petroleum exploration data, mineral 
occurrence data (Atlas Plate 38), geophysical survey 
indexes, geochemistry, digital geological maps, and current 
and historical tenure details. AGSO has a number of 
databases containing data from North Queensland, 
including geological (OZROX), geochemical (OZCHEM), 
geochronological and isotopic (OZCHRON) data. 

North Queensland is covered by various geophysical 
datasets including aeromagnetic, gamma-ray and gravity 
data (Atlas Plates 29-34) There are regional coverages as 
well as local, but more detailed datasets including those 
from non-government multi-client surveys. Data from 
onshore and offshore seismic surveys are also available. 

For further details on data availability contact AGSO in 
Canberra or Queensland Department of Mines and Energy 
in Brisbane. Administration of exploration onshore is the 
responsibility oft he Queensland Department of Mines and 
Energy and, offshore, the Commonwealth Department of 
Primary Industries and Energy. 
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CHAPTER 2 

GEOLOGICAL & GEOPHYSICAL 
FRAMEWORK 

Introduction 
llw .. dmptcr ~et:.. the 'iecne for the !olio\'. mg chapters b} 
c.lesenhing the em 1r0nmcnt of North Quccnslanc.l in terms 
or the geology of the 'iurrounding contmcnt and the 
geilph)~ieal en\ imnmcnt 

Developn1ent of Lithosphere in 
Northern Australia 
Proterozoic Australia 
1 he <.hstrihutiun of Arclwcan and Proterozoic ba~cmenl 
111 A.ustmliu. a~ shcm n 111 Figure 2.1. IS based on Shaw ct 
al. (I 9115a.h). but mod tried to mcorporate later ideas and 
data. I he l'ollm' mg geological htstol) IS based on Myers 
et ,1!. II tJ% ). \rchaean ~.rust forms large exposed blocks 
Ill the \\est \ustralta mcg<l·ekment. and smaller cxpo:-urel> 
mthe Snuth \ustralia tiiH.I North Ausmtlia mega-elements. 
fhe \\est ,\ustralia mega-element was a unit after 
cnunmsation nfthe ( 'apricom Orogen about 1800 ~1a ago. 
I he South Australia me~a-element is thought to ha\e 
cral<lllt'icd I 600 15XO \1a ago and joined the West 
\ustraha mega-dement I 'i'\0 1500 Ma ago (fanning ct 

ul . l9llh). I he nrth Australia mega-clement and the 
Northern part nfthl! Centr.JI Austmlia mega-clcml!nt \\l!re 
:1 urut 111ier the Bamunundi Orogen} I H80 1850 Ma ago. 
1 hi! Central Australm mega-clement is thought to be 
Jdormcd crust th.H was prl!viously part of larger !'.onh 
and South \ustralia mega-clements. fhe suturing of the 
North and l"entml Australw mega-clements with the West 
and South .\ustralta mega-clements m the Musgrnvmn 
Orog~.:ny I I '00 1200 Ma) completed the formation ofthl! 
greater part oft he prl!sent Ard1aean1Protcrozotc Austrnlt::m 
crust . 

D Post IOOOM .. • nnd undofmod 

D 1300 · tOOOMa § 1920 · t850Ma 

• Te"O • 1500 Ma ~ Pr11 tg20M.t 

l'i,::urc 2. 1. M;un cru,l'-11 dcnwnts ot Au,tralta. Paucnt' shu\\ 
till: ave uf tlw llhlJllr cnllmll"lllllll cvcnl,, and thtd, hnc' 'ho"' 
thl' l'\lenl uf till' llll'J:!a dl·mcnts taller Shaw r.:l al. 1995). Th~; 
names 111 the mega clcmcnh arc:: 
CA. ( l'rllr.tt Austmha; P, Pinjura: NA. North Austmlia: NE. Nc\\ 
I ugland, N(,). North (,)ucr.:nsland: I. lu\man. 
"iA. South \u,lralra. W\. Wc,tem Austr.tlta. 

b_1 P HELL.U1\\' 

'Jorth Queensland 1s the ea ... ternmost prl!scn cd p:~rt of 
the orth Australia mega-dement. Aller the Barramunc.li 
Orogeny ( IHSO I !!50), the North Austmlia mega-clement 
\\as nlkd c.lunng I MOO 1550 Ma to tom1two sub-parallel 
structures 11l!ar its present castl!nt marg1n Rocks of the 
westl!rn n 11 are the Mount lsa/Keer Weer l'rll\ mccs. and 
ofthl! e~l\tl!rn nn arl! the 1-thcndge, Yambo ant! Savannah 
Provincl!s. \t thts tll111! the 'lorth Austrnliu anc.l part of the 
central Austrnlta mega-dements were combmcJ. Thl! other 
maJor event Within the continent was grunulitc 
metunll)rpht~m tn thl.' t\runta I niter. 

Rodinian Supercontinent 
During the Mcsu- anc.l Ncopr<ltero/oic. Australia was pan 
of the Rot! tnt an global supercontinent that completl!d its 
amalgamat1on -I 050 Ma ( rtgurl! 2.2). Rod1n1a finally 
broke up -700 Mu ( 'untincnt.ll :~rn;.tlgamatilm recurred in 
the Mic.ldll! Cambrian with the fortnauon (-520 Mal or 
Gond\l.analand (Dalziel I '191: llollinan !IICI I; Mourcs 
1991: Lt et al. 1995 ). 

The S\\ l.AI (South\\ est LS \ East \ntarcttc) hypothcst-.. 
of \toorl!s ( 199 I l places eastern Austmlia adjacent to 
L1urcn11a (North ,\ml!rica I in Roc.ltnia The hypothesi" 
reconstruch thl! lltl\\ dismentocred Grell\ tile orogeniC oclts 
( -IJOO I 000 Mal uf the StlUthv.estl!rn USA. East 
AntarctH:a. lndta anc.l Australia (.\I ban} Fraser and 
Musgrave Belts). Palal!omagncllc. str.ttigraphtc. isotopic 
anc.l structural methods have hcl!n u'ed tu refine thc M0<1rc~ 
ftt. Vanaltons ol'thc litmclutlc the Stntslrallranslalton or 
Laurl!ntw with respeetto Au'tr~tliu. and the placing of the 
South ( hma Uloek between Australia and Laurentia (sec 
Ros~ ct al. 1992: Brookfield 1993: llorg & DePaolo 1994: 
Tdnurm and litddings I 995, l 1 ct al. I 995 ). 

D Gronvllltan bel~s 

D Put-Grenv.llwn cr.11on11 

FiAurc 2.2. I he: Hodtntan 'upcrcnntrncrn he tore breakup at 700 
Ma (alter Rt"" et al I C)IP ). Nme thut ca ... t Au ... tralio race' nn111 
tlu: we't ot I uurc:nua t north Amc:rrl'al. 
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North Queensland is significant in Rodinia in that it 
contains the only known Grenvillian material in eastern 
Australia: with thermal events in the Coen Inlier (-1220 
Ma). as well as detrital material ( 1130 Ma) in the Iron 
Range Province (Blewett et at. i996a: b) and (-1230 and 
II 00 Ma) in the Cape River Province (I Iutton ct a!. 1996 
reinterpreted). This has implications forthc reconstruction 
by extending the belt eastwards from the Musgrave Belt. 
Hutton et al. ( 1996) note that it also passes the problem of 
identifying Grenville age material back into Laurentia 
(probably west of the Wopmay Orogen). Blewett et al. 
( 1996a) used U- Pb zircon and Sm-Nd whole-rock isotopic 
data to refine the Australian/Laurentian link with North 
Queensland. probably providing some detritus for the 
Mesoproterozoic (-1450 1000 Ma) sedimentation in the 
Belt Basin ofLaurentia. 

Tasman ides 
The Tasman Orogenic Zone (figure 2.3) (Murray et al. 
1989. Wellman 1995c) is the crust of Palaeozoic age that 
fonns the eastern third of Australia, an area about 1300 km 
east- west and 3000 km north south. Three crust forming 
events. each extending the Australian continent eastwards. 
arc recognised. The first added Cambrian rocks along the 
eastern margin of the Proterozoic crust. which were 
deformed and intruded by granites in the early Ordovician. 
These rocks fonn the 200 km-wide Kanmantoo Orogen 
in South Australia, the Tibooburra-Wonominta Block in 
northwestern NSW. and possibly rocks in North 
Queensland such as the Mount Windsor area (Henderson 
1986 ). The second event formed most of the Tasman 
Orogenic Zone (Lachlan and Thomson Orogens). It 
consisted of sedimentation from Ordovician to Devonian. 
folding in the early Silunan and Mid Devonian, and 
igneous activity of mid Silurian to Middle Devonian and 
early Carboniferous age. The third event was the formation 
of the New England Orogen along the eastern margin of 
the continent. This comprised late Silurian to Late Pcm1ian 
volcanism and sedimentation on a convergent margin, 
followed by granite intrusion from late Carbon iferous to 
Middle Triassic. 

The western orogens (Kanmantoo. West Lachlan and West 
Thomson Orogens: Figure 2.3) differ from the eastern 
orogens (East Lachlan and East Thomson Orogens) in 
physical properties. and in mode of formation (Well man 
1995c). The western orogens were probably fom1ed and 
cratonised in place. while the eastern orogens were 
probably formed elsewhere. then accreted. The 
Hodgkinson rtnd Broken River Provmccs have physical 
properties similar to these western orogens. and are thought 
to have :.imilar modes of formation. 

The temporal and tectonic relationships between the 
Hodgkinson and Broken River Provinces in North 
Queensland and the Thomson Orogen to the south are not 
clear, because the Thomson Orogen is poorly exposed. The 
two areas are physicaJiy separated by the Neoproterozoic 
or early Palaeozoic Cape River Province. 

If the Tasman Orogemc System is taken to include the 
margin of the Proterozoic crust that was strongly modified 
by Tasman Orogcmc Zone events, then about 50% of the 
North Queensland landmass is within that part of the 
Tasman Orogenic Zone cast of about 143"E. 

New Guinea (Papua New Guinea and Irian 
Jaya Province of Indonesia) 
The island ofNew Guinea lies immediately north of North 
Queensland, so events in its geologtcal history may have 
been an influence on the North Queensland evolution. 
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- Boundary of Tasman OrogeniC System 

-- Boundary of orogens 

Boundary of deformation 

Boundary wllhm orogen 

D Area of deformation or older orogen by younger orogen 

.,_ Shows lmkege 

FigUJ·e 2.3. Suhdivisions or the Tasman Orogenic Sy:-.tcm 
showmg subdtvisJOn mto orogen~. Pancrned area.~ 'how the 
exh!nt of reworking nf crul>l by the adjacent younger orogen. 
The truncation o f the older by the younger orogen' ili con~i,tent 
with an apparent migration of crustal addiuon eastward!. (after 
Wellman 1995). 

The mostly concealed pre-Mesozoic basement is known 
from only small areas of outcrop and dri II core. lt comprises 
Ordovician and Sil urian slate. Carboniferous-Permian 
igneous rocks. and metamorphic rocks of unknown age. 
A K- Ar hornblende age of about 1400 Ma (Davies 1990) 
has been obtained from mcramorphic rocks m a drill core 
from Papua New Guinea. 

Subsequent Mesozoic and early Cainozoic rocks forn1cd 
in envi ronments of continental extension in the Triassic 
and break up in the Early Jurasstc (Brown et al. 1980: 
Struckrneycr 1990; Struckmeyer et al. 1990). Sediments 
were deposited in a marginal basin on a passive continental 
margin (the South New Guinea Basin in West Irian. and 
the Papuan Basin in Papua New Guinea). She! fscdiments 
were later horizontally shortened and now fonn an area of 
deformed continental crust (Figure 2.4). ln the north, 
Triassic sed imentation was fluvial and paralic in restricted 
depocentres of the devdoping rift grabens. whereas tn the 
south volcanics were deposited and granites were intruded 
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uuring thiS period. l·ollowing Early Juras~ic breakup. 
pamlic and shallov. marine :.ediments were deposited on 
Lh~cominental margin lrom the Middle Jumssic to earliest 
Cretaceous. Widespread shallow marine sediments over 
the margm nnd rorm~r l:lnd in 1hc Early Cretaceous. and 
shaiJO\\ mannc scduncnts on the comincntal margm dunng 
the Lute Cretaceous. Crust~tl extension in the Coral Sea to 
the southeast caused Late Cretaceous to Pnlaeocenc 
ddTcrcntial upltrt and erosion, and consequent removal of 
Lull: Cretaceous scuimcnts from the greater part of the 
Papuan Basin, anu latest Jumssic to Late Cretaceous 
sediments in the eastem part of the Papuan Basin. There 
\\Us local depn~it i on in the Late Palaeocene. and 
widespread depositwn nf shallow and de~:p water 
carb<lnatcs m the Middh! to Late 1-ocene. 

In the Oligocene. the north-moving Australi:m continent 
entered a subdUl:tion zone\\ ilhm which compos1te terranes 
had as~emblcd dunng the Palaeocene (Pigram & Da\'ICS 
1987 ). During Oligocene to Pliocene time there was 
accrcuon of more terranes, wi1b concurrent sedimemation 
and vokanism within the region. Accretion stopped in the 
Pl1occnc because the margin sLopped being strongly 
convergent. becoming extensional in the northeast. anu 
mmnly strike-slap m the north. The northern. dcfom1cd 
mountainous area of New Guinea contammg Oligocene 
to P lioccn~ rocks forms the New Guinea Orogen. This 
orogen has two parts: a northern band of accreted terranes 
(p:mt-uutochthonous port1on). and a southern band of 
deformed continental crust (autochthonous portion) 
(Pig rum & Davies 1987) (Figure 2.4 ). The deformation 
front rcsulling from the tcrmne accretion migrated south 
from 1hc central pan oflhe an::u of accreted terranes m the 
Oligocene Miocene to its southern margin in the late 
Pliocene Quaternary (Brown et al. 1980). Parts of th1s 
deformed continental crust may have been thrust 
southwards as much a:, I 00 km. 

The area appears to have croucd during the Oligocene 
"hilc New GUinea con>ertcd from a pass1ve margin to a 
foreland basin. In the Late Oligocene to Early Miocene 
clastic ~edimcnts were deposited in the proximal foredeep 
or thl.' southward migrating thrust front . while thick 

Figure 2.4. The c:~~tcntnf I he Mcsu;uic· Encl!nl! marginal ha~in 
and lh~: Oliugu~.:cno: PlitK'cnc New Guanca Orogen (afler Pagrim 
& Da\ ll'S r 987: Stnlckmcycr ct at. 19911). 

carbonates associated with reefs v.erc depostted m the 
shal low part of the basin southwest ot' the accreted terranes 
in the c.ilstal foredeep. There was liLLie sedimentation in 
the Middle to Late Miocene. but cxtcn~ivc clasttc 
sequences were deposited from Late Miocene w Recent 
due to erosion of emerging mountains and the lilhng ol 
the foredeep. 

There are four n~atures of importance to North Queensland 
geological evolution in the abc.>\e description. 

I . The presence of a metamorplm: basement of poso;iblc 
1400 Ma or older age. 

2. The Carbomferous Penman igneous rocks s1mtlar to 
those of North Queensland occurring u further 400 km 
northwards. to at least 6"S. 

3 The extent of the Mc~;ozoic era10nic sedimentation to 
the north. 

4. The accretion events to the north that may huvc resulted 
111 compressive pulse~ in the period Oligm:cnc to 
Plmccne. 

Queensland Trough and Coral Sea 
Thc plateau unu trough~ off northeast Australia nrc 
considered modified and subs1<.led continental crust formed 
by fragmcnlation of the original northeastern part of the 
fa!>m.ltl Orogenic Sy~tem (Symond!> & Da\ies 19RR: 
LJavics et al. 1991 ). The Queensland Plutcau is thought tn 
have separated from the Australian continent by oblique 
cmstal extension. forming the Queensland and fownsvillc 
Troughs. fbc extenswn was probably during Lute 
Cretaceous to Palaeocene. with mo\cmcnt uf the 
Queensland Pla1eau to the southeast, and mmement ol 
the Marion Plateau to th~: southeaJSt rclatiYc to Austrnlia. 
The Cora l Sea was forn1ed by cmstal extension in u north 
northeast direction to form new occamc I ithosphcrc from 
latest Crctace\lUS (Symonds et al. 19R4) to Early Focenc. 

Major dcpoccntrcll, the TowJb\i lle and Queensland 
Troughs and lhc Osprey [· mbayment. he above the 
extended crust along the margm of the Austrahan 
continent. These Jepoccntres comprise Crct~1cenu~ syn
rift sediments on f~lUII blocks that arc erodcu anu overlain 
by thick CninO?oic scd1ments. 

Deep Crustal Structure 
Previous dtscussions on the general gcoph}sics uP>Jorth 
Queensland include Sh1rlcy ( 1977. 14.}79). and Dooley 
( 1980). 

Seismic Velocities 
Three deep seismic rd'ractwn surveys ha\c been carrieu 
out 111 North Queensland (I igurcs 1.5. 2 6 ). A surYcy over 
much of North Queensland 1s reported b) finlayson 
( 1968), and although the results of the lime term analysis 
were not gcncmlly accepted ( Slmlcy 1977: Doolcy J9XO). 
the results oft he t\VO velocity depth profiles (PliO I. Pl· l02l 
arc still useful. Cull & Riev ( JQ72) report on a pmfilc, 
with explosions 300 km south of Charters Towers and 
rccoruings towards Charter To\\ers <PCUO I). In \995. 
refraction obscrvatmns were made nn a travel";~: across 
the Mount lsu area. and the eastern end of the traverse lie~ 
within North Queensland (Gom:haro\ et al. 1996) (PGOO I. 
PG002). II is difficult to evaluate these lhrec sets of'seisnuc 
rcfraclton results becaus..: the few survey~ vary \\ide I} in 
year of operation. and hence accuracy or the resultant 
velocity profiles. However. all three suneys give low 
average upper-crustal velocities(< 6.2 km.s 1 

). and a sharp 
wlocity increase :Jl thc base of the crust fhese \'clocity 
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profiles are similar to those of the West Lachlan and West 
Thomson Orogens, and differ from the profiles of the East 
Lachlan and East Thomson as differentiated by Wellman 
(1995c). 

Of the deep seismic reflection probes only two (Figure 
2.6) gave useful records (Robertson & Moss 1959, 1975, 
Moss & Dooley 1988). The probe at Karumba gave 
reflections at 7 .2, 8. 7, 9.4, 9.8 and I 1.4 s, and the probe at 
Macaroni to the north gave many reflections, the most 
prominent at 7.1 and 11.8 s. 

The velocity at the base of the Mesozoic sediments was 
measured by oil company refraction surveys (Pinchin 
1973; Haines & McConachie 1986, McConachie 1987a), 
and the deep seismic refraction surveys listed above. These 
velocities (Figure 2.5) show some scatter due to error in 
measurement. They are generally 5.4- 5.7 km.s-1 for the 
Lakefield Basin rocks, 5.7- 6.0 km.s-1 for the Bamaga 
Basin rocks, and 5.7-6.0 km.s-1 for areas of granite and 
metamorphic basement. These velocities are consistent 
with predictions based on the observed rock types and their 
degree of induration. 
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Figure 2.5. Crustal seismic resuhs. Thick lines show the location 
of crustal seismic refraction profiles. The profile results are given 
in Figure 2.6. Macaroni and Karumba are the only crustal 
reflection probes with useful results. The numbers give the 
refraction velocity of rocks at the base of the Mesozoic cover/ 
basement in km.s-•. 
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The upper-mantle shear wave velocity beneath eastern 
Australia has a prominent zone of! ow wave speeds beneath 
the eastern margin of the continent (Zielhuis & van der 
Hilst 1996). This band correlates with the Cainozoic 
volcanism and Eastern Highlands, but not with the 
boundary of the Precambrian crust. 
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Figure 2.6. Seismic refraction profiles. The location of the 
profiles is shown in Figure 2.5. 

Earthquakes and Stress 
The distribution of earthquake epiccntres is poorly known 
in North Queensland, because until 1981 the only 
seismographs operating in the region were one at Charters 
Towers, and one of low magnification at Port Moresby. 
After 1981, the southeastern part of North Queensland 
has had more accurate monitoring, with a local network 
operating in the Burdekin Falls Dam area since I 981, and 
at Tully Millstream between I 990 and 1993 (Cuthbertson 
1995). In North Queensland there are scattered earthquakes 
of magnitude 4 to 6 (Figure 2. 7), but in general the 
earthquake epicentres are not sufficiently accurate to relate 
earthquakes to geological structures. The two local area 
networks have been used to accurately locate all 
earthquakes in the area between Cairns and Mackay for 
the period since 1981 (Cuthbertson & Murray 1990; 
Cuthbertson 1995) (Figure 2. 7). Numerous earthquakes 
occur on the continel}tal shelf, with strong activity near 
the coast offlnnisfail (l46°E, 17.3°S), and over a broad 
area east of Townsville ( 19.3°S). Onshore earthquake 
concentrations occur near Chillagoe (144.5°E 17.2°S), 
Georgetown ( 143.SOE 18.3°S), and in a broad region south 
and southwest of Charters Towers (146.2°£ 20.1°S), with 
earthquakes along the southern margin of the Charters 
Towers Region, and the eastern edge of the Gali lee Basin. 

Most, if not all, of the Australian land mass is in 
compressive stress (Denham & Windsor 1991 ), with the 
direction of the maximum principal stress varying with 
location. The stress pattern in North Queensland is poorly 
determined, reflecting the lack of study, and the small 
magnit~de of the earthquakes. There has been only one 
measurement-at the Burdekin Falls Dam (Bock et al. 1987) 
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in the southeastern part of the area. This measurement, 
and other measurements located southeast for 400 km, give 148' 

a north-northeast trending direction of maximum principal 
stress. The stress in the North Queensland crust is likely 
to be largely determined by the interactions between the 
Australian Plate and the Pacific Plate, due to the subduction 
to the east, and subduction and strike-slip movements to 
the north. 

Heat Flow and Temperature 
Cull (1982) lists four measurements of both temperature 
and conductivity on land in North Queensland; they give 
heat flows of 53-I 00 mw.m-2• For better regional coverage 
use must be made of the measurements of temperature in 
water and petroleum wells (Cull & Conley 1983; 
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Figure 2.7. Earthquakes in northern Queensland 1966-1994, 
(after Cuthbertson 1995, Figure 4.7). 

Somervi lie et al. 1996). Even using this data there are few 
observations, except for the Weipa area and the southern 
boundary of North Queensland (Figure 2.8). Crustal 
temperatures and heat flows are generally low in North 
Queensland, high values occurring only in northern Cape 
York, and along the southwestern boundary of North 
Queensland. The North Queensland heat flow of generally 
70-80 mw.m-2 is similar to that of the West Lachlan and 
West Thomson Orogens, and significantly higher than that 
of the East Thomson, East Lachlan and New England 
Orogens (Figure 2.9) (Wellman 1995c). 

Lithospheric Strength and Isostasy 
Lithospheric strength is expressed as an effective elastic 
thickness, or flexural rigidity. The effective elastic 
thickness is thought to be a function of the thermal age of 
the continental lithosphere at the time of loading (Karner 

0 

0 Darspoint 
0 250km 

Figure 2.8. Temp. at~ km depth (after Somerville et al 1996). 

Figure 2.9. Heat flow values in mW.m-2 contoured using a 3• 
grid (adapted from Cull 1982, Figures I and 2. and Cull & 
Conley 1983, Figures I, 8 and 9). Measurement sites shown 
as small filled circles. Larger filled circles represent sites where 
the heat flow error is less than 10%. · 

et al. 1983). Thus thermally-young lithosphere is relatively 
hot, has a thin effective elastic thickness (low rigidity), 
and has anomalous masses approximately in local isostatic 
equilibrium, while thermally-old lithosphere is relatively 
cold, has a thick effective elastic thickness (high rigidity), 
and anomalous masses are in regional isostatic equilibrium. 
The Eastern Highlands of Australia has a low lithospheric 
strength relative to the rest of the Australian continent 
(Dooley 1973; Wellman 1976, 1979, Karner & Watts 1982; 
Stephenson & Lambeck 1985; Zuber et al. 1989). 
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Karner & Watts ( 1982) determined an effective elastic 
thickness of <5 km for the continental margin of North 
Queensland. Loading by sediment was shortly after 
formation of the margin, so this effective elastic thickness 
is consistent with the Karner et al. ( 1983) model. 

Figures 2.1 0, 2.11 show the larger topographic features of 
Australia and the effective elastic thicknesses for various 
regions determined by Zuber et al. ( 1989). In the southeast 
and east part of the Eastern Highlands in an area of 50-20 
Ma volcanism. Effective elastic thickness was found to be 
16-17 km. This is consistent with a lithospheric thennal 
age at the time of loading of -40 Ma. The last of the 
topography was formed 20 Ma ago by underplating the 
lithosphere (Wellman 1987), and the last major heating of 
the lithosphere at 60 Ma ago when the area was an upper 
plate during asymmetric extension (Lister et al 1986). 
Areas of western Victoria and central Queensland within 
the Eastern Highlands with <5 Ma volcanism have a 
measu red effective elastic thickness of 23-26 km, 
consistent with a lithospheric thermal age at the time of 
loading of -58 Ma. The last topography was fonned S-0 
Ma ago (Stephenson 1987) on li thosphere last heated 
during asymmetric extension 60 Ma ago. In the western 
part of the Phanerozoic crust the e~ective .elasti~ thickne~s 
is measured to be 29- 76 km, conststent wtth a ltthosphenc 
thennal age at the time of loading of -290 Ma. ~opogra~hy 
is probably I 00-20 Ma old, and the last maJor heatmg 
was Devonian (350 Ma). In northern Australia the 
measured effective elastic thickness is 134 krn, consistent 
with a lithospheric thermal age at the time of loading of 
-1850 Ma. The topography formed <I 00 Ma ago, and the 
last major heating event was the Barramundi Orogeny 1900 
Ma ago. When this data is considered together the 
measured effective elastic thicknesses of Australian 
lithosphere of Zuber et al. ( 1989) fit well with the model 
of Karner et al. ( 1983 ). 

The lithosphere elastic thickness at the time of loading, 
that partially controls geological processes in the past in 
North Queensland, can be inferred using the Karner et al. 
( 1983) model and estimates of the present day lithosphere 
thermal age. Estimates of the present day lithosphere 
thermal age, based on the discussion given above, are: 
Eastern High lands 60 Ma ago, west of the Eastern 
Highlands 1900-1550 Ma. The above discussion of the 
Zuber et al. ( 1989) results shows that neither the 
Carboniferous-Permian or the Cainozoic volcanism had 
enough heat to reset the thennal age of lithosphere. 

The most obvious effect of the effective elastic thickness 
is in controlling the shape of the Eastern Highlands and 
the shape of Mesozoic and Cainozoic basins. Between 
Jnnisfail (17.SOS) and Torres Strait the Eastern Highlands 
are asymmetrical, with a gentle slope to the west and a 

Figure 2.10. Altitude. Contour interval 50 m (from Zuber et al 
1989). 
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Figure 2.ll. Effective elastic thickness. Values in kilometres 
(after Zuber et nl. 1989). 

steep slope to the east adjacent to a narrow continental 
margin and 80 Ma-old oceanic crust. This highland shape 
is best modelled as a broken elastic plate with the margin 
flexed upward and eroded (Ten Brink & Stem 1992). South 
of lnnisfail, the Eastern Highland is a broad symmetrical 
uplift that is separated from Cretaceous oceanic crust to 
the east by the Townsville Trough and Queensland Plateau. 
The highland profile and associated gravity anomalies are 
consistent wi th the highland forming by crustal
underplating causing flexure of the elastic plate upwards, 
the effective elastic thickness of26 km (Zuber et al. 1989) 
being equivalent to a thermal age of 65 Ma, which i~ 
rough.ly consistent with the 75 Ma age expected for 5 Ma 
underplating on a lithosphere heated at 80 Ma. 

The eastern part of the Karumba Basin appears to be 
controlled by flexure of the lithosphere at the time that the 
northern part of the Eastern Highlands formed (Wellman 
1992e). Ten Brink & Stern ( 1992) have modelled the 
deflection of a broken elastic plate. They show that the 
lowest point of the hinterland basin is 484 krn from the 
edge of the plate for the elastic thickness of 130 km 
measured for this area, that the hinterland depression is 
7% of the marginal uplift of the plate, and that uplift at 
100 km from the margin of the plate is about one halfthe 
uplift at the margin of the plate. The Karumba Basin lies 
about 500 km west of the Late Cretaceous- Early 
Palaeocene continental margin to the Coral Sea. The 
highest point in the gulf region is the axis of Cape York 
Peninsula, which has an altitude of 500 m. This axis is 
I 00 km from the continental margin. The basin contains 
up to 300 m of sediments of early Cainozoic age. The depth 
(d) of depression required to initiate a basin (thickness = 
x), where sediment density is 2.5 t.m-3

, and mantle density 
is 3.3 t.m-3, is d = 3.3 x (3 .3 - 2.5) = 0.24x, assuming 
isostatic equilibrium. Hence the initial depression of the 
basin was about 72 m, which would require an uplift of 
about 1000 m, while the extrapolated uplift is also about 
I 000 m. Hence the wavelength, age of defonnation, and 
lithospheric margin uplift, all fit with the Karumba Basin 
of North Queensland being formed by flexure of a broken 
elastic lithosphere. 

The shape of the Carpentaria and Laura Basins when 
formed was determined by the physical cause of the 
depression of the crust, with the minimum wavelength 
determined by the effective lithospheric thickness. 
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Regional Variation in the Crust and 
Lithosphere 
The Tasman Orogenic Zone geophysical domains can be 
divided into two types (Wellman 1995c). 

Sedimentary basement type has a low average 
magnetisation, relatively low-amplitude short-wavelen~h 
magnetic anomalies, relatively low upper crustal dens tty, 
heat flow generally greater than 70 mw.m-2

, and a mean 
upper crustal velocity <6.1 k.m.s-' when rocks shallower 
than 5 k.m are ignored (Figure 2.12a). The basement of 
this geophysical domain type consists mainly of sediments, 
and non-magnetic granite. Its origin may be in crustal 
extension, or by the addition of an accretionary wedge. 
Examples are the Kanmantoo, West Lachlan, West 
Thomson and Hodgkinson Orogens of Figure 2.3. 

Volca nic-arc basement type has a high average 
magnetisation, relatively high-amplitude short-wavelength 
magnetic anomalies, high density relative to adjacent 
domains, heat flow generally less than 70 mw.m-2

, and a 
mean upper crustal velocity greater than 6.1 km.s-1 when 
rocks shallower than 5 k.m are ignored (Figure 2. 12b). The 
basement of these geophysical domains contains a large 
proportion of volcanic rocks and magnetic granites. Its 
origin is possibly that of an accreted volcanic arc. Examples 
are the East Lachlan and East Thomson Orogens of Figure 
2.3. 

. There is a similar contrast in basement types in rocks of 
Proterozoic age, for example, between the Mount Isa 
Geophysical Domain (Wellman 1992c) and the basement 
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Figure 2.12. Seismic P-wave velocities for crustal profiles in 
lhe Tasman Orogenic Zone within the sedimentary basement type 
(a) and the volcanic-arc basement type (b) (from Wellman 1995). 

to the east. The geophysical properties of the Mount I sa 
Geophysical Domain are similar to the volcanic-arc 
basement type: magnetic anomalies have high amplitude 
at short- and long-wavelength, crustal densities are high, 
heat flow is low except over the hot granites along the 
eastern margin (Somerville et at. 1996), and P-wave 
velocity profiles indicate a thick crust with a near linear 
increase in velocity with depth to the base of the crust 
(Goncharov et al. 1996). By contrast, the geophysical 
propert ies of the crust to the east of the Mount Isa 
Geophysical Domain are similar to the sedimentary 
basement type: magnetic anomalies have a relatively low 
value, and are flat at short wavelength, crustal densities 
are low, heat flow is high (Somerville et al. 1996), and P
wave velocity profiles indicate a thin crust, low upper 
crustal velocities and a big velocity change at the base of 
the crust (Goncharov et al. 1996). 

Most ofNorth Queensland has geophysical properties in 
common with those of the sedimentary basement type. 
North Queensland has relatively low-amplitude short-

wavelength magnetic anomalies, heat flow of>70 mw.m-2
, 

and basement is mainly sediments and non-magnetic 
granites. The mapped magnetic anomaly level is high over 
much ofNorth Queensland, but this may be an error in the 
regional f ield: the natness of the long-wavelength 
anomalies is good evidence that the average magnetisation 
is low. Upper crustal seismic velocities range between 5.9 
and 6.2 k.m.s- ', but the shape of the velocity profile is 
similar to that of the sedimentary basement type (Figure 
2.12a): nearly constant velocities in the upper crust less 
than 6.2 k.m.s-•, slightly increased velocities in the lower 
crust, and a prominent jump in velocity at the base of the 
crust, which is generally relatively shallow at 38-40 k.m 
depth. 

Most of these geophysical properties have significance in 
geological terms. The low density and low seismic velocity 
of 70-80% of the North Queensland upper crust is 
consistent with an upper crust of mainly sedimentary rock 
and granite . The low-amplitude of short-wavelength 
magnetic anomalies is consistent with the relative absence 
of highly magnetic rocks in the upper crust (volcanic rocks, 
magnetic granites, mafic granulites). The relatively low 
velocities of the lower crust, the big velocity change at the 
base of the crust, and the relatively thin crust are consistent 
with relatively thin underplating at the base of the crust, 
and an upper crust with a relatively small proportion off
type granites and volcanics, and basalts. 

Magnetisation of medium intensity occurs in bands 
associated with igneous activity superimposed on the crust 
after crustal cratonisation. These bands of medium 
magnetisation comprise the Kecr Weer Geophysical 
Domain, Townsvi lle-Mornington Island and Badu
Weymouth Belts, the Claravi lie Geophysical Domain, and 
zones along lines of continuous igneous activity in the 
Charters Towers Region. Within these bands the igneous 
activity has caused higher magnetisation, and the expected 
underplating of the crust would result in a crustal profile 
more similar to that of the island-arc basement type. These 
bands contain a much greater variety of rock types 
(including volcanics and magnetic granites), and a much 
greater number of periods of crustal modification. Because 
of this greater complexity these bands are likely to have a 
greater resource diversity. 

Underplating of the crust associated with the Cainozoic 
volcanism is suggested by petrological considerations, the 
correlation of the volcanjc provinces and topographic highs 
(Stephenson 1987), and by the lithosphere effective elastic 
thickness data discussed above. This underplating may not 
be very thick or extensive. 

The main conclusions from the geophysical studies are as 
follows: 

I. The effective elastic thickness appears to be controlled 
by the thermal age of the crust at the time of loading. 
This effective elastic thickness controls the gross shape 
of the Eastern Highlands, the minimum wavelength of 
the Mesozoic and Cainozoic sedimentary basins away 
from the continental margin, and the distribution of 
sedimentation on the continental margin. The present 
thermal age of the lithosphere is about 60 Ma in the 
Eastern Highlands, and 1900-1550 Ma west of the 
Eastern Highlands. 

2. Most of North Queensland has low density and low 
seismic velocity upper crust, low magnetisation crust, 
relatively high heat fl ow, and the base of its crust is 
shallow, corresponding with a sharp velocity increase. 
The main components of the upper crust are likely to 
be sedimentary rocks and granites. 

15 
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magnetisation, where the cratonised crust has suffered 
one or more later periods of geological activity-igneous 
activity, deformation and metamorphism. This activity 
is likely to be associated with underplating of the crust, 
and the formation of complex late fracture systems. 
These bands have a higher range in rock types, 
including relatively enriched 1-type granites, so they 
would be expected to have a higher mineral resource 
diversity. 

Crustal Elements of North 
Queensland 
The pre-Mesozoic geology of about half the North 
Queensland area is poorly known from geological studies 
because of extensive Mesozoic and Cainozoic cover, and 
relatively little drillhole information. A regional 
understanding of these covered pre-Mesozoic rocks comes 
from interpretation of the magnetic and gravity anomalies. 

Magnetic and Gravity Images 
Compilations have been made of the regional gravity and 
magnetic data by joining the coverages over land and sea. 

The available gravity data consisted of two grids as follows. 

I. A grid over Australia and the surrounding ocean (Morse 
et al. 1992) derived from point observation on land 
calculated as Bouguer gravity anomaly, and widely
spaced ship-borne gravity traverses at sea calculated 
as free air anomalies. 

2. A free air gravity anomaly grid of the ocean only, 
derived from the geoid observed by satellite-borne 
laser-altimeter (Sand well & Smith 1995, in press). The 
surface observations are more accurate near the 
coastline, so the these two grids were joined at about 
10 km on the ocean side of the coastline. Consistency 
between the grids was achieved by first order warping 
of the free air satellite data, and smoothing the join. 
The resulting gravity grid (Plate 2.1) covers the whole 
of the area of interest except the land part of Papua 
New Guinea. 

The magnetic data consist of a grid of observed values 
over the land and near-shore area- the Magnetic Map of 
Australia (Tarlowski et al. 1993), and six separate surveys 
of the marine areas carried out by petroleum companies. 
Two petroleum surveys were of very poor quality because 
of wide line spacing and poor control: over their area the 
resultant image only shows the regional magnetic field. 
The resulting magnetic image (Plate 2.2) covers the area 
of continental crust in the area of interest, except the 
northwestern half of the Gulf of Carpentaria and Arafura 
Sea. 

Interpretation Methodology 
. At a local scale (wavelengths of 20-50 km) the gravity 
and magnetic highs and lows generally correlate with 
horizontal changes in rock-type. However, at a more 
regional scale (wavelength of 50-200 km) the anomalies 
correlate with major geological provinces and their 
margins. This section focuses on the identification and 
mapping of major geological provinces, within which there 
is common geological history and physical properties. 

The mapping of crustal provinces on the basis of gravity 
and magnetic anomalies is based on four features: 
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I. The change in dominant geological. trend across a 
province boundary, with trends in the younger province 
parallel to the boundary, and trends in the older 
province generally at an angle to it. 

2. Change in geological pattern across a province 
boundary, leading to different textures of gravity and 
magnetic anomalies. 

3. Differences between the provinces in mean density and 
magnetisation profile, resulting in the provinces having 
different mean level of gravity and/or magnetic 
anomaly. The difference in mean gravity anomaly are 
often small because of isostasy. The difference in 
magnetisation manifests itself as a change in level of 
long-wavelength magnetic anomalies, and a change in 
amplitude of short-wavelength anomalies. 

4. Major gravity and magnetic anomalies along the 
boundary between crustal provinces due to horizontal 
differences across the boundary in density or 
magnetisation profile, or to processes along the 
boundary such as thrusting, metamorphism or 
intrusion. These anomalies are generally of higher 
amplitude, longer wavelength, and more gently curved 
than anomalies within crustal provinces. 

Boundaries between provinces with different histories 
generally coincide with major gravity gradients due to 
differences in the density profiles of the provinces (Gibb 
& Thomas I 976). Such gravity gradients have been found 
along many major province boundaries, both in Australia 
(Wellman 1978, 1995c ), and overseas (e.g. Gibb et at. 
1983; Lesqueret at. 1981 , 1984). The gravity gradient and 
anomalies are interpreted to be due to horizontal 
differences in density across the province boundary, with 
these horizontal differences in density isostatically 
compensated at depth (Figure 2.13). The amplitude of the 
anomaly is generally approximately 200 mm.s-2, with a 
wavelength of about 200 km. Important parameters that 
influence the shape of the anomalies include the dip of 
the contact between provinces, the strength of the crust/ 
lithosphere expressed as the area in regional isostatic 
compensation or the lithospheric flexural rigidity, which 
province has higher density, and the magnitude and depth 
of the density differences. The gravity high is generally 
over the younger province, and the dip of the boundary is 
towards the younger province. Within eastern Australia 
the a noma I ies are of shorter wavelength than for the major 
boundaries elsewhere, consistent with the isostatic 
compensation being more local than elsewhere- a lower 
crustal strength. 

A significant feature of many major province boundaries 
is the modification of a 50-150 km-wide margin of the 
older province by intrusion, deformation and 
metamorphism at the time of cratonisation or emplacement 
of the younger province - a reworked band. The 
deformation can often be mapped using magnetic 
anomalies as a set of strike-slip faults in the reworked band 
which are sub-parallel to the margin (Wellman 1988; 
Whitaker 1994). The metamorphism manifests as a band 
along the margin of the older province with medium 
magnetisation (Kiasner & King r986). If the magnetisation 
of the older province is high and irregular, then the 
reworked band has uniform lower magnetisation; if the 
magnetisation of the older province is very low, then the 
reworked band has irregular higher magnetisation. The 
metamorphism is often of amphibolite grade. 
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Figure 2.13. Gravity anomaly over the boundary between crusts 
of different mean density. The crustal section is that of the 
simplest possible model (c): two crusts differing in density, with 
local isostatic compensation, and a vertical contact. The 
calculated gravity anomaly (b) has an amplitude of about 
400 IJm.s-l and a wavelength of about 200 km. The observed 
gravity anomalies (a) show that similar gravity anomalies were 
observed across crustal block boundaries of Phanerozoic age in 
eastern Australia (Wellman 1995). 

Crustal Provinces 
Plate 2.3a shows the result of using the above methodology 
to interpret the gravity and magnetic images in terms of 
crustal provinces. This map includes, with minor 
modifications, previous interpretations of smaller parts of 
the area: Mount I sa Province (Wellman 1992c ), the area 
of Phanerozoic basement (Wellman 1990, 1995c), and 
northeast Queensland (Wellman 1992a). 

The most prominent features of the magnetic anomalies 
are north-striking magnetic high and low features 
corresponding to the Mount Isa Geophysical Domain, and 
almost co-linear prominent magnetic highs corresponding 
to the Keer Weer Geophysical Domain. These anomalies 
correspond with a free air gravity (Wellman & Murray 
1979) high over the Mount lsa Geophysical Domain, and 
a free air gravity low over the Keer Weer Geophysical 
Domain. 

A recently recognised feature is an in ferred province 
boundary extending from Torres Strait 700 km southwest 
to northern Arnhem Land. This is based mainly on an 
elongate, asymmetric, broad gravity high, with gentle 
gradients to the northwest, and a steep gradient adjacent 
to minor lows to the southeast. Magnetic features, where 
they are mapped on the southeast side of the northeast 
half of the boundary, are elongate, normally-magnetised 
and parallel to the boundary. They are interpreted to reflect 
strike-slip faulting. Apparent displacements of gravity 
anomalies at the northern end of the Keer Weer Province 
are sinistral. Arafura Basin sediments occur northwest of 
the boundary, and near the boundary they either lap out, 
or are faulted . The upper crust northwest of the boundary 
is interpreted to be younger than that of the southeast, based 
on the asymmetry of the gravity feature, and interpretation 

of the magnetic features as due to strike slip faulting. This 
inferred province boundary appears to terminate at a triple 
point in northern Arnhem Land, with the Batten Trough to 
the south, and a major positive gravity feature, due to high 
density in the basement, extending north. 

A band of high-amplitude, arcuate, gravity and magnetic 
features extends east from the exposed part of the Arunta 
Province to be truncated by the southwestern margin of 
Mount I sa Province. This is thought to delineate iheArunta 
Province. Elsewhere in the western third of Plate 2.3a the 
subdivision of the crust into crustal provinces is poorly 
constrained. To the north, neither magnetic anomalies nor 
the little exposed basement geology indicate province 
boundaries. Province boundaries may be indicated by the 
margins of gravity highs, as shown in the western third of 
Plate 2.3a. 

In Cape York Peninsula a major feature is the change at 
about l42°50'-143°00'E from flat magnetic anomalies in 
the west to more irregular anomalies to the east . 
Information from exposed basement shows that the 
increase in amplitude of the magnetic anomalies correlates 
with an increase in metamorphic grade. This change in 
magnetisation is interpreted to be the western margin to a 
band of reworking (Wellman 1992a). 

The intensity of magnetisation seems to be correlated with 
the type of crustal province of Wellman (1995c). 

• Crustal provinces of the sedimentary basement type 
with very low or low magnetisation, and a basement 
of mainly sedimentary rocks, include Hodgkinson, 
West Thomson and extensive areas under Cape York, 
Georgina Basin, Arnhem Land, Gulf of Carpentaria 
and Arafura Sea. 

Crustal provinces of the volcanic-arc basement type, 
with high magnetisation and a more volcanic activity, 
include Mount lsa, Keer Weer, East Thomson, and parts 
of the Arunta geophysical domains. 

The areas marked as reworked basement in Plate 2 .3a 
generally have medium magnetisation. This is thought to 
be due to the intrusion, deformation and metamorphism 
of the reworking affecting the magnetic minerals in the 
crust: reducing the magnetisation of crust with high 
magnetisation, and increasing the magnetisation of crust 
with low magnetisation. Abnormally low magnetisations 
occur adjacent to the northeast margin of Mount lsa 
Province, the southeastern margin of the Keer Weer 
Province, and the eastern margin of the Claraville 
Geophysical Domain. The gravity and magnetic anomalies 
in these areas are consistent with these provinces being 
thrust over the adjacent older crust, so the low 
magnetisation is likely to be a (poorly understood) 
consequence of this thrusting. High magnetisations occur 
over the reworked bands comprising the Cape River 
Province and the margins of the West and East Thomson 
Provinces. These areas may be acting in part as mobile 
zones. 

Cratonisation 
The continent can be subdivided into geophysical domains, 
within which the upper crust has a similar geological 
history and geophysical properties. Generally each 
geophysical domain underwent a major deformation, 
metamorphic and igneous event, after which the area 
behaved as a craton in the sense of GSA ( 1971 ). The age 
of basement cratonisation (Plate 2.3b) can be inferred from 
the ages found in mappe!i basement outcrops, and the 
relative ages from the gravity and magnetic patterns. 
Central to this discussion is the mode of formation and 
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age of the Mount Jsa and Keer Weer Provinces. These are · 
considered to be intracratonic rifts of similar age, and hence 
younger than the crust on both sides. 

The oldest basement is thought to comprise the Arunta 
Province, and crust underlying the Georgina Basin, 
Am hem Land, most of the Gulf of Carpentaria, and a strip 
east of the Mount lsa and Keer Weer Province in North 
Queensland Kowanyama Province. The cratonisation is 
thought to have been during the Barramundi Orogeny 
( 1880-1850 Ma; Page 1988). Rocks of this age have been 
dated in the Pine Creek and Tennant Creek lnliers, and 
just west of the Mount lsa Geophysical Domain (Yaringa 
Metamorphics 1890 ± 8 Ma; Page & Williams 1988). 

The Mount Isa and Keer Weer Geophysical Domains are 
interpreted to have formed as a rift at the time of cover 
sequences l- 3 in Mount lsa (1860-1620 Ma; Blake & 
Stewart 1992), and cratonised at the time of the I sa Orogeny 
-1530 Ma ago (Connors & Page . I 995). 

The Arafura Geophysical Domain is inferred to be younger 
than the Keer Weer Geophysical Domain on the basis of 
the apparent dextral displacement of the northern end of 
the Keer Weer Geophysical Domain, and the main gravity 
gradient along the boundary being down to the south. In 
the lowlands of Papua New Guinea a basement core gives 
a Rb-Sr ages of -1400 Ma (Davies 1990). Cratonisation 
of this domain is though to be between 1800 and 1400 Ma 
ago. 

The Ethe~dge Province was metamorphosed at 1550 Ma 
(Black & Withnall 1993). The Claraville Geophysical 
Domain is of unknown, but possibly similar, 
Mesoproterozoic age. 

Ordovician granites and older metamorphics in the Anakie 
Inlier (Withnall 1995), Cape River and Barnard Provinces 
form the next oldest geophysical domain. It is not clear 
whether they form a single unit, or separate units. 

The West Thomson Geophysical Domain basement is 
thought to be of Cambrian and Ordovician age (Murray 
1986). It was deformed before deposition of overlying 
Adavale Basin rocks in the Early Devonian (Evans et al. 
1990). Hodgkinson Province sediments of Ordovician to 
Devonian age were folded before intrusion of 
Carboniferous-Permian granites. 

Rocks of the New England Orogen consist of Silurian to 
Carboniferous volcanics and sediments intruded by 
granites in the Carboniferous. 

This analysis suggests that this part of the Australian 
continent was mainly formed by addition: the cratonising 
of new geophysical domains on the margin of the 
Australian crust. The exceptions are Mount Jsa and Keer 
Weer Geophysical Domains, which formed as rifts within 
the continent, and the East Thomson Geophysical Domain 
(Anakie Inlier), and Cape River and Barnard Provinces. 
The last two are now separated from the immediately older 
part of the Australian continent, so it is possible that they 
were cratonised elsewhere and later joined onto the 
continent. 

Crustal Modification Model 
Plate 2.3c shows the implications of Plate 2.3b for the likely 
position of fronts of crustal modification- the extent of 
episodes of deformation, intrusion and metamorphism. 
These fronts will occur, not at the margins of the 
geophysical domains; but at the margins of reworked zones. 
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The inferred crustal modification fronts are generally about 
I 000 km long. Each line represents an isograd at about 
amphibolite grade, the limit of granitic intrusion, and the 
limit of significant deformation. 

It should be noted that there are likely to be unmapped 
fronts in the large area forming the western and southern 
parts of the figure. In the area of outcrop, and greatest 
understanding, the pattern of fronts is extremely 
complicated. This degree of complication is likely to occur 
throughout the area of the map. Over much of the area of 
the map there is no outcrop, and over some of the map 
there is no reliable interpretation in terms of geophysical 
domains. 

At some boundaries, such as the East Thomson 
Geophysical Domain, the inferred pattern of crustal 
modification is strongly dependant on the geological 
model. If the East Thomson Geophysical Domain was 
cratonised elsewhere, and later emplaced against the 
Australian continent and against the West Thomson 
Geophysical Domain, the extent of the Ordovician 
intrusions will be restricted to the extent of the original 
continental fragment, and the margin of the reworked zone 
between West and East Thomson Geophysical Domains 
will be the extent of the crustal modification associated 
with the emplacement, which must occur subsequent to 
cratonisation of the West Thomson Geophysical Domain. 

Minor later crustal modification fronts are of lesser 
intensity. The formation of the Coral Sea (80-60 Ma ago) 
affected the margin of the Australian continent by 
underplating, flexure , mild heating, and crustal extension. 
Orogenic activity in New Guinea in the late Cainozoic 
probably caused deformation as far south as Torres Strait. 



CHAPTER3 

GEORGETOWN REGION 
by IW WITHNALL, DE MACKENZIE, TJ DENARO, ]HC BAIN, BS OVERS BY, 

] KNUTSON, PJT DONCHAK, DC CHAMPION, P WELLMAN, 

Introduction 
The Georgetown Region occupies about 50 000 km2 of 
the Cairns-Townsville hinterland. It is a roughly 
rectangular area, bounded by the Carpentaria Lowlands 
Region to the west and the Caims and Clarke River 
Regions to the east (Figure 3.1). It consists of a diverse 
range of rocks, including Proterozoic and early Palaeozoic 
metamorphic rocks and granites and late Palaeozoic 
volcanic rocks and related granites (Plate 3.1; Figure 3 .2). 
In the westem and central part of the region, these are 
overlain by scattered remnants of Mesozoic sedimentary 
rocks, and in the east by Cainozoic basalt. The region 
corresponds with the Georgetown and Dargalong Inliers 
ofWhite (1965) and Withnall et al. (1980a). 

Figure 3.1. Location of the Georgetown Region. 

Geological Framework IWWithnall 

The structural units recognised in the Georgetown Region 
are as follows. 

1. The Palaeoproterozoic Etheridge Province, which is 
divided into the Forsayth and Yambo Subprovinces. 
The Forsayth Subprovince includes the Etheridge and 
Langlovale Groups, McDevitt Metamorphics, various 
mafic intrusive rocks and Mesoproterozoic granites 
of the Forsayth and Forest Home Supersuites. These 
rocks were previously the Forsayth Subprovince of 
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the Georgetown Province (Withnall et al. 1980a). The 
metasedimentary sequence was deposited in an 
intracratonic rift setting between about 1700 Ma, and 
at least as young as 1650 Ma. It underwent a major 
metamorphism and deformational event at about 1550 
Ma, at which time most of the S-type granites were 
emplaced. The Palaeoproterozoic Yambo Subprovince 
represented by the Dargalong Metamorphic Group 
occurs in the northem part of the region. The rocks 
there may be slightly younger than at least the lower 
part of the Etheridge Group, and were possibly 
deposited after 1640 Ma. Isotopic dating indicates 
major granite emplacement at about 1580 Ma, and 
metamorphism at about 1575 Ma. 

2. A belt of metamorphic rocks in the extreme east, 
including the Halls Reward Metamorphics and mafic/ 
ultramafic complexes. They have uncertain 
relationships to the Etheridge Province, but are 
tentatively included in it. Their depositional setting is 
uncertain. They were previously part of the Greenvale 
Subprovince of the Georgetown Province (Withnall 
et al. 1980a). Withnall et al. (1996a) included them in 
the Cape River Province. 

3. A Mesoproterozoic 'cover sequence' in the west, 
assigned to Croydon Province, and comprising the S
type Croydon Volcanic Group and related granites of 
the Esmeralda Supersuite. They were emplaced at 
about 1550 Ma, probably at the close of the main 
deformation event in the Etheridge Province. They 
are overlain by the Inorunie Group. All of these rocks 
were previously assigned to the Croydon Subprovince 
of the Georgetown Province (Withnall et al. 1980a), 

4. Early Palaeozoic mafic to felsic metavolcanic and 
related metasedimentary rocks of the Balcooma 
Metavolcanics and Lucky Metamorphic Group. They 
are intruded by several granite units. They are assigned 
to the Thalanga Province, which also includes rocks 
of similar age in the Charters Towers Region. The 
rocks may represent a volcanic arc, developed on the 
cratonic margin in the early Palaeozoic. They were 
previously part of the Greenvale Subprovince of the 
Georgetown Province (Withnall et al. 1980a). 

5. Silurian to Early Devonian, mainly 1-type granites, 
which form several large batholiths in the eastem half 
of the region. They comprise rocks assigned to the 
White Springs, Dido, Dumbano, Mount Webster and 
Blackman Gap Supersuites, and form part of the Pama 
Province, which extends from the Charters Towers 
Region to the Coen Region. The magmatism was 
probably in response to crustal underplating rather 
than subduction. It was associated with further 
deformation, retrogressive metamorphism and gold 
mineralisation in the Etheridge Province. It was 
accompanied by major uplift of the region, followed 
by extensive erosion through the rest of the Devonian. 

6. Scattered remnants of sedimentary rocks that 
accumulated in intracratonic basins and were part of 
fluviatile systems draining towards the Bundock and 
Hodgkinson Basins to the east. 

7. Widely distributed Carboniferous to Permian 1-type 
and A-type volcanic and plutonic rocks belonging to 
the west- northwest-trending, intraplate Townsville-
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Figure 3.2. Simplified geological map of the Georgetown Region. 
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Morning/on Island Belt (TMlB). This belt is part of 
the Kennedy Province (North Queensland Volcanic 
and Plutonic Province of Day et al. 1983). 

8. Scattered outliers of the Jurassic to Cretaceous 
sedimentary rocks that occur in the Carpentaria and 
Eromanga Basins which underlie the Carpentaria 
Lowlands Region to the west. 

9. Extensive sheets basalt and volcanic vents of the 
Miocene to Recent McBride and Chudleigh 
Subprovinces. 

I 0. Scattered areas of Cainozoic sediments and residual 
deposits. 

The eastern half of the Georgetown Region is characterised 
by major northeast to north-northeast-trending faults, 
commonly associated with mylonite zones. They may 
include both thrusts and transcurrent faults and were active 
in the early Palaeozoic. The boundaries of the Thalanga 
Province are marked by such faults. The eastern boundaries 
of the region are also major faults (probably mostly 
thrusts). The Palmerville Fault marks the boundary with 
the Hodgkinson Province of the Cairns Region, and the 
boundary with the Broken River Province of the Clarke 
River Region is marked by the Burdekin, Halls Reward 
and Teddy Mount Faults. 

The western half of the region has few major faults. 
Relatively minor vertical and strike-slip movement is 
recorded on some faults that were active until the 
Cainozoic. An orthogonal set of east and north-trending 
lineaments ·was probably related to extension in the late 
Palaeozoic. The most conspicuous of these is the Delaney 
Fault. 

Geophysical Characteristics 
P Wellman 

The Georgetown Region can be subdivided into four sub
regions on the basis of gravity and magnetic anomalies. 

Croydon Province 
West of 142°58' E the exposed basement rocks are mainly 
Croydon Volcanic Group and associated granites. The 
distribution of volcanics and granites is consistent with 
the outcrops representing a half sector (the east-northeast 
sector) of a circular, symmetrical igneous centre, 130 km 
in diameter. The magnetic anomalies over the area are 
generally very smooth, so the surface rocks have low 
magnetisation. However, over the centre of the outcropping 
sector there are two adjacent long-wavelength magnetic 
high of 120-90 nT amplitude and 50 km diameter, and the 
larger has a roughly coincident gravity high of 50-60 k.m 
diameter and 120 J..Lm.s-2 amplitude. These anomalies are 
thought to indicate that the centre of the igneous complex 
is underlain by a co-magmatic mafic igneous intrusion. 

·Southeast Margin of the Georgetown Region 
The southeast margin of the Georgetown Region (which 
includes the Greenvale Subprovince of Withnall et al. 
1980.) has strong gravity and magnetic anomalies with 
northeast trend. All these anomalies are attributed to post
Mesoproterozoic deformation, intrusion and 
metamorphism along this margin, mainly between the 
Cambrian and Carboniferous. 

A gravity low along the southeast margin is due partly to 
denser upper crust in the adjacent Clarke River Region, 
and partly to relatively low density of the southeast margin 
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due to a concentration of granites, and possibly the lower 
metamorphic grade. A major feature of the margin are 
major gravity gradients with a northeast trend. South of 
!9°S there is one gradient, 190 km long. Where basement 
is exposed, this corresponds with the major, strike-slip 
Gilberton Fault. North of I 9°S there are gradients on the 
margins of two gravity highs 30- 50 km long. The southern 
of the two gravity highs is thought to be caused by the 
density contrast between calc-silicate gneiss and 
surrounding granites. 

The magnetic highs along the southeast margin are due to 
the relatively high magnetisation of three types of upper 
crustal rocks - Proterozoic metamorphic rocks, Silurian
Devon ian and Carboniferous-Permian granites, and 
Proterozoic serpentinites. Numerous elongate magnetic 
highs are due to high irregular magnetisation of2-10 km 
wide bands of a calc-silicate gneiss within the Einasleigh 
Metamorphics. Most of the remaining magnetic anomalies 
are smooth, dome shaped or arcuate highs, commonly of 
200 nT amplitude, and 5-15 km diameter, that overlie 
Carboniferous-Permian granites. One irregular anomaly 
overlies the Silurian Dido Tonalite. 

Townsville-Mornington Island Belt 
The area north of I 8°S is dominated by Carboniferous
Permian igneous rocks. It has relatively high magnetisation 
as shown by the relatively-high reduced-to-the-pole 
magnetic anomalies (Atlas Plate 3 I). This high 
magnetisation is due partly to primary magnetisation of 
the Carboniferous-Permian igneous rocks, and partly to 
an increase in the magnetisation of older rocks by the 
Carboniferous-Permian igneous ·rocks. This area is a 
relative gravity low, due to low density volcanics in the 
calderas, and the large volume of granites. 

The volcanic subsidence structures have relative gravity 
lows and variable but distinctive magnetic anomalies 
giving oval patterns. The anomaly within the caldera is 
generally smooth, with a low, medium or high values. At 
the margin of some calderas is an arc of intense magnetic 
lows, indicating the presence of a ring dyke. The anomaly 
immediately outside the caldera is often relatively high, 
indicating that the magnetisation of the surrounding 
granites or metamorphics has been increased during 
formation of the caldera. 

The Carboniferous- Permian igneous rocks have smooth 
magnetic anomalies with low to high mean values. 

Central Area 
This is the area not included in the above three sub-regions. 
It is dominated by pre-Carboniferous rocks- Silurian
Devonian granites and Mesoproterozoic igneous and 
metamorphic rocks. Through the centre of the area the 
rocks of the Newcastle Range Volcanic Group have similar 
gravity and magnetic anomalies to those of the subsidence 
structures within the Townsville-Mornington Island Belt. 
Magnetic anomalies are relatively flat in the area of the 
medium to high metamorphic grade. In the low grade 
metamorphic rocks of the northeast there is reverse 
magnetisation of three rock types: those Etheridge Group 
rocks adjacent to the western margin of the Proterozoic 
Forsayth batholith, Stockyard Creek Mudstone Member 
and some similar overlying formations, and metadolerite. 
In the low grade metamorphic rocks of the southeast, 
positive magnetisation is associated with Dead Horse 
Metabasalt and Bernecker Creek Formation. 

Gravity anomalies west of the Newcastle Range Volcanic 
Group are consistent with outcrop geology, with highs over 
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metamorphic rocks and lows over granites and volcanic 
subsidence structures. East of the Newcastle Range 
Volcanic Group, a north-striking gravity gradient along 
I 44°08'E shows a poor correlation with surface geology, 
so it is likely that the surface geology in this area differs 
significantly from that at depth. A north-striking gravity 
low in the area of the McBride Basalt Province is thought 
to indicate an underlying felsic intrusion, in part the 
Carboniferous Whitewater Creek Granite. 

Proterozoic 
Dargalong Metamorphic Group f'J Donchak 

The Dargalong ~etamorphic Group was d~scribed by 
Donchak & Bultitude (1994; in prep.) and Bultitude eta!. 
(I 995). The unit consists of a variety of complexly 
intermixed rock types, including banded migmatitic gneiss, 
augen gneiss and amphibolite, with some medium to coarse 
schist and scattered quartzite lenses and minor calc-silicate 
gneiss. 

The augen gneisses probably had an intrusive origin, and 
are thus considered to be orthogneisses. They have been 
named Cardross Orthogneiss. They have a foliated fine
grained quartz- feldspar-biotite matrix, and large cream 
feldspar augen and blocks, boudins and rounded inclusions 
of amphibolite, metasedimentary rocks and elongate 
schlieren. They are geochemically similar to I-type 
granodiorite. 

The amphibolites probably represent mainly 
metamorphosed dolerite which formed sills and/or dykes, 
although originally, some, particularly those containing 
abundant small garnet porphyroblasts, may have been 
intercalated mafic volcanics. 

The incipient melting, mobilisation, and injection of 
leucosome stringers throughout the sequence indicates 
relatively high temperatures near the upper part of the 
amphibolite facies of regional metamorphism, possibly 
reaching the granulite facies in places. The presence of 
sillimanite within some of the schists in the south and 
assemblages within the amphibolites are also consistent 
with amphibolite facies conditions. These grades are 
associated with the major cleavage forming event (dD2). 

Retrograde alteration is widespread throughout the 
Dargalong Metamorphic Group. Shaw et al. (1987) 
correlated this retrogression with eastward-directed · 
thrusting during Palaeozoic deformation. They described 
the retrograde metamorphic effects as being most intense 
in the porphyroclastic gneiss immediately adjacent to the 
Palmerville Fault. 

The original age of the Dargalong Metamorphic Group is 
uncertain . SHRIMP zircon dating indicates that the 
metasedimentary component of the Yambo Metamorphic 
Group in the Yambo Inlier farther north was deposited 
between 1640 and 1580 Ma. It contains S-type granites, 
presumed to have been derived from the metamorphics, 
and one granite sample contains zircons with.detrital cores 
dated about 1640 Ma. SHRIMP zircon dating also indicates 
that the Card ross Orthogneiss was emplaced at about 1580 
Ma and metamorphosed at about 1575 Ma. This is 
comparable to the age of the Arkara Gneiss in the Coen 
Region. 

McDevitt Metamorphics 
The McDevitt Metamorphics have been described in most 
detail by Donchak & Bultitude ( 1994; in prep.). They 
consist mainly of laminated to thin-bedded metapelites 
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(mica schist) and subordinate micaceous quartzose meta
arenite and quartzite. Mafic sills and irregular pod-like 
bodies are interlayered throughout the sequence. 

The McDevitt Metamo.rphics were metamorphosed 
essentially coevally with the first three deformational 
events. The sequence was metamorphosed mainly to upper 
greenschist and lower amphibolite grades. The occurrence 
of andalusite rather than kyanite, and also cordierite is 
typical of Abukuma-style low- to medium-pressure, 
relatively high-temperature regional metamorphism. 
Middle to upper amphibolite grade rocks were also 
produced lo~ally during MdD2• The highest grade rocks 
generally occur adjacent to contacts with the Dargalong 
Metamorphic Group (in which quartzofeldspathic gneiss 
and migmatitic gneiss form a significant to dominant 
component). These relatively high-grade rocks consist 
predominantly· of coarse quartz-muscovite schist and 
interlayered quartzofeldspathic gneiss and migmatite. The 
major foliation in these rocks developed during the second 
major deformation. 

The McDevitt Metamorphics have not been dated directly, 
but are probably related to either the Dargalong 
Metamorphic Group or Etheridge .Group (see discussion 
on correlation below). 

Etheridge Group JW Withna/1 

The Etheridge Group crops out over about half of the 
Etheridge Province. Its constituent units and their rock 
types and relationships are summarised in Table 3.6. The 
base of the Etheridge Group is not exposed. The lowermost 
known part of the group is the Bemecker Creek Formation, 
although parts of the Einasleigh Metamorphics could be 
stratigraphically lower. 

The grade of metamorphism increases eastwards, and the 
lower half of the Etheridge Group passes into medium- to 
high-grade metamorphic rocks. The less intense 
deformation of the low-grade rocks has allowed the 
recognition of a detailed stratigraphy that has been traced 
into the higher-grade more intensely deformed rocks 
(Withnall & Mackenzie 1980; Withnalll983, 1984). Those 
formations extending into what were originally mapped 
as Robertson River Metamorphics by White (1965) are 
assigned to the Robertson River Subgroup. The 
stratigraphy of the low-grade rocks has not been extended 
into the Einasleigh Metamorphics because correlations of 
the various lithofacies with low-grade rocks are Jess 
certain. 

Withnall ( 1984, 1996) and Withnall, Bain et al. ( 1988) 
suggested that the Einasleigh Metamorphics are probably 
equivalent to. the Bernecker Creek and Daniel Creek 
Formations. Zones ofEinasleigh Metamorphics dominated 
by calc-silicate (hornblende-diopside) gneiss could have 
been derived from calcareous to dolomitic psammitic rocks 
like those in the. Bernecker Creek Formati'on. The 
Bernecker Creek Formation can be traced eastwards into 
calc-silicate gneiss, but it is uncertain whether all areas of 
calc-silicate gneiss in the Einasleigh Metamorphics are 
stratigraphically equivalent to the Bernecker Creek 
Formation. 

One significant lithology in the Einasleigh Metamorphics 
with no known low-grade equivalent is leucogneiss. It is 
locally associated with metamorphosed, sub-economic, 
stratiform, base-metal sulphide deposits, and generally 
forms sporadic lenses or beds interlayered with the calc
silicate gneiss facies near contacts with biotite gneiss. The 
leucogneiss generally contains high Na20 (5- 9%) and 
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Plate 2.1 Gravity image of northea~tcm Australia- Bouguer over land. based on point 
observations on the grounu, and free air over the sea, basco on satellite altimetry. Latitude 
and longitude at 2" intervals shown by crosses. 

Plate 2.2. Mt~gnetic image of northeastern Austra lia - based on Tarlowski et al. 
( 1993) grid over l:md and nearshore area, and petroleum search surveys over the 
continental shelf. Latitude and longirudc at 2° intervals shown by crosses. 
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Plate 3.3. Lancbat TM image. southeast comer of RED RIVER. approx. I :150 000 scale. See facing page for goologicul interpretation. Principal feature~ are Proterozoic metamorphic:., Silurian 
gramtes. Carboniferous-Permian volcanics and intrusions. Mesozok sedimen~:>, early Cainozoic llu\ ial channel, and late Pleistocene lava flO\\ !mage has been high pas!-> lihcred. contrast o;tretched, 
and colour-balanced (red: bands 5-4: green: bands 7-{>: blue: band 3) to enhance lilholog•c and regolith differences and ~uppress fire bum~. 
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some samples are enriched in Zr (up to 900 parts per 
million- ppm) (Withnall 1984, 1996). Bain et al. (1985) 
interpreted the leucogneiss as high-Zr, A-type, felsic 
volcanic rocks. Withnall (1984, 1996) suggested that it 
was either albitised, felsic tuff or feldspathic dune or beach 
sand containing concentrations of heavy minerals. The only 
other possible felsic volcanic rocks in the Etheridge Group 
are a few thin layers of albitite of uncertain origin 
encountered during stratigraphic drilling of the Candlow 
Formation, and a possible tuff horizon associated with 
weak zinc enrichment near the base of the Townley 
Formation (Withnall 1981 a, 1984). 

The Juntala Metamorphics are mainly mica schist, 
lithologically similar to the higher-grade parts of the 
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marked change in environment, consisting mainly of 
monotonous mudstone interpreted as a deep-water facies. 
It contains minor chemical sediments, including metachert 
(Tin Hill Quartzite Member) and rare tourmaline-rich 
rocks. 

Carbonaceous mudstone in the lower part of the succeeding 
Lane Creek Formation suggests continuation of the deep
water conditions, but towards the top, mudclast sandstone 
containing small-scale trough cross-bedding may reflect 
the return to shallow-water conditions evident in the 
overlying units. 

The units forming the upper part of the Etheridge Group 
are made up of different proportions of siltstone, 

~ 
Corbett Formation, and these r---.:----.---r---r---r--.----,--,---...--..--..--..-..,.--..--,.__,.__,.__,.--.---.-.-----, 
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o ·1~ ti I 

The intense deformation and S ·~ t;i 1;, ~ 
!1•~V~ ell metamorphism has obliterated r-' ~ 

~ _, t:C 

most sedimentary structures 
other than lithologic layering 
in the Einasleigh and Juntala 
Metamorphics, so it is not 
possible to directly determine 
their environment of 
deposition. However primary 
sedimentary features are well
preserved in the low-grade 
parts of the other units, and 
these are summarised in 
Figure 3.3. 

The Bernecker Creek 
Formation consists 
predominantly of calcareous 
to dolol)litic, fine-grained, 
subfeldspathic sandstone, 
siltstone, and mudstone, and 
contains a rich variety of 
sedimentary structures 
( Figure 3.3). Particularly 
significant are features related 
to periodic exposure. These 
and other features suggest 
tidal influences. A wave
dominated shore-line to tidal 
flat is suggested as the 
environment of deposition. 

The overlying Daniel Creek 
Formation was probably' 
deposited in a deltaic 
environment. It differs from 
the · Bernecker Creek 
Formation in being less 
calcareous or dolomitic, 
somewhat more pelitic 
overall, having more 
abundant scour features, and 
lacking the evidence of 
period ic exposure. In the 
south, it is overlain by the 
Dead Horse Metabasalt, 
which consists 
predominantly of submarine · 
basaltic lava. 

The overlying Corbett 
Formation represents a 
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l·igurc 3.4. Metamorphic map himilar to figure 5 in Withnall. Bain ct al. ILJX8. but c\tcndcdl. 

carbonaceous mudstone. slltccous siltstone. line-grained 
sandstone, und rare thin limestone. and can be constdered 
L()gether A ch~tracLCristic of the sandstones b the high 
proporuon of carbonaceous mudstone clasts, which arc 
commonty the dominant sand-sized grain type; the other 
nerally very fine <>anJ to si lt-sLted). Laminations arc 
common. and the presence of soft-sediment deformatiOn 
features such as slumping, dtstorted bedding. disrupted 
lanunac. sandstone/siltstone dykes, load casts, name 
structures. and water-escape structures indicate rapid 
depusillon l lowcvcr. evidence of chMnclling and scouring 
ts rare. In the lower part of the Candlow 1--omlation, 
pscudllt110rphs aller gypsum occur in stltstoncs in at least 
two hon7ons, and thin beds ofbluish chert may be replaced 
e\aporitc layers. Rare stromatolites have been found in 
tht.: uppcm1ost Candlow Fom1ation. 

The overall line grain-size 111 the upper part of the 
Ethendgc Group, and the local presence of gypsw11. 
suggest muddy tidal-Oat sedimentation ~uch as in the 
Colomdo River delta. where low wave energy. a cop1ous 
!iUpply <lf silt and clay rcl:ttivc to sand. and unrestricted 
non-channdled tidal now havt: resulted in laminated 
muddy 11ats (Thompson 1975). Local supmtidal conditions 
may havt: allowed the formation of gypsum. The mudclast 
sandstones arc interpreted as reworked, algal-bound 
sediment in shal lm\ water. Mussi\c. carbonaceous 
mudstone intcr,als such as the Stockyard Creek Mudstone 
Mcmlh:r and Langdon River Mudstone (the uppem10st unit 
in the Lthcridgc Group) were probably deposited in deeper 
water und c~capcd reworking. 

The age or the l:.thendge Group has until recently bcl.!n 
uncertam. As dcscnbed later. the carhc~t deformational 
mctanwrphtc event in the Einaslctgh Mctamorphics was 
origi11ally dated at 1570 ± 20 Ma by Black et al. ( 1979). It 
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was thought that the CtheriJge Group \\,ts probably not 
mu~:h older than 1600 Ma (Plumb 1979}. and could 
correlate with the Mount lsa and McArthur Groups 111 
northwest Queensland and the Northern Territory (Wtthnall 
et al. 1980nl. Black & McCulloch ( 1984) suggested that 
the rocks could be ns old as 2.5 Ga from Sm NJ evidence. 
but this is now regarded ns reflecting the age of the 
provenance (Withnall 1985u; Withnall. Bain ct at. 1988). 

The primary age ofthc Etheridge Gmup. has recently been 
detcnnincd ns late Palat!oprotcm;oic. prohahly between 
about 1700 l\tn anJ younger than 1650 Ma. based on 
SHRfMP U Pb ages on tircon from a metagabbro sill 
(-1650 Ma) in the Lane Creek fonnation in the nmldlc of 
the group. and in amphibolite (-1670 Mal and 
lcucogncisses (-I ()90 Mal tn the Ginasletgh Mt:tamorph1cs 
(Black ct al. m prcp.). 

The dcpos1tionul age is sunilar to those of <>cqucnces in 
other Proterozoic pro\ inccs in ea~tcm Australia, such as 
Mount I sa (cover sequunce 3 of' Blake I 9X7: Page 1993) 
and Broken Hill (Page & Lamg 1992). 

The Etheridge Group was dcfom1cd, metamorphosed and 
mtrudcd by gmnatcs 111 the Mesoprotcrozoll: at about 1550 
1560 Ma (Black & \\'ithnall 199J: Black ct al. m prep.: 
see Etheridge Group). The regional metamorphic grJdes 
ranged from lower greenschist facies (chlorite zone) in 
the southwest to granulite fltdcs in the northeast (figure 
3.4 }. Southeast of the ~:,rranulttc facies ·core'. the grade 
drops to lower amphibolite fucics. The regional 
mctamorphbm accompanied e01 and eD,. In thl' eastern 
hatfofthc l·thcndge Gmup.thc stmng mcrpnnt ofsyn-
01 fabrics and mineral assemblages causes difficulttes in 
Jetcrmining th~: grade of metamorphism during (•0 1• 

llowcvcr, the area of umphibolite facies during (•01 appears 



111 be roughly coincident.,., ith that during o .. although the 
mo'\imum grade was probably lower than during 1),, when 
mt~st of th-.: mtgmausation and gmmt~ gcnests occurred. 
l \tcnst\C mtgmatil;alion was as!lociatcd wnh the upper 
amphiholth: and transitiOnal granulite mobilised and 
intruded tnlQ the mtdtllc amphibolite Hlctes zone. Granulite 
fades mmcrJ I assemblages arc restricted to mafic rocks: 
the cnclo~ing mctascdtmcntary rocks range from 
heterogeneous bwtite gneiss and n11gmatitc in the 
transitional tone to relatively homogeneous garnet
-;ill imanill:-hiotitc grant tic gneiss in the highest grade an!::t'i 
( Withnall I ~R4, 1996; Wamic f... 1989 ). 

In the greenschist w middle amphibolite rocks of the 
R1lbcnson River area, syn-Dl isograd reactions and zonal 
scqwm:c~ arc mtem1cuiatc 111 pressure between the classic 
Buchan (low-pressure) and Barrovian ( medtum-prcssurc) 
fuciel> series (Rubcnach & Bdl 1983; Bell & Rubcnach 
19!0 ). In other parts of the region, parltcularly adjacent to 

f igure J .5. Banded biotite gneiss containmg a thin. isochnally 
fo lded amphibolite layer. f·inaslctglt Mctamorphics. 

Figure 3. 7. M1gmat1tc gmding mto gran1toid ~ho'' ing dt~ruption 
of leucosomcs :md mclano~omcs, Einaslcigh Mctrunorph1cs. 

the Forsayth Bathulith, the mineral assemblages are more 
suggestive of Buchan-type metamorphism. This muy be 
due partly to modification or the regional gcolhcrmnl 
gradient by emplacement of the batholtth Junng D . 
although \ariation in bulk composition ofhthologies lh1m 
one formation to amHhcr is also an unportant controlltng 
fac tor 111 the rcgionnl d1ffercnces in metamorphic 
assemblages (particularly for staurolite. chloritotd, 
cordiente and andalusite). The studies of Bell and 
Rubenach ( 19t-:3) on the sequential growth of 
porphyroblasts during O, point strongly to tcmpcmture nsl! 
during the de\ clopment or the s, crcnui::Hion cleavage. 
They suggested that this nsc wns related to emplacement 
of the Forsayth Batholith. \\ hich al though regtonally 
conformable with the i:,ogrutls, locally cuts them. 

Mundondo ( 1994) c:.timatcd peak metamorphic conditions 
in the highest grade rocf...s of the Einaslcigh Metamorphtcs 
at 750"C and 6.5 Kbars on the basts of mrnt:ral pam. and 

Figure J.6. Colc-~il i c:atc gm:tsl'O cut by lcucogrnmtt! v~ins Jllll 

dcfonncd by rolds with M-vcrgcncc. Einaslcigh MetamorphiC~. 

Fig u re 3.8. Mclannsumcs (dark) and lcucn.,omc~ (pnle) in 
m1gmuuu:. F1naslctgh 1\l..:t:nnorpbics. 

2 5 



C H A P T E R T f-1 R E E (, ,. ,, r ,'/ ,. 1 ,, " n R ,. H 1 ,, n 

Figure 3.9. Small-scale trough crossbedding in !'inc-grained 
sandstone. Bemecker Creek Formation. 

phase equilibria. He interpreted the breakdown of 
cordierite into sillimanite + biotite + garnet intergrowths 
in metapelitcs and garnet corona textures in metabasic 
rocks as indicating an increase in prcssw·e or near isobaric 
conditions during cooling, indicating an anti-clockwise P
T-T path. He suggested that this was consistent with his 
interpretation of 0 3 thrusting during cooling. 

Minor retrogression of the prograde metamorphic 
assemblages occurred late or post-0 2. Mundondo ( 1994) 
interpreted that at least some of the mineralisation in the 
Einasleigb area was associated with retrograde skarns 
formed between D2 and D3• A more extensive retrogression 
evident in part of the area is thought to have occurred 
during the late Silurian or Early Devonian (ca. 400 Ma) 
when most of the region's gold deposits (which are 
clustered around the western margin of the retrogressed 
zone) are thought to have formed. This event corresponds 
with the emp lacement or extensive, main ly [-type 
batholiths, and partial to complete resetting of radiometric 
mi.neral ages (Black 1973; Black et al. 1979). 

Some typical rock types in the Etheridge Group arc shown 
in Figures J.S to 3. l I. 

Figure 3.11 . Large moulds of b'YPSum in siltstone. lower Candlow 
Formation. 

Langlovale Group 
The Langlovale Group ( Withnall and Macken7ie l 980, 
1983) unconformably overlies the Etheridge Group along 
the western edge ofthe Etheridge Province. It is uncertajn 
whether it is strictly part of the Etheridge Province or part 
of the Savannah Province. 

The lowermost unit, the Malacura Sandstone, consists 
predominantly of highly immature, poorly sorted, 
micaceous feldspathic sandstone, deposited in a fluviatile 
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Figure 3.10. Pillowed metabasalt, Dead Horse Metabasalt. 

environmem (Withnall, Bain ct al. 1988). Towards the top 
of the uni t. common wavy and lenticular bedding, and 
upwardly increasing mudstone content indicate a change 
to shallow. near-shore marine sedimentation. The Malacura 
Sandstone passes gradationally up into the Yarrnan 
Formation. which consists of massive to lam inated 
mudstone with sporadic intervals in which sandstone beds 
are common. The sandstone intervals have characteristics 
of classic, prograded distal turbidites. and Withnall ( 19R4, 
l 996) and Withnall, Bain ct al. ( 1988) suggested that the 
association with the underlying tluvial sequence of 1he 
Malacura Sandstone might indicate proximity to a delta. 
Limited palaeocurTent data and the composition of the 
sandstones suggests transport from a granitic provenance 
to the south. 

The Langlovale Group is Mesoproterozoic. post-dating eD1 
in the Etheridge Group and pre-dating the Croydon 
Volcanic Group, which appear to overlie it uneonfonnably. 
The rocks dip steeply west, (possibly resulting from D! in 
the Etheridge Group), and have bet:n lolded by open folds 
with east-trending axial planes. It was therefore probably 
deposited at about 1550- l 560 Ma. Metamorphism is 
restricted to contact effects around intrusions of the 
Esmeralda Supersuite. 

Croydon Volcanic Group DE Macke~de 

The Croydon Volcanic Group (Branch 1966; Mackenzie 
et al. l 985, 1986) is the dominant unit of the Croydon 
Province in the west of the Georgetown Region . Jt is 
dom inated by grey, massive, intensely welded rhyolitic 
ignimbrite. and lesser volumes of sparsely porphyritic 
rhyolite with contorted !low-banding. Daeitic ignimbrite 
and unwelded dacitic fragmental rocks, quartz:ose and 
quartzofeldspathic sandstones and siltstones, and minor 
andesite are also present. most ly near the base of the 
sequence and/or in the nonh of the outcrop area. The 
stratigraphy. lithology, and other details of the Group arc 
summarised in Table 3.6. 

A characteristLc of most rocks of the Croydon Volcani<.: 
Group (and the Esmeralda Supersuitc granites that intrude 
it) is the presence of graphite. which conslillltes up to 2% 
by volume of some rocks. The graphite is in disseminated 
form in mos1 rocks, but in the crystal-rich ignimbrites, 
most is in the form of rounded ·pellets' up to I em (rarely 
2 em) in diameter.lntcnse recrystall isation, genernlly along 
with moderate deuteric al teration (chlorite + serit:ite ± 
epidote). is also characteristic of much of the exposed 
Croydon Volcanic Group. It is particularly pronounced in 
the Idalia Rhyolite. The Democrat Rhyolite Member of 
the ldalia Rhyolite has undergone moderate lo intense 



thermal and slight to moderate hydrotherma I 
metamorphism by the Esmeralda and Nonda Granites 
which abut it to the west. 

The Idalia Rhyolite (including the Democrat Rhyolite 
Member) and Parrot Camp Rhyolite together form about 
80% of the exposed area of the Croydon Volcanic Group. 
In addition to being intensely welded and extensively 
recrystallised, rocks of these units are crystal-rich and 
pumice-poor, resulting in eutaxitic textures (pumice or 
shard foliation) being absent or very obscure in most 
outcrops and in thin sections. 

Neither the top nor the base of the sequence is exposed, 
and the estimated total thickness of I I 00- 1500 m is a 
minimum. The degree of recrystallisation and 
metamorphism, and the metamorphic paragenesis, which 
includes biotite as well as chlorite and sericite in places, 
suggest that the rocks exposed at present may have been 
overlain by ·as much as 3000 m of additional eruptive 
material. 

S~dimentary rocks at the base of the volcanics (Wallabadah 
S1ltstone) are probably of fluviatile origin, but these are of 
very restricted distribution and there is no evidence of 
significant involvement of non-magmatic water (meteoric 
or marine) within the main volcanic sequence. The Croydon 
Volcanic Group, like virtually all volcanic sequences 
dominated by ignimbrite (or ash-flow tuff), was probably 
erupted subaerially. The survival of abundant graphite in 
the ignimbrites testifies to the low oxygen content of the 
atmosphere at the time. 

The main geochemical characteristics of the Croydon 
Volcanic Group are summarised in Table 3.6. Perhaps the 
most notable characteristics are the high As (Au was not 
determined) Pb, Sn, and Zn contents: their implications 
are discussed under Esmeralda Supersuite. 

The Croydon Volcanic Group is faulted along its eastern 
margin against rocks of the Mesoproterozoic Etheridge and 
Langlovale Groups. However, in one area (near Blackfellow 
Yard) there may be an angular unconformity at the base of 
the volcanics. Tight folds in the Langlovale Group are 
truncated by the volcanics. There is no clear evidence of 
faulting, but ~either is there any unequivocal evidence (e.g. 
basal breccia/conglomerate) of an erosional surface. 
Mackenzie et al. ( 1985) mapped the sandstone- reported 
by Branch (1966) as underlying 'basal rhyodacite'- as 
Nancy Lee Sandstone Member, and showed it to I ie within 
the volcanic sequence. The Wallabadah Siltstone, at the 
base of the volcanic sequence in the same general area, 
crops out poorly and its base is not exposed. 

Granites of the Esmeralda Supersuite were intruded into 
the Croydon Volcanic Group at depths of possibly about 3 
km and perhaps as shallow as 1-1.5 km. Contact thermal 
and hydrothermal effects are extensive in the volcanic rocks 
adjacent to the eastern margin of the Esmeralda Granite 
and the northeastern and southern margins of the Olsens 
Granite. 

The Croydon Volcanic Group is relatively flat-lying over 
mo~t of its out~rop area, and therefore probably post-dates 
D2 m the Ethendge Group. Conventional multigrain U-Pb 
zircon dating on a sample of Idalia Rhyolite by Black & 
McCulloch ( 1990) gave an age of 1552 ± 2 Ma· a SHRIMP . . ' 10n-m1croprobe age of 1548 ± 18 Ma was reported by Black 
& Withnall ( 1993). The age of the Group is therefore about 
1550 Ma. 
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Inorunie Group 
T.he lnorunie Group ?verlies the Croydon Volcanic Group 
d1sconformably and IS preserved in a small, partly fault
bounded, basinal structure 20 km by 15 km. Four 
formations are recognised (Table 3.6). They consist of 
strongly indurated quartzose sandstone, micaceous 
sublithic sandstone, siltstone and mudstone. Common 
medium- to large-scale trough cross-bedding in the 
quartzose sandstone suggests a fluviatile environment, 
although no detailed sedimentological studies have been 
done. 

The lnorunie. Group is probably Mesoproterozoic, 
Neoproterozoic or early Palaeozoic. It is intruded by 
Permian dolerite and granodiorite, and clasts of the 
quartzose sandstone occur in early Carboniferous 
conglomerate. 

Halls Reward Metamorphics JW Withna/1 

The Halls Reward Metamorphics (Withnalf 1989b) form 
a narrow belt up to 6 km wide adjacent to the western 
edge of the Broken River Province. The unit consists 
predominantly of medium to coarse-grained mica schist. 
The grade of metamorphism was probably in the lower to 
~iddle al!lphibolite.facies. The fo liation is commonly layer 
differentiated and IS probably S2. The contacts with the' 
Paddys Creek Phyllite and Judea Formation are marked 
by steeply dipping mylonite zones, but mylonites also occur 
wit~in the belt. The mylonites are fine-grained, strongly 
lammated rocks, commonly showing a stretching I ineation. 
The age of the Halls Reward Metamorphics is uncertain 
but they are likely to be Mesoproterozoic because of th~ 
Ar39/Ar40 ages (up to 1313 Ma) obtained from the Boiler 
Gully and Gray Creek Complexes (Black et al. 1979). 

Correlations IW Withnall 

The McDevitt Metamorphics and elements of the 
Etheridge Group are most likely to be correlatives. One of 
the most striking similarities is the abundance of 
metadolerite sills (and flows?) in both units. These mafic 
rocks are mapped as the Cobbold Metadolerite and the 
Dead Horse Metabasalt within the Robertson River 
Subgroup of the Etheridge Group and the uppermost ones 
in the Lane Creek Formation have been dated at 1656 ± 2 
Ma (Black et al. in prep.). The metasediments of the 
~cDevitt Metamorphics are also broadly similar in 
lithology to those of the Robertson River Subgroup, 
although none of the calcareous or dolomitic beds found 
in the Etheridge Group are known from the McDevitt 
Metamorphics. Donchak. & Bultitude _( 1994; in prep.) 
c~rrelated mD2 and m.D1 10 the McDev1tt Metamorphics 
w1th the eD, and eD2 10 the Etheridge Group. This could 
suggest .an age difference. However, mD 1 was known only 
from microstructures, and in view of the complications 
described by Davis (1995) in a relatively small area within 
the Etheridge Group, correlating fabrics over widely 
spaced areas is probably not reliable. 

With increasing metamorphic grade, rocks of the 
Robertson River Subgroup and Bernecker Creek 
Formation. pass. i~to t~e highe.r grade Einasleigh 
Metamorph1cs, w1thm wh1ch a stratigraphic sequence can 
no longer be distinguished. Jt is uncertain whether the 
Einasleigh Metamorphics are direct correlatives of the 
other t~o units or whether they at least partly represent 
older rocks not exposed farther west. It is also possible 
that .even old~r rocks (basen:ent to the Etheridge Group) 
are mcluded m. the Emasle1gh Metamorphics, but have 
not been recogmsed because of the strong overprint of the 
Mesoproterozoic metamorphism and deformation. 
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In an analogous fashion, the McDevitt Metamorphics were 
considered by Donchak & Bultitude (1994, in prep.) to 
pass gradationally into the adjacent gneissic rocks of the 
Dargalong Metamorphic Group, which they equated with 
the Einasleigh Metamorphics. As noted above, SHRIMP 
zircon dating, suggests that the metasedimentary 
component of the Yambo Metamorphic Group in the Coen 
Region was deposited between 1640 and 1580 Ma. Thus 
it is younger than the Lane Creek Metamorphics at about 
1560 Ma., and significantly younger than the Einasleigh 
Metamorphics. They could be equivalent in age to the 
upper part of the Etheridge Group and originally overlay 
the McDevitt Metamorphics, although they are now higher 
in metamorphic grade. 

As discussed later in this chapter, D2 and D3 in both the 
McDevitt Metamorphics and Dargalong Metamorphic 
Group relate to eD 1 and eD2 in the Etheridge Group, 
although mD 1 is rarely preserved. The age of eD 1 is 
uncertain, but it may be about 1560- 1565 Ma, which 
postdates the metamorphism in the Dargalong 
Metamorphics at about 1575 Ma. Thus dD 1 may be an 
event mainly restricted to the Yambo Subprovince and with 
some minor effects on the McDevitt Metamorphics. 

Withnall (1989b) suggested that the Halls Reward 
Metamorphics correlated with the Etheridge Group, 
speculating that they represented a sheet thrust over the 
Lucky Creek Metamorphic Group from the west. The 
minimumAr39/Ar40 age of about 1300 Ma from the mafic/ 
ultramafic complexes indicates that the metamorphism 
pre-dates that in the Cape River Metamorphics in the Cape 
River Province south of the Clarke River Fault. It could 
therefore be equivalent to the main event in the Etheridge 
Group. 

Correlatives of the Langlovale Group are not lmown. The 
group may correlate with the Holroyd Metamorphic Group 
in the Savannah Province in the Coen Region, although 
the age of the latter unit is unce1tain. If a correlation does 
exist, the Langlovale Group would thus represent a 
dismembered part of the Savannah Province. 

Geochemistry of the Etheridge Group, 
McDevitt Metamorphics and Dargalong 
Metamorphic Group J Knutson 

Major and Trace Element Geochemistry 
The geochemistry of the metamorphic rocks of the 
Georgetown Region has been evaluated in order to make 
an assessment of the provenance and sedimentary history 
of the metasedimentary rocks of the Etheridge, McDevitt 
and Dargalong Metamorphic Groups. To minimise the 
dilution effect of quartz and carbonate minerals, only those 
qumtzo-feldspathic rocks with less than 85% Si02 in which 
carbonate minerals have not been petrographically 
observed, have been used. 

Variations in major and trace element signatures of the 
metamorphic rocks of the Georgetown Region reflect the 
relative abundance of metamorphosed quartzo-feldspathic 
sedimentary rocks in the Etheridge and McDevitt 
Metamorphic Groups compared with the Dargalong 
Metamorphic Group, where metagranitic rocks are much 
more abundant. In this regard the Dargalong Metamorphic 
Group are more comparable to the Yambo Metamorphic 
Group. 

Chemical indices of alteration [CIA = Al20 3 / (A}z03 + 
CaO* + Na20 + K20) x 100- where CaO* is the amount 
ofCaO in silicate minerals only-Nesbitt & Young 1982], 
allow an assessment of the maturity and/or weathering 
status of source rocks for sedimentary and 
metasedimentary sequences. In the Etheridge Group there 
is a tendency for CIA values to increase up the stratigraphic 
column. The Einasleigh and Bernecker Creek Formations 
have values of 61 and 69 respectively, suggesting these 
metamorphic units are made up of relatively immature 
sedimentary material. There is a marked increase in 
average CIA values in the Corbett Formation (78), which 
is interpreted as representing a deep-water facies. This 
increase in CIA values is consistent with the source rocks 
being more mature, or alternatively, there was a greater 
degree of alteration during the transport of the sediments 
from a (more distal?) source. There is a marked decrease 
in CIA value in the overlying Lane Creek Formation ( 65), 

Table 3.1: Sm-Nd data for Georgetown Region Proterozoic metamorphic rocks. 

Sample Lithology Sm Nd 147Sm/u4Nd 14JNdJ144Nd Age (Ma) eNd, T1rnMJ (Ma) Ttz-,tag< (Ma) 
92836542** Gneiss 9.70 56.43 0.1039 0.51137 1685 -4.9 2475 2532 
92836540** Amphibolite 3.67 11.95 0.1857 0.512718 1685 3.7 2401 1781 
928365048** Metadolerite 5.93 29 .04 0.1235 0.511674 1685 - 3.2 2500 2387 
92836520** Schist 9.29 54.22 0.1036 0.511363 1685 -5 .0 2478 2547 
82303068# Granophyre 4.75 27.43 0.1045 0.511358 1670 -5.5 2505 2560 
73303006# Metado1erite 2.48 8.52 0.1757 0.512492 1670 1.4 2672 2040 
79300232# Metadolerite 1.76 5.59 0.1905 0.5 12807 1670 4.4 2319 1815 
82303067# Quartz Diorite 45.75 247.7 0.1116 0.5116 1670 - 2.3 2321 2318 
82303068# Granophyre 4.74 27.43 0.1045 0.511358 1670 - 5.5 2505 2560 
92836536** Gneiss 8.83 48.30 0.1105 0.511719 1685 0.5 2122 2125 
73303024# Gneiss 7.52 42.77 0.1063 0.511376 1685 -5.3 2521 2562 
73303001# Gneiss 7.56 43 .02 0.1064 0.511 364 1685 -5 .6 2541 2581 
79300058# Albitite 1.19 5.76 0.1251 0.511916 1685 1.2 2134 2072 
79300059# Albitite 1.14 5.33 0.1291 0.511965 1685 1.3 2147 2066 
79300060# Albitite 1.62 6.84 0.1434 0.511885 1685 - 3.4 2752 241 8 
79300062# Albitite 1.33 6.85 0.1171 0.51175 1685 -0.4 2218 2187 
80303065# Mafic Granulite 2.48 7.62 0.1971 0.51287 1670 4.2 2664 1829 
80303066# Mafic Granulite 2.1 1 6.52 0.1958 0.512815 1670 3.4 2935 1889 
92836564** Gneiss 5.73 32.91 0.1053 0.5 11583 1585 -2.2 2210 2246 
92836566** Gneiss 7.82 44.25 0.1068 0.511612 1585 - 2.0 2200 2226 

Depleted mantle model age is calculated with ENd= +I 0 for the present day, mantle depletion starting at 4.56 Ga. For early Proterozoic rocks, the model age calculated th is way wi ll give 
an age about 200 Ma older than that following McCulloch (1987). 
**Knutson & Sun (unpub. data) 
# Black & McCulloch ( I 984) 
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in which the deposition environment -shallows upwards 
(Withnall 1996). From this point in the stratigraphic 
sequence there is a consistent increase in CIA values in 
the upper part of the Etheridge Group, from the Candlow 
Formation (71 ), to the Stockyard Creek Mudstone Member 
(76), to the Langdon River Mudstone (80). This is 
consistent with a greater degree of weathering and/or 
recycling of the source rocks for these units. 

The average CIA value for all Etheridge Group samples is 
67, indicating that overall there has been limited source 
rock and subsequent weathering. In fact, the Etheridge 
Group quartzo-feldspathic rocks are geochemically similar 
to modern (plagioclase-rich) sands in Colorado that have 
been derived largely from granodiorite and have undergone 
minimal weathering (Van de Kamp & Leake 1994; Cullers 
1995). However, lower Na20, CaO, FeO and MgO in some 
of the Etheridge metasedimentary rocks probably reflect 
some loss of plagioclase and mafic minerals during 
predepositional weathering. 

The limited number of samples from the McDevitt and 
Darga long Metamorphics make any firm conclusions less 
certain as average values tend to be strongly influenced 
by 'possibly atypical samples. For example, McDevitt 
Metamorphics CIA values range from 54 to 75 and average 
66. However, the lower values are from thinly-bedded, 
quartz-rich metasediments with relatively high Na20 (up 
to 5.22%), suggesting a possible evaporite component. If 
these samples are excluded the average CIA value rises to 
73 . Metasedimentary rocks of the Dargalong 
Metamorphics have CIA values ranging from 77 to 84 
(average 79). These contrast with CIA values for the 
Dargalong metagranitic rocks which range from 51 to 56 
(average 54). 

Whole-rock geochemical data indicate a much greater 
range in the composition of quartzo-feldspathic rocks in 
the Etheridge Group relative to the McDevitt and 
Dargalong Metamorphics. A major difference in these 
three metamorphic groups is the relative abundance of 
carbonate-rich shales in the Etheridge Group relative to 
their paucity in the M c Devitt and Dargalong 
Metamorphics. Si02 values range from 35% to 91% in 
the Etheridge Group, 45-84% in the McDevitt 
Metamorphics, and 44%-94.7% in the Dargalong 
Metamorphics. The range in CaO is 28%-0% in the 
Etheridge Group, 1.67-0.26% in the McDevitt 
Metamorphics, and 30%-0.03% in the Dargalong 
Metamorphics. 

The average composition of the clastic metasediments from 
the Etheridge and McDevitt Metamorphic Groups 
(excluding those samples with an obvious carbonate 
component) are similar; for example average Si02 values 
are 68% and 69% respectively. At 62% the average Si02 
value for the Dargalong Metamorphics is significantly 
lower, but the limited number of samples (four in total) is 
strongly biased by one Al20 3-rich sample with only 44% 
Si02• Average Na20, K20 and Ba for the Etheridge and 
McDevitt Metamorphic Groups are 1.91% and 1.65%, 
3.79% and 3.12%, and 941 and 730 ppm respectively. 
Apart from Si02, Al20 3 and Cr, average values for the 
Dargalong Metamorphics are also broadly similar to the 
Etheridge and McDevitt metamorphic groups. 

Geochemically, the Etheridge, McDevitt and Dargalong 
Metamorphic Group metasedimentary rocks show some 
major differences with post-Archaean average Austral ian 
shale (PAAS -Taylor & McLennan 1985). Mostly, they 
have significantly higher average values for Si02 and Na20, 
and lower Ah03, Ti02, FeO<.•o••l>• MgO, CaO, LOI, Sr, Cr, 
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Ni, Co and V This suggests that their source rocks had a 
larger felsic component, although sedimentation controls 
(such as grain size) may have also contributed to the 
variations observed. 

For example, Cullers ( 1995) noted in a study on Colorado 
shales, siltstones and sandstones of Ordovician to Tertiary 
age outcropping in the same area, that average 
concentrations of Alz03, Fe20 3, MgO, Ti02, LOI, Rb, Th, 
Co, Sc, Cr, Cs, Nb, Y and REE are significantly lower in 
sandstones relative to shales and siltstones. In contrast, 
Si02, Na20, Ba, La/Sc and Th/Sc are higher in sandstones. 
However, no major differences were found in MnO, CaO, 
K20 and Sr concentrations, or the La!Co, Th/Co, La/Ni, 
and CriTh ratios, which are likely to reflect source-rock 
composition more accurately. 

McLennan ( 1989) noted that whereas Lafrh and Th/Sc 
ratios are fairly constant in shales (at about 2.8 and .1.0 
respectively), Th/Sc ratios are much more sensitive to 
average provenance compositions than Lafrh. Average Thl 
Sc values for pelitic rocks in the Etheridge, McDevitt and 
Dargalong metamorphic groups are 2.02, 1.85 and 1.44, 
all significantly higher than average post-Archaean shale 
value of 0.91 (Taylor & McLennan 1985), and consistent 
with the North Queensland metasedimentary rocks having 
a greater input from felsic rocks than the average post
Archaean shale. Similarly, La!Co, Th/Co, La/Ni, CriTh 
and La/Sc ratios are all in the range of felsic and 
intermediate igneous rocks rather than mafic rocks (Bhatia 
1985; Bhatia & Crook 1986; Wronkiewizc & Condie 1989, 
1990) and also indicate the dominance of intermediate and 
felsic material. 

Rare earth element patterns for metasedimentary rocks 
from the Etheridge, McDevitt and Darga long metamorphic 
units are similar to PAAS, with LREE .enrichment, .flat 
HREE patterns, and a prominent negative Eu anomaly, 
although generally overall values are slightly higher. Light 
REE range from about I 00 to 200 times chrondite values, 
and heavy REE from about 10 to 20 times. 

Sm-Nd Isotope Geochemistry and 

Geochronology J Knutson, SS Sun 
Etheridge Group metasedimentary rocks have initial eNd 
values of -6.6.to -0.3 (at 1670 Ma). These compare with 
-5.1 for a metasediment in the McDevitt Metamorphics, 
and -:-1.0 to -1.2 for metasediments in the Dargalong 
Metamorphics (Table 3.1 ). These contrast with values of 
-5.9 to +4.4 (at 1670 Ma) for Georgetown Region meta
igneous rocks - including the Cobbold Metadolerite and 
associated granophyric rocks (Black & McCulloch 1984), 
and +3 .7 (at 1670 Ma) for an amphibolite from the 
McDevitt Metamorphics. 

Depleted mantle model ages T(oM> for the Etheridge Group 
metasediments range from 2125 Ma (from the Townley 
Formation near the top of the sequence) to 2582 Ma (for a 
hornblende gneiss from the Einasleigh Formation near the 
bottom of the· Etheridge Group sequence). These compare 
with a value of 2533 Ma for a McDevitt metasediment, 
and 2223-2241 Ma for Dargalong metasedimentary rocks. 

Overall, T(DM> ages for the lower part of the Etheridge Group 
and for the McDevitt Metamorphics are 200-300 Ma older 
than those determined for other Proterozoic 
metasedimentary rocks ofNorth Queensland (namely the 
upper part of the Etheridge Group, and the Dargalong, 
Coen, Hoi royd and Sefton Metamorphic Groups-Table 
3.1 ). This indicates that the source rocks for the lower part 
of the Etheridge Group included a greater proportion of 
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Figure 3.12. Multielement plot (spider diagram) for average 
analyses of mafic rocks from the Etheridge Group. Data from 
Withnall ( 1985a) and nonnalising values from Saunders & Tamey 
(1984). 

an older component than the remainder of the North 
Queensland metamorphic units. Additionally, the source 
rocks for the lower part of the Etheridge Group at least, 
included an Archaean component. 

Inherited zircon populations identified by U- Pb 
(SHRIMP) geochronology give further information on the 
age of the source rocks of the metasedimentary sequences. 
The zircon population of the Etheridge Group covers a 
wide range of inheritance ages. These extend back from 
the 1550 Ma metamorphic event, and indicate population 
concentrations at 1570-1575 Ma, 1850-1995 Ma and 
2400-2700 Ma. The oldest inherited zircons give U-Pb 
ages of2900 and 3436 Ma. 

Cobbold Metadolerite IW Withnall 
Metadolerite and metagabbro sills are common in the Lane 
Creek Formation of the Etheridge Group and underlying 
units, but none occur above it. The metadolerite sills are 
all assigned to a single unit, the Cobbold Metadolerite. 
They may represent a single intrusive episode 
accompanying the deposition of the Lane Creek Formation, 
although it is likely that some lower in the sequence were 
intruded during eruption of the Dead Horse Metabasalt. 
Amphibolite and mafic granulite bodies also are 
widespread in the Einasleigh Metamor.phics, and these 
were also assigned to the Cobbold Metadolerite by Bain 
et al. (1985). 

Withnall (1985a) showed that the Cobbold Metadolerite 
and Dead Horse Metabasalt, as well as amphibolite and 
mafic granulite in the Einasleigh Metamorphics, are 
geochemically similar, although the metadolerite is 
generally less fractionated than the metabasalt. The mafic 
rocks of the Einasleigh Metamorphics overlap the fields 
of both the metabasalts and metadolerites. The 
geochemistry of the mafic rocks in the Einasleigh 
Metamorphics was first reported by McNaughton & 
Wilson (1983). Si02 values for all the mafic rocks range 
from 46% to 53%, and average about 48%. The metabasalts 
are mostly quartz-normative, whereas the metadolerites 
are olivine normative. Both are hypersthene normative 
indicating tholeiitic or subalkaline affinities. Iron
enrichment trends on FMA diagrams are also characteristic 
of tholeiitic rocks. The rocks are low-K tholeiites depleted 
in incompatible elements and similar to modem mid-ocean 
ridge basalts. (Figure 3 .12) 
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Metadolerite, metagabbro and amphibolite that form 
extensive tabular bodies in the McDevitt Metamorphic 
Group are probably also part of the Cobbold Metadolerite, 
but few geochemical data are available. A McDevitt 
Metamorphics amphibolite has flat REE patterns typical 
of basaltic rocks. Initial EN~Il values for uncontaminated 
samples from the Cobbold Metadolerite are+ 1.4 to +4.4 
(at 1670 Ma) (using data from Black & McCulloch 1984; 
see Table 3.1), and +3.7 (at 1670 Ma) for an amphibolite 
.fro.m the McDevitt Metamorphics. Granophyre and quartz 
diorite samples from the Ortona dyke range from -2 .3 to 
-5.9 indicating significant contamination by crustal rocks. 

Boiler Gully Complex 
Cropping out within the Halls Reward Metamorphics are 
abundant amphibolite, metagabbro, and clinopyroxenite 
assigned to the Stenhouse Creek Amphibolite, and 
serpentinite assigned to the Sandalwood Serpentinite. Near 
Greenvale, these units together comprise the Boiler Gully 
Complex. The grade of metamorphism was mainly middle 
amphibolite facies. Although previously regarded as being 
both Devonian and Precambrian (White 1965), the mafic/ 
ultramafic rocks are now all regarded as Proterozoic, 
having had an identical metamorphic/deformational 
history to the Halls Reward Metamorphics (Arnold & 
Rubenach 1976; Withnall 1989b). Ar9/Ar40 dating of S2 
hornblende from the Boiler Gully Complex gave a range 
of late Proterozoic to early Palaeozoic minimum ages 
(Black et al. 1979). 

Gray Creek Complex 
The Gray Creek Complex, which was first described in 
detail by Green (1958) and White (1965), crops out to the 
east of the Halls Reward Fault as an elongate body 20 km 
long. It is surrounded by rocks of the Broken River 
Province, but is regarded as part of the Cape River 
Province, because Arnold & Rubenach ( 1976) showed that 
it is structurally identical to the Boiler Gully Complex, 
and it has Mesoproterozoic isotopic ages. S1 hornblende 
gave ages of 1111 ± 30 Ma and 1316 ± 40 Ma, the latter 
probably providing a minimum age for the complexes 
(Black et al. 1979). Because it lies east of the Halls Reward 
Fault, it is described in the Clarke River Region in Chapter 
8. 

According to Rubenach ( 1982), the mafic rocks of the 
Boiler Gully and Gray Creek Complexes have similar 
geochemistry to island arc and ocean-floor tholeiites, and 
therefore are like the mafic rocks in the Etheridge Group 
(Withnall 1985a). Although some ofthe amphibolite could 
have been lavas, the mafic/ultramafic rocks were probably 
mostly emplaced in the Proterozoic as a series of sills and 
dykes into a sequence consisting mostly of shale and 
siltstone. The serpentinites may be derived from 
harzburgites that resulted from in situ differentiation in 
the sills, but some were probably emplaced tectonically 
after serpentinisation. Such a process probably resulted in 
the emplacement of the bodies along the Gray Creek Fault 
and in the Wairuna Formation to the east. 

In spite of the mineral chemistry, which indicated 
metamorphism at shallow crustal levels rather than the 
high pressures and deep crustal levels normally associated 
with ophiolites, Rubenach ( 1982) still favoured an 
ophiolitic origin for the complexes. Similar mafic and 
ultramafic rocks occur along the faulted margin of the 
Proterozoic craton at least as far north as Chillagoe. 
Rubenach suggested that this margin represents a 
Proterozoic suture reactivated in the Palaeozoic as the 
Palmerville and Burdekin Fault zones. 



Other Mafic/Ultramafic Rocks 
Serpentinite and amphibolite similar to the Boiler.Gully 
Complex occur in isolated areas near Minnamoolka and 
Gunnawarra homesteads southwest of Mount Gamet. They 
have not been examined in detail. A small serpentinite body 
also occurs in the Einasleigh Metamorphics north ofThe 
Oasis (Withnall & Grimes 1995). Bultitude et al. ( 1993b) 
described two small pods of metamorphosed spinel 
lherzolite, interlayered with the Dargalong Metamorphic 
Group in Muldiva Creek southwest ofMungana. 

Forsayth Supersuite (Forsayth Batholith) 
JHC Bain, DC Champion 

The Forsayth Supersuite (FSS) is largely confined to, and 
is the principal component of the Forsayth Batholith, which 
is the largest known accumulation ofMesoproterozoic S
type granite in northern Australia. The Forsayth Supersuite 
(Table 3. 7) comprises Aurora, Delaney, Forsayth, 
Goldsmiths, Mistletoe and Ropewalk Granites in the 
Batholith, and the Welfem Granite to the southeast. The 
Mount Hogan, Fig Tree Hill and Mywyn Granites, parts 
of the Digger Creek Granite and some of the unnamed 
granites of the region (Bain et al. J 985) are also probably 
part of this supersuite. 

Most constituents of the supersuite are light to dark grey 
porphyritic biotite-muscovite granites, but the Welfem, 
Mywyn and Mount Hogan Granites are cream to pink or 
reddish brown. Alkali feldspar phenocrysts (and in some 
granites, megacrysts) and muscovite are relatively common 
constituents. Phenocryst size and distribution is variable 
and orientation commonly reflects an original flow fabric, 
which is locally modified by tectonic foliation; some 
granites (e.g. Mistletoe) are strongly foliated. Enclaves 
(melanocratic spots and streaks) and locally abundant 
metasedimentary xenoliths (and some amphibolite) are 
common, particularly in the Mistletoe and Ropewalk 
granites, as are pegmatite veins and dykes throughout the 
batholith. Large mafic enclaves, mostly of microdiorite 
and some rare biotite hornblende tonalite (containing 
mostly mafic minerals), are not part of this supersuite. It 
has been suggested (R.D. Holmes pers. comm.) that these 
represent hybridised remnants of primitive, deeper-sourced 
!-type magma that may have played a significant role in 
boosting the energy flux into the early crustal melts (e.g. 
Mistletoe Granite) to levels consistent with the formation 
of the observed volumes ofForsayth and Delaney Granites. 

The Supersuite is Mesoproterozoic - about 1550-1555 
Ma- based on U-Pb zircon (conventional and SHRIMP) 
and Rb-Sr methods (Black & McCulloch 1990; Black & 
Withnall 1993). 

The Forsayth Batholith comprises 30 or so individual 
plutons or clusters of plutons 2-10 km in diameter of 
mostly FSS constituents, but also many-very small, 
irregularly shaped bodies of gneissic granites (Lighthouse 
Suite), several small to medit,~m sized plutons of 
granodiorite interpreted as part of the Silurian White 
Springs Supersuite, and dykes and small plutons of 
Carboniferous to Permian felsic rocks. The components 
of the batholith are grouped in two main masses, the 
northern one being roughly twice the extent of the southern 
mass. Together they form a sigmoidal or S-shapt?d batholith 
that is 90 km (northwest) by 20-30 km (northeast). There 
are numerous screens and enclaves of country rocks and 
many small, strongly deformed, irregularly shaped 
migmatitic bodies, mostly on the northeast side of the 
northern mass and southeast side of the southern mass. 
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The larger plutons are mostly elliptical and variously 
oriented. Those in the southern and northwest extents of 
the batholith are mostly subparallel to its long axis, whereas 
those in the central portion trend mostly northeast (parallel 
to the dominant layering direction in the country rocks 

. there). 

The batholith lies almost entirely within amphibolite facies 
schists, between zones of phyllite and gneiss, and mostly 
in areas above the sillimanite isograd (middle amphibolite 
facies). lsograds in the country rocks are broadly folded 
about northwest plunging axes (F1), about 20° to the west 
of the long axis of the batholith. A single 20 km2 pluton, 
an outrider of the batholith, intrudes phyllite 5 km 
southwest of the main northern mass of the batholith. It 
alone has a narrow contact thermal aureole. 

There are three main Mesoproterozoic (FSS) components 
to the batholith, representing the three main constructional 
phases in chronological order: 

• concentrations of small migmatitic granite bodies 
(mostly 0.01-1.0 km2

), e.g. Mistletoe, Ropewalk and 
Lighthouse Granites (LSS); 

• large elliptical plutons of megacrystic granite (mostly 
20-75 km2

), e.g. Forsayth and Goldsmiths Granites; 
and 

• somewhat smaller, irregularly shaped plutons of 
porphyritic granite with much smaller phenocrysts
mostly to the east of the megacrystic plutons and 
forming veins and dykes in them, e.g. Delaney and 
Aurora Granites. 

The distribution of these components is interpreted as 
representing an oblique cross-section through the batholith 
with the upper surface along the southwest facing side 
and dipping southwest. This is consistent with the regional 
tilt of the metasedimentary units and interpreted as having 
resulted mainly from uplift in the east associated with 
emplacement of the Silurian granites. 

Chemistry 
The peraluminous S-type granites of the Forsayth 
Supersuite have the largest range of silica values (less than . 
64-77%) amongst the Proterozoic granites of the region. 
All major elements otherthan K20 and Na20 have negative 
correlations with Si02• The Na02 (<3% for mafic 
members) and K20 contents (mostly >4%) are consistent 
with the supracrustal origin of the supersuite. CaO levels 
are lower than the average high-Ca granite ofTurekian & 
Wedepohl ( 1961) and marginally lower than Proterozoic 
1-type granites. P20 5 is present in moderate amounts (up 
to 0.04%) at low Si02 levels, decreasing to very low levels 
with high Si02 contents. ASI 1 values range from 1.02 to 
1.20, normative Cup to 2.5%, and mg numbers range from 
0.25 to 0.5 (generally decreasing with increasing Si02). 

The granites lie on or above the biotite-plagioclase tie
line on the modified ACF plot. Th and U levels are high in 
all FSS granites (average 35 and 6 ppm respectively), and 
are much higher than in the average high-Ca granite. The 
FSS granites have initial eNd values of - 2.9 and -4.3 
(Black & McCulloch 1990) and initial 87Srfl6Sr of0.7075-
0.713 (B lack & Holmes unpub. ms). Depleted mantle 
model ages are about 2000 Ma. 

Petrogenesis 
Holmes (cited in Withnall, Bain et al. I 988) suggested 
that the FSS granites formed by anatexis of Etheridge 
Group metasediments, driven or augmented by addition 

1 Aluminium Smurmion Index; AV([Ca -Z/3P] + Na + K) 
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of more mafic, mantle-derived melt. However, the 
comparable ranges of87Srf86Sr present in FSS granites and 
the metasediments of the Etheridge Group, the elevated 
K20, Th and U in the mafic granites, and the trends ofRb, 
Sr, La and Ce with increasing Si02, together suggest that 
there has been very little input of mantle derived melt 
(Champion 1991 ). The scatter in the available geochemical 
data and the number of individual suites makes it 
impossible to determine whether the observed chemical 
variations resulted from restite-unmixing, or varying 
degrees of partial melting, or crystal fractionation, or 
combinations thereof. However, several features such as 
the migmatitic granites and common metasedimentary 
enclaves, the high La, Ce and Zr at low Si02, the 
occurrence of relatively mafic granites (for S-types), and 
the linear trends of elements, suggest that restite-unmixing 
is at least partly responsible for the observed geochemical 
variation. If this process were dominant, then the trace 
element data would indicate that the chemistry of the most 
mafic granites should approximate that of the source. 
Biotite gneiss, together with some calc silicate gneiss, 
abundant in the Einasleigh Metamorphics, would have 
been suitable source rocks for the FSS granites and are 
thought to be their most likely protolith. 

Lighthouse Supersuite (Forsayth Batholith) 
This unit crops out as small, irregularly shaped bodies of 
grey/white gneissic to pegmatitic garnetiferous biotite
muscovite leucogranite (Lighthouse Granite/Suite -
Withnall et al. 1976) along the eastern margin of the 
Forsayth Batholith (Bain et al. 1985). Individual bodies 
are mostly in the order of tens of metres in width and 
hundreds of metres in length, and are constrained 
essentially by the dominant foliation in the country rocks 
(mostly S2). The granite ranges from homogeneous 
leucogranite (locally pegmatitic) with almost no biotite to 
compositionally banded bodies incorporating both biotite
poor and biotite-rich layers. These lithologies are locally 
gradational into one another, and to the migmatite in the 
host metasediments. Field characteristics suggest that the 
leucogranite bodies are close to in situ in the host migmatite 
and by inference are associated with the migmatitic 
Mistletoe Granite of the FSS as early components of the 
Forsayth Batholith. However, significant geochemical 
differences such as higher Na20, Sr and Ca/Sr, and lower 
Th & U, suggest a closer affinity to the !-type 
characteristics shown by the Silurian granites in the region 
(Champion 1991)- hence this suite is excluded from the 
FSS. 

Forest Home Supersuite DE Mackenzie 
The Forest Home Supersuite consists of the Forest Home 
and Talbot Creek Trondhjemites (Bain et al. 1985; Table 
3.7). The former (defined as Forest Home Granodiorite 
by Mackenzie 1980) is made up of IS small (less than 1-
10 km long), elliptical plutons that crop out in the Black 
Gin Creek area to the south of Forest Home homestead. 
The latter (defined as Talbot Creek Granodiorite by 
Withnall et al. 1976) is a cluster of three main and several 
smaller, irregularly shaped, possibly interconnected bodies 
that crop out in the Talbot Creek area on the western side 
of the Newcastle Range between Georgetown and Forsayth 
(Holmes 1981 ). 

The Forest Home Trondhjemite is a medium to fine
grained (rarely coarse-grained) biotite trondhjemite. Minor 
amounts of secondary muscovite or sericite are present in 
places in some plutons (Mackenzie 1980). Some bodies 
become porphyritic and progressively finer-grained 
towards their margins (Mackenzie 1980). The Talbot Creek 
Trondhjemi te is a medium, even-grained ± muscovite-
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biotite leucotrondhjemite (With nail et al. 1976 1980a; Bain 
et al. 1985; Champion 1991 ). 

No evidence of deformation has been observed in the 
Forest Home Trondhjemite, but deformation of the 
Etheridge Group, which hosts the Forest Home Supersuite, 
has imposed a weak foliation on the Talbot Creek 
Trondhjemite. 

The main chemical characteristics of the Forest Home 
Supersuite are summarised in Table 3.7. Most notable 
amongst these chemical characteristics are the very high 
Na20 content and Na20 / K20 ratio (Holmes 1981; 
Champion 1991 ): compositions of the supersu i te are 
similar to those of the type trondhjemites of Scandinavia 
(Arth et al. 1978; Barker 1979). The low contents of Rb, 
Th, U, Zr, Nb and REE, along with the high Na, indicate 
an important component derived from primitive, sodic 
source, such as altered ocean-floor basalts (MORB or 
DMORB). 

Black & McCulloch (1990) quote a Rb-Sr isochron age 
for the Forest Home Trondhjemite of 1550 ±50 Ma (cf. 
I 553 ± 46 Ma in Black & Holmes unpub.), an age 
indistinguishable from those of the Forsayth and Esmeralda 
Supersuites. An initial ENd ratio of0.3, a depleted mantle 
Nd model age of 1.88 Ga {Black & McCulloch 1990), 
and initiai 87Srf86Sr ratios ofO. 7026 to 0. 7028 (Black 1978; 
Black & Holmes unpub. rns) indicate a source that is 
slightly younger and considerably more primitive than 
those of other Proterozoic granites in the Georgetown 
Region. Black & McCulloch ( 1990) proposed that the 
Forest Home Trondhjemite was derived from a mixture of 
ca. 1550 Ma-old, primitive, mafic crust and older (average 
about 2100 Ma), more evolved, felsic crust. Most of the 
zircon is apparently xenocrystic with rounded cores (Black 
& Withnall 1993) and crystal I ised at 1650 ± 17 Ma. This 
age is comparable to that of the Cobbold Metadolerite sills 
in the Lane Creek Formation (Black et al. in prep.), and it 
is possible that the trondhjemite was derived by melting 
of mafic material emplaced into the lower crust at this 
time. 

The Talbot Creek Trondhjemite is highly irregular and 
semi-conformable in shape. It intruded amphibolite-grade 
rocks of the lower part of the Etheridge Group, producing 
no contact metamorphic effects. In contrast, the Forest 
Home Trondhjemite formed rounded plutons which 
intruded lower greenschist-grade rocks of the uppermost 
Etheridge Group (Langdon River Mudstone, uppermost 
Candlow Formation) and produced contact thermal 
aureoles 50-300 m wide (Mackenzie 1980). The reason 
for the strong contrast in form and level of emplacement, 
despite similarities in composition and source, may be 
partly compositional {the Forest Home Trondhjemite being 
more mafic, hotter and probably less hydrous), but is more 
I ikely to reflect a significant degree of crustal tilting (east 
side up) before magma generation and emplacement. 

Esmeralda Supersuite 
The Esmeralda Supersuite consists of numerous granite 
bodies, ranging from batholith-size (the Esmeralda Granite 
itself) to small stocks that crop out in the westernmost 
part of the Georgetown Region, intruding the Croydon 
Volcanic Group, uppermost Etheridge Group, and 
Langlovale Group (Mackenzie 1983; Mackenzie et al. 
1985; Table 3.7). Granites of the Croydon area were first 
described in detail by White ( 1965) and Branch ( 1966); 
their petrography and geochemistry were studied by 
Sheraton & Labonne ( 1974, 1978). 

The petrographic and geochemical characteristics of the 
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supersuite are outlined in Table 3.7. Most components of 
the supersuite are coarse-grained biotite granites with ~ce 
amounts of mainly (or entirely) secondary muscovtte. 
Smaller, finer-grained and/or porphyritic plutons that have 
cooled more rapidly than the others (Bt~ba, Jllewanna, 
Dregger, Macartneys and Chadsh~nt Granttes; p~s. of the 
Nonda and Olsens Granites) contam garnet. Fayahte ts only 
present in the Dregger and Nonda Granites, the most iron
rich of the supersuite. 

In parallel with the Croydon Volcanic Group, with which 
the Esmeralda Supersuite is comagmatic, the Esmeralda 
Supersuite is ofS-type compositi?n and characteris~d ~y 
high carbon contents. The c~rbon IS present as grapbt~e m 
the granite itself (dissemmated and aggregated mto 
rounded pellets), as graphite in schistose to gneissic 
enclaves and on the margins of low-grade carbonaceous 
metasedimentary xenoliths, and as amorphous carbon in 
the interiors of these xenoliths. The abundance of enclaves 
and graphite is greatest near the roofs of plutons, notably 
the Macartneys and Chadshunt Granites. In the northern 
part of the Esmeralda Granite itself, both (especially 
gra'phite) are concentrated into narrow, tabular zones 
subparallel to, and up to I 00 m or more below, the granite
volcanics contact (Ciappison & Dickinson 1937; Grace 
1990). The schist/gneis~ encla~es are small (up to. a few 
centimetres long) and m vanous stages of meltmg .or 
reaction with the host granite; they are probably of rest1te 
origin. The lower metamorphic grade xenoliths are larger 
(up to 2m in diameter), have much sharp~r, less .nebulous 
margins, and are hornfelsed but show little. ev.'dence. of 
melting or other reaction with the host. ~hetr ltthologtes 
are similar to those of the CandJow Formation and Langdon 
River Mudstone (upper Etheridge Group). 

The Esmeralda granite has been dated at 1558 (± 4) Ma 
(Black & McCulloch 1990), an age that is indistinguishable 
from that of the Croydon Volcanic Group (1552 ± 2 Ma 
- Black & McCulloch (1990), or 1548 ± 18 Ma 
OZCHRON). 

Intrusive relationships of the Supersuite are summarised 
in Table 3. 7. Most of the granite bodies have subhorizontal 
to gently eastward (Esmeralda Granite) or wesh':'ard 
dipping (e.g. Chadshunt, Macartneys and Olsens Gramtes) 
roofs. Contacts with the Croydon Volcanic Group are 
generally knife-sha~p, and are ~ommonl~ offset along 
joints or small faults m the overlymg volcamcs ( cf. Branch 
1966). Smaller plutons such as the Bimba, J llewann~, and 
Oregger Granites are more domed and steep-s1ded. 
Emplacement of Esmeralda Supersuite granites, which 
have penetrated all but the uppermost ~re~erved unit in 
the volcanic pile, was probably to wtthm about one 
kilometre (perhaps up to three kilometres) of the surface. 
A more rigorous estimate of depth of e~~lacem~nt cannot 
be made without knowledge of the ongmal thtck.ness of 
the volcanic pile. 

Contact metamorphism and alteration are extensive alo!lg 
the northeastern margin of the Esmeralda Grant!e 
(propylitic and greis~n alte~tio~) a~d the western margm 
of the Olsens Gramte (greJsentsattOn); narrow thermal 
metamorphic aureoles are developed around the lllewanna, 
Bimba, and D!egger Granites. 

Its unusual lithology and chemical·composition makes the 
Esmeralda Supersuite unique in North Queensland. ~he 
presence of graphitic schist enclaves and the. chem1~al 
composition of the granites (Table 3.7) ar~ constste.nt w1th 
derivation ·of the granites by partial melttng of 
carbonaceous metasediments of the lower part of the 
Etheridge Group, such as the Lane Creek Formation, or 
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perhaps of unexposed, h~gher metamorphic. grade 
equivalents of the outcroppmg Candlow Formation and 
Langdon River Mudstone. 

Granites Not Assigned to Suites DE Mackenzie, 
JW Withnal/ 
Tintarple granite is the informal name of a very poorly 
exposed area (probably a single pluto!l) .of mus.covite
biotite granite, leucogranite and pegmatite m the Tmtarple 
mine area 25 km southeast of Abingdon Downs homestead 
(Table 3.7). The granite forms part of a small inlier of 
Proterozoic and Carboniferous- Permian rocks near the 
northwestern margin of the Etheridge Provi~ce. It in~des 
schists equated with the Lane Creek Formatton (Ethendge 
Group) and is intruded by biotite micr?granitc and_r~yolite, 
which are interpreted to be ofCarbontferou.s-Per!'ma_n age 
and may be the ultimate source of the Sn mtnerahsatton at 
Tintarple and Bayards Gully. These rocks a re 
unconformably overlain by Mesozo ic and Tertiary 
sedimentary rocks. Smart & Bain ( 1977) equated the 
Tintarple granite with the Forsayth Granite (Forsayth 
Supersuite). 

The Mywyn Granite, east o~ Carpe~taria ~owns 
homestead, is probably Proterozo1c (Wa~ntck & Wtth~a.ll 

1985; Warnick 1989). It is a strongly folt~ted, po:Ph.ynt1c 
biotite granite and has airborne radiometnc data md1cates 
high K, U and Th like the Forsayth Supersuite. No other 
chemical data are available. 

Unnamed granites of probabl e Proterozoic age. are 
widespread through the Einaslei.gh Metamoq~hics and 
include mapped areas ofleucogran1te an~ pegmattte. These 
contain common screens of metamorphtc rocks and grade 
into dyke swarms and stockworks. They were folded with 
the metamorphic rocks and are probably mostly syn-D2, 

although recent SHRIMP dating indicates tha.t some 
deformed granites in the Einasleigh Metamorphtcs pre
date eD1 (Black et al. in prep.). 

Cambrian-Ordovicia.n 1w Withnau 

A belt of early Palaeozoic, partly mylonitic metamorphic 
rocks crops out between the Einasleigh Metamorphics 9f 
the Etheridge Province and the Halls Reward 
Metamorphics. Because of its similarity to the ~eventy 
Mile Range Group in the Charters Towers Regton, the 
rocks are assigned· to the Thalanga Province. It is bounded 
on the west by the Balcooma Mylonite Zone, which 
separates the Einasleigh Metamorphics from the Balcooma 
Metavolcanics. The Nickel Mine Fault forms the eastern 
boundary of the Lucky Creek Metamorphic Gr~up, which 
is separateg from the Balcooma Metavolc~mcs. by the 
Silurian Dido Tonalite. The rocks were descnbed m more 
detail by Withnall ( 1989b ). \ 

Balcooma Metavolcanics 
This unit is a sequence of rhyolitic metavolcanics 
(volcaniclastics and possibl.Y lava), ~etasedi~en~ (mica 
schist and quartzite), and mmor maf1c volcantclastt.cs and 
lava. Isotopic dating indicates a Late Cambn.an or 
OrdoviCian age for metamorphosed porphyry cons1dered 
to be related to the metavolcanics (Withnall et al. 1991 ). 
Metadolerite sills and the Ringwood Park Microgranite, 
which may be comagmatic with so~e of the ~hyolite, 
intrude the sequence. The rocks occur m two mam areas. 
The best preserved sequence is in the north between 
Conjuboy homestead and the Gregory Developmental 
Road Highway and hosts the Balcooma, Surveyor and Dry 
River base metal deposits (probable VHMS) (Huston 
1990). The sequence was met~morphosed in the lower to 



middle amphibolite facies and is multiply deformed. The 
other area is to the southeast of Lyndhurst in the Duffs 
Range area and forms large screens within the Dido 
Batholith. It consists of felsic leucogneiss (orthogneiss) 
and some para-gneiss and schist. The orthogneisses 
probably include both metamorphosed volcanic and high
level intrusive rocks. A small horse of phyllitic 
metasediments along the Lynd Mylonite Zone has been 
tentatively correlated with the metasediments within the 
Balcooma Metavolcanics. 

Lucky Creek Metamorphic Group 
The constituent units of this group are from west to east, 
Lugano Metamorphics, Eland Metavolcanics and Paddys 
Creek Phyllite. 

The. Lugano Metamorphics are the highest grade (upper 
greenschist to lower amphibolite facies) and consist of 
biotite leucognei ss, quartzite, amphibolite, and minor 
marble. The leucogneiss and quartzite may have been 
feldspathic arenite, shale, and tuff. Some of the amphibolite 
was clearly basaltic lava and metadolerite, but some is 
strongly layered and may have been para-amphibolite, 
mafic tuff or strongly tectonised altered mafic igneous 
rocks. The unit was intruded by the strongly deformed 
Cockie Springs Tonalite. 

Geochemical data presented by Withnall ( 1989b) indicates 
that the orthoamphibolites are all quartz normative low-K 
tholeiites and relatively unfractionated. The biotite 
leucogneisses contain 71 .8-77.0% Si02 and have alumina 
saturation indices from 1.00 to 1.22. 

The .Eland Metavolcanics' are a sequence of 
metamorphosed dacitic to basaltic volcaniclastic rocks, 
but also include minor marble and metachert. The unit 
was metamorphosed in the greenschist fac ies and the rocks 
have a strong, commonly mylonitic foliation. The basalts 
appear to show calc-alkaline affinities (Withnall 1989b). 

The Paddys Creek Phyllite is predominantly phyllite 
(greenschist facies metapelite) and commonly also has a 
mylonitic foliation. It is faulted against the Halls Reward 
Metamorph ics along the Nickel Mine Fault. The 
relationships between each of these units is uncertain, 
although the Paddys Creek Phyllite interfingers with, and 
may overlie, the Eland M~tavolcanics. It is likely that at 
least the Eland Metavolcanics and Paddys Creek Phyllite 
are of early Pa laeozoic age, like the Balcooma 
Metavolcanics. The age of the Lugano Metamorphics is 
less certain because it has some similarities to the 
Einasleigh Metamorph ics immediately west of the 
Balcooma Mylonite Zone. The contact with the Eland 
Metavolcanics may be a thrust. The unit is tentatively 
assigned an early Palaeozoic age. 

Intrusives 
Small bodies of granite are associated with the Balcooma 
Metavolcanics and Lucky Creek Metamorphic Group 
( Withn all 1989b). They .al l show ev idence of 
metamorphism and deformation and were probably coeval 
~ith these sequences. The Ringwood Park Microgranite 
mtrudes the northern area of the Balcooma Metavolcanics. 
The fine grain-size and local granophyric textures indicate 
a high -leve l emp lace ment. The rocks are mild ly 
peraluminous. ·The Duffs Range Granite intrudes the 
Balcooma Metavolcanics in the Duffs Range area. It is 
strongly deformed and locally mylonitic. The Cockie 
Springs Tonalite intrudes the Lugano Metamorphics. It is 
hornblende-bearing (clearly !-type), unfractionated, 
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oxidised and has very low K20. It could be related to the 
metavolcanic rocks in the Eland Metavolcanics. 

Silurian- Devonian JHC Bain, 

DE Mackenzie, IW Wilhna/1, DC Champion 

Silurian (and possibly Early Devonian) granitic rocks of 
the Pama Province are common constituents of the region. 
They comprise four geochemically distinct groups (White 
Springs, Brand y Hot, Mount Webster and Dido 
Supersuites) ofl-type granites and some unassigned units, 
and crop out in a variety of small batholiths and plutons 
throughout the region. 

White Springs Supersuite (White Sprbzgs, 
Nundah, Tate, Copperfield, Robinhood, 
Glenmore and Dumbano Batholiths) 
This is the most extensive component of the central and 
southeastern parts of the Pama Province. Most of the 
Silurian to Devonian granitic rocks of the Georgetown 
Region belong to this supersuite. Principal constituent 
suites (from north to south) are: the Nundah Granodiorite, 
Blackman Gap Complex, Cope Granite, Jape, White 
Springs, Puppy Camp, Oak River, Loafers, and Robin 
Hood Granodiorites, and the Dumbano and Anning 
Granites. The unassigned Van Lee, Mount Juliet, Quinine 
Spring, Beverly Hills, Eleven-S and McKinnons Creek 
Granites and various small unnamed granite and 
granodiorite bodies throughout the region may also belong 
to this supersuite. They are inferred to be of Silurian age 
by reason of their petrological and y-ray spectrometric 
similarity to dated Silurian granites. 

Most of these units are light to dark grey, medium even
grained to porphyritic, biotite-hornblende granodiorite and 
tonalite, and biotite-muscovite granite. Phenocrysts are 
commonly 1-4 em, equant, cream to pink, poikilitic K
feldspar. The Robin Hood Granodiorite has distinctive I em 
spheroidal quartz phenocrysts. Rare but locally abundant 
accessory minerals are garne.t, sphene (titanite), ilmenite 
and zircon. The White Springs Granodiorite (suite) has a 
fu ll range of rock types from even-grained melanocratic 
biotite-hornblende tonalite to coarsely porphyritic 
leucocratic muscovite-biotite granite, and muscovite aplite 
and pegmatite. For more detailed descriptions of individual 
units see Tables 3.8, and Champion (1991), Withnall & 
Grimes ( 1995), Bain et al. (1985), Mackenzie & Bain 
(1996), Withnall et al. ( 1996a). 

Intrusive contacts against granitic and metamorphic rocks 
(Einasleigh, McDevitt and Dargalong Metamorphics) are 
mostly sharp and simple, although intricate boundaries and 
zones of abundant metasedimentary enclaves are locally 
common, for example, Blackman Gap Complex and the 
southeastern margin of the Copperfield Batholith. Mostly, 
the Silurian to Devonian intrusives are much less deformed 
than adjacent Proterozoic granites - they are generally 
not widely or uniformly foliated, although a weak foliation 
is present in some. Small, thin, anastomosing shears or 
mylonite zones are common. The Nundah and Blackman 
Gap suites are strongly deformed. The supersuite is 
intruded by Carboniferous and Permian granites and 
overlain by Late Devonian to early Carboniferous 
sediments and Carboniferous-Permian volcanics. 

Rb-Sr whole rock and mineral isotopic ages of385-42S Ma 
(Richards et al. 1966, Black 1973) have been recorded for 
some·of these rocks but more accurate age determination 
by U-Pb SHRIMP dating of zircon indicates that the 
Devonian ages are probably spurious. Preliminary 
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SHRlMP ages of 424 ± 11 Ma and 421 ± 8 Ma have been 
obtained for the White Springs Granodiorite and Dumbano 
Granite respectively (L.P Black pers. comm. 1997). 

Chemistry . 
This supersuite has a large range in Si02 (62.5- 76%), much 
greater than that of the Proterozoic !-type granites of the 
region. All major element levels are similar to the average 
high-Ca granite ofTurekian & Wedepohl (1961), except 
for higher Na20 and P20 5 and, except for the alkalis, 
decrease with increasing Si02• The supersuite belongs 
mostly to the medium-K (calc-alkaline) class ofPeccerillo 
& Taylor ( 1976). ASI values (0.85- 1.1 0) have a positive 
correlation with Si02, whereas mg numbers (0.60- 0.30) 
have a negative correlation. The supersuite is only weakly 
fractionated - of the trace elements only Rb, Pb and U 
show any evidence of incompatible behaviour. Rb ( < 100 
ppm), U (1 ppm) and Th (6 ppm) are low, Ba (700-1400 
ppm) and Sr (up to I 000 ppm) are moderately high, and 
Sr decreases rapidly with increasing Si02. Rare earth 
patterns show moderate enrichment of light rare earths, 
become progressively flatter with increasing Si02, and (Ce/Y)" 
decreases from 8- 1 0 to less than 2. The transition elements 
Sc, V, Cr, Ni and Zn all decrease with increasing Si02. 

Brandy Hot Supersuite (Forsayth Batholith) 
The Brandy Hot Granite, the sole member of this 
Supersuite, crops out in the Prestwood area, 20 km west 
ofGeorgetown.lt was interpreted by Bain eta!.. (1 985) as 
Proterozoic, but subsequent work by Hoi mes· ( unpub.) and 
Champion & Heinemann ( 1994) has shown it to be distinct, 
both chemically and in its y-ray spectrometric signature, 
from the surrounding Forsayth Supersuite granites, and to 
be similar to the Silurian granites. However, this work also 
showed that the Brandy Hot Granite differs in chemical 
composition in several respects (e.g. lower .MnO, V, Cr; 
higher Na20, Zr, Th, and particularly, U) from other 
Silurian granites, warranting its placement in a separate 
~upersuite. 

Mount Webster Supersuite (Copperfield 
Batholith) · 
Some of the granodiorites and granites on the eastern side 
of the Newcastle Range (east-central Georgetown Region) 
have recently been recognised as comprising a new 
Supersuite (Table 3.8; D. Champion pers. comm. 1996). 
Jhey.form plutons ranging from a few hundred metres·to 
more than 10 krn long, with rounded to highly irregular 
margins against the enclosing Einasleigh Metamorphics. 
The Mount Webster Supersuite is trondhjemitic. Its main 
chemical characteristics, and chief differences from the 
·White Springs Supersuite, are high Na20 and Na/K ratio, 
high Sr and Ga, and low Zr, Nb, LREE and Y. Na20 
decreases with incr~asing Si02 in the Mount Webster 
Supersuite, but increases in .. the White Springs Supersuite 
and most other granite suites. Rocks of the Mount Webster 
Supersuite are broadly similar in chemical composition to 
the Mesoproterozoic Forest Home Supersuite, but the latter 
has higher Fe1oud and Ba, and lower MgO, K20, Sr, Pb, Nb, 
Yand Ga. · 

No isotopic d1tting of the Mount Webster Supersuite has 
been carried out. It is considered to .be of Silurian age 
becaus~ of its field relationships, regular shapes, and 
northeasterly elongation ofthe plutons (cf. nearest granites 
of undoubted Mesoproterozoic age, which are deformed, 
irregular, semiconformable bodies, whereas most <;>f the 
dated Silurian granites in the region are elongated 
northeast-southwest); and because of the similarity of its 
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y-ray spectrometric signature to those of other Silurian 
granites in the region. · 

Dido Supersuite (Dido Qatholith) 
The D ido Tonalite, the sole member of this supersuite, is 
the principal component of the Dido Batholith. lt has been 
described by Sheraton & La bonne ( 1978), With nail ( 1989), 
Champion (1991), and Withnall et al. (1996). 

The most mafic of the Silurian to Devonian granites in 
the region, it comprises hornblende-biotite, and biotite 
tonalite and granodiorite, augite- biotite-hornblende 
quartz diorite and rarer diorite and gabbro. The temporal 
and spatial relationships between the mafic and felsic/ 
intermediate rocks are not known. They are separated by 
a screen of metamorphic rocks - probably Balcooma 
Metavolcanics- with the most mafic rock types confined 
to the southeastern mass (Withnall et al. 1996). The unit 
is locally strongly foliated, even mylonitised. Fol iated 
tonalite, geochemically similar to the Dido Tonalite, is also 
a component of the Copperfield Batholith where it is 
included in the Oak River Granodiorite because of 
mapping difficulties- it is clearly part of the Dido Suite, 
not geochemically part of the Oak River Granodiorite. The 
Dido Tonalite has been isotopically dated by SHRIMP at 
431 ± 7 Ma (preliminary age, L.P. Black pers. comm. 
1997). It intrudes Einasleigh Metamorphics, Balcooma 
Metavolcanics, Duffs Range Granite and Lucky Creek 
Metamorphic Group, and is intruded by McKinnons Creek 
Granite (White Springs Supersuite?). 

Chemistry 
This supersuite possesses similar overall geochemistry to 
the other Silurian to Devonian 1-types, although there.are 
some notable differences: a relatively narrow range ofSi02 
(65- 72%); high Al20 3 (median 16.7%), and much higher 
CaO (median 5.1 %), very low K20 ( <2%)- average K I 
(K + Na) = 0.18 compared with 0.36 in the White Springs 
Supersuite ]; a rapid decrease of (Ce/Y)N with increasing 
Si02; and eNd of -5.7 compared with about -16.0 for the 
White Springs Supersuite. The Dido Supersuite granites 
belong to the .Jow to medium-K class ofPeccerillo & Taylor 
(1976). ASI increases with increasing Si02 from 0.94 to 
1.02. . 

Petrogenesis of the Silurian granites 
The Silurian granites are dominantly ofinfracrustal origin . . 
Trace-element characteristics indicate that magma mixing 
or restite unmixing were not dominant processes in the 
formation of these rocks and that the geochemistry was 
predominantly controlled by crystal-melt dynamics. The 
relative roles of varying degrees of partial melting versus 
crystal fractionation are difficult to evaluate. Nonetheless, 
die large changes in compatible elements (e.g. V, Cr, Sr) 
relative to the incompatible elements (e.g. Rb, Pb) suggest 
that crystal fractionation was dominant (Champion 199 1 ). 
The geochemistry and isotope signatures suggest that these 
granites were derived from long-lived crustal rocks and 
that they are not arc derived. There is little evidence for 
contemporaneous mantle-derived activity (although the 
gabbros and diorites of the Dido Batholith may be a 
manifestation of this). It is feasible that they were formed 
in a subduction environment where the granites represent 
crustal reworking caused by thermal input from mantle
derived magmas, particularly in a back-arc position (cf. 
Gromet & Silver 1987). This would be compatible with 
some postulated models for the origin of the Hodgkinson 
Province that involve rifting (Bultitude et al. 1990). 



Devonian-Early Carboniferous 
B lue Rock Creek beds !W Withnall 

The Blue Rock Creek beds were first defined by Arnold 
& Henderson ( 1976) and described more recently by 
Withnall (in With nail & Lang 1993). They occur in a three 
small strips, the largest 3 km long by 0.5 km wide, west of 
Wairuna homestead. They overlie or are faulted against 
metamorphic rocks, and consist of sandstone, mudstone, 
minor conglomerate and discontinuous limestone. The 
maximum preserved thickness is 500 m assuming minimal 
repetition by folding and faulting. The Blue Rock Creek 
beds are probably Early Devonian (Withnall in Withnall 
& Lang 1993). 

Conjuboy Formation 
The Conjuboy Formation crops out as a narrow, 
northeast-trending belt about 9 km long, about 30 km west 
of the Burdekin River Fault, adjacent to the Balcooma 
Mylonite Zone and overlying the Einasleigh 
Metamorphics. lt was first described and defined by 
Withnal l ( 1989b) and by Withnall (in Withnall & Lang 
1993). The formation is about 150m thick. The lower part 
of the sequence consists of thick to medium to very 
coarse-grained, quartzose sandstone deposited in a 
fluviatile or shallow marine environment. The upper part 
of the sequence is predominantly mudstone with sporadic 
limestone. The rich coral fauna is Emsian to Eifel ian, and 
a conodont fauna is from the Emsian serotinus zone. 

Gilberton Formation IW Withna/l, BS Oversby 

The Gilberton Formation was described by Withnall et al. 
( 1980b ), Wyatt & Jell ( 1980) and Oversby ( 1985). The 
most extensive outcrop area of Gilberton Formation is one 
of about 120 km2 near Gilberton. Other occurrences are 
scattered through the central part of the region, mainly 
preserved beneath areas of Carboniferous volcanic ro.cks. 

Immature and poorly sorted epiclastic sedimentary rocks, 
mainly quartzose to feldspathic sandstone and polymictic 
conglomerate, characterise the unit. Mudstone and siltstone 
are subordinate. The few known limestones tend to be 
nodular, and may be pedogenic. Most of the clastic material 
has come from immediately subjacent or nearby basement 
sources. An important exception is a population of 
graphite-bearing ignimbrite cobbles in the Gilberton area, 
thought to have been derived from the Croydon Volcanic 
Group, now cropping out about 80 km to the northwest 
(With nail eta I. 1980). Minor volcaniclastic material occurs 
locally, particularly in the Maureen area. 

The Mamberra and Spyglass Andesite Members occur at 
the southeastern edge of the Newcastle Range and in the 
Dismal Creek area respectively. They are the main primary 
volcanic components of the Gilberton Formation. These 
units consist of extensively altered andesitic lavas. 

The formation is probably about 30- 500 min its type area. 
Thicknesses elsewhere tend to be in the range I 00-300 m. 
In the Dismal Creek area, the formation contains 200-
300 m of Spyglass Andesite Member. The Mamberra 
Andesite Member at the southeastern edge of the Newcastle 
Range is 50 m thick, and is under- and overlain by 50 m 
and 60 m respectively, of epiclastic sedimentary rocks. 

The lower Gilberton Formation has yielded a macroflora 
dom inated by Leptophloeum australe (White 1965; 
Withnall et al. 1980b) associated with fish fragments (Hills 
1935). Although Leptophloeum australe is generally 
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considered to be Famennian (Young 1995), in the Ruxton 
Formation (Draper et al. in Withnall & Lang 1993) and 
the Hardwick formation (Draper & Lang I 994) it can be 
demonstrated to range into the Tournaisian (possibly to 
the duplicata conodont zone). Such an age assignment is 
supported by a microflora from low in the formation, which 
is characterised by the latest Famennian Retispora 
lepidophyta Assemblage (C. B. Foster pers. comm. 1981 ). 
Lepidodendroid fragments from the uppennost part of the 
Gilberton Formation are of Visean aspect, while a 
Granulatisporitesfrustulentus microflora indicative of the 
Visean Anapiculatisporites /argus Assemblage has also 
been recovered from high in the sequence. 

Gilberton Formation rocks at Mount Tabletop and in the 
Cumberland Range area contain Visean microfloras, not 
examined in detail. Unidentified, but possibly Visean, 
lepidodendroid and fish fragments also occur at Mount 
Tabletop (R.J. Osborne pers. comm. 1980). Thus an age 
ranging from late famennian to Visean is indicated fo r 
the Gilberton Formation. 

Bundock Creek Group /W Withna/1 

Sporadic, partly fau lt-bounded occurrences of sedimentary 
rocks of probable Late Devonian to Carboniferous age 
have been found in the southeastern Georg~town Region. 
They were previously described by Withnal l ( 1989b; in 
Withnall & Lang J 993). The largest is near Maitland Creek, 
where sedimentary rocks rest nonconformably on the 
McKinnons Creek Granite and Dido Tonalite to the east, 
and are down-faulted to the west against the Einasleigh 
Metamorphics. The total thickness is uncertain but is 
probably of the order of I 000 m. Lang (in Withnall & Lang 
1993) equated the Maitland Creek outcrops with"the 
Bu lgeri Formation in the Graveyard Creek Subprovince 
(see Chapter 8). Clasts in conglomerates at the .base 
indicate a provenance from the .Judea and/or Wa1runa 
Formations in the Broken River Province, similar to that 
in the Stopem Blockem Conglomerate Member of the 
Bulgeri Formation in the Bundock Creek Group. The 
remaini ng sequence of sandstone mudstone and 
conglomerate contains red, green· and grey beds typical of 
the Bulgeri Formation. Similar rocks crop out in a small 
poorly exposed, partly fault-bounded block in the 
headwaters of Nine Mile Creek, in the headwaters of 
Sl?ring Creek, and along the Burdekin Fault. 

Late Carboniferous-Early Permian 
Pratt Volcanics DE Mackenzie, RJ Bultitude 

The Pratt Volcanics, which crop out in the extreme 
northeast of the Georgetown Region adjacent to the 
Palmerville Fault were originally regarded as part of the 
' Featherbed Volcanics' (Branch 1966) . Bultitude & 
Domagala ( 1988) recognised that the volcanic rocks 
occupy a basin-like subsidence structure separate from the 
Featherbed composite cauldron, and accordingly named 
them Pratt Volcanics. 

Massive, welded, crystal-rich rhyo litic ignimbrite 
commonly containing hornblende, is the dominant rock 
type. Flows of glassy, aphyric to strongly porphyritic dacite 
and rare basalt and andesite are sporadically distributed 
in the basal part of the sequence. In places, a thin layer of 
quartzose sandstone and cobble conglomerate marks the 
base of the sequence. 

The bulk of the Pratt Volcanics is of 1-type composition 
(Bultitude et al. 1993b) similar to rocks of the Boon moo 
Volcanic Subgroup, Jamtin Rhyolite, Redcap Dacite and 
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Doolan Cr~~k Rhyolit~ oft he featherbed Volcanic Group. 
\1ost of the 1-typc rocb .tn! moderately to strongly 
O'\tdtscJ. ami K,Q and Ba contents are moderately h1gh. 
The A-type dacttiC to (scarce) rhyolitic !mas arc htgh in 
Zr. La. C'c and Ga rdati\C to the 1-type rocks. 
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Fi~.:ure 3. 1~. Schematic ro::prc~cnlation uf1h.: Scardons com(Xtstl.: 
c.lllldmn ~llll\\ eng ent.:rprctcd ntmpuncnl sub~tdcnc.: structures 
.end l.tte intntstnn' 

'Jo ISOtOpiC datmg or the Pratt Volcantcs has been c~r~cd 
~)Ul. The \Uican1cs arc Intruded by the AI mac Granod1onte. 
a member or I he \lmaden ~upersu it c. other members or 
wh1ch lwvc been dated at ah~nll 302 Ma (Black 1978). 
Th es 1s therefore J min1mum age for the volcanics. 
Sim1 lant 1cs ~ 1th the FeJtherbed Volcanic Group rocks also 
suggest an .tgc of about JOO J(~.'i Ma. The. Prat~ Volcani.cs 
,1re also 1ntrutlcd by dykcs ol porphynt1c mecrogran1tc 
similar to that wh1ch li.mm. the ca. 280 Ma-old nng dyke 
are~und the Wak:m1 (. 'auldmn, Featherbed Volcanic Group.). 
The volcan1cs arc also intruded by granod iorite similar to 
the Al11wdcn (ir.modiorite wh1ch has been dated at 302 ± 
'i Mu (Black 197X) 

The sullllanttes weth rocks of the l'eathcrbed Volcan ic 
Ciroup d 1scu~sed abm c 1mply that some. units mthc Pr:att 
Volcamcs ma\ have strntlgmphrc correlatives m these untts. 
l·orcxamplc:parts of the Redcap Dacite and Doolan Creek 
Rhyolite cuuld he out 11m\ facies <~f units tn the Pratt 
Volcanics. However. such posslbtl1t1cs have not been 
rigonlllsly tested 

Reamba Volcanics OL \lacken:iL' 

rhc Rca mba Volcantc~ crop out sporadically along the Tate 
R1n:r. lm the nurtheastcrn margin of the Georgetown 
Rcgwn 1 hey cons1s1 ol mass1vc. intensely wcldcd.lithic:s
poor to rich. crystal-rich rhyolitiC 1gntmbrite:s and mmor 
rh}Olttlc crystal-lithic airfaiP tufT (Table 3.9). Internal 
stratigraphic relallonshtp:- arc unclear: the tuf!s ~ppear to 
be the lowest 111 the sequence and the llth1cs-poor 
ignimbrites thc h1ghest 

f·cw geochemical data arc available for the Reamba 
Volcanics, thcsc mdicatc that at least some of the 
rgnimbntcs arc or A-type character. with relatively high 
Fe,,,,1, K.O. LRI [,and Zr contents. high ~a: and v~ry 
IO\\ Sr content This A-type chemical compos1t1on. whtch 
1s sumlar ltl some rock" llf the Scardons Volcanic Group, 
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suggco;ts that a similar age. i.e. about 290 \ita. IS poss1blc 
HO\\CVCr. there is no direct C\ itlencc or age 

The Reamh" Volcan1cs mcrhc.. and arc faulted against. 
the Dargalong Metamorphic~. Stlunan gr~nncs. and 
possible l\.1csoproterOZOIC grJnltCs .. rhey are tntrudcd by. 
gramtes. microgmmtes and rhyol11cs. at least some of 
wh1ch arc comagmattc. 

Sundown Volcanic G roup 
The name Sundown Volcanic Cm1Up es applied to the.: 
Gmgerclla and Kallon _Yolcamcs ( l~rn~ch 1966 !· mcludm~ 
some components of the ·Barw1dg1 Volcamc F1ssure 
(Branch 19<\6). These rocks crop out mthe Bullock Crc~k. 
Sundown urea in the northeast oft he Georgetown Rcg1on. 
northeast of Mount Surprise. fhe Gingerclla Volcanics has 
been subd1v1dcd 11110 Double Barrel Andesite and 
Gi ngercllu Volcanics by Donchak & Oullltudc ( 111 prep.) . 

Princ1pal components oft he Sundown Volcanic Group arc 
as follows. 

• Moderately crystal-pllUr andesitic to tlucitit: 
1gnimbntes and porphyntic I;!\ as (Double Barrel 
Andcsttc). 

• Ltthtcs-nch. cry,tal-ric.:h rhyolttic to rhyodacittc 
ignimbrite, rhyoluic volcanic brccc1a: part.ly 
brecciated sparsely porph} n t1c. partly spherulttlc. 
rhyolite la\J; andcsJtic to rhyodac1t1c tufi': mmor 
crystal-rich rhyolitiC ignimbntc: and mre mudstone 
(Gmgcrclla Volcamcs) 

• Coarse. ma1nly rh}ollllc (some granite clasts) 
volcanic breccia. and rhyodacillc 1gn1mhnte (Bam idg1 
volcanic f1ssurc) 

• L1th1cs-nch. crystal-nch rhyolr tic to rhyodac1ttc 
tgntmbritc (Kullon Volcantcs). 

lgn1mhntc in the Barv.ndg1 \olcantc fisl'ure \\as correlated 
with the Kallon Volcamc.s b} Branch ( 1966). 

No age or wht1lc rock geochemical data :trc avuilabl.e f'or 
the Sundown Volcontc Group. Branch proposed a rmddle 
to late Carbon iferous age for the Knllon Volcanics. and 
thts is consisten t " ith subsequent observat ions . 
Dcsr.:rtpllons or the rocks by Branch ( 11)66) and Hutton 
(pcrs. comm. 1996) arc consistent with the1r bemg of !-type 
character ( M-typc tn the case of the most mafic rocks of 
the Double Burrel And.:s1td. 

The Sundo\\ n \olc.tntc (,roup uncon formahl} (or 
nonconformably) 0\crltcs rocks of the \1cD~' 111 
Metamorphtcs. Silunan Blackman Gap Com~k'< and 
gran1tcs of the Oownn "iupersullc. 11 ma> also be mtrudcd 
b) some gr..m1tes of the Ootann SupcrsuJte. 

Scardons Volcanic Group 
The Scardon~ VolcaniC Group. \\hlch conSISt>. or rocks 
pre" JOusl) mapped as · Scardons Volcan1cs · (no\~ 
Bulleringa Volcamc Subgroup) and 'Warby Volcan1cs 
(Warby Volcanic Subgroup), crops out on the nonhern 
margin of the Georgetown Region. Branch ( 1966) 
recogn i:-;cd the 'Scardons Vo lcat11cs' as a ~ompkx. 
composnc. cau ldron-collapse structure domtnatcd by 
ignimbrites. and he 111cludcd the 'Warby Volcanics' tn tbc 
'Warby Ring Complex'. a composite ring slructurc (Figure 
3.14). The western part ol the Scardons sequence (in the 
Red River I :250 000 ~beet area) was remapped by Smart 
& Bain ( 1977). and the eastem part (Atherton I :250 000 
sheet arcu). together w1th the Warby Volcan1c Subgroup. 
by Crnnficld and other .. (Cranridd 1992). 



rhc uominant rock type in the.: Scardom sequence IS 
masssivc.:, intensely welded. aystal-nch to crystal-poor 
rhyolit ic 1gmmbnte. some of which IS lithic. Dacit1c 
ignimbrite. mostly lithic rich. is an important constituent 
or the IO\\Cr part or the sequence, exposed mainly in the 
c.:asl or the Scard\>ns composite cauldron. Massive. 
structurelcss. dacitic to rhyolitic hrccc1as or rud1tcs (mainly 
prox ima l ign imbrites, intrusive in part, and lag-fal l 
deposits) arc common in some areas, notably in the 
northwest along the Lynd R1vcr and lower D1ckson Creek. 
Pipes of intrusive ignimbrite, ranging up to about 50 min 
diameter. were also observed in the Lynd River sccuon. 
Aphyric und porphyritic andesites rorm the base oi' the 
sequence in the snuthcastern 'lobe' of the complex (sec 
below). where rhyolite to dacite !lows ru1d rhyolitc domes 
arc a1Sl1 common. Thick rhyoli te nows crop out near the 
western margtn of the complex along the Lynd River. and 
there arc thin rhyolite flows among the outflov. facte!> 
adjacent to the southwc~tern margin or the complex. 
Sedimentary rocks (mostly quartzose sandstone) arc very 
rare and restricted to the upper parts of the eastern 
Scardlms cauldron complex. 

!he Warby Volcanic Subgroup is notably less crystal-rich 
than the rc.:st or Scardons sequence. It consists of a varied 
lower sequence, made up as follows. 

Polymictic 'volcan ic bn;ccio · (probably coarse, lithic 
clast-rich proximal Ignimbrite), Jl ow-banded and 
spheruhtic rhyolite. rhyolite lava domes. dacitt: lava, 
moderately crystal-poor lo rich. lithic cla!>l-rich to poor 
rhyoli tic ignimbntc.:, and crystal-poor ~urfalltufT. 
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2. MtL'\sivc. intensely wclt.led. lith1cs-poor, crystal-poor 
rhyolitic ignimbrite and very lithic<;-poor, moderately 
crystal-rich rhyolitic 1 gnimbrit~. 

fhc relationship between I and 2 is not certam: the latter 
probably succeeds the fom1cr. These rock~ are ovcrl:1in hy 
two rhyolitic ignimbrite sheets. the lower onl' moderately 
wddcd. partly ~pherulitic and crystal-poor to m(ldcratcly 
crystal-poor. the upper one intensely welded. crystal-poor. 
and lithics-bearing at the base. 

Stratigraphic rclattonships ol.thc Scardons Volcanic Group 
as a \\hole arc not resolved in detail. Composition!. ar.: 
generally more l't.: lsu: h1ghcr in each sequence .. w1th 
andesites concentrated at or near the base (Rocky Creek 
sequence sec below). dacitic rocks 111 the lo·.vcr and 
middlc sections. and rhyolit ic tgnunbrites dominating the 
upper parts. With the exception ofunc c.Jacitic unit (Oulfers 
Creek Dac1tc). wh1ch crops out in both the southl·astern 
and southwestern parts of the Scardons cauldron complex. 
correlations of ignimbrite or other units hctwecn tht: 
vartous cauldron structures of the Scru·Jons Volcantc Group 
have not been poss1ble. 

The Bullcringa cauldron succcs~ion (Red River. Pn:tty 
Swamp anJ Aylesbury rhyolites) IS orA-type eompOSltlnn 
and predominantly - perhaps exclusively rhyolitic. 
showi ng a consistent degree of coherence on most 
gcochenucal plots. The remainder of the Bul lcnngu 
Volcanic Subgroup includes rocks or andcsit ic to dacitic. 
as well as rhyoltttc composit ions. but very fl.!\\ chcmtcal 
data arc available. Those that arc indicate 1-tvpc 
compositions, but it is likely that most or all of the mas;ivc. 
crystal-ncb rhyolitic ignimbrites in the Rocky Creek . 
Anastasia anc.l Pmnaclc Creek scquenct:s arc also or A
type char-.tcter (Champion & Jlcinemann ll194 ). fhc A
type rocks arc distinguished from the 1-types by high K .o. 
KINa. Zr, LREE, Zn and Ga, and by generally high hut 
erratiC Bo contents. They nlso have a more restncted felsic 
compo~it1onal range than the 1-type rocks. No chemical 
data arc avatlablc for the rhyolitic and dacit1c rock' oft he 
Warby Volcanic Subgroup, but they arc probably of 1-typc 
character (Champion & lleinemann 1994 ). S.S. Sun ( rcrs. 
comm. 1996) has obtained eNd values of 9.S from an A
type rhyolitic ignimbntc and RJ from an !-type <lntksitic 
ignimbrite. wtrh model agc.:s (2-stagc) or 1730 Ma and 1630 
Ma respectively. Thc!-.c results indicate that both A and 1-
typc rtlcks were.: denved from Mcsoproten.)zote crustal 
rocks cqul\ alent 111 age to components of the Etheridge 
Group. 

A SHRIMP U- Pb z1rcon age of 2X9 ± 2 Ma hus been 
obtained by L.P. Black (pcrs. comm. 1996: OZCII RON) 
for an A-type ignimbrite from the Uullcringa Volcanic 
Subgroup; no Isotopic age data arc availahh.: for 1-typc 
rocks. The 1-typc rocks are stratigraphically older than the 
A types: tt is likely that some or all of them arc late 
Carboniferous in age. possibly as old as rock ot the 
southcm an eastern lobes oft he Newcastle Runge Volcanic 
Group. i.e. 123 329 Ma (Black & McCulloch I <)\)0). 

Contacts between volcanic rocks and basement wcr~· not 
obscrvet.l in outcrop. but most arc infcm:d to be faulted. 
Exceptions arc to the west of' the Bulkringu cauldron, 
where outOO\\ t'ac1cs tgmmbntc-. arc inl'crred to rest 
unconformably on Ethcndgc Group and St lurian 
granoJioritcs. Blocks of basement rocks (mainly banded 
calc stllcat<: granofels wen.: observed 111 two localitn:s 
withlll lht' 8ulleringa cauldron. completely enclosed by 
ignimbnte~. OutOow-factes Ig.ntmbntc or the Warby 
Volcanic Subgroup is cut by the margtnnl ring fault ol'thc 
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Rocky Creek cauldron. ~1nd rhyoli te assigned 10 the 
Bullcnnga Volcanic Subgroup is cut by the marg1nal ring 
fault of the (northern) Wnrby cauldron. The Scardons 
Vokan1c Group has been extensively intruded by a variety 
of gmnitic and grunodioritic rocks. including rocks of the 
O'Briens Creek Supcrsu itc (Cumbana Batholith). The 
deeply eroded southern pan of the Bullcnnga cauldron 
has been partly engu lfed by comagmatic granites 
(Ctlrduroy Swamp, Fork Yard and First Bull Run Gmnites; 
Knob Camp Granodionte). with only the th1ckest parts or 
the volcanic pi le. periphera l to the cauldron margin. 
rcmUinmg. 

The pr,1ximity orthl! Scardons Warby composite cauldron 
(particularly the Bulleringa and Warby cauldrons) to the 
northern end of the Newcastle Range Vokanic Group raises 
the possibility that outflow facie~ ignimbrite sheets derived 
from one may be present in the other. l lowcvcr. no such 
correlations haw been made. and existing Jata may be 
inadequate for this purpose. 

Newcastle Range Volcanic Group 
BS Oversh\', f)J-; MackL•n::tl' 

The Newcastle Range Vl1lcan1c Group is the most extensive 
Carboni J'cro us- Perm ian ext ru sive complex in the 
(lcorgctown Region. and forms the major geographical 
f~aturc of the central part of the rl.!giOn, thi.! 2500 km' 
Newca-;tle Range. The group has been the subject of an 
cxtcnsi\'C study by B.S. Oversby (13am et al. 19S5; Oversby 
ct al. 1980: Oversby & Mackenzie 1995): the following is 
!iUmmariscd from Overs by & MackcnLic (I 995 ). 

Rocks of the 'IC\\ castle Range Volcan1c Group arc 
predominantly ignimbrites (welded ash-flow tun:., of Ross 
& Smith 196 1 ). together with minor lavas. unwelded 
pymclast1c rocks and rare sed1menrary rocks (Table 3.9. 
3.1 0). I he primnry eruptive rocks range in compol>ition 
from rhyolite to andesite (and possibly very rare basalt). 
with rhyolttic rock~ constituting about 85 90° "· d:o1citic 
rocb about 5 I 0°to. and andesite:.. etc. the remainder of 
the preserved volume. These rocks have been divided into 
four subgroups acconltng to"' hich part of the composite 
subsidence ~tructure they occupy (Figure 3.15). 

I. fhe Wirra Volcan1c Subgroup. which forms the 
southern purl of the main. north south clongatl!d 
p0r110n of the composite subsidence structure. 

2. The Kungarce Volcamc Subgroup, wh1ch forms most 
of the central- northern. clongatt:d main portion of the 
-.ubs1dcncc structure. 

3. fhe Namarrong Volcamc Subgroup. which forms the 
rounded northern lobe of the main structure. 

4. The l:.\'clcigb Volcanic Subgroup. which fomll> the 
C<IStCnl lone. 

V1rtually all the rocks of the Newcastle Range Volcanic 
Group were erupted unJ emplaced in n subaer1al 
environment. Volcaniclastic rocks at the base of the Wirra 
sequence (Bousey Rhyolite) c<mtainlcnses of plant fossil
bcanng arenaceous limestone. probably deposited 111 a 
r~tstrictcd lacustrine environment. Other sed imentary rocks 
mlercnlatcd withm the volcanics, notably in the Namarrong 
scqu~:ncc. :.m: fluviatile (shullo-., braided streams). ~ha llow 

lacustrine. or mass-now in origin. 

1\.s mentioned above. the bulk of the Newcastle Range 
Volcamc Group IS or rhyolitiC compo~iuon (70- XO'% SiO ); 
a small proportion or the Group is dacitic to undcsitic (or 
basaltic 69 53% SiO. ). The southern and eastern parts 
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Figure 3.16. Simplllkcl and diagrumm:111c rcprcscnl<lllll!l of 1lw 
Galloway composite cauldron as r.:cun.;tructed from gcoltlglcal 
und geophysical datu 

of the Ncwcma le Range composite cauldr<ln 1 W1 rra. 
southern part of the Kungun.:c. and Eveleigh sequence~) 
arc of 1-type composition, s1milar to many other late 
Carbomferous volcanic rocks in the Kennedy Pro" mcc. 
They are characterised by particularly high KJO and lu\~ 
Sr contents, with moderate to lo"" Rb. and low Th and I I 
contents: some rock~ are ~trongly oxidiscd. The A-type 
rocks diller from the 1-typcs 111 being generally more stlic1c 
and having slightly higher K,O content~ and AS I values. 
higher Ba. Zr. LREL. Zn and Ga contents. and lnwer CaO 
contents. 

Initial • Sr "6Sr ratios range from 0.707 0.711 for the 
Dagworth Andesite ami between 0.7 10 and 0.7 17 for the 
dacitic and rhyolitic rock!. (Black & llolmes: Mackcnne 
1987a). There appear::; to be no systematic di ffercncc 
between the 1-lypc and A-type rocks. eNd""' V<llues range 
from about 9to about 10. with model ages in the 1600-
1700 Ma range (B lack & McCu lloch 1990; 07CHRO'I ). 
Both sets of ismopic data indicate denva11nn or the 
Newcru;tle Range Vt)lcan 1c Group from old. cvol \'Cd, crusta I 
rock-; such as those that constitutc the lower lthendge 
Group (cf. Olnck & McCulloch 1990). 

R1chards ct al. ( 1966) estimated the age of the NC\\Castlt: 
Range Volcan ic Group at between 325 and 370 Ma. Aflcr 
more dctatlcd work. Black (I 973) calculated an overall 
Rb Sr isochron age of318 ± 5 Mn, nnd Inter (Black 1978) 
separate isochron agc::o of 30Q ± 21 Ma for the mam part 
of the composire cauldron and 31 I ± 4 Ma tor the I velc1gh 
cauldron. Black & McCu lloch ( 1990) obtained Rb Sr 
ismopic ages of329 ± 9 Ma and 325 ± 5 Ma J'rom rhytlllllc 
ign imbrites in the Wirra and Eveleigh sequences 
respectively. Zircon dating of the Scardon~ and GalloW<\) 
Volcamcs (OZC'llRON) product:d ages oJ' 290 Ma. and 
there arc strong li thological ami gcochcmicol similarities 
hctw\!cn these rocks (mam ly A typ..::s) and the A-type rocks 
or the northern Newcastle Range. All oth\!r dated •\-type 
igneous rocks in the Kcnncc..ly Prov1ncc have also y1cldcd 
Farly Permian (2RO 29() Ma) ages (OlCII RON ). We 
suggest that these obscn at ions constllutt.• powerful 
c ircumstanLial cv1dence that the A-type rocks or tht.: 
Namarrong and Kungan.:e Subgroups nrc about 290 Mu 
old. 



The Newcastle Range Volcanic Group unconformably 
overlies metamorphic rocks of the Etheridge Group. It also 
overlies lenses, or wedges, ofterrestrial sedimentary rocks 
assigned to the Late Devonian-early Carboniferous 
Gilberton Formation. Relationships with the overlying 
extrusive rocks range from concordant and gradational to 
discordant and abrupt (probably either unconformable or 
faulted). The volcanics are intruded by numerous bodies 
of comagmatic granitic to dioritic/andesitic rocks. 

It is possible that equivalents of units in the Namarrong 
and Kungaree sequences exist in the Galloway Volcanic 
Group (Mackenzie 1980; Bain et al. 1985) to the northwest, 
and perhaps in the Scardons Volcanic Group (Smart & 
Bain 1977; Cranfield 1992; Mackenzie 1996) to the north. 
Both contain rocks similar in lithological and geochemical 
character to some of those (e.g. Routh Dacite, Brodies 
Gap Rhyolite) in the northern Newcastle Range. 

Galloway Volcanic Group DE Mackenzie 

The Galloway Volcanic Group crops out on the northern 
margin of the Georgetown Region, 40 km due north of 
Georgetown. Branch (1966) first mapped the volcanic 
rocks and named them 'Galloway Volcanics'; they were 
remapped, with little change, by Smart & Bain (1977). 
Mackenzie ( 1980) and Bain et al. ( 1985) separated the 
'Galloway Volcanics' from the Maureen Volcanic Group 
on the grounds that each volcanic sequence occupied a 
separate, discrete collapse structure. 

Unlike virtually all other eruptive sequences in the 
Carboniferous-Permian Kennedy Province, the Galloway 
Volcanic Group consists of about equal proportions of 
rhyolit ic and dacitic ignimbrites, minor volumes of 
andesitic ignimbrite, and very minor amounts of rhyolite, 
dacite, and andesite lava. Rhyolitic to dacitic ignimbrite 
that is rich to very rich in lithic clasts is common, especially 
on the northeastern margin of the main (southern) lobe of 
the composite cauldron structure (Figure 3.16). In this area 
the lithics-rich ignimbrite is partly cross-cutting and 
represents near-vent and vent-fill facies. Similar, partly 
cross-cutting, lithic clast-rich rocks also crop out, although 
less extensively, in the northeast of the northern lobe. A 
characteristic of the lit hic clast-bearing ignimbrites, 
especially dacitic ignimbrite in the northern cauldron, is 
the abundance of granitic clasts derived from the adjacent 
(and presumably underlying) Silurian granites and 
granodiorites (Cope Granite, Van Lee Gran ite) and the 
ubiquitous presence of andesite (mainly aphyric) clasts. 

Eruptive rocks of the Galloway Volcanic Group span a 
wide compositional range, from Mg-poor basaltic andesite 
(53% Si02) to rhyolite (76% Si02) . They are of mixed 
geochemical character; most (possibly all) ofthe rhyolitic 
to rhyodacitic rocks are of A-type or probable A-type 
composition, and the dacitic to andesitic rocks more closely 
resemble 1-type compositions. The A-type rocks have very 
high Ba contents, elevated LREE contents, and slightly 
elevated K20 , Zr, Zn, W and Ga contents relative to the 1-
types. However, the 1-type rocks are also unusually rich in 
Ba, and some are also unusually rich in Sr and poor in Rb 
(very low Rb/Sr ratios). The Galloway Volcanic Group can 
be divided into two groups (A-type and !-type) on some 
X-Y geochemical plots, notably on the basis of Fe3+/Fe2+ 
ratio and Pb, Zr, and Zn contents. However, on most such 
plots, the Group forms a single, approximately straight 
line trend that may indicate mixing between A-types and 
1-types. Sm- Nd isotopic analysis by S.S. Sun (pers. comm. 
1996) produced ENd values of- 11.8 for an A-type rhyolitic 
ignimbrite and - 12.5 for an !-type andesitic ignimbrite. 
These values are not significantly different from one 
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another, and are slightly more evolved (older crustal 
source) than those for the Scardons and Newcastle Range 
Volcanic Groups to the east. 

An A-type rhyodacitic ignimbrite from the Campbell 
Mountain cauldron yielded a SHRLM P zircon U-Pb age 
of290 ± 3 Ma (Early Permian), and one inherited core of 
1570 Ma age (L.P. Black pers. comm. 1995; OZCHRON). 
The age of the J-type rocks has not been determined, but 
is unlikely, given their intercalated stratigraphic 
relationship with the A-types, to be significantly different. 
Sm-Nd model (ToM) ages of 1907 and 2065 Ma (2-stage 
model ages of 1882 and 1948 Ma) were calculated for an 
A-type rhyolitic and an l-type andesitic ignimbrite 
respectively. 

The Galloway Volcanic Group overlies, and is faulted 
against, metamorphic and granitic rocks of the 
Mesoproterozoic Etheridge. Group and Forsayth 
Supersuite, and Silurian granitic rocks of the White Springs 
Supersuite. It is intruded by numerous stocks and dykes 
of comagmatic granitic rocks. Crystal-rich rhyolitic 
ignimbrite, and possibly also dacitic ignimbrite, in the 
uppermost Kangaroo Creek sequence may be correlatives 
of rhyolitic and dacitic ignimbrites in the upper Campbell 
Mountain sequence, but more data are required to confirm 
this. No clear evidence of the presence of correlatives of 
Newcastle Range Volcanic Group units has been found in 
the Galloway Volcanic Group. 

Maureen Volcanic Group 
The Maureen Volcanic Group crops out on the northern 
margin of the Georgetown Region about 30 km north of 
Georgetown. It was included in the Galloway Volcanics 
by Branch (I 966) and Smart & Bain ( 1977), but recognised 
and defined as a separate structural and lithological entity 
by Mackenzie ( 1980; see also Overs by & Mackenzie 
1995). Only a small part (about 80 km2

, in the southeast) 
of the Maureen subsidence structure is exposed; the 
remainder is concealed beneath sedimentary rock of the 
Carpentaria and Karumba Basins. 

Lithologically, the Maureen Volcanic Group more closely 
resembles the Namarrong Volcanic Subgroup of the 
Newcastle Range Volcanic Group than it does the almost 
adjacent Galloway Volcanic Group. It is distinctly bimodal 
and includes (or overlies) considerable thicknesses of 
sedimentary rocks (Table 3.9). The most common rock 
types are crystal-poor to rich, commonly lithic clast-rich, 
rhyolitic ignimbrites, rhyolite lava (partly brecciated), 
quartzose sandstone to siltstone, fine vitric tuff, and augite 
andesite. Dacitic andesite (at the top of the sequence), 
dacite lava, and coarse volcanogenic rudite (probably 
proximal lag-fall) are minor constituents. 

Few analytical data are available for the Maureen Volcanic 
Group, and they indicate a mixed geochemical signature. 
The Ironhurst Formation contains 1-type (or M-type) 
andesites with moderate to high K20, including one with 
relatively high Fe,0 , 1 and Ti02 but low MgO (comparable 
to tholeiites), and a dacite with A-type characteristics (very 
high K20 , Ba, and Zr, high La and Ce, and low Sr). 

The Maureen Volcanic Group has not been dated . Lts 
proximity to the Galloway Volcanic Group and its general 
lithological similarity to the Namarrong sequence of the 
Newcastle Range Volcanic Group suggest that it may be 
similar in age, i.e. Early Permian. 

Rocks of the Maureen Volcanic Group overlie concordantly 
(disconformably or paraconformably) sedimentary rocks 
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correlated with the Gilberton Fonnation (Bain eta!. J 985; 
Oversby & Mackenzie 1995). They are intruded by minor 
rhyolite dykes and· possibly by an intrusive equivalent of 
the Ant Hill Andesite Member. No units of the Maureen 
Volcanic Group have been correlated with components of 
the nearby Galloway or Newcastle Range Volcanic Grou·ps, 
although this may be possible with additional data. 

Silent Creek Volcanic Group 
The Silent Creek Volcanic Group consists of eruptive rocks 
mapped as Laragon Volcanics, Eden Vale Volcanics, and 
Mount Emu Rhyolite by Mackenzie et al. ( 1996). These 
rocks crop out, mainly in inliers on the northwestern fringe 
of the Georgetown Region (near the Etheridge River and 
along Leichhardt Creek), 55 km northwest of Georgetown. 

The Laragon Volcanics consists of lithic clast-poor to clast
rich, crystal-rich rhyolitic ignimbrite and poorly to 
intensely welded crystal-rich rhyolitic ignimbrite. The 
Eden Vale Volcanics consists of highly altered lithic clast
bearing to lithic-rich, crystal-poor rhyolitic ignimbrite, 
porphyritic rhyolite, and crystal-lapilli tuff grading into 
pebbly volcaniclastic a~kose. Mount Emu Rhyolite is a 
massive, unwelded, lithic clast and crystal-rich biotite
hornblende rhyodacitic ignimbrite which is intrusive and 
probably vent-fill ing in part. Rocks in the central part of 
the Laragon Volcanics (near Leichhardt Creek) and most 
rocks of the Eden Vale Volcanics are intensely sericitised 
or greisenised. · 

No chemical data are available for the Silent Creek 
Volcanic Group. Their petrographic character suggests that 
they are of 1-type (common plagioclase and biotite± 
hornblende) or mixed )-type and A-type (very felsic, K
feldspar dominant over plagioclase, allanite and zircon 
prominent) character. · 

The Silent Creek Volcanic Group has not been dated. rt is 
inferred by analogy with dated volcanic rocks nearby 
(Newcastle Range, Galloway) to be oflate Carboniferous, 
possibly extending to Early Permian, age. The Eden Vale 
Volcanics are intruded by biotite granite and microgranite 
that are probably comagmatic with (some of) the volcanic 
rocks. 

Cumberland R~nge Volcanic Group 
The Cumberland Range Volcanic Group crops out in the 
north of the Georgetown Region, in the Cumberland Range 
about 25 km southwest of Georgetown, the Dismal Creek 
Dacite in the Mount Darcy area 32 km west of Georgetown, 
and the Marquis Rhyolite at MountTabletop, 26 km south
southwest of Georgetown. The Cumberland Range 
Volcanic Group was named Cumberland Range Volcanics 
by White ( 1959a) and Branch ( 1966), renamed as a Group 
by Bain et al. (1985), and redefined by Oversby & 
Mackenzie ( 1995). Two nearby volcanic units, the Dismal 
Creek Dacite, which is similar in general tenns to the 
Namul Dacite-Scrubby Creek Rhyolite pair, and the 
Marquis Rhyolite are included with the g roup for 
convenience of description (Table 3.9). 

The major component of the Cumberland Range Volcanic 
Group is a sequence of five I 00- 200 metre thick sheets of 
crystal-rich rhyolitic ignimbrite, with lithic clast (mainly 
metasedimentary rocks of the Etheridge Group) contents 
ranging between I% and 30% by volume (Scrubby Creek 
Rhyolite, Table 3.9). The ignimbrite sheets are separated 
from one another by three intervals, each up to 30m thick, 
of sublithic, quartzose and feldspathic arenites and 
siltstones, mudstones and rare limestone. At the top of the 
lowermost and uppermost of these sedimentary intervals 
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is a lens of porphyritic andesite up to 50 m thick but of 
very limited lateral extent. The Scrubby Creek Rhyolite is 
overlain by moderately to very lithic clast-rich, crystal
poor to moderately crystal-rich rhyolitic to dacitic 
ignimbrites. The Dismal Creek Dacite consists of crystal
poor rhyolitic ignimbrite overlain by rhyolitic to dacitic 
ignimbrite ranging from crystal-rich to very lithics-tich 
(50% clasts). The Marquis Rhyolite consists oflithics-rich, 
crystal-poor rhyolitic ignimbrite and sparsely porphyritic 
rhyolite. 

No chemical data are available for the Cumberland Range 
Volcanic Group. Analyses of the Prestwood Microgranite 
and Mount Sircom Microgranodiorite, which are probably 
comagmatic with the Scrubby Creek Rhyolite and Namul 
Dacite respectively, indicate that the eruptive rocks are 
unfractionated to highly fractionated 1-types with high 
K20, elevated Ga contents, highly variable Ba, Rb, and Sr 
contents (Rb is very high and Sr very low in the most 
fractionated intrusive rocks), and generally low Zr contents 
relative to Newcastle Range 1-type rocks. 

No isotopic ages have been obtained for the Cumberland 
Range Volcanic Group . However, a fragment of 
Lepidodendron canobianum was found in one of the 
sedimentary intervals of the Scrubby Creek Rhyolite 
(Oversby & Morris 1975). This indicates a probable Visean 
age, comparable with the southern part of the Newcastle 
Range cauldron complex, and consistent with its deep level 
of erosion relative to the nearby Maureen and Galloway. 
Volcanic Groups. 

The Cumberland Range Volcanic Group and Dismal Creek 
Dacite rest unconformably partly on Mesoproterozoic 
rocks of the Etheridge Group and Forsayth Supersuite and 
partly on Late Devonian-early Carboniferous Gilberton 
Formation. The Marquis Rhyolite is entirely underlain by 
the latter. All three units are cut by comagmatic intrusions: 
Mount Sircom Microgranodiorite (and probably Prestwood 
Microgranite) in the case of the Cumberland Range 
Volcanic Group, Mount Darcy Microgranodiorite in the 
case of the Dismal Creek Dacite, and unnamed rhyolite in 
the case of the Marquis Rhyolite. 

Butlers Volcanic Group DE Mackenzie, BS Oversby 
The Butlers Volcanic Group crops out a few kilometres to 
the north of Ballynure homestead, in the south of the 
Georgetown Region. The Paddock Creek Fom1ation, which 
crops out around Glenmore homestead 25 km farther south, 
is included with the Butlers Volcanic Group for 
convenience and simplicity of description, but is not 
formally included in the group. Both are described in 
moderate detail by Overs by & Mackenzie ( 1995). 

The principal components ofthe Butlers Volcanic Group 
are lithics-poor, crystal-rich to very crystal-rich rhyolitic 
ignimbrite and moderately lithics~rich, very crystal-rich 
rhyolitic ignimbrite (Ballynure Rhyolite), sparsely 
porphyritic rhyolite and minor arenite and rudite (Edmonds 
Creek Rhyolite), and moderately crystal-poor to crystal
rich rhyolite lacking lithic clasts (McLennons Creek 
Rhyolite). The Paddock Creek Formation consists of 
crystal-rich, locally lithics-rich, rhyolitic ignimbrite, lithic 
arenite to very coarse rudite with minor rhyolite lava, and 
lithics-free to lithics-rich, moderately crystal-poor to 
crystal-rich rhyolitic ignimbrite with lesser volcanic rudite 
(including lag-fall deposits). 

A Rb-Sr isotopic age of335 Ma for the Culba Granodiorite 
by Black & Holmes (unpub. ms) places a poorly 
constrained upper limit on the ages of the Butlers Volcanic 
Group and Paddock Creek Formation. A more precise age 



of 340 ± 3 Ma (Fanning 1996; ) for the Lochaber Granite, 
which post-dates the volcanics, places a more rigorous 
upper limit on the ages of these rocks, and indicates an 
age (or ages) considerably older than the oldest rocks of 
the Newcastle Range Volcanic Group only 22 km to the 
northwest. 

The eruptive rocks of the Butlers Volcanic Group and 
Paddock Creek Formation are of high K20 1-type character 
and are variably oxidised and fractionated (Table 3.9). They 
differ from !-type rocks of the Newcastle Range Volcanic 
Group in many respects, including higher Al20 3, MgO, 
CaO and Sr, and lower K20 , Y and LREE. The very low Y 
contents suggest that garnet may be in the source-rock 
residuum. 

Rocks of the Butlers Volcanic Group unconformably 
overlie Mesoproterozoic Etheridge Group and Silurian 
granites (Dido Supersuite). The Butlers Volcanic Group is 
intruded by Sues Creek Microgranite and Noel 
Micromonzonite, and the Paddock Creek Formation by 
Bagstowe Granite, Old Man Rhyolite and unnamed 
rhyolite. No correlatives of the Butlers Volcanic Group or 
Paddock Creek Formation are known in the Georgetown 
Region. The nearest eruptive rocks of similar age are in 
the northern Drummond Basin (Oversby et al. 1997). 

Bally Knob Volcanics JW Withnall 
The main area of Bally Knob Volcanics is northeast of 
Wyandotte. The rocks were first described by Withnall 
( 1989b ), who recognised four main units. The lowermost 
unit of crystal-rich dacitic tuff? crops out along the western 
side of the main outcrop area and is faulted against a unit 
of crystal-poor rhyolitic ignimbrite. The ignimbrite is 
overlain by aphyric dacitic lava, the most widespread unit 
in the Bally Knob Volcanics. The uppermost unit of 
rhyolitic lava overlies the dacitic lava, and in places directly 
overlies both the rhyolitic ignimbrite and dacitic tuff. A 
small outlier of rhyolitic ignimbrite overlain by rhyolite 
lava crops out near Balcooma and is included in the Bally 
Knob Volcanics. The volcanic rocks are intruded by a small 
microgranite pluton and a body of porphyritic andesite or 
microdiorite. 

No chemical or age data are available. The volcanics are 
probably [-type because ofthe presence of hornblende in 
the lower dacitic tuff. A late Carboniferous age is likely. 

Agate Creek Volcanic Group 
DE Mackenzie, BS Oversby 
The Agate Creek Volcanic Group occupies three small 
(2.5-14 km long) graben structures in the south of the 
Georgetown Region, one 62 km south (at Bald Mountain), 
the largest 80 km south (Agate Pocket-Crystal Hill area), 
and a third I 00 km south- southeast of Georgetown 
(Granite Creek area). White (1959b) and Branch (1966) 
originally defined these rocks as Agate Creek Volcanics; 
they were renamed by Bain et al. (1985), and redefined by 
Oversby & Mackenzie ( 1995). 

A characteristic of the Agate Creek Volcanic Group is the 
abundance of weakly to moderately porphyritic basaltic 
andesite, which, at the tops of flows, is amygdaloidal and 
agate-bearing. The andesite is 80 m thick in the Granite 
Creek area and up to 400 m thick in the Agate Pocket area 
where it contains several interbeds, up to 130 m thick, of 
laminated to thin-bedded vitric mudstone and siltstone (at 
least some of which is probably waterlain airfall tuff), with 
subordinate sandstone and conglomerate (Oversby & 
Mackenzie 1995). The andesite is underlain (in part) by a 
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sequence of unwelded volcanic arenites to rudites (and/or 
lithic-rich ash to coarse lapilli tuffs) and in the Granite 
Creek area, by an intervening layer of crystal-rich rhyolitic 
ignimbrite (Talaveras Rhyolite). These rocks are overlain 
discordantly in the Agate Pocket area by sparsely 
porphyritic, partly spherulitic, rhyolite (Thunder Egg 
Rhyolite). 

Chemical characteristics of the Agate Creek Volcanic 
Group are summarised in Table 3.9. The basaltic andesites 
(M-type) are moderately evolved (moderate Fe,0 ,01 and 
MgO, low Cr and Ni), high in Sr, and moderately high in 
light rare earth elements. The rhyolitic rocks (Big Surprise 
Tuff, Talaveras Rhyolite) are highly felsic !-types, with 
very high K20 contents and high KINa ratios and Ba 
contents, but also relatively high Sr contents and low LREE 
contents. The compositional range of the group is strongly 
bimodal, and there is no evidence that the rhyolitic rocks 
were derived from the andesites. 

The presence of remains of a Gangamopteris flora in 
sedimentary intervals of the Black Soil Andesite suggests 
an Early Permian age (M.E. White in White, D.A. 1965). 
No isotopic dating has been done. 

In the Agate Pocket and more northerly areas, the Agate 
Creek Volcanic Group is faulted against, or rests 
unconformably on, Proterozoic and Silurian basement. In 
the Granite Creek graben, it is partly faulted into and partly 
unconformable on Gilberton Formation sediments. The 
volcanic rocks are intruded by Connie May Dolerite, which 
is comagmatic with the Black Soil Andesite, and by plugs 
and dykes of unnamed rhyolite. 

Mount Little Volcanic Group DE Mackenzie 

Mount Little Volcanic Group is the informal name given 
to eruptive rocks of Early Permian and probable Early 
Permian age in the Bullseye Creek and McFarlanes 
Waterhole areas of the Croydon 'block ' , western 
Georgetown Region. These rocks were included in the 
'Croydon Volcanics' by White (I 965) and Branch (1966), 
who regarded the latter unit as Permian or Carboniferous 
at the time. 

The Mount Little Volcanic Group consists of partly 
amygdaloidal (and commonly agate-bearing) andesite 
(McFarlanesAndesite) and basaltic andesite to basalt (Goat 
Creek Andesite), poorly to moderately welded rhyolitic 
ignimbrite with beds of fine-ash tuff and minor rhyolite, 
rhyodacite, and dacite lavas (Bullseye and Linley 
Rhyolites), hornblende-biotite dacite (Little Pocket 
Dacite), and minor fluviatile quartz-cobble to boulder 
conglomerate and sandstone (basal Bullseye Rhyolite). 

Mount Little Volcanic Group is probably of Early Permian 
age. Conglomerate at the base of the Bullseye Rhyolite 
contains segments of silicified tree trunks identified as 
Araucarioxylon sp., and considered to be of probable 
Permian age, by L.N. Morris (Mackenzie 1987a). K-Ar 
isotopic dating of the McFarlanes Andesite yielded a 
minimum age of 275 Ma, and a minimum K-Ar age of 
280 Ma was obtained for the Awring Granodiorite which 
probably intrudes the Linley Rhyolite (Mackenzie 1987a). 

Chemical characteristics of the Mount Little Volcanic 
Group are discussed in detail by Mackenzie (I 987a). The 
andesites are of !-type (or M-type) character, with high 
K20 and LREE contents and generally high levels of other 
LILE (Ba, Rb, Sr, Th, U). They are geochemically 
unrelated to the rhyolitic rocks which form two groups; 
oxidised, variably fractionated 1-types (Bullseye Rhyolite) 
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and reduced, very K20-rich A-types (Linley Rhyolite). The 
Little Pocket Dacite is closely related to the Awring 
Granodiorite, and possibly the Carnes and Gongora 
Granodiorites, but does not appear to be related genetically 
to either the andesites or the rhyolites of the Mount Little 
Volcanic Group. 

The Bullseye Rhyolite and Goat Creek Andesite 
unconfonnably overlie, ·and are partly faulted against, the 
Mesoproterozoic Croydon Volcanic Group. The Linley 
Rhyolite, Little Pocket Dacite and McFarlanes Andesite 
unconformably overlie, and are partly faulted against, 
lnorunie Group (probably Meso- or Neoproterozoic) and 
the underlying Croydon Volcanic Group. The Linley 
Rhyolite is probably intruded by A wring Granodiorite (280 
Ma). There are superficial similarities between the 
Bullseye and Linley Rhyolites, but sufficient chemical 
differences to make a correlation unlikely. 

Almaden Supersuite (Tate Batholith) 
DE Mackenzie, DC Champion 
The Almaden Supersuite fonns part of the Tate Batholith 
of Richards. ( 1981 ). Most of the rocks assigned to this 
supersuite crop out near the Featherbed Cauldron Complex 
(Mackenzie 1987b, 1993; Mackenzie et al. 1993), on the 
western margin of the Cairns Region (Chapter 7). The only 
rocks that are probably of this Supersuite, the 'Crystal brook 
Volcanic Neck' (Branch 1966), crop out in the northeast 
of the Georgetown Region, 5 km west-southwest of 
Crysta I brook homestead and 5 km north of the Tate River. 
The Almaden Supersuite has been described in detail by 
Champion ( 1991) an~ Champion & Chappell ( 1992). 

The Crystalbrook Volcanic Neck consists of a 1300 m
diameter stock zoned from two-pyroxene-hornblende
biotite granodiorite of quartz monzogranite on the southern 
and western margins, through hornblende-biotite 
granodiorite, to biotite granite in the centre. This stock is 
accompanied by irregular pipe-like bodies, each about 500 m 
in diameter, of vuggy augite-biotite-hornblende quartz 
diorite and porphyritic rhyolite grading into microgranite 
(Branch 1966: Bultitude et al. 1990). The Crystalbrook 
Volcanic Neck is undeformed. 

The chemistry and petrogenesis of the Almaden Supersuite, 
together with the O'Briens Creek, Ootann and Yataga 
Supersuites, are discussed in detai I by Champion (1991 ), 
Champion & Chappell (1992), and in Chapter 7. No 
chemical data are available for the Crystal brook Volcanic 
Neck. 

The Crystalbrook Volcanic Neck intrudes 'Flynn's Creek 
microgranite' (O'Briens Creek Supersuite) and is cut by a 
massive quartz vein. Almost all intrusive rocks of the 
Alinaden Supersuite crop out on the eastern side of the 
Palmervi lie Fault, mainly around the margins of the 
Featherbed Cauldron Complex. 

O'Briens Creek Supersuite (Tate Batholith) 
Granites of the O'Briens Creek Supersuite (Champion 
1991) crop out extensively in the central and western parts 
of the Tate Batholith of Richards ( 1981 ), in the north of 
the Georgetown Region. Most of the plutons are around 
the Warby Ring Complex and eastern Scardons Cauldron 
Complex in the Mount Surprise-Cumbana-True Blue area 
(Cumbana Batholith of Richards 1981), and in the 
Crystalbrook area. However, the greatest concentration of 
O' Briens Creek Supersuite granites is in an arc around 
the southeastern end of the Featherbed Cauldron Complex, 
in the Cairns Region (Chapter 7). Most granites of the 
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O'Briens Creek Supersuite were mapped as 'Elizabeth 
Creek Granite' by earlier workers (de Keyser & Wolff 1964; 
White 1965; Branch 1966; de Keyser & Lucas 1968). The 
name Elizabeth Creek Granite is now restricted to the type 
area around Cumbana homestead, northwest of Mount 
Su7rise (Champion 1991 ). Plutons are typically large (200 
km and more), but there are also numerous smaller, mostly 
later bodies, most of which have intruded the larger, earlier 
plutons. · · 

The O'Briens Creek Supersuite in the Georgetown Region 
consists of characteristically pale pink to white, alkali
feldspar-rich biotite granites, leucogranites and 
microgranites, some of which are porphyritic and some of 
which are miarolitic (Tables 3.11- 3. I 2). Small bodies of 
relatively felsic (mostly fractionated), fine-grained, 
commonly miarolitic and/or porphyritic, granite are 
abundant; some of these (e.g. ' O'Briens Creek 
microgranite', ' Kangaroo Rat granite') contain topaz and/ 
or fluorite. Alteration, especially greisenisation, is 
extensive and most, if not all O'Briens Creek Supersuite 
rocks, contain some Sn ± W ± Mo and F mineralisation. 

Granites of the O'Briens Creek Supersuite are generally 
undeformed, but all are fractured to some degree, 
particularly those close to the Scardons Cauldron Complex 
and Warby Ring Complex. The Elizabeth Creek and 
Angore Granites are cut by a set of major northwest
trending faults that may be related to a phase of collapse 
of the Scardons Cauldron Complex. 

The O ' Briens Creek Supersuite is characterised by 
fractionated to very fractionated compositions within a 
narrow range, Si02 contents ranging only from 74% to 
78%, and very narrow ranges of all major-element contents 
(Champion \991; Tables 3.8- 3.1 0). Contents ofhigh field
strength elements (HFSE) such as Zr, Y, Nb, Th and heavy 
rare earths are high relative to the Ootann Supersuite and 
most other granites and fluorine contents, particularly in 
the' late', very felsic granites, are also high. Compositions 
are similar to the topaz rhyolites of western USA (e.g. 
Christiansen et al. 1984), but are slightly metaluminous 
to only slightly peraluminous. The 'late' granites, in 
particular, show trends of decreasing Si02 (quartz), K20 
(K-feldspar) and K/Rb, and increasing Na20 (albite), 
HFSE, Sn, Ga and F contents with fractionation, as seen 
in Li-F-rich peraluminous magmas (Manning 1981; 
Pichavant & Manning 1984; London 1986, 1987). 
Chemical characteristics and petrogenesis of the O'Briens 
Creek Supersuite are dealt with in detail by Champion 
( 1991) and Champion & Chappell (1992). A consequence 
of the high contents of K20, Th, and U in the O'Briens 
Creek Supersuite granites is their characteristic bright 
(white or very pale pink) y-ray spectrometric signature, 
which enables ready identification of the Supersuite on 
airborne y-ray spectrometric pseudocolour images. 

The O'Briens Creek Supersuite is mid to late 
Carboniferous in age: numerous granites in the Cairns 
Region (Chapter 7) have been dated by Rb-Sr techniques 
at between -300 and -325 Ma (Black 1978; Black et al. 
1978; Black 1980; Johnston & Black 1987). Few dates 
have been obtained for the O' Briens Creek Supersuite in 
the Georgetown Region range: they range from ca. 321 
Ma for the McCord Granite (Black 1978- Rb-Sr biotite) 
to 315 Ma for the Fulford Creek granite (Richards et al. 
1966 - whole-rock/mineral Rb-Sr). Champion ( 1991) 
estimated a maximum age for the Elizabeth Creek Granite 
of about 329 Ma. 

Plutons of the O'Briens Creek Supersuite have intruded 
the Etheridge Group, Dargalong and McDevitt 



Metamorphics (Palreoproterozoic ), and 'the Blackman Gap 
Complex (White Springs Supersuite - Silurian). They 
have been intruded by granites of the Ootann and Claret 
Creek Supersuites, and are overlain (or faulted against) 
volcanic rocks of the Sundown, Scardons, and Newcastle 
Range Volcanic Groups. 

Granitic rocks similar in mineralogy and chemical 
composition to those of the O'Briens Creek Supersuite in 
the Georgetown Region are known only in the Herberton
Emuford area, in the eastern part of the Tate Batholith 
(eastern side of the Palmerville Fault), and in the Coolgarra 
and Herberton Batholiths of Richards ( 1981 ). 

Ootann Supersuite (Tate Batholith) 
The Ootann Supersuite is the most extensive of the 
Carboniferous-Permian granite supersuites of North 
Queensland, occupying a large proportion of the Tate 
Batholith in the northeast of the Georgetown Region, and 
also large proportions of the (eastern) Tate Batholith and 
Herberton Batholith in the adjacent Cairns Region 
(Chapter 7). It crops out over a total area of more than 
5000 km2 (Champion 1991). 

Rocks of the. Ootann Supersuite. are much more varied 
than those of the O'Briens Creek Supersuite: they range 
from hornblende-biotite granodiorite to biotite 
leucogranite in composition (biotite granite is 
predominant), from fine to very coarse in grainsize (most 
rocks are medium to coarse-grained), and from 
equigranular to strongly and/or abundantly porphyritic. 
Smaller bodies tend to be finer-grained, more porphyritic, 
and less felsic than larger ones. 

Ootann Supersuite granites are generally undeformed, and 
are cut by only small, local-scale faults; some plutons (e.g. 
Gelaro Granite, Frenchy Creek granite, Amber granite) 
.are partly fault bounded. The Sentinel Range Igneous 
Complex is elongated parallel to the Palmerville Fault, 
along which it was emplaced, but the primary flow banding 
is not overprinted by a tectonic foliation (Bultitude et al. 
1993a,b). Plutons such as the Barwidgi Granite are 
probably shallow-emplaced or subvolcanic. 

The chemical characteristics of, and variations within, the 
Ootann Supersuite are discussed in detail by Champion 
( 1991) and by Champion & Chappell ( 1992). ln summary, 
the Ootann Supersuite is characterised by mainly very 
felsic, high-K20, KINa major-element compositions 
similar to the world-average low-Ca granite (Turekian & 
Wedepohl 196 I), but with relatively high Rb and low Ba, 
Zr, Nb, and LREEcontents. Granites of the O'Briens Creek 
Supersuite are more silica-rich than those of the Ootann 
Supersuite, richer in K20, Rb, Pb, Zr, Zn, Ga, Ta, Cs, Hf, 
Sn and HREE, much richer in Th, U, Nb, Y, Mo and F, and 
lower in siderophile elements, CaO, Ba, Sr, Th/U and KJ 
Rb. !-type granites in the Lachlan Fold Belt ofNSW (e.g. 
Chappell & White 1992) are much less silicic/felsic, much 
richer in Ba and Sr, and much poorer in K20 and Rb than 
typical Ootann Supersuite rocks. Contents ofMgO, CaO, 
Na20, Sr, etc. decrease with decreasing Fe10101 • A 
simultaneous rapid decrease in Ba indicates that these 
changes are probably due to fractional crystallisation. 

The Ootann Supersuite is late Carboniferous to possibly 
mid Carboniferous in age: isotopic dates of around 295-
320 Ma have been obtained (Table 3.13). However, most 
of the more modern, reliable dates are in the 305-295 Ma 
range (latest Carboniferous). Richards & Black (unpub.; 
quoted by Richards 1981) obtained an Rb-Sr biotite-whole 
rock isotopic age of301-302 Ma (late Carboniferous) for 
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the Stirlington Granite, with an initial 87Srfl6Sr ratio of 
0.7106 ± 0. 0004. 

Granites .of the Ootann Supersuite have intruded the 
Dargalong and McDevitt Metamorphics 
(Palaeoproterozoic), the Blackman Gap Complex and the 
Nundah Granodiorite (Silurian; White Springs Supersuite). 
They also intrude granites of the O'Briens Creek 
Supersuite, and some intrude Carboniferous-Permian 
eruptive rocks (Gingerella and Kallon Volcanics). 
Relationships within the Supersuite are detailed in Table 
3.10. Champion (l99J) included the Bagstowe and 
Lochaber Granites (southern margin of the Georgetown 
Region) in the Ootann Supersuite, but they are now 
regarded as belonging to a separate supersuite (Gienmore) 
because of the wide geographic separation and a significant 
age difference (Table 3.11 ). 

Claret Creek Supersuite 
Rocks of the Claret Creek Supersuite have a very restricted 
distribution in the Georgetown Region, being confined to 
the Warby Ring Complex, between 20 and 35 km northeast 
of Mount Surprise, and to only one unit: the Bon nor Creek 
Granite, a coarse to very coarse-grained, leucocratic, 
hornblende-biotite granite to granodiorite. 

The Bonn or Creek Granite forms the central mass of the 
southern 'lobe' of the Warby Ring Complex and part of 
the ring-dyke complex of the northern lobe (Cranfield 
1992). Margins of the intrusions coincide with ring 
fractures of cauldron-collapse origin. 

The Claret Creek Supersuite in general, and the Bonnor 
Creek Granite in particular, are geochemically distinctive 
when compared to other Supersuites in the region. They 
are sodic granites, high in Ah03 and Na20, and low in 
K20, relative to the Almaden and Ootann Supersuites. 
Contents ofBa (especially in the Bonnor Creek Granite) 
and Sr are high, while Rb, Th, U andY are low relative to 
these two Supersuites, but the Bonnor Creek Granite is 
rich in La, Ce and LREE compared to the granites of the 
Claret Creek Ring Complex (Bailey 1969, 1977). 

Black ( 1980) dated the Claret Creek granites at 300 ± 5 
Ma; the Bonnor Creek Granite has not been dated, but 
field relationships (Cranfield 1992) suggest that it 
postdates the Elizabeth Creek and Burlington Granites 
(O'Briens Creek Supersuite), and is therefore younger than 
about 315 Ma. Bonnor Creek Granite is partly faulted 
against, and partly intrudes, the Elizabeth Creek Granite 
and other unnamed components of the Cumbana Batholith. 
It may also intrude Warby Volcanics. 

Yataga Supersuite 
The Yataga Supersuite (Champion 1991) comprises only 
one, distinctive unit, the Yataga Granodiorite, located 30 
km north of Georgetown, which forms two plutons: one 
circular, zoned, and 9 km in diameter, the other polygonal 
and about I km across. The Yataga Granodiorite consists 
of a main, outer zone of hornblende-biotite tonalite grading 
inwards to hornblende-biotite granodiorite containing 
abundant enclaves of earlier-emplaced fine-grained 
porphyritic hornblende-biotite tonalite. The core of the 
pluton is formed by porphyritic biotite granite and 
miarolitic, equigranular biotite granite which have sharp 
cross-cutting contacts with their granodiorite-tonalite 
envelope. 

Both plutons of the Yataga Granodiorite lie on the 
northward projection of the Delaney Fault (Bain et al. 
1985), and the main body is intersected by faults that form 
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part of a major north-trending fa,ult system approximately 
coli near with the Delaney Fault. Granite bodies in the core 
of the pluton are e longated north-south to northeast
southwest, and microtonalite dykes cutting the pluton are 
orientated north- south. The main pluton is located at the 
intersection of the Delaney Fault with poorly-defined east
west fracture system.s extending cast from the Fiery Creek 
Fault Zone, and west from the Brodies Gap Fault Zone 
(Oversby & Mackenzie 1995), and its.southem margin is 
intersected tangentially by the east- west Electric Light 
Fault (Bain et al. 1985). 

The Yataga Granodiorite is of !-type composition, with 
moderate to high (in the granites) K2Q, moderately high 
Ba, high to moderate Sr, moderate Zr, and low Rb contents 
relative to typical low-Ca granites. There is no clear 
evidence of fractional crystallisation, although K20 , KJ 
Na, Ba and Rb increase and Fe,o,ah MgO, CaO and Sr 
decrease with increasing Si02; chemical variation is more 
likely the result of batch melting combined with limited 
restite separation. 

lsotopic dating of the Yataga Granodiorite places it in the 
Early Permian, about the same age as the Scardons and 
Galloway Volcanic Groups. With nail et al. ( 1976) quoted 
a K- Ar biotite age of 268 Ma; Black & Holmes (unpub. 
ms cited in Oversby & Mackenzie 1995) obtained Rb-Sr 
a whole-rock isochron age of 290 ± 13 Ma with 87Sr/86Sr 
of0.7129± 0.0004, and a preferred biotite age of284 ± 3 
Ma. 

The Yataga Granodiorite has intruded the Etheridge Group 
and produced in it a thermal metamorphic aureole up to 
500 m wide. 

Glenmore Supersuite (Glenmore Batholith) 
DE Mackenzie, BS Oversby 

The Glenmore Supersuite (provisional name) consists of 
two elliptical granite plutons, the Bagstowe and Lochaber 
Granites. These granites form a major proportion of the 
Glenmore Batholith which in tum, constitutes about 80% 
of the exposed area of the Bagstowe- Lochaber ring 
complex. The Bagstowe and Lochaber Granites were 
included by Champion & Heinemann {1994) in the Ootann 
Supersuite, but they are 100 km from, and significantly 
older than, any other members of the supersuite. 

Both the Bagstowe and Lochaber Granites are pink, fine 
to medium-grained, leucocratic biotite granites, and 
include porphyritic variants; parts of the Lochaber Granite 
are strongly miarolitic. The central part of the Lochaber 
pluton contains sparse hornblende, and accessory topaz 
and fluorite have been recorded (Branch 1966). Its northern 
part contains several north-trending quartz-rich veins, up 
to 2m wide and several hundred metres long, flanked by 
greisen zones and contain scattered W- Mo mineralisation. 

The Bagstowe and Lochaber Granites are high-level 
plutons, probably with originally flat roofs and in the case 
of the Bagstowe Grani~e at least, a flat floor at shallow 
depth (Oversby & Mackenzie 1995) intruded at a late stage 
into Bagstowe--Lochaber ring complex as, or shortly after, 
it underwent cauldron subsidence. Parts of the margins of 
each granite probably coincide with subsidence-related 
ring fractures and the collapse-related faults. 

The Bagstowe Granite resembles rocks of the· Ootann 
Supersuite in composition, but Fe,010~o KiNa, Rb andY are 
lower, while Na20, Sr, Zr and particularly Ba, are higher 
in the former. The Lochaber Granite more closely 
re~embles O'Briens Creek Supersuite granites, but CaO, 
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KINa, Rb, Th, U, Zr and Sn are lower, Fe, ,.1 and K20 are 
slightly lower, Na20 is higher, and Fe3•/Fe~+ ratio is much 
higher in the Lochaber Granite than in the average 
O'Briens Creek Supersuite granite (Champion 1991 ). 

The Lochaber Granite has recently been dated by the 
SHRJM.P zircon technique at340 ± 3 Ma (Fanning 1996). 
The Bagstowe Granite is therefore at least 342 Ma old, 
because it is intruded by the Eastdale Granite which is in 
turn intruded by Lochaber Granite. 

Bagstowe Granite intrudes Cranky Creek Granite and 
Paddock Creek Formation (see Volcanics), and is intruded 
by Eastdale Granite {Gienmore Batholith, below); it is 
'intimately mixed' with Black Cap Diorite (G ienmore 
Batholith; Oversby & Mackenzie 1995). The Lochaber 
Granite intrudes Eastdale Granite and is intruded by Sues 
Creek Microgranite (Gienmore Batholith). Both granites 
are also cut by numerous small bodies and dykes of felsic 
composition (Overs by & Mackenzie 1995). 

Brodies Camp Supersuite (Tate Batholith) 
DE Mackenzie 

Brodies Camp Supersuite (provisional name) is a newly 
recognised group of granitic rocks associated with the 
Scardons Volcanic Group, in the Bulleringa-Brodies Camp 
area, eastern Red River I :250 000 sheet area, northern 
Georgetown Region. l t consists of Knob Camp 
Granodiorite and several unnamed bodies of granodiorite, 
granite and microgranite (Table 3.1 J ) . 

The Supersuite consistsofhornblende- biotite and biotite
hornblende granodiorites (Knob Camp Granodiorite), 
hornblende-biotite microgranite grading into porphyritic 
rhyolite (Aylesbury Microgranite), and a variety of 
unnamed biotite granites, microgranites, and rhyolites. 
Given that they intrude the Scardons volcanic pile, or have 
quenched textures {Aylesbury Microgranite), emplacement 
levels of the intrusions are shallow; none of the rocks shows 
any evidence of deformation, but all are moderately 
jointed. 

The Knob Camp Granodiorite is of A-type affinity, with 
high Na20, moderate K20 and low KiNa, very high Ba 
and LREE, high Zr and Zn, and low Rb, Pb, Th and Nb. 
No chemical data on other components of the Supersuite 
are available. 

Knob Camp Granodiorite and the unnamed granodiorites, 
granites and microgranites are of Early Permian age: they 
have intruded rocks of the Scardons Volcanic Group dated 
at 290 ± 3 Ma (Table 3.8). The Aylesbury M icrogranite is 
inferred to be the same age on the basis of its geological 
relationships and its petrological character. 

Most components oft~e Brodies Camp Supersuite intrude 
Scardons Volcanic Group, and the Knob Camp 
Granodiorite also intrudes Corduroy Swamp Granite 
(O'Briens Creek Supersuite). The Black Soil Microgranite 
intrudes Etheridge Group (Palaeoproterozoic), White 
Springs Supersuite (Silurian). It appears to be either 
comagmatic with, or to intrude (or both), rhyolite lava in 
the Scardons Volcanic Group. 

Kangaroo Creek Supersuite 
The Kangaroo Creek Supersuite (provisional name) 
consists of a group of composite granitic plutons in the 
• Dagworth '-Martin Creek area, Red River I :250 000 sheet, 
50-70 km north of Georgetown. These granites, most of 
which intrude the Galloway Volcanic Group, were not 



previously named, assigned to supergroups, or, in some 
cases, recognised. The most common granite type is seriate 
to porphyritic biotite or hornblende-biotite granite (or 
monzogranite) with a well developed granophyric texture. 
In order of decreasing abundance, coarsely porphyritic 
biotite microgranite, hornblende- biotite granodiorite, 
even-grained biotite granite, biotite granodiorite, biotite 
micromonzogranite, and augite?-hornblende- biotite 
microtonalite (large rafts in biotite microgranite) are also 
present. The Bull Creek Granite is extensively 
hydrothermally altered (mostly propylitic alteration); a 
kilometre-wide halo of sericitic alteration around the 
northern margin of the Copper Bush Granite. 

All granites in the Kangaroo Creek Supersuite have been 
intruded into comagmatic volcanic sequences (Galloway 
Volcanic Group) and are therefore subvolcanic; depths of 
emplacement are unknown, but unlikely to be greater than 
2-3 km. None of the granites shows any evidence of 
deformation. Emplacement age of the Kangaroo Creek 
Supersuite granites is Early Permian (about 290 Ma), based 
on the isotopic age of the host Galloway Volcanic Group. 
The granites are partly overlain, unconformably, by 
sandstones of the Gilbert River and Bulimba Formations 
(Carpentaria and Karumba Basins). 

Unassigned Granites- Tate Batholith 
DE Mackenzie, DC Champion 

Parts of the Tate Batholith in the Mount Surprise-Saint 
Ronans area (southwestern Atherton, northwestern 
Einasleigh l :250 000 sheet areas) are incompletely known 
and remain unnamed and/or unassigned to a Supersuite. 
The most extensive area (about 350 km2) of such granite 
is in the Double Barrel Creek-Mero Creek area, straddling 
the Lynd River between Sundown and Byrimine 
homesteads; it includes the 'Double Barrel granite' of 
Champion ( 1991 ). Unassigned granite crops out over an 
area of about 120 km2 out in the Rudds Pinnacle area, east 
of Saint Ronans homestead, and over smaller areas within 
and around the Warby ring complex, and in the headwaters 
of Poison Creek, east of Sundown homestead. 

Rock types range from hornblende-biotite granodiorite 
to biotite leucogranite, but the most extensive is medium
grained grey to pale pink biotite granite with secondary 
muscovite present in places. The few available chemical 
analyses (Sheraton 1974; Champion 1991) more closely 
resemble those of granites of the Ootann Supersuite than 
the O'Briens Creek Supersuite, with moderately high Ba, 
moderate to high Rb, moderately low Sr and low Y 
contents. 

No isotopic or other age data are avai lable for these 
granites: they are deduced from their intrusive relationships 
to be mostly of late Carboniferous age. 

The granites have been emplaced into a variety of host 
rocks, includ ing metamorphic rocks of the 
Palaeoproterozoic Etheridge Group (Einasleigh and 
McDevitt Metamorphics), granitic rocks of the Silurian 
to Devonian White Springs Supersuite, other granites of 
the Tate Batholith and the Kallon Volcanics (Sundown 
Volcanic Group). They are overlain in places by Tertiary 
basalt, and by Cainozoic sediments. 

Unassigned Granites- Red River Region 
DE Macke_nzie 

A number of small granitic and rhyolitic bodies intruding 
the Etheridge Group and the White Springs Supersuite in 
the Red River I :250 000 sheet area (Table 3.1 1) are 
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insufficiently well known to be assigned to supersuites. 
The largest bodies are the Ancaster granite (middle Martin 
Creek) and the Three Horse Lagoon granite (lower Tate 
River). The main lithologies are porphyritic biotite granite 
to microgranite, hornblende-biotite granite (Ancaster 
granite), and biotite granite; a variably porphyritic granite 
intruding the Eden Vale Volcanics (see Silent Creek 
Volcanic Group, above) is variably altered. The only 
analytical data available are from the coarsely porphyritic 
phase of the Promise Creek granite, which is of 1-type 
character, with low Fe10101, K20, Rb, Th, U, Zr, Nb, Y and 
LREE, and high Al20 3, CaO, Sr and V relative to its A
type neighbour. None of the granite bodies shows any 
evidence of deformation. They intrude a variety of rock 
units, including Reamba Volcanics (Three Horse Lagoon 
granite), Eden Vale Volcanics and .Laragon Volcanics, as 
well as Palaeoproterozoic Etheridge Group and Silurian 
granites (mostly White Springs Supersuite). In places they 
are partly overlain by sedimentary rocks of the Carpentaria 
and Karumba Basins and/or by thick residual sand 
(Ancaster granite). 

Unassigned A-type Granites - Northern 
and Eastern Newcastle Range 
DE Mackenzie, BS Oversby 
Granitic plutons and sill and dykes of rhyolite in the 
northern and eastern ' lobes' of the Newcastle Range 
cauldron complex, about 40 km northeast of Georgetown 
are insufficiently well known to be assigned to a 
Supersuite. The main lithologies are abundantly porphyritic 
microgranite (Caterpillar Microgranite, Mount Departure 
Microgranite and several unnamed bodies), biotite granite 
(Mount Max Granite) and variably porphyritic rhyolite 
grading into microgranite. All contain small amounts of 
chloritised biotite (Oversby & Mackenzie 1995). Chemical 
data are available for the Caterpillar and Mount Departure 
Microgranites: they are of A-type character, similar in 
chemical composition to rocks of the Eveleigh and 
Namarrong Volcanic Subgroups (Newcastle Range 
Volcanic Group) respectively, and to the Bulleringa 
Volcanic Subgroup of the Scardons Volcanic Group. 
However, they differ from the Brodies Camp Supersuite 
in being less enriched in Ba, Zr and .LREE, poorer in Na20 
and more enriched in K20. 

These intrusive rocks have been emplaced at high levels 
into the Eveleigh and Namarrong Volcanic Subgroups 
volcanic piles, or intruded into the adjacent Etheridge 
Group metasediments and White Springs Supersuite 
granites, and are subvolcanic or post-volcanic in aspect. 
They show no evidence of deformation and are overlain 
in places by Quaternary Undara Basalt. 

Unassigned 1-type Intrusive Rocks
Newcastle Range 
Several bodies of granitic rocks and rhyolite that intrude 
volcanic sequences in the central and southern parts of 
the Newcastle Range cauldron complex have not been 
assigned to Supersuites. They include the Eva Creek, 
Mopata, Talaroo and Tenavute Microgranites, the Lubrina 
Granite, and the Lancewood Rhyolite (Table 3.11). The 
dominant lithology is coarsely porphyritic biotite 
microgranite, with partly (Eva Creek) to completely 
chloritised (Tenavute) biotite. The Eva Creek Microgranite 
grades into biotite granophyre. The Mopata and Talaroo 
Microgranites contain subequal proportions of hornblende 
and biotite, the MacCallor Microgranodiorite is a 
moderately to abundantly porphyritic biotite- hornblende 
microgranodiorite with a granophyric groundmass, the 
Lubrina Granite a variably porphyritic biotite leucogranite, 
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and the Lancewood Rhyolite is a sparsely. to moderately 
porphyritic rhyolite. All the intrusive bodies are of shallow, 
subvolcanic or post-volcanic aspect, and are undeformed. 

Chemical character of these intrusive rocks is oxidised 1-
type with moderate to very high (Tenavute) K20, 
commonly high Rb and Rb/Sr (Eva Creek, Tenavute), 
moderately high Ba and CaO with low Ga in some rocks 
(e.g. Mopata), and moderate to moderately high LREE. 
The rocks are late Carboniferous: Rb-Sr isotopic ages of 
between 317 and 331 Ma were obtained by L.P. Black 
(Black & Holmes unpub. cited by Oversby & Mackenzie 
1995) for the Eva Creek Microgranite and Lubrina Granite. 
They intrude Etheridge Group (Eva Creek, Lubrina), 
Eveleigh (Eva Creek), Namarrong (Talaroo) and Wirra 
(MacCallor, Mopata, Tenavute) Volcanic Subgroups 
(Newcastle Range Volcanic Group). Some are partly 
overlain unconformably by rocks of the Eulo Queen Group 
(Carpentaria Basin). 

Unassigned Granites- Cumberland Range 
Area DE Mackenzie 

The Prestwood Microgranite and Mount Sircom 
Microgranodiorite, and the Mount Darcy 
Microgranodiorite (Table 3.11 ), are subvolcanic intrusive 
rocks associated with the Cumberland Range Volcanic 
Group, 25 km southwest of Georgetown, and (the last
named) with the Dismal Creek Dacite, 30 km west of 
Georgetown. White ( 1959a) originally named and defined 
the Prestwood M icrogran.ite. Mackenzie ( 1980) redefined 
it to exclude rocks that he mapped and defined as Mount 
Darcy and Mount Sircom Microgranodiorites. 

Detailed descriptions of these intrusive rocks were made 
by Mackenzie ( 1980) and Overs by & Mackenzie ( 1995). 
The Prestwood Microgranite consists of two arcuate, 
approximately concentric, incomplete ring dykes up to I km 
wide, and severa 1 small dykes and plugs. These bodies are 
composed of abundantly porphyritic biotite microgranite 
grading in places into porphyritic rhyolite. The Mount 
Sircom Microgranodiorite crops out as two irregularly
shaped stocks, totalling about 15 km2 in area, and a number 
of small stocks and plugs. The dominant lithology is 
abundantly porphyritic (mostly plagioclase phenocrysts) 
hornblende-biotite granodiorite, grading in some of the 
small stocks into microtonalite. A moderately porphyritic 
hornblende- biotite microgranodiorite with subeq ual 
proportions of plagioclase and quartz phenocrysts is also 
present in some of the smaller bodies. The Mount Darcy 
Microgranodiorite consists of several plugs and irregularly
shaped stocks of abundantly to moderately porphyritic 
biotite microgranodiorite. There is no evidence of 
s ignificant deformation, or of major fracturing, in any of 
the intrusive bodies. 

The Prestwood M icrogranite is of felsic !-type 
composition, with high KINa and Rb/Sr ratios, and very 
low Mg/Fe; contents of Zr and LREE are moderate 
(Sheraton & Labonne 1974; 1978). There is some evidence 
of fractional crystallisation, with increasing Rb, U andY 
in particular, and decreasing Sr, Zr and Ba. It is similar in 
many respects to intrusive rocks in the southern (older) 
part of the Newcastle Range complex. The Mount Darcy 
and Mount Sircom Microgranodiorites differ markedly in 
composition from the Prestwood Microgranite. Apart from 
being more mafic and less silica-rich (67- 70% Si02 cf. 
72-76%), they are richer in Ti02, Al20 3, Fe,0,.1 and Na20, 
much richer in Ba and Sr, and much poorer in K20 and 
Rb, and are strongly depleted in Th, U, La, Ce and in 
particular, Y. Mackenzie ( 1987a) pointed out that the 
Mount Darcy and Mount Sircom Microgranodiorites share 
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many chemical characteristics in common with Permian 
igneous rocks in the region (notably parts of the Bullseye 
Rhyolite, Mount Little Volcanic Group). 

Rb- Sr isotopic dating of the Mount Darcy 
Microgranodiorite (L.P. Black, quoted by Oversby & 
Mackenzie 1995) indicated a minimum age of Early 
Permian. No isotopic dating of the Prestwood M icrogranite 
or Mount Sircom Microgranodiorite has been carried out, 
but their compositional similarity to components Group 
(Scrubby Creek Rhyolite and Namul Dacite respectively) 
of the Cumberland Range Volcanic, which is of probable 
Visean age, indicates late Carboniferous emplacement. The 
Mount Darcy Microgranite is probably the same age as 
the compositionally sim ilar Mount Sircom 
Microgranodiorite. 

The Prestwood Microgranite and Mount Darcy 
Microgranodiorite intrude Mesoproterozoic Etheridge 
Group; the latter appears to have been intruded by 
Prestwood Microgranite. Mount Sircom Microgranodiorite 
intrudes Etheridge Group and all but the uppermost unit 
of the Cumberland Range Volcanic Group. 

Unassigned Intrusive Rocks-Western 
Georgetown Region 
Intrusive rocks of known or inferred Carboniferous
Permian age in the westernmost part of the Georgetown 
Region (western Georgetown and eastern Croydon 
I :250 000 sheet areas) are small in total volume and form 
mostly small (maximum 8 x 6 km) bodies. However, they 
include a wide range of rock types, ranging from 
porphyritic granite and rhyolite to dolerite (Table 3 .11 ) . 
The largest intrusions are the Gongora and Carnes 
Granodiorites, elliptical plutons of uneven-grained 
hornblende- biotite granodiorite located along the 
Robertson Fault- Gilberton Structure fracture system 
(Figure 3.17). Also located along this structure are: 

• the Connie May Dolerite, a porphyritic augite dolerite, 

• unnamed porphyritic rhyolites that intrude or are 
spatially associated with the Agate Creek Volcanic 
Group, and 

• several small, circular, unnamed bodies of porphyritic 
granite to granodiorite that crop out between the 
Gongora and Carnes Granodiorites. 

The last were interpreted by Bain et al. ( 1985) as 
Carboniferous, but are probably Early Perm ian in age. 
Farther to the northwest, the A wring Granodiorite, Wallys 
Dolerite and Little Bird Granite I ie within a set of 
subparallel west- northwest-trending faults (including 
Mount Little and Mango Creek Faults). These faults appear 
to be part of a rift-like structure associated with the 
Robertson-Gilbert fault system. The A wring Granodiorite 
consists of hornblende-biotite granodiorite, and biotite 
granodiorite grading into biotite tonalite and fine-grained 
biotite leucogranodiorite; the Little Bird Granite (regarded 
by Mackenzie et al. 1985) as Proterozoic, but now 
considered most likely to be Permian) is a porphyritic 
biotite granite. The Wallys Dolerite is a pigeonite-augite 
dolerite with minor biotite and a trace of hornblende. The 
Yappar River Dolerite, which is similar to the Wallys 
Dolerite, consists of several small plugs and dykes 
intruding the southern end of the Croydon Volcanic Group. 
These bodies are not located on a major fault, but are close 
to the northwest-trending Yappar lineament. 

There are numerous rhyolite dykes, mo~tly west-northwest 
to northwest-trending, in the area between the Newcastle 
Range composite cauldron and the Gilbert River. These 
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arc probably of Carboniferous (or possibly m some cases 
l:arly Pam ian) age based on their composiuonul simi larity 
to rocks of the Ncwca ... tk Range Volca nic Group 
( Mackl.!n7tc 19R7a: AGSO unpub. llatn). 

The Gongora. Cames and Awring Granudioritcs arc or 1-
type composition. hut have moderately low K!O and Fe,, •• 1• 
low Rb ami Til. and high Bn and Sr relative tutypical North 
Queensland late Carboniferous 1-typc granodiorites 
(Champion 1991: Champion & Chappell 1992). The 
W~tllys Dolerite has a very depleted compostllon, with !ugh 
h!1.,,.1 and CaO, and \Cry lo~ K~O. Bu. Sr. Zr. La and Ce. 
Mackcnzte ( 1987a 1 noted that it is simi Jar to h igh-volum~ 
contiocntul tholeiites such as the fasmanian andAntarcttc 
Junassic dolerite-; (e.g. C1'~mpston cl al. 1968; Faure ct al. 
1972: l lcrgt et nl. 19S9a.b). and to rift-rclntctl tholeiites 
from the continental margin of Brazil (Fodor & Vetter 
1984). 

Mackcnztc (I 9H7a) reported Early (to Late?) Perm tan 
Isotopic ages of about 281 ± 3 Ma (K Ar biotite) for ll1l' 
Awring Grano<.liontc. 275 ± I Ma (K Ar wh1>lc rock) for 
the McFarlanes AnJcsite, and a mean minimum age of 
255 ± I I Ma ( Rb Sr mincml-wholc rock) for the GongorJ 

GmnL1di11rite. The pmbuble farly Permian age of the Agate 
Creek Volcuntc Group impl ies that the ( onmc May 
Dolerite and rhyolite::. that intrude it arc Early Pcm1ian or 
younger. In the absence of evidence to the contrary. tt is 
likely that the other undated intrusive rocb dtscussetf 
above arc of similar age. 

The Gongora and Carnes Granodiorite!> 1ntrudc lhc 
Ctheridgc Group: the former is partly overlain 
unconformably by the Jurassic Lulo Queen Group 
(Carpcntana Bnslll; Chapter 9). The A wring Granl1<.l10ntc. 
Yappur Ri\ cr Dolerite and Ltttle Bird Granite intrude the 
Croydon Volcanic Group. and the Wullys Dolerite intrudes 
the lnonutic Group; the Yappar Rtver Dolerite also intrudes 
the Esmeralda Gmnitc. The Connie May Dolcrih! intrudes 
the Agate C reck Volcanic Group: the intrusive rhyolitic 
rocks cut the Silunan Robin llood Granodiorite (White 
Springs Supcr.:.uitc) and the l'alacoprotcrozok Hhcridgc 
Group as well a~ the Agate Creel-. Volcun1c Gwup. 
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Unassigned Granites- Glenmore Batholith 
DE Mackenzie, BS Oversby 
The Glenmore Batholith, a major component of the 
Bagstowe-Lochaber ring complex, is located near the 
southern margin of the Georgetown Region, extending 
from the Einasleigh River near Kidston to the upper Gilbert 
River southwest of Glenmore homestead. Its largest 
component plutons, the Bagstowe and Lochaber Granites 
are assigned to the Glenmore Supersuite (above), but the 
remainder of the Carboniferous rocks of the batholith 
(Table 3.1 I) are unassigned. 

Components of the Glenmore Batholith, including those 
not assigned to a supersuite, have been described by 
Oversby & Mackenzie ( 1995). The Culba Granodiorite 
consists ofhornblende-biotite granodiorite, which contains 
characteristic rounded enclaves of sparsely porphyritic 
hornblende-rich microdiorite to microtonalite, and minor 
fine to medium biotite granite. The Cranky Creek 
Granodiorite consists of abundantly porphyritic biotite and 
hornblende- biotite granodiorite and the Eastdale Granite 
of pink, leucocratic medium to coarse biotite granite. The 
Cook Microgranite is an abundantly porphyritic 
microgranite containing minor (chloritised) biotite. The 
Conical Knob and Sues Creek Microgranites consist of 
abundantly porphyritic biotite microgranite and lesser 
hornblende-biotite microgranite; the latter contains large 
phenocrysts (quartz to 4 mm, feldspar to I em) and 
hornblende-rich microdiorite enclaves. T he Noel 
Micromonzonite consists of abundantly porphyritic biotite
hornblende-augite-quartz micromonzonite to 
micromonzodiorite, and the Mount Rous 
Microgranodiorite of abundantly, coarsely porphyritic 
biotite microgranodiorite. Black Cap Diorite is made up 
of hornblende diorite to microdiorite containing biotite 
and augite in places, and it shows abundant evidence of 
' net veining' and magma mingling with the Bagstowe 
Granite (Oversby & Mackenzie 1995). The Old Man 
Rhyolite is an abundantly porphyritic rhyolite with up to 
3% biotite; numerous smaller dykes, and other intrusive 
bodies, of (unnamed) sparsely porphyritic rhyolite to 
microgranite are associated with the Glenmore Batholith. 
Unnamed intermediate to mafic rocks are mostly 
'hornblende-biotite-quartz trachyandesite' according to 
Branch ( 1966). 

The Mount Rous, Conical Knob and Sues Creek 
Microgranites and the Old Man Rhyolite form major parts 
of the Bagstowe- Lochaber composite ring complex. The 
Conical Knob Microgranite and Old Man Rhyolite (in part) 
form a younger ring-dyke set enclosed by the Mount Rous 
ring dyke, and Sues Microgranite (Bain et al. I 985; 
Withnall & Grimes 1995; Oversby & Mackenzie 1995). 
Emplacement of the Black Cap Diorite was in part 
controlled by ring-fractures near the margin of the 
Bagstowe Granite (Oversby & Mackenzie 1995). The 
unnamed rhyolites and andesites also occupy 
approximately concentric ring dykes, notably those within 
and subparallel to the Mount Rous and Conical Knob ring 
dykes. Unnamed rhyolite also forms cross-cutting dyke 
sets and several larger, irregularly-shaped bodies. 
Unnamed andesite forms elongate bodies parallel to the 
Old Man Rhyolite and marginal to the Lochaber Granites. 

All analysed samples of these intrusive rocks are 
metaluminous and ofl-type character. Of the Supersuites 
described above, the Culba Granodiorite, Mount Rous · 
Microgranodiorite and Black Cap Diorite most closely 
resemble rocks of the Almaden Supersuite in composition. 
However, the Culba Granodiorite has slightly low Fe,0 , 01 

and MgO, low CaO and high Na20, K20, Ba and Sr relative 
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to· the Almaden Supersuite at the same Si02 content (e.g. 
Champion 1991; Champion & Chappell 1992). The Mount 
Rous Microgranodiorite is relatively low in MgO and KJ 
Na, and high in Fe/Mg, Na20, P20 5, Ba, Sr and Zr. The 
Black Cap Diorite is more Fe-rich (and higher in Fe/Mg), 
but has lower MgO, CaO and K20, and higher Na20 and 
notably, Zr than mafic rocks of the Almaden Supersuite. 
The microgranites and rhyolites more closely resemble the 
Ootann Supersuite. However, the Conic.al Knob 
Microgranite has low MgO, moderately high Na20 , very 
high Ba and moderately low Sr and Rb relative to otherwise 
comparable Ootann Supersuite granites (e.g. Champion 
1991; Champion & Chappell 1992). Old Man Rhyolite 
has relatively low Fe,0, • ., very low MgO, high K20 and low 
Rb and Sr; Sues Creek Microgranite is also relatively poor 
in Fe,01, " MgO, Rb and Sr, but has higher K20 , KINa, Ba, 
Rb/Sr, Th, U, La and Ce, probably reflecting a more 
evolved source. 

Most · rocks of the Glen more Batholith are of early to 
middle Carboniferous age. Isotopic dating of the Culba 
Granodiorite and Mount Rous Microgranodiorite yielded 
ages of 226- 335 Ma (K- Ar whole rock-biotite pairs; 
Oversby & Mackenzie 1995) and 332 Ma (K- Ar 
hornblende recalculated from Richards et al. 1966) 
respectively. An age of 340 ± 3 Ma age obtained from the 
Lochaber Granite (Fanning, I 996), one of the latest 
components of the batholith to be emplaced (Oversby & 
Mackenzie 1995; see below), implies that these are 
minimum or slightly young ages. 

Rocks of the Glenmore Batholith have intruded 
Palaeoproterozoic Einasleigh Metamorphics (Etheridge 
Group), Silurian granites (White Springs Supersuite) and 
the early Carboniferous Paddock Creek Formation. Sues 
Creek Microgranite forms a flat-roofed intrusion into the 
Butlers Volcanic Group. T he complex intrusive 
relationships of rocks comprising the Bagstowe-Lochaber 
ring complex have been described by Oversby & 
Mackenzie ( 1995) and Withnall & Grimes ( 1995). The 
approximate sequence of intrusion is: Culba Granodiorite, 
Cook Microgranite, Mount Rous Microgranodiorite, 
Cranky Creek Granodiorite, Conical Knob Microgranite, 
Old Man Rhyolite, Black Cap Diorite, (Bagstowe Granite), 
Eastdale Granite, (Lochaber Granite), Sues Creek 
Microgranite, and Noel Micromonzonite. There appear to 
have been several episodes of emplacement of minor felsic 
and intermediate-mafic intrusions. 

Unassigned Granites- Purkin Batholith 
DE Mackenzie, BS Oversby, DC Champion 
The Purkin Batholith is located in the headwaters of Gorge 
Creek and other north-draining tributaries of the upper 
Gilbert River south of Gorge Creek homestead, in the 
extreme south of the Georgetown Region (eastern 
Gilberton and western Clarke River I :250 000 sheet area~. 
It consists of at least two large (ca. I 00 krn2 and 300 km ") 
plutons, and several smaller bodies, collectively named 
Purkin Granite by Withnall & Bain (1980). Airborne 
geophysical data indicate that the two main bodies are part 
of a larger (about 45 km x 30 km), elliptical, strongly 
magnetic feature which is partly concealed beneath 
Mesozoic and Cainozoic sedimentary rocks. The two main 
outcropping bodies of Purkin Granite correspond closely 
with elliptical areas of somewhat lower magnetism within 
this magnetic feature. A strongly magnetic feature of 
similar character to the southeast coincides with the 
Silurian to Devonian Reedy Springs Batholith (Chapter 
6). It is therefore possible that the concealed, highly 
magnetic rocks that appear to link the two bodies of Purkin 
Granite are also Silurian to Devonian and that all these 
granites are part of the Reedy Springs Batholith. 



Cambridge Creek microgranite and Rokehurst Creek 
rhyolite are minor intrusive bodies in the Stawell River 
area to the southeast of the Purkin Granite. They were 
mapped by Oversby et al. ( 1976) and Lang, Grimes et al. 
( 1989), and informally named by Champion & Heinemann 
( 1994). The former consists of a pair of dykes I 0 km and 
7 km long, the latter is made up of three small stocks 
associated with remnants of crystal-rich ignimbrite (Lang, 
Grimes et al. 1989). 

Withnall & Bain (1980) reported that most ofthe Purkin 
Granite is made up of grey to pink, medium to coarse
grained Jeucocratic biotite granite, with porphyritic and 
very coarse-grained varieties in the larger, eastern body. 
A re-investigation of the granite in 1993 by D.C. Champion 
(pers. comm. 1997) identified six distinct lithologies, or 
phases, as yet unnamed, in the eastern (E) and western 
(W) bodies as fol lows. 

• 'Phase I£': pink to grey medium-grained porphyritic 
biotite granite with phenocrysts of quartz, plagioclase 
and K-feldspar (most extensive; may extend into 
western body). 

• 'Phase 2£': grey, medium to fine-grained biotite 
granite with phenocrysts of quartz, plagioclase and K
feldspar, or biotite, quartz and feldspars. 

• 'Phase 3£': pink, medium to coarse porphyritic to 
seriate biotite granite. 

• 'Phase 3W': pink, medium~oarse porphyritic (quartz, 
K-feldspar) to seriate biotite granite, and pale grey, 
fine-medium seriate biotite granite with mairolitic 
cavities. 

• 'Phase 4£ ': pink to grey, medium- coarse seriate 
hornblende-biotite granite with abundant mafic 
enclaves. 

• 'Phase 4W': pink, medium-grained, equigranular to 
K-feldspar-phyric biotite granite. 

Richards et al. ( 1966) reported cassiterite and fluorite in a 
sample of fine-grained porphyritic biotite granite -
probably phase 2E- from the eastern body. 

The Cambridge Creek microgranite is a pink biotite 
microgranite with moderately abundant phenocrysts of 
feldspar and quartz; the Rokehurst Creek rhyolite is a 
porphyritic rhyolite to microgranite with about 70% by 
volume phenocrysts of quartz, alkali feldspar and 
plagioclase (Oversby et al. 1976). 

Granites of the Purkin Batholith are of low-calcium (cf. 
Turek ian & Wedepohl 1961), T-type, metaluminous 
character. Much of the batholith is geochemically similar 
to granites of the Ootann Supersuite, described above, but 
tends to be richer in Ti02 MgO, Ba, U and Nb, slightly 
richer in Fe,0 ,,1 and Th, and slightly poorer in Sr. The 
granites are slightly richer in Ti02 and U, richer in MgO, 
Ba and Sr, slightly poorer in Na20, poorer in Rb and Zr, 
and have slightly higher KINa and K/Rb ratios than the 
otherwise similar Lochaber Granite (Gienmore 
Supersuite). The hornblende-bearing granite ('phase 4E') 
is chemically unlike the remainder of the Purkin Batholith 
and has many A-type characteristics: high Fe,orah Zr, Nb, 
Y, La, Ce, Zn and Ga. It is also relatively poor in K20, and 
rich in Ti02, P20 5, Th, U, Sc and V 

A K-Ar biotite age of311 Ma (recalculated) was obtained 
from the eastern granite body by Richards et al. ( 1996). 
This must be regarded as a minimum: the true age may be 
closer to the ages of components of the nearby Glenmore 
Batholith, i.e. about 340 Ma (see above). 
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Granites of the Purkin Batholith intruded Einasleigh and 
Juntala Metamorphics (Etheridge Group), together with 
minor bodies of Mesoproterozoic granite. A contact
metamorphic aureole about 200 m wide is present in the 
metamorphic rocks around the two main granite bodies 
(Bain et al. 1985; Oversby & Mackenzie 1995). The 
batholith is unconformably overlain'by sedimentary rocks 
of the Jurassic Eulo Queen Group (Eromanga Basin) and 
by unnamed Cainozoic sediments. 

Unassigned Granites - Western Ingham 
Batholith (Cashmere Area) DE Mackenzie 

Granitic rocks that crop out in the Cashmere area, in the 
extreme east of the Georgetown region, are part of the 
Ingham Batholith, also referred to by Withnall & Grimes 
( 1995) as the 'Herbert River [or Herbert] Batholjth'. Many 
of the intrusive bodies have been named (Table 3.11 ), but 
none have yet been assigned to suites or supersuites. The 
most extensive of the granites is the Princess Hills Granite 
(about 450 km2

), which extends from near 'Glen Harding' 
45 km eastward, across the southeastern boundary of the 
Georgetown Region, to Breakfast Creek. The Herbert River 
Granite (about 300 km2

) which extends from eastward to 
the Palmerville Fault, and the Minnamoolka Granite (about 
80 km2) which extends 17 km northwest from 'Glen 
Harding' to Native Wells Swamp. 

Granites of the Cashmere area were described briefly by 
WithnaJI et al. ( 1985) and, together with their field 
relationships, by Withnall & Grimes ( 1995). Several 
granite bodies, unnamed by Withnall & Grimes ( 1995), 
were informally named by Champion & Heinemann (1994; 
Table 3.11 ). 

Relative to the Supersuites described above, the granites 
of the Cashmere area have mixed chemical characteristics. 
The Princess Hills Granite is similar to some Ootann 
Supersuite rocks, but the latter tend to be poorer in Fe,0, 0h 

Ba, Sr and Zr, and richer in K20 and Rb. The Minnamoolka 
Granite is richer in Fe,0 ,0 J. CaO, Ba and Ga, but poorer in 
MgO, Rb andY than Ootann Supersuite rocks of equivalent 
Si02, and poorer in K20 than fractionated Ootann 
Supersuite granites. In contrast, the Herbert River Granite 
and Cockatoo Spring granite more closely resemble felsic 
members of the Claret Creek Supersuite; however, they 
are significantly richer in Na20 and Ba, and generally 
richer in CaO and Sr, but poorer in Rb. The Gunnawarra 
Bump granite is similar to granites of the O'Briens Creek 
Supersuite, but is richer in Ba. The Quartz Hill granite is 
intermediate in most respects between fe lsic Ootann 
Supersuite and O'Briens Creek Supersuite granites, but 
has higher Fe and Mg. As a group, the granites of the 
Cashmere area are richer in Fe and Ba than the 
Carboniferous-Permian granites to the north, particularly 
those of the Hodgkinson Province (Chapter 7). 

Granites of the Ingham Batholith within the Georgetown 
region intrude Devonian Blue Rock Creek beds, Silurian 
to Devonian Kangaroo Hills Formation and possible 
Silurian to Devonian(White Springs Supersuite?) granite, 
Ordovician Wairuna Formation, and the Palaeoproterozoic 
Halls Reward and Einasleigh Metamorphics. Details of 
the intrusive relationships of individual components of the 
batholith have been summarised by Withnall & Grimes 
(1995). 

Mesozoic IW With nail 

Widespread mesas of Mesozoic sedimentary rocks overlie 
the older r9cks of the Georgetown Region . These are 
outliers of rocks that occur in the surrounding Carpentaria 
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and Eromanga Basins (see Chapter 9). They mostly 
represent the Eulo Queen Group and overlying Gilbert 
River Formation. The Eulo· Queen Group thins out 
northwards; and only the Gilbert River Formation is 
represented north of about 18°30'. On some of the higher 
mesas in the south and southwest, such as on the southern 
Newcastle Range, rocks equated with the Wallumbilla 
Formation are preserved. 

Cainozoic 
Sediments C Pain 
Rocks of the Karumba Basin occur both as mesas and as 
fill in valleys cut into the older rocks of the western part 
of the Georgetown Region. These rocks belong mainly to 
the Bulimba Formation. For example, in the Torwood area, 
Bulimba Formation unconformably overlies basement 
granites and metamorphics. It occurs in a number of 
landscape positions, from terrace remnants around and 
over some of the mesas, to low ridges that are probably 
channel fills. The 'Torwood Channel' is a very early part 
of the Bulimba Formation that has been extensively drilled 
during exploration for tin. 

Volcanics J Knutson 

The Georgetown Region contains two major subprovinces 
- McBride and Chudleigh - of the Eastern Australian 
Cainozoic Igneous Province, which is an extensive 
intraplate volcanic province that extends the full length of 
eastern Australia from Torres Strait to Tasmania. 

McBride Subprovince 
Rocks of the McBride Subprovince (Twidale 1956; Best 
1960; White 1965; Griffin 1977), were assigned to the 
McBride Basalt Group by Withnall & Grimes ( 1991, 
1995), and divided into 1 0 Quaternary units and older, 
tmdivided Tertiary flows, based mainly on the mapping of· 
Griffin ( 1977). These units are mainly underlain by 
Proterozoic rocks of the Etheridge Province and, to the 
southeast, the early Palaeozoic Thalanga Province. The 
McBride Subprovince is about 80 km in diameter and 
covers ·an area of about 5500 km2 (Stephenson 1989). 
Isotopic dating indicate that the majority oflavas are less 
than 2.7 Ma and some are as young as 50 000-70 000 BP 
(Griffin & McDougall 1975). Numerous flows and plugs 
in the southwestern and northern areas are up to about 8 Ma. 
Older volcanic rocks in the area range from 28.7 Ma (a 
hawaiite plug, at Stockman's Hill near Einasleigh), and an 
ll Ma nephelinite to the west of Greenvale (Withnall & 
Grimes 1995). · · 

The McBride Subprovince forms a broad topographic 
dome with its highest point at Undara crater close to its 
centre. The subprovince is · characterised by broad 'lava 
plains and xenolith-rich pyroclastic cones, especially in 
the central area. The length of some of the basaltic flows 
is also noteworthy; one from Undara crater flowed through 
a series of lava tubes for 160 km and is the longest known 
young lava flow in the world (Atkinson 1995). Stephenson 
& Griffin ( 1976b) attributed the great length of these flows 
to high and persistent rates of extrusion and to favourable 
topography. However, Keszthelyi & Self(1996) considered 
that there is strong evidence for slow emplacement. The 
Undara Basalt is the most extensive unit of the subprovince 
and with an age of around 0.19 Ma (Griffin & McDougall 
197 5) is also one of the youngest. 

As with other North Queensland Cainozoic volcanic 
subprovinces, the majority of rocks are basaltic in 
composition. Rock types include nephelinite and basanite, 
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which are mostly glassy to fine grained with abundant 
microphenoctysts of euhedral and skeletal olivine. 
Hawaiite and minor mugearite are generally slightly 
coarser grained and sometimes vesicular to amygdaloidal, 
with radial, acicular plagioclase and titaniferous pyroxene 
phenocrysts. There is one occurrence of phonolite, at 
Phonolite Hill, 8 km south ofUndara crater. 

There is mostly only limited geochemical variation in the 
McBride Subprovince basaltic rocks. T hey are 
predominantly nepheline-normative and have Mg-numbers 
ranging from 72 to 49. There are no apparent chemical 
differences between the older and younger rocks. 87Sr/86Sr 
and eNd ratios fall in the range 0.70376 to 0.70415 and 
3.2 to 5.15 respectively (Ewart etal. 1988; Stephenson 
1989; Collerson et al. 1994; O'Reilly & Zhang 1995). 

Mantle and lower-crustal xenoliths are especially abundant 
in a number of pyroclastic cones in the McBride 
Subprovince and. have considerable compositional 
diversity. In particular, Mount Lange and Hill 32 are noted 
for their wide range of xenolith types, which include felsic 
granulite, amphibole- and mica-bearing granulite, 
peridotite, and pyroxenite.( some garnet-bearing). Xenolith 
and megacryst minerals include spinel, clinopyroxene, 
orthopyroxene, plagioclase, anorthoclase, amphibole, mica 
and garnet. McBride mafic xenoliths tend to have more 
hydrous phases, and the garnets to be more Fe-rich than 
similar xenoliths from the Chudleigh Subprovince. 
Equilibration temperatures derived from the Ell is & Green 
( 1979) geothermometer range from 840 to I 000°C 
(Rudnick & Taylor 1987). The crustal xenoliths range from 
mafic through to felsic types and include metapelitic, 
dioritic and granodioritic compositions (Rudnick & Taylor 
1987). REE patterns for the metapelites are broadly similar 
to those of average upper crust (post-Archaean Australian 
shale, PAAS; Taylor & McLennan 1985), although the 
heavy REE are up to three times enriched relative to PAAS. 
High Ni and Cr values suggest their derivation from a 
sedimentary rather than igneous proto! ith. Mafic xenoliths 
range from silica undersaturated to oversaturated 
compositions, and geochemical· data indicates they can be 
subdivided into four genetic groups,. namely melts, 
cumulates, residua and those mainly affected by 
metamorphic differentiation (Rudnick 1989). Megacrysts 
include spinel, pyroxene, amphibole and mica. 

U- Pb zircon (SHRIMP) ages for McBride Subprovince 
xenoliths indicate a wide spread of ages. These include a 
Permian to Triassic granite population (between 200 and 
300 Ma), a metapelite and a mafic restite with Proterozoic 
zircons of about 1570 Ma, a mafic granulite with ages 
between 500 and 1200 Ma and a felsic rock giving a single 
2200 Ma zircon age (Rudnick 1992). 

Chudleigh Subprovince 
The Chudleigh Subprovince straddles the Great Divide and 
has a basement that includes metamorphic rocks of the 
middle Proterozoic Etheridge Province, granites of the 
Pama and Kennedy Provinces, and Jurassic sedimentary 
rocks.(Eromanga Basin). It has a total area of about 2000 
km2 with at least 46 volcanic centres (Stephenson 1989). 
As with the closely associated McBride and Nulla 
Subprovinces, the Chudleigh Subprovince is noted for the 
length of its Java flows. One that flowed down the 
Einasleigh River from Barkers crater is over I 00 km long 
(Stephenson & Griffin 1976a,b; Withnall & Grimes 1991 ). 
The subprovince is characterised by broad, partly dissected 
lava plains with numerous pyroclastic cones, some 
composite cones and several lava shields. Ages range from 
8.0 to 0.26 Ma, and many of the volcanoes have relatively 
young features. 



Whole-rock geochemical data for the Chudleigh 
Subprovince indicate moderately to strongly nepheline
normative basaltic rocks are dominant, although this may 
reflect some sampling bias towards xenolith-bearing rocks. 
Rock types include nephelinite, basanite and mildly Si02-
undersaturated alkali basalt, hawaiite and mugearite. The 
generally basaltic character of these rocks is indicated by 
Mg-numbers that range from 70 to 50. Both sodic and 
potassic types are present. This contrasts with the McBride 
Subprovince where most rocks are sodic. 87Sr/86Sr ratios 
range from 0.70351 to 0. 70483 and eNd ratios range from 
4.95 to 7.5 (Ewart et al. 1988; Collerson et a!. 1994; 
O'Reilly & Zhang 1995). The Chudleigh Subprovince eNd 
ratios tend to be marginally higher and to have a broader 
range than those of the McBride Subprovince. The more 
primitive basanites and alkali basalts are mostly fine 
grained with abundant euhedral and skeletal olivine 
microphenocrysts. Plagioclase-rich hawaiites contain 
titaniferous pyroxene and are typically coarser grained and 
vuggy. 

The Chud leigh Subprovince is noted for the rich abundance 
of mantle- and lower-crustal xenoliths at·localities such as 
Batchelors Crater, Airstrip Crater and Sapphire Hi II. These 
localities are situated just south of the extension of the 
surface expression of the Burdekin Fault Zone (Rudnick 
& Taylor 1987). 

In contrast to the McBride Subprovince, the Chudleigh 
Subprovince has a dominance of upper-mantle rather than 
lower-crustal xenoliths (Irving 1980; Kay & Kay 1983; 
Rudnick et al. I 986; Rudnick & Taylor 1987). Most 
xenoliths have metamorphic textures, although a few have 
igneous textures. Both pyroxene-rich and plagioclase-rich 
xenoliths are present, mainly peridotite, pyroxenite and 
corundum-bearing garnet-granulite. The igneous xenoliths 
have been interpreted to represent a series of cumulates 
derived from an evolving, mantle-derived magma that 
progressively assimilated crustal material as fractionation 
proceeded (Rudnick et .al. 1986). Megacrysts include 
pyroxene, amphibole, mica, spinel, anorthoclase and 
corundum. 

Regolith c Pain 
Regolith is strongly correlated with underlying bedrock 
and is nowhere more than a few metres thick. Granites 
tend to have the thickest weathering profiles, with saprolite 
and associated corestones occupying lower parts of the 
landscape, below tors and granite hills. Metamorphic 
rocks, especially metasediments, have a more consistent 
but equally shallow weathered mantle, with thin soils 
formed on moderately weathered but easily recognised 
bedrock. Pediments formed on both granites and 
metamorphics sometimes have a veneer of sand only a 
few tens of centimetres thick. Volcanics generally have a 
very thin soil cover over virtually unweathered bedrock, 
although in low lying areas the regolith may consist of 
thicker volcanic saprolite. 

Induration of some regolith materials is common, 
especially along the margin with the Carpentaria Lowlands 
Region. Bulimba Formation sands are commonly silicified, 
and form low ridges between higher basement hills. These 
low ridges are almost 'certainly palaeochannels, now 
silicified and in inversion of relief. There are also a number 
of mesas formed in basement rocks, both granite and 
volcanics. These mesas are higher than the Bulimba 
Formation, and are capped by silicified saprolite which 
gives the appearance of a flat caprock. If, as is the case 
elsewhere on Cape York Peninsula, the silicification 
occurred at low parts of the palaeo-landscape, these mesas 
are also in inverted relief. 

CHAPTER THREE Gcoracroovu Rcaion 

Structure 
Proterozoic IW Withna/1 
Dargalong Metamorphic Group 
In the Dargalong Metamorphic Group (Donchak & 
Bultitude 1994, in prep.) the dominant gneissic schistosity 
as S2• It is generally steeply dipping, trending parallel to 
the Palmerville Fault in the east, with more variable 
orientations farther west. The S2 schistosity is locally 
mylonitic in character and confined mainly to two diffuse 
northwest trending zones - one adjacent to the 
Palmervil le Fault and the other farther west roughly parallel 
to Muldiva Creek. Gently plunging stretching lineations 
are apparent within these zones. Amphibolite boudins 
within the quartzo-feldspathic gneisses appear to record 
a pre-dD2 schistosity-forming event, referred to here as 
dD1. 

Close to the Palmerville Fault;the S2 foliation is folded by 
sporadic zones of tight to isoclinal gently plunging small
scale F3 folds. Some leucosome layers were injected during 
or after D3 as well as before or during D2. Locally, new 
biotite growth occurs parallel to S3. Regional variations in 
the orientation ofS2 west of the Palmerville Fault probably 
represent open large-scale folding about a roughly north 
trending S3 axial plane, correlating with similar F3 folding 
in the McDevitt Metamorphics to the south. Shaw et al. 
(1987) recorded two later deformations (D4 and Ds) in the 
Dargalong Metamorphic Group. 

Adjacent "to the Palmerville Fault, the dominant schistosity 
in the characteristic porphyroclastic gneiss was interpreted 
by Shaw et a I. ( L 987) to have been produced during 
thrusting of the metamorphics over the Palaeozoic rocks 
to the east in the latest Devonian or early Carboniferous. 
During this period, the earlier amphibolite grade S2 
schistosity is thought to have been largely obliterated in 
the rocks close to the fault, accompanied by growth of a 
retrograde greenschist facies mineral assemblage. Shaw 
et al. ( 1987) recognised rare, steeply plunging, stretching 
lineations in the low-grade mylonites, and also cited 
microstructural evidence for a west-block-up sense of 
shear. 

The first two major deformations affecting the Dargalong 
Metamorphic Group (dD2 and dD 3) have similar 
orientations to the first two major deformations 
documented from the McDevitt Metamorphics (see 
below), as well as the eD 1 and eD2 deformation events 
from the Etheridge Group (see Table 3.15). The age of 
eD1 is uncertain, but it may be about 1560-1565 Ma, which 
postdates the metamorphism in the Dargalong 
Metamorphics at about 1575 Ma. dD1 may thus be an event 
mainly restricted to the Yarnbo Subprovince and with some 
minor·effects on the McDevitt Metamorphics. 

McDevitt Metamorphics 
In the McDevitt Metamorphics, ttie most intense and 
widely recognised deformation event throughout the unit 
produced the well developed, mainly bedding parallel 
foliation (S2) which predominates throughout most of the 
formation (Donchak & Bultitude 1994, in prep.). Hints of 
an earlier foliation are locally preserved, but no outcrop 
or regional-scale structures can be linked to any of the 
microscopic mcD1 features. F2 folds, which are mainly 
observed as sporadic outcrop scale, tight to occasionally 
isoclinal structures, but large-scale F2 folds have been 
recognised locally. mcD3 reoriented the originally east
west trending mcD2 structures, and is most intense in the 
Bolwarra-Fischerton area, where northwest trends 
predominate. The F3 folds in this area occur sporadically 
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throughout the sequence as mesoscopic folds. S3 axial 
plane structures range from a weak crenulation cleavage 
to an intense, strongly differentiated, spaced crenulation 
cleavage, locally obliterating S2• 

mcD4 produced large-scale open folds and flexures and a 
sporadic, steeply dipping, east to east-southeast trending, 
weak to moderately well developed crenulation cleavage. 
Donchak & Bultitude ( 1994, in prep.) also recognised a 
locally developed mcD5 event whjch produced some 
reorientation on a regional scale and mesoscopic folds and 
crenulations. · 

Etheridge Group 
The Etheridge Group was deformed by at least two major 
folding events in the Proterozoic, both of which were 
associated with metamorphism (Withnall 1984, 1996). In 
the western and southern parts of the area, eD 1 is 
characterised by tight, upright to overturned folds, with 
wavelengths of 1- 10 km, and a strong axial plane foliation, 
ranging from a slaty· cleavage to a schistosity depenrung 
on the metamorphic grade. In the central and eastern parts 
of the Etheridge Group, overprinting during eD2 makes 
identification of eD1 features difficult. F1 .folds form a 
somewhat arcuate pattern changing progressively from 
westerly trends in the south to north-northwesterly in the 
northwest. 

eD2 formed generally north-trending, upright folds with 
much shorter wavelengths ( J -2 km) and common small
scale folds. _In the eastern half of the area, the folding was 
very tight to isoclinal and associated with an axial p lane 
foliation, ranging from a differentiated crenulation 
cleavage to a strong layer-differentiated schistosity which 
obliterates S1• The progressive development of these fabrics 
was described by Bell & Rubenacb (1983). Most 
porphyroblasts were interpreted to have grown during eD2 

in response to an increase in heat flow, possibly related to 
the emplacement of the Forsayth Batholith. Deformation 
intensity diminishes westwards with the fol'ds becoming 
more open and associated with simple non-~ifferentiated 
crenulations. In the far western part of the Etli~ridge Group 
there is little obvious F2 folding, although the steep to 
moderate westerly dips in the Langlovale Group are 
attributed to this event. 

Work by Davis (1986a,b, 1995, 1996) revealed that the 
deformation is more complex in detail than that outlined 
above. His work involved detailed geometric analyses from 
both outcrop and thin section in a small part of the 
Robertson River area , and revealed four discrete 
deformation events. Structures were resolved -largely 
through the use of the concepts of reactivation and re-use 
of foliations and non-rotation ofporphyroblasts developed 
by Bell ( 1985, 1986). The eD2 event recognised by our 
studies appears to be composite, incorporating three 
discrete events. The main manifestation of his eD2 is a 
pervasive differentiated erenulation cleavage, presumably 
corresponding to the S2 described above. His D3 was a 
weak event expressed only by open crenulations. eD4 

produced a large macroscopic fold trending ·northwest. It 
is represented by kinky crenulations ofS2 and long narrow 
zones of reactivation of S2 and reuse of S1• Between the 
reactivation zones, s2 has been intensely folded. 
Porphyroblast growth was detennined as mostly occurring 
during eD4. 

Davis (1995) suggested that elsewhere in the Robertson 
River area, the event interpreted as eD2 is actually his D 4 

which has, through reactivation of pre-existing foliations, 
obliterated his D2 and 0 3 structures. Further detailed 
studies are needed to confirm this and to determine 
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whether the area studied by Davis is not simply anomalous. 
Until such studies conclusively demonstrate Davis' 
structural events to be regionally significant, all fabrics 
and structures fonned post-eD1 and before our regional 
eD3 event are assigned to a single event, eD2• 

eD1 and eD2 were previously dated by Rb--Sr at about 1570 
and 1470 Ma respectively (Black et al. 1979). However, 
SHRIMP dating of both zircon within syn-eD2 granites 
(Black & Withnal l 1993), and metamorphic zircon in mafic 
granulite at Einasleigh, at about 1550-1555 Ma (Black et 
al. in prep.) suggests that eD2 occurred at about that time. 
Although, there has been no new evidence to question the 
age (within the given error limits) assigned to e01 by Black 
et al. (1979), the rigour of the method used to obtain it is 
now in doubt. The event could correspond with a melting 
event dated within gneisses in the Einasleigh 
Metamorphics at about J 560-1565 Ma (Black unpub. 
data). Alternatively, it could relate to one of a plethora of 
events seemingly indicated by post-magmatic zircon ages 
in orthogneisses and amphibolite, and documented from 
the Einasleigh Metamorphics in the Einasleigh-Mount 
Surprise area by Black et al. (in prep.). 

At least four additional episodes of folding took place. 
eD3 in the Etheridge Group was dated at about 967 Ma 
(Black et al. 1979), but this may reflect partially reset eD2 
ages, and eD3 could be an early Palaeozoic event, perhaps 
related to thrusting. F3 folds have easterly-trending axial 
planes and are mainly open, although in the Robertson 
ruver area they are tight and overturned with axial planes 
dipping shallowly to the north. The event appears to have 
been weak or absent in the eastern part of the Etheridge 
Province. Alternatively, as suggested by Black et al. (in 
prep.) it could correlate with a zircon phase that grew at 
-1533 Ma. 

The later events produced very open folds in the central 
part of the region, although eD4 produced open to 
moderately tight north-trending folds in the eastern part 
of the region. Black et al. (1979) correlated it with a 
clustering of reset isotopic ages at 'about 400 Ma' (late 
Silurian or Early Devonian), but the evidence is 
circumstantial and it could be older. 

eD5 produced a very open east-tending fold in the Junta Ia 
Metamorpnics and crenulations in the Robertson area. It 
could correlate with open folds noted in the Broken River 
Province (Withnall & Lang 1993). These structures could 
be related to a continent-wide north-south compressional 
event postulated for the mid Carboniferous by Powell et 
al. (1985), and resulting in the Alice Springs Orogeny and 
mega-kinking in the Lachlan Fold Belt. eD6 is mainly 
represented by crenulations. 

Langlovale Group 
The eD2 event in .the Etheridge Group is interpreted as the 
first event to defonn the Langlovale Group, and to be 
responsible for the steep westerly dips of 60° to 80° in 
that unit to the southwest of Candlow. The Langlovale 
Group was also deformed by large open folds with axial 
planes trending approximately east, and these are inferred 
to have formed during eD3 in the Etheridge Group. A weak 
fracture cleavage and spaced kink bands are the only 
foliations observed in the Langlovale Group. 

Croydon Volcanic Group DE Mackenzie 
The Croydon Volcanic Group occupies part of a cauldron 
subsidence structure perhaps as large as 130 km long and 
90 km wide. The eastern and northeastern margins of the 
subsidence structure are faulted against rocks of the 



Etheridge and Langlovale Groups, but its other margins 
are concealed. Dips of the ignimbrite sheets are steepened 
to about 70° along the eastern margin south of about 18° 
IS'S, but 25 km to the west, the Idalia Rhyolite is folded 
into gentle north-south folds (dips up to about 5°) with 
axes about I 0 km apart. Jn the central part of the outcrop 
area, the volcanics are cut by several north-northeasterly 
trending fracture systems that predate the Inorunie Group. 
West- northwesterly trending faults, including the Mango 
Creek and Mount Little Faults, that cut the volcanics in 
the north (between I 8°S and '18° 20'S; Figure 3.18) are 
associated with Permian intrusive and volcanic rocks 
(Mackenzie 1987a), and are probably coeval with these 
rocks. 

The northwestern portion oft he Croydon subsidence area 
(north of 18° 20'S and west of 142° 30'E) is more complex. 
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Figure 3.18. Simplified geology and structure of the Croydon 
area. The Gilbert and Yappar Lineaments are infered basement 
faults; other lineaments are infered fracture zones in the volcanics 
and granite. 

Three north- south faults (Mount Angus, Tabletop and 
Basket Creek Faults) separate blocks that have been tilted 
to the east and down-faulted on their eastern sides. Rocks 
between the Tabletop and Basket Creek Faults have been 
folded into a gentle northwest-trending syncline. 
Additional synclinal folds, with sinuous axial traces, affect 
rocks farther to the northeast (western end of the Mango 
Creek Fault) and near the northern margin of the volcanics. 
All of these fault and fold structures may result from 
interaction between subsidence of the volcanic pile and 
simultaneous or slightly later emplacement of the 
Esmeralda and Mooremount Granites (Esmeralda 
Supersuite). 

In the Three X Creek and Maitland Creek valleys there is 
evidence of minor, probably Tertiary or Quaternary, tilting. 
Terraces of semi-consolidated alluvium along Three X and 
Maitland Creeks have been tilted to the north, and large 
sections of each creek have been captured and their flow 
direction reversed. 

Halls Reward Metamorphics JW Withna/1 
The Halls Reward Metamorphics in the Cape River 
Province were also multiply deformed . Lithological 
layering is transposed parallel to a strong pervasive s2 
schistosity, which is folded by large-scale folds trending 
north- northeast and outlined by belts of amphibolite. The 
structure is described in more detail by Arnold & Rubenach 
( 1976) and Withnall ( 1989b ). Mylonites are well developed 
in places. In most places the mylonitic foliation is steeply 
dipping, but west of Greenvale township it dips at moderate 
angles and has a north-northeast-trending stretching 
lineation. The mylonite in the Halls Reward Metamorphics 
could be related to the regional eD3 event recognised in 
the central part of the Georgetown Province. 

Proterozoic Granites 
All Proterozoic granites show evidence of strain, reflected 
in undulose quartz extinction, bent mica flakes and 
plagioclase twin lamellae and locally mortar textures. 
However, foliations are commonly only weak to 
moderately developed. In the Forsayth Batholith, 
megacryst orientation commonly reflects an original flow 
fabric, which is locally modified by tectonic foliation. 
Alignment of schlieren and restite xenoliths is commonly 
observed in the Mistletoe Granite, and this may also be a 
combination of flow and tectonic fabrics . A strong tectonic 
foliation with an east-southeast trend, parallel to prominent 
faults , is conspicuous in the. Ropewalk and Goldsmiths 
Granites, particularly in the area southeast of Forsayth. 
The age of this fabric is uncertain. It could be related to 
the eD3 event, which is particularly strong in the Robertson 
River area immediately to the south. 

Faults and Mylonite Zones 
Mylonite zones are an important characteristic of the 
eastern part of the Georgetown Region. Some form linear 
belts up to 2 km wide, for example the Balcooma, Lynd 
and Stawell Mylonite Zones (Withnall 1989; Withnall et 
al. 1987; Oversby et al. 1976), as well as narrower zones 
adjacent to the Ballynure, far East, Werrington and Nickel 
Mine Faults. ln all of these, the mylonitic foliation is now 
vertical or steeply dipping. Details of stretching lineations 
and movement sen.ses on these zones are mostly 
unavailable. Both transcurrent movement and thrusting 
may have been involved. The Lynd Mylonite Zone shows 
evidence of east-block-up. movement, and the opposite 
sense is inferred for the Balcooma Mylonite Zone 
(Withnall 1989). The Stawell River Mylonite Zone shows 
good evidence for dextral strike-slip movement (Withnall 
et al. 1986). 
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The Gilberton Fault is a major northeast-trending structure 
for which dextral strike-slip movement of at least 50 km 
has been postulated (Withnall et al. 1980b). Although it is 
mainly a brittle structure, there are minor mylonites along 
it, and it is probably related to the events that produced 
the major faults in the eastern part of the region. Withnall 
( 198, 1996) noted that the Gi I bert on and Bal lynure Faults 
appear to divide the Georgetown Region into two domains. 
West of these structures the region is characterised by 
brittle faults with only minor, demonstrable vertical or 
lateral movement. The largest movement known is on the 
northwest-trending Robertson Fault, which has up to 5 km 
of sinistral strike-s I ip displacement. 

The other type of mylonite is the relatively pervasive 
mylonitic foliation described below in the Lucky Creek 
Metamorphic Group and in the Halls Reward 
Metamorphics. The exact age of the mylonite zones is not 
known with any certainty. However, the Balcooma 
Mylonite Zone post-dates the late Cambrian to Ordovician 
Balcooma Metavolcanics and mylonite clasts are present 
in early Silurian conglomerates in the Broken River 
Province. Therefore they are probably formed in the 
Ordovician to early Silurian. Thrusting in the Lucky Creek 
Metamorphic Group (see below) and melange generation 
in the Judea Formation of the Broken River Province 
(Chapter 8) may be related events. 

Early Palaeozoic 
The foliation observed through the Eland Metavolcanics, 
Paddys Creek Phyllite, and parts of the Lugano 
Metamorphics, is commonly layer-differentiated and is 
parallel to the gross lithological layering. Well-developed 
stretching lineations are common, particularly in the Eland 
Metavolcanics, where they are defined by stretched clasts. 
The foliation in the Eland Metavolcanics and Paddys Creek 
Phylli te dips moderately to shal lowly northwest or 
southeast, suggesting an originally flat-lying fabric folded 
by open, northeast to north-northeast trending folds. The 
stretching. lineations are orientated east-southeast and 
west-northwest. Withnall (1989b) interpreted the 
originally flat-lying fabric and stretching lineations as 
being related to large-scale thrusting with east-southeast/ 
west- northwest movement. The shear sense is not known, 
but Withnall ( 1989b) postulateo west-over-east movement, 
the Halls Reward Metamorphics being a sheet ofEtheridge 
Group thrust from the west. The foliation in the Lugano 
Metamorphics and Cockie Spring Tonalite is generally 
steeper than in the Eland Metavolcanics or Paddys Creek 
Phyllite, and the lineations plunge moderately steeply to 
the southwest. The reason for these differences is not 
known, but the structure may be related to that in the 
Balcooma Metavolcanics. Later folds trend northeast to 
north-northeast with shallow plunges, and several large
scale folds have been mapped. 

The Balcooma Metavolcanics mainly dip steeply east
southeast or southeast, and throughout most of the area 
have a single non-domainal schistosity, taken to be s), 
which also dips moderately steeply and mainly southeast. 
The Ringwood Park Microgranite, which may be co
magmatic with the Balcooma Metavolcanics, is also 
weakly foliated. SofS1 vergence relationships and rare 
sedimentary younging are consistent with the area being 
on the western overturned limb of a major F1 anticline, 
the hinge and eastern limb of which have been engulfed 
by the Dido Tonalite. The fold plunges about 45° to the 
south-southwest (Withnall 1989b). A second foliation is 
rare over most of the area, but is best developed in the 
north where it is locally a layer-differentiated schistosity. 
In this area S1 and bedding have relatively shallow dips 
and are deformed by at least three later generations offolds 
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(Huston & Taylor 1990; Huston 1990). F~> F2, and F3 are 
coaxial and plunge about 20° south-southwest. 

The ages of deformation in the Balcooma Metavolcanics 
and Lucky Creek Metamorphic Group are not certain. 
Withnall ( 1989b) suggested that the thrusting and possibly 
the folding in the Balcooma Metavolcanics occurred in 
the late Ordovician or early Silurian, prior to 
commencement of deposition of the Graveyard Creek 
Group in the Broken River Province in the late Llandovery 
(early Silurian). Mylonite in the Halls Reward Mylonite 
Zone gave a Rb-Sr isochron age of 429 ± 31 Ma (L.P. 
Black, unpub. data). The later northeast to north-northeast 
folding may have occurred in the Early Devonian (ca. 
400 Ma) at the same time as folding with simi lar 
orientations in the Einasleigh Metamorphics and Halls 
Reward Metamorphics. However, as pointed out by 
Withnall (!989b), the absence of angular unconformities 
in the Graveyard Creek Subprovince at this time is difficult 
to reconcile with a major regional deformation. 

Many of the Silurian granites are unfoliated, but all are 
strained, with quartz grains showing various degrees of 
recrystallisation to aggregates ofsubgrains. The unfoliated 
granites include the Robin Hood, White Springs and Puppy 
Camp Granodiorites, whereas the Dumbano, McKinnons 
Creek and Beverly Hills Granites are locally weakly 
foliated. The Dido Tonalite Mount Webster Granodiorite 
and eastern 'tonalite phase' of the Oak River Granodiorite 
are locally strongly foliated (Withnall 1989; Warnick 
1989). Foliations trend generally north to northeast, and 
previously have been inferred to be related to the D. event 
at approximately 400 Ma. However, the age of these 
granites is now known to be 425 Ma and older, and it is 
possible that they were affected by the deformation that 
produced the mylonite zones and thrusting prior to the 
deposition of the Graveyard Creek Group in the Broken 
River Province in the early Silurian. 

Late Palaeozoic Igneous Rocks 
DE Mackenzie, BS Oversby 

The Pratt Volcanics subsidence structure is in the form of 
a truncated, asymmetric, elongate basin, lacking bounding 
ring fractures. Dips are steep (70-75°) along the eastern 
margin, where the Palmerville Fault abuts and truncates 
the basin, but elsewhere they are shallow (25-40°) towards 
the basin centre. Several northwesterly and northeasterly 
trending faults cut the volcanic pile, but none has a large 
displacement. 

The southeastern margin of the exposed Reamba Volcanics 
is controlled by a slightly curved fault system; 
aeromagnetic data indicate that this is part of a ring fracture 
(and intrusion?) system that encloses the Reamba cauldron. 
This subsidence structure is occupied by volcanic and 
intrusive rocks presumed to be similar to those exposed 
along the Tate River, and which also extend beyond the 
cauldron in places, notably outside its southern and north
northwestern margins. 

The Gingerella Volcanics and Double Barrel Andesite crop 
out within a poorly defined cauldron collapse structure 
(Branch 1966) possibly consisting of two overlapping 
cauldrons (Hutton pers. comm. 1996). The Barwidgi 
volcanic fissure may be a major v~nt related to the more 
northerly of these cauldrons. The Kallon Volcanics, which 
Branch (1966) argued could be correlated with the 
Gingerella Volcanics, may also be preserved within the 
remains of a cauldron; they are associated with an arcuate 
string of high-level intrusions interpreted as a ring dyke 
(Branch 1966; Hutton pers. comm. 1996). 



The Scardons Volcanic Group is preserved in two 
composite cauldron-collapse structures; the Scardons 
Volcanic Subgroup occupies four main, partly overlapping 
cauldron-subsidence structures and at least one smaller, 
superimposed one (Mackenzie 1996; Cranfield 1992; cf. 
Branch 1966; Figure of Scardons Cauldron). The 
northeastern ('Anastasia') and northwestern (' Pinnacle 
Creek') cauldrons, or ' lobes', are the oldest, trunc.ated by 
the southeastern (' Rocky Creek') cauldron; the 
southwestern(' Bulleringa ')cau ldron cuts the last two, and 
is the youngest. Mapping by Cranfield and others 
(Cranfield 1992) outlined a partly ring-dyke, partly fault
bounded basinal structure in the northern part of the Rocky 
Creek cauldron; its age relative to the Bulleringa cauldron 
is uncertain. Cranfield ( 1992) also mapped a shallow 
basinal structure about 3 km in diameter on the 
southeastern margin of the Rocky Creek cauldron, near 
Fulford Creek. Dips of layering near the margins of the 
Anastasia and Rocky Creek cauldrons are moderate to 
steep (55- 85°); around the margins of the Pinnacle Creek 
and Bulleringa cauldrons they are mostly more gentle (20-
500). Each of the component cauldrons is cut by numerous 
faults, most of which were probably caused by subsidence, 
but some are part of a more extensive, regional-scale 
northwest-trending fracture system along which numerous 
rhyolite dykes have been emplaced. This fault-dyke system 
is particularly well developed in a 5 km-wide zone close 
and sub-parallel to the Lynd River. The Warby Volcanic 
Subgroup is almost entirely confined to an elliptical ring 
dyke-ring fracture system that is tangential to the Rocky 
Creek cauldron at its· northern end and truncated by an 
entirely intrusive, circular, ring dyke-fracture system at 
its southern end. Each ring structure is bounded by at least 
two subparallel, concentric faults or dykes; the southern 
ring structure is cut by several faults orthogonal or 
otherwise non-parallel to its perimeter, but few such faults 
cut the volcanic rocks. 

The Newcastle Range Volcanic Group is preserved in a 
composite subsidence structure made up of three rounded, 
basin-like depressions (containing the Wirra, Eveleigh, and 
Namarrong Subgroups) linked by an elongate, rift-like 
'trough' (Kungaree Subgroup). The Kungaree trough itself 
appears to be a composite of two, more rounded, 
subsidence structures. Each of the rounded depressions is 
partly bounded, or ringed, by a complex array of arcuate 
dykes and fractures, and there are linear fracture-dyke 
systems parallel to the margins of the Kungaree trough. 
All of these fracture-intrusion systems are interpreted to 
be equivalent to the classical cauldron-bounding ring 
dykes. ln many areas, erosion has reached the bases of the 
outermost parts of the intra-caldera volcanic piles, 
exposing parts of the basin-like (or trough-like in the case 
of the Kungaree structure) caldera (or cauldron) floors. 
Within the subsidence structures are numerous normal 
faults and discontinuous folds, with axes subparallel to 
the cauldron margins, due to subsidence; rotated blocks, 
up to 8 km long in the Eveleigh cauldron, are also present. 
A northwest-trending and plunging anticline, the core of 
which is partly occupied by the Mount Max Granite, 
crosses the central part of the Namarrong cauldron. 

Like the Scardons Volcanic Group to the east, the Galloway 
Volcanic Group is preserved in a composite cauldron
collapse structure. It is made up of a main, southern 
collapse structure (Campbell Mountain cauldron) and a 
smaller but more complex northern structure (Kangaroo 
Creek cauldron - Figure 3 .16). The relative ages of the 
two structures is not certain; it is probable that the 
Kangaroo Creek cauldron is the older. The Campbell 
Mountain cauldron is asymmetrical and roughly semi-
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circular in outline (the western margin is interpreted from 
aeromagnetic data), with a southeastern margin that 
appears to have been truncated and overprinted by intrusive 
rocks. lts northern margin is complex and ill-defined; some 
rocks to the north of the main mass of extr.usive rocks (i.e. 
north of the Einasleigh River) are outflow-facies 
ignimbrites, but some, inc! uding cross-cutting I ithic clast
rich ignimbrites, rhyolite dykes and lava domes, suggest a 
vent area. The Kangaroo Creek cauldron is crudely 
rectangular in outline; a segment of its northeastern margin 
is controlled by a rectilinear fault, and it is likely that its 
northwestern and southwestern margins (both largely 
concealed and inferred from aeromagnetic data) are 
similarly controlled. Dips of layering in the volcanic rocks 
are gentle to moderate (5-30°) on the southwestern margin 
of the Campbell Mountain cauldron, and steepen to the 
northeast; dips of 50° to near 90° are prevalent along the 
Einasleigh River. Rocks along the southwestern margin 
are also the oldest in the cauldron, and it is probable that 
the amount of subsidence was greater in the northeast than 
the southwest. Dips of ignimbrite sheets in the Kangaroo 
Creek cauldron (eastern and northeastern margins) are 
interpreted to be moderate to steep (30-70°), and appear 
to be steeper in the northeastern sector of the cauldron 
than in the remainder. This northeastern sector appears to 
be separated, or partly separated, from the rest of the 
cauldron by north-northwesterly trending fault, or faults, 
parallel to the Einasleigh River, and it appears to have 
suffered less erosion and/or a greater degree of collapse. 

Rocks of the Maureen Volcanic Group are preserved in an 
elliptical, basin-like structure with gentle to moderate (I 0-
250) inward dips. Parts of the margin of the basin are fault 
controlled, but there is no evidence of a persistent bounding 
ring dyke-fault system. However, the northeastern margin 
of the basin is dominated by a set of west-northwesterly 
trending normal faults - the Fiery Creek fault zone 
(Oversby & Mackenzie 1995). [n addition to forming part 
of the northeastern margin of the Maureen Volcanic Group, 
this fault zone includes a rift-like depression within which 
the volcanic-sedimentary sequence is considerably 
thickened. West-northwesterly trending fractures within 
the Fiery Creek fault zone are also the loci of hydrothermal 
alteration and mineralisation (including the Maureen U
F- Mo prospect) in the lowermost part of the volcanic 
sequence and in sedimentary rocks (Gilberton Formation) 
that underlie it. 

Rocks of the Silent Creek Volcanic Group are poorly 
exposed and their structure is known only from 
airphotograph and aeromagnetic data interpretation. The 
northern and northwestern margins of the main body of 
Laragon Volcanics are marked by a curved fault (or faults), 
but (presumed) outflow ignimbrite also extends several 
kilometres to the north. The aeromagnetic. data suggest 
that the Laragon Volcanics are preserved within a 
composite subsidence structure consisting of two 
overlapping, almost concentric, elliptical ring dyke and/ 
or fault-bounded cauldron-collapse structures. 

The structure of the Cumberland Range Volcanic Group 
is discussed in detail by Oversby & Mackenzie (1995). 
The Cumberland Range Volcanic Group and the Dismal 
Creek Dacite are preserved in basin-like depressions. The 
Cumberland Range basin is cut by numerous normal faults 
of small displacement but is not circumscribed by any 
obvious ring fault or ring dyke. Rather, it appears to 
straddle the southeastern segment of a partial ring dyke 
occupied by the Prestwood Microgranite. Part of the 
northern sector of the basin, possibly having subsided less 
than the remainder, has been removed by erosion. The 
Marquis Rhyolite has no obvious relationship to any 
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subsidence or ring structure, and may represent outliers 
of outflow facies or a local eruptive centre near Mount 
Tabletop. 

Rocks of the Butlers Volcanic Group occupy a shallow, 
north-south-elongated basinal structure, with inward dips 
of about 25°, near the western margin of the Lochaber 
ring-dyke complex, a few kilometres west of the Ballynure 
Fault (Bain et al. I 985; Oversby & Mackenzie 1995). 
Similarly, the Paddock Creek Formation occupies a 
shallow, arcuate basin in the central part of the Bagstowe 
ring-dyke complex; outliers of the Formation are flat-lying. 

The main area of Bally Knob Volcanics near Wyandotte 
homestead is arcuate in outline, suggesting that it is part 
of a volcanic cauldron subsidence structure. The outer 
(eastern) margin is probably faulted. 

The main outcrop area of Agate Creek Volcanic Group in 
the Agate Pocket area is .basinal or graben-like in fonn, 
with its northeastern and southwestern sides controlled, 
or partly controlled by normal faults parallel to the 
Robertson Fault. The Robertson Fault is a major, long
lived (it has also disrupted the Jurassic Hampstead 
Sandstone), northwesterly trending fault system along 
which are distributed not only the four outcrop areas of 
Agate Creek Volcanic Group but also the Permian Gongora 
and Carnes Granodiorites and, on a colinear fracture 
system that may be its northwesterly projection, the 
Permian Bullseye Rhyolite and Goat Creek Andesite 
('Mount Little volcanic group'). The Granite Creek rocks 
are also confined to a northwesterly-elongated graben-like 
structure, but the graben containing the Bald Mountain 
rocks has a northeasterly-elongated form. It has been 
interpreted as a maar complex Nethery et al. 1983; Cook 
1982). 

The Bullseye Rhyolite and Goat Creek Andesite of the 
Mount Little Volcanic Group are preserved in a series of 
sub-parallel horst-like blocks, tilted fault slices and broad 
grabens on the northeastern margin of the Croydon 
Volcanic Group. The Mcfarlanes Andesite, Linley Rhyolite 
and Little Pocket Dacite are confined to a west- northwest
elongated graben structure mainly within th~ lnorunie 
Group. The Bullseye Creek area is at the northwestern end 
of a northwest-trending, I 35 km-long belt of Permian 
volcanic and intrusive rocks (Agate Creek Volcanic Group, 
Gongora Granodiorite, Carnes Granodiorite) that is 
strongly fault-controlled (Figure 3.17; Mackenzie 1987a). 
The McFarlanes Waterhole graben is offset to the west 
from this belt, but may lie on a major splay. The rift-like 
nature of the structures that controlled emplacement of 
the Mount Little Volcanic Group clearly indicate a 
tensional tectonic environment. 

Stream Sediment Geochemistry 
Bl Cruikshank 

AGSO has undertaken regional stream sediment 
geochemical surveys in the Georgetown Region over a 
period of about twenty years, starting with an orientation 
survey in 1974 (Rossiter 1975). Initially, the surveys were 
based on 1: I 00 000 map sheet areas (Rossiter & Scott 
1978a, 1979; Scott & Rossiter 1979; Cruikshank et al. 
1983) with a sampling density of about one sample per 
2 .5 km 2

, but recent work in Cape York Peninsula 
(Cruikshank 1995, 1996) has been at a more regional scale 
of one sample per 10- 15 km2

. In all surveys a .:..180 11m 
sample was collected for each sample site, and for the Red 
River survey approximately 5 kg of -1 mm sample was 
collected for each site for Bulk Cyanide L~ach analysis 
for Au, Pd and Pt. Figure 3. 19 shows the areas covered by 
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the surveys, the year in which sampling was carried out, 
the number of samples in the survey and the approximate 
sampling density. 

17.Q.--.------,---,....-.;::=:t= =----, 

143.0 

Fig 3.19 AGSO stream sediment geochemical surveys, 
Georgetown Region. 

The number of elemnts analysed varied from 17 in the 
early surveys (As, Bi, Ce, Co, Cu, Fe, Mo, Nb, Ni, Pb, Rb, 
Sn, Th, U, W, Y and Zn) to 39 in the most recent survey 
(As, Au, Ba, Be, Bi, Cd, Ce, Cr, Cu, Fe, Ga, Ge, Hf, La, 
Mn, Mo, Nb, Nd, Ni, P, Pb, Pd, Pt, Rb, Sb, Sc, Se, Sn, Sr, 
Ta, Th, Ti, T I, U, V, W, Y, Zn and Zr). All data are available 
in digital fonn. The relative concerntrations of38 elements 
are shown in figure 3.20. All values are in parts per million 
(ppm), except for Au, Pd and Pt, which are in parts per 
billion (ppb). 

The Forsayth, Georgetown and Gilberton I: I 00 000 sheet 
area surveys were originally presented visually as three 
separate series of three-element, pie symbol maps showing 
important element associations (Rossiter & Scott 1978b, 
1980a,b ), with the later Red River Region survey appearing 
as a colour image map atlas (Cruikshank 1995). A synthesis 
of the 1974--80 data was carried out by Eggo et al. ( 1990, 
1995). Image maps shown in this section cover an area 
bounded by 142.9° and 144.4°E, and 17.0° and 19.5°S. 

The surveys concerntrated on areas over rocks of the 
Georgetown Region. The Georgetown area contains about 
950 million occurrences in or immediately adjacent to the 
areas sampled (MINLOC 1996). By number of the 
occurrences, rather than by size or value, the commodities 
present are Ag (580), Au (578), Cu (222), Pb ( 155), Sn 
(79), Zn (41), U (34), .Bi (29), W (23), Ta (10), Mo (9), Sb 
(5), Be (I) and Co (I), the number in parenthesis being 
the number of occurrences recorded. Plate 3.5 shows image 
maps of the distributions of Au, Sn, U and As, respectively, 
over the total surveyed. Mineral occurrence locations are 
also shown. 
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Figure 3.20. Box plots showing relative abundances of elements in the Georgetown Region surveys: (a) 16 elements analysed 
in all surveys (N = 5408); (b) 22 elements analysed in the Red River survey only (N = 843). · 

Regional Cu highs tend to occur over metamorphic rocks, 
in particular metabasic rocks as in areas containing Dead 
Horse Metabasalt in the southern part of the region (Eggo 
et al. 1990). Areas over granites and felsic volcanics tend 
to be low in Cu, although two areas of Cu highs over the 
Forsayth Batholith may be due to base metal-bearing 
quartz- gold vein mineralisation, as occurs in the Etheridge 
Goldfield and to the Phyllis May Cu porphyry. In contrast, 
Pb highs commonly occur over granites such as the 
Elizabeth Creek Granite. As stated below, the association 
of Pb with Rb, Ba and Sr is thought to be due to their 
presence in the weathering products ofK-rich minerals in 
granites. Several Pb highs appear to be related to Cu 
porphyries such as Phyllis May. Zinc highs tend to be 
associated with metamorphic and metasedimentary rocks, 
mostly in the south of the survey area. 

Several Sn highs are associated with Sn-bearing granites 
such as the Elizabeth Creek Granite, or with greisens 
associated with these granites. However, most of the Sn 
highs in the survey area occur over Mesozoic sediments 
adjacent to the inlier. A similar pattern was observed in 
the Coen Region. As stated below, U shows strong spatial 
and statistical correlation with Ce, Th and Y, and its 
distribution is thought to be controlled largely by the 
concentration of resistant accessory minerals from granites 
in the stream sediment. One high U granite is the Elizabeth 
Creek Granite. Arsenic is a general indicator of sulphide 
mineralisation. Apa rt from highs associated with 
sedimentary and metasedimentary rocks in the western 
and southern parts of the survey area, an extensive anomaly 
occurs in the Card ross area in the north of the Mungana 
I: I 00 000 sheet area. The area also shows Bi and Sb 
anomalies of similar extent and encompasses a number of 
small Cu, Au and Sn mineral occurrences. The As-Bi-Sb 
association is characteristic of low temperature sulphide 
mineralisation (Levinson 1974). 

Au values are available only for the Red River Region and 
are shown in the image map in Plate 3.5. High values occur 
near abandoned mines in the Mount Turner area which is 
part of the Etheridge Goldfield. A large anomaly also 
occurs in an area covering both banks of the Tate River in 

the Blackdown I : I 00 000 sheet area. This anomaly has 
not been investigated. 

Factor analysis of the elements common to the 5400 
samples collected in the Georgetown Region extracted four 
main lithochemical/geochemical associations, as follows . 

• Factor 1 (30. 7%) 
Th, Y, Ce, U, W and Nb (plus minor Sn, Pb and Bi) 

• Factor 2 (22.4%) 
Ni, Cu, Fe and Zn (plus minor As, Mo, Nb, Ce, Rb, 
- Sn and - W) 

• Factor 3 (9.4%) 
Rb and Pb (plus minor Zn, As, U, Th, Ce arid -Sn) 

• Factor 4 (7. 7%) 
Sn, Bi and As (plus minor Wand Nb) 

These are similar to factors extracted from data for the 
Red River Region, a subset of the Georgetown Region data, 
which include values for a much greater number of 
elements and gave the following main associations. 

• Factor 1 (30.8%) 
Ce, Nd, La, Th, Y, U, P and Nb (plus minor Mn, Ba, 
Pb, W, Hf, Zr, Ti, Rb and Sr) 

• Factor 2 (18.2%) 
V, Fe, Ni, Sc, Cu, Cr, Ti, Zn and Mn (plus minor Sr, 
Ga, As and Pd) 

• Factor 3 {10.3%) 
Rb, Tl, Be, Ga, Ba, Pb and Sr (plus ·minor Zn, Mn, 
Mo, U and Th) 

• Factor 4 (6.3%) 
Bi, Sn, Hf, W and Zr (plus minor Nb, Y and U) 

These associations are similar to those extracted from the 
Coen Region data (Chapter 4). Factor I is deemed to be 
related to resistant rare earth element, Y ~nd Th-bearing 
phosphate minerals, such as monazite and xenotime, 
concentrating in the stream bed lode. These minerals often 
come from the weathering of granites and can contain 
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significant concentrations of U not related to 
mineralisation (Price and Ferguson 1 980). Factor 2 is from 
Fe(+ -Mn) geochemistry, both from fe-rich minerals in 
the parent rock, and from fe/Mn scavenging in the 
secondary environment. Factor 3 represents K-rich 
mineralogy, for example, K-feldspar, biotite and muscovite 
in granites and has some cross association with Factor I. 
Factor 4 also appears to relate to resistant minerals, in this 
case cassiterite and zircon. 

The lithochemical effects that usually overprint the 
geochemical signatures of otherwise economically 
interesting elements such as U, can be removed, or at least 
reduced, by estimating the amount of U which is due to 
the lithochemical effects inherent in the factors and 
subtracting this from the measured value. This can be 
achieved by regression against the factor scores for the 
samples. Plate 3.5 shows measured and residual U values 
for the Red River Region survey, chosen because of the 
greater number of elements and therefore, more tightly 
defined factors. U highs over the Elizabeth Creek Granite, 
deemed to be due to U in monazite and xenotime, have 
been significantly reduced and areas draining the high-U 
Fig Tree Hill and McCord Granites (average 16 and IS 
ppm U, respectively) have been emphasised. 

Mines and Mining History TJ Denaro 

The mining history of the Georgetown Region has been 
summarised in reports on mineral occurrences for 
individual!: I 00 000 and I :250 000 sheet areas (Barker et 
al. 1996b; Barker et al. 1997; Culpeper et al. 1996; 
Culpeper et al. in prep.; Dash et al. 1988; Denaro & 
Morwood 1997; Ishaq et al. 1987; Lam et al. 1988, 1989; 
Lam 1994a,c; 1995b; Rees & Genn in prep.). Wegner 
( 1980, 1990) has researched the early mining history of 
the Etheridge Goldfield and Withnall ( 1976b, J 978, 1981 b) 
has summarised mining history and production for the 
Forsayth, Georgetown and Gilberton I: 100 000 sheet areas, 
respectively. Laurie ( 1951) and Pike ( 1986) related aspects 
of the early history of Croydo, and ' Warnick (1985) 
summarised mining history and production for the 
Croydon Goldfield. De Keyser. & Wolff (1964) 
summarised the mining history of the Chillagoe area. 

Alluvial mines in the Georgetown Region have produced 
more than 6.5 t of alluvial gold, at least 3885 t of alluvial 
cassiterite and 1.5 t of bismuth-tantalum concentrates. 
Lode mines have produced 75.1 t of gold bullion, 76.8 t of 
fine gold and 59.5 t of silver, 13762.6 t of copper, 3722.4 t 
of lead, 203.3 t of cassiterite, 174.2 t of wolframite, 7.1 t 
of scheelite, 0.3 t of bismuth concentrates, 50.5 t of 
molybdenite, .1. 7 t of rutile concentrates and 10 t of 
uranium ore. The Greenvale nickel mine produced 
428 762 t of nickel and 35 776 t of cobalt. Other production 
includes $340 000 worth of sapphires, 42.5 kg of topaz, 
4.6 kg of aquamarine, 42 123 t of limestone and dolomite, 
22 091 t of fluorite, 50 t of barite, 0.38 t of mica, 240 t of 
slate and an unknown quantity of granite. Mineral 
production data are summarised in Tables 3.2 to 3.5. 

Gold and Silver 
Etheridge Goldfield 
Richard Daintree discovered gold in the Gilberton area in 
1869 (Wegner 1990). Th is discovery led to the 
establishment of Gilberton, the first town on the Etheridge 
Goldfield. Lode and alluvial mining were soon established 
at a number of centres, including Georgetown, Durham, 
Cumberland, Charleston (Forsayth), Castleton , 
Goldsmiths, Western Creek, Lane Creek, Percyville, 
Gilberton, Mount Hogan, Mount Moran, Oakville and 
Yarraman Creek. 

No official production records were kept until 1878, but 
mining declined from 1874 to 1878 when miners were 
attracted to the Palmer Goldfield. Many miners returned 
in 1878 and activity increased, particularly after the 
introduction of English capital in the 1880s. 
Overcapitalisation and high management expenses 
eventually led to the failure of most of these ventures. The 
peak production year was 1893, when 900 kg of gold 
bullion was produced. Production declined after 1893 as 
reserves of oxidised ore were depleted. Cyanidation was 
introduced in 1894 but did little to revive production. 

The Almaden to Forsayth railway was completed in 1909. 
This was too late to prevent the closure of 
some mines, although it did prolong the life of others. The 
Chillagoe Mining Company, which owned the railway, 

Table 3.2. Recorded precious and base metals production, Georgetown Region. 

Alluvial god! 
.. 

Mining area/field Years Gold mines Silver and base Copper (t) Lead (t) 
(kg bullion) metal mines 

0 Gold . Fine Silv~r Fine Silver 
bullion (kg) gold (kg) (kg) gold (kg) (kg) 

Etheridl(e Goldfield 1869-1995 >5500 14025 3432 5538 10.5 6671.8 771.4 3509.2 
Croydon and 188<H995 4.8 59634.7 138 57.8 
Esmeralda Goldfields 
Green Hills Goldfield 1896-1988 219.6 18.6 108.8 25.4 
Oaks (Kidston) 1907- 1995 >645 1309.0 73037 39 123 
Goldfield 
Einasleigh 1864-1922 71.2 4083 8237 
Copper Mine 
Daintree Copper Mine 1909- 1944 0.03 18.0 293 
Halls Reward 1933-1958 66.9 196 2236 
Copper Mine 
Lucky Creek 1903-1930 54 
Balcooma Goldfield 1895- 1898 27.7 
Tate Goldfield 1890s-1905 · 103 
Mu!]gana area 1890-1939 218.6 3746.3 2225.2 130 
(Mt Wandoo, 
Cardross, Dargalong) 
Golden Treasure 1895 20 

TOTAL ·>6472.4 75089 76469 44661 kg 367.2 14961.9 13762.6 3722.4 
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carried out prospecting, particularly for base metals, but 
ceased operations when the Chillagoe smelters closed in 
1914. The Queensland Government took over operation 
of the railway and smelters in 1919, but mining in the 
Georgetown area had already virtually ceased. 

There was a revival of small-scale gold mining in the 
1930s, mainly as a result of the Great Depression and a 
revaluation of gold. The Havelock and City of Glasgow 
were the last major underground mines worked in the area 
and closed in 1950 and 1953 respectively. 

In the 1980s, extensive mechanised alluvial mining took 
place along stream systems in the area. Minor alluvial, 
eluvial and lode gold mining are still being carried out 
under mining lease and mining claim tenure in the 
Georgetown, Mosquito Creek, Goldsmiths Creek, 
Macdonaldtown, Grants Gully, Percyvi lle, Western Creek, 
Tabletop Creek, North Head, Mount Hogan and Gilberton 
areas. 

Union Mining N.L. took out a number of mining leases 
and exploration permits in the Georgetown-Forsayth area 
in the early 1990s. The company developed a mining 
operation based on open cut mining of numerous small 
gold-quartz vein deposits, with a central processing plant 
near Georgetown. Production for 1994/95 was 246.02 kg 
of gold bullion (Bruvel 1996). Mining is currently carried 
out at the Comstock/Big Ben, Stonewall Jackson, 
International, yictory P.A., Big Wonder, Black Blow, 
Golden Bar, Communist, Mount Jack, Wexford, Parnell 
(Narelle's Beauty), Havelock and Drummer Hill deposits. 

In 1992, mining began at Eltin Minerals's Mount Hogan 
mine and in 1995, at the Comstock at Gilberton. 
Approximately 1743.9 kg of fine gold and 2141.6 kg of 
silver was produced from 31 0 848 t of ore. The mine closed 
November 1995. 

Croydon Goldfield 
Gold was discovered on Croydon Downs Station in 1882 
and the Croydon Goldfield was proclaimed in 1886 (lees 
1899). The main rush occurred in 1887, when most of the 
important lodes were found in the Croydon, Golden Gate, 
Twelve Mile, Tabletop, Golden Valley and Carron areas 
(Rands 1896). Batteries were erected at all the main mining 
camps, where small townships such as Tabletop, 
Goldstone, Gorge Creek, Mulligan's Camp, Golden Valley, 
Jubilee and Carron were established. 

A railway line between Normanton and Karumba was 
completed in September 1891, providing easy access to 
shipping on the coast. ln 1891, mining at the Golden Gate 
was given greater impetus by the discovery of a rich ore 
shoot in the Roger's Golden Gate mine. Mining operations 
expanded there and Golden Gate township was established. 
Cyanidation of battery tailings was introduced in 1894 and 
was found to be profitable; 80% of the tonnage mined 
was subsequently treated in this way (Reid 1935). 

Mining activity declined on many of the main lodes during 
1896 to 1898, mainly due to the abrupt termination of the 
reefs against faults or 'breaks'. It was only the Golden 
Gate lodes that sustained the field during this period of 
general decline. The Golden Gate's annual output 
represented up to 80% of the total output of the field 
between 1896 and 1906 (Reid I 935). 

A gold mining slump occurred throughout Queensland in 
1906 and production at Croydon began to decline rapidly. 
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The Golden Gate mines flooded· to shallow depths, 
preventing further operations. The Content Bloc, the last 
mine with any sustained production, closed in 1919. 

A slight revival occurred in 1922, but production was only 
small-scale and most of the gold produced came from the 
reworking of mullock and tailings dumps. Following 
geological investigations by the Aerial Geological and 
Geophysical Survey ofNorthem Australia and exploratory 
drilling by the Queensland Department of Mines, the 
Golden Gate and Waratah batteries operated for a couple 
of years. All mining activity ceased on the field in 1942. 
Total gold bullion production from 1886 to 1958 was · 
52 039 kg. 

In 1974, Central Coast Exploration N.L. commenced 
exploration in the Tabletop and Golden Gate areas. Mining 
commenced in the Federation Open Cut in August 1984. 
From November 1984 to August 1985, 141 702 t of ore 
was produced for a gold recovery of 45% by heap leaching. 
Barrack Mines assumed technical management of the 
operation in 1985 and suspended mining operations to 
concentrate on delineation of ore reserves. Barrack Mines 
and Central Coast Exploration entered into a joint venture 
with Pancontinental Mining in 1987 and a central 
processing plant for carbon-in-pulp treatment was erected 
near Croydon. Ore was sourced from Central Coast's open 
cuts on the Federation, Glencoe, Jubilee, La Perouse and 
Mount Morgan deposits and Pancontinental's open cuts 
on the Content, Golden Butterfly, Golden Butterfly North 
and Lady Isabelle deposits. Underground mining from a 
decline in the base of the La Perouse Open Cut commenced 
in April 1989. Mullock from dumps at the major historical 
workings was also processed. Ore reserves were close to 
exhaustion by the end of 1989 and the operation was placed 
on a care and maintenance basis in August 1990. The 
Croydon treatment plant has since been dismantled and 
removed. Total production from 1981 to 1990 was 7595.9 kg 
of gold bullion (2835.3 kg gold and 4760.6 kg silver; 
average 373 fine). 

The only currently operating mine in the Croydon area is 
a smaJ 1-scale underground operation at the City of London 
mine, near Moonlight Creek. It produced 4.33 kg of gold 
bullion (generally <60% fine gold) from 1988 to 1991. 

Croydon Gold (for Union Mining N.L.) recently purchased 
the Croydon leases and exploration penn its previously held 
by Central Coast Exploration N.L. Union Mining is 
examining the feasibility of setting up a mining operation 
based on the extraction of ore from a large number of small 
open cuts in the Croydon field and has upgraded available 
resources to 797 000 t at 3.5 g/t Au (Bruvel 1996). 

Oaks (Kidston) Goldfield 
The official discovery of alluvial go ld in the Oaks 
(Kidston) Goldfield was in 1907. Alluvial mining 
dominated the early production, with a recorded >645 kg 
of gold bullion won between 1907 and 19 10 (Bain & 
Withnall 1980). After the rapid depletion of the alluvial 
deposits, small-scale open cuts and underground mining 
of narrow quartz veins were undertaken with varying 
profitability. Between 1915 and 1921, three sizeable open 
cuts were bulk mined in the southwestern portion of the 
ore body at Wise's Hill. These mines closed in 1924 and 
only intennittent, small-scale mining continued until 1948, 
when the last stamper battery closed. In this period, some 
200 945 t of ore was mined for 1309 kg of gold, at an 
average grade of 6.5 g/t Au (Baker & Tullemans 1990). 
Between 1950 and 1963, minor production only was 
reported from alluvium and reprocessing of tailings. 
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.The Kidston deposit .was extensively explored in the 1930s 
by Gold Mines of Australia and, in the 1960s and 1970s, 

-by Anaconda Australia Incorporated. During this time, its 
nature as a major, gold-bearing breccia pipe was 
recognised, although the bulk mineable potential of the 
deposit had been recognised much earlier. It was, however, 
sub-economic at the prevailing gold price. Placer 
Exploration took over an option on the leases in 1978 and 
commenced intensive exploration. With a higher gold price 
and the advent of heap leaching technology, the Wise's 
Hill area proved to be an economic open cut mining 
proposition. Kidston Gold Mines commenced production 
from the Wise's Hill pit in early 1985 and, up until the end 
of 1995, produced 73 073 kg of gold, 39 123 kg of silver 
and 1930 kg of gold bullion. Two small open cuts were 
planned at Mack's and North's Knobs to access near
surface mineralisation. Mining of 5 Mt of oxide reserves 
commenced in mid-1994, but the discovery of orebodies 
at depth beneath North's Knob, and the identification of a 
connection between the surface mineralisation and that at 
depth, led to a redesign of mining operations in this area. 
A large single open cut (the Eldridge pit) which will be 
similar in size to the existing Wise's Hill pit, is now in 
operation (Atlas Plate 15). 

Minor Goldfields 
Several -small goldfields in the Georgetown Region 
produced minor alluvial and lode gold between 1895 and 
1912. These include the Esmeralda, southeast of Croydon, 
Lucky Creek, east ofWelcome Downs, Balcooma, 10 km 
east-northeast ofThe Oasis, Tate, near Fischerton, Mount 
Wandoo, west of Mungana, Golden Treasure, near 
Bolwarra, and Williamstown Creek, north ofBolwarra. 

Gold was recovered as a by-product of copper mining at 
Cardross, 32 km northwest of Mungana, and from other 
copper mines in the Mungana- Chillagoe area. Total 
producti~n was 68.6 kg of gold and 2719.3 kg of silver. 

Copper 
The Einasleigh copper deposit was discovered in 1864 and 
mined until 1867, when it closed, apparently due to the 
high cost of freight (Wegner 1990). It was reopened in 
about 1898 and considerable development work included 
the establishment of a smelting works. The mine closed 
again in 1902, primarily because of transport difficulties, 
and remained idle until 1907. In that year, copper prices 
were on the rise and construction commenced on the 
Forsayth to Almaden rail line. The Einasleigh copper mine 
was, in fact, a vital factor in the decision to construct the 
line to Charleston (Forsayth) via Einasleigh rather than to 
Georgetown. Extensive mine development followed. In 
1911 the mine was purchased by the Chillagoe Mining 
Company and by 1913 it had become the chief source of 
supply for the Chillagoe smelters. To meet the requirements 
of the smelters, production was increased at the expense 
of development. Reserves were outstripped by mining and, 
when belated attempts to prove additional reserves failed, 
the mine closed in 1914. It was reopened in 1919 by the 
Queensland Government and operated as a State mine until 
1922, at which time the falling price of copper forced its 
closure (Queensland Department of Mines 1953). The 
Einasleigh mine produced 8237 t of copper, 4083 kg of 
silver and 71.2 kg of gold from I 36 412 t of ore. 

The Halls Reward (or Ninety Mile) mine near Lucky 
Downs homestead produced 12 836 t of ore containing 
2236 t of copper, 66.9 kg of gold and 196 kg of silver 
between 1933 and 1958. 

Numerous copper-silver mines in the Cardross (Arbouin) 
area, west-northwest ofMungana, were mined from 1898 
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until about 1939. Mines in this area include the Arizona 
Group, Callighan Springs Group, Cardross L-line Group, 
Laureate Group, Noonday mine, Salt Creek Group, Sink
I-Loo Group and Spaniard mine (lshaq et a l. 1987). The 
total recorded production is 2143 t of copper, 2712.2 kg 
of silver, 68.6 kg of gold and 0.54 1 of wolframite, but 
production figures are incomplete or missing for most of 
the mines. Copper and silver were also produced from the 
Mammoth group of mines, between Cardross and 
Mungana, and from theDargalong group of mines, south 
ofMungana, between 1890 and 1925. 

The Ortona copper mineralisation was discovered in 1899. 
Mining continued unti I I 919 but was hampered by 
transport difficulties. The mine was reopened in 1944 and 
mining continued until1956. The recorded production was 
461 t of copper, 965 kg of lead, 63 I .4 kg of silver and 2.87 
kg of gold from 1982 t of ore. The nearby Orontes mine 
produced 30 t of27% Cu ore before 1913. 

The Daintree copper mine, 27 km east- southeast of 
Kidston, produced 293 t of copper, 18.0 kg of silver and 
0,03 kg of gold from 1808 t of ore from 1909 to 1944. 

Minor copper production has also come from quartz-gold 
lodes in the Georgetown- Forsayth-Percyville area, from 
the Carsons and Castle deposits in the Twelve Mile area, 
from the Eight Mile copper lodes 6 km northwest of 
Gilberton homestead, from several small copper mines in 
the Stockman Creek area west of Einasleigh, from the 
Kaiser Bill and Teasdale mines in the Mount Misery area 
southwest of Einasleigh, from the Elizabeth and New 
Moon mines in the Mosquito Creek-Glenrowan Creek 
area, from several small copper deposits in the Eva Creek 
area, from the Talaroo copper deposit north of Eveleigh, 
from several small copper deposits in the McMillan Creek 
area southwest ofEveleigh, from the Gordon Stanley mine 
southwest of Oak Park, from the Mount Little copper mine 
2.5 km southeast of Mount Little homestead, and from a 
number of small mines in the Fossilbrook area. · 

Lead 
Lead occurs in minor amounts in many of the quartz- gold 
lodes in the Etheridge Goldfield. However, lead was 
generally not recoverable until after the opening of the 
Forsayth-Aimaden railway in 1909, which allowed the 
economic transport of concentrates to the Chillagoe 
smelters. Production from the Georgetown-Forsayth
Percyv_ille area was 1672.2 t 

Several small mines in the Mosquito Creek area were first 
developed as gold mines but were later worked for silver 
and lead. Workings were restricted to the oxidised zone 
and production totalled 911.06 t of lead and 327 I .64 kg 
of silver. The Comet deposit, 12 km northwest of Robin 
Hood Station, was discovered in J 930 and was worked 
until1938 and again from 1947 to 1953. Total production 
was 209 t of lead, 518.694 kg of silver and 1.477 kg of 
gold from 410 t of ore. The Dargalong group of mines, 
south ofMurigana, produced 130 t of lead, 2 .5 t of copper 
and 643 kg of silver between 1890 and 1925. 

Minor lead (and silver) production has also come from 
the Alcade and Hells Doorway mines at the Six Mile, from 
the Big Hope and Big Surprise deposits at Cave Creek. 
from the I 0 I mine at Eveleigh. from the Elizabeth mine 
near Glenrowan Creek, from the Mount Johnston and 
Knights ofMalta mines at Mount Johnston, from the Lone 
Hand deposit in the Green Hills Goldfield, and from the 
Snake Creek mine 95 km southeast of Croydon. 



Tin 
Alluvial tin mining commenced on the Tate River in 1882 
and soon spread south to the Fulford Creek area. The main 
workings on the Tate River and its tributaries were centred 
on Fischerton, near the junction of the Tate and Rocky 
Tate Rivers. From 1883 to 1903, I 00 to 200 t of 
concentrates was produced annually but production 
subsequently fell to a few tonnes per year. ln the 
Fossilbrook area to the south, alluvial tin has been mined 
along the Lynd River and its tributaries. Alluvial tin has 
also been mined in the Rocky Whistler Creek area to the 
east of Fossilbrook. Eluvial and lode tin mining were 
carried out at Round Mountain and Four Mile Camp. ln 
the 1960s and 1970s, mechanised alluvial mining was 
widespread in this area, but the tin market collapse in 1983 
led to the cessation of all tin mining activ.ity. The total 
cassiterite production from this area is not known. 

Alluvial cassiterite deposits were discovered at Angore in 
1888. This field probably included the Lancewood-
0 ' Briens Creek area and may have extended as far east as 
Truxillo, north of Mount Surprise (Barker et a!. 1996b ). 
Total recorded production was 630 t, the main production 
periods being 1888-1920 and 1973-1986. Intermittent 
production totalling 136 t of cassiterite concentrates has 
been recorded for Elizabeth Creek from 1977 to 1993. This 
~igure includes some production from tributary streams 
1n the area, such as Spring, O'Briens, Nine Mile, Six Mile, 
Lancewood and Bonnor Creeks. Most early production 
from the Angore- Lancewood-Truxillo field was attributed 
to Angore. Considering the remote nature of these areas 
in the early years of production, the incomplete nature of 
the production records, and the fact that even in more recent 
times, mining is known to have occurred in some streams 
for which no production has been recorded, the total 
production is almost certainly much greater than that 
reported. Minor small-scale alluvial tin mining is still 
carried out in the area. . 

Tin was discovered in the Stanhills Iinfield in 1900. 
However, Clappison (1940) reported that cassiterite may 
have been discovered here not long after the discovery of 
gold at Croydon in 1882. Production was limited by a lack 
of water, absence of a battery, uncertainty as to the 
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continuity of the lodes, lack of tin mining expertise, and 
the greater attraction of the Croydon field and gold mining 
in general (Warnick 1985). 

Attention was drawn to the alluvial deposits in 1906 and 
1907 and the Mount Cassiterite lodes were discovered and 
opened up in 1907. The Croydon Hope mine was opened 
up in 1913 and was the only mine being worked at the end 
of 1914. No production was recorded between 1915 and 
1919. Mining recommenced in the early 1920s, when ore 
was treated at the lrvinebank and Richmond batteries. The 
Department of Mines bui lt a concrete dam and a S-head 
stamper battery at Stanhills, near the head of Ten Mile 
Creek in 1925 and 1926. Small-scale production continued 
until 1949. Total recorded production of cassiterite 
concentrates was 279.51 t, including 201.32 t from 4315.7 t 
of ore and 78.19 t from alluvial deposits. The major 
producers were the Comet, Brilliant, Croydon Hope and 
Vincent mines. 

Minor alluvial and lode tin production have also come from 
Eva Creek( I 0 km south of Eveleigh homestead), Tin Mine 
Gully near the Robertson River, Just in Time (Kellys 
tinfield) near Mount Adler north of Einasleigh, the 
Lochaber area, Scotties and Forlorn Creek east of the 
Mount Surprise-Georgetown road crossing of the 
Einasleigh River, Tintarple, Bayards Gully, Brodies Camp 
and from Bakers Camp, west of Mungana. 

Thngsten and Bismuth 
Scattered groups of quartz-wolframite lodes have been 
worked in the Tate River-Lynd River area. The major 
mining centres were Galata Range, Four Mile Mountain, 
Eight Mile Mountain, Grass Hut, Desert Creek, Garden 
Creek and the Castle. Total recorded production was 84.2 t 
of wolframite (and bismuthinite) concentrates between 
1910 and 1947. · 

Lode and eluvial wolframite were mined at Brodies Camp 
from 1910 to 1926, for a total production of 50 t of 
wolframite and >0.3 t of bismutite. Thirty tonnes of 
wolframite was produced from theAngore area from 1907 
to 1910 and 37 kg ofbismuthinite was produced in 1920. 

Table 3.3. Recorded tin, tungsten, bismuth, tantalum and molybdenum production. Georgetown Region. 

TOTAL » 3885.8 203.3 174 .2 7..1 >1.8 50.5 
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Table 3.4. Recorded nickel. cobalt, fluorite, titanium and uranium production, Georgetown Region. 
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Lode Rutile 1.7 
Limkins 1950s 10 tat 1.5-4% 
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TOTAL 428 762 35776 >22 091 1.7 10 

Table 3.5. Recorded gemstones, limestone, barite, mica and slate production, Georgetown Region 
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Lava Plains 1985-1988 340000 
O'Briens Creek 1977-1985 34.54• 3.27 
Eliiabeth Creek 1982-1992 >8 >1.37 
Agate Creek 1940s 
Buckland lease 1987-1993 
Limestone 1906-1910 
Barium 
Mou11t Surprise 1943 
mica deposit 
Mount Kitchen 1941 
Blackwell quarry J970s-1989 

TOTAL $340 000 >42.54 >4.64 

Minor tungsten and/or bismuth production has also come 
from the Eight Mile scheelite mines and Dividend Gully 
(southwest of Percyville), the Lochaber tungsten deposit 
and Bismuth Creek (south of Kidston) and Bakers Camp 
(west ofMungana). 

Molybdenum 
Molybdenum mineralisation in the Khartum area, 13 km 
southwest of Almaden, was discovered in 1900 and was 
worked from 19 I 3 to 1919. The main mines were the 
Admiral Beatty, Ajax and Kitchener. Total recorded 
production was 50.5 tofmolybdenite and I tofwolrramite. 
Minor molybdenum mineralisation was also found at the 
Morning Glory, north ofEinasleigh, but no production was 
reported. 

Nickel and Cobalt 
Nickeliferous laterites in the Greenvale area were mined 
by ·Queensland Nickel between 1974 and 1992. Total 
production was 428 762 t of nickel and 35 776 t of cobalt 
(Wallis 1994), including 50 000 t of ore from the Lucknow 
deposit (Withnall et al. 1996a). 

Uranium 
Ten tonnes of uranium mineralised rock was raised from 
LinJkin s uranium prospect, 8 km east-northeast of 
Per~yville, in the 1950s. The ore averaged I .5-4% U30 8 

equivalent, but was not treated. 

Gem~tones and Semi-precious Stones 
Topaz and Aquamarine 
.The. 0 'Briens Creek area, northwest of Mount Surprise, 
is wel l-known as a source of gem-quality topaz and 
aquamarine. The area is primarily reserved for non
commercial collectors as a Gem Fossicking Area and the 
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production from the area by fossickers has not been 
recorded. 

A hard-rock source of aquamarine was mine.d at Rurab, 
near Elizabeth Creek, between 1982 and 1992. Recorded 
production totals> 1.37 kg of aquamarine. Six tonnes of 
selected ore, containing 12% beryl, was produced from 
the Amber Pinnacle (Emerald) lease, near Amber 
homestead, in 1965. 

Sapphire and Peridot 
Gem quality blue sapphires have been mined from the Lava 
Plains area since the early 1970s. The recorded value.of 
production from 1985 to 1988 was $340 000, but the actual 
gem production is likely to have been much higher. The 
area is now covered by a number of mining leases and 
exploration permits, but there is no current mining activity. 

Peridot and sapphire were discovered at Cheviot Hills 
(Chudleigh Park) in about 1923 (Levingston 1979), but 
no official production figures are available. A reserve (RA 
187), proclaimed over the diggings by the Department of 
Mines and Energy in 1988, is popular with gem-fossickers 
seeking peridot, sapphire, zircon and moonstone. 

Agate 
The occurrence of agate at Agate Creek was first reported 
by Cameron ( 1900). However, it was not until the 1940s, 
when agate was used in the manufacture of bearings for 
scientific instruments and acid-resistant valve settings, that 
commercial mining of agate began (Ridgway 1945). 
Production totalled 340 kg of agate and chalcedony. As a 
result of increased int~rest in agate as an ornamental stone 
in the 1960s, Agate Creek became an important fossi cking 
locality. The Agate Creek area has been covered by a 
Departmental Reserve since 1965 and was gazetted as a 
Fossicking Area in 1995. It is popular with amateur 



collectors and tourists. The total agate production from 
this area has not been recorded. 

In 1903, agate from the Little River area was collected for 
exhibition purposes. Little fossicking has been carried out 
here because the deposits are on private property, but the 
stones are of lower quality than those at Agate Creek 
(Denaro & Morwood 1997). 

Tantalum and Niobium 
In 1943, 0.5 t of tantalite concentrates was mined from 
the Buchanan :S deposit, west of Forsayth. Minor tantalite 
has also been mined at nearby Grants Gully. Dividend 
GuLly, southwest of Percyville, was worked intermittently 
for alluvial bismutite and tantalite between 1881 and the 
First World War, when -several hundred kilograms was 
produced (Withnall 1981 b). 

Antimony 
A small antimony prospect at The Gap, 6 km west
southwest o f Carpentaria Downs, was worked in the mid-

. 1960s. About 7 t of ore was mined but was not of high 
enough grade for sale. 

Titanium 
The Lode Rutile mine, southwest of Mungana, produced 
I. 7 t of 86% Ti0 2 concentrates from 6.5 t of ore in 1955. 

Limestone 
From 1906 to 1910, -800 t of limestone was mined from 
the Gilberton Formation at the Limestone deposit, near 
Prestwood and was calcined at the Aurora mine for use in 
cyanidation. 

Miriwinni Lime Company produced 41 320 t of limestone 
and dolomite at its Buckland lease, I 2 km west- northwest 
of Mount Surprise, from 1987 to I 993, and currently 
produces 8000-10 000 t per year. 

Barite 
Barite is reported to have been mined at Barium, on the 
southern outskirts of Einasleigh. Rawlins & Simpson 
( 1967) estimated total production as less than 50 t. 

Fluorite 
The Mungana and Tate River areas were Queensland's 
largest fluorite producers. The Fluoric Lode and Jackson 
groups, near Mungana, produced > 18 153 t of fluorite 
between I 924 and 1970. The Rocky Tate and True Blue 
groups of mines, south of Fischerton, produced >2482 t 
between 1922 and 1959. McCords mine, north of 
Fischerton, produced I 362 t between 1937 and 1942 and 
the Eaglehawk mine, southwest of Almaden, produced 94 t 
between I 951 and 1954. 

M ica 
In 1943, 0.25 t of mica was mined from the Mount Surprise 
mica deposit, near the Mount Surprise- Georgetown road 
crossing of the Einasleigh River (Ridgway 1943a). It was 
found to not be of commercial grade. The Mount Kitchen 
mica mine, west of Mungana, produced 0.13 t of mica in 
1941 . 

Building Stone 
Since the mid-1970s, small quantities of mica schist and 
multicoloured siltstone and mudstone of the Corbett 
Formation have been intermittently quarried as 'slate' from 
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a number of deposits in the North Head and Gilberton 
areas (Trezise 1990). Mining is stil l carried out 
occasionally by Cairns Slate on the Blackwell l, Blackwell 
2 apd Shannon 's Place leases. The slate is quarried for 
floor tiles, random pavers, landscaping and furniture. Other 
slate quarry developments have been carried out by Gilbert 
River Quarries at a site 26 km northwest of Gilberton 
Station and Queensland Stone Constructions and 
Contractors at a quarry 4 km south of the Blackwell quarry. 

An unknown amount of Elizabeth Creek Granite, quarried 
as blocks at the Surprise Red mine near Elizabeth Creek 
in I 990 and 1991, was processed outside Queensland for 
use as a building stone (Trezise 1990). 

R·ecent Mineral Exploration 
TJ Denaro 
Exploration in the Georgetown Region has been 
summarised in mineral occurrence reports for individual 
I: I 00 000 and l :250 000 sheet areas (Barker et al. I 996a; 
Barker et al. l996b; Barker et al. 1997; Culpeper et al. 
1996; Culpeper et al. in prep.; Dash et al. 1988; Denaro & 
Morwood 1997; lshaq et al. 1987; Lam et al. 1988, 1989; 
Lam 1994a,c; 1995b; Rees & Genn in prep.). 

The first Authorities to Prospect were issued in 1962 and 
were taken out mainly by individuals. An Australia-wide 
'mining boom ' in 1969 and 1970 led to a pro liferation of 
mineral exploration companies, and the Georgetown area 
experienced its first period of intensive company 
exploration (Withnall 1976a), the main targets being gold 
and base metals. 

A second exploration boom in the 1970s resulted from 
the 'energy crisis' . T he main target was uran ium 
mineralisation, which was found in the Georgetown area 
in potentially economic concentrations at the Maureen 
Prospect. By I 981, I imits placed by the Federal 
Government on the granting of export permits for uranium 
(the 'Three Mines Policy') had led to the cessation of 
uranium exploration. 

Since the early I 980s, gold has been the main target, 
particularly following the development of the Kidston 
mine. More recently, base metal mineralisation in 
Proterozoic rocks has been of interest. Exploration has 
also been carried out for tin, tungsten, nickel, cobalt, 
titanium, fluorite, diatomite, graphite and gemstones. 

Gold 
The first truly successful recent gold exploration in the 
Georgetown Region was in the old Oaks Goldfield . In 
1960, Anaconda (Australia) I ncorporated carried out 
exploration at Kidston. Mineralisation was found to be 
disseminated in a breccia pipe, but was not economic at 
the prevailing gold prices of the mid-1960s. Anaconda 
again took up an Authority to Prospect over the deposit in 
1974 but prices were still too low to allow development. 
In I 978, Placer Exploration took over an option on the 
Kidston leases and commenced intensive exploration 
leading to the opening of the Kidston gold mine in 1985, 
with reserves of 44.4 Mt at 1.76 g/t Au and 2.2 g/t Ag 
(Withnall & Grimes 1995). The opening of the bulk 
tonnage, low-grade Kidston deposit brought a resurgence 
of gold exploration activity to the Georgetown area. 

Kidston Gold Mines has extensive ly explored the area 
surrounding the Kidston mine in a search for gold ore to 
prolong the life of its mining operation. Several prospects 
have been identified but none have proved to be economic. 
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However, exploration at the Kidston mine has extended 
the ore reserves and Kidston currently has total proven 
and probable reserves of 50.351 Mt at 1.18 g/t Au and 
total measured and indicated resources of 71.522 Mt at 
1.14 glt Au (Register of Australian Mining for 1996/97). 

From 1968 to 1973, Pickands Mather and Company 
International and Phillips Copper Mining Company carried 
out gold exploration in the old Croydon Goldfield. 
Investigations concentrated on the known gold-bearing 
quartz lodes, but no viable mining propositions were 
ide"ntified. Exploration by Central Coast Exploration N.L. 
in the Croydon and Tabletop areas and by Argosy Gold 
Mines N.L. and Pancontinental Mining in the Golden Gate 
area led to the establishment of a large, b1:1lk, low-grade 
mining operation at Croydon in the 1980s. Union Mining 
N.L. (Croydon Gold) is evaluating the area with a view to 
setting up a new mining operation. North Queensland 
Mining is exploring the Moonlight Creek area, southeast 
of Croydon. 

Since 1962, numerous com.panies have investigated the 
known gold-quartz veins of the Etheridge Goldfield and 
carried out some 'grass roots' exploration for new lodes 
and alluvial deposits. Companies which have carried out 
significant exploration include A.O.G. Minerals, MRX, 
Castlegold, the Shell Company of Australia, Howard-Smith 
Exploration, Central Coast Exploration N.L., Houston Oil 
and Minerals Australia Incorporated, Seltrust Mining 
Corporation, Union Mining N.L. and Sedimentary 
Holdings. 

Since 1991, Union Mining N.L. has investigated gold
quartz veins in the Georgetown- Forsayth area and set up 
a mining operdtion based on numerous, small deposits and 
a central processing plant. Bruvel ( 1996) reported a total 
resource of 1.093 Mt at 3.6 gltAu held under mining lease. 
Exploration for additional resources continues. 

Carbonaceous and pyritic members of the Proterozoic 
Etheridge Group have been targeted by several companies 
as potential hosts for Carlin-style gold mineralisation since 
preliminary sampling of the Stockyard Creek Mudstone 
Memberofthe Candlow Formation returned assay results 
in the order of 3-6 g/t Au over sample intervals of up to 
46 m. Sampling by Newmont and Union M iniere 
Development and Mining Corporation revealed grades of 
up to 17.8 g/t Au, but most samples had extremely low 
grades (Withnall 1976a). Exploration has also been carried 
out by Western Mining Corporation, Amax Iron Ore 
Corporation, Tenneco Oil and Minerals of Australia 
Incorporated, Keela-Wee Exploration and Bridgelong, but 
no significant mineralisation has been found. The highest 
grade intersected in drilling by Samedan was I mat 1.39 
ppm Au . Keela-Wee Exploration and BP Minerals of 
Australia carried out stream sediment and BLEG sampling 
in the Forest Home-North Head area from 1988 to 1990. 
Minor gold anomalism was associated with the Etheridge 
Group, but most anomalous results were considered to be 
due to gold derived from Mesozoic sediments. 

Exploration has been carried out for epithermal and 
mesothermal vein deposits associated with Carbon!ferous 
to Permian volcanics. Numerous sub-economic 
subvolcanic breccia prospects, including the Bald 
Mountain, Beverly, Anastasia and Sulphide Cap prospects, 
have been delineated. 

Most of the rivers and creeks in the Georgetown-Forsayth
Gilberton area have been explored for alluvial gold. Mining 
leases were pegged where results were promising and 
manycalculated an inferred resource of2 Mt at 0.5% Cu, 
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including I Mt at 0.6% Cu. More recent exploration has 
been carried out. 

Base metals 
Detailed exploration for base metals has generally been 
restricted to the vicinity of known mines and prospects. 
Several newly discovered gossans have also been explored. 
Significant historical producers which have been covered 
by detailed geochemical, geophysical and drilling 
programs include the Einasleigh, Daintree, Halls Reward 
and Ortona mines and the Eight Mile Group of mines 
(Withnall1976a). Most former mines and small prospects 
have also been inspected. Much of the exploration at the 
historically significant mines has been carried out under 
mining lease tenure and results have not been submitted 
to the Department of Mines and Energy. 

Several significant examples of stratabound/stratiform 
base metal mineralisation have been found in the Etheridge 
Group in the eastern half of the Etheridge Province. 

The Einasleigh copper mine has been examined by 
Carpentaria Exploration Company, Trans-Austra lian 
Explorations, North Interior Exploration and Combined 
Mining and Exploration N.L. Combined Mining and 
Exploration dewatered the old workings in 1970 and 1971 
and carried out drilling from the underground workings. 
The deposit was calculated to contain an inferred resource 
of 206 660 t at an average grade of 2.13% Cu (Dewar 
1972). The mine is currently held as MDL 93 by Otter 
Exploration N.L. 

Detailed exploration has been carried out at several base 
metal prospects in the Stockman Creek area since 1966, 
particularly by Carpentaria Exploration Company (Raw] ins 
& Simpson 1967), Trans Australian Explorations (Perkin 
1971 ), Mcintyre Mines (Australia) and North Interior 
Exploration (Withnall 1976a). CRA Expl o ration 
investigated several silver-lead-zinc prospects in this area 
for Otter Exploration N.L. from 1976 to 1982. Exploration, 
including drilling, was carried out at the Dreadnought, 
Mount Misery and Railway Flat prospects. The stratabound 
nature of the deposits was recognised and a resource of 
3.65 Mt at 2.45% Pb and 5.54% Zn was inferred for Mount 
Misery (Onley 1978a). In 1991 Otter Exploration N.L. 
was granted several mineral development licences covering 
the Mount Misery, Dreadnought, Teasdale East, Kaiser 
Bill, Railway Flat, Einasleigh North and Bloodwood Knoll 
prospects. 

Mines Exploration located an extensive gossan in 
metasomatised gneiss and skarn southwest ofWerrington 
homestead in 1969. Geocliemical and geophysical 
anomalies were drilled and sub-economic copper, zinc and 
molybdenum grades were intersected (Trezise 1971 ). In 
1975, Newmont located additional gossanous outcrops in 
the area. Drilling was carried out at the Friday, Lauries, 
Whitewood and Emu Swamp gossans. The best intercept 
was l 0.49 m at 0.55% Cu from the Lauries gossan (Teluk 
1978). Carpentaria Exploration Company carried out 
additional drilling and sampling in 1980 (Janecek 1982). 

Carpentaria Exploration Company investigated the 
Daintree copper mine iiJ 1964 and 1965 (Marlow 1966a). 
Inve·stigations by Laskan Minerals and Anglo American 
in the 1 970s suggested that the deposit contains about 
660 000 t of 1.6% primary copper and 200 000 t of 1-3% 
secondary copper (Grant & McNaughton 1975). Drilling 
by Getty Oil Development Corporation in 1981 failed to 
delineate any significant extensions to the mineralisation 
(Whitcher 1981 ). 



Exploration has also been carried out in the Eveleigh 
(Davies 1972; Bold 1980), Talaroo (Sheppard & 
Brescianini 1990), Ironstone Knobs (Whitcher 198 I; 
Bichard 1983), and Ortona and Eight Mile (Glasson 1966) 
areas. 

The results of stream sediment geochemistry have been 
disappointing in the search for base metal deposits in the 
western half of the Etheridge Group. Anomalies are 
generally of low order and commonly attributable to small 
gossans and old mines and prospects (Withnall 1976a). 
The graphitic and pyritic Stockyard Creek Mudstone 
Member of the Candlow Formation and other 
carbonaceous and pyritic members of the Heliman, 
Townley, Robertson River and Candlow Formations have 
been the target of repeated base metals exploration because 
of their perceived potential to host major stratiform/ 
stratabound mineralisation. These formations have proved 
to be anomalous in Pb, Zn and Cu in places. Aeromagnetic 
and geochemical surveys have been used to target several 
anomalies, but no economic mineralisation has been 
discovered. 

Significant copper-lead-zinc massive sulphide deposits 
have been discovered in the Balcooma Metavolcanics to 
the south of Conjuboy. The Balcooma deposit was 
discovered by Carpentaria Exploration Company in 1978. 
Total indicated and inferred resources are 2.9 Mt at 3.1% 
Cu and 0.4 g/t Au and 1.2 Mt at 0.9% Cu, 8.2% Zn, 3.9% 
Pb and 56 g/t Ag (Withnall & Grimes 1995). It is owned 
by Lachlan Resources N.L. The Surveyor deposit was 
discovered by Geopeko in 1976 and has been investigated 
jointly by NorandaAustralia, Pioneer Minerals Exploration 
and Lachlan Resources N.L. since 1983. Reserves are 0.48 
Mt at 19.7% Zn, 7.3% Pb, 0.8% Cu, 146 g/tAg and J g/t 
Au in the main ore body and 0.23 Mt at 6.9% Zn, 2.0% 
Pb, 1.6% Cu, 89 g/t Ag and 0.8 g/t Au in the stringer zone 
(Withnall & Grimes 1995). The Dry River South deposit 
was discovered by Carpentaria Exploration Company and 
contains an inferred resource of 1.1 Mt at I 0.6% Zn, 3.4% 
Pb, 0.8% Cu and 85 glt Ag. Lachlan Resources is now the 
sole operator of these prospects and a staged feasibility 
study is currently being carried out to assess their viability 
(Wallis 1993a,b). Exploration by Shell Minerals 
Exploration (Australia) (1974) at the Wyandotte (or Dry 
River) prospect, to the east of the Balcooma deposits, 
indicated at least 450 000 tat 2.5% Cu in two ore shoots. 

A number of sub-economic porphyry copper- molybdenum 
systems related to late Palaeozoic intrusive rocks have been 
found in the Georgetown Region. The Mount Turner 
prospect was discovered by a joint GSQ-BMR mapping 
party in 1975. The Department of Mines carried. out 
geochemical, geological, geophysical and drilling 
investigations over the prospect (Baker 1978a,b; Baker & 
Horton 1982). Following the removal of Departmental 
restrictions over the area, Esso Exploration and Production 
Australia carried out an airborne radiometric survey 
(O'Kill 1981). More detailed appraisals of the porphyry 
system were carried out by Dolphin Exploration Company 
(Owen 1983) and CRA Exploration (Jeffress 1992) and it 
was concluded that the potential for an economic deposit 
is very low. 

The nearby Phyllis May prospect also proved to be sub
economic, as did the Mount May and Mount Valentine 
prospects, near the Lynd River ((Brown & Hammond 
1982) and the Awring prospect near the Little River 
(Fawckner 1984; Houston 1994). 

The Split Rock porphyry copper prospect, 30 km west of 
Mungana, was investigated by Cyprus Mines Corporation 
in the early 1970s. Cyprus Mines Corporation (1973) by 
Newcrest Mining (Creenaune 1994). 
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Tin 
Exploration for lode and alluvial tin deposits was carried 
out from the 1960s to mid-1980s, particularly in the 
Stan hi lis (Lissman & Anthony 1963; Marlow 1966b; 
Coxhead 1973; Stewart 1979; Woodward I 984; Dawney 
1989), Langlo Yale (Govey 1983), Gilbert River 
(Ravenshoe Tin Dredging 1983; Zimmerman 1982), Tin 
Mine Gully (Cook I 983), Eva Creek (Wright & Hatcher 
1972), Wirra Wirra (Minifie 1982; Pretorius 1986), 
Einasleigh River-Angore- Elizabeth Creek (Loloma 
Mining Corporation N.L. 1967; Quinn & Khoo 1981; 
Kinnane 1980; Ekstrom 1986; Ekstrom & llsley 1982), 
Lynd River (Graham 198 I; Davis 1992a,b ), and Tate River 
areas. No economic lode deposits have been found but 
several alluvial prospects identified in the Elizabeth Creek 
and Lynd River areas were mined up unti I the mid- I 980s. 

Norminco have targeted the Soda Springs deposit in their 
Tate River project as a mineable deposit. This deposit 
contains an indicated resource of 1.5 million bank m3 @ 
400 glbank m3 cassiterite and an inferred resource of 2 
million bank m3 (Register of Australian Mining 1996/97 
p30J). 

Tungsten 
Exploration by Howard-Smith Exploration, West Coast 
Holdings and Command Minerals N.L. indicated that the 
Awring Prospect, near the Little River, is primarily a 
tungsten deposit, with associated copper, silver and tin in 
an intensely altered, pipe-like body proximal to a large 
zone of collapse breccia. Grades are uneconomic and the 
deposit appears to have a limited size potential (Fawckner 
1984). 

Geochemical sampling by Houston Oil and Minerals 
Australia Incorporated in 1979 detected scheelite 
mineralisation in the Six Mile Creek and Glenroth Hut 
areas, in the Gilberton I: I 00 000 sheet area. Drilling failed 
to intersect any significant mineralisation. Significant 
tungsten was detected in a stream sediment survey in the 
Bismuth Creek area, near Werrington, where minor 
wolframite mineralisation was found in pegmatite. 

Mareeba Mining calculated reserves of 3.75 Mt, with a 
cutoff grade of0.5% W03 for the Burlington One prospect, 
southwestofFossilbrook, in 1982 (Ekstrom & llsley 1982): 

Nickel and Cobalt 
Nickeliferous laterites in the Greenvale area were first 
investigated by the BMR in 1957 (White et al. 1961; White 
I 965). Metals Exploration N.L. and Freeport Minerals 
Company established reserves of 40 Mt averaging I .57% 
Ni and 0.2% Co at Greenvale (Fletcher & Couper 1975). 
This deposit was mined by Queensland Nickel between 
I 974 and 1992. The Lucknow laterite, 6 km southeast of 
Greenvale, was also evaluated in the late I 960s by Metals 
Exploration N.L. Indicated resources were calculated as 
2.1 Mt at 0.82% Ni and 0.38% Co (Fletcher et al. 1969). 

A.O. (Australia) delineated four nickel deposits with a 
combined resource of26 Mt at 0.73% Ni (including 3.15 
Mt at 1.27% Ni) at Minnamoolka in 1977. Inferred 
resources at the Gunnawarra deposit were estimated as 
9.8 Mt at 1.55% Ni, with a 1% Ni cutoff. A feasibility 
study indicated that the deposits were sub-economic and 
that cobalt grades are generally low (Zeissink I 977). 

Uranium 
Central Coast Exploration N.L. delineated significant 
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radiometric anomalies in the Maureen Volcanic Group in 
the Iron hurst area in 1971, and several leases (the Maureen 
group) were taken up.-An initial drilling program in 1972 
intersected uranium mineralisation associated with fluorite 
and molybdenum (O'Rourke 1975). Getty Miningjoined 
the venture in 1974 and a more extensive drilling program 
commenced. Indicated reserves announced in March 1976 
were 1.12 Mt of ore containing 0.18% (2020 t) U30 8; 

inferred reserves were 1.27 Mt of ore containing 0.13% 
(I 650 t) U30 8 (Withnall 1976a). The mining leases over 
the prospect were cancelled in 1993. 

Dolphin· Exploration Company discovered uranium 
mineralisation at the Lineament Anomaly, near Mount 
Turner, in the late 1970s. Significant uranium 
mineralisation was found adjacent to a dolerite dyke at 
the Central 50 prospect for a strike length of 170m and to 
a vertical depth of200 m. Ore reserves were calculated as 
374 500 t at an average grade of 0.155% U30 8 over an 
average width of 4.4 m, with a cutoff grade of 0.0452% 
U30 8 and minimum width of 1.5 m (O'Kill 1981). Later 
drilling downgraded the poteniial of the prospect. 
Exploration at the Somerset Prospect by Esso Exploration 
and Production Australia in 1977 gave best intersections 
of 5.4 m true width at 0.07% U30 8 and 4 mat 0.13% U30 8• 

Union Corporation (Australia) explored the basal 
sediments of the Carboniferous Newcastle Range Volcanic 
Group near Dagworth and detected traces of uranium 
(Withnall 1976a). Pechiney (Australia) Exploration carried 
out an extensive search for uranium mineralisation in the 
Newcastle Range Volcanic Group in the 1970s. An airborne 
radiometric and magnetic survey delineated numerous 
anomalies which were followed up by ground radiometries, 
mapping, soi l and rock chip sampling and drilling. 
Uranium mineralisation was found to be widespread in 
association with the basal sediments of the volcanics. 
Substantial zones of mineralisation were found at the 
Trident and Two Gee prospects, which had indicated 
resources of 148 000 t at 0.17% U30 8 and 173 000 t at 
0.07% U30 8 respectively (Crane 1983). Minatome 
Australia continued exploration of these prospects from 
1979 to 1982 and discovered several additional zones of 
minor uranium mineralisation, but failed to delineate any 
economic deposits. Urangesellschaft (Australia) carried 
out exploration in other parts of the Newcastle Range, and 
also at Mount Tabletop and in the Cumberland Range 
Volcanic Group, without success. 

Uranium mineralisation in theJuntala Metamorphics, near 
Werrington, was investigated by Esso Exploration and 
Production Incorporated in the late 1970s. The most 
promising radiometric anomalies were tested by costeaning 
and drilling to shallow depths. Drillholes intersected sub
economic uranium mineralisation in pyritic graphitic 
schist. · 

Esso Exploration and Production Australia Incorporated 
investigated uranium mineralisation in the Einasleigh 
Metamorphics at the Oasis Prospect, 13 km northwest of 
The Oasis. Significant grades, averaging 0.13% U30 8 over 
a 2.9 m width, were found to occur along a strike length 
of 200 m and to a depth of 100m (Tucker 1979). 

In 1970, Nickel Mines investigated the uranium potential 
ofthe Purkin Granite, southwest ofWerrington homestead. 
Samples from two significantly anomalous areas assayed 
up to 7.25 kg/t U30 8. In follow-up work, Urangesellschaft 
Australia identified secondary uranium minerals along 
joints in the granite. Rock chip samples assayed up to 220 
ppm U30 8. 
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Exploration has also been carried out for volcanic
associated uranium mineralisation in the Proterozoic 
Croydon Volcanic Group and associated small areas of 
Permian volcanic rocks. PNC Exploration (Australia) 
carried out an airborne spectrometer and magnetometer 
survey in 1984. Potential uranium host or source rocks 
were evaluated with ground radiometric surveys. Minor 
uranium anomalism was found associated with zones of 
hydrothermal alteration in the Croydon Volcanic Group 
and Olsens Granite. 

Planet Gold, Marumba Minerals N.L. and Union 
Corporation (Australia) examined the sediments of the 
Devonian-Carboniferous Gilberton Formation for 
uranium (Withnall 1976a). Central Coast Exploration 
discovered low-grade mineralisation in the area in 1976, 
the best result being a surface grab sample assaying 
0.034% U30 8. Radiometric prospecting delineated several 
anomalies. Grab samples assayed up to 2 .02% U30 8. More 
extensive exploration, including drilling by AGlP 
(Australia) in 1977-78 also failed to delineate any 
economic deposits. 

Several companies have explored the Georgetown Region 
for sedimentary uranium deposits in Mesozoic and Tertiary 
sediments overlying Proterozoic basement. Esso Mineral 
Enterprises Australia Incorporated carried out an 
exploratory drilling program southeast of Croydon and 
north of lronhurst in 1973 (Withnall 1976a). 

Gemstones 
CRA Exploration carried out extensive regional surveys 
for kimberlite indicator minerals in the Elizabeth Creek 
area in the late 1970s and early 1980s, but results were 
negative. CRA investigated Cawana Lake, in the 
northeastern comer of the Georgetown 1: I 00 000 sheet 
area, in 1985, with the view that this geomorphological 
anomaly might represent a kimberlite pipe. Dri lling 
indicated that the lake is not a reflection of underlying 
kimberlite (Fielding 1987). Microdiamonds have been 
recovered from alluvial deposits in the Elizabeth Creek 
area, but their primary source is sti ll open to speculation. 
CRA Exploration and Northern Diamonds currently hold 
Exploration Permits in the area. · 

Sapphire deposits in the Lava Plains area were targeted 
by Minstock Exploration, G and J the Gem Merchants, 
and Resolute Resources in 1988. Potential areas were 
delineated but subsequent investigations proved them to 
be sub-economic. 

Titanium 
Strategic Metals Corporation commenced exploration in 
the Prospect Bore area in 1981. An aeromagnetic survey 
delineated a southeast-trending lineament and a strong 
magnetic anomaly at Prospect Bore. Drilling intersected 
a layered gabbro with 2-3% magnetite and 3-4% 
titanomagnetite and samples gave an average grade of 
0.98% V20 5 and 15.5% Ti02 over a 98 m interval (Golden 
Plateau N.L. 1986). Additional geophysical studies led to 
the delineation of several magnetic anomalies which were 
interpreted as gabbro, kimberlite or carbonatite bodies. 
Drilling by Strategic Minerals Corporation N.L. failed to 
intersect anything of economic interest (Archibald et al. 
1988). 

Fluorite 
Exploration by Continental Exploration (1974) at the 
Jacques deposit, near Gingerella, delineated reserves of 
3000 t of fluorite to a depth of I 00 m. 



Diatomite 
Joint BM R-GSQ mapping parties discovered diatomite 
deposits associated with Cainozoic basalt to the east of 
Conjuboy in the 1950s. Diatomite Development reviewed 
the Conjuboy deposits in 1973 (Werner 1973). Metals 
Exploration ( 1982, 1983) showed that the diatomite is not 
continuous under the basalt. Advanced Process Technology 
commenced an assessment of the deposits in 1986, but 
the results are still confidential. 

Graphite 
Queensland Metals Corporation N.L. and Central Coast 
Exploration N.L. investigated the potential of graphitic 
granite and volcanics in the Croydon area as a source of 
graphite in the late 1980s and early 1990s. Central Coast 
Exploration N.L. proved total indicated and inferred 
resources, based on carbon grades alone, of 16.5 Mt at 
6.5% C for graphitic granite in the Golden Gate area. 
Metallurgical testing failed to provide the required grade/ 
recovery relationships (Van Eck 1990). · 

Known Mineralisation and 
Resources 
TJ Denaro. /W Withna/1, JHC Bain 
Mineral commodities recorded in the Georgetown Region 
include gold, silver, copper, lead, zinc, tin, tungsten, 
bismuth, molybdenum, nickel, cobalt, uranium, gemstones 
(topaz, aquamarine, diamond, agate, peridot, sapphire, 
chrysoprase, garnet), tantalum, niobium, antimony, 
titanium, limestone, barite, chromium, fluorite, graphite, 
mica, silica and building stone (granite, slate) (Table 3.17; 
Plate 3.2). Mineral deposits have been described in detail 
in the relevant mineral occurrence reports and in reports 
by de Keyser & Wolff( 1964), White ( 1965), de Keyser & 
Lucas (1968), Withnall (1976b), Withnall (1978), Withnall 
( 1981 b), Warnick ( 1985), Withnall & Grimes ( 1995) and 
Withnall et al. ( 1996a). Bain & With nail (J 980) and Bain 
et al. ( 1990) have summarised mineralisation styles in the 
Georgetown Region. 

Gold and Silver 
Plutonic Gold-Quartz Veins of the Croydon Province 
Gold mineralisation in the Croydon goldfield occurs in 
both the Croydon Volcanic Group and the Esmeralda 
Supersuite (particularly the Esmeralda Granite). 

The granite-hosted lodes (or reefs) comprise multiple 
quartz veins, which generally have a gentle northeasterly 
dip within an envelope or 'formation' of sheared granite 
and graphitic granite (Warnick 1985). They are generally 
large (up to 9 m wide) and are widest and richest where 
they intersect graphitic zones within I 000 m of the 
volcanic-granite contact . Reefs comprise graphite, 
arsenopyrite, minor pyrite, galena and sphalerite, and traces 
of gold (electrum), copper (in bullion) and rarely, native 
silver. Reid ( 1935) suggested that the lodes probably 
represent fissuring along zones of low-angle overthrust 
faults and are likely to be persistent in extent. North to 
northeasterly striking, near-verticallodes are also common. 

Although the majority of the gold-bearing quartz lodes 
are hosted by the volcanic rocks, they accounted for only 
one-fifth of the total production of the Croydon Goldfield 
(Warnick 1985). Most of these lodes are pyritic euhedral 
buck quartz reefs and zones of sheeted quartz veining 
which strike northerly and occur in near-vertical fissure~ 
or dip gently east. Sericitisation and silicification are the 
common alteration types associated with mineralisation. 
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The lodes range from <I m to 4.5 m in width and occur in 
localised clusters or groups. The major groups include the 
Mountain Maid, Homeward Bound, Mark Twain, 
Mulligans, Twelye Mile, Tabletop, Golden Valley and 
Carron River. 

The variable fineness of Croydon gold is an important 
factor in the economic viability of the lodes and the 
decreasing fineness with depth contributed significantly 
to the closure of many mines at shallow depths. There is 
also a lateral control, fineness generally being lowest near 
the volcanics-granite contact and increasing with distance 
away from the contact. The average fineness of granite
hosted lodes was 536, but ranged from <100 to 885. Gold 
fineness of volcanic-hosted lodes ranged from-533 to 857 
and averaged 737 (Edwards 1953). 

The nature of the gold lodes suggests that ore deposition 
was post-magmatic into fractures and faults within the 
consolidated Croydon Volcanic Group and Esmeralda 
Granite. Graphite occurs throughout the Croydon Volcanic 
Group and the Esmeralda Granite and is particularly 
abundant in the gold-bearing zones along and close to the 
contact. These zones were apparently areas of relative 
weakness which fractured and faulted, creating 
channelways for the passage of gold-bearing fluids. The 
lodes have been classified as plutonic veins by Morrison 
& Beams (1995). 

The mineralisation is most likely to be Proterozoic because 
it is associated with extensive areas of hydrothermal 
alteration that appear to be related to Proterozoic 
volcanism, and there are no nearby Palaeozoic igneous 
rocks (Bain et al. 1990). The spatial association ofthe gold
bearing reefs with the volcanics-granite contact, combin.ed 
with the regular variation in gold fineness both vertically 
and laterally away from that contact, are further evidence 
for a Proterozoic (granite-related) origin for the deposits 
(Mackenzie 1983). · 

However, K-Ar dating of sericite from two granite samples 
from the Croydon Goldfield gave apparent Palaeozoic ages 
of alteration for the Esmeralda Granite of353 ± 7 Ma and 
293 ± 3 Ma (Henderson 1989). K-Ar dating of sericite 
from granite drill core from the Golden Butterfly Open 
Cut gave 322 ± 2 Ma. Henderson considered these results 
to be unlikely to reflect true ages of alteration but_ rather a 
Carboniferous to Permian thermal event superimposed on 
earlier Proterozoic alteration and mineralisation. 

Polymetallic Go ld-Quartz Veins of the Etheridge 
Province . 
The majority of gold deposits in the historic Etheridge 
goldfield are within granites of the Mesoproterozoic 
Forsayth Batholith. There are also a great many small 
deposits in metasedimentary rocks adjacent to the granites, 
particularly between Forsayth and Georgetown, and in 
other Proterozoic or Silurian to Devonian granite bodies. 
Almost all of the deposits I ie within a belt of late Palaeozoic 
igneous rocks and east of the greenschist-amphibolite 
boundary in Proterozoic metamorphics (mostly within a 
belt of amphibolite-grade schists). Deposits that do not 
conform to this pattern are mainly associated with areas 
in which metabasic rocks are common, such as at 
Gilberton, Mount Moran and in the Western Creek area. 

The reefs are mineralised, I 00 mm-5 m wide, euhedral 
buck quartz veins with well-defined walls in generally 
steeply dipping fracture or shear zones in granite, schist 
or metabasite. Some reefs comprise a solitary quartz vein, 
others a zone of subpardllel veins and stringers, sometimes 
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flanking a large central vein . The smallest deposits are 
generally in a network of thin quartz stringers. 

The shallow (10-30 m) oxidised zones of the mineralised 
parts of these reefs consist of iron-stained quartz and 
limonitic gossan, locally with some cerussite, malachite 
and azurite. Below the watertable, the mineralised reefs 
are generally strongly pyritic, and galena, sphalerite and 
chalcopyrite comprise up to 50% of total sulphides. The 
proportions of base-metal sulphides vary within deposits, 
and between deposits and groups of deposits. Significant 
amounts of copper and/or lead occurred in some lodes in 
the Georgetown, Durham, Percyville and Forsayth areas, 
although in most cases only a few mines produced 
significant quantities. 

Isotopic dating (Bain et al. 1984; Bain 1987; Bain et al. 
1988, 1990) of the altered wall rocks of six widely spaced 
deposits, regarded as generally representative of the field, 
yielded Silurian to Devonian ages (398-426 Ma) only, 
indicating that the deposits are probably genetically as well 
as spatially related to 1-type granites of the Pama Province. 

Tate ( 1987a,b) divided the veins into two types- deep and 
shallow. The ·deep veins are characterised by large to 
moderate size veins localised in shears or faults, 
Proterozoic granite host rocks, consistent vein orientations 
within groups of deposits, a range of quartz textures (with 
medium comb quartz dominant), moderate to strong quartz 
brecciation, minor vugh space, rare carbonate infill, and 
minor lead and copper production. These veins were the 
major gold producers. Examples include the Cumberland, 
Durham, Spero Meliora, Georgetown mines (Grandpapa, 
Overland Telegraph, St George), Wexford, Glenrowan, 
Queenslander, Mountaineer, Big Reef, Havelock, Monte 
Christo, Goldsmiths, Lane Creek, Kitchen's Reef, Native 
Cat and Dairymaid deposits. 

The shallow veins are aligned in groups parallel to east 
and north-striking faults. They are characterised by groups 
of numerous, moderate to small veins dominated by fine 
comb quartz without brecciation, but with abundant vughs 
and high base metal contents. Some shallow veins are 
associated with Carboniferous to Permian intrusions, but 
many have 400 Ma ages for sericite alteration and are 
shallow vein equivalents of the typical deep vein systems. 
Examples include the International, Lighthouse, Western 
Creek, Dry Hash, Marquis, Gilberton, Mount Moran, 
Josephine-Four Gees and Percyville deposits. Tate ( 1987a) 
considered the Gilberton, Mount Moran, Josephine-Four 
Gees and Percyville deposits to be Carboniferous to 
Permian in age. 

Disseminated Replacement Gold Deposits (Carlin
style) in the Etheridge Province 
The stratigraphy of the Palaeoproterozoic sequence in the 
Etheridge Province indicates potential for disseminated 
replacement gold deposits of the Carlin-style. The Candlow 
and Lane Creek Formations in particular are thick, 
predominantly pelitic units containing highly pyritic, 
carbonaceous and locally calcareous mudstone, siltstone 
and sandstone that have been intruded by Mesoproterozoic 
granites. 

Preliminary sampling of the Stockyard Creek Mudstone 
Member of the Candlow Formation returned assay results 
in the order of 3--6 g/t Au over sample intervals of up to 
46 m. Exploration by Newmont and Union Miniere 
Development and Mining Corporation in 1973 returned 
rock chip assay results of <0. 17- 17 .8 g/t Au over 3-10 m 
in lines across the Stockyard Creek Mudstone Member, 
but duplicate samples returned up to 3.7 g/t Au only 
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(Newmont and Union Miniere Development·and Mining 
Corporation 1973). Samedan Oil Corporation drilled. the 
Candlow Formation in 1979 for a best intercept of 1 m at 
1.39 ppm Au (Baglio 1981 ). 

Gold Associated with Base Metal Mineralisation in the 
Dargalong Metamorphics 
Gold occurs in ferruginised and kaolinised, fault-controlled 
veins and fissures cutting altered gneiss and schist of the 
Dargalong Metamorphics at Mount Wandoo. Most of the 
gold is contained in arsenopyrite, pyrite and chalcopyrite. 
Mineralisation is almost certainly related to late Palaeozoic 
felsic magmatism. The Cardross mines produced 
significant amounts of gold as a by-product of copper 
mining. 

Stratabound Gold Mineralisation in the Lucky Creek 
Metamorphic Group · 

Gold mineralisation in the Lucky Creek goldfield occurs 
in quartz veins in a sequence of north striking and steeply 
dipping rocks of the Lugano Metamorphics and the Eland 
Metavolcanics of the Cambrian to Ordovician Lucky Creek 
Metamorphic Group. These rocks are intruded by the 
Silurian to Devonian Dido Tonalite to the west. Most of 
the lodes are conformable with the host rocks, although 
some old pits were sunk on crosscutting quartz-filled 
shears. The lodes average 1 m in width and are lenticular. 
Quartz veins are white and strongly banded, and some 
contain pyrite; host rock fragments form laminae along 
some vein margins (Withnall et al. 1996a). 

Plutonic Operations arbitrarily divided the old workings 
into three main zones that were interpreted to occupy 
different stratigraphic horizons (Rea 1990). In the Steam 
Engine Zone (including the Lucky Surprise mine), the host 
rocks are fine-grained amphibolite intruded by diorite 
within quartz-feldspar-hornblende gneiss. Native gold is 
intermixed with pyrite and arsenopyrite, and chalcopyrite, 
pyrrhotite, magnetite and tourmaline are common in the 
host rock. Indicated reserves were calculated as 280 000 t 
at 2.5 g/t Au to 50 m depth (Rea 1990). The Southern 
Zone (Try Again and United mines) has mainly quartz
feldspar-biotite-hornblende gneiss host rocks and a shorter 
strike length than the Steam Engine Zone. Drilling 
indicated that gold mineralisation is confined to a I m wide 
zone with grades of 0.30-2.70 g/t Au. Mineralisation in 
the Eastern Zone is associated with carbonate-rich sericite 
schist within a unit of chlorite-carbonate schist and 
feldspar-chlorite gneiss. A sample of banded chert with 
boxworks after pyrite assayed 3.23 g/t Au. 

Gold Mineralisation in the Balcooma Metavolcanics 
Several narrow reefs were worked in metadolerite and 
metasediments of the Balcooma Metavolcanics in the 
Balcooma goldfield, about 10 km east-northeast of The 
Oasis. Little is known abou~ the geology of these lodes. 

Hydrothermal Gold-Uranium-Fluorine
Molybdenum Veins 

O'Rourke & Bennell (1977) showed that the Mount Hogan 
gold deposits are somewhat different from others in the 
Etheridge field. They are distinguished by the shallow dip 
of the lodes, extensive wall rock alteration and the close 
association with uranium, fluorine and molybdenum 
mineralisation. 

The lodes are thin (2--600 mm), discontinuous en-echelon 
quartz veins within sericite-chlorite altered zones in a large 
pluton of the Proterozoic Mount Hogan Granite. The 
alteration zones are 6-30 metres wide and dip shallowly 



towards the contact between the granite and the 
metamorphic country rocks. The lodes are mainly on the 
southern side of the pluton, within about I km of a large 
rhyolite stock which is probably late Palaeozoic, and are 
cut by several 'basalt' or trachyandesite dykes and a rhyolite 
dyke. 

In the Mount Hogan mine, the orebody comprised a series 
of sinusoidal quartz-sulphide veins in a series of flat 
dipping shears, 'overlapping' or ' stepped' between two 
bounding faults . Local areas of rich disseminated 
mineralisation abut ore veins, and late-stage quartz 
stringers are associated with kaolinisation of the sericitised 
granite. Narrow tourmaline veins also occur, but their 
relationship with the ore is not apparent. 

Most visible gold occurs in the quartz veins, associated 
with base-metal sulphides and pyrite. Galena is the most 
consistent accessory mineral accompanying gold 
(O'Rourke & Bennell 1977). Other accessory minerals, 
not present everywhere, include molybdenite, fluorite 
(commonly purple), torbernite, metatorbernite, 
pitchblende, phosphuranylite and uraninite. Gold is also 
disseminated in the altered wallrocks. The gold to silver 
ratio is generally constant and silver is slightly more 
abundant than gold . However, silver apparently occurs 
independently of gold in places, possibly in tetrahedrite. 

The distribution and orientation of quartz veins and 
wallrock alteration zones, neither of which extend beyond 
the granite, suggest that these features were controlled by 
fractures that may have been sheeted joints near, and 
essentially parallel to, the roof of the pluton. 

Rb-Sr and K-Ar isotopic dating of the alteration at Mount 
Hogan has given an age of 400 ± 4 Ma, indicating an Early 
Devonian age of mineralisation and alteration (Bain et al. 
1984). Tate ( 1987a) classified Mount Hogan as a shallow 
vein deposit. Morrison & Beams ( 1995) classified Mount 
Hogan as a plutonic vein deposit. The Mount Hogan 
Granite has a very high radiometric background, and the 
uranium was probably mobilised from the granite. 

Auriferous Subvolcanic Breccia Pipes (and Associated 
Veins and ?Epithermal Systems) 
Numerous auriferous breccia and stockwork vein deposits 
are associated with late Palaeozoic subvolcanic felsic 
intrusions. The breccia-hosted, mid Carboniferous (320 
Ma) Kidston gold deposit was described initially by 
Hannes & Dalgarno ( 1967) and Turner ( 1976), and more 
recently by Gray! in (1981 ), Mustard (1984) and Baker & 
Tullemans ( 1990). 

The Kidston deposit is in the marginal region of a late 
Palaeozoic breccia pipe that cuts Palaeoproterozoic 
Einasleigh Metamorphics and Silurian to Devonian Oak 
River Granodiorite. Late Palaeozoic porphyritic and 
aphanitic rhyolite dykes are locally brecciated within the 
pipe, and were apparently emplaced before and during the 
breccia-forming events. A post-breccia porphyritic 
microsyenite dyke cuts the southwestern side of the pipe 
and extends several kilometres into the surrounding rocks. 
The breccia pipe is trapezoidal-shaped and about II 00 m 
by 900 min plan, with the long axis oriented northeasterly. 
The pipe margins are sharp and general ly have steep inward 
dips, though local reversals have been found. The northern 
margin may have the shallowest inward dip. The pipe has 
marginal zones of breccia with predominantly 
metamorphic or granitic clasts, depending on the nature 
of the adjacent wall rocks, grading into a core of polymictic 
breccia with some fragments of porphyritic and aphyric 
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rhyolite. A small, pipe-like mass of volcanic breccia with 
abundant rhyolitic fragments formed Wises Hill on the 
southwest extremity of the pipe. 

Hydrothermal alteration is pervasive in the breccia pipe. 
The open space created by brecciation has been filled by 
hydrothermal minerals, and the smaller fragments have 
strongly altered margins that merge with the breccia matrix, 
and unaltered centres. Porphyritic and aphyric rhyolite 
fragments are generally less altered than granodiorite and 
metamorphic fragments. Sericite and carbonate (mainly 
calcite) are the main alteration minerals. Tourmaline, 
orthoclase and quartz accompany sericite and carbonate 
in the breccia matrix. 

Gold occurs in association with pyrite and minor 
pyrrhotite, sphalerite, chalcopyrite, galena, arsenopyrite, 
molybdenite, bismuthinite and a bismuth telluride, in order 
of decreasing abundance. Go ld has a variable silver 
contenr, ranging from less than 0.5% to more than 15%. 
Most of the gold occurs in the native form as discrete grains 
from 20 to 100 microns across, with the balance in a 
submicroscopic form in pyrite and arsenopyrite. No 
discrete silver minerals have been observed. 

Most of the gold occurs in a semi-continuous band in the 
marginal portion of the breccia pipe; a small portion occurs 
in quartz-veined granodiorite and metamorphics 
immediately outside the pipe. Although gold does occur 
in marginal sheeted quartz veins, the bulk of the 
mineralisation is in the breccia matrix. No definite vertical 
zoning has been recognised, but the higher grade ore tends 
to be concentrated where the breccia contains mainly small 
clasts. The presence of megablocks is unfavourable for 
economic ore occurrence. Higher gold grades are related 
to complex vein and cavity domains and are localised at 
the intersection between steep sets of veins defining the 
pipe perimeter and a subhorizontal set of veins defining a 
disc within the pipe at the base of the mineralised zone 
(Morrison et al. 1996b ). 

Morrison eta!. (1996a) described the Kidston breccia pipe 
as a zoned polymetallic porphyry system with a 
molybdenum core. This sub-economic molybdenum 
mineralisation has been overprinted by the main gold 
mineralising event and suggests a close li nkage with 
porphyry Cu- Mo deposits in the Georgetown Region. 
Kidston is clearly related to Carboniferous 1-type felsic 
intrusives that are fractionated, oxidised and have high K20 
contents. 

Although no other economic, Kidston-type deposits have 
been found within the Georgetown Region, numerous 
small ore deposits and occurrences are associated with 
some of the geological features that characterise the 
Kidston deposit. Consequently, it has been suggested or 
implied (Marks 1911 ; Withnall 1976b, 1981 b) that they 
may be related to or indeed associated with Kidston-type 
mineralisation. These include the Christmas Hill (Gallo 
1984), Great Eastern (Pretorius 1988), Mount Borium 
(Corbett 1982b), Mount Joyce (Corbett 1982a), Mount 
Adler (Corbett 1982a), Black Knob (Tate 1987a), Bald 
Mountain (Nethery et al. 1983; Cook 1982; Tate 1987b), 
Mount Spi.nifex (Cook 1983), Mount McDonald (Tate 
1987b ), Iron hurst (Tate 1987b ), Balaclava Hi II (Tate 
1987b), North Arm (Burban 1983; Forbes 1984), Electric 
Light (Tate 1987b; Bruvel 1996), Beverly (Stephenson 
1986), Black Eagle (Tate 1987a), Yarraman Creek (Buckle 
1986), lronstone Ridge (Cam uti & Morrison 1989), North 
Knob (Stockley 1986; Samantha Exploration N. L. 1986), 
Langlo (Karfs 1989), Dagworth 3 (Broadbent 1990), 
Anastasia (Nethery 1985a, 1990), Sulphide Cap (Nethery 
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1985a), Firegrass Creek (Nethery 1985b ), Mount McDevitt 
(Castle 1984), Sugar Mountain (Castle 1984), Cherry 
Creek Goldfield (Lam et al. 1989), Mount Wandoo, 
Williamstown and Quart Needle Hill (Brown & Hammond 
1985) prospects. They are associated with quartz-veined, 
hydrothermally altered and generally brecciated rhyolite, 
microgranite and/or granite stocks and dykes. 

Alluvial Placer Gold Deposits 
Placer gold deposits occur in the Georgetown Region in 
Cretaceous, Tertiary and Quaternary stream channels, and 
as colluvial/eluvial deposits. The main areas with known 
deposits are the historic Etheridge, Oaks, Lucky Creek 
and Balcooma goldfields. Alluvial gold has also been 
obtained from creeks southwest ofWerrington homestead, 
and from streams draining the Dargalong ~etamorphics 
and Nundah Granodiorite in the Tate River area and at 
Mount Wandoo and Williamstown Creek. 

Regional stream-sediment geochemical data indicate that 
concentrations of gold also occur in fluviatile Mesozoic 
sediments, and more recent deposits derived from them. 
Extensive Sn and U-Th-ee-Y geochemical anomalies are 
clearly related to the distribution of Mesozoic sediments 
(Bain & Withnall 1980), and presumably demonstrate that 
these sediments, which once blanketed the region, contain 
palaeoplacers of heavy minerals such as cassiterite and 
monazite. Rossiter ( 1983) studied the heavy mineral 
fraction of sediments in the Forsayth I: 100 000 sheet area 
and found that native gold is sporadically distributed 
throughout the area. Furthermore, he noted that there are 
·gold occurrences in streams draining the southern and 
eastern sides of a large mesa of Mesozoic ·rocks at the 
southern end of the Newcastle Range, an area where there 
are no known reef gold deposits. These patterns and 
associations suggest that palaeoplacer gold deposits may 
occur within the Mesozoic sequence, possibly in 
commercially significant grades. Unfortunately, this means 
that gold derived by erosion of the Mesozoic sediments 
will result in many spurious anomalies for those seeking 
gold in the basement rocks. 

Base Metals 
Metamorphosed Stratabound and/or Stratiform Base 
Metal Deposits in the Einasleigh Metamorphics 
The Einasleigh Metamorphics host numerous base metal 
occurrences that are thought to be stratabound and/or 
stratiform (Bain & Withnall 1980; Bain et al. 1990). 
Generally, these are massive stratabound concentrations 
of iron and copper sulphides ± silver (e.g. Einasleigh), 
iron and zinc sulphides (e.g. Eveleigh), iron-lead- zinc
copper sulphides ± silver (e.g. Mount Misery) and 
cupriferous, ferruginous, siliceous and baritic gossans (e.g. 
the Werrington area). These deposits are clustered in the 
Einasleigh (Einasleigh copper mine, Mount Misery, Kaiser 
Bill, Teasdale, Dreadnought, Teasdale East, Railway Flat), 
Werrington (Lauries, Lauries West, Gully Exhalite, Friday, 
Fence, West Fence, Snake, South Snake, Jinx, Dumbano, 
Edge Ex halite, Copperfield, Bloodwood East, Bloodwood 
North, Blood wood Central, Bloodwood West, Blood wood 
South, Big Bend, Whitewood, Homestead, Homestead 
Extended, Emu Swamp North, Emu Swamp South, Emu 
Swa·mp Northwest), Eveleigh, Ironstone Knobs and 
Daintree areas. 

Work by Klaric ( 1977), Onley ( 1978a) and Teluk ( 1978) 
indicated that, in regional terms, the deposits appear to be 
concentrated at a common stratigraphic level within the 
Einasleigh Metamorphics, at the transition between a 
lower, dominantly calcareous psammitic sequence and an 
upper psammopelitic sequence. The deposits are 
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commonly associated with epidotitic and diopsidic 
quartzite and quartzo-feldspathic granofels and gneiss that 
may be of volcanic origin (Johnston 1978; Overs by 1981 ); 
some are associated with barite. In general, copper 
mineralisation (commonly associated with barite lodes) 
occurs in the calc-silicate facies, whereas zinc 
mineralisation (with lead in some cases) occurs in the 
biotite gneiss facies . The depositional environment is 
thought to have been a shallow marine shelf that was 
generally devoid of volcanics (Withnall, Bain et al. 1988). 
The general absence of metavolcanic rocks and discordant, 
pre-metamorphic hydrothermal alteration, indicative of 
fluid feeder zones beneath the deposits, suggest that the 
deposits are distal with respect to both volcanic and 
exhalative sources (Bain & Withnall1985).lt seems likely 
that most of the other base metal sulphide deposits in the 
Einasleigh Metamorphics have a similar form and origin, 
and that many of the vein deposits represent remobilised 
portions of stratabound deposits. The factors that controlled 
the distribution of clusters of deposits are not known. 

Patrick's ( 1978) geochemical and mineralogical data 
suggest that the Einasleigh deposit formed in response to 
the introduction of a H2SIHS-2-bearing Ca-Ba-rich 
metalliferous hydrothermal brine, possibly of volcanic 
origin, during sedimentation in a shallow marine 
environment. However, recent studies at James Cook 
University have suggested that the Einasleigh and similar 
deposits are retrograde skarns superimposed upon 
granulite facies assemblages and that mineralisation post
dates sedimentation (Mundondo 1993, 1994; Morrison & 
Beams 1995). 

Shear-hosted Copper Deposits in the Halls Reward 
Metamorphics 
The Halls Reward mine, near Lucky Downs homestead, 
contained an ore shoot that measured 16 m long by 3 m 
wide by 40 m deep in a steeply dipping, 300-600 m long 
shear zone at the contact between the Proterozoic Halls 
Reward Metamorphics and altered Stenhouse Creek 
Amphibolite. The ore was mainly malachite, but cuprite, 
tenorite and minor native copper were also present. 
Stringers of chalcocite, covellite and disseminated pyrite 
and chalcopyrite occurred at the 38 m level. This deposit 
has been described by Morton ( 1941 ; 1943), Den mead 
(1947c), Connah (1959), White et al. (1961) and White 
( 1965). Several other small cupriferous gossans in the Halls 
Reward Metamorphics were worked in small pits or 
shallow shafts. Copper may have been mobilised from the 
Stenhouse Creek Amphibolite. 

Stratabound Zinc in the Robertson River Subgroup 
and Townley and Candlow Formations 
Significant lithogeochemical anomalies have been reported 
from several stratigraphic levels in widely separated areas 
in the Robertson River Subgroup (Bain & Withnall 1980). 
At the lowest stratigraphic level, Onley ( 1978b) noted a 
zone of high Zn, Pb and Cu contents in metasiltstone in 
the lowermost part of the Daniel Creek Formation, about 
8 km northwest of Gilberton. 

CRA Exploration discovered 2-10m thick beds of grey 
micaceous siltstone which locally contain> 1000 ppm Zn 
in the lower part of the Townley Formation, 7 km southeast 
of Mount Clarke (Johnston 1978). Samples collected from 
t~e basal Townley Formation at various localities along a 
strike length of 20-30 km (e.g. Divide Anomaly, Mount 
Clarke South prospect) show enrichment in zinc of up to 
almost 6000 ppm (Withnall 1981 a). The enriched rocks 
are predominantly white to light grey siltstone and very 
fine sandstone, comprising quartz with minor plagioclase 



and mica. They are commonly laminated, and pyritic when 
fresh. The pyrite grains (and iron oxides derived from them 
by weathering) are generally elongated parallel to the 
cleavage, indicating a pre-deformational origin. No zinc 
minerals have been identified. 

The origin of zinc enrichment in the basal Townley 
Formation is not fully understood. If the rocks at Mount 
Clarke South have a tuffaceous component (as Johnston 
[ 1978] suggested), an exhalative origin could possibly be 
invoked. It is also possible that since nearly all of the 
samples are oxidised, some oft he zinc enrichment may be 
due to scavenging by iron oxides after pyrite (Withnall 
1981a). 

Stratabound zinc mineralisation has been reported to occur 
in the Candlow Formation in the western half of the North 
Head I: I 00 000 sheet area. Drilling at the BMR Gossan 
prospect by Mount lsa Mines returned grades of up to 790 
ppm Zn for a 1-2m-wide zone at the top of black, pyritic 
and non-pyritic carbonaceous shale (Houston 1993). Two 
stratiform zinc anomalies are related to the Stockyard 
Creek Mudstone Member of the Candlow Formation at 
the Carne Dam prospect. The anomaly proved to be 
surficial, with surface rock chip samples returning up to 
4500 ppm Zn and 256 ppm Cu, but drill core samples 
assayed 50-600 ppm Zn and 25- 125 ppm Cu only (Rolfe 
et al. 1979). Similar surficial zinc anomalism occurs at 
the East Candlow Dam Anomaly (Houston et al. 1992). 

Stratabound and/or Stratiform Volcanic-hosted Base 
Metal Sulphide Deposits in the Balcooma 
Metavolcanics and Lucky Creek Metamorphic Group 
The volcanic-hosted massive sulphide deposits at 
Balcooma, Surveyor I and Dry River South (Huston et al. 
1992; Withnall & Grimes I 995) occur at about the same 
stratigraphic level in the Cambrian to Ordovician 
Balcooma Metavolcanics of the Mount Windsor Igneous 
Province, which is separated from the adjacent Proterozoic 
rocks by faults and constitutes a discrete, possibly 
allocthonous tectonostratigraphic terrain (Bain et al. 1990). 
These deposits are similar in age and character to deposits 
at Thalanga and elsewhere in the Seventy Mile Range 
Group in the Charters Towers area (Bain et al. 1990; 
Morrison & Beams 1995). 

The Balcooma copper-zinc-lead massive sulphide deposit 
is hosted by a metapelite lens within a meta-arenite 
sequence. Several lenses of felsic volcaniclastic rocks also 
occur within the sequence, which has been intruded by 
felsic sills. Huston ( 1990) and Huston & Taylor ( 1990) 
considered at least three distinct mineralised 'horizons' 
(two lead-zinc and one copper) to be present. The central 
copper 'horizon' contains massive pyrite-chalcopyrite and 
magnetite, within an envelope of variably chloritised, 
staurolite-bearing metapelite adjacent to a folded quartz
feldspar porphyry body. Copper mineralisation is 
invariably associated with the porphyry, which is not 
chloritised and cuts the mineralisation. The upper and lower 
zinc-lead-dominated ' horizons ' consist of massive 
sphalerite-galena-pyrite-chalcopyrite, associated with 
pyritic quartz- muscovite schist that is interpreted as 
metamorphosed quartz-sericite alteration. Gahnite
bearing quartzite, associated with some of this alteration 
type, is interpreted as an exhalite. The orebodies plunge 
about 20° southwest, parallel to lineations in the 
surrounding rocks. Evidence from mineral textures support 
the interpretation that the deposit is a strongly deformed 
massive sulphide deposit of the volcanogenic type (Huston 
1990). Total indicated and inferred resources are 2.9 Mt 
at 3.1% Cu and 0.4 g/t Au and 1.2 Mt at 0.9% Cu, 8.2% 
Zn, 3.9% Pb, and 56 glt Ag. 
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The main ore body at the Surveyor I zinc- lead deposit is 
a lens of massive sulphides (sphalerite, galena and pyrite) 
closely folded into a synform with an attenuated east limb 
and a thicker (average 9 m) west limb, and extending down 
plunge (20° southwest) for 200 m (Robertson Research 
Australia 1985). An oxidised zone with cerussite and 
anglesite extends to about 50 m depth, with a discontinuous 
supergene zone containing chalcocite at its base. Reserves 
are 0.48 Mt at 19.7% Zn, 7.3% Pb, 0.8 % Cu, 146 g/t Ag 
and l g/t Au for the main ore body, and 0.23 Mt at 6.9% 
Zn, 2.0% Pb, 1.6 % Cu, 89 g/t Ag and 0.8 g/t Au for the 
stringer zone. 

The Dry River South zinc-lead deposit is a blind orebody, 
occurring at 200 m depth, and contains an inferred resource 
at 1.1 Mt of 10.6% Zn, 3.4% Pb, 0.8% Cu and 85 g/t Ag 
(Huston & Taylor 1990). 

The Wyandotte (or Dry River) copper prospect is hosted 
by the Lugano Metamorphics of the Lucky Creek 
Metamorphic Group. Blebs and streaks of pyrite and 
chalcopyrite are aligned within the foliation in amphibolite 
and some quart.z-chlorite-feldspar-carbonate-magnetite 
schist that are interlayered with barren felsic gneiss. 
Exploration by Shell Minerals Exploration (Australia) 
suggested that the deposit contains at least 450 000 t at 
2.5% Cu in two shoots that are at least 60 m and I 00 m 
long and 10m wide (Ward & West 1975; Davis 1983). 

Several other small copper prospects are known to occur 
in the Lucky Creek Metamorphic Group. These include 
the Milldown (Davis 1983), Cockie Well (Jackson 1989), 
Gate Grid (Davis 1986), Silver Hills (Davis 1983) and 
Ballpoint (Rea 1 990) prospects. 

Porphyry-type Copper-Molybdenum Deposits 
In recent years, three porphyry-type copper- molybdenum 
deposits (Phyllis May, Mount Turner and Split Rock) of 
presumably late Carboniferous age have been recognised 
in the Georgetown Region (O'Rourke 1972; Bain et al. 
1976b ). They are the westernmost of the known examples 
of this type of deposit in Queensland (Horton 1978, 1982) 
and, together with the A wring W-Cu deposit near Mount 
Little, are the only such deposits known within the 
Proterozoic inliers of North Queensland. 

The Mount Turner and Phyllis May deposits are about 15 
km apart and comprise sparse, disseminated and fracture
controlled chalcopyrite, molybdenite and pyrite in 
extensive areas of hydrothermally altered Proterozoic 
granites intruded by Carboniferous, oxidised and variably 
fractionated, !-type porphyritic microgranodiorite (Mount 
Darcy Microgranodiorite), rhyolite and breccia pipes. Both 
deposits have extensive zoned soil and stream sediment 
geochemical anomalies. 

The larger Mount Turner system was discovered by a joint 
BMRIGSQ party in 1975 (Baker 1978a,b; Baker & Horton 
1982; Major 1979; Rossiter 1979) and is within a large, 
composite Carboniferous intrusive and hydrothermal 
system centred near Mount Turner. This system comprises 
stocks of porphyritic microgranodiorite and rhyolite, 
swarms of rhyolite dykes and quartz veins, breccia pipes, 
and extensive hydrothermal wallrock alteration . The 
country rocks are mainly Mesoproterozoic Delaney 
Granite and, to a lesser extent, schist of the 
Palaeoproterozoic Daniel Creek Formation. The 
extensively silicified central part of the system forms a 3-
4 km diameter hill which is 100-150 m above the prevailing 
land surface . It has a radial drainage pattern and a 
distinctive, dark air photo pattern. The size and the clearly 
concentric zones of the structural, geochemical, 
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mineralogical and geophysical components of the 
hydrothermal system are also conspicuous and distinctive 
features. Radiating, peripheral Pb-Zn-Ag veins were 
mined historically. 

Twelve, mainly shallow (5-200 m) vertical holes and two 
inclined (200 and 300m) holes were drilled to obtain core 
for rock identification and analysis. The deeper holes were 
also used for downhole geophysical measurements of the 
electrical properties of the rock (Baker & Horton 1982). 
Only selected small specimens were assayed, but overall 
grades of Cu and Mo were generally less than 0.1% and 
0.01% respectively. Highest grades recorded were 0.35% 
Cu and 0.13% Mo, in separate samples. 

At the Phyllis May deposit (O'Rourke 1972), south of the 
Dismal Creek basin (volcanic structure), irregularly shaped 
bodies of Mount Darcy Microgranodiorite, intrusive 
breccia pipes and rhyolite dykes cut the Mesoproterozoic 
Forsayth Granite. Very fine-grained chalcopyrite and 
locally, molybdenite are sparsely distributed throughout 
altered and relatively unaltered microgranodiorite. Some 
chalcopyrite and molybdenite also occur in quartz vein lets 
and on fracture surfaces. Malachite, chrysocolla and 
tenorite are present in intensely altered zones at and near 
the surface. Other metallic minerals present in minor or 
trace amounts are pyrite, pyrrhotite, ilmenite, magnetite, 
galena and sphalerite. Traces of silver have been detected 
by assay only. Shallow percussion holes (mostly less than 
50 m deep) were drilled to test the rocks beneath part of a 
copper soil geochemical anomaly (O'Rourke 1972). 
Grades below the oxidised zone averaged 0.16% Cu and 
0.0 I% Mo over a 300 m by 250 m area, but grades of up 
to 0.27% Cu and 0.25% Mo were intersected in some holes. 

Neither Mount Turner nor Phyllis May have been 
investigated in sufficient detail to determine their size or 
grade. However, shallow drilling seems to indicate that no 
appreciable supergene enrichment zones are present and 
that primary grades are probably less than average for 
similar deposits in North America (0.45% Cu and 0.15% 
Mo-Lowell & Guilbert J 970). Low fracture density and 
the general lack of pervasive alteration also tend to 
reinforce the impression of low prospectivity. 

At the Split Rock porphyry copper prospect, 30 km west 
of Mungana, pyrite, chalcopyrite, malachite and azurite 
occur in veins and as disseminated mineralisation 
associated with porphyritic rhyolite and basalt dykes of 
probable late Carboniferous age that intrude fractured and 
silicified granite (Proterozoic Nundah Granodiorite) at the 
intersection of major faults. Cyprus Mines Corporation 
( 1973) calculated an inferred resource of2 Mt at 0.5% Cu 
(including l Mt at 0.6% Cu). Grades and prospectivity 
are low (Goudie 1978; Horton 1982). 

Anomalous copper and molybden.um concentrations 
associated with quartz veining in felsic porphyries at 
Mount Valentine and Mount May, 16 krn southwest of 
Bolwarra homestead, also suggest the presence of porphyry 
Cu- Mo type systems of late Palaeozoic age in this area 
(Brown & Hammond 1982). 

Porphyry-type Copper- Thngsten Deposits 
The Awring Prospect (Bullseye Prospect of Bain et al. 
1990) is a mostly concealed, 1300 m by 500 m, pipe-like 
body of intensely altered Awring Granodiorite proximal 
to a large zone of col lapse breccia, 1.8 km southwest of 
the Bluff and Mount Little copper occurrences. Queensland 
Metals Corporation N.L. explored this zone of copper 
mineralisation and investigated the 1-type Awring 
Granodiorite for potential porphyry copper deposits. 
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Exploration indicated that the mineralised body at the 
Awring Prospect plunges to the northeast at depth and 
terminates abruptly to the north against a subvertical fault. 
Ore minerals comprise chalcopyrite, wolframite/hubnerite, 
minor galena and sphalerite. Malachite is abundant in the 
oxidised zone, along with limonite, manganese oxides and 
minor chrysocolla. The ore minerals occur as open space 
fillings in veins and irregularly shaped vughs. There is a 
clear association of anomalous metal contents with zones 
of intense sericitic alteration. Propylitic alteration was also 
noted in drill core. Grades in drill samples ranged from 
0.05 to 2.99% Cu, 7 to 53 g/t Ag, and 0.01 to 0.23% W03 
(Fawckner 1984). Mineralisation is ofthe bulk, low-grade, 
disseminated (porphyry) type, but indicated bulk copper 
grades are low ( <0.05%), the system lacks significant Au, 
and the prospect has limited tonnage potential. Percussion 
drilling to 350 m vertical depth revealed no significant 
change in the character of the mineralisation and no 
perceptible improvement in grade. 

Argentiferous Galena + Quartz± Carbonate Veins 
Numerous silver-rich base metal sulphide veins occur 
within Proterozoic metamorphics, Proterozoic granite, and 
Silurian to Devonian granite and granodiorite, especially 
in the Georgetown, Einasleigh and Gilberton areas. These 
veins tend to be spatially associated with and have similar 
d 180 quartz values to the gold-bearing veins of the 
Etheridge Goldfield (Golding et al. 1987), suggesting that 
some deposits may have formed in Silurian to Devonian 
time as part of the Etheridge Goldfield metallogenic event 
(Bain et al. 1990). Some are clearly related to the 
Carboniferous Mount Turner copper-molybdenum 
deposit. Some may be much older, possibly even 
Mesoproterozoic. 

Examples of these veins in the Robertson River Subg~oup 
and lowermost Townley Formation are ma1nly 
discontinuous lenses, pods or 'bunches' of galena and 
minor pyrite, sphalerite and chalcopyrite in a quartz
siderite-dolomite gangue. The host rocks range from 
carbonaceous schist and phyllite (e.g. the Mosquito Creek 
area and Knights of Malta mine) to chloritic phyllite (e.g. 
the Alcade mine), to quartz-muscovite schist (e.g. the 
Comet mine), and belong to several different formations. 
They may be genetically linked to stratabound zinc 
mineralisation in the Robertson River Subgroup (Rossiter 
1978; Bain & Withnall 1980). · 

The origin of a group of small, vein-like deposits in 
amphibolite in the Einasleigh Metamorphics near Eveleigh 
homestead is not known. Withnall (L978) suggested that 
two processes may have operated. A volcanogenic deposit 
may have formed in the pillow lava sequence. This deposit 
was subsequently partly remobilised into shears and 
fissures during either the intrusion of biotite granite, 
pegmatite and quartz veins, late Proterozoic or mid 
Palaeozoic retrogressive metamorphism, or Carboniferous 
volcanism. The apparently stratabound, possibly stratiform, 
Eveleigh zinc deposit is only ~00 m to t~e south a~d may 
be genetically related. The vems compnse argenuferous 
galena in a quartz-carbonate-epidote gangue, locally 
stained with copper oxides, carbonates and silicates, with 
only rare sphalerite and pyrite. Davies & Syvret (I 97 I) 
noted grades of up to I 8% Pb, 1.2% Zn and 0.6% Cu over 
a width of 1 m. Some of this ore occurs in veins that appear 
to fill shears or fissures and some galena occurs as pods 
or nodules ('kernels') scattered through altered 
amphibolite and, rarely, in coarse pegmatite. 

Silver-lead-copper-gold mineralisation at the Dargalong 
group of mines, 12 km south of Mungana, occurs . in 
ferruginous quartz lodes over a 6 km length along a maJor 



southeast-trending shear zone in the Dargalong 
Metamorphics. Mineralisation is considered to be related 
to late Palaeozoic felsic magmas and there are numerous 
rhyolite dykes in the area. 

Several small, but rich, silver-lead veins (Cave Creek, Lead 
Creek, Brid le Track) occur in the Robin Hood 
Granodiorite. At the Cave Creek deposits (Big Hope and 
Big Surprise), much of the silver was present in carbonates. 
The veins are 0.3- 1 .4 m wide, occupy northerly trending 
fissures, and dip west at35-52°. Sawers ( 1966) noted that 
the lodes appear to be associated with a major fault zone 
and comprise soft, crushed, calcareous material with 
prominent quartz veins on or near the hanging wall and 
footwall. Cerargyrite is the dominant ore mineral, with 
lesser native silver, cerussite, pyrite and galena, and minor 
gold, malachite and azurite. The higher silver grades are 
associated with higher lead contents, and ore containing a 
high proportion of galena is the richest in silver (Sawers 
1966). The wall rocks are commonly extensively sericitised 
and kaolinised. Very little else is known of these deposits. 

Although not directly dated, a cluster of silver- lead 
deposits (Aspasia group), a few kilometres south of Mount 
Turner, are apparently part of the Mount Turner 
hydrothermal mineralisation-alteration system and thus 
their age may be inferred as Carboniferous. These veins 
are ofthe 'shallow vein' type ofTate (1987b). 

An isolated silver- lead deposit (the Snake Creek mine) in 
the eastern part of the Croydon Province comprises galena, 
cerussite, sphalerite, and traces of chalcopyrite and 
malachite as breccia-fill in a shear zone in a porphyritic 
rhyolite dyke in Wonnemarra Rhyolite of the 
Mesoproterozoic Croydon Volcanic Group (Reid 1932; 
Denaro & Marwood in prep.). Mineralisation is probably 
related to underlying Proterozoic granite of the Esmeralda 
Supersuite. 

Hydrothermal Argentiferous Chalcopyrite+ Quartz± 
Carbonate Veins 
Copper-rich veins in the Etheridge Province tend to occur 
within basic rocks. The presence of elements typically 
associated with Carboniferous mineralisation (U, Sn, F) 
in some of the copper- silver veins in the Einasleigh 
Metamorphics, and the proximity of the veins to similar 
deposits in Carboniferous subvolcanic granite, suggest that 
at least some of these Proterozoic-hosted deposits are 
Carboniferous (Bain et at. 1990). 

Silver-copper deposits associated with metabasic igneous 
rocks comprise three main groups, all in the northwestern 
half of the Gilberton I: I 00 000 sheet area- namely, the 
Ortona (Ortona, Orsova, Orvieto and Orontes), Eight Mile 
(Caledonia, Macedonia, Ironclad and Oratava) and Twelve 
Mi le (Carsons and Castle). Scattered smaller occurrences 
through the northern part of Gi I bert on and southeast corner 
of the Forsayth I: I 00 000 sheet area may also belong to 
this group. Withnall (1976b, 1981b) summarised the 
available data on these deposits. 

They are mainly small chalcopyrite-pyrite-quartz-siderite 
bodies that occupy en-echelon shears or fractures in 'quartz 
diorite' and/or metadolerite-metagabbro of the Cobbold 
Metadolerite, which intrudes calcareous metasiltstone and 
metasandstone (Bemecker Creek Formation), and slate and 
quartzite (Daniel Creek Formation)" west of Gilberton 
(Withnall 1981 b). Most of the deposits are capped by 
conspicuous gossans and have well-developed supergene 
enrichment zones with chalcocite and cuprite. Wallrock 
alteration is lacking, although supergene kaolinisation has 
occurred in the vicinity of some lodes. The deposits are 
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mostly silver-rich (3300-7600 g/t), with up to 10 g/t gold. 
The Ortona deposit contains minor amounts of cobalt, 
nickel, lead and zinc sulphides. 

Metabasic rocks in the Etheridge Province commonly 
contain more than I 00 ppm Cu and in some cases, up to 
500 ppm, and average 83 ppm Ni and 53 ppm. These rocks 
may therefore have been the source of the copper (and 
possibly the other metals) in the lodes. Mobilisation may 
have occurred either in the Proterozoic, during folding and 
accompanying metamorphism, late Silurian to Early 
Devonian, or in the late Palaeozoic by groundwater 
circulation driven at depth by felsic intrusives. 

The Questend- Little Billy, Avalon, Dorothy, Enterprise and 
George reefs in the McMillan Creek area and the Talaroo, 
Ambo and Hamilton prospects near the Einasleigh River 
constitute a group of silver-rich cupriferous quartz veins 
that occur in fissures in narrow shear zones in the 
Einas/eigh Metamorphics and unassigned muscovite
biotite granite (Withnall 1978). There are numerous late 
Palaeozoic mafic to felsic dykes in close proximity. The 
reefs generally have moderate to steep dips, and sericitised 
wall rocks. 

At the Gordon Stanley copper mine, 12 km southwest of 
Werrington homestead, copper carbonate and oxide ore 
occurs in a I m wide quartz-hematite lode along a shear 
zone striking 100° in the Junta/a Metamorphics on a 
southern splay of the Werrington Fault. 

Copper mineralisation occurs in the Dargalong 
Metamorphics, Nundah Granodiorite and Blackman Gap 
Complex in the Mungana and Fossilbrook areas. Copper 
+sit ver ±gold (±tungsten) lodes in the Card ross area, 30 
km west-northwest ofMungana, were significant historical 
producers of copper, gold and silver. Important groups of 
mines include the Cardross L-line, Arizona, Sink-1-Loo, 
Laureate, Mammoth, Callighan Springs and Salt Creek 
(lshaq et al. 1987). Mineralisation occurs in quartz veins 
and breccia-fill along major faults and shears in the 
Oargalong Metamorphics and Nundah Granodiorite and 
is considered to be related to late Palaeozoic felsic magmas 
and dykes in the area. Similar copper- lead- zinc- silver 
mineralisation occurs in shear-hosted lodes in the 
Dargalong Metamorphics and ?late Carboniferous Pratt 
Volcanics at the Silico group of mines, 16 km northwest 
of Rookwood homestead (Culpeper et al. 1990). Three 
historical copper producers in the Fossilbrook area 
(Frewhurst, Black Copper, Fossil brook Copper) comprise 
quartz lodes in Blackman Gap Complex. Mineralisation 
may be related to Carboniferous granites or as part of a 
general zone of copper mineralisation around the margins 
of the Wa~by cauldron. 

Two very small silver-copper deposits occur in the Eva 
Creek Microgranite in the eastern Newcastle Range 
(Withnall 1978). Furbers (or Eve of Hope) is an irregular 
pipe-like body and the Mountain King (or Flying Fox) 
deposit is in a shear zone in sericitised microgranite. 
Mineralisation includes azurite, malachite, chalcopyrite, 
chalcocite, arsenopyrite and sphalerite, and rare bornite. 
The Just As (or Mount Jardine) prospect occurs in a large 
dyke of Caterpillar Microgranite which intrudes the Puppy 
Camp Granodiorite north of Einasleigh. Small 
anastomosing veins of galena, azurite and malachite occur 
in a small shear zone (Mitchell 1969). 

The Permian Yataga Granodiorite contains several small 
copper deposits (Withnall 1978). The main one is the 
Dambo prospect, which comprises zones of sericitised 
granodiorite up to 5 m wide, with small mineralised 
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vein lets. Bismuth is reported to occur with copper in this 
deposit (Smart & Bain 1977). 

Minor copper mineralisation occurs in fractured, veined 
and intensely sericitised volcanics of the Galloway Volcanic 
Group near the Einasleigh River (e.g. the Copper Bush 
prospect). 

Copper, lead and zinc sulphides occur in quartz in a 
kaolinised shear zone in undivided granite of the Tate 
Batholith at the Nightmare deposit, northeast of Mount 
Surprise. 

Copper-lead-zinc mineralisation at the Copper Cap and 
Double Barrel deposits, southwest of Gingerella 
homestead, is associated with rhyolite dykes in shears in 
greisenised g ranodiorite of the Silurian to Devonian 
Blackman Gap Complex. The rhyolite is presumably of 
late Palaeozoic age, associated with the Gingerella 
Volcanics of the Sundown Volcanic Group. 

Miscellaneous Copper Occurrences 
Chalcopyrite occurs in amygdales in porphyritic andesite 
ofthe PermianDagworthAndesite, on the western side of 
the Newcastle Range. Where present, chalcopyrite makes 
up <I% of the andesites. This mineralisation has no 
economic potential (Withnall 1978). Minor malachite 
staining occurs with uranium in sandstone of the Gilberton 
Formation in the same area as the chalcopyrite-bearing 
andesites. The mineralisation is associated with radiometric 
anomalies and yielded rock chip samples with up to 3% 
Cu and 0.4% U. Grades of only a few hundred parts per 
million were encountered in most drillholes, and Andrews 
( 1980) considered the potential for economic copper 
concentrations to be poor. 

Tin, Tungsten, Bismuth and Molybdenum 
Hydrothermal Tin-greisen and Tin-chlorite Veins and 
P!pes of the Stan hills Tinfield 
Tin occurs in primary lode deposits in the Esmeralda 
Granite and Croydon Volcanic Group in the Stanhills
Mount Cassiterite area, 28 km southeast of Croydon. An 
isolated deposit, the Ironclad, occurs about 35 km to the 
north- northwest, in Carron Rhyolite in the Golden Valley 
area. Most of the primary cassiterite mined historically 
came from lodes in the Esmeralda Granite. Some of the 
Stanhills lodes occur in the Democrat Rhyolite Member 
ofthe Idalia Rhyolite and one is in the Nonda Granite. 

Most lodes are along joints and fissures; two prominent 
sets of fissures 'trend north to northeast and east to southeast 
and are generally near-vertical. The lodes are lenticular to 
pipe-like but some have irregular shapes and poorly 
defined walls. Chloritic lodes comprise chlorite, quartz 
and sulphides (pyrite, galena, sphalerite, chalcopyrite and 
arsenopyrite). Greisen lodes consist of quartz and white 
mica, with minor iron oxide and chlorite. Cassiterite occurs 
in irregular seams or shoots in the lodes. The most 
productive lodes were the Brilliant, Comet, Croydon Hope 
and Mount Cassiterite (Vincent and Queen). 

These tin deposits are probably related to the 
Mesoproterozoic Esmeralda Supersuite (Mackenzie 1983; 
Warnick 1985) and in particular, to a microgranitic apical 
phase which is evident as dykes and zones of mixed granite 
(possibly Nonda Granite). However, post-magmatic 
deposition of the tin is not ruled out, and a Carboniferous 
or Permian age is possible based on the general trends of 
some tin-bearing greisen zones, which appear to reflect a 
northeast- southwest Permian extension (Mackenzie 1983). 
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K-Ar dating of two greisen samples from Mount' 
Cassiterite gave apparent Neoproterozoic to Cambrian 
alteration ages for the Esmeralda Granite of 549 ± 3 Ma 
and 494 ± 7 Ma (Henderson 1989). These results were 
considered to be unlikely to reflect true ages of alteration 
and were interpreted as probab ly representing a 
Carboniferous to Permian thermal event superimposed on 
earlier Proterozoic alteration and mineralisation. 

Minor cassiterite mineralisation has also been found in 
quartz-greisen veins in the Olsens Granite along the 
eastern margin of the Croydon Province. Composite 
greisen samples collected by CSR assayed up to 0.15% 
Sn (generally 818-981 ppm Sn) (Govey 1983). The width 
of the veins (2Q-200 mm) and their average spacing of 
about I 0 m downgrade the potential for economic tin 
mineralisation. 

Hydrothermal Tin, Tungsten and Molybdenum Veins 
Associated with Late Palaeozoic Igneous Rocks 
Cassiterite, wolframite and molybdenite mineralisation 
occur in vein and greisen deposits confined to fractionated 
and reduced, 1-type, Carboniferous to Permian granites 
and adjacent metasedimentary rocks. The main centres of 
known mineralisation are the Eva Creek, Lancewood
Mount Surprise, Angor, Fossilbrook, Galala Range, 
Kbartum, Tomato Creek, Bakers Camp, Bismuth Creek, 
Lochaber and Kellys Grid areas. These deposits are only 
of minor economic importance compared with those of 
the Herberton tinfield. 

Tin, T ungsten, Bismuth and Moly.bdenum 
Mineralisation Associated with the Proterozoic 
Etheridge Group 
The Eight Mile Scheelite mines, at the head of Six Mile 
Creek between Percyville and Mount Hogan, comprise 
quartz-bismuti te-scheelite- molybdenite veins in 
metasediments and muscovite leucogranite/pegmatite 
(Mesoproterozoic Digger Creek Granite or equivalent) 
(Jensen 1919; Morton 1945 ; White 1965). T he 
mineralisation is presumably related to the pegmatites. 

Alluvial cassiterite at Tin Mine Gully, in the Robertson 
River area, was attributed by Nethery (1980) to low 
concentrations of cassiterite in thin pelitic layers in the 
Tin Hill Quartzite Member of the Corbett Formation. 
However, petrographic evidence of primary cassiterite in 
the quartzite is confined to tentative visual identification 
of a few grains in samples with up to 260 ppm Sn. The 
quartzite has been interpreted as a chemical sediment and 
is closely associated with the Dead Horse Metabasalt. The 
inference that the Tin Hill quartzite may host exhalative 
Sn-W deposits of the type described by Pl imer (1980) is 
intriguing, but unsubstanti'!-ted. 

In the Western Creek area (southwest of Georgetown), 
Geopeko defined a tungsten stream sediment geochemical 
anomaly derived from scheelite mineralisation in quartz
carbonate veins, disseminated in calc-silicate rocks, and 
disseminated in amphibolite floaters. Gatehouse ( 1982) 
postulated that the tungsten had been released from Ti
bearing minerals in amphibolite/metadoleri te during 
metamorphism, and deposited in fractures in brittle 
metabasites and calc-silicate rocks (which were probably 
chemical traps). No focusing mechanisms were identified, 
and the potential for hfgh concentrations appears to be 
low. 

Alluvial Tin Deposits 
Cassiterite has been mined from Cainozoic alluvial and 
residual deposits in the Stanhills, Elizabeth Creek, Lynd 



River, Tate River, Eva Creek, Tin Mine Gully, Bayards 
Gully, Tintarple and Brodies Camp areas. 

Bain et at. ( 1979) postulated that cassiterite placers may 
exist in the older Cainozoic alluvium along the Gilbert 
River, especially in the vicinity of several major rock bars 
across the river. However, subsequent exploration failed 
to delineate any economic deposits (Brady 1982; fawckner 
198 1 b; Ravens hoe Tin Dredging 1983; Zimmerman 1982). 

Cassiterite also occurs in uneconomic concentrations in 
deep lead deposits in basal conglomerate of the Mesozoic 
sequence in the Stanhills (Ciappison 1940) and 
Georgetown-Forsayth (Bain et al. 1979; Phillips 1981) 
areas. A palaeoplacer cassiterite deposit with grades of up 
to I. 15% Sn (Lamadec Exploration 1972) occurs in 
sandstone at the base of the Gilbert River Formation at 
Tintarple and Bayards Gully. 

The Torwood, Dickson and South Pinnacle Sand Ridges, 
between and near the junction of the Lynd and Tate Rivers, 
have been interpreted as ?Cretaceous palaeochannel infill 
deposits that may be part of the Gilbert River formation 
(Davis 1995). They have been explored as potential large, 
low-grade tin deposits. Davis (1995) reported an inferred 
resource of I 05 Mm3 at 45 glm3 cassiterite (including 30 
Mm3 at 95 glm3 cassiterite) for the Torwood Sand Ridge. 

Nickel and Cobalt 
Nickel-Cobalt-bearing Laterite 
Ni-Co-bearing laterite has formed from mafic/ultramafic 
rocks of the Proterozoic Boiler Gully and Gray Creek 
complexes. The orebody at Greenvale {Fletcher & Couper 
1975; Burger 1979, 1982, 1987) was crudely stratified, 
consisting of weathered serpentinite (saprolite) overlain 
by limonitic laterite. Overburden comprised pisolitic 
laterite and soil. The saprolite itself contained a lower, sub
ore grade, 5-1 0 m thick zone containing 0.4- 0.6% N i and 
0.02% Co. Nickel reached its maximum concentration in 
the upper zone, but grades were highly variable, with 
basement fracturing being the principal control because 
of its influence on groundwater permeability. The base
of-ore was very irregular and the zone was typically 5-10 
m thick. Grades of3% Ni were common and reached I 0-
15% locally. The maximum cobalt grades were in the 
limonite zone, which was 5-1 0 m thick; they averaged 
about 0.25%, but were local ly up to 0.5% and nickel grades 
averaged 1.2-1 .4%. In addition to these ore types, massive 
siliceous ore (1.2- 1.3% Ni and 0.05-0.08% Co) formed 
irregular lenses and bands up to 30m across in the saprolite 
and limonite zones. Boxwork siliceous ore (up to 6% Ni 
and 0.15-0.2% Co) was associated with zones of intense 
fracturing up to 5 m wide. 

Similar, but generally sub-economic, mineralisation occurs 
at Minnamoolka and Gunnawarra (Zeissink I 977), Two 
Pinnacles, Valley of Lagoons (Hartley 1972; Burger 1992) 
and Lucknow (Fletcher et al. 1969). 

Nickel-Cobalt Mineralisation in the Etheridge Group 
Metabasic rocks in the Etheridge Province commonly 
average 83 ppm Ni and 53 ppm Co (with respective 
maximum values of 186 ppm and 69 ppm). Extensive and 
largely coincident Cu, Ni, Co and As stream sediment 
geochemical anomalies correspond to much of the 
outcropping Bernecker Creek and Daniel Creek 
Formations, Dead Horse Metabasalt and Cobbold 
Metadolerite in the northwest half of the Gilberton 
I: I 00 000 Sheet area. At the Orton a mine, minor 
gersdortfite was reported (Threadgold & Edwards 1958; 
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Brooks 1979). Erythrite was also noted at the Carsons 
deposit in the Twelve Mile Group (Dunstan 1913). 

Uranium 
Many small uranium deposits occur in the Georgetown 
Region, but most are little more than minor mineral 
occurrences or radiometric anomalies. Only the Maureen 
deposit contains> I 000 t of uranium metal. Most deposits 
are characterised by combinations of uranium, fluorine 
and molybdenum, and are clearly associated with extensive 
late Palaeozoic continental acid volcanics and related 
intrusives of the Kennedy Province (Bain 1977). 

These uranium deposits comprise stratabound 
concentrations and fracture-zone, vein and breccia fillings. 
They are hosted by Devonian to Carboniferous sediments 
of the Gilberton Formation, Carboniferous to Permian 
volcanics and dykes, and Proterozoic metamorphic and 
granitic rocks. Although mainly of hydrothermal origin 
and genetically related to late Palaeozoic volcanic and 
subvolcanic processes, the diverse forms and host rocks 
of the mineralisation suggest that a variety of geological 
factors may have influenced formation and preservation 
of the mineralisation. 

The known deposits can be grouped into two types: 
essentially stratabound deposits hosted by the Devonian 
to Carboniferous Gilberton Formation (Maureen-type), 
and those in which the mineralisation has been more 
specifically controlled by small-scale structures such as 
dykes, veins and fracture zones (Laura Jean-type). Some 
deposits in both groups may be closely linked in time, 
space and origin. 

Stratabound uranium mineralisation is apparently confined 
to relatively coarse, fluviatile labile sediments of the 
Devonian to Carboniferous Gi lberton Formation that 
sporadically underlie the various Carboniferous to Permian 
volcanic groups throughout the Georgetown area, although 
tuffs and volcaniclastic sediments interbedded with the 
volcanics could also host uraniferous concentrations. 
Known deposits include Maureen (O'Rourke 1975; Bain 
1977; Allen & Ley 1980; Battey et al. 1987), Turtle Arm 
(Ford 1979), Dagworth (Andrews 1980; Crane I 983), 
Chinaman Creek (Osborne 1979a,b) and Mount Tabletop 
(Girschik 1980; Parker 1980, 1981, 1982). 

Fault and fracture-controlled uraniurn mineralisation 
occurs in close association with the development of 
Carboniferous to Permian volcanic subsidence structures 
and felsic porphyry and breccia dykes. Known deposits 
include Laura Jean (Andrews 1980), the Lineament 
prospects (West 24, West 30, Central 50, East 72, Somerset
Billington 1979; O'Kill 1981; Stevens-Hoare 1982), the 
Fiery Creek prospects (Two Gee, Trident, Four Geo, Quartz 
Blow, Phillips Well, Galah-Barker et at. 1979; Calaitzis 
198 I; Crane 1983), Limkins (Wyatt 1957) and Mount 
Hogan (O' Rourke & Bennell 1977; Klemm 1979). 

Several minor uranium occurrences (WI 02, WI 03, WI 05 
and W71) in the Werrington area are associated with 
ferruginous schist breccias (fault zones?) in or adjacent to 
graphitic schist bands within the Juntala Metamorphics. 
This mineralisation is thought to have been redeposited 
near the surface in fault zones after leaching from lower 
grade concentrations in carbonaceous units (Tucker 1977). 
Surface samples assayed -0.2% U30 8. However, 
radiometric logs of drillholes indicated only high 
background radiation equivalent to about 60 ppm U in the 
graphitic schist. 
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At the Oasis uranium prospect, 13 km northwest of The 
Oasis, primary uraninite occurs in quartz-chlorite-biotite 
schist of the Einasleigh Metamorphics in a roof pendant 
in the Proterozoic Mywyn Granite (Tucker 1979). 
Significant grades (average of 0.13% U30 8 over a width 
of 2.9 m) occur over a strike length of 200 m and to a 
depth of 100m. The Mywyn Granite has a high radiometric 
background, and the uranium was probably mobilised from 
the granite. 

Gemstones and Semi-precious Stones 
Topaz and Aquamarine 
Gem-quality topaz occurs in alluvial and eluvial deposits 
in the O'Briens Creek-Elizabeth Creek area. It is derived · 
from pegmatites and greisens within the Elizabeth Creek 
Grani te. Beryl and aquamarine occur in lodes in the 
Elizabeth Creek Granite in the O' Briens Creek and Amber 
Pinnacle areas (Lam et al. 1989). · 

Diamond 
Since the 1950s, at least I 00 diamonds of l-5ct weight 
have been found in the O'Briens Creek- Angore area (A. 
Robertson, written comm. 1995, in Barker et al. 1996b). 
They occur in high-level (palaeoplacer) cassiterite-bearing 
deposits and in modern alluvial deposits accompanied by 
much topaz. A possible source for the diamonds may be 
placers in Mesozoic sandstone capping the range near the 
head of Lancewood Creek, in which case. the primary 
source may have been more distant. Robertson suggested 
tbat the source of the diamonds may lie: beneath the 
McBride Subprovince, on the eastern fa ll of the Great 
Divide. 

Sapphire 
Gem quality blue sapphires occur in shallow colluvium, 
eluvium and alluvium adjacent to and within current 
watercourses at Lava Plains. Zircon and olivine (peridot) 
have also been recovered. They were probably originally 
megacrysts in lavas or pyroclastics erupt~d from a very 
limited number of vents, such as the feature known locally 
as Mines Hill (Krosch & Cooper 1990). 

Small, gem-quality sapphires have been found in scattered 
areas at Cheviot Hills (Chudleigh Park) : Known 
occurrences are confined to an area with spatter cones of 
basanitic bas~lt rich in mafic xenoliths and xenocrysts. 
The potential for economic sapphire deposits in secondary 
concentrations· has not been tested adequately by 
companies and deep lead deposits may exist in 
palae~channel systems in the area (With nail et al. 1996a). 

Sapphire, ruby and zircon have been recovered from tin
bearing alluvium of the Rocky Tate River. Dunstan (1904) 
reported the discovery of two rubies ( 1.0 and 1.5 carats) 
of commercial value. 

Peridot 
Minor gem quality peridot has been produced from the 
Cheviot Hills area in the Chudleigh Subprovince. Most 
production has come from the slopes of a small basaltic 
cone (Mount Batchelor), 5.5 km southwest of Cheviot Hills 
homestead. Most peridot is recovered from the topsoil and 
subsoil as loose, subangular, pale yellowish green to deep· 
green fragments. 

Agate 
Agate Creek, 50 km south ofForsayth, is Australia's richest 
and best known agate field, renowned for its multicoloured 
agate nodules (amygdales) and large thunder.eggs (agate
filled spherulites in rhyolite) derived from the Permian 
Agate Creek Volcanic Group. The gently undulating floor 
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and lower slopes of the valley overlie deeply weathered 
and amygdaloidal basaltic andesite of the Black Soil 
Andesite and are littered with residual (now mostly 
fragmented) agate amygdales . Agate occurs over 
approximately 50 km 2

• The principal concentrations of 
large (50-I 50 mm diameter) amygdales, and similar-sized 
geodes with amethyst and/or clear quartz crystals, are 
confined to the middle and upper parts of the Black Soil 
Andesite, and are especially abundant at the Black Soil, 
Crystal Hill and Connie May localities. Elsewhere most 
amygdales are less than 30 mm across (Withnall 1981 b; 
Ridgway 1945). 

Thunder eggs containing infillings of agate, chalcedony 
and quartz crystals are abundant in parts of the overlying 
Thunder Egg Rhyolite, which is a locally flow-banded, 
sparsely porphyritic rhyolite lava unit. 

Agates of poorer quality occur as nodules of up to 50 mm 
diameter in weathered andesite of the Permian Mcfarlanes 
Andesite and in a veneer of cobbles derived from Mesozoic 
cover rocks in the Little River area (Denaro & Morwood 
in prep.). Mackenzie ( 1987) reported that the Permian Goat 
Creek Andesite, which crops out in the Bullseye Creek 
area, also contains agatiferous amygdales of up to 50 mm 
diameter. 

Chrysoprase 
Poor quality chrysoprase occurs in the lateritic nickel 
deposits at Greenvale, Minnamoolka, Gunnawarra and 
Valley of Lagoons (Krosch 1990b). 

Garnet 
Mauve to lilac garnet occurs in gravels along Junction 
Creek, southeast of Mount Surprise, and is probably 
derived from porphyroblasts in granite gneiss in the 
Douglas Range area (Withnall & Grimes 1995). Garnet 
bas been recovered during tin mining on the Rocky Tate 
River (Dunstan 1904 ). 

Tantalum and Niobium 
Tantalite and columbite occur in albite-pegmatite dykes 
and associated alluvial deposits at Grant 's Gully, 
Buchanan's ( Keid 1938), Round Waterhole Gully 
(Ridgway 1943b) and Dividend Gully (Withnall 1981 b), 
south of Georgeto-:vn. ·. 

Antimony 
.. Small stibnite-bearing. quartz veins are associated with 

altered rhyolite dykes intruding Eleven-B Granite at The 
Gap mine, about 6 km west-southwest of Carpentaria 
Downs homestead (Withnall & Grimes 1995). 

Heavy Minerals 
A major aeromagnetic anomaly immediately west of 
Prospect Bore was accurately delineated by Strategic 
Metals Corporation using a ground magnetics survey in 
1981 (Reisgys 1982). Two percussion holes drilled in 1982 
indicated that the magnetic anomaly is due to an ilmenite 
and titanomagnetite-rich layered gabbro of possible 
Proterozoic age. Assays from one hole indicated average 
g·rades of 0.64% V 20 5 and 15.15% Ti02 over a 98 m 
vertical section from 34m depth to the bonom of the hole 
at 132·m (Reisgys 1983). The gabbro is fine-grained and 
contains 2-3% magnetite, 3-4% ilmenite, and minor pyrite 
and chalcopyrite .. Drilling in the Prospect Bore area 
indicated that the basement consists of quartzite and 
rhyolite (some graphitic) of the Croydon Volcanic Group. 
A third percussion hole inte rsected slightly altered 
magnetic gabbro but the titanium grades of the previous 



hole were not duplicated, possibly indicating variable 
a Iteration patterns near the edge of the gabbro. The three 
holes gave average platinum contents ranging from <0.0 I-
0.04 g/t, with grades of up to 0.38 g/t over a I m interval. 
Anomalous gold is associated with epithermal quartz
carbonate veins assaying up to 0.68 g/t Au over a I m 
interval (Archibald et al. I 988). 

Rutile occurs in narrow pegmatitic and aplitic bands in 
the Dargalong Metamorphics at the Lode Rutile deposit 
in the Muldiva Creek area, southwest of Mungana (de 
Keyser & Wolff 1964). The deposit was tested in 1953 to 
1955 by Dowsett Engineering (Australia) (for a recovery 
of 1.7 t of 86% Ti02 concentrates from 6.5 t of ore), but 
the tonnage available was found to be too small to be of 
economic interest (de Keyser & Lucas 1968). 

Ilmenite, rutile, zircon and monazite have been recovered 
in heavy mineral concentrates from most oft he cassiterite
bearing alluvial deposits in the region, including 
palaeoplacer deposits such as the Torwood Sand Ridge. 
None of these has been considered to be sufficiently 
promising to warrant exploration for these minerals alone. 

Limestone 
Miriwinni Lime Company is currently mining limestone 
and dolomite (associated with basalts of the McBride 
Basalt Province) at its Buckland lease, 12 km west
northwest of Mount Surprise (Barker et al. in prep.). 

Minor limestone lenses occur in the Gilberton Formation. 
Although some near the Cumberland gold mine were 
mined for lime for local consumption during the early days, 
they have no economic importance now. 

Barite 
Minor barite is associated with the Einasleigh copper 
deposit, the Kaiser Bill gossan, the Barium prospect 
(Perkin I 97 I; Onley 1979), and base metal gossans in the 
Werrington area (Withnal\ et al. 1996a). Stratiform lenses 
of barite, up to 50 m long and 2 m thick, occur widely in 
the calc-silicate gneiss facies of the Einasleigh 
Metamorphics east of the Far East Mylonite Zone, east
southeast of Kidston (Whitcher 198 I). They contain weak 
copper mineralisation. None of these deposits is large or 
economically significant as a source of barite alone 
(Withna\1 & Grimes 1995). 

Chromite 
Minor podiform chromite deposits have been recorded 
from the Sandalwood Serpentinite in the Boiler Gully 
Complex (White 1965), near Greenvale. They are much 
smaller than those in the nearby Gray Creek Complex in 
the adjoining Broken River Region (Chapter 8). 

Fluorite 
Numerous historically producing fluorite lodes crop out 
in the Fossil brook, Rocky Tate and Mungana areas. They 
occur in Carboniferous or Permian granitic rocks and 
adjacent country rocks and are related to ring fractures 
associated with volcanic cauldron complexes in these 
areas. Significant deposits include the Rocky Tate lodes, 
the Fluoric and Jackson groups of mines in the Mungana 
area, lodes in the Roses Creek area, the Baldike (Mount 
Hopeful) mine and the Jacques. 

Fluorite also occurs in association with uranium and 
molybdenum mineralisation at Maureen (Allen 1980), 
Turtle Arm (Ford 1979), Mount Hogan (Withnall 1981 b), 
Laura Jean (Andrews I 980), Fiery Creek and Robertson 
No. 3 (Withnall 1976b ). 
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Diatomite 
The Conjuboy diatomite deposits are associated with 
Cainozoic basalt and crop out in Wyandotte and Spring 
Creeks (White & Crespin 1959; White 1965). A potential 
area of 100 km2 with diatomite up to 20 m thick was 
recorded by Werner (1973). However, Metals Exploration 
( 1983) showe.d that the diatomite is not continuous under 
the basalt. The diatomite is kaolinitic and intercalated with 
claystone and sandstone. It has properties suitable for 
manufacture ofl ightweight bricks and refractory insulating 
bricks, but considerable upgrading would be necessary 
before it would be suitable for use as a filter agent. Impure 
diatomite also occurs to the west of Walters Plains Lake. 

Alumin(}-Silicates 
Quartzites in the Lugano Metamorphics of the Lucky 
Creek Metamorphic Group (Withnall I 989b) and 
Balcooma Metavolcanics (Timmins 1990) are potential 
sources ofkyanite for use in the manufacture of refractories 
(With nail & Grimes 1995). They locally contain abundant 
kyanite and andalusite, with lesser corundum, diaspore, 
muscovite, topaz, apatite and aluminium phosphates. 

Graphite 
Graphite occurs, mostly as rounded or ellipsoidal pellets 
up to I 0 mm long, in the Croydon Volcanic Group and 
commonly forms about I% of the rocks. As well, some 
parts of the Esmeralda Granite, particularly close to the 
contact with the volcanics, are extremely rich in graphite 
and are packed with graphitic metasedimentary enclaves 
and masses of almost pure graphite in a matrix of intensely 
altered granite (Mackenzie 1988b). However, exploration 
by Queensland Metals Corporation N.L. in the Pleasant 
Creek area (Milburn I 988) and by Central Coast 
Exploration N.L. in the Golden Gate area (Van Eck 1990) 
indicated that there is no potential for economic graphite 

, production. · 

Mica 
Small mica deposits occur in pegmatite at the Mount 
Surprise mica deposit, 64 km northeast ofForsayth (White 
1965), Branch Creek, 16 km south of Forsayth (With nail 
1976b), and Mount Kitchen, west of Mungana (lshaq et 
al. 1987). 

Silica 
Two silica deposits in the McDevitt Metamorphics in the 
Pinnacle Creek area, southwest of Bolwarra homestead, 
have been held under mining lease in the past. Neither of 
these deposits is of economic significance (lshaq eta\. 
1987). 

Building Stone 
The Elizabeth Creek Granite was quarried near Elizabeth 
Creek in I 990 and 1991 for use as a building stone. Where 
quarried, it is pink, medium-grained and even textured 
(Trezise 1990). 

Mica schist and multicoloured siltstone and mudstone of 
the Corbett Formation have and are being quarried as ' slate' 
in the North Head to Gilberton area, southwestofForsayth. 
Similar material has been quarried in the Percy River area 
for use as random pavers (O'Fiynn 1988; Trezise I 990). 
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Table 3.6. Stratigraphy of the Georgetown Region (compiled by IW Withnall). 
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Qa Clay, sill, sand, gravel 

TQa Sandy clay and sill, 
minor pebbles and 
cobbles 

TQr Clay, silt, sand, gravel 

Td Duricrust including 
ferricrete and silcrete, 
mainly derived from 
residual soil, colluvium 
and some bedrock 

McBride Basal! Kinrara Basalt Nephelenite, basanite, Total up to 
Group Murronga Basalt alkali basalt hawaiite 500m 

Undara Basalt and mugearite · 
Boomerang Basalt 
Mt Razorback Basalt 
Racecourse Knob 
Basalt 
Silent Hill Basalt 
Middle Mountain Basalt 

Chudleigh Individual nows not Nephelenite, basanite. 
Basalt formally named hawajite and mugearite 

Tb Nephelenite, basanite. 
alkali basalt hawaiite 
and mugearite 

Bulimba Clayey quanzose <10m 
Formation sandstone and granule 

conglomerate 

Rolling Downs Wallumbilla Formation Mudstone, siltstone and <10m 
Group glauconitic sandstone 

Gilben River Coffin Hill Member Clayey sandstone and 10-12 min 
Formation siltstone; glauconitic Gilbenon 

and bioturbated Plateau 
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Fluviatile; flood plain Pleistocene to Recent 
alluvium and stream 
channels 

Fluviatile; flood plain Late Tertiary to Pleistocene 
alluvium and stream 
channels 

Colluvial and residual Late Teniary to Recent 
deposits, some 
nuviatile deposits 

Pan of deep Mid to late Teniary 
weathering profile 

Subaerial basalt lavas <40 Ka 
as shield volcanos, 0. 15 Ma 
valley-filling nows 0. 19 Ma 
and pyroclastic and 0.23 Ma 
composite cones; long <0.27 Ma 
basalt flows and lava >0.2 Ma 
tube systems 0.37 Ma 

0.89 Ma 
Unnamed basalts range 
from 0.5 to 2.7 Ma 
K-At dating 

Long basalt flows Pleistocene; now in 
down Einasleigh and Einasleigh River is 0.26 Ma; 
Copperfield Rivers nows as old as 8 Ma in 

Clarke River Region 

Subaerial basalt lavas Mainly Late Miocene; 
as valley-filling nows some Late Oligocene to 

Early Miocene 

Fluviatile Early-mid Teniary 

Shallow marine Early Cretaceous 

Estuarine to shallow Early Cretaceous 
marine 
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Unconformable on Large basalt dome 80 km 
Proterozoic and across in eastern part of 
Palaeozoic rocks region 

Unconformable on Along Einasleigh and 
Proterozoic and Copperfield Rivers 
Palaeozoic rocks 

Unconformable on Around nonhwestem edge 
Mesozoic and older rocks of region and scauered 

outliers 

Conformable on Coffin Capping some plateaus and 
Hill member mesas in the Gregory Range 

and Newcastle Range 

Conformable on Eulo Both units occur around 
Queen Group, but locally southwestern and 
unconformably overlies nonhwcstem edges of region 
Proterozoic and and as scattered outliers 
Palaeozoic rocks 
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::.. t.., ......... ~l .. ...;. ~ ·-.~ 

Griffin (1977); Griffin & 
McDougall (1975); 
Stephenson in Johnson 
(1989) 

Stephenson in Johnson 
(1989); Withnall & Grimes 
(1995) 

Sman et al. (1971, 1980) 

Vine et al. ( 1967) 

Sman et al. (1971, 1980) 
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Gilbert Yappnr Member Quartzose s:mdstone Up to30 m 
River and minor conglomerate in Gilberton 
Formation PlatC3U 
(Continued) 

Eulo Queen Loth Formation Cl:~yey quartZO$e 50-lOOm 
Group sandstone, commonly 

micaceous and 
fine-grained: siltstone 

H:unpstcud Sandstone Quanzose sandstone 30-60 m 
and conglomerate 

Agate Creek 
Volcnnic Group 
(sec Table 3.9) 

Various 
Cnrboniferous 
to Early 
Permian 
volcanic units 
(see Table 3.9) 

Gilberton Mambcrra Andesite Lithic to feldspathic Up to 
Formation Member sandstone, polymictic 200m 

Spyglass Andesite conglomerate and 
Member mudstone: rare algal 

limestone; locnl altered 
basaltic andesite to 
andesite (named 
members) 

Bundock Creek Bulgeri Formation Lithofeldspathic to About 
Group feldspathic sand~tone. 1000 m 

polymictic conglomemte 
and mudstone: redbeds, 
red lithic sandstone and 
conglomerate 

Q) .... 

Fluvi3tile to locally Latest Jurassic to Early Conformable on Eulo 
estuarine Cretaceous Queen Group. but locally 

unconformably over I ies 
Proterozoic and 
Palaeozoic rocks 

Fluviatile Late Jurassic Conformable on Hampstead 
Sandstone 

Fluviatile Middle to Late Jurassic Unconformably overlies 
Proterozoic and 
Palaeozoic rocks 

Early Permian 

Carboniferous to 
Early Permian 

Fluviatile: proximal Late Devonian (Famennian) Unconformably overlies the 
braided stream system to early Carboniferous Palaeoproterozoic Etheridge 

(Toumaisian); palynomorphs. Group and various 
lepidodendroids Mesoproterozoie and 

Silurian-Devonian granites. 
Overlain disconformably by 
various Carboniferous and 
Permian felsic volcanic 
units, and Jurassic Eulo 
Queen Group 

Distal to proximal Late Devonian (Frasnian); Unconformably overlies the 
alluvial plain comparison with Bundock Palaeoproter07.oie Einaslcigh 

Basin Metamorphics and Silurian 
Dido Tonalite and 
MeKinnons Creek Granite 

T he group occurs around 
southwestern edge of region 
and as scattered outliers 

Widely scattered, partly 
fault-bounded blocks in the 
central part of the region. 
Largest is 115 km2 near 
Gilberton. Commonly 
preserved underlying 
Carboniferous volcanics 

About 80 km2 in the Maitland 
Creek area, between The Lynd 
and Lyndhurst 

Smart et al. (1971 , 1980) 

Withnall, Oversby et al. 
( 1980); Bain et al. (I 985) 

Withnall & Lang (1993) 
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Conjuboy 
Formation 

Blue Rock 
Creek beds 

Lucky Creek 
Metamorphic 
Group 

Quartzose to feldspathic 150m in 
sandstone, mudstone, type 
and coralline limestone section 

Micaceous feldspathic Maximum 
sandstone and pebble to of500 m 
cobble conglomerate, 
siltstone, shale, and 
limestone 

Paddys Creek Phyllite Phyllite and quartzite. Unknown 
locally mylonitic 

Shallow muddy shelf 
with lagoons and 
bioherms; possibly 
fluviatile or coastal 
plain at base. 

Shallow muddy to 
siliciclastic shelf with 
local carbonate buildups 

Unknown depositional 
environment. Strongly 
defonned and 
metamorphosed in the 
greenschist facies 

Early Devonian (Emsian); 
corals and conodonts 

Early Devonian; corals 

Early Palaeozoic: 
comparison with Judea 
Formation 

Unconfonnably overlies 
and faulted against 
Palaeoproterozoic Einasleigh 
Metamorphics and early 
Palaeozoic Balcooma 
Metavolcanics 

Faulted against and 
unconformably overlies 
Proterozoic Halls 
Reward Metamorphics 

A belt 9 km long and 
0.2-1.5 km wide, trending 
southwest from near 
Conjuboy HS 

A small strip 3 km by 0.5 
13 km west of Wairuna HS 

Faulted against A belt up to 10 km wide and 
Proterozoic Halls 45 km long, trending 
Reward Metamorphics. May southwest from near 
interfinger with and overlie Wyandotte. The Eland 
Eland Meta volcanics (or Metavolcanics lie between the 
could be a thrust contact). Lugano Metamorphics (in 
Strongly deformed with west) and the Paddys Creek 

1---------+---------+----+-----------lf----------+.L.:::...:..:=..:....:===...:~.:.ol:::ia::ll:.:' o::..:.jn Phyllite (in the east) 

loland Metnvolcanics 

Lugano Metamorphics 

Chlorite and actinolite 
schist (andcsitic to 

meta volcanics); loc:~l 
marble, volcaniclastic 
meta-arenite, phyllite, 
and metachert; 

itic 

Biotite gneiss, mica 
schist. quartzi te, 
lcucogneiss, laminated 
amphibolite (para
amphibolite?) and mi 
marble 

Unknown 

Unknown 

Submarine tO subaerial? 
mafic to intermediate 
primary volcanics and 
volcaniclastics. Strongly 
deformed and 
metamorphosed in the 

facies 

Unknown depositional 
environment; includes 
submarine basalt and 
probable felsic 
volcani lastic rocks. 
Strongly deformed and 
metamorphosed in the 
greenschist to lower 

ite facies 

Early Palaeozoic; 
comparison with Seventy 
Mile Range Group 

Tentatively early Palae<>ZO·ic:l 
possibly Proterozoic 
and equivalent to Einasleigh 
Metamorphics 

Relationship to Lugano 
Metamorphics unce.rtain 
(may be thrust). Faulted 
against Halls Reward 
Metamorphics 

Intruded by early Palaeozoic 
Cockie Spring Tonalite and 
Silurian Dido Tonalite 

Withnall (J989b); 
Withnall & Lang ( 1993) 

Arnold & Henderson ( 1976); 
Withnall & Lang (1993) 

Withnall (1989b) 
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Balcooma Rhyolitic volcaniclastics Up to Submarine to subaerial? Late Cambrian or middle 
Mctavolcanics and possibly lava, and 7000m. felsic volcanics. Ordovician; SHRIMP 

high level intrusions. but Deformed and U- Pb zircon dating 
mica schist and quartzite, probably metamorphosed in the (Withnnll et nl. 1991) 
and minor mafic includes lower to middle 
volcaniclastics and lava fold amphibolite facies 

repetition 

Hulls Reward Mica schist. mylonite Unknown Unknown depositional Probably Mesoprotcrozoic; 
Metamorphics environment. Strongly Ar'9/Ar"' ages from the Boiler 

deformed and Gully and Gray Creek 
metamorphosed in the Complexes 
amphibolite facies (Black et al. 1979) 

Jnorunic Group Arrongulln Formation Micaceous siltstone to 300m? Fluviatile Mesoproterozoic. 
fine sub-lithic sandstone, Neoproterozoic or early 
mudstone: minor shale, Palaeozoic 
quartzose sandstone 

Guela Sundstone Fine to coarse quartzose 300m? 
sandstone. locally 
micaceous 

Chulcec Formation Micaceous siltstone to 250m? 
fine sub-lithic sandstone, 
mudstone, shale; minor 
quartzose sandstone 

Oiric Sand~tone Fine to coarse quartzose 350m? 
s~ndstone 

Faulted against Einasleigh 
Metnmorphics along 
Balcooma Mylonite Zone. 
Intruded by Cambrian-
Ordovician Ringwood Park 
Microgranite and Silurian 
Dido Tonalite. 
Unconformably overlain by 
Carboniferous Bally Knob 
Volcanics and Cainozoic 
McBride Basalt Group 

Faulted against Ordovician 
Judea and Wairuna 
Formations along Burdekin 
and Halls Reward Fau Its 
respectively, and early 
Palaeozoic Paddys Creek 
Phyllite along Nic.kel Mine 
Fault. Intruded by 
Proterozoic Boiler Gully 
Complex and Silurian Dido 
Tonalite 

Over! ies the Croydon 
Volcanic Group 
disconfom1ably. Overlain by 
the Permian Linley Rhyolite, 
McFarlanes Andesite and 
Little Pocket Dacite. 
Intruded by Permian Wallys 
Dolerite 

A northeast- trending belt 7 km 
wide and 30 km long, 
southwest of Conjuboy; screens 
up to 30 km long in the Dido 
Tonalite. east of Lyndhurst 

A narrow belt up to 6 km wide 
and 80 km long adjacent to the 
western edge of the Broken 
River P'rovince 

In a small, panly fault-bounded, 
basina l structure 20 km by 
15 km 90 km west of 
GeorgetOwn 

Withnall ( 1989b ); 
Withnall et al. (1991); 
Huston ( 1990) 

White (1965); Arnold & 
Rubenach ( 1976); Withnall 
( 1989b) 

Branch (1966); 
Mackenzie ct al. ( 1985) 
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Q) Table 3.6. Stratigraphy of the Georgetown Region (compiled by IW Withnall). (Continued) n 
~ ::r: 

)> ., 
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Croydon Idalia Rhyolite Crystal-rich rhyolitic Up to ·Subaerial ignimbrite Conventional multigrain Faulted against the Western part of the region, in Branch ( 1966): Mackenzie et rn 
Volcanic ignimbrite. minor dacitic 150m? eruptions S·type, rich U-Pb zircon dating on a Langlovale Group and a belt about 120 km long and al. (1985. 1986) ::0 

Group lava, ignimbrite and in carbon ; fractionated sample of Idalia Rhyolite intruded by Mesoproc.erozoic 50 km wide -l 

agglomerate (parts of Idalia and by Black & McCulloch Esmera lda Supersuite :r: 
Carron Rhyolites) to (1990) gave 1552 ± 2 Ma; granites and Permian A wring ::0 

Carron Rhyolite Crystal-poor rhyolitic 500 m unfractionated; reduced; SHRIMP ion-microprobe Granodiorite. Overlain by 
m 
m ignimbrite; minor very high K10 and zircon dating gave lnorunie Group. 

sparsely porphyritic K10/Na20; high As, 1548 ± 18 Ma (Black & Permian Bullseye Rhyolite C) 

rhyolite, and feldsputhic Ba, Ga. Rb. Pb, U. Zn, Withnall 1993) and Jurassic Eulo Queen <:> 
sandstone Sn, W; moderately high Group and Cretaceous 

... 
<>:> 

Parrot Camp Rhyolite Crystal -rich rhyolitic Up to LREE. Zr, Nb; low Gilbert River Formation 

300m? Na,O, Th/U 0 

" B-Crcck Rhyolite Crystal-poor rhyc;>litic Up to " 
ignimbrite; minor dacitic 800m :.. 

"' ""' 
Wonnemarra Rhyolite 0 

::. 

Goat Creek Andesite Crystal-rich rhyolitic 30-100 m 
Amygdaloidal basaltic 
andesite 

Wallabadah Silt~tone Laminated siltstone Up to 
30m? 

Langlovale Yarman Formation Maroon to dark grey At least Turbiditic (prodehaic) Mesoproterozoic (about Unconformably overlies the The group .is preserved only Withnall & Mackenzie 
Group mudstone and shale: 1800m 1550 Ma). post-dating 0 , Palaeoproc.erozoic Etheridge in a narrow strip a few 1983 ); Withnall ( 1984, 

sporadic fine to medium, in the Etheridge Group and Group and faulted against kilometres wide and 40 km 1996); Withnall, Bain et al. 
sublabile to quanzose pre-dating the Croydon the Mesoproterozoic long, between the Etheridge (1988) 
sandstone Volcanic Group Croydon Volcanic Group. Group and Croydon Volcanic 

Unconformably overlain by Group 
Malacura Sandstone Fine to coarse, At least Fluviatile, passing up the Jurassic Eulo Queen 

lithofeldspathic to 1500m into shallow, near-shore ·Group. Intruded by the 
quartzose sandstone, marine (deltaic?) near Mesoproterozoic Esmeralda 

and the 



Etheridge Group Langdon River Mudstone 800m- Deep subtidal. Folded 
(upper part) 1400m and metamorphosed in 

the greenschist facies 

Candlow Formation Mudstone, siltstone, and 1000- Intertidal to subtidal, 
mudclast sandstone, 3500m muddy tidal flat (locally 
common! y carbonaceous supratidal?) Folded and 
nnd pyritic. locally metamorphosed in the 
calcareous; minor greenschist facies 
qunrtzose siltstone to 
line sandstone; rare 
albitite 

Stockyard Creek Pyritic. carbonaceous 50-300 n1 Deep subtidal 
Mudstone Member mudstone; rare albitite 

White Bull Member Mudstone, siltstone, and 100-300 m Subtidal 
mudclast sandstone; 
conspicuous quartzose 
siltstone to line 
sandstone 

Hcliman Formation Mudstone, siltstone and 800-2500m Subtidal. Folded and 
mudcl:1st sandstone, metamorphosed in the 
conspicuous quartzose greenschist to lower 
~iiL~tone to line sandstone amphibolite facies 

Townley Formation Mudstone siltstone and 400-1500m Subtidal. Folded and 
line quartzose sandstone, metamorphosed in the 
locally carbonaceous; greenschist to lower 
grades into mica schist amphibolite facies 
and quartzite 

Robertson Lane Creek Formation Mudstone nnd si llltonc. 1000- Deep subtidal. Strongly 
River Subgroup commonly carbonaceous 2000m deformed and 
of the and locnlly calcareous; metamorphosed in the 
Etheridge minor sandstone and greenschist to lower 
Group limestone; grades into amphibolite facies 

mica schist (commonly 
graphitic ± andalusite. 
cordicritc, sillimanite). 
quartzite, and 
calc-silicate rocks 

Corbett Formation Mudstone (± chloritoid); ca 1000 m Deep subtidal. Strongly 
grades into mica schist deformed and 
(±staurolite, andalusite, metamorphosed in the 
sillimanite, garnet); 'rnre greenschist to middle 
tourmaline-rich rocks amphibolite facies 

Tin Hill Quartzite White quartzite Up t6' 40 m Chemical sediment? 
Member # (mewchert) 

Palaeoproterozoic; Unconformably overlain by 
youngerthan 1650 Ma; the Mesoproterozoic? 
U-Pb dating of zircons Langlovnle Group, 
from Cobbold Metadolerite Carboniferous felsic 
which was emplaced before volcanic rocks, Jurassic 
deposition of the upper Eulo Queen Group and 
part of the Etheridge Group. Jurassic-Cretaceous Gilbert 
Metamorphosed and intruded River Formation. 
by granites at 1550 Ma 

Intruded by Mesoproterozoic 
Forest Home, Forsayth and 
Esmeralda Supcrsuites, and 
various Carboniferous to 
Permian high-level granites 

Palaeoproterozoic; U-Pb Unconformably overlain by 
dating of 1.ircons from the Devonian-Carboniferous 
Cobbold Metndolcritc Gilberton Formation, 
indicate a depositional age Carboniferous felsic 
of 1650 Ma or older; volcanic rocks, Jurassic 
metamorphosed and intruded Eulo Queen Group. Intruded 
by granites at 1550 Ma by Palaeoprotcrozoic Cobbold 

Mctadolerite and 
Mesoproterozoic Forsayth 
Supersuite 

In the east, intruded by the 
Silurian- Devonian White 
Springs and Dido 
Supersuites, and various 
Carboniferous to Permian 
high-level granites 

Mainly between the Langdon 
and Gilbert Rivers in the 
western part of the region 

A belt 50 km wide and 150 km 
long from Gilberton to 
Ongworth and mostly between 
the Gilbert River and the 
Newcastle Range. Within the 
belt, the individual units form 
a complexly folded pattern 

Withnall & Mackenzie (1980. 
1981 ); Withnull ( 1983. 1984. 
1996); Withnall, Bain ct al. 
( 1988) 

Bain Ct al. ( 1976); Oversby et 
al. (1978); Withnall, Ovcrsby 
et al. (1980); Withnall & 
Mackenzie (1980. 1981); 
Withnall (1983, 1984, 
1985a, 1996); Withnall. 
Bain el al. ( 1988) 
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Robertson Dead Horse Metabasalt Aphyric metabasalt Up to 
River Subgroup (local pillows and IOOOm 
(Continued) hyaloclastite), minor 

mudstone and siltstone: 
metabasalt grades into 

D~niel Creek Mudstone, siltstone and 1000-
Formation fine subfeldspathic 2000m 

sandstone, locally 
calcareous nnd/or 
dolomitic: grades into 
mica schist, quartzite, 
and minor cole-silicate 
rocks 

Mount Helpman M icn schist, abundant Unknown 
Member quartzite, and minor 

calc- silicate rocks 

Etheridge Bcmccker Creek Mudstone, siltstone and At least 
Group Formation fine subfeldspathic 2000m 
(lowermost) sandstone, commonly 

calcareous and/or 
dolomitic: grades into 
calcareous mica schist 
and calc-silicate 
(hornblende-diopside) 
gneiss and granofels; 
base not exposed 

Einasleigh Biotite gneiss (grading Unknown 
Metamorphics locally into migmatite) 

hornblende to 
diopsidc gneiss, mica 
schist and quartzite; 
minor leucocratic 
quartzo-feldspathic 
gneiss and rare 
amphibolite with relict 
pillows; abundant 
amphibolite and mali 
granulite equated with 
Cobbold Metadolerite 
could include lavas 

Submarine tholeiitic 
lavas. Strongly deformed 
and metamorphosed in 
the greenschist to 
middle amphibolite 
facies 

Sandy delta. Strongly 
deformed and 
metamorphosed in the 
greenschist to middle 
amphibolite facies 

Sandy della. Strongly 
deformed and 
metamorphosed in the 
greenschist to middle 

ibolite facies 

Wave-dominated 
shore-line to tidal nat. 
Deformed and 
metamorphosed in the 
greenschist to midd le 
amphibolite facies 

Unknown depositional 
environment. Strongly 
deformed and 
metamorphosed in the 
amphibolite and granulite 
facies. Contains a range 
of pelitic to psammo-
pelitic facies that were 
originally locally 
dolomitic or calcareous; 
may have included felsic 
volcaniclastic rocks 

Pal neoproterozoic; 
metamorphosed and 
intruded by granites at 
1550 Ma 

Palaeoprotcrozoic; 
metamorphosed and intruded 
by granites at I 550 Ma; 
U-Pb dating of zircons 
by SHRIMP, from 
amphibolite and 
orthogneiss indicates a 
primary age of 
1670-1 695 Ma 

Unconformably overlain by 
Devonian-Carboniferous 
Gilberton Formation. 
Jurassic Eulo Queen Group. 
Intruded by Cobbold 
Metadolerite, 
Mesoproterozoic Forsayth 
Supersuites, Silurian
Devon ian Robin Hood 
Granodiorite, Carboniferous 
to Permian 

Unconformably overlain by 
Devonian-Carbonifcrous 
Gilberton Formation, 
Carboniferous felsic 
volcanic rocks, Jurassic 
Eulo Queen Group and 
Cainozoic basalt. Intruded 
by Cobbold Metadolerite, 
Mesoproterozoic forsayth 
Supersuite, various 
Silurian-Devonian 
supersuites, and 
Carboniferous to 
Penni an 

Cores of anticlines in the 
Gilberton area 

Over an area 80 km wide and 
200 km long from north to 
south, mostly between the 
Newcastle Range and The 
Lynd and from south of 
Gi lberton to Lyndhurst. Also 
in the Woolgar area 

Withnnll, Oversby ct al. 
(1980); Withnall & 
Mackenzie (1980); Withnall 
(1984, 1996); Withnall, 
Bain et al. ( 1988) 

Bain et al. ( 1976); Oversby 
al. (1978); Warnick (1989); 
Withnall (1984, 1989b, 
1996); Withnall, Bain et aL 
( 1988); Withnall, Draper et 
aL (1996); Withnall, 
Ovcrsby et aL ( 1980) 
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Etheridge Jumolo Mctomorphics Mica schist and minor Unknown Unknown depositional 
Group quartzite environment Strongly 
(eastern part of deformed and 
region) metamorphosed in the 
(Continued) lower to middle 

nmphibolite facies 

McDcvill Metnpelites Unknown Unknown depositional 
Metamorphics (mica schist) environment; probably 

and subordinate similar to Robertson 
micaceous quartzose River Subgroup; 
meta-arenite and metamorphosed in the 
quartzite. Mafic si Its and lower to middle 
irregular pod-like mari amphibolite facies 
bodies throughout the 
sequence 

D:ugalong Biotite gneiss. augen Unknown Unknown depositional 
Metamorphic gneiss. minor environment; includes 
Group sillimanite-mica schist. psammo-pelitic 

amphibolite, migmotite, metasedimentary rocks. 
calc-silicate gneiss; rare mafic igneous rocks and 
lenses of glassy quartzite. metamorphosed 1-type 
muscovite quartzite; local granodiorite; strongly 
intensely deformed. deformed and 
mylonite metamorphosed in the 

upper amphibolite facies 

Cardross Orthogneiss Augen-bearing granitic Metamorphosed 
gneiss granodiorite; strongly 

deformed and 
metamorphosed in the 
upper amphibolite 
facies 

Palaeoproteroroic; probably of Relationship to Dargalong 
similar age to the Etheridge Metamorphic Group 
Group; not dated directly uncertain - may be 

unconformable or tectonic 
Unconformably overlain 
by. Carboniferous felsic · 
volcanic rocks, Jurassic-
Cretaceous Gilbert River 
Formation and Cainozoic 
basalt Intruded by Cobbold 
Metadolerite, Silurian-
Devonian Blackman Gap 
Supersuite. and 
Carboniferous to Permian 
high-level granites 

Palaeoprotcrozoic; Faulted against Palaeozoic 
older than 1590 Ma rocks of Hodgkinson 
(magmatic age of Cardross Province. Relationship to 
Orthogneiss); McDevill Metamorphics 
metarnorphosedat about uncenain- may be 
1580Ma. unconformable or tectonic. 

Unconformably overlain by 
late Carboniferous to 
Permian felsic volcanic 
rocks and Jurassic-
Cretaceous Gilbert River 

Palaeoponerozoic; Formation. Intruded by 
1580 Ma, U-Pb zircon Silurian-Devon ian 
dating by SHRIMP Blackman Gap Supersuite 

and Carboniferous to 
Permian high-level granites 

Northern part of the 
Georgetown Region over about 
750 km'. west and southwest 
of Chillagoe 

West of the Palmerville f ault. 
northwest of Chillagoe in the 
northern corner of the 
Georgetown Region 

Donchak & Buhitude 
( 1994. 1997); 
Bultitude ct al. (1993b); 
de Keyser & Wolff (1964) 

Donchak & Bultitude 
(1994. 1997); 
Bultitude et al. ( 1993b. 
1995); de Keyser & Wolff 
(1964) 
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Tobie 3.7. Mesoproterozoicgranites of the Georgetown Region (compiled by DE Mackenzie). 
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Esmeralda Supersuite Muscovite-biotite granite, Esmeralda Granite Western Georgetown 1558 Ma (Black & Intrudes Etheridge and Langlo S-type, felsic to mafic, White ( 1965): Branch 
locally porphyritic: Bimba Granite Region (western McCulloch 1990) Vale Groups, Croydon Volcanic unfractionated to fractionated, ( 1966); Sheraton ( 1974); 
porphyritic (muscovite-) Chadshunt Granite GEORGETOWN, Group: overlain unconformably reduced to strongly reduced, high Mackenzie ( 1983); 
garnet-biotite granite with Dregger Granite eastern CROYDON) by Meso- or Neoproterozoic(?) Fe, K,O, KINa. and C (graphite Mackenzie et at. ( 1985); 
abundant sedimentary lllewanna Granite lnorunie Group; intruded by common): high Ba, Pb, Th, U, Black & McCulloch 
enclaves: porphyritic biotite Macartneys Granite Permian(?) granites and rhyolites: As; moderately high REE. Zn, (1990): Champion & 
granite± garnet ± fayalite; Mooremount Granite overlain unconformably by Eulo Sn, W, Ga; low Sr: some A-type Heinemann ( 1994) 
melanocratic biotite granite, Nonda Granite Queen Group, Gilbert River properties. £Nd -2.2 ' 
granodiorite and microgranite Otsens Granite Formation. and Rolling Downs (recalculated to 1550 Ma) 

Unnamed granites Group 

Forest Home Supersuite Biotite trondhjemite. Forest Home Central-western 1550± 50 Ma': Intrudes Etheridge Group; 1-type, felsic, depleted, Bain et at. ( 1985); 
locally porphyritic: Trondhjemite Georgetown Region 1553 ± 462 partly overlain by Gilbert River unfractionated, reduced to Champion & Heinemann 
muscovite-biotite Talbot Creek (central and western Formation oxidised, medium K10, high ( 1994): Black & 
trondhjemite Trondhjemite GEORGETOWN) Na10, low KINa; high Ba. Sr, Ga; McCulloch (1990)1; 

low Th, U. Zr, Nb; very tow REE: Black & Withnall 
ENd 0.31 (rccalc . to 1550 Ma) (1993); AGSO 

OZCHRON database1 

Forsayth Supersuite Porphyri tic biotite granite Forsayth Granite Central Georgetown 1550 Ma (Forsayth1); Intrudes Etheridge Group; Mainly S-type, some 1-type White (1965); Sheraton 
and muscovite- biotite Aurora Granite Region (eastern 1544±7 Ma intruded by Silurian (White (Fig Tree· Hill granite); mafic to ( 1974): Sheraton & 
granite; muscovite- biotite, Delaney Granite GEORGETOWN, (Mistletoe'). Springs Supersuite, Brandy felsic, unfractionated to var. Labonnc ( 1978); Bain et 
muscovite, and biotite Digger Creek Granite (part) western ATHERTON, 1554± 10 Ma Hot Granite?) and fractionated; reduced to oxidised al. (1985); Black & 
lcucogranites: partly nebulitic Fig Tree Hill granite and northeastern (Digger Ck.1) Carboniferous granites (1-type, part of Wei fern Granite); McCulloch ( 1990)1; 

muscovite- biotite granite Goldsmiths Granite GILBERTON) high to moderate (1-type) K20; Black & Withnall (1993); 
with mafic schlieren; Mistletoe Granite low CaO: generally high Ba: Champion & 
pegmatitic muscovite Mount Hogan Granite high Th, U; ENdos.o -2.9 to 4.21 Heinemann ( 1994): 
leucogranite; pegmatite Ropewalk Granite AGSO OZCHRON 

Wet fern Granite databnse1 

Lighthouse Supersuite Foliated muscovite-biotite Lighthouse Granite Central-northern 1503 ± 33 Ma Intrudes Etheridge Group; S-type. felsic, unfractionated, Bain et al. (1985) 
granite and pegmatite; Georgetown Region (Black & Holmes ·intruded by Forsayth and White reduced, high K10, KINa. Ba; Black & Wilhnall (1993) 
common mesocratic layers (eastern unpub. ms.): Springs Supersuites low Rb/Sr, Th. U, Zr, Nb, REE. Champion & Heinemann 

GEORGETOWN) 1561 ± 10 Ma Ga, Zn. ENd -4.71 (1994) 
(OZCHR) 

Sawpit Supersuite Foliated. layered. biotite Sawpit Tonalite Southern Georgetown Mcsoproterozoic? Intrudes Einasleigh 1-type, mafic, unfractionated, Bain et al. ( 1985) 
tonalite, granodiorite and Region (central (RI>-Sr age Metamorphics (Etheridge oxidised to reduced, high AI20J, Champion & Heinemann 
quartz diorite with abundant GILBERTON) ca. 390 Ma - Black Group) ; intruded by Na,O. moderately high K10, Sr: ( 1994) 
gneiss enclaves & Holmes unpub. Silurian (Blackman low KINa, Rb. REE, Pb, Th Sheraton (1974) 

ms.) Gap, White Springs Supersuites) Withnall, Oversby et al. 
and Carboniferous granites ( 1980) 

Unassigned (possibly Porphyritic biotite granite. Mywyn Granite Central and southern Probably Intrudes Etheridge Group Felsic S-types Bain et al. ( 1985) 
Forsayth Supersuite) Pegmatitic leucogranite with Unnamed granites Georgetown Region Mesoproterozoic Chan1pion & Heinemann 

minor muscovite &/or (1994) 
biotite; muscovite- biotite Warnick (1989) 
ond biotite granites Wilhoall & Grimes (1995) 
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Lynd area Biotite and biotite- £ight Mile Sandy Creek Cen!ral- sou!hern Meso-proterozoic? lnuude Einosleigh Me!amorphics Felsic S-type.~ Wilhnall & Grimes 
muscovite granite. granite Georgetown Region (Etheridge Group) ( 1986a) 
Porphyritic biotite granite (southern Wnrnick ( 1989) 

EINASLEIGH) Champion & Heinemann 
(1994) 

Tinlarple/ Abingdon Muscovite--biotite granite, Tinlarple granite Northwestern Meso-proterozoic? Intrudes Etheridge Group; Felsic S-type Smart & Bain (1977) 
Downs nren leucogranite and pegmatite Georgetown Region intruded by Carbonife.rous- Mackenzie et al. ( 1995) 

(central RED RIVER) · Permian granite and rhyolite 

Non1e-:1- in italic~ ore informultc.nnJ U$Ctl by Chompiun &. Hcincmunn ( 1994) for pluton' I hut were unnnmcd. They were nol reserved or ch~ked for prior uwgc. ~nd in mony c:::aus dup1ica1e ngmc~ arc 01lrudy in usc elsewhere in Ausrnllio. They are shown here onJy 10 ollow cross·n:fercncing to Champion&. 
Heinemann. ond should no1 be used in u. rormallten~e. 

Thble 3.8. Early Palaeozoic granites of the Georgetown Region (compiled by DE Mackenzie). 
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Gnlah Creek orca Hornblende tonalite. Cockie Spring Tonalite Southeastern margin Ordovician(?) or ln!rude Bolcoomo Mcwvolcanics 1-typc. mafic 10 felsic. Withnall (1989b) 
hornblende--biotite tonalite; George10wn Region middle Ordovician and Lugano Metnmorphics; unfractionated. oxidised; very Champion & Heinemann 
leucocrotic biotite granite. Duffs Range Granite (southern iniiUded by Dido Tonalite low K10; Ringwood Park (1994) 
porphyritic in part; EINASLEIGH, western (Dido Supersuite- Silurian) Microgranite is slightly 
porphyritic biotite CLARKE RJVER) peraluminous 
microgranite and Ringwood Park 
microgranodiorite. Microgranite 

White Springs Supersuite Variably porphyritic biotite Anning Gronitc Northeastern and >390 Mal Intrudes Etheridge Group, 1-iype; mafic to felsic; Bailey ( 1969) 
granodiorite, Beverley Hills Granite central Georgetown McDeviu and Darga long unfractionatcd; oxidised Bain et al. ( 1985) 
muscovite- biot ite granite Block man Gap Complex Region (we-~tern 426 Ma' Metamorphics (Anning, Nundah, Oak River, Black ( 1973)1 

and biotite granite: biotite Cope granite ATHERTON. Robin Hood) 10 reduced; Black & Holmes 
nnd biotite-hornblende Dumbnno Granite southern RED ?398 Ma' medium 10 high K10: high Ba, (unpub ms.)' 
tonalite to granodiorite; Eleven-B Granite RIVER, eastern 426±4 Mas Sr (exc. Dumbano); low Th. Nb. GSQ (unpub. data)' 
hornblende-biotite £1/endule granite GEORGETOWN, Dumbano: weakly peraluminous, Champion ( 1991) 
granodiorite: Jope Creek granodiorite western high Rb Champion & Heinemann 
biotite--muscovite granite lo McKinnons Creek Granite EINASLEIGH and (1994) 
·granodiorite; Mount Juliet Granite C LARKE RIVER, Richards et al. ( 1966)' 
muscovite-biotile Nundah Granodiorite northeastern 434 Ma' Sheraton (1974) 
grancxliorite; muscovite or Oak River Granodiorite G ILBERTON) Warnick ( 1989) 
muscovite-biotite± garnet (granodiorite phase) AGSO OZCHRON 
leucogranite nnd granite; Puppy Camp Granodiorite databases 
porphyritic biotite Quinine Spring Granite 
leucogrJnite. Robin Hood Granodiorite >407 Mal 

Van Lee granite(?) 
While Springs 404± I I Ma• 
Granodiorite 424± I I Mas 
Unnamed granites, RED 
RIVER 
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Table 3.8. Early Palaeozoic granites of the Georgetown Region (compiled by DE Mackenzie). (Continued) 
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Dido Supersuite Biotite. hornblende-biotite. Dido Tonalite Central~astern Early Silurian Intrudes Etheridge Group; !-type. mafic to felsic, Bailey ( 1969) 
and hornblende tonalite to Georgetown Region 431 Ma' Oak River Granodiorite unfractionated, oxidised to Black & McCulloch 
granodiorite; Emma Creek tonalite (southwestern intruded by Beverley Hills reduced (Oak River); low ( 1990)1 

biotite-hornblende quartz Oak River Granodiorite EINASLEIGH. Granite (Oak River) to moderate K10; Sheraton ( 1974) 
diorite. (tonalite phase?) southeastern high Sr; low Rb, Pb, REE Warnick ( 1989) 

GEORGETOWN. Withnall (1989b) 
northeastern Withnall & Grimes 
GILBERTON and (1 995) 
northwestern 
CLARKE RIVER) 

Mount Webster Supersuite Foliated muscovite-biotite Mount Webster Central Georgetown Si lurian(?) Intrudes Einasleigh !-type; felsic; trondhjemitic; Warnick (1989) 
granodiorite to granite; Granodiorite Region (western Metamorphics; cut by high Na20 Na/K Sr and Ga. Champion & Heinemann 
muscovite-biotite Range Creek sranite EINASLEIGH) Newcastle Range Volcanic low Zr, Nb. REE relative to (1994). 
leucogranite; biotite & Red Knob granite Group and associated intrusives White Springs Supersuite Champion 
muscovite-biotite granites (pers comm 1997) 

Brandy Hot Supersuite Porphyritic muscovite- Brandy Hot Granodiorite Central-western Silurian? 1280- Intrudes Etheridge Group, 1-type, felsic, unfractionated, Bain et al. ( 1985) 
biotite granodiorite Georgetown Region 1290 Ma (Black & Forsayth Granite reduced; moderately high K20, Sheraton (1974) 

(central Holmes unpub. ms.) (Mesoproterozoic) KINa; high Pb; low Zr. REE 
GEORGETOWN) 

Unassigned granites, Muscovite- biotite Billy Hill granite Central Georgetown Silurian/ (some Intrude Einasleigh No analytical data: 1-type or Champion & Heinemann 
Copperfield Batholith leucogranite to Charles Creek granite Region (central, leucogranites may ·Metamorphics (Etheridge probable !-type (1994) 

leucogrnnodiorite; biotite southern and be Meso-proterozoic) Group)- Mesoproterozoic? 
leucogranite western, 

EINASLEIGH 
northern 
CLARKE RIVER) 

Chudleigh Park area Muscovite-biotite. and Bombarri Creek complex Southwestern Late Silurian? Intrude Einasleigh Possibly !-type and felsic; Oversby et al. (1976) 
biotite granodiorites and Glenloth granite Georgetown Region Mctamorphics (Etheridge no geochemical data Lang. Grimes et al. 
granites; muscovite- biotire Reillys Gully granite (western CLARKE Group); intruded by (1989) 
leucogranite to leucotonalite Stawe/1 granite RIVER, southeastern Carboniferous rhyolites Champion & Heinemann 

GILBERTON) (1994) 
Withnall, Oversby et al. 
(1980) 

Na.me.\ in i1alics are informal terrns used by ~amp ion &. Heinemann (1994) for pluton$ th::tt were unnamed. They were not re$ervcc! or checked for prior usage. ond in many cases duplic:;ne narnes are alrcD.dy in use elsewhere in Austra.lia. They are shown hcfc only 10 anow crou-rcfercndns to Champion & 
Heinemann. and should no1 be U5td in a formol sense. 
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Butlers Volcanic Group McLennons Creek Crystal-poor to -rich rhyolitic 150-300+ m About330 Ma Associated with 1-type; felsic Southern Georgetown White ( 1959b) 
Rhyolite ignimbrite Bagstowe-Lochaber (mostly) to mafic, Region (southwestern Branch ( 1966) 

ring-dyke complexes. fractionated to EINASLEIGH and Bain et al. (I 985) 
Edmonds Creek Sparsely porphyritic rhyolite Up to60 m overlies unfractionated; northwestern Oversby et al. ( 1980) 

'Rhyolite Palaeoproteroz.oic variably oxidised: CLARKE RIVER) Oversby & Mackenzie 
Etheridge Group and high K10; high in (1995) 

Bnllynurc Rhyolite Mod. lithic-rich, crystal-rich rhyolitic Up to 120m Silurian granites; Al10 3• MgO. CaO 
ignimbrite; very crystal-rich rhyolitic imruded by Bagstowe and Sr, and low in 
ignimbrite Granite, Sues 'Creek K10 , La, Ce, Y, 

Microgranite, Noel (Ce/Y) •• Zr/Rb, and 
Pnddock Creek Lithic-poor crystal-rich dacitic About580 m Micromonzonite, and Ga/AI relative to 

Formation ignimbrite; rhyolitic Old Man Rhyolite: Newcastle Range 
volcaniclastic arenite to rudite: overlain unconformably Volcanic Group 
mod. crystal-rich rhyolitic ignimbrite, by Eulo Queen Group !-types 
locally lithic-rich (Carpentaria Basin) and 

basalt 

Newcastle Range Namarrong, Rhyolitic and dacitic ignimbrites; Average about 329- 283 Ma Unconformably overlies Northwe.~tern part: Eastern GEORGETOWN, Bain et al. (1985) 
Volcnnic Group Kungaree, rhyolite: basaltic andesite to andesite: 3000m and/or faulted against A-type, low Fe, westernmost EINASLEIGH, Oversby et al. ( 1980) 
(sec Table 3.10 for Eveleigh, and dacite; rhyolitic to dacitic Palaeoproterozoic high K,O, Ba, 3nd southernmost RED Oversby & Mackem.ie 

Wirra Volcanic volcaniclastic lutite to rudite (incl. metasediments and LREE: moderately RIVER central- (I 995) 
Subgroups breccia and ground Jag deposits): metadolerite (Etheridge high Zr, Gn, Zn. northern Georgetown 

arenite to very coarse rudite: rare Group), Southern and Region 
limestone Mesoproterozoic eastern pans: 

granites (Forsayth 1-type, low Fe, high 
Supersuite), and K20 , moderate Zr, 
Silurian granites (White moderate to low 

lowSr n 
::t: 

Cumberland Range Namul Dacite Lithic-rich, mod. crystal-rich dacitic 80-100 m Late Over I ies Etheridge 1-type: felsic, Prestwood-Grccn Hills area, White (1965) )> 

Volcanic Group to rhyolitic ignimbrites Carbonif- Group; intruded by fractionated; high centrnl-westem Georgetown Branch ( 1966) "'Q 

-i 
erous (?) Prestwood Microgranite K20; high Li, Rb, Region (central Sheraton (1974) rn 

Scrubby Creek Lithic-rich, crystal-rich rhyolitic 500-700 m and Mount Sircom U, Ce, Ga; very GEORGETOWN) . Bain et al. ( 1985) ;:Q 

~hyolite ignimbrite M icrogranodiorite high Y: low Sr. Oversby & Mackenzie -i 
Th/U (I 995) ::t: 

Dismal Creek Crystal-rich dncitic to rhyolitic 100-170 m Mackenzie et al. ( I 996) ;:Q 

Dncite (incl. ignimbrite 30-50m m 

Huonfels Rhyolite 
m 

Member) C'l .. 
() 

Marquis Rhyolite Sparsely porphyritic rhyolite 120-150 m ... 
Rhyol ite: very lithic-rich, '"" 

mbrite () 

" " 
"' 

"" 
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Lithic-rich, crystal-poor rhyolitic Overlies Etheridge 1-typc and A-type?; Between Fiery Creek and White ( 1965) 
-1 
m 

ignimbrite; rhyolitic 10 polymictic Carboniferous Group; intruded by mafic 10 felsic, Etheridge River, Branch ( 1966) ~ 

rudile IO (?)Early minor late unfractionated, nonhwestem Georgetown Smart & Bain (1977) 
-1 

Permian Carboniferous-Early oxidised; 1-types Region (norlhern Bain et nl. ( 1985) :r 
lronhurst Basaltic andesite; dacite; rhyolitic 350-600 m Permian rhyolite dykes. medium to high GEORGETOWN, Oversby & Mackenzie 

~ 

(incl. Womblcalla volcanic rudite and lutite; crystal- 200-250 m Partly overlain by K20 and TiO,; southern RED RIVER) (1995) m 

Rhyolite Member poor rhyolitic ignimbrite; rhyolite; to Tertiary A-types very high Mackenzie et al. (I 996) m 

and Ant Hill sublithic to quartzose arenite and 50-120m sediments (Karumba K20 , extremely C'l 
Andesite Member) siiL~tone Basin) high Ba and Zr, .. 

LREE <> ... 
Silent Creek Laragon Volcanics Lithic-free 10 rich, crystal-rich At least 100m Late Overt ies Etheridge No data Eden Vale-Leichhardl Mackenzie et al. ( 1996) "" 
Volcanic Group rhyolitic ignimbrites Carboniferous? Group; intruded by I ale Creek area, nonhern 0 

Carboniferous-Early Georgetown Region ;; 
Eden Vale Rhyolite Lithic-poor to rich. crystal-poor At least 50 m Permian granites. (central and southern "' rhyolitic ignimbrite; rhyolite; lapilli Largely overlain by RED RIVER) ;;.; 

tuff, arkose to Tertiary .. 
sediments (Karumba "" 

Mount Emu Lithic and crystal-rich bt-hbl- Unknown Basin) 0 

imbrile " 
Sundown Volcanic Group Gingerella Volcanics Rhyolitic ignimbrite; rhyolite lava About 45 m Late Unconformably overlie 1-type?; felsic; Bullock Creek-Sundown Branch ( 1966) 

& tuff; dacite; breccia Carboniferous McDevin fractionated, areat northeaslem de Keyser & Lucas 
Metamorphics, oxidised, high Georgetown Region (1968) 

'Bnrwidgi volcanic Rhyodacite, volcanic breccia, N/A Blackman Gap K20 (?- Barwidgi (central-western Bultitude & Huuon 
fissure' rhyodacitic ignimbrite Complex; intruded by Granite is FFOH) ATHERTON) (1992) 

several late 
Double Barrel Andesite & dacite, locally About75 m Carboniferous granites 
Andesite autobrccciated; tuff 

Kallon Volcanics Lithic & crystal-rich rhyolitic About60 m 

Prall Volcanics Prall Volcanics Crystal-rich rhyolitic ignimbrite; Probably about Late Unconformably overlie 1-typc, some A-type Northeastern most Bultitude & Domagala 
(several unnamed dacite; rhyolite and andesite; tuff 300-305 m (total) Carboniferous Dargalong (dacite, rare Georgetown Region (1988) 
subunits) and tuffaceous sedimentary rocks Metamorphics; intruded rhyolite); felsic 10 (northern ATHERTON, Champion & Heinemann 

by Almac Granodiorite, mafic, mostly southern MOSSMAN) (1994) 
and by Nychum unfractionated; 
Volcanics (Featherbed 1-types variably 
Volcanic Group, oxidised, high K20 
Cairns Region); cut and Ba; 
by Palmerville Faull; A-types reduced, 
overlain by Gilbert relatively high in 
River Formation and Zr, LREE, Ga 

Downs 

Bally Knob Volcanics Crystal-poor rhyolitic ignimbrite, Unknown Not dated Overlie Lucky Creek No data Northeast of Wyandoue Withnall ( 1989b) 
rhyolite and dacite Java, and dacitic Metamorphic Group homestead in central Withnall & Grimes 
tuff Dido Tonalite. Overlain EINASLEIGH (1995) 

by Tertiary basalt of 
McBride Province 



Galloway Volcanic Group Paulet Dacite Lithic-poor to rich, crystal-rich 170 m (Branch Early Permian 
dacitic to rhyolitic ignimbrite; dacite 1966); up to 600 m (290 + 3 Ma) 

(Smart & Bain 
Ancastcr Rhyolite Crystnl-rich and lithic-rich rhyolitic 1917); at least 

ignimbrites: rhyolitic breccia 1250 min theSE 

Dynnn Dacite Dncitic. andesitic, and crystal -rich 
rhyolitic ignimbrite$; lithic-rich 
rhyolitic ignimbrite; rhyolite: dacite: 
andesi1e 

Camp Oven Dacite Rhyolitic, dacitic. and rare andesitic 
ignimbrites and lavas 

Scardon.< Volcanic Group Bullcringa Volcanic More than 400 m Early Permian 
Subgroup (289± 2 Ma) 
Dickson Creek Crystal-rich rhyolit ic ignimbrite ancilto (?) late 
Rhyolite Carboniferous 

Red River Rhyolite Crystal-rich rhyolitic ignimbrite 

Pretty Swamp Lithic-poor 10 rich crystal-rich 
Rhyolite rhyolitic ignimbri te 

Unnamed unit Lithic-rich to poor. moderately 
crystal-rich/poor rhyolitic 
ignimbri te 

Unnamed unit Crystal-poor to moderately rich 
rhyolitic ignimbrite; rhyolite; breccia 

Duffers Creek Crystal-poor 10 mod. crystal-rich 
l)acite rhyolitic to dacitic ignimbrite 

Unnamed unit Lithic-rich dacitic ignimbrite; 
dacitic volcanic ruditelbrcccia 

Warby Volcanic Crystal -poor to mod. crystal-rich 115m 
Subgroup rhyolitic ignimbrite: porphyritic 

dacite; dacite breccia; rhyolite 

Eresby Volcanics Lithic & crystal-rich rhyolitic to At least 150 m 
docitic ignimbrite 

Reambn Volcanics Undivided Ortho- and clinopyroxene-bearing. Unknown; Early Permian? 
lithic-poor to -rich. crystal-rich at least 200 m 
rhyolitic ignimbrites; rhyolitic 
lithic-crystal tuff 

Overlies Etheridge Group. A-type and 1-type: 
Forsasth Supersuite: marie to felsic. 
intruded by Campbell unfractionated to 
Mount and Copper Bush fractionated; 
Granites Panly overlain oxidised; high 
by Tertiary K20. A-types very 
sediments (Karumba high Ba. high 
Basin) LREE, Zn; low 

P,O,. All. especially 
A-types, are 
notably high in Sr 
relative to Scardons 
Volcanic Group 

Unconformably overl ies A-type and 1-type; 
McDeviu Metamorphics felsic to marie, 
and Etheridge Group; unfractionated to 
intruded by numerous fractionated; 
late Carboniferous to oxidised to reduced; 
Early Permian granites. high K20 . A-types 
including 0' Briens have high Fe,.,.~, 

Creek and Ootann K20. Ba, LREE. 
Supcrsuitcs. Partly Nb. Sn, Zn; low 
overlain by P,o, and Sr 
Tcniary sediments relative to 1-type~ 
(Karumba Basin) 

Overlie/faulted against A-type; felsic; 
Dargalong unfractionatcd to 
Metamorphics. mildly fractionated; 
Proterozoic and reduced to slightly 
Silurian granites. Partly oxidised; very high 
overlain by K10: high LREE. 
Tertiary sediment~ moderately high 
(Karumba Basin) Zr. Zn. Ga 

Dagworth- Van Lee area, 
northwestern Georgetown 
Region (southern RED 
RIVER) 

Mt McDevitt-Bullcringa 
area. nonhero Georgetown 
Region (western 
ATHERTON. eastern 
RED RIVER) 

Three Horse Lagoon area, 
lower Tate River, e~treme 

northeastern Georgetown 
Region (eastern 
RED RI VER) 

White (1965) 
Branch ( 1966) 
Smart & Bain ( 1977) 
Ovcrsby & Mnckenzic 
(1995) 
Mackenzie ct al. ( 1996) 

Branch ( 1966) 
de Keyser & Lucas 
(1968) 

Cranfield ( 1992) 
Mackenzie et al. ( 1996) 
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Agate Creek Thunder Egg Lithic-poor to rich. crystal-rich About900 on Early Permian Overlies, or down faulted Andesites: M-type. Agate Pocket, Granite Bain et al. ( 1985) ,., 
Volcanic Group Rhyolite rhyolitic ignimbrite; two-pyroxene into, Etheridge Group slightly oxidised, Creek and Bald Mountain Mackenzie ( I 987a) :;J:) 

Black Soil Andesite basaltic andesite; spherulitic rhyolite; high Mg number, areas, south-central Oversby & Mackenzie -i 
Tnlaveras Rhyol ire siltstone, mudstone moderate K20 . Georgetown Region (1995) J: 

Big Surprise lUff Rhyolites : (nor1hwestern :;J:) ,., 
unfraetionatcd, GILBERTON, m 
slightly oxidised, southern GEORGETOWN) 
high to very high C'\ .. 
K20; high Ba, Rb, () 

Sr. Th; low K/Rb, 
... 
"" Ga 

Mount Linle Bullseye Rhyolite Rhyolitic ignim~rite; conglomerate, About 50 m Early Permian Overlies Croydon Bullseye Creek and 
() 

Bain et al. ( 1985) ,. 
Volcanic Group Linley Rhyolite sandstone Hornblende-biotite dacite 20-SO m (~ 275 Ma) Volcanic Group McFarlanes Waterhole Mackenzie ( 1987 a) "' 

Linle Pocket Dacite Unknown* areas, western Georgetown Oversby & Mackenzie "' Goat Creek Andesite Unknown* Region (eastern (1995) .. 
"" McFarlanes Unknown* CROYDON) 

*Tens of 0 

"' 
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Table 3.10. Details of con~tituent units of the Newcastle Range Volcanic Group. Georgetown Region (compiled by DE Mackenzie). 

re~um~ filfih"'1o;J~~.;l¢'f>!P.:.tt:: .. 7~ rihi'Cii'n"its;;;;;a r,;q-e~~~ 

Namurrong Volcanic Subgroup Early Permian 
Cumb:ina Rhyolite Crystal-rich rhyolitic ign imbrite•; andesite; rhyolitic About 920 m ? 

siltstone to very coarse rudite 

Brodics Gap Rhyolite Crystal-rich rhyolitic ignimbrite•; rhyoli tic lut ite to Up to 1250 m 283 ± 3 Ma 
rudite 

Dagworth Andesite Aphyric to porphyritic augite-pigeonite basaliic Up to 380m 
andesite 

Twin Dams Andesile Aphyric augite- pigeonite basaltic andesite Up to 300m 

Kungorcc Volcanic Subgroup Middle Carboniferous 
Kitchen Creek Rhyolite Crystal-poor to moderately rich rhyolitic ignimbrite; 180--200 m 

arenite to very coarse rudile 

Corkscrew Rhyolite Sparsely porphyrilic rhyolite; lithics-bearing, Up to760m 323 Ma 
crystal-poor to moderately rich rhyolil ic ignimbrite; 
polymictic rud ite; rhyolitic I utile to rudite 

Thornborough Andesite Member Sparsely porphyritic pyroxene trachyandesite to About 30m 
andesite 

Routh Dacite Porphyritic dacite; crystal-rich dacitic ignimbrite; . Up 10 1000 m 
dacitic arenite to very coarse rudite 

Shamrock Rhyolite Crystal-rich rhyolitic ignimbrite; rhyolilic lulite and Up to250 m 
arenite 

Eveleigh Volcnnic Subgroup Middle Carboniferous 

Shrimp Creek Rhyolilc Crystal-rich hornblendc-biotile rhyolilic ignimbrite• 500-600m 330 Ma (Black & 
Holmes, unpub. ms) 

Canyon Dacile Porphyritic dacite; dacitic ignimbrite; rhyolitic lutite 670m 
to rudile 

Mosaic Gully Rhyolite Crystal-poor to rich rhyolitic ignimbrile Up to 1000 m 325 ± 5 Ma 

Beril Peak Rhyolite Crystal-free rhyolitic ignimbrite 250--300 m 

Yellow Jackel Rhyolite Cryscal-poor 1o rich rhyolitic ignimbrite• ; rhyolitic About560 m 
!utile to rudite 

Pint Pol Andesite Member Sparsely porphyritic hornblende-pyroxene andesite Up to 150m 
to basaltic andesite 

Wirru Volcanic Subgroup Middle Carboniferous 

Jin kcr Creek Rhyolite Cry$tal-rich hornblende-biot ite rhyolitic ignimbrite Upto550 m 329 ± 9 Ma (Black & 
Holmes, unpub. ms) 

Bou$ey Rhyolilc Crystal-poor to rich rhyolitic ignimbrite; rhyolitic Up to 900 m 325 ± 7 Ma (Black & 
lutitc to rudite; rare limestone Holmes. unpub. ms) 

• with lithic~·rich horit.on!l 

rDiti;;b'iiilrm~ 

Northern end 

Central pan 

Eastern lobe 

Southern end 

l6'10Ch'lm"'lcai!Gii';;;:itTtrri.fi;~ 

1-type?; unfractionatcd? 

A-type; unfractionated, reduced (to oxidised): high K10. 
Ba. LREE; low Sr 

M-type; slightly fractionated; m~dium K20, low MgO 

M-type; unfractionated. oxidised, medium K10; low Rb. 
Pb. T h, U 

1-type? 

Pan 1-type, pan A-lype; unfractionatcd, slightly oxidised 
to oxidised, high K20; A-types high Sa, Th. Zr, LREE 
and Ga, low Sr relative to 1-types 

M·type 

A-type. unfractionated. oxidised to s lightly oxidiscd, 
high K20, moderately high Ba, LREE. Zt. Ga 

1-type(?), unfraclionaled? 

1-type; unfraclionated 

1-type? 

1-type; un frac1iona1ed, oxidised, high to very high K~. 
low Sr 

1-type? 

(-type 

M-type 

1-type, unfrac1iona1cd to fractionated, oxidiscd. high 
K20. low Sr. Th, U 

!-type, unfractionated to fractionaled, slightly to very 
oxidised, medium to high K~O. low Sr 

n 
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Table 3.1 I. Carboniferous-Permian granites of the Georgetown Region (compiled by DE Mackenzie). 

~i~1B rmm .. ·-~~ lialiicteristic't~.:~ 
'"':.;9i~.~ "-y~-~ 
'1.ii:ons_tr~uentJ.U.nrtsfi.M~:!:: 

lj:i:_;'J.:;'. ,.:w. ~ -;r. ---:;'.ii-
tDrsb:•bufiOn~ ~~~ 

Almaden Supersuite Hornblende± biotite Crystalbrook Volcanic ATHERTON 
granodiorite; quartz Neck northeastern 
monzodiorite Georgetown 

0' Briens Creek Supersuite Pink to white biotite granite, Burlington Suite Southwestern 
(see Table 3.12) microgranite. porphyritic Desert Creek Suite ATHERTON, 

biotite granite; biotite O'Briens Creek Suite southeastern 
leucogran ite Pinnacle Creek Suine RED RIVER. 

Roberts Creek Suite and northeastern 
l Go Sam Suite GEORGETOWN 

Herberton Suite northeastern 
Nenle Suite Georgetown Region 
Unassigned granites 

Ootann Supersuite Variably porphyritic to California Creek Suite Mainly northeastern and 
(see Table 3. 13) equigranular biotite and Froghollow Suite northern Georgetown 

hornblende-biotite granite lxc Suite Region (Almaden to 
and microgranite, Junevale Suite 'Bulleringa'); also 
hornblende-biotite Mulindie Suite possibly southern 
granodiorite and Ootaan Suite Georgetown Region 
microgranodiorite, Rocky Whistler Suite (Glenmore-Lochabcr 
pyroxene-hornblende- Rudd Suite area) 
biotite granodiorite, biotite Saucebotllc Suite 
leucogranite, rare gabbro Sandy Tate Suite 

Unassigned Suites 

Claret Creek Supersuite - Hornblende-biotite granite Bon nor Creek Granite Warby Ring Complex, 
Bon nor Suite to granodiorite I I km southeast of 

' Lyndbrook' 40 km2 

Yataga Supersuite Hornblende-biotite Yataga Granodiorite 30 km north of 
granodiorite and toM lite, Georgetown 
porphyritic hornblende-
biotice tonalite, porphyritic 
biotite granite. miarolitic 
biotite granite 

~.,...,..,.~.- B 
f'Agelr~~;-.,.:,-1 

-~.,.,~·.:::.--;-:-": ... ~:-- ~~~ '~ 
,l!eliiti.onsli'ips.._ ... ~;.- · -~.olJ 

Late Carboniferous Intrudes McCord Granite 

Late Carboniferous Intrudes Dargalong 
(see Table 3.9) Metamorphics. Etheridge 

Group, Blackman Gap 
Complex, Chillagoe and 
Hodgkinson Formations, and 
several Carboniferous volcanic 
unilS 

Mid(?) to late I mrudes Dargalong 
Carboniferous Metamorphics. Etheridge 
(see Table 3.1 0) Group, Blackman Gap 

Complex, Chillagoe and 
Hodgki nson Formations. and 
several componenlS of the 
Kennedy Province 

Late Carboniferous ·Intrudes unassigned granites 
of Tate Batholith 

Permian Concentrically zoned pluton. 
(284±3 Ma- Intrude~ Etheridge Group 
Black & Holmes, 
unpub. ms.) .. 

r~•;,~~~~~~~~t~~; 
(Geocli.emrcai{Gh_aracle11$ttJ:SJi41:1 

1-type; mafic, unfractionated, 
oxidised 

1-type. Mainly felsic, commonly 
fractionated; oxidised to 
reduced (esp. Nettle Suite) ; 
high to very high contenlS of 
high field-strength cations 
(Nb, Th, U. Y, Zr. Ta, Hf); 
high REE, esp. LREE: high Cs, 
Ga. fluorine; high Sn; very high 
Mo. Mineralisation 
(Sn ± Mo ± W ± F) is common 

1-type. Commonly oxidised, 
many granites fractionated; 
mafic-intermediate granites 
more common than O' Briens 
Creek Supersuite, and wider 
compositional range. Slightly 
metaluminous to slightly 
peraluminous. High Rb, Th; 
low Ba. Zr. Nb, La, Ce relative 
to average low-Ca granite of 
Turekian & Wedepohl (1961). 
Much more felsic, K10 and 
Rb-rich and Ba, Sr-depleted 
~an average Lachlan Fold 
Belt 1-type granite 

1-type; sodic; high in Al20 1 and 
Na20 , low in K20 relative to 
Almaden and Ootann 
Supersuites. 

1-type, mafic to felsic, 
unfractionated, oxidised to 
reduced (most fel sic rocks), 
medium to high K20 

•,;-c. ~'"" .. :: ~ ...... """'' 
fR1Jir.7nt'esi:~A.-~·~J. 

Bultitude & Domagala 
(1988) 
Champion (1991) 
Bultitude et al. ( 1993a) 
Champion & Heinemann 
(1994) 

Champion ( 1991) 
Champion & Heinemann 
( 1994) 
Sheraton (1974) 
Sheraton & Labonne 
( 1978) 
Smart & Bain ( 1977) 
Pollard ( 1988) 
Cranfield ( 1992) 
Bultitude et at. ( 1993a) 

Champion ( 1991) 
Richards ( 198 1) · 
Champion & Heinemann 
(1994) 
Bain et at. ( 1985) 
Smart & Bain ( 1977) 
Pollard ( 1988) 
Cranfield ( 1992) 
Bultitude & Hutton 
(1992) 
Bultitude et al. (1993a) 
Sheraton (1974) 
Sheraton & Labonne 
( 1978) 
Mackenzie (in press) 

Bailey ( 1969, 1977); 
Champion ( 1991) 
Cranfield ( 1992) 

Bain et al. (1985) 
Smart & Bain ( 1977) 
Holmes (unpub. ms.) 
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Brodies Camp Supersuite Hornblende-biotite, Knob Camp Granodiorite Knob Camp- Dickson 
biotite-hornblende Aylesbury Microgranite Creek area, 75-85 km 
granodiorites: Unnamed granodiorites, northeast of 
hornblende- biotite granites and Georgetown. (30 km1

) 

microsrnnitc/rhyolite; microgranites/ rhyoliteS 
biotite granite and 
microgranite 

Kangaroo Creek Supersuite Biotite granite- granophyre; Bull Creek Granite Campoell Mountain-
biotite. biotite-hornblende, Campbell ~ountain Kangaroo Creek area, 
hornblende-biotite Granite 50-70 km north· 
granodiorite, Copper Bush Granite northwest of 
microgranodiorite; Promise Creek Granite Georgetown, 
gmnophyric biotite granite; Various unnamed granites RED RIVER 
porphyritic biotite granite, ~nd microgrunites (ca. I 00 km1) 

micro-granite; biotite 
monzogranite 

Glenmore Supcrsuite Fine to medium biotite Bagstowc Granite ( 1) Glenmore-Bagstowe 
leucogranite; miarolitic Lochaber Granite (2) area, southern 
cavities common in (2) Georgetown Region 

(1 : 26km1; 2: 150km1) 

UNASSIGNED 

Tate Batholith Biotite granite and lcuco- Unnamed granites and Southern ATHERTON, 
granite± secondary granodiorites nortti.:Central 
muscovite; hornblende- EINASLEIGH 
biotite granodiorite 

Red River region 1-types Porphyritic biotite granite, Anc.aster granite RED RIVER 
~ornblende-biotite granite, Promise Creek granite northern 
biotite granite, porphyritic (minor part) Georgetown Inlier 
biotite-hornblende Three Horse Lagoon 
microgranite; rhyolite granite 

Unnamed grani tes, 
rhyolites 

Newcastle Range 1-types Porphyritic biotite Eva Creek Microgranite Newcastle Range area, 
microgronite, granodiorite Lubrina Granite central Georgetown 
and leucogranite; MacCallor Region. (About I 00 kml) 
porphyritic hornblende- Microgranodiorite 
biotite microgranite; biotite Mopata Microgranite 
granophyre; porphyritic Talaroo Microgranite 
rhyolite Tenavute Microgranite 

Lancewood Rhyolite 

Early Permian Intrudes Scardons Volcanic 
Group and 0 ' Briens Creek 
Supersuite 

Early Permian Intrudes Etheridge Group, 
White Springs Supersuite, 
Galloway Volcanic Group; .. 
unconformably overlain by 
Gilbert River Fm and 
Bulimba Fm. (Carpentaria and 
Karumba Basins) 

Lochaber Granite Intrude Etheridge Group, pans 
340± 3 Ma' of Butlers Volcanic Group 

.• 

Late Carboniferous Intrude Etheridge Group; 
White Springs Supersuite, 
Knllon Volcanics; overlain by 
Tertiary basaltS 

Late Carboniferous Intrude Etheridge Group, 
to Early Permian White Springs Supersuite. 

Reamba Volcanics, 
Eden Vale Volcanics 

Mid to late Intrude Etheridge Group, 
Carboniferous Newcastle Range Volcanic 
(Lubrina Granite 
331 Ma1; Eva Creek 

Group 

317- 320 Ma' ) 

A-type; mafic to felsic, very 
high Ba, LREE; high Zr, Nb; 
low Sr; but also high Na10, 
and low KINa 

A or 1-type; felsic. 
unfractionated to moderately 
fractionated; reduced to 
oxidised; moder~te K10; high 
Ba 

!-type; ox idiscd, high K10 ; 
Similar to Ootann Supcrsuite 
granites 

1-type, felsic; similar to Ootann 
Supersuite, but poorer in Ba and 
Sr, richer in Rb and Y 

1-type; mafic to felsic, variably 
fractionated, oxidiscd to 
reduced. high CaO, Ba (see text) 

. . 

1-type; felsic, unfractionated, 
mostly oxidised, moderate to 
high K10; high Rb. Rb/Sr; 
moderately high Ba 

Mackenzie et al. ( 1996) 

Smart & Bain ( 1977) 
Mackenzie et al. ( 1996) 

Branch ( 1966) 
Bailey ( 1969) 
Sheraton (I 974) 
Bain et al . (I 985) 
Fanning (1995)' 

Sheraton ( 1974) 
Bullitude &'Hutton (1992) 
Champion & Heinemann 
(1994) 
Withnatl & Grimes 
(1991. 1995) 

Mackenzie et al. ( 1995) 

Bain ct al. ( 1985) 
Ovcrsby ct at. ( 1980)1 

Ovcrsby & Mackenzie 
( 1995) 
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Table 3 I I Georgetown Region - Carboniferous-Permian granites of the Georgetown Region (compiled by DE Mackenzie) (Continued) 
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Newcastle Range A-types Porphyritic biotite Caterpillar Microgranite Northern Newcastle Early Permian Intrude Etheridge Group, 
microgranite; sparsely Mount Max Granite Range area, central White Springs Supersuite, 
porphyritic rhyolite Mount Departure Georgetown Region. Newcastle Range Volcanic 

Microgr~nite About30km1 Group Namarrong Volcanic 
Unnamed rhyolites Subgroup 

Cumberland Range area Porphyritic biotite Mount Darcy Cumberland Range- Mid to late Intrude Etheridge Group, 
microgranite, porphyritic Microgranodiorite Mount Darcy area, Carboniferous Forest Home Supersuite, 
hornblende-biotite Mount Sircom central Georgetown Brandy Hot Supersuite, 
microgranite and Microgranodioritc Region Cumberland Range Volcanic 
m icrogranod i ori te Prestwood Microgranite Group 

Western Georgetown Biotite granodiorite, Awring Granodiorite Western Early Permian, Intrude Etheridge Group, 
Region hornblende- biotite Carnes Granodiorite GEORGETOWN & ca. 280 Ma Croydon Volcanic Group, 

granodiorite; porphyritic Gongora Granodiorite eastern CROYDON Mount Lillie Volcanic Group 
tiiotite granite; pigeonite- Linle Bird Granite 
augite dolerite; augite Wallys Dolerite 
dolerite; variably porphyritic Yappar River Dolerite 
rhyolite Connie May Dolerite 

Unnamed rhyolites 
Bagstowe-Lochaber Porphyritic hornblende- Black Cap Diorite Glenmorc-Bagstowe- Mid to late Intrude Etheridge Group, 
centred igneous structure biotite microdiorite, Conical Knob Kidston area, southern Carboniferous Paddock Creek Formation, 
(Glen more batholith area) granodiorite and micro- Microgranite Georgetown Region (Culba Granodiorite parts of Butlers Volcanic 

granite; porphyritic augite- Cook Microgranite ca. 330 Ma' ; Group. See 1 for details of 
hornblende diorite. unnamed andesite Mount Rous intrusive relationships 
porphyritic (biotite?) unnamed rhyolite Microgranodiorite 
microgranite, hornblende- Cranky Creek 332 Ma2

) 

biotite granodiorite, biotite Granodiorite Culba 
leucogranite, hornblende- Granodiorite 
augite-quartz. Eastdale Granite 
micromonzonite, diorite, Mount Rous 
rhyolite, dacite, andesite, Microgranodiorite 
dolerite Noel Micromonzonite 

Old Man Rhyolite 
Sues Creek MicrograniLe 

Purkin Batholith Biotite leucogranite. Purkin Granite Southwestern extremity Mid to late Intrude Etheridge Group 
porphyritic biotite (;ambridge Creek of Georgetown Region Carboniferous 
microgranite, hornblende- microgranite Richards et al. 
biotite granodiorite; Rokehurst Creek rhyolite obtained a K-Ar 
porphyritic rhyolite age of 311 ± 5 Ma 

---::.,;,~,~-;;...;-~- =.;~~Jc'ii il 
~GeocliemtcdliG6ar.actenstlcs j 
A-type; felsic, unfractionated, 
oxidised; very high K20 and Ba, 
low CaO, very low Sr 

1-type; unfractionated, moderate 
to high (Prestwood) K,O; 
moderately high to low 
(Prestwood) Sr; metaluminous 
to slightly peraluminous; 
Mt Sircom high Na10, low Rb, 
REE, Zr, Th 

1-type; reduced, unfractionatcd; 
Wallys Dolerite similar to 
continental flood tholeiite 

Mainly 1-type, (Black Cap 
Diorite M-type), mafic, 
unfractionated, oxidised and 
high K20 ; Conical Knob 
(reduced) & Sues Creek 
Microgranites and Old Man 
Rhyolite (partly fractionated) 
are felsic; Culba Granodiorite 
is panly felsic, & medium to 
high K20 

1-type, felsic, unfractionated to 
fractionated. oxidised, medium 
to high K; high Th, U; low Sr 

fR.eJ~-e;;iesC" ~<t;· ' 
Bain et al. (1985) 
Oversby et al. (I 980) 
Oversby & Mackenzie 
(1995) 

White ( 1965) 
Branch ( 1966) 
Sheraton (1974) 
Bain et al. (1985) 
Mackenzie ( 1987 a) 
Oversby & Mackenzie 
(1995) 

Bain et al. (1985) 
Mackenzie et al. ( I 985) 
Mackenzie ( 1987a) 

Bai n et al. (1985) 
Bailey ( 1969) 
Sheraton (1974) 
Oversby & Mackenzie 
(1 995) 1 

Richards et al. ( 1966)2 

Oversby et al. (1976) 
Withnall , Oversby et al. 
(1980) 
Richards et al. ( 1966) 
Lang, Grimes et al. 
( l989c) 
Champion & Heinemann 
(1994) 

n 
I 
)> 

-u 
-t 
m 
::0 

-t 
I 
::0 
m 
m 

C) .. 
0 

.o 

" 



CD 
CD 

Western Ingham Batholith Porphyritic biotite granite, Minnamoolka Granite Cashmere- Valley of Mid to late Intrude Einasleigh Main group 1-type. felsic Withnall & Grimes 
(Cosh mere area) biotite granite, porphyritic Princess Hills Granite Lagoons area, extreme Carboniferous? MetamorphicsfEtheridge unfractionated to variably (1995) 

hornblende-biotite granite. Herben River granite eastern Georgetown Group, Hodgkinson Formation. fractionated. reduced. high K; Sheraton ( 1974) 
biotite-hornblende undiv. Region Wairuna Fonnation, Kangaroo similar to O'Briens Creek Champion ( 1991) 
granodiorite, porphyritic Herben River Granite Hills Formation Supersuite. Hutton & Grimes 
biotite microgranite, Hawksnest Creek granite Greasy Creek and Grecnes ( 1987) 
hornblende tonalite Tiger Hill Microgranite Creek granodiorites mafic, Withnall et al. ( 1986) 

Mollnt Sharples granite unfractionated, and medium K 
Cockatoo Spring granite 
Quartz Hill gra11ite 
Deep Creek granite 

· Greasy Creek granodiorite 
Gleneagle granite 
Greencs Spring 
granodiorite 
Cashmere micro granite 
Whitewater Creek 
Granite? 

Namu in italics ore infonnalterm.s used by Chompion & Heinemann (1994) (or plutons I hal were unnamed. They were nol reserved or checked ror priot usoge. and in ma.ny c:aset duplicou~ nomc.s ore already in use elsewhere inAu~uolio. They ore ~hown here only 10 oltow CI"'SS-rc(ere,ncina ro Ctuampion & 
Heinc:m:tnn. *nd $h0\lld no1 be u~d in o formal sen~. 
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Table 3.12. Constituents of the O'Briens Creek Supcrsuite, Georgetown Region (compiled by DE Mackenzie). 
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Burlington Suite 

Burlington granite Coarse biotite granite; biotite 10 km southwest of 'Lyndbrook', SW 293 Ma (Richards Intrudes Etheridge Group, Blackman Gap 
microgranite. Pos.~ibly composite ATHERTON et al. 1966) Complex, part of Scardons Volcanic Group 

Desert Creek Suite 

Desert Creek granite Porphyritic biotite granite 27 km northwest of ' J.yndbrook' . SW Late Intrudes White Springs Supersuite, 0' Briens 
ATHERTON Carboniferous? Creek Microgranitc(?) 

Rose Creek granite Medium to coarse, sparsely porphyritic 28 km northwest of Bullock Creek, Late Intrudes O'Briens Creek Microgranite, 
biotite granite ATHERTON (7.5 km1) Carboniferous? Desert Creek granite 

O'Briens Creek Suite 

Angore granite Pink to white biotite granite and Northeast of Einasleigh River, southeast Late Intrudes Etheridge Group, Blackman Gap 
microgranite; miarolitic in pan; RED RIVER & southwest of ATHERTON Carboniferous? Complex (White Springs Supersuite- Silurian) 
extensively altercd/greisenised 

Elizabeth Creek Granite Medium to coarse porphyritic to 30 km northwest of Mount Surprise, 318 Ma Intrudes Etheridge Group, Cumbana Rhyolite 
seriate biotite granite; biot ite southwest ATHERTON, southwest RED (Black & Holmes); 
microgranite; rhyolite RIVER. nonhwest EINASLEIGH, 315 Ma 

northeast GEORGETOWN (Champion 1991) 

First Bull Run granite Pink, medium to fine biotite granite, 'Old Bulleringa' area, 50 km northwest of Late Intrudes Angore Granite, part of Scardons 
miarolitic in plnccs Mount Surprise, southwest ATHERTON & Carboniferous? Volcanic Group 

southeast RED RIVER 

O'Briens Creek Equigranul~r to porphyritic, commonly 27 km WNW of Mount Surprise, Late Intrudes part of Scardons Volcanic Group 
Microgrnnite miarolitic, biotite microgranite; EINASLEIGH (2.5 km1) . Carboniferous? 

pegm~titc and aplite common 

Pinnacle Creek Suite 

Fulfonl Creek granite (Muscovite- )biotite granite Near Lynd River, 8 km north of ' Lyndbrook · , 315 Ma? (Richards Intruded by lxe Microgranodiorite 
ATHERTON et at. 1966) (Ootann Supersuite) 

Square Rock granite Biotite granite to leucogranite 18 km west of Bullock Creek, ATHERTON Late Intruded by Frenchy Creek granite 
(5.5 km1) Carboniferous? (Ootann Supersuite) 

Robert.~ Creek Suite 

Flynns Creek Biotite microgranite with miarolitic Near Rock Tate River, 25 km nonhnonhwest Late Intrudes Saucehoule Granite (Ootann Supersuite) 
microgranite cavities; porphyritic biotite micro~,.,.anite of Bullock Creek, ATHERTON Carboniferous? 

Roberts Creek granite Equigranular to porphyritic biotite Between Tate and Rock Tate Rivers, 25 km Late Intrudes Sauceboulc Granite (Ootann Supersuite) 
granite to leucogranite northnorthwest of Bullock Creek, Carboniferous? 

ATHERTON (60 km2
) 

Not allocated to a Suite 

Arra granite Biotite granite East of Fulford Creek, southwest Late Intruded by Charlies Knob gmnite, Amber granite 
ATHERTON Carboniferous? (Ootann Supersuite) · 

~~e_r~e;rtei' "!:", :r·~ -~~~.~ 

Champion (1991) 

Champion ( I 99 I); Cranfield ( 1992) 

Champion ( 1991 ) 

Champion ( 1991 ); Cranfield ( 1992) 

Champion ( 1991 ); Cranfield ( 1992) 

Champion ( 1991 ) 

Mackenzie et al. ( 1996) 

White (1965); Branch (1966); 
Champion ( 1991 ) 

Cliampion ( 1991) 

Champion ( 199 1) 

Champion (I 991) 

Champion ( 1991 ); Cranfield ( 1992) 

Champion ( 1991 ); Cranfield ( 1992) 

Champion ( 1991) 

Champion (199 1) 

Champion (199 1) 

Cranfield (1992): Champion ( 1991) 
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Charlie.< Knob granilc Biotite granite 20 km westsouthwest of ' Lyndbrook'. SW Late Intrudes Amber granile, Arra Granite, Pat n11d Champion ( 1991 ); Cr:1nfield ( 1992) 
ATHERTON Carboniferous? Peter Creek grcmi1e 

Kaugamo Rm grtmire Topaz-muscovite-biotite granite Near Lynd River. 12 km northwest of Late Intrudes Blackman Gap Complex Champion (1991); Cranfield (1992) 
Lyndbrook. ATHERTON Carboniferous? 

McCord Granite Equigranulnr to slightly porphyritic Between Crystalbrook homestead and Tate 309 Ma (Richards Intrudes Saucebottle Granite (Ootann Supersuite): Champion (1991): Cranfield (1992); 
biotite granite: southern part named River, ATHERTON et al. 1966); intruded by Crysta lbrook Volcanic Neck Buhitude et at. ( 1993a) 
Robcfl.f Creek gnmire by Champion 321 Ma (Black 
(1991) 1978) 

Pal nut/ Pc1er Creek Biotite gr:mite; porphyritic biotite 21 km west of Lyndbrook, ATHERTON Late Intrudes Arden granite (Ootann Supersuite) and Cranfield ( 1992) 
granite microgrunitc (14km1

) Carboniferous? Arra grauire 

Sundown Granite Biotite granite 15 km northwest of Sundown, ATHERTON Late Intruded by Sandy Tate Granite, Rudd Granite Champion {1991) 
(-50 km1) Carboniferous? (Ootann Supersuile) 

Whitewater Creek B iot itc gr:mite 25 km east of Mount Surprise, Late Intrudes Etheridge Group; overlain by Withnall & Grimes ( 1995) 
Granite? EINASLEIGH ( 11 0 km1) Carboniferous? Undara Basalt 

Corduroy Swamp Pink to cream, medium to coarse Brodie~ Camp area, southwest Early Permian Intrudes Scardons Volcanic Group, Angore Mackenzieet at. ( 1996) 
granite biotite granite, minrolitic in part RED RIVER Granite, First Bull Run Granite 

Nnme.< iA iutlic~ are iMormnltcnn,<; us-ed by Chc.mrion & Hcincmo.nn ( 1994) (or pl1.110n~ lh31 were unnamed. They were not reu:rvcd or ch«.kcd for prior us.nae·, ~nd in many ( .:)SCS duplkulc n::lme$ ore olreody in u.sc: c:l<cwhere in Au:o.lnalb. They w-e .llhown hc::re only to allow C'tos~·rdcn::ncing tu Champion & 
Hci~mnnn, und :chould nol he U."CtJ in 11 fonnnl ~n.~c. 

Tublc 3.13. Constituents of the Ootunn Supersuite, Georgetown Region (compiled by DE Mackenzie). 
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Coliforniu Creek Suite Champion ( 1991) 

C:.lifornia Granite• Porphyritic to e11uigr:mular biotite 25 km SSE of Almaden, ATHERTON 297 Ma' Intrudes Martin Creek Microgranite. Mount Champion ( 1991 )' : Bultitude & Huuon 
granite (120 km2

) Cardwell Granite{?) ( 1992) 

Mount Cardwell Porphyritic biotite granite 6 km NNE of Bullock Creek, ATHERTON 295-302 Ma Intrudes Martin Creek Microgranite; intruded by Sheraton & Labonnc (1974); 
Grnnite (-400 km7

) (Black 1980) Sandy Tate & Opah Granites. Campbell Creek Champion ( 1991 ); 
granodiorile Buhitude & Hutton ( 1992) 

Frogholluw Suite Champion ( 199 1) 

Rattler Gmnite Porphyritic biotite gronite 'Sundown' area, ATHERTON Late Intrudes Rudd Granite, Gingcrella Volcanics Sheraton & Labonne ( 1974); 
(-60 km2) Carboniferous Champion ( 1991); Buhitude & Hutton 

(1992) 

Soda Spring Granite Porphyritic biotite granite ('adamellite') II km SSE of 'Sundown', ATHERTON Late Intrudes Brookers Waterhole Grani te Champion ( 1991); 
(8 km2

) Carboniferous Bultitude & Hutton ( 1992) 

lxe Suite Champion ( 199 1) 

Amber gmnile Porphyritic biotite granite 18 km WNW of 'Lyndbrook', ATHERTON Late FaulL bounded; intrudes Chor/ies Knob granite Champion ( 199 1 ); Cranfield ( 1992); 
('adamellite') (10 km7

) Carboniferous (O' Briens Creek Supersuitc) Champion & Heinemann (1994) 

Frc11cily Creek granite Porphyritic biotite granite 17 km NW of 'Lyndbrook', ATHERTON Late Intrudes Square Rock grnnile Champion & Heinemann (1994) 
('adamellite' ) (12 km7) Carboniferous (0' Briens Creek Supersuite) 

lxe M icrogr:modiorite Porphyritic biotite granite 7 km SW of Bullock Creek, ATHERTON -320 Ma' Intrudes Fulforcl Creek grmrile Branch ( 1966): Black ( 1978)'; 
('adomellite') to microgranodiorite (-30 km1) (0' Briens Creek Supersuite) Sheraton & Labonne ( 1978) 
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Tobie 3.13. Constituents of the Ootann Supersuite, Georgetown Region (compiled by DE Mackenzie). (Continued) 
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Junevale Suite 

Junevale Granite Porphyritic hornblende-biotite 7 km NNW of Bullock Creek, ATHERTON -300 Ma• Intruded by Gelaro, Rices Creek Granites 
microgranite to granite; porphyritic (-20 km1) - 3 13 Ma' 
biotite microgranite to granite 

Mulindie Suite 

Mulindie Granite Porphyritic biotite granite 20 km S of 'Sundown'. ATHERTON -282 Ma Intrudes Tate Batholith undivided 
('adamellite'); biotite microgranite (-70 km1

) (Black 1978) 

Ootann Suite 

Cnrrs Granite Slightly porphyritic hornblende- I 0 km N of 'Crystalbrook' 283- 297 Ma2 Faulted against Ootann Grani te 
biotite granite ('adamellite') with ATHERTON (100 km2

) -299 Ma' 
rare clinopyroxene; minor bioti te 
microgranitc 

Ootann Granite* Hornblende-biotite granite, biotite 13 km SW of Almaden, northeast margin of 296-304 Ma' ; Intrudes Kitchener Granite(?), Martin Creek 
granite, minor hornblende-biotite Georgetown Region ( 165 km1

) 299 ±2 Ma, Microgranite; intruded by Stirlington Granite(?) 
granodiorite; rounded mafic enclaves 301 ±2 Ma2 

to 30 em common 

Stirlington Granite Biotite ± hornblende granite 9 km E of 'Crystallbrook', nonheast margin 301-302 Ma Intrudes Dargalong Metamorphics, Ootann 
of Georgetown Region (5 km') Granite. 

Rocky Whistler Suite 

Whistler Granite Porphyritic (muscovite--) biotite granite 6 km ENE of Lyndbrook, ATHERTON Late Early phase of Tate Batholith 
(6 km1) Carboniferous 

Rudd Suite 

Rudd Granite Porphyritic to equigranular biotite 'Sundown' area, ATHERTON Late Intrudes Sundown Granite (O'Briens Creek 
granite (-70 km1) Carboniferous Supersuite); intruded by Rattler and Sandy Tate 

Granites 

Saucebollle Suite 

Rices Creek Granite Biotite granit.e 17 km NNW of Bullock Creek, ATHERTON Late Intrudes Saucebo.ttle, Gelaro, Junevale Granites; 
(20+ km') Carboniferous intruded{?) by McCord Granite {O'Briens Creek 

Supersuite) 

Sauccboule Granite Porphyritic biotite and hornblende- 12 km N of Bullock Creek. ATHERTON Late Intrudes Kitchener Granite; intruded by 
biotite granites (ISO km1) Carboniferous McCord (O'Briens Creek.s'suite), Gelaro, and 

Mount Cardwell Granites, and Martin Creek 
Microgranite 

Sandy Tate Suile 

Sandy Tate Granite Equigranular biotite granite II km NE of 'Sundown', ATHERTON Late Intrudes Mount Cardwell, Sundown and Rudd 
(-180 km2

) Carboniferous Granites; intr. by Flat Rock granite 

iiiilei:ih"'C'iff S '!~ i' "'!C .7'. ?_TJ' 
Champion ( 1991) 

Black & Richards (1972)'; 
Sheraton & Labonne ( 1974); 
Black ( 1978)'; Champion·( 1991 ); 
Cranfield ( 1992) 

Champion ( 1991) 

Champion (199 1); 
Bultitude & Hutton (1992) 

Champion (1991) 

Richards et al. ( 1996)1; Black ( 1978)'; 
Bultitude et al. ( 1993a) 

Richardset al. ( 1966)'; Black (1978)'; 
Richards (1981); Bultitudeet al. (1993a); 
Shaw et al. ( 1987)1 

Richards (1981) 1 

Bultitude et al. (1993a) 

Champion ( 1991) 

Champion (1991); 
Bultitude & Hutton ( 1992) 

Champion (1991) 

Sheraton & Labonne (I 974); 
Champion (1991); 
Bultitude & Hutton ( 1992) 

Champion (1991) 

Champion (1991) 

Champion ( 1991); 
Cranfield ( 1992); 
Bultitude et at. ( 1993a) 

Champion ( 1991) 

Sheraton & Labonne ( 1974); 
Champion (1991); 
Bultitude & Hutton (1992) 
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Not ossigned to o Suite 

Arden granite Hornblende-biotite granite 24 km WNW of 'Lyndbrook', ATHERTON Late Intrudes P(ll and Peter Creek granite Cranfield ( 1992); 
(4 km2) Carboniferous (0' Briens Creek Supersuite) Chompion & Heinemann (1994) 

Barkers Creek Porphyritic biotite granite (odomellite): 17 km S ofCardross, ATHERTON Late Intruded by unnamed rhyolite and microgranite Sheraton & Labonne (1974); 
Igneous Complel( porphyritic (hypersthene-augite- (3.5 km') Carboniferous Bultitude et al. ( 1993a) 

pigeonite-) biotite-hornblende 
granodiorite: minor gabbro and quartz 
gabbro 

Bnrwidgi Granite Porphyritic biotite granite and 13 km E of ' Lyndbrook ', ATHERTON Late Intrudes Tate Batholith undivided, Gingerclln Champion ( 1991 ); 
microgranite (10 km1) Carboniferous Volcanics Bultitudc & Hutton (1992) 

Brooker.; Waterhole Porphyritic to cquigr:mular (hornblende-) 25 km ESE of 'Lyndbrook', ATHERTON Late Intrudes Tote Batholith undivided: intruded by Champion ( 1991 ): 
Granite biotite granite ('ndamcllitc') (70 km2) Carboniferous Branch Creek rhyolite (unassigned) Bultitudc & Hulton (1992) 

Flat Rock grwrite Porphyritic biotite granite 19 km WSW of Mount Gornet. ATHERTON Late Late phase within Sandy Tate Granite Bultitude & Hutton (1992) 
(part) (4 km2) Carboniferous 

Gelaro Granite Biotite granite 10 km N of Bullock Creek. ATHERTON Late Intrudes Sauceboule. Mount Cardwell, Junevale Chamrion (1991); 
(-85 km2

) Carboniferous Granites; intruded by Rices Creek Granite Cranfield ( 1992) 

Gyp Swamp Hornblende-biotite granodiorite. 15 krn SE of 'Sundown', ATHERTON Late Isolated outcrops; possibly intrudes Tate Bultitude & Hutton ( 1992) 
Granodiorite locally porphyritic (<I kmlj Carboniferous Batholith undivided 

Horse Swam/) Creek Porphyritic bi01itc gronite('ndamellite') 7 km NW of 'Sundown', ATHERTON Late Intrudes Rudd Granite(?) Champion (1991); 
granite (I km2

) Carboniferous Bultitudc & Hutton ( 1992) 

Kitchencr Granite• Equigranular to porphyritic biotite 14 km SSW of Almaden, ATHERTON Late Intrudes Martin Creek Microgranite and Sheba Bultitudc et al. ( 1993a) 
granite ('adamellite') (5 km2) Carboniferous Granite; intruded by Ootann Granite 

Martin Creek Seriate to slightly porphyritic 25 km NE of Bullock Creek, ATHERTON Late Intrudes Mount Cardwell and Saucebottle Champion (1991): 
Microgrnnite lcucocratic biotite granite ('adamellite') (85 km2) Carboniferous Granites; intruded by Sheba, California, Bultitude et al. ( 1993a) 

to microsrnnite Kitchener. Ootann Granites 

Minncmorc Hornblende-biotite granodiorite 20 km SEof 'Sundown', ATHERTON Late Intrudes Tate Batholith undivided Bultitude & Hutton ( 1992) 
Granodiorite ( I km2

) Carboniferous 

Mountain Camp Porphyritic biotite granite 12 km NW of 'Sundown', ATHERTON Late Intrudes Mount Cardwell. Sandy Tate? Granites: Champion (1991); 
Granite ('adamellite') to granodiorite (6 km2

) Carboniferous intruded by Branch Creek rhyolite Bultitude & Hutton ( 1992) 

Mount Pudding Basin Hornblende-biotite grunodioritc; I I km SE of ' Lyndbrook' . ATHERTON Late Intrudes Tate Bathol it)! undivided Cranfield ( 1992} 
Granodiorite porphyritic hornblende granodiorite (35 km1) Carboniferous 

Sentinel Range Porphyritic hornblcnde-biotile 20 km NWofChillagoe. ATHERTON 303 ± 2 Ma1 Intruded along Pahnerville Fault Bultitudeet al. ( 1993a)1 

igneous complex• microgranitc ('microadamcllitc'); (2 km~ 
quartz diorite; minor (hornblende-) 
biotite granite ('adamellite') 

Sheba Grani1e• Modcrntcly to strongly porphyritic 17 km S of Almaden (Atherton Late May be intruded by Kitchener Granite and Champion ( 1991 ): 
leucocratic biotite granite ('adamellite') I :250 000 sheet) 25 km2 Carboniferous Martin Creek Microgranite Bultitude et al. ( 1993a) 

• l'MI~ df lhe .. •e pluums :tb:u crop out ifl 1he Cuims Region (Choptcr 7) 
NllnlCS in iualics are in(ornnsltcun~ U$Cd by Ch11mpion &. Hcillem\lnn ( 1994) (or plutol\" that were unntlmed. They were not reserved ot checked (Of' priot uso.se. und in many cn!(cS duplicnle nume~ 1uc olrcody in U$t e-bewhcrc in Au~lruli3. They ore ~hown here only to nHow croS!t·rducncing to Ch11mpion &. 
Hcincmnnn, :uu.l should n~ he u . ..;cd io n (uunol $tn~e . 
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CHAPTER THREE Georgerown Reoion 

Table 3.14. Components of the Western Jngham/Herbert River Batholith. Georgetown Region (compiled by DE Mackenzie) . 
.1 . .eo ..• ;....~ .... -~"'' 

Princess Hills Granite 

Herbert River Granite 

Minnamoolka Granite 

Tiger Hill Microgranite 

Hawksnest granite 

Mount Sharples granite 

Cockatoo Spring granite 

Quartz Hill granite 

Deep Creek granite 

Greasy Creek granodiorite 

Gleneagle granite 

Greenes Spring granodiorite 

Cashmere microgranite 

Gunnawarra Bump granite 

' With nail ct at (1994); Withrulll & Grimes (1995) 
"Hutton & Gnmcs (1987) 

Pink to cream, medium to coarse biotite granite 

Pink to grey porphyritic homblende?- biotite granite; equigranular near margins 

Pink to white, slightly porphyritic biotite granite 

Pink to grey, biotite microgranite with coarse-grained segregations 

Porphyritic biotite granite 

Biotite granite 

'Altered, P.ink, fme to medium biotite granite'• • 

Coarse-grained porphyritic biotite granite 

White to grey, medium-grained biotite granite 

Dark grey to white, fine to mediwn biotite-hornblende or hornblende granodiorite, commonly with 
hornblende phenocrysts 

Homblende?-biotite granite to granodiorite 

Grey, fine to medium-grained hornblende- biotite granodiorite 

Pink to grey locally porphyritic biotite microgranite to microgranodiorite 

Pink to white porphyritic biotite micro-granite with pink K-feldspar phenocrysts 

Names in italics arc lnformaltenns used by Champion & Hein<mann (1994) for plutons that WCI'e wmamcd. They were not reserved or checked for prior usage, and in many <ascs duplicate 
names are already in usc elscwben: in Au.rralia. They are shown here only to allow CI'OSS·rcferencing 10 Champion & Heinemann, and should nor be used in a lonna! sense. 
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Table 3.15. Deformation and event hi~tory for the Etheridge (Forsayth and Yambo Subprovinces) and Croydon Provinces in the Georgetown Region (compiled by IW Withnall). 

l'~'ift~ ljMQifi'1m'Q~~ r:ii5ifii.ib~~.L·.~~ ro;ieni~;~ Wst;WSit""'lifi.}s1f;r;;3, imah'l?itm:l~..$'~~ 't!Mei;;;;or;;it'l~ ~ 

Deposition Deposition of pelitic to psammitic Lower pari of Etheridge 
sediments :~nd cmplnccmcnt of Group and McDevitt 
tholeiitic basalt Mctamorphics; exposed in 

eastern two-thirds of area 

Intrusion Empl~cemem of minor(?) Known from Einasleigh and 
trondhjemitic gr;mitcs Mount Surprise area 

Intrusion Tholeiitic dolerite and gabbro ~ills Exposed in eastern two·thirds 
during deposition of lower part of of area 
Etheridge Group nnd McDevitt 
Metamorphics 

Deposition Continued deposition of pelitic Western part of area 
sediments in the upper Etheridge 
Group 

Deposition Deposition of pelitic to psammitic Dargalong Metamorphic 
sediments and emplacement of Group 
some malic rocks 

Intrusion Emplacement of 1-type granodiorite Cardross Orthogneiss 

dO, Relict foliation in amphibolite Unknown Original orientation Tight folds? Aligned hornblende; some doubt Upper amphibolite to granulite 
boudins (Shaw el nl. 1987) unknown? whether it is a distinct event or 

caused by rotation ofboudins during 
a progressive event 

mcD1? Relict foliation observed rnrely in Unknown Unknown Unknown Anomalous porphyroblast inclusion ·Possibly greenschist 
McDevitt Mctamorphics trails and local differentiated foliation 

imply presence of this enrlicr event 

tiD1 Intense folintion development with Throughout Oargalong Northwest. Tight to isoclinal Strong S2 schistosity Upper amphibolite; pegmatite 
local high strain (mylonite) zones Metamorphic Group northnorthwcst and leucosomes and cross-cutting 
(sec Buhitude et al. 1993b) steep S2. veins 

Orientation 
probably not 
original 

eD1 and Rcgionnl-scale folds with Throughout Etheridge Group Originally east to Tight. upright lo Fine slaty cleavage in pelitic rocks Greenschist (chlorite zone) to 
mcD2 wavelengths mostly from 1 to and McDevitt Metamorphics ESE, gently locally overturned in greenschist facies grading to amphibolite facies 

10 km nnd ussociatcd S 1 cleavage plunging to west and recumbent folds schistosity in amphibolite facies; 
overall locally a differentiated foliation in 

McDevitt Mctamorphics (S2 of 
Bultitude ct nl. 1993) 

~ 

>1695 Ma to 
<1656 Ma 

1695 Ma 

1670 Ma to 
1656 Ma 

1656 Ma to 
>1590 Ma? 

> 1590 Ma 

ca 1590 Mn 

pre 1580 Ma 
(:1ssumcs correlation 
with yD1). Timing 
with respect to 
orthogneiss unknown 

May correlate with 
d01 

May be composite 
event correlating 
with y02 and y03• 

High strain zones 
may correlate with 
y0 3• Possibly ca 
1580Ma 

Uncertain. Could be 
correlated with U-
Pb SHRIMP zircon 
ages of ca. 1563 Ma 
in para-gneisses. 
Bultitudc ct al. 
( 1993b) correlated 
it with dD,.) 
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Intrusion Emplacement of trondhjemite Mainly in west (Forest Home Strained but no obvious planar fabrics 
Trondhjemite); Talbot Creek 
Trondhjemite near 
Georgetown may be related 

Deposition Fluviatile 10 pro-deltaic deposition Western edge of province as 
of psammilic 10 pelitic sediments exposed 
of the Langlovale Group 

eO, and mcD, Regional-scale folds with Most intense in eastern half Mostly nonhwest Tight 10 isoclinal, Crenulalion of S, passing into layer Greenschist to granulite facies 
wavelengths up 10 2 km down to of province, becoming very to nonheast with upright to ovenurned differentiated schistosi ty. Detailed (low 10 intermediate pressure). 
macroscopic folds with well weak in west. Possibly steeply dipping work by Davis (1995) suggests that Peak metamorphic event 
developed crenulation cleavage produced the moderate axia l planes eD, incorporates at leas! three events (indicated by porphyroblast 
passing into layer-d ifferenti ated westerly dips in the (his D2 to D, -his S, re-activated growth in Robenson River 
schistosity Langlovale Group or re-used 51). Weak to strongly Subgroup- during Davis' D, 

differentiated crenulation cleavage in event). Higher grade rocks 
McDevill Metamorphics. Weak contain abundant leucosomes 
fiacture cleavage in Langlovale Group and grade into nebulitic 

granitoid. Retrogressive in 
McDevitt Metamorphics and 
Juntala Metamorphics. No 
regional metamorphism in 
Langlovale Group 

dD, Sporadic folding of earlier foliations Sporadic in Dargalong Mainly northwest Tight to isoclinal, Poorly developed foliation. locally Up to amphibolite; local 
Metamorphic Group upright mesoscopic defined by new biotite growth or migmatisation 

folds leucosome development 

Felsic Emplacement of S-type grani tes Forsayth Batholith in central In eastern half of the area, granites Granite genesis and 
magmatism and eruption of extensive pan of Etheridge Province are moderately to highly strained emplacement (panicularly of 

ignimbri te sheeL~ and widespread leucogranite with weak planar fabrics (alignment Lighthouse and Forsayth Suites 
bodies in high-grade of micas and nauening of quanz) probably late syn-eD2• 

metamorphic rocks. Croydon and cataclasis Emplacement of Esmeralda 
Volcanic Group restricted 10 Suite and Croydon Volcanic 
Croydon Province. Group probably post-eD2 

Esmeralda Supersuite 
overlaps boundary between 
provinces 

Mineralisation Minor Sn deposits Stanhills area, south of 
Croydon 

--~..->··;~."~-~e .. ;;...~ ':.';.~r 

1553 ± 46 Ma. 
although has older 
xenocryslic zircon 
of about 1650 Ma 

ca 1550 Ma 

ca 1550Ma: 

Uncertain; correlated 
with eD2 by 
Bultitude et al. 
(1993) 

ca 1550-1555 Ma 

ca 1550 Ma related 
10 Esmeralda 
Supersuite 
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eD, nndmc04 

eD., 

Intrusion 
(PtmUI 
Province) 

eD, 

Mineralisation 

Regional scale folds with 
wavelengths up to 10 km down to 
macroscopic folds and crenulations 

Mylonite zones associated with 
major fuults: Ballynure. Far East 
nnd Wcrrington Fnults; Lynd, 
Bnlcoomu and Stowell River 
Mylonite Zones. Gilberton Fault 
mainly brittle, but has minor 
mylonite locally 

Biotite to hornblende biotite 
tonnlite to granodiorite (1-typc). 
two-mien granodiorite to granite 
(frnctionated 1-types :md probably 
some S-types) 

Regional scale folds with 
wavelengths to several km. and 
macroscopic folds and crenulations 

Mninly fissure-controlled Au-A g. 
some Pb-Ag and Cu 

In evidence over most of the East-trending 
area we-~• of the Copperfield upright to 
Batholith, but strongest in the asymmetric folds 
Robertson River area. Absent in the Etheridge 
to weak west ofGilbenon and and Langlovale 
south of the Gilberton Fault Groups and 

McDevitt 
Metamorphics. 
Overturned folds 
with north-dipping 
axial planes in 
Robenson River 
area 

Restricted to eastern half of Nonheast to NNE 
Etheridge Province trending. steeply 

dipping mylonite 
zones. May have 
been steepened 
by eO. 

Mainly in eastern half of 
Etheridge Province. Dido 
Tonalite stitches Etheridge 
Province and Thalnnga 
Province 

Probably restricted to eastern North to northeast-
half of Etheridge Province, trending folds 
becoming stronger eastwards 

Forsayth-Georgetown and 
westwards, Robin Hood, 
Mount Hogan and Gilberton? 

Open to tight Crenulations of S 1 and S, . Weakly 
differentiated crenulation cleavage 
locally 

Lynd MZ (east- Intense mylonite foliation, grain-size 
block-up); Balcooma reduction, quartz ribbons, stretching 
MZ (probably west- lineations, tails on feldspar 
block-up); Stawell phenoblasts, extensional shear bands 
River MZand 
Gilbenon Fault 
(dextral strike-slip) 

Hornblende-bearing 1-type granites in 
east hnve strong planar fabrics 
(alignment of biotite and naucning 
of quanz). Some two-mica granites 
have weak foliations. Other plutons. 
panicularly in west, although 
showing microscopic evidence of 
strain. are not foliated 

Open in the west, Crenulations of S1 and S2 in schists 
becoming tight in the and gneisses 
east, panicularly in 
the Junta Ia 
Metamorphics 
(Duncan 1983) 

Probably greenschist and 
retrogressive. but no fabrics 
defined by new mineral growth 

Greenschist to lower 
amphibolite? 

Probably associated with 
retrogressive metamorphism in 
west . Grade may have been 
higher in east, but direct effects 
not easily determined 

Probably greenschist und 
retrogressive. but no fabrics 
defined by new mineral growth 

Unknown. 
Originally dated at 
about970Ma 
(Black et al. 1979), 
but may be early 
Palaeozoic 

Uncertain. May be 
early Silurian. 
coincident with 
thrusting in Broken 
River Province 

Early Silurian (431-
420 Ma). May have 
occurred late 
syn-eDm or syn-eD, 

Uncertain. Correlated 
by Black et al. 
( 1979) with cluster 
of reset ages at en 
400 Ma. However, 
may be Silurian (ca 
430-410 Ma) and 
part of same overall 
event as eO,. 

Rb-Sr duting 
indicates ca 410--
400 Ma 
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Table 3.15. Deformation and event history for the Etheridge (Forsayth and Yambo r. and Croydon Provinces in the r. .. , '""' "1 Region by IW Withnal m . 1 . ·. . ::il;?.-..~ .,r: '~",,:t. ~"-~·~. ~"'"· - ;..l ~~~ • ..;'.<.~··"~~ Hf,;~~.~;; _j,-_..~-:~:: ..... 
Deposition Fluviatile ~edimcntation Widespread across region, but 

mainly preserved in 
down-faulted blocks 

eD, Regional effects mostly difficult to Unknown. Could be E-trending folds Very open Kink-like crenulations are attributed 
resolve from eD3 except in the widespread toD, 
Junta Ia Metamorphics (Duncan 
1983) where very open regiona I 
warping of D. folds is observed 

Mainly felsic Emplacement of high-level granites Across entire region 
magmatism in batholi ths, and associated with 

volcanic rocks in centred igneous 
structures and cauldron subsidence 
structures 

Mineralisation Large-breccia-hosted Au deposits, Kidston. Mt Turner, Phyllis 
porphyry copper systems, tin- May, Percyville. Gilberton? 
tungsten; some fissure-controlled Croydon? 
Au- Ag. Pb-Ag and Cu 

eD6 No known regional folds Unknown. Duncan (1983) North to Very open Mainly erenulations and rare 
recognised it in the Junta Ia nonhnorthwest mesoscopic folds 
Metamorphics 

Deposition Fluviatile ~edimentation pa~sing Widespread a~ross region 
up into marine (Eulo Queen Group, Gilbert 

River Formation and Rolling 
Downs Group) 

Deposition Fluviatile sedimentation Northern margin of region 
(Bulimba 

Deep Effects preserved along 

-"""'"''"6 northern margin 

Volcanism Flood basalt Northeast and southeast 
(McBride and Chudleigh 
Subprovinces) 

1). tr"nrin .... ,n 
;--~--~J~ :>.~ 

None known 

Contact metamorphism against 
larger intrusions 

None known 

l r....;~. -.... ,., ,..... 

Latest Famennian to 
Visean 

Uncertain. Could be 
mid Carboniferous 
and correlated with 
gD2 in the Broken 
River Province 

Commenced in 
Visean (about 335 
Ma) and cominucd 
into Early Permian 

Early Carboniferous 
(ca 330-320 Ma) 

Uncertain. Bell 
( 1980) correlated 
with the Hunter-
Bowen Orogeny 
(Late Permian) 

Late Jurassic to 
Early Cretaceous 

Early Tertiary 

Tertiary 

Lale Oligocene (29 
Ma), Late Miocene 
(8-6 Ma), Ja1e 
Pliocene to Recent 
(2.7 Ma to 40 Ka) 
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Tuble 3.16. Deformation and event history for the Etheridge nnd Thalanga Provinces in the eastern part of the Georgetown Region (compiled by IW With nail). 
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Deposition Deposition of pelitic sediments Halls Reward Metamorphics 

Intrusion Mafic sills, possibly differentiated Boiler Gully Complex and 
in situ and ranging from gabbro Gray Creek Complex as well 
through clinopyroxenite to as smaller sills through Halls 
harzburgite Reward Metamorphics 

lrrD, S1 foliation in metasediments and Halls Reward Metamorphics, Unknown S, schistosity. mostly overprinted 
metagabbro Boiler Gully Complex and by S1 in metasediments. Best 

Gray Creek Complex preserved in metagabbro and 
amphibolite, particularly in the 
southern part of Gray Creek Complex 

lrrD1 S1 foliation in metasediments and Halls Reward Metamorphics, Unknown Layer differentiated schistosity or 
metagabbro Boiler Gully Complex and differentiated ercnulation cleavage 

Gray Creek Complex (Sl) in metasediments 

Volcanism. Rhyolitic volcanics. pelitic to Balcooma and Duffs Range 
deposition psammitic sediments and area ( Balcooma 
and intnosion high-level felsic intrusives Meta volcanics) 

Volcanism, Basaltic to duci tic volcaniclastics Lucky Creek Metamorphic 
depo~ition and psammitic to peli tic sediments; Group 
and intrusion minor limestone; quanz diorite 

intrusives 

hrO., Flat-lying mylonite zones Halls Reward Metamorphics Flat-lying with S hear sense not Strong laminar foliation, grain-size 
near Greenvale nonh-trend ing determined reduction of schists to phyllonite. 

extension extension lineation 
lineations 

~;we;amwp;,is~ 

Amphibolite facies (low tO 
intermediate pressure) 

Amphibolite facies (low to 
intermediate pressure) 

Greenschist 

~ 

Unknown; > 1300 
Ma. possibly 
equivalent to the 
Etheridge Group 

Unknown; 
>1300 Ma 

Uncertain . Ar39/Ar"' 
minimum age of 

' I316 ± 40Ma 
( Black et at. 1979) 

Uncertain Ar9
/ Ar"' 

minimum age of 
762 ± 100 Ma 
(Black et al. 1979) 

Late Cambrian or 
early O rdovician 
(late Arenig); U-Pb 
zircon SHRIMP 
ages of 47 1 ± 4 Ma 
and 502 ± 22 Ma 

Uncertain. Could 
be Late Cambrian 
to early Ordovician 
(equivalent to 
Seventy Mile Range 
Group); or late 
Ordovician 
(correlated with 
Everetts Creek 
Volcanics) 

Unknown. May be 
early Si lurian , 
coincident with 
thrusting in Lucky 
Creek Metamorphic 
Group 
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Table 3.16. Deformation and event history for the Etheridge and Thalanga Provinces in the eastern pan of the Georgetown Region (compiled by IW Withnall). (Continued) 
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leD, Thrusting Lucky Creek Metamorphic Flat-lying foliation Wover E? Pervasive, strong laminar mylonitic 
Group with west· foliation with well-developed 

northwestern· stretching lineations 
trending extension 
lineations 

bn/01•1 Folding Balcooma Metavolcanics NNE Whole area appears Pervasive S1 schistosity over whole 
to be on western area. S2 is a differentiated crenulation 
limb of tight cleavage to layer differentiated 
overturned D1 fold. schistosity in the north 
0 2 folds locally tight 
in nonh (elsewhere 
weak) . D,. and 0 2 
are coaxial 

eDm Mylonite zones associated with Boundary between Etheridge North to NNE- Dalcooma MZ Intense myloni te foliation, grain-size 
major faults: Balcooma and Far East Province and Thalanga trending, steeply (p~obably reduction, quartz ribbons. stretching 
Mylonite Zones, Lucky Creek Fault, Province dipping mylonite W-block-up; lineations. tail s on feldspar 
Halls Reward Fault. Burdekin zones. May have originally west-over phcnobla~ts 

River Fault (in part) been steepened east?); Lucky 
by eD4 Creek Fault; Halls 

Reward Fault 

In trusion Biotite to hornblende biotite Extending from the eastern StTong planar fabrics (alignment of 
(Pama 10nalite to granodiorite (1-type) half of Etheridge Province biotite and nattcning of quartz) 
Province) in10 the western half of the 

Thalanga Province. 
Dido Tonalite 

leO, , Regional scale folds with Widespread in all units North to NNE- Open to close. Crenulations and mesoscopic folds 
wavelengths to several km. and trending folds mainly upright of pre-existing schistosities and 
macroscopic folds and crenulations mylonitic foliations in all units. .. 

No planar fabrics 

lcD3 Mesoscopic folds Observed sporadically Folds with shallow Very open Mesoscopic folds 
over area axia l planes 

I·'·'MiiontorJil'ts'ii'i" 
. .. ~. ~. 

~ . '. 

Greenschist facies 

Mainly lower amphibolite, 
locally middle amphibolite 
facies 

Greenschist to lower 
amphibolite? 

Probably greenschist and 
retrogressive, but no fabrics 
defined by new mineral growth 

Ai:'l ... . ~:--...-

Uncertain. May be 
early Silurian, 
coincident with• 
thrusting in Broken 
River Province 

Uncenain . May be 
early Silurian, 
broadly coincident 
with thrusting in 
Broken River 
Province and Lucky 
Creek Metamorphic 
Group, and 
mylonite 
development in 
Etheridge Province 

Uncertain: May be 
early Silurian, 
coincident with 
thrusting in Broken 
River Province 

Early Silurian (431 
Ma). May have 
occurred late 
syn-eDm or syn-eD. 

Uncenain. Correlated 
by Black et al. 
(1979) with cluster 
of reset ages at ca 
400 Ma. However. 
may be Silurian (ca 
430-410 Ma) and 
part of same overal l 
event as eDm 

Uncertain. Could be 
related to 
gravitational 
collapse 
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Deposition Shelf carbonates and Conjuboy Formation Ems ian 
siliciclastic deposits (ca 390 Mn) 

Deposition Fluviatile sedimentation North of Conjuboy and along Late Devonian(?) to 
Burdekin River Fault early Carboniferous 

leD, Mesoscopic folds Observed sporadically East-trending folds Very open Mesoscopic folds Uncertain. Could be 
over area mid Carboniferous 

nnd correlated with 
gD1 in the Broken 
River Province 

Mainly felsic Emplacement of volcanic rocks Bally Knob Volcanics Uncertain. Early 
magmatism and high-level intrusives Carboniferous? 

Deposition Fluviatile sedimentation Isolated remnant on Great Late Jurassic to 
Dividing Rnnge Early Cretaceous 

Deep Widespread remnants Tertiary 
weathering 

Volcanism Flood basalt Northeast and southeast Late Oligocene (29 
(McBride and Chudleigh Ma), Late Miocene 
Subproyinccs) (8-6 Ma). late 

Pliocene to Recent 
(2.7 Ma to 40 Kn) 
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Table 3.17. Mam mineral deposits and resources or the G eorgetown Region (compiled by TJ Dennro). 

~ ~""'!:-:.:.:1:r:i_:i.lj t1)),i~~~;..tJ~ -·· --:---• ..;·~,-~~ --..--~·· .. ~r, 
Name~~~"---- ....... • e,an'ili)tge;if.JiD.epostt!~· ~....:. ... -. ~;._. ~ ·oo...... .~ " t 

I Mungana-Cardross area Shear-hosted copper- silver- gold(± tungsten) veins of late Palaeozoic age. 
Tin-tungsten-quartz and bismuth-quartz veins and stockworks of late Palaeozoic 
age. Rutile in pegmatitic and aplitic bands in Proterozoic metamorphic rocks. 
Muscovite in Proterozoic pegmatites. 

2 Split Rock Porphyry-type copper-molybdenum deposits of late Palaeozoic age. 

3 Mount Wandoo-Williamstown area Auriferous subvolcanic breccia pipes (and associated veins and ?epithermal 
systems) of late Palaeozoic age. Cainozoic alluvial placer gold deposits. 

4 Torwood Sand Ridge ?Cretaceous tin-bearing palaeochannel infill deposits. 

5 Dargalong- Fiuoric Lode area Shear-hosted silver-lend-<:oppcr-gold veins of late Palaeozoic age. 
Late Palaeozoic quanz-nuorite lodes. 

6 Tate River-Lynd River area Auriferous subvolcanic breccia pipes (and associated veins and ?epithermal 
systems) of late Palaeozoic age. Cainozoic al luvial placer gold deposits. 
Shear-hosted copper-quartz veins associated with margins of lute Pa laeozoic 
volcanic cauldrons. Hydrothermaltin-quanz-greisen and tin-tungsten-bismuth-
molybdenum~uartz veins of late Palaeozoic age. Cainozoic al luvial placer tin 
deposits. Late Palaeozoic quanz-nuorite lodes. 

7 Khartum Molybdenum- tung"en-copper-tin-bismuth-quartz veins and stock works of 
I ate Palaoozoic age. 

8 Elizabeth Creek-Angore area Hydrothermaltin-quartz-greisen and tin-tungsten-bismuth-molybdenum-quartz 
veins of late Palaeozoic age. Mesozoic and Cainozoic al luvial placer tin :1: topaz 
:1: diamond deposits. Aquamarine and beryl in late Palaeozoic hydrothennal veins 
and pegmatites. 

9 Maureen Stratabound replacement uranium deposits in late Palaeozoic subaerial volcanic 
environments. 

10 Gunnawarra Cainozoic lateritic nickel-<oba lt deposits developed on Proterozoic serpentinite. 

I See Plote J.Jb for toc31ions. 

;;tr ... . ,. . :!: -~ __ ,_...... ~ ----~,'. ........ ......- ·······;.,~ ~' 

·.·~;:'~ :-..;~- ':..- ""':-...: !!Resources[ap!J~Re.seri!es,-... ··-:.. .... .....__ _ _ ~ -.l..._., ,._,._ ~~~"' 

Inferred resource: 2 Mt at 0.5% Cu, including I Mt at 0.6% Cu (Cyprus Mines Corporation 
1973). 

Inferred resource: 105 Mm1 at 45 glm' cassiterite, including 30 Mm' at 95 glm1 cassiterite 
(Davis 1995). 

Anastasia - Indicated resource: 386 000 tat 2.49 g/t Au', with a 0.8 glt Au cutoff (Nethery 
1990) . .Jacques- 'Reserves': 3000 t nuorite to 100m depth (Continental Exploration 1974). 
Sulphide Cap -Inferred resource: I M tat 0.65 ppm Au and 24 ppm Ag (Nethery 1985a). 
Lynd River - ' Estimated reserve' : 570 000 m3 of cassiterite-bearing alluvium, with a 
0.44 kglm' cassiterite cutoff (Graham 1981 ). Soda Springs - Indicated resource: 1.5 million 
bank m3 at400 g/bank m3 cassiterite (Register of Australian Mining 1996/97 p301). 
Burlington One- Reserve: 3.75 Mt of ore with n cutoff of0.5% WO, ( Ekstrom & llsley 
1982). 

E lizabeth Creek/Nine Mile Creek a rea- Resources: nine areas with alluvial resources 
ranging from 100 000 m3 at 1.2 kglm3 cassiterite to 10 Mm' at 0.35 kglm' cassiterite; eluvial 
resources ranging from 2 Mm' at 0.15 kglm' cassiterite to 4.6 Mm' at 0.25 kglm' cassiterite 
(Ekstrom & llsley 1982). Pudding Creek - 'Total reserve': 250 000 m' at 1.1 kglm' 
cassiterite (Ekstrom 1986). 

Maureen Group- Mea~ured and indicated 'geological reserves' : 2940 t U10 1 and 1647t Mo 
(O'Rourke l975a) . In situ measured resource: I 650 330 tore at 0.153% U30 8• In situ 
indicated resource: 32 670 tore at 0.056% u,o •. with a 0.035% U10 8 cut-off (Battey et at. 
1987). Indicated and inferred resources: I '488 100 tat 15.93% CaF1 (Allen 1980). Gnomes 
Creek -Indicated resource: 4071 tat 0.216% U30 8 and 0.129% Mo, with 0.04% U30 1 cutoff 
(Pous 1979) Main Grid- Measured and indicated resources: Main Grid- I 993 4601 at 
0.127% U30 3 and 0.059% Mo, with 0.04% U10 8 cutoff; New West- 225 280 tat 0.099% 
U,08 and 0.080% Mo, with 0.04% U10 8 cutoff (Pons 1979). Far West 2- 'Geological 
reserve': 1204 tore at 0.033% U10 8 and 0.045% Mo, with a cutoff grade of0.04% U308 (Potts 
1979). Far West 5 - 'Geological reserve': 90 830 tore at 0. I 15% U30 8 and 0.179% Mo, with 
a cutoff gradeof0.04% U30 1 (Pons 1979). Far West7 - 'Geological reserve' : 65 600 tore at 
0.093% U10 8 and 0. 164% Mo. with a cutoff grade of 0.04% U10 8 (Pons 1979). 

Gunnawar ra - Inferred resource: 9.8 Mt at 1.55% Ni, with a I% Ni cutoff (Zcissink J 917). 
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II Croydon Goldfield Plutonic (mesothermal) gold-quartz veins of probable Mesoproterozoic age. Croydon Gold Project - Total resource: 1.2 Mt at 3.8 g/t Au (Reinhardt 1986). 
Mesozoic und Cainozoic alluvial placer gold deposits. Measured/indicated resource: 0.679 Mt nt 3.0 g/t Au; indicated resource: 0.905 Mt at 

3.73 g/t Au (Bruvel 1994). This resource has been mined out 'Total re~ource' : 797 000 t 
at 3.5 g/t Au (Bruvcl 1996). Colden Gate Group (Golden Bridge) - Indicated re-'ource: 
126 000 t at3.54 g/t Au and 7 g/t Ag, with a 1.5 glt Au cutoff (Edscr 1987). Independence-
Inferred resource: II 760 tat 12.85 g/t Au to 30m vertical depth (O' Rourke 1975b). 
Jolly Thr -Indicated resource: 74 238 tat 3.10 g/t Au, with a 1.0 g/t Au cutoff grade 
(Green 1990). Golden Ga te a rea- Inferred und indicated resources: 16.5 Mt at 6.5% C 
(Van Eck 1990). 

12 Stan hills Tin field Plutonic cassiterite-greisen and cassiterite-chlorite veins and pipes of Grenncrs Creek - Inferred resource: 29 500 m1 ut 55 1 g cassiterite per cubic metre 
?Mesoproterozoic age. Mesozoic and Cainozoic alluvial placer tin and (Woodward'l984). Hanns Gully -Inferred resource: 19 400 m1 at 691 g cassiterite per 
gold-tin deposits. cubic metre (Woodward 1984); 2500 m' at 9.10 kg cassiterite per cubic metre (Adams 1986). 

Rocky Creek - Inferred resource: 2300 m3 of alluvium at 4.3 kg cassiterite per cubic metre 
(Adams 1986). Sunbeam Nos 1-4 - Inferred resource: I 800 m1 of all uvium at 3.7 kg 
cassiterite per cubic metre (Adams 1986). Ten Mi le Creek - Inferred resource: 131 600 m1 

of alluvium at 3 17-962 g cassiterite per cubic metre (Woodward 1984). 

13 Liulc River Agate amygdales in late Palaeozoic andesitic volcanics. 
Cainozoic alluvial and eluvial agate deposits. 

14 Awring Prospect Porphyry-type copper- tungsten deposits of late Palaeozoic age. 

15 Phyll is May Porphyry-type copper-molybdenum deposits of late Palaeozoic age . Phyllis May- Inferred resource: 100 Mt ore at 0.05% Cu (Uiey 1980). 

16 Lineament Group Late Palaeozoic hydrothermal uranium-fluorite vein deposits (including Centra l 50 - Indicated resources: 374 500 t ore at an average grade of 0.155% U10 • und 
fault- and fracture-controlled mineralisation). average width of 4.4 m, with a cutoff grade of 0.0452% U30 1 and n minimum width of 1.5 m 

(O'Kill 1981). 

17 Mount Turner Porphyry-type copper- molybdenum deposits of late Palaeozoic age. 
Argentifcrous galena +quartz± carbonate veins of late Palaeozoic age. 
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Table 3.17. Main mincrnl dcposilS and resources for the Georgetown Region (compiled by TJ Denaro). (Continued) 

18 Etheridge Goldfield 

19 Fiery Creek Group 

20 Laura Jean 

Plutonic (mesothermal) gold-quanz veins of possible Mesoproterozoic age. 
Disseminated replncement gold deposi ts (Carlin-style) of 1Mesoproterozoic age. 
Plutonic (mesothermal to subvolcanic) polymetallic gold-quartz veins of probable 
Si luri an to Devonian age. Hydrothermal gold-uranium-tluorine-molybdenum 
veins of late Palaeozoic age. Auriferous subvolcanic breccia pipes (and associated 
veins and ?epithermal systems) of late Palaeozoic age. Cainozoic alluvial placer 
gold deposits. Stratabound zinc mineralisation in Palaeoprotero:wic pyritic and 
carbonaceous metasedimentary rocks. Argentiferous galena +quartz± carbonate 
veins of mid and late Palaeozoic age. Hydrothermal argentiferous chalcopyrite+ 
quanz ±carbonate veins of mid and late Palaeozoic age. Copper in amygdalcs in 
andesite of late Palaeozoic age. Quartz-bismutite-scheelit_e.-molybdenite veins 
associated with ?Mesoproterozoic pegmatites. Tantalite-<:olumbite-bearing 
?Mesoproterozoic pegmatite dykes. Cainozoic alluvial placer tin, bismuth, 
tan talite-<:olumbite and tungsten deposilS. Stratabound replacement uranium 
deposits in late Palaeozoic subaerial volcanic environments. Late Palaeozoic 
hydrothermal uranium-fluorite vein deposits (includi ng fau lt- and fracture
controlled mineralisation). Muscovite in Mesoproterozoic pegmatites. 'S late' 
quarried from Palaeoproterozoic metasiltstone and mudstone. 

Late Palaeozoic hydrothermal uranium-fluorite vein deposits (i ncluding 
fault- and fracture-controlled mineralisation). 

Late Palaeozoic hydrothermal uranium-fluorite vein deposits (including 
fault- and fracture-controlled mineralisation) . 

Agate Creek - Inferred resource (ML 6770): 500 000 m1 auriferous alluvium (Mining lease 
file - ML 6770). Bark Shed - Inferred resource: 60 000 bank m1 at 0. 15 glbank m1 Au 
(Sandhurst Mining N .L. 1989). Big Reef - lnferred.resource: 1700 t at 18 g/t Au and 1600 1 
at 16 g/t Au in two ore blocks with 0.5 m true width (Sullivan & Ingram 1986). Camerons 
Creek -Indicated resource: 564 000 m1 at 0.2 g/m1 Au (Zabel 1985). Camerons Prospect
Indicated resource: 100 000 tat >2.5 g/t Au (Charchalis 1987). Comstock/Big Ben - Proven 
reserves (for ML 3540): 13 400 tore at 4.8 g/t Au, with a 3.0 g/1 Au cutoff; 12 300 1 ore at 2. 1 
g/t Au, with a 1.5 g/t cutoff (Mining lease fi le - ML 3540). Drummer Hill - Potential 
resource (for ML I 02 1): 5000 1 ore at 5 g/t Au (Pyper 1989) Einasleigh River (Crocodile J , 
Flying Fox) - Indicated resource: 200 000 tat 0.20-0.25 g/m3 electrum (Randall 1988). 
Electric Light - Indicated resource: 730 000 1 at 3.05 glt Au (Bruvel 1996a). Endeavour 
Prospect - Indicated resource: 110 000 tat 4.5 g/t Au, with a I g/t Au cutoff (Saracen 
Minerals N.L. 1991). Georgetown Gold Mine- 'Total resource': 1.093 Mt at 3.6 g/t Au 
(Bruvel 1996a). Goldlind Creek- Inferred resource: 102 000 m1 gravel at 374 mg/m3 Au (de 
Havelland 1989). Horse Creek -Inferred resource: >500 000 m1 at 300 mg/m3 Au 
(Robinson 1988). International-Inferred resource: 15 000 1 ore at 15 g/r Au; 7 5001 
mullock , no grade given (Su llivan & Ingram 1986). Jubilee Plunger- Probable re~erves: 

>170 0001 at 3.2 g/t Au, 31 g/t Ag, 0.63% Pb, 0.41% Zn and 0.08% Cu (Howard-Smith 
Exploration 198 1a,b 1982). Lead Show - In ferred resource: 5000 tat 3- 5 g/t Au, with Ag 
and Pb credits (Stuart et al. 1987). Mount Hogan - Total indicated and inferred resources: 
137 000 tat 5.5 1 g/t Au and 9 g/t Ag (O'Rourke & Bennclll977). Inferred resource: 
1.3 Mt at 6 g/t Au (Anonymous 1990). Underground: proved reserves of 196 0001 at 
10.8 g/t Au; probable reserves of74 000 1 at 11.9 g/t Au; inferred resource of 175 000 t 
at 8.0 g/t Au (Bruvel 1994). These resources and reserves have been mined our. Rocky 
Reward Prospect - Inferred resource: 200 000 t ore (no Au grade given) to 40 m depth 
(Broadbent 1987). Ropewalk- Measured resource: 69 000 1 at4.18 g/1 Au (Bruvel 1994). 
Talbot Creek -Inferred resource: >500 000 m' at £ 300 mg/m1 Au (Robinson 1988). The 
H ope - Inferred resource: 30 000 bank m3 at 0. 18-0 .23 glbanlc cubic metre Au (Sandhurst 
Mining N.L. 1989). The Wall-Inferred resource: 36 000 bank m' at 0.16 to 0.54 glbank 
cubic metre Au (Sandhurst Mining N.L. 1989). Unnamed 663685 - Measured resource: 
80 000 m3 of alluvium at 0.5 g/m3 Au (Tetlow 1986). Yanky Franks- Inferred resource 
55 500m3 gravel at 45 mg/m3 Au. Inferred Resource 231 000 m' gravel at 269 mg/m3 Au 
(Duck 1982). Blackwell 1 and Blackwell 2 - Inferred resource: 496 000 m' of slate, which 
could yield 49 600m3 (4.5 Mm') of II mm thick tiles after culling, allowing for 90% wastage 
(0' Flynn I 988). 

Trident - Indicated resource: 420 t of contai ned uranium at an average grade of 0. 19% eU, 
with a 0.05% eU (Crane 1983). Two Gee -Indicated resource: 640 t of contained uranium 
at an average grade of 0. 10% eU. with a 0.05% eU (Crane 1983). Quartz Blow
'Geological reserve' : 732 236 1 at 971 ppm eU 17 11 t contained uranium], with a 
500 ppm e U cutoff (Crane 1983). 

Inferred resource: -6300 m' ore to 80 m depth, with 10 t contained U and 1500 r 
contained fluorite (Andrews 1980). 
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21 Eveleigh area Metamorphosed Stralabound and/or stratiform base metal sulphide deposi ts of 
probable Palneoproterozoic age. Argentiferous galena+ quanz :t carbonate veins 
of mid or late Palaeozoic age. Hydrothermal argentiferous chalcopyrite+ quartz 
:t carbonate veins of late Palaeozoic age. Hydrothermal tin-greiscn and tin-
quartz- feldspar-chlorite-fluorite veins of late Palaeozoic age. Cainozoic alluvial 
placer tin deposits. 

22 Kellys Tinficld Tin- and tungsten-bearing quartz- sericite and quartz- topaz greisen of 
?late Palaeozoic age. 

23 Lnva Plains Cainozoic colluvial. eluvial and alluvial sapphire deposits. 

24 Minnamoolkn Cainozoic lateritic nickel-<:obah deposits developed on Proterozoic serpentinite. 

25 Prospect Bore Proterozoic titanium-bearing layered gabbro complex. 

26 Esmeralda Goldfield Plutonic (mcsothermal) gold-{juam. veins of probable Mesoproterozoic age. 

27 Snake Creek Shear-hosted argentifcrous galena+ quartz :t carbonate veins associated with n 
rhyolite dyke of Mesoproterozoic or late Palaeozoic age. 

28 Einnsleigh Metamorphosed stratabound and/or stratiform base metal sulphide deposits of 
probable Palaeoproterozoic age. Hydrothermal argentiferous chalcopyrite+ 
quartz :t carbonate veins of ?late Palaeozoic age. 

29 The Gap Stibnite-benring quartz veins associated with ?late Palaeozoic rhyolite dykes. 

30 Q;tks (Kidston) Goldfield Auriferous subvolcanic breccia pipes (and associated veins and ?epithermal 
~ystems) of lute Palaeozoic age. Cainozoic alluvial placer gold deposits. 

31 Ironstone Knobs area Metamorphosed stratabound and/or stratiform base metal sulphide deposiL~ of 
probable Pa laeoproterozoic age. 

32 Daintree Copper Mine Metamorphosed stratabound and/or stratiform base metal sulphide deposits of 
probable Palaeoproterozoic age. 

33 Oa~is ?Late Palaeozoic uranium mineralisation in Proterozoic metamorphic rocks. 

34 Bulcooma Goldfield Gold-quartz veins in Cambrian to Ordovician metavolcanic rocks. 
Cainozoic alluvial placer gold deposiK 

Eve.leigh -Inferred resource: 15 Mt at >I% Zn, including 5 Mt at >2% Zn (Davies 1972). 

Minnamoolka- Combined resource: 26 Mt at 0.74% Ni, including 3.15 Mt at 1.27% 
Ni (Zeissink 1977). 

Inferred resource: 100 000 tat 3 g/t Au and 7 g/t Ag. to 25m depth (Pacific Goldmincs 
N.L. 1985). 

-

Einasleigh Copper Mine -Indicated resource: 200 000 tat 2.1% Cu, including 20 000 tat 
4.8% Cu (Dewar 1972). Kaiser Bill -Inferred resource: 6 300 000 tat 0.45% Cu (CR 5658); 
10 000 OOOt at 0.5% Cu (Wilkinson 1994). Mount Misery - Inferred resource: 3.65 Mt at 
2.45% Pb, 5.54% Zn and 50 g/t Ag (Onley 1978). Teasdale- Inferred resource: 28 000 tat 
0.58% Cuper venical metre over a length of 360m (Burbnn & Kennedy 1976). Town 
Common Boundary Gossan (Railway Flat)- Inferred resource: 500 000 tat 1.3% Pb, 
4.2% Zn, 0.3% Cu. 25 glt Ag (Wilkinson 1994). 

Kidston Gold Mine- 'Interim reserves estimate': 28 Mt of ore, containing 33.6 t of Au 
(Bruvel 1996a). Reserves : 43.79 Mt at I. 16 glt Au, within n resource of 82.93 Mt at 0.92 g/t 
Au and 1.55 g/t Au (Kidston Gold Mines 1995). Total proven and prob:tble reserves : 50.351 
Mt at 1.18 g/t Au. Total measured and indicated resources: 71.522 Mt at 1.14 g/t Au (Register 
of Australian mfor 1996/97). 

Inferred resource: 660 000 tat 1.6% primary Cu ore and 200 000 tat I to 3% secondary Cu 
ore (Grant & McNaughton 1975). 
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Table 3.17. Main mineral deposits and resources for the 'Georgetown Region (compiled byTJ Denaro) (Continued) 
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35 Balcooma Stratabound and/or stratiform volcanic-hosted base metal sulphide deposits in 
Cambrian to Ordovician metavolcanic and metasedimentary rocks. 

36 Conjuboy Cainozoic diatomite deposits. 

37 Greenvale area Cainozoic lateritic nickel-cobalt deposits developed on Prot.erozoic serpentinite. 

38 Halls Reward Mine Shear-hosted copper deposits in Palaeoprotcrozoic metamorphic rocks and 
amphibolite. 

39 Agate Creek Agate amygdales in late Palaeozoic andesitic volcanics. Cainozoic alluvial 
and eluvial agate depositS. 

40 Lochaber Tungsten-molybdenum-bismuth-:tin-<Juartz veins of late Palaeozoic age. 
Cainozoic alluvial placer tin and tungsten deposit~. 

41 Lucky Creek Goldfield Stratabound gold-<juartz veins of mid or late Palaeozoic age. 
Cainozoic alluvial placer gold deposits. 

42 Werrington area Metamorphosed stratabound and/or stratiform base metal sul phide deposits of 
probable Pa1aeoproterozoic age. Hydrothermal argenti ferous chalcopyrite + 
quartz± carbonate veins of ?late Palaeozoic age. Late Palaeozoic hydrothermal 
uranium-fluorite vein deposits (including fault- and f~acture-controlled 
mineralisation). 

43 Gray Creek Podiform chromite deposits in Proterozoic serpentinite. 

44 Cheviot Hills Cainozoic eluvial sapphire and peridot deposits. 

. - .. ' ~,. -... ~---~~ ~- r•· -.." ~ ~ s ~ ~·-
fl!esour.~es':.timi/Res;f,vcs • _ _ _ --"' . . . 

-~ ~ ... 
Balcooma- 'Total i~qicated and inferred resources': 2.9 Mt at 3. 1% Cu and 0.4 gjt Au, and 
1.2 Mt at 0.9% Cu, 8.2% Zn, 3.9% Pb and 56 gjt Ag (Withnall & Grimes 1995). Dry River 
South -Inferred resource: 1.1 Mt at 10.6% Zn, 3.4% Pb, 0.8% Cu and 85 g/t Ag (Huston & 
Taylor 1990). Surveyor 1-Reserves: 0.48 Mt at 19.7% Zn, 7.3% Pb, 0.8% Cu, 146 gjt Ag 
and l g/t Au for main ore body: 0.23 Mt at 6.9% Zn, 2.0% Pb. 1.6% Cu. 89 g/t Ag and 0.8 gft 
Au for the stringer zone (Withnall & Grimes 1995). Wyandotte (Dry River)- lnferred 
resource: >450 0001 at2.5% Cu (Shell Minerals Explorat ion (Australia] 1974). 

Greenvale- Reserves: 40 Mt averaging 1.57% Ni and 0.2% Co (Fletcher & Couper 1975). 
These reserves have been mined out. L.ucknow - Indicated resource: 2.1 Mt at 0.82% Ni and 
0.38% Co, with a cutoff of I% combined Ni and two times Co (Fletcher et al. 1969). 
50 000 1 ore mined from this deposit. 

Steam Engine Zone - Indicated reserves: 280 000 tat 2.5 gft Au to 50 m depth (Rc;a 1990). 

Gray Creek North - 'In situ resource': 31 500 1 of massive chromite ore (Saul & Grant 
1987). Gray Creek South - 'In situ resource': 200 0001 of disseminated chromite ore: 
20 000 t of massive chromite ore (Saul & Grant 1987). 
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CHAPTER4 

COEN REGION 
by RS BLEWETT, TJ DENARO, J KNUTSON, P WELLMAN, DE MACKENZIE, BI CRUIKSHANK, 

]R WILFORD, FE VON GNIELINSKI, CF PAIN, SS SUN and R] BULTITUDE 

Introduction R s Blewett 
Proterozoic to late Palaeozoic metamorphic and igneous 
rocks underlie much of Cape York Peninsula and are 
exposed in the Coen Region, which occupies 
approximately 25 000 km2 of eastern Cape York Peninsula 
(Figure 4.1). It is an elongate area 450 km north-south 
and up to 75 km east- west, located between latitudes 
16°15' and 12°15' and longitudes 142°50' and 144°10' . It 
is bounded by the Mesozoic Carpentaria Basin and 
Cainozoic Karumba Basin to the west and south, the 
Palaeozoic Hodgkinson Province and Mesozoic Laura 
Basin to the east, and the present day coastline to the 
northeast. 

Figure 4.1. Location of Coen Region. 

The region consists of six Precambrian metamorphic 
groups intruded and overlain by three mid to late 
Palaeozoic igneous and sedimentary provinces. The 
essential crustal fabric of the Coen Region developed by 
a series of intracontinental clastic sedimentary episodes 
(probably following rifting) interspersed with 
deformational/metamorphic and largely intraplate felsic 
magmatic episodes with lesser volcanic episodes (Plate 
4.1). 

Geological Framework 
The fabric of the Coen Region is dominated by a mostly 
north-trending structural 'grain', with bands of Proterozoic 
metamorphic and granitic rocks , Silurian- Devonian 

granites, and a Devonian-Carboniferous sedimentary 
basin, together with volcanics and granites forming 
elongate zones 20- 50 km wide (Wellman 1992a). These 
zones reflect the major stages of crustal development in 
the region, and include the following. 
1. The Palaeo to Mesoproterozoic Yambo Subprovince, 

which consists of the Yambo and Newberry 
Metamorphic Groups. 

2. The Mesoproterozoic Savannah Province, which 
includes the Coen, Holroyd and Edward River 
Metamorphic Groups. 

3. The Neoproterozoic or Cambrian Iron Range Province, 
which includes the Sefton Metamorphics. 

4. The Silurian-Devonian Cape York Peninsula Batholith, 
the northern most part of the Pama Province that 
separates the three metamorphic provinces. 

5. The Late Devonian to early Carboniferous Pascoe River 
Basin. 

6. The Carboniferous- Permian Kennedy Province. 

These provinces extend under the Mesozoic cover; their 
extents have been mapped using the regional and detailed 
aeromagnetic and regional gravity data (see Chapter 2). 
The Yambo Subprovince occurs in the east, the Savannah 
Province in the west, the Iron Range Province in the north 
and the Cape York Peninsula Batholith forms the central 
part of the Coen Region. The Carboniferous and younger 
provinces are found mostly in the north of the region. 

Relationships among the metamorphic groups are 
uncertain. The Yambo Subprovince (the oldest) evolved 
differently to the other provinces with higher metamorphic 
grade and a greater complexity of deformation compared 
to the adjacent provinces. Detrital zircon in the Savannah 
Province may have been derived from the exhumation and 
erosion of the Yambo Subprovince, suggesting an 
unconformable relationship between the provinces. The 
boundaries between the metamorphic provinces are now 
occupied by Palaeozoic granite. The Silurian- Devonian 
event marked the end of an evolutionary quiescence that 
lasted about 1000 Ma, and was developed across all the 
earlier provinces of the region. 

A number of major faults have been repeatedly reactivated 
in the Coen Region. The Palmerville Fault System, which 
includes the Palmerville, Yintjingga and Gamboola Faults, 
is thought to have had a major influence on the geology of 
the Coen Region. Other important faults include the 
Palaeozoic Sandy Creek, Archer River, Coen, Ebagoola, 
Lindalong, Cattle Swamp, and Lukin River Shear Zones. 

The Palmerville Fault juxtaposes Palaeozoic Hodgkinson 
Province rocks of the Cairns Region and Proterozoic rocks 
of the Coen Region. The latter are thought to have been 
the source of metamorphic and plutonic detritus deposited 
in the Hodgkinson Province during the Ordovician 
(Bultitude et al. 1993b ); suggesting emergence of the Coen 
Region during the early Palaeozoic and some form of 
geographical proximity between the regions. 

The Quinkan and Carpentaria Lowlands Regions adjoin 
the Coen Region to the east and west respectively (see 
Chapters 9 and 1 0). 
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CHAPTER FOUR C oe n Reoion 

Geophysical Characteristics· 
Gravity and Magnetic Characteristics 
P Wei/man, RS Blewett 
Long-wavelength geophysical anomalies are interpreted 
to be caused by the contrast between the Cape York 
Peninsula Batholith and the surrounding rocks (Proterozoic 
metamorphic rocks and Permian granite and volcanics). 
Over the batholith, the gravity anomalies are relatively low, 
and the magnetic anomalies are flat, with ·a low mean (Plate 
4.7). Over the surrounding rocks, the gravity anomalies 
are higher and the magnetic anomalies more irregular. 

The relatively high density of the metamorphic rocks 
generally coincides with gravity highs. In areas of outcrop, 
the metamorphic rock type (e.g. phyllite/schist/gneiss) and 
the intensity of deformation can be roughly correlated with 
magnetic image characteristics - intensity of 
magnetisation, broadness of features, and continuity of 
bedding/compositional layering (Wellman 1995a). ln areas 
of slate/phyllite, the bedding appears little faulted, fold 
closures are seen, features are crisp, and magnetisation is 
low and varies with lithology. In areas of schist, the 
dominant feature is faulting, some lithological layering 
can be recognised, there are few fold closures, features 
are less crisp, fractures more prominent, and magnetisation 
is high. In areas of gneiss some compositional layering 
can still be recognised in places, faults are important, 
fractures are stronger, and magnetisation is medium-high. 
The magnetic susceptibility of the metamorphic rocks is 
generally low (compared to other metamorphic rocks in 
Australia) with typical readings around I 0-15 Sl units. 
Amphibolite and metadolerite are typically around 50- 75 
SI units. 

Silurian-Devonian granites have low density and correlate 
with gravity lows. They have generally low, uniform 
magnetisation (0-5 SI units), very different from the high 
irregular magnetisation of the adjacent high-grade 
metamorphic rocks. In places they are cut by sub-parallel 
dyke swarms. The best estimate of the surface position of 
the granite/metamorphic boundary is given by the change 
from quiet to noisy short-wavelength magnetic anomalies. 
Most of the batholith is relatively wide, so the direction of 
the dip of the granite/metamorphic boundary is given by 
both the offset of the inflection of the gravity anomalies 
and by the change in level of the reduced-to-the-pole 
magnetic anomalies near the outcrop boundary. 

The Carboniferous and Permian volcanics and granites 
cropping out in the north of the Coen·Region generally 
have low-medium irregular magnetisation, and low density 
- a not very distinctive geophysical pattern. However, 
adjacent to the Coen Region are some areas (under cover) 
with low gravity and very low, concentric magnetic 
anomalies. These anomalies may be compared with similar 
features in RED RJVER that are thought to be caused by 
Carboniferous-Permian volcanic subsidence structures. 

Gamma-ray Spectrometric Characteristics 
P Wellman, JR Wilford 
In areas of thin or absent in situ regolith, spectrometric 
images are mostly pink, red, orange or white in areas of 
granite, dark brown to black in areas of mafic rocks, and 
green, blue, purple and white in areas of metamorphic rock. 
S-type and I-type granite plutons· have distinct weathering 
characteristics which are reflected in their gamma-ray 
response. The I-type granites have thicker accumulations 
of residual quartz sands which appear black in the 
spectrometric image. ln contrast S-type granites have a 
uniformly higher potassium response. These differences 
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relate to variations in weathering susceptibility of the two 
granites. 1-type granites are likely to develop thicker 
pockets of residual quartz sand due to a higher proportion 
of more easily weathered ferromagnesium minerals and 
well developed jointing patterns within the saprolite than 
the S-type granites. The mapping of boundaries between 
granites is discussed in more detail by Mackenzie & 
Wilford (1992). The use of gamma-ray spectrometric 
images for regolith mapping and applied geomorphology 
is discussed in Chapter 12. 

Proterozoic RS Blewett, J Knutson 

Six metamorphic groups (Yambo, Newberry, Holroyd, 
Edward River, Coen and Sefton Metamorphic Groups) 
have been defined in the Proterozoic rocks of the Coen 
Region. Detailed descriptions of the various groups may 
be found in Trail & Blewett (1991 ), Blewett et al. ( l992b), 
Blewett & Wilford (1995) and Blewett & Trail (1995). 
These have been correlated and grouped into three discrete 
provinces (Yambo Subprovince of the Etheridge Province, 
and Savannah and Iron Range Provinces) on the basis of 
age, whole-rock geochemical, metamorphic, lithological 
and structural characteristics. 

The Yambo Metamorphic Group 
The Yambo Metamorphic Group consists of high-grade 
metasedimentary and meta-igneous rocks including schist, 
quartzite, ortho- and paragneiss, amphibolite, and mafic 
granulite (Table 4.4). It crops out over 1500 km2 in the 
southern part of the region ('Yambo Inlier'), and is faulted 
against the Palaeozoic Hodgkinson Province to the east 
by the Palmerville Fault and against the Savannah Province 
to the south by the Gamboola Fault (concealed). It is 
intruded by the Cape York Peninsula Batholith to the west 
and north. · 

The Yambo Metamorphic Group was previously described 
in detail by Trail et al. ( 1968) as Dargalong Metamorphics. 
Trail et a!. ( 1968) subdiyided the metamorphics into the 
Arkara-type gneiss, Saraga-type schist, Pombete-type 
schist, and undifferentiated rocks. The later BMR Bulletin 
(Willmott et al. 1973) and first edition Hann River Geology 
Map (Whitaker & Grimes 1977) describe the group as 
Dargalong Metamorphics, with two mappable units (schist 
and gneiss). 

Thirteen spatially related metamorphic map units or 
formations have been defined (Table 4.4). Most of the 
boundaries between the units are faulted or separated by 
intrusive rocks (Figure 4.2). Thickness and relative age 
estimates of the formations are problematic due to the poor 
exposure, high metamorphic grade (to granulite), degree 
of deformation, and large amounts of meta-igneous rock. 

The sedimentary protoliths were mostly fine, even-grained, 
thin-bedded, clastic rocks which formed about I 0 km of 
shallow-marine sediment that accumulated in a gently 
subsiding intracontinental basin after about 1643 Ma and 
before intrusion of igneous. rocks about 1580 Ma. The 
geochemistry of the metasedimentary rocks indicate that 
they were derived from relatively immature sediments. 

Intrusion of !-type granodiorite/orthogneiss and minor 
mafic rocks as well asS-type granites occurred aboutl580 
Ma (Blewett & Black in press). Grainsize varies between 
fine to coarse and textures vary from equigranular to highly 
porphyritic/porphyroclastic. The orthogneiss is mostly 
mylonitised and contacts are now largely structural , 
although, in some regions, it cross cuts the regional fabric 
(yD2) of the metasediments (e.g. Arkara Creek on th~ 
Mount Mulgrave I: I 00 000 sheet area). Depleted mantle 
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mutlel age' {T [)\.> for the urthognciss r;lnge from 2140 to 
21SO Ma. lhcsc value!> suggest a tlcgrcc of inhomogeneity 
in the source material. 

I he Yambo Metamorphic Group and the;: Ne;:wberry 
Metamorphic Group w the north arc generally of higher 
metamorphic grade than the other metamorphic groups 
<If the region. The corrodcd garnct ,md widespread 
liCcurrcnce of sillimanllc. andalusl!c and rare kyannc m 
the gnc1ss and !!Chtst is uscful in dctcnmning metamorphic 
grade. Sillimanite is the mo~t common aluminosihcatc: 11 
fonm tltscrctc tabular groins. and also tabular crystals after 
andalusttc. 1m pi) ing a progr.tdc mctamorphic sequence. 
Pnmary porphyroblasts of' kyanne tn a muscoVIte ~chtst 
tndicatc it equilibrated at a higher pres:;ure than the 
stllimanttc and andalusite-benring mcks. This rock 1s 
closely associ<Jletl with two-pyroxene mafic grru1ulitc. 
Prdiminary investigations Indicate the mafic granulites 
lTystalllsed under P T conditions or ~ 770 C" and H. 75 kb 
(I Ills unpub. ms 1994 l The Chelmsford Gnetss. whtch 
crops out m the eastern part of the Yarnbo Inlier. con tams 
rare cord1crite (which has not been positively identified 
mthe llolroyd Group orC'ocn Metamorphic Group lanhcr 
north}. andalusitc and K-fcldspar. The gne1ss consish 
prcdommantly of quartz. biotite. plagioclasc and 
'itllimanite. and is closcl}' assuc1atcd with two-pyroxene 
ma fie gmnul itcs. implymg upper arnphibol ite to granulite 
grades of regional metamorphism. Relatively high Na20 
( 21

' n) and low KlO (• 2.5n·(,) arc rcllccted mineralogically 
by the presence of abundant plagioclase and biotite. 

.\mphiholltc is Widespread and typ1cally it is medium to 
coarse-grnmcd '' ith bnl\\ n to grecn-bruwn hornblende. 

calcu.: plag1oclase (unaltered to strongly senc1t1sed). 
opaque minerals, titan1tc. t mmor quartz. clmnpymxenc 
and minor biotite. Less commonly. the amph1bole is pule 
green nnd chloritiscd. 

Blewett & Black (in press) describe a major thermal c\cnt 
at about 1580 Ma as indicated by the intrus1on of S-typc 
and 1-type granites. precursors to the mafic gmnulite,, 
together\\ ith metamorphtc 11rcon growth on the tgncous 
z1rcon cores (ages \\ ithin error). The thermal event may 
be roughly coinc.:1dcnt v. llh proll1nged granulite grade 
metamorphism where lugh temperaturl!s \\l!re mamtained 
after intruswn at about I '\80 Ma. Sl\ deformation C\cnts 
have been rccogtllscd 111 these wcks (Blewett & Blad. in 
press) 

The Yambo anti N~.:wbcrry Metamorphic Groups del me 
the Yambo Subprovince. The boundary bctwc~:n them 1s 
conccah!tl and is interpreted as a fault (Wellman I Q95a). 

rhc Yambo MetamorphiC Group IS rclallvcly dense, and 
gcnerJlly has average to high magncttsauon. DiiTcrcnt 
lithologies (cf. quartLttc and schist) ha\e different 
rna!!netisauon at the hlholog1callaycring anti thl! fonnation 
scales. Formauon boundaries and compositional layenng 
arc northeast-trending tn most of thl! region. and loc;tlly 
northwest-trending. Withm I 0 ~m ulthc Palmervillc rault 
they nrc nurth-trending, ontl northwest-trending within '0 
km of the Gamboola Fault. Pmmmcnt. stmighl magnetic 
lincauons with a northwl!st trend arc thought to be faults. 
and dyJ..cs. I:.lscwhcrc the rocks reflect later dcfonmtlion 
and hcatmg c\·cnts bl!cau'>c trends an: subparalll!l Ill 
adJacent major faults. and magncusation 1s morl! uni fom1 
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CHAPTER FOUR Cotn Reg i on 

Newberry Metamorphic Group 
The Newberry Metamorphic Group (Table 4.4) is similar 
to the Yambo Metamorphic Group. It comprises high-grade 
(upper amphibolite to granulite) metamorphic rocks, 
including quartzite, amphibolite, ortho- and paragneiss, 
some schist and mafic granulite. The group is poorly 
exposed over about 1500 km2 along the southeastern side 
of the region in HANN RIVER, EBAGOOLA and as 
isolated outcrops on COEN. 

The group extends northwards as an elongate band up to 
30 km wide, and is unconformably overlain by the Permian 
Lakefield Basin to the east. Its northern continuation in 
COEN is uncertain; isolated exposures of metamorphic 
rocks in and to the east of the Mclllraith Range are probably 
part of the group, but calc-silicate rocks in COEN (Trail 
et al. 1969; Willmott et al. 1973) are unlike other lithologies 
of the Yambo Subprovince to the south. 

The Newberry Metamorphic Group was described by Trail 
et al. ( 1968) as Dargalong Metamorphics on the basis of 
its similarity with the Yambo Metamorphic Group to the 
south. Willmott et al. ( 1973) subsequently grouped these 
rocks with the Coen Metamorphics (of the Savannah 
Province). 

Three mappable units and three unnamed units have been 
described. The thickness, boundary relationships and 
relative age of these is unknown, and most contacts are 
interpreted to be faulted. The protolith and depositional 
environment of the metasedimentary rocks is uncertain; 
the thick-bedded, massive quartzite around Mount 
Newberry may indicate near-shore conditions. 

Two eneisses (about 1563 Ma) and a mafic granulite (about 
t<+lt MaJ nave oeen oareo. t nese u-ro ztrcon t~MKJJVII'J 

dates are younger than those in similar rocks in the Yambo 
Metamorphic Group, but similar to zircon dates from the 
Forsayth Subprovince in the Georgetown Region (see 
Chapter 3). The Sm/Nd isotopic data also indicate a 
depleted model age range between 21 I 0-2190 Ma, 
younger than the Yambo Metamorphic Group, and much 
younger than the Forsayth Subprovince (2550-2590 Ma). 

Metamorphic grade is mostly upper amphibolite facies, 
but rare caJcic-plagioclase-orthopyroxene-cl inopyroxene 
pale brown hornblende-ilmenite mafic granulites crop out 
in a poorly exposed sequence of cordierite(?) quartzite, 
leucogneiss and sillimanite(?) schist (Bultitude & Rees 
1994). The apparent absence of primary muscovite 
indicates that these rocks equilibrated above the second 
sillimanite isograd (Figure 4.5). 

Embayed garnets in these mafic granulites appear out of 
equilibrium, and contrast with the garnets in the Holroyd 
Group. Additionally, the presence of a kyanite inclusion 
in garnet proves that the Newberry Metamorphic Group 
underwent an earlier episode of metamorphism in the 
kyanite field (at pressures >5-6 kb) before equilibrating 
in the sillimanite field (at temperatures >650°C). This is 
evidence for a clockwise P- T -t path and indicates these 
metamorphic rocks cannot be the higher-temperature 
equivalent of the prograde andalusite to sillimanite 
sequence in the Holroyd Group (Figure 4.5). The presence 
of ilmenite rather than magnetite, the reddish colour of 
rare biotite, and the presence of sulphide minerals and 
?graphite, suggest the granulite formed under relatively 
low oxygen fugacities (Bultitude & Rees 1994). 

Current information, although lacking detail, suggests that 
structures can be correlated on style, grade, overprinting 
and orientation characteristics with the Yambo 
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Metamorphic Group structural chronology. 

Magnetisation is medium, and density high in the 
Newberry Metamorphic Group. Compositional layering 
is indicated by an approximately north-striking grain 
defined by features of higher than average magnetisation. 
These features extend I 0-30 km, are broken along their 
length to segments 3-5 km long by minor offsets and short 
gaps of lower magnetisation, and are sub-parallel to 
adjacent bedding features. This pattern is cut by north and 
north-northwest-trending faults and northeast and 
northwest-trending fractu res. In the southern part of 
EBAGOOLA the dominant magnetic features are normally 
magnetised, arcuate, 6-10 km in length, 40-100 nT in 
amplitude, with an easterly strike; they are thought to be 
fault controlled structures. The decrease in recognisable 
compositional layering to the south is due to a decrease in 
the difference in magnetisation of adjacent beds, and to 
an increase in faulting. Further south in HANN RIVER 
(e.g. Kimba Gneiss) there is no compositional layering 
apparent in the magnetics. 

Other Units of the Yambo Subprovin.ce 
In northeast EBAGOOLA, about 200 km2 of poorly 
exposed unnamed metamorphic rocks are faulted against 
the Newberry Metamorphic Group. These unnamed rocks 
have been labelled u3, l4 and us (Blewett & Trail 1 995), 
and they are differentiated by their trends and 
magnetisation. The northwest-trending u3 and 14, are bands 
ofhigh and low magnetisation that may be part of a shear 
zone. Us has low average magnetisation, and small 
amplitude short-wavelength anomalies. Its magnetic 
anomaly pattern is consistent with sub-parallel 
compositional layering, with a strike ranging regionally 
Frnm nnrthwP<:t in thP <:moth tn nnrth-nnrthwP<:t in thP 

north. The linear, narrow, north-striking magnetic high 
along the eastern margin of Us is interpreted as a shear 
zone. The extension to these rocks to north (COEN) is 
uncertain; they are unconformably overlain by the Permian 
Lakefield Basin to the east. 

Holroyd Group 
The Holroyd Group consists predominantly of medium
grained clastic sediment; it includes variably deformed 
and metamorphosed metasi ltstone/sandstone, slate, 
phyllite, quartzite, schist, gneiss, metadolerite (greenstone) 
and amphibolite (Table 4.4). It is exposed over about 4500 
km2 along the western side of the Coen Region as a 160 
km long north-trending package up to 50 km across. It is 
faulted to the west by the Cattle Swamp Shear Zone and 
extensively intruded by the Cape York Peninsula Batholith. 

The Holroyd Group consists of all the rocks previously 
as~igned to the Holroyd Metamorphics (Trail et al. 1968, 
Wtllmott et al. 1973, Whitaker & Grimes 1977) except 
for those along the western edge that are now called the 
Edward River Metamorphic Group. The Holroyd Group 
is divided into two Structural Domains (the low
magnetisation Lukin and the higher-magnetisation 
Kalkah) by the Lindalong Shear Zone (Figure 4.3). 

The Holroyd Group consists Qf a stratigraphic succession 
of ten mappable units (Table 4.4), with up to I 0 km of 
thin to medium-bedded, largely fine-grained clastic 
metasedimentary rocks that become more pelitic to the 
east. lt was probably deposited in a shallow-marine 
environment in an intracontinental, or fo reland basin 
setting. Small volumes of high-temperature mafic magma 
with MORB-Iike chemistry intruded the lowest parts of 
the sequence. The sediments are more mature 
(geochemically) than those in the Yambo Subprovince and 



the) probably contain some recycled Yambo Subprovmcc 
material. 

The llolroyJ Group has a ma:--imum age nf 1563 Ma (from 
detritalzireon). The mtrusion('?) of a rare grunilic gnctss 
at about 1433 Ma provides a minimum age t~1r the Holroyd 
Ciroup Onhog11eiss is generally absent from the Group. 
unlike the Yambo and Nl.!wberry Metamorphtc Groups. 
The Sm'Nt.l isotupic motlcl ages or the -;ource area range 
from 2230 to 2435 Ma an older range than the Yamho 
Metamorphi(; Group. 

a. S, sS 

sS 

sS 

b. 
Figure .J.J.fa) Di!-.trihution ol 'traugmphic and wuctuml units 
nf 1hc Savannah Province m tlw ccntr..tl par1 of the Cocn Region. 
and fbi \tereuplo1' of the lllUJor 'tructure ... 
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The Holroyd (!roup is structurally simpler. anti of lm~cr 
mcwmorphu.: grat.le than the Yambo and Ncwbcrry 
Metamorphic Groups. Stx rcgtOnal deformational evenb 
have be1.m recognised \\ ith the climax therma l event 
assoctatcd witl1 the emplacement of the Silurian De' om:m 
Cape York Peninsula Batholith (Figure 4.3; ...-igure 4.4 ). 
The associated peak metamorphism was ::t prograde, 
regional-contact style. low-pressure high-templ.!raturc 
event. In the Lukin Strm:h.J rnl Domain, there is a ltlw-gradc 
·core· roughly cotneident wtth a gravity high (between the 
Lukm and Col~::man R ivcrs on U1c Kal kah I: I 00 000 -.hcct 
area). Away from tillS 'core·. mclamorphic grade generally 
incre::tscs towards the Cape York Peninsula Batholith. The 
Kalkah Structural Domatn has a generally higher 
metamorphic grade and greater degree of dclomlatton, as 
well as a more t.lismembercd stratigraphy than the Lukin 
Structural Domain (Blewett 1992 ). 

The mctasctliments cotltam abuntlant garnet 
porphyroblasts. whcrcas andalm ttc anti stllimanitc, in 
puntcular. arc largely re!-tricted Ill the nc1nity of tile 
St lunan Devonian granttes. Overall the metamorphic 
grade increases from sub-greenschist faci~.:s in the western 
part oJ'the I Iolroyd Group, through the greenschist facies 
(biotite and andalul>ite and garnet grade:-.) to upper 
amphibolite facies (sillimanite grade) in the centr<ll north 
area. Tht: mineml assemblages intlicatc a low to moderate
pressure. moderate to high-temperature pea~ 

metamorphic;m C Figure 4.4 ). 

The tlemmy of the llolroyd Group ts relatively high . In the 
area of slate/phyllite. situated in the west. average 
magnetisation is relatively low and const ttuent fnnnations 
are charncterised by uillcrent magnct•sationo;, wtuch an:: 
relatively constant. These difference~ in magnctisations 
may be due to pre-mctamorphtc NRM or susccrtihdlly. 
or 10 later creation of magnetite. the amount Mwhich Wlb 
depcntlant on rock type/composition. In the north there 
arc gently-arcuate. positive.: anomalies. up to 10 km long. 
These anomalies have similnr profi les along their length. 
and are thought to be due to magnetic matcrialm the plane 
of strike-slip fau lts. 

The magner isatton tn the Kalkah Structural Doma1n is 
generally uniformly htgh. whtch must be Juc to the 
mmcrals formed when !he rocks r.::crystalltsed during 
d<!formution, and/or the regttmal metamorphism. Narrow 
band<> of low magncttsation arc mtcrprcted 10 be due to 
dcmagnl.!li:-ation along fault lmcs. In the southwestern part 
of the.: llolroyd Group (Lukin Structural Dommn) m1>st of 

8 

2 

550 650 750 
Temperature ( C) 

Figure -'.4. Simplllicll fabnc-elcmcnl 'ketch of lhe slruc.:turul 
geology of the Savannah Pro\l!lCe and the Cape York Pcnin,utu 
Batholith in EBAGOOLA. The diagru111 prnvidc:. a 'ummary 111 
1he dcfommtionallw.aorv. 
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the area has high magnetisation, but there are bands, 
generally adjacent to granites, where the apparent 
magnetisation is near zero. 

Eqward River Metamorphic Group 
RS Blewett. J Knutson. FE von Gnielinski 
Exposures of the Edward River Metamorphic Group are 
mostly metasiltstone and metasandstone- fine-grained 
clastic sediments lithologically similar to the lower parts 
of the Holroyd Group (Table 4.4). The Group crops out 
over about 170 km2 as a series of north-trending belts along 
the western edge of the Coen lnlier, and to the east it adjoins 
the Holroyd Group along the Cattle Swamp Shear Zone. 
The Edward River Metamorphic Group was previously 
included in the 'Holroyd Metamorphics' by Willmott et 
al. (1973). 

The Edward River Metamorphic Group is at least 3200 m 
thick. It extends under the Carpentaria and Karumba 
Basins. Based on interpretation of the aeromagnetic data, 
it is thought to be some 30 km wide and 200 km long 
(Wellman 1995a). Five stratigraphic units have been 
defined, as well as three unnamed concealed units. There 
are some mafic intrusives in the lower part of the exposed 
formations. 

No isotopic dating or Sm/Nd isotope data exist for the 
Edward River Metamorphic Group, but they are presumed 
to be equivalent to the Holroyd Group (<1563 Ma and 
>1433 Ma). 

The sedimentology has not been studied in detail, but by 
analogy with the Holroyd Group, the Edward River 
Metamorphic Group was probably deposited in a shallow
marine environment in an intracontinental setting. 

Due to the limited exposure and distance from the Cape 
York Peninsula Batholith, not all the deformation phases 
seen in the Holroyd Group are recognised in the Edward 
River Metamorphic Group. To the north, where small areas 
of granite crop out, schistose rocks predominate as a result 
of low-pressure high-temperature metamorphism. 

Metamorphism ranges from sub-greenschist facies to the 
biotite grade ofthe middle greenschist facies, and there is 
a general trend of increasing grade to the northwest. There 
is an abrupt increase in metamorphic grade eastward from 
the Edward River Metamorphic Group into the Holroyd 
Group, across the Cattle Swamp Shear Zone. Sedimentary 
structures such as ripple and sole marks, and graded and 
cross bedding are present in some of the sub-greenschist 
facies metasediments, particularly in the southernmost part 
of the Coen Inlier. These rocks correlate with slightly 
higher grade graphite-muscovite/sericite slate, phyllite and 
schist to the north. The overall low metamorphic grade is 
reflected in the mineralogy of the interlayered mafic to 
ultramafic rocks, which consist mainly of chlorite, epidote, 
actinolite and talc. More strongly-foliated and coarser
grained quartz- muscovite/sericite phyllite, schist and 
garnetiferous quartzite are-relatively common in the west, 
reflecting the westward increase in metamorphic grade 
within this group. 

The Edward River Metamorphic Group is characterised 
by higher amplitude magnetic anomalies than the adjacent 
Holroyd Group, despite similar lithologies. The group 
forms a band of relatively high magnetisation and high 
density, 13-19 krn wide and at least 170 km long, in 
EBAGOOLA and HANN RIVER. Most of the group is 
concealed: the geophysical characteristics are described 
by Wellman'( 1995). 

CHAP TE R FO U R C o en Rcai o n 

Coen Metamorphic Group 
RS Blewett, J Knutson 
The Coen Metamorphic Group consists mainly of mid to 
upper-amphibolite-facies schist, gneiss and lesser quartzite 
(Tab I e 4.4 ). Rock types include si II iman ite-anda I usi te and 
sillimanite-garnet schist, quartzite, biotite-muscovite 
gneiss, sillimanite- garnet gneiss (rarely kyanite), with 
felsic leucosomes, and amphibolite. 

The Coen Metamorphic Group has been redefined 
(Blewett et al. 1992) to include only the central, north
south trending belt of metamorphic rocks in EBAGOOLA 
and southern COEN; they are partially bounded on the 
east by the Coen Shear Zone and to the west by the 
Ebagoola Shear Zone, and are surrounded by granites of 
the Cape York Peninsula Batholith. The Coen Metamorphic 
Group crops out over 700 km2

• 

The Coen Metamorphic Group, of unknown thickness, is 
subdivided into four metamorphic units with uncertain 
boundary relationships: a paragneiss unit, a quartzite unit 
and two schist units. 

The age of the Coen Metamorphic Group is enigmatic. 
For the most part, it can be structurally and 
metamorphically correlated with the Holroyd Group. 
Lithologically it does not contain the characteristic 
orthogneiss or mafic granulite of the Newberry 
Metamorphic Group. One paragneiss gave a zircon age of 
about 1590 Ma; possibly a detrital age. Another paragneiss 
contains zircon dated around 1550 Ma. This is within the 
Holroyd Group range of dates. The Sm/Nd isotopic data 
give ToM ages between 2290 Ma and.2060 Ma. 

Most of the Coen Metamorphic Group is structurally and 
metamorphically simpler than the Yambo and Newberry 
Metamorphic Groups. Some of the gneissic regions are 
complex, with the structural relationships and lithology 
similar to the Newberry Metamorphic Group. The Coen 
Metamorphic Group structure is dominated by north
northwest-trending shear zones, subparallel to a 
schistosity/gneissosity that is correlated with sS3 in the 
Holroyd Group. Most of the shear zones are young 
(Carboniferous-Permian) as they incorporate slivers of the 
Cape York Peninsula Batholith. This is in contrast to the 
structure of the Newberry Metamorphic Group, where 
shear zones are high-grade and Proterozoic in age. 

The Coen Metamorphic Group reached a higher grade of 
metamorphism than the Holroyd Group and sillimanite, 
rather than andalusite, is the stable aluminosilicate 
polymorph. There is no evidence for the forme r presence 
of any andalusite porphyroblasts. The presence of 
muscovite-quartz indicates these rocks are still below the 
second sillimanite isograd defined by the breakdown of 
muscovite + quartz = sillimanite+ K-feldspar, which takes 
place at temperatures of about 600- 650"C at 2-3 kb at a 
minimum. 

Magnetisation is medium and density is high in the Coen 
Metamorphic Group . Magnetic anomalies have a 
predominant northwest trend. There appears to be no 
systematic difference in magnetisation between schist and 
gneiss units, but the larger anomalies appear to be 
associated with the boundaries between these units. The 
central area of Lochs Gneiss is associated with a short
wavelength (0.5 km), elongate, sinuous, small-amplitude 
(4 nT) magnetic anomaly, which is interpreted as a wide 
shear zone . Elsewhere there are correlatable long
wavelength magnetic high anomalies, and spectrometric 
expressions of quartzite, that are consistent with I ithology 
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being semicontinuous for eli stances of 7-15 km. Elongate 
semi-continuous, magnetic lows are interpreted as faults 
(Wellman 1995a). 

Sefton Metamorphics 
Tht: Sefton Metamorphics comprise a variety of rock types 
including fine-grained muscovite- quartz schist and 
quartzite, slate/phyllite, quartz-haematite schist, magnetite 
quartzite, greenstone, schistose limestone, marble and 
calc-silicate rock. They are exposed over about 450 km2 

in CAPE WEYMOUTH and northern COEN. They crop 
out in four main areas: around Mount Carter, a north
trending belt between the Pascoe River and the Iron Range 
airstrip, headlands ofTemp.I.e Bay, and isolated outcrops 
in the Bowden area. No contacts with other m~tamorphic · 
groups are exposed and the Cape York Peninsula Batholith 
and the. Kennedy Province intrude the group. 

The rocks exposed in the first three areas were named the 
Mount Carter, Iron Range and Bolt Head Schists 
respectively (Trail et al. 1969). These names were 
abandoned by Willmott et al. (1973) and all were named 
Sefton Metamorphics. However, Trail and Blewett ( 1991) 
suggested that the coarse-grained schists, mylonitic 
granites/gneiss in the Hull Creek area were more like the 
Coen or Newberry Metamorphic Groups. 

ln the Iron Range area, the Sefton Metamorphics comprise 
a thinly bedded · sequence of interlayered quartzite, 
metagreywacke (with interbeds of small quartzo
feldspathic pebble conglomerate), argillite, slate, phyllite 
or phyllitic schist, and calc- silicate rocks. Slate and phyllite 
are locally rich in graphite, haematite, magnetite and pyrite. 
Small grains of tourmaline are common in many of the 
samples. Greenstones west of the Iron Range area include 
a medium-grained metadolerite composed of seriticitised 
plagiocl~se, augite, chlorite and minor quartz. Other 
greenstones are composed of quartz, actinolite, epidote 
and cloudy plagioclase (Willmott et al. 1973). 

The thickness of the Sefton Metamorphics is unknown; 
Teluk (1984) subdivided the Iron Range area into three 
informal formations with a number of members giving a 
total of up to 2000 m of sediment. 

The age of the metamorphic rocks is unknown, but they 
are younger than detrital zircons dated at about 1200 Ma. 
Small outcrops of recrystallised limestone which yielded 
a sponge spicule and another fragment of organic matter 
suggest that some of the rocks called Sefton Metamorphics 
may be Palaeozoic (Trail et al. 1969 p34). 

Four phases of deformation have been defined in the Sefton 
Metamorphics. Metamorphic grade ranges from 
subgreenschist to lower amphibolite?; contact 
metamorphic (andalusite-bearing) rocks are reported close 
to the margins of Permian granites (Trail et al. 1969). 
Metamorphic assemblages include albite-chlorite schist, 
muscovite-chloritoid schist, muscovite- epidote schist, 
biotite-muscovite graphite schist, and albite-tremolite
muscovite-chlorite schist. The presence of sillimanite in 
a tremoUte-albite-chlorite schist adjacent to a dioritic 
intrusion indicates a high temperature contact 
metamorphic event. Mostly, however, the Sefton 
Metamorphics are characterised by subgreenschist to 
greenschist grade metamorphism. 

Geophysical data is limited to 1500 m flight-line spaced 
regional magnetic and gamma-ray data sets, and a few 
small exploration data sets. Two iron-rich bands, and the 
gr.eenstone band, give linear magnetic anomalies of300-
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600 nT; the bands are no more extensive under cover than 
the surface mapping indicates. 

Geochemical Characteristics J Knutson 

There are regional, lithological and geochemical 
differences between the Holroyd Group, the Coen, Yambo 
and Newberry Metamorphic Groups, and the Sefton 
Metamorphics. For example, the quartzofeldspathic and 
pelitic rocks of the Holroyd Group are characterised by 
more tourmaline and less plagioclase than those of the 
Coen, Yambo and Newberry Metamorphic Groups and 
probably the Sefton Metamorphics. The Holroyd Group 
is also characterised by an apparent absence of relatively 
Mg-rich phases such as chlorite and cordierite. The scarcity 
of prograde chlorite is probably due to the metamorphic 
grade being just beyond chlorite stability, but retrograde 
chlorite is also rare. In contrast, retrograde chlorite is 
common in the Coen, Yambo and Newberry metamorphic 
rocks. The more Mg-rich character of many of the Sefton 
metamorphic rocks (including drill-hole material from 
mineralised areas) is reflected in the common presence of 
both prograde and retrograde chlorite, despite much of 
the MgO being bound up in carbonate. Factors contributing 
to the apparent absence of cordierite in the Holroyd Group 
may include: the complete replacement of cordierite by 
secondary sericite, the lack of suitable Mg-rich rock 
compositions and possibly, the common presence of 
tourmaline which may have preferentially incorporated 
Mg. Mean MgO compositions for the five metamorphic 
groups (excluding mafic metabasite and quartzite, but 
inclucling the Sefton BIF and carbonate-rich rocks) show 
a decrease from Sefton to Yambo, and Newberry to Coen 
to Holroyd (4.31% 1.48% 1.33%, 0.93% and 0.53% 
respectively). 

Overall geochemical trends for the metamorphic rocks of 
the Coen Region (Plate 14.3), such as increasing average 
values for Si02, and decreasing CaO, Na20, K20, Ba and 
Sr, suggest an apparent increase in maturity of the pelitic 
and psammitic metasedimentary rocks from the Yambo 
and Newberry to Coen to Holroyd Metamorphic Groups. 
Nesbitt & Young (1982) have developed a chemical index 
of alteration (CIA) that allows an assessment of the degree 
of rock weathering. This ratio can be a measure of the 
maturity and/or weathering status of source rocks for 
sedimentary and metasedimentary rocks. Increasing CIA 
values from the Coen and Newberry, to the Yambo and 
Holroyd Groups, indicate a steady increase in degrees of 
maturity and/or weathering of these metasediments from 
east to west. The Newberry Metamorphic Group data are 
limited. The Holroyd Group also tends to have higher Y, 
La, Ce, Nd and Cs contents than the Yambo, Newberry 
and Coen Groups. 

Textural, mineralogical and geochemical criteria (see 
below) suggest that the quartzofeldspathic rocks of the 
Yambo Metamorphic Group can be subdivided into two 
groups: gneiss of probably granitic origin (orthogneiss) 
and gneiss of sedimentary origin (paragneiss). Relatively 
high Na20 values in orthogneisses reflect the presence of 
abundant sodic plagioclase. Typically the orthogneisses 
are also biotite-rich, with rare muscovite being a retrograde 
phase. 

Discrimination between Yambo Metamorphic Group 
ortho- and paragneiss is clearly shown on a Q-Ab-Or 
triangular diagram where orthogneiss analyses mostly form 
a distinct group closer to the quaternary isobaric minimum 
(Tuttle & Bowen 1958) thim the paragneiss. The few 
exceptions are strongly altered rocks (mostly 
Jeucogranites?). In contrast, plots for paragneiss are widely 



scattered, mostly well away from the minimum. The 
orthogneisses also have aluminium saturation indices (ASI 
- Al20iCaO + Na20 + K20) typical of granitic rocks 
(between 1.0 and 1.3) whereas the paragneiss mostly have 
significantly higher values (between 2.0 and 4.0). Si02 

versus Al20 3 diagrams also highlight geochemical 
differences between ortho- and paragneiss. Paragneiss 
defines a trend of decreasing Al20 3 with increasing Si02 
that probably represents a mixing trend inherited from clay
rich and quartz-rich sedimentary precursors (Argast & 
Donnelly 1987). In contrast, orthogneiss has nearly 
constant Ah03 contents with increasing Si02. Plots of 
FeO<•o•ol) versusAI20 3, K20 versusAI20 3 and Zrversus Si02 
also show distinct, intersecting fields for the ortho- and 
paragneiss, resulting from differing controls in magmatic 
versus sedimentary processes. Lower CaO and Na20 
values in para gneiss reflect the breakdown of feldspars to 
clay minerals. 

Average compositions for Coen Region metasediments 
show that they are enriched in Si02, Ba, Th, Zr, Y, La, Ce 
and Nd, and depleted in Ti02, P20 5, Li, Sr, V, Cr, Co, Ni 
and Cu, relative to post-Archaean average Australian shale 
(PAAS), suggesting they were largely sourced from 
granitic rocks. Trace element contents, such as low Cr, Ni 
and Co, also indicate the source rocks were essentially 
felsic in composition. 

Average values for metamorphic rocks from the Yambo, 
Coen, Newberry and Holroyd Metamorphic Groups 
plotted on a CaO + Na20 -AI20 3- K20 triangular diagram 
indicate the relative importance of mafic and felsic rocks 
as sources of the sediment. Holroyd Group rocks plot well 
away from the 'average tonalite' point, in an area that 
indicates derivation of sediment from rocks that were more 
felsic, and/or more weathered, than those from which the 
Yambo, Coen and Ne~bury were derived. 

Th-La-Sc and Hf-Th-Co triangular diagrams also give 
an indication of the relative importance of felsic :versus 
mafic source rocks in the various metamorphic units. With 
the exception of the Sefton Metamorphics and the Yambo 
Metamorphic Group orthogneiss, quartzo-feldspathic 
metamorphic rocks in the Coen Region are offset from 
the field for fine-grained sediments and sedimentary rocks 
of post-Archaean age (Taylor & McLennan 1985) towards 
more felsic compositions, again suggesting the 
metasedimentary rocks were largely sourced from felsic 
material. This is particularly the case for the Holroyd Group 
and the metasediments from the Yambo Metamorphic 
Group. 

The Sefton Metamorphics in the Iron Range area have 
some major geochemical differences from the other Coen 
Region metamorphic rocks. They are mostly enriched in 
FeO<•oooiJ• MgO and CaO, have higherTh/U, and are depleted 
in A}z03, Ti02 and K20. On Th-La-Sc triangular diagrams 
the Sefton Metamorphic rocks plot towards the Sc apex, 
and away from the field typical for fine-grained sediments 
and sedimentary rocks of post-Archaean age (Taylor & 
McLennan 1985), suggesting a significant input from an 
intermediate to mafic source. Compared with post
Archaean average Australian shale (PAAS), average Si02 
content (61 %), and most trace elements values and La/Sc, 
Th/Sc, La/Co, Th!Co and Crfrh ratios are similar, but Al20 3 
and K20 are lower and MgO, CaO and Na20 are higher. 
The calc-silicate rocks of the Sefton Metamorphics 
contrast with those of the Etheridge Group in having a 
dominance of Ca-Mg carbonate minerals rather than 
calcite. 

Rare earth element (REE) trends for the Sefton and Coen 
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Figure 4.6. Chrondite-normalised rare earth element (REE) 
diagrams for metasedimentary and meta mafic rocks in the Coen 
Region. (a) Sefton Mctamorphics and Coen Metamorphic Group. 
All samples closely mimic trends for post-Archaean average 
Australian shale (PAAS-Taylor & McLennan 1985). (b) Yambo 
and Newberry Metamorphic Groups. Their trends, which are 
mostly quite different from that of PAAS, may l;le indicative of 
an igneous origin. (c) Holroyd Group. The REE-enrichment of 
one of the samples relative to PAAS is similar to that of 
'Barramundi' type source rocks. (d) amphibolite and metadolerite 
in the Holroyd, Newberry and Yambo Groups showing Lrends 
typical of mafic igneous rocks. 
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Metamorphic Group rocks closely follow those of post
Archaean average Australian shale (Taylor & McLennan 
1985), with light rare earth element (LREE) depletion, a 
small Eu anomaly and flat heavy rare earth element 
(HREE) patterns. (Figure 4.6). Holroyd, Newberry and 
Yambo Metamorphic Group metasedimentary rocks also 
follow PAAS trends, although with slightly less coherence 
than the Sefton and Coen rocks. The trends for orthogneiss 
samples from both Yambo and Newberry Metamorphic 
Groups are distinctive and similar to Kiglapait alaskite 
(Irving & Fry 1978). The Newberry orthogneiss also has 
similar overall REE abundances to the Kiglapait alaskite, 
whereas REE abundances in the Yambo orthogneiss are 
somewhat higher (Figure 4.6). 

Sm- Nd Isotope Geochemistry J Knutson, SS Sun 
Nd isotope determinations for metasedimentary rocks 
from the Sefton, Coen and Holroyd Groups give initial 
eNd values of -5.2 to -7.5 (at II 00 Ma), -0.4 to -4.1 and 
-2.4 to -5.2 (at 1550 Ma) respectively. A probable 
orthogneiss (S-type metagranite) in the Holroyd Group 
has an initial ENd value of - 3.8 (at 1550 Ma), within the 
range for the Coen and Holroyd Groups, suggesting it was 
derived from rocks with similar crustal residence histories 
to those it intrudes. Orthogneisses from the Yambo and 
Newberry Metamorphic Groups have marginally higher 
initial ENd values of --0.8 and --0.4 respectively (at 1585 
Ma). A Yambo Metamorphic Group amphibolite has an 
extremely high initial ENd value of +7.8 (at 1585 Ma). 
This is an unrealistically high value, and suggests the Sm
Nd systematics in this sample have been disturbed -
possibly by a -400 Ma metamorphic event - or 
alternatively, the igneous precursor of this amphibolite was 
emplaced as a sill sometime between 400 and 1000 Ma 
and metamorphosed at -400 Ma. A Yambo Metamorphic 
Group dolerite gives initial eNd values of +4.9 (at 1585 
Ma) and+ 1.8 (at 400 Ma) respectively. The Largely igneous 
texture of this sample, plus equivocal Ar-Ar 
geochronological data (Ching-Hua Lo, pers. comm. 1995), 
suggest the emplacement age of this and similar dolerites 
in the area was less than 400 Ma. 

Table 4.1. Sm- Nd data for Coen Region Proterozoic rocks. 

Depleted mantle model ages (ToM, following McCulloch 
1987) allo~ an estimate of average crustal residence time 
(Arndt & Goldstein 1987) which in many instances reflect 
the mixing of material from a number of sources, be they 
mantle and/or crustal. There is an overall increase in 
minimum ToM ages (omitting metabasites) from 2054 to 
2226 Ma for Sefton, 206 1 to 2288 Ma for the Coen 
Metamorphic Group, 2110 Ma for Newberry, 213 7 to 233 7 
Ma for Yambo, to 2232 to 2436 Ma for the Holroyd Group. 
This suggests an increasing component of older source 
rocks in the southern part of the Coen Region (Table 4.1 ). 

Devonian J Knutson 

Introduction 
Most of the Devonian rocks of this region are granites of 
the Cape York Peninsula Batholith, which is an elongate 
north· to northwest-trending body about 450 krn long and 
up to 60 km wide. It consists of Early Devonian and 
Carboniferous- Permian granites with an outcrop and 
known subcrop area (beneath thin regolith cover) estimated 
to be almost 4000 km2

, with an additional I 000 km2 

probably concealed beneath Cainozoic sediments. 

Structural trends for the l-type and S-type Devonian units 
tend to follow the long axis of the batholith and the major 
structural trends of the region, i.e. north-northwest. The 
batholith is closely associated with a number of major 
shear-zones. Locally, these are truncated by the batholith, 
but most of the exposed granitic rocks show evidence of 
deformation,-and those in and near the Ebagoola and Coen 
Shear Zones are extensively mylonitised or sheared. Mostly 
the Devonian granites are intruded into amphibolite facies 
metamorphic rocks that exhibit little evidence of contact 
metamorphism. 

Zircon U- Pb (S HRIMP) geochronology show the 
Devonian granitic rocks have a limited age range, from 
409 to 398 Ma (Tables 4.6, 4.7, 4.8). 

J 

Sm\ . · Np 141$;,~ .. Nd 143Ndi'""Nd Sample Litholpgy Province Age eNd, T(ri>M) Tn•t•se) I . (Ma) 

90831005** Phylite Iron Range 7.58 44.81 0.1023 0.511703 1100 -5.2 

90831035** Metasediment Iron Range 12.66 74.81 0.1023 0.51 1587 1100 - 7.5 

90831000A** Gneiss Savannah 9.09 54.88 0.1001 0.511682 1200 --4.1 

70570200B** Gneiss Savannah 5.54 33.91 0.0988 0.511634 1550 -{).4 

70570264** Gneiss Savannah 4.76 28.97 0.0999 0.511641 1550 -{).4 

70570225A** Gneiss Savannah 5.19 27.15 0.1 156 0.5 11661 1550 - 3.2 

70570256*" Gneiss Savannah 10.16 54.48 0.1127 0.5 11651 1550 -2.8 

68480232** Gneiss Savannah 9.83 57.54 0.1033 0.511435 1550 -5.2 

68480231** Gneiss Savannah 9.10 49.87 0. 1104 0.511646 1550 - 2.4 

91836345** Gneiss Savannah 9.26 44.82 0.1249 0.511722 1550 -3.8 

92836501** Gneiss Savannah 10.09 62.51 0.0975 0 .511466 1550 -3.4 

882236•• Gneiss Yambo 0.89 4.82 0.1119 0.51 1744 1585 -{).4 

882234** Mafic Granulite Yambo 5.44 20.34 0.1616 0.512197 1585 -1.7 

92836572** Metagranite Yambo 12.12 8 1.65 0.0897 0.5 11359 1585 -3.4 

93834299A ** Metagranite Yambo 7.50 40.16 0.1129 0.511736 1585 -0.6 

92836592** Mafic Granulite Yambo 2.98 13.85 . 0 .1300 0.511788 1585 - 3.3 

92836564** Gneiss Yambo 5.73 32.91 0.1053 0 .511583 1585 -2.2 

92836566** Gneiss Yambo 7.82 44.25 0.1068 0.511612 1585 - 2.0 

Depleted mantle model age is calculated with eNd= +I 0 for the present day mantle and linear mantle depletion starting at 4.56 Ga. 

For early Proterozoic rocks lhe model age calculated this way will give an age about200 Ma older than calculated following McCulloch (1987). 

•• Knutson & Sun (in preparation) 
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1988 2063 

2146 2234 

1979 206 1 

2019 2075 

2029 208 1 

2321 2288 

2270 2259 

2373 2436 

2227 2232 
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22 15 2303 

2114 2110 

2808 2206 

2207 2337 

2147 2137 

2490 2324 

.2210 2246 

2200 2226 



Geophysical Characteristics P Wellman 

Most of the granites of the Cape York Peninsula Batholith 
have very low and uniform magnetisation. Consequently, 
contacts between plutons within the batholith, and the 
internal structure of plutons cannot be seen in the magnetic 
data (Plate 4.7). The main magnetic features seen within 
the Batholith are rare, irregular areas of positive anomaly 
(leucogranites ), small linear highs and lows caused by 
dykes, isolated areas of metamorphics, and shear zones. 
Many minor magnetic features have an unknown cause. 

The Batholith has low, uniform magnetisation and low 
density. Hence where the granite/metamorphic boundary 
is near vertical, it coincides with an abrupt increase in 
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Figure 4.7. Distribution of the S-type and I-type granites of 
the Cape York Peninsula Batholith. 
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reduced-to-the-pole magnetic anomaly, a change from 
quiet to noisy short-wavelength magnetic anomalies, and 
a gradient between low to high gravity anomaly. 

Metamorphic rocks at the upper and lower contacts of the 
granite have a different magnetic expression. Those near 
the generally arcuate upper surface of the batholith have 
somewhat disrupted bedding/compositional layering, 
lineaments are not dominant, magnetisation may be 
enhanced or reduced, and the short-wavelength anomalies 
are flatter than away from the granite. The lower surface 
of the granite is highly irregular, and adjacent 
metamorphics rarely show recognisable lithological 
layering (short displaced segments). 

The present average thickness of the granite is thought to 
be about 6 km. The dominant gravity feature is a low, 50 
km wide, 320 km long, about 450 mm.s-2 maximum value, 
and interpreted to indicate the thickest part of the batholith 
(Figure 4.7). 

Flyspeck Supersuite (Cape York Peninsula 
Batholith) J Knutson 

The constituent units of the Flyspeck Supersuite are 
described in Table 4.7. Rock types include tonalite, 
hornblende-biotite granodiorite, biotite granodiorite, 
biotite- hornblende monzogranite, and biotite 
monzogranite grading into biotite granite. These rocks vary 
in texture from strongly porphyritic to even grained. The 
mafic units are characterised by blue- green hornblende 
(up to 10%) and metamict allanite up to 1 em long. 
Plagioclase is typically subhedral with moderate to strong 
normal (or weakly oscillatory) zoning. Unzoned 'mottled' 
cores are common in some units. Random stumpy 
prismatic K-feldspar phenocrysts (megacrysts) in one of 
the units (Flyspeck Granodiorite) range up to 5-7 em long. 
Biotite (typically totals between 5- 10%, although in some 
rocks it totals up to 20- 25%) is pleochroic straw yellow to 
dark brown. Accessory minerals include allanite, titanite, 
zircon, apatite and rare monazite . 

The I-type Flyspeck Supersuite rocks have a wider range 
ofSi02 values (64- 73%) than the coevalS-type granites . 
There is gradation in composition from tonalite to 
monzogranite. The majority of samples are granodiorite 
and monzogranite. Geochemically the Flyspeck rocks are 
broadly similar to average high-Ca granite ofTurekian & 
Wedepohl (1961), although Na20, P20 5, Sr, V and Cr are 
slightly lower and K20, Ba, Rb and Th slightly higher, 
Values for Ce, La and Zr are similar. 

On variation diagrams the Flyspeck Supersuite tends to 
show smoother trends than the associated S-type granitic 
rocks, although this is partly a reflection of the greater 
range of Si02 values. There is a marked decrease in Ti02, 

Ah03, FeO<totall, MgO, P20 5, Sr, Zr, Ni, Cr, Ce, La and Th/ 
U, with increase in Si02• In contrast, K20, Pb and, to a 
lesser degree, Rb and U, increase with increasing Si02• 

Other elements show no distinct trends. Pb shows an 
increase in the more felsic rocks. However, there is only 
minor enrichment in the other strongly incompatible trace 
elements Rb, Th and U, suggesting that crystal 
fractionation has not been a major factor in the evolution 
of these rocks. 

Zircon U-Pb (SHRlMP) age data indicate the Flyspeck 
Supersuite was emplaced in the late Silurian or Early 
Devonian (406 ± 10 to 398 ± 10 Ma). A single inherited 
zircon grain with an age of 1560 Ma may indicate the age 
of igneous material at the source of the granite. 
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Sm-Nd isotopic determinations for the Flyspeck 
Supersuite give initial eNd; values in the range -11.6 to 
-12.6 (at 407 · Ma). Depleted mantle model ages (ToM) 
range from 1958 to 2088 Ma, indicating a long crustal 
residence time for the Flyspeck Supersuite source rocks. 

BJue Mountains Supersuite (Cape York 
Peninsula ·Batholith) 
The dominant rock types in the Blue Mountains area are 
pale to mid-grey (sometimes pink), mostly porphyritic, 
coarse grained hornblende-biotite monzogranite, felsic 
biotite microgranite, and pale grey medium-grained 
biotite- muscovite granite (Table 4.6). Hornblende- biotite 
granodiorite with strongly altered relict pyroxene is a minor 
phase. Strongly metamict allanite is a common accessory 
mineral in the more mafic rocks. Blue-green hornblende 
(up to 5%) and biotite (up to 15- 20%, pleochroic straw 
yellow to dark brown) are irregularly distributed. 
Plagioclase and microcline-perthite phenocrysts are up 
to 6 mm long. Plagioclase rims are commonly zoned and 
the cores moderately altered to sericite and muscovite. Fine 
to medium-grained biotite-rich diorite xenoliths are 
sporadically distributed. One unit, the Morris Adamellite, 
also contains abundant rounded xenoliths of fine-grained 
biotite granite as well as angular gneissic xenoliths. 

The 1-type Blue Mountains Supersuite has a wide range 
in Si02 values from 57% to 77%, although the majority of 
samples have Si02 values between 66% and 77%. The Blue 
Mountains granitic rocks generally have major element 
abundances similar to-average high-Ca granite (Turanian 
and Wedepohl 1961 ), although elements such as CaO, 
Na20, K20 and P20 5 show considerable scatter. 

With the exception ofK20, Rb, Th and Pb, most elements 
decrease with increase in Si02 content, although Na20 and 
the trace elements Ba, Nb, Y, Cr, La, Ce, Nd, Pr, Sn and W 
have a wide range of values and no apparent trends. K20 
increases up to about 74% Si02 and then sharply decreases 
with increase in Si02• Two strongly porphyri"tic 
granodiorites have K20 in excess of 6%. 

The incompatibility ofthe trace elementsRb, U and Pb is 
indicated by their strong increase as Si02 content increases. 
Rb increases from I 02 to 368 ppm and Pb from 18 to 45 
ppm. Uranium and Th are high, ranging from 3 to 22 ppm 
and l 0 to 86 ppm respectively, and there is a marked 
increase in rocks with greater than 70% Si02• Barium in 
particular is strongly enriched (up to 2424 ppm) in some 
of the granodiorites, but decreases in the more felsic 
granites. There is a strong correlation of decreasing Zr 
with increasing Si02 , and Zr is strongly enriched (223-

. 597 ppm) in the more mafic rocks compared with average 
high-Ca granite ( 140 ppm). Cerium and La range from 18 
to 167 ppm and 8 to 99 ppm respectively, and also tend to 
be enriched relative to average high-Ca granite. Chromium, 
Ni, V, Cu are all depleted relative to average high-Ca 
granite, whereas Zn and Sn values are c?mparable. 

Zircon U- Pb (SHRIMP) geochronology indicates the Blue 
Mountains Supersuite was also emplaced in late Silurian 
or Early Devonian time ( 405 ± 13 to 409 ± 7 Ma), and that 
like the Flyspeck Supersuite it contains very few inherited 
zircons. 

fnitial eNd values for the Blue Mountains Supersuite show 
a Limited range from -9.9 to-1 1.6. Depleted mantle model 
ages are slightly younger than those for the Flyspeck 
Supergroup and range from 1837 to 1965 Ma (at 407 Ma). 
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Kintore Supersuite (Cape York Peninsula 
Batholith) 
The Kintore Supersuite is the most widespread supersuite 
of the Cape York Peninsula Batholith (CYPB), extending 
the full length of the Coen In! ier, and constituting about 
80% of the total outcrop and subcrop of the granitic rocks 
(Mackenzie & Knutson 1992; Knutson & et al. 1994). [t 
is divided into the Ebagoola, Lankelly, Aralba, Lukinville 
and Wipella Suites on the basis of textural, mineralogical 
and geochemical criteria. Rafts of country rock, along with 
zones of pegmatite and aplite, are particularly common in 
the more evolved units of this supersuite (e.g. Ebagoola 
Suite). 

There are 46 named granitic units, although a number of 
these appear to grade into one another (Table 4.8). The 
Ebagoola Suite typically consists of both porphyritic and 
even-grained muscovite-biotite and muscovite-garnet 
granites and leucogranites. The Lankelly Suite tends to be 
less felsic (and more biotite-rich) and more consistently 
porphyritic than the Ebagoola Suite, and tends to be 
confined to the northern half of the CYPB. Aralba Suite 
granites are richer in plagioclase and muscovite and poorer 
inK-feldspar than those of the Ebagoola Suite. Biotite is . 
typically fine-grained relative to that in the Ebagoola Suite. 
The Lukinville Suite is more mafic that those ofEbagoola 
and Aralba Suites; it contains much more plagioclase and 
more biotite, although the latter is only slightly more 
abundant than muscovite. -In this respect the Lukinville 
Suite contrasts with the Lankelly Suite, where biotite is 
strongly dominant over muscovite. Despite its moderately 
leucocratic, quartz-rich, granitic appearance, the Wipella 
Suite is granodioritic or tonalitic in composition. It contains 
up to 7% muscovite and 1-2% garnet, less than 2% K
feldspar, and only 66% Si02. 

The porphyritic and even-grained granitic rocks of the 
Kintore Supersuite include garnet-muscovite leucogranite, 
biotite-muscovite leucogranite, biotite-muscovite granite, 
muscovite-biotite granite, biotite granite and biotite 
granodiorite. Graphic textures are common. The even
grained granitic rocks typically have prominent muscovite 
and, particula_rly in the southern half of the Coen Inlier, 
pale pink-purple to violet garnet. The porphyritic granitic 
rocks are characterised by strongly aligned K-feldspar 
phenocrysts, typically 3 x I em but ranging up to 8 em 
long. Plagioclase in the Kintore Supersuite granites 
typically has altered cores (sericite and muscovite) and 
strongly zoned (normal and oscillatory) rims. Biotite is 
pleochroic (straw yellow to fox-red) and contains abundant 
metamict zircon. Accessory minerals include garnet, 
zircon, monazite, iron oxide(s) and equant apatite. Biotite
rich enclaves are abundant in some areas . 

Si02 content varies from 63% to 74%, with most samples 
having >70% Si02• Apart from K20, Rb and Pb, all 
elements either decrease with increasing Si02 content or 
show no apparent trends. K20 is moderately high to high, 
ranging from 1.93% to 5.77%, but mostly is more than 
3%. This, along with moderately low Na20 values (2. 19-
3.70%), is consistent with their being of supracrustal origin 
(Chappell & White 1974; 1984). CaO, MgO and FeO(ooool) 
values are mostly low and average about 2%, 0.5% and 
2.5% respectively. P20 5 shows considerable scatter, but 
mostly decreases with increasing Si02 from a maximum 
of0.19%. 

Thorium and U are highly variable, ranging from 6 to 64 
ppm (average 25) and I to 22.5 ppm (average 6) 
respectively, and there is a tendency for them to increase 
with increasing Si02. There is a marked and systematic 



decrease in Zr La and Ce, with increase in Si02 from 238 
to 35, 65 to 'g and 130 to 18 ppm respectively. The 
contrasting trends ofTh and U versu~ Zr! and. La and Ce 
versus Zr indicate disparate magmatiC h1stones and that 
the form~r are not being strongly partitioned into zircon 
or monazite. Trends for the ferromagnesian trace elements 
(Sc, V, Cr, Ni, Mn, Cu and Zn) in t~e.different units of the 
Kintore Supersuite show some vanatton, but generally are 
not distinct. Low Ni and Cr values, mostly less than 2 a~d 
5 ppm respectively, are si.milar to the Esmeralda Supersutte 
in Georgetown (Champton 1991) and contrast markedly 
with the S-type granites of the Lachlan Fold Belt and the 
Georgetown Forsa~~ Supers~ite . where . high values are 
attributed to ·a peltt1c contnbutton (Hme et at. 1978, 
Chappell & White 1984, Champion 1991). 

As has been observed elsewhere (Hutton et at. 1990), .the 
restriction of garnet to the more evolved leucogr~n.1tes 
suggests that high Mn relati~e to reO+ MgO has stab1hsed 
garnet instead 6f other maf1c mmerals. 

Zircon U-Pb (SHRIMP) geochronology indicates the 
Kintore Supersuite was emplaced at about 406 ± 7 to 390 
± 5 Ma. Ages determined for inherited zircons range from 
600 Ma through to 2700 Ma, with a concentration of ages 
at 1300-1450 Ma and at 1550--1650 Ma and 1750. The 
significance of the 1300--1450 Ma ages is unclear, and 
may only reflect an average value from a zoned zircon. 
The 1550-1650 Ma age is similar to that ~f many of !he 
detrital grains in the Coen Region metasedtm~nts_, wh1ch 
the Kin tore Supersuite intrudes, and also to maJO': tgneous 
and metamorphic events in the Georgetown Regwn. 

Initial eNd values in the Kintore Supersuite range from-
12.1 to -14.7. Generally the garnet-bearing granitic rocks 
of the Ebagoola Suite are the least radiogenic. Depleted 
model ages range from 2009 to 2200 Ma. This is slightly 
younger than the range for the Coen Metamorphic Group 
(2081-2288 Ma), suggesting both could have been sourced 
from rocks of largely similar ages. In contrast, ToM ages 
for the Holroyd Group are somewhat higher, at 2232-2436 
Ma. 

Devonian- Carboniferous 
Pascoe River Beds (Pascoe River Basin) 
RS Blewett 
The Pascoe River beds, and possibly some volcanic rocks, 
are the principle components of the Pascoe River Ba~in. 
The Pascoe River beds are exposed along the Pascoe River 
as a folded and faulted sequence of carbonaceo.us sil.tstone, 
shale tuff and variably tuffaceous sandstone With thm beds 
of co~ I. Other outcrops have been mapped in the valleys 
of Garraway Brown and Hamilton Creeks and on 
Haggarstone island. The basin is up to 600 m thick and 
covers at least I 000 km2

, overlying granitic and 
metamorphic rocks equivalent to those in the Coen. Region. 
The Pascoe River Basin is unconformably overlam by the 
Permian Olive River Basin and the Mesozoic Carpentaria 
Basin. [t pre-dates the Early Permian Weymouth Granite 
(dykes of which intrude and metamorph.ose the Pascoe 
River beds) and the Janet Ranges Volcamcs. The Pascoe 
River Basin is discussed more fully in Chapter 9. 

Late Carboniferous-Early 
Permian J Knutson 

Permian-Carboniferous volcanic rocks and associated 
intrusive rocks are confined to the northern part of the 
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Cape York Peninsula Batholith, extending from Temple 
Bay in the north to Bowden and MountToz~r.to th~ south. 
The mainly felsic volcanic rocks are subd.tvtded mto .the 
Janet Ranges Volcanics, the Kangaroo R1ver VolcaniCS, 
the Cape Grenville Volcanics, and a n_umber of small, 
isolated exposures of unnamed volcanic rocks at Cape 
Griffith and off-shore islands, such as Lloyd and Sunter 
Islands (Trail et at. J 969; Willmott et al. 1973). 

Janet Ranges Volcanic Group 
The Janet Ranges Volcanics crop out over a tot~l area of 
about 375 km2 inland from Portland Roads and JUSt to the 
south ofthe Pascoe River. Mostly they are moderately well 
exposed, forming rounded rubble-covered mountains and 
uplands. In the east they are at least ~00 m thick, but thin 
to the west against a ridge of Pascoe R1ver ~eds a~d Sefton 
Metamorphics, and extend under Mesozo1c sedtments to 
the northwest. 

The volcanics are generally flat to gently dippi~g, bu~ in 
the east they have been tilted to the west by the mtruston 
of the Weymouth Granite, resulting in dips of 50--60° in 
the vicinity of Mount Tozer. In the west they are cut by a 
number of short northwesterly-trending faults. Near 
contacts with the Weymouth Granite, .the groundmass ?f 
the volcanic rocks has been recrystalltsed to a homfels1c 
texture. 

Willmott eta\. (1973) informally subdivided the Janet 
Ranges Volcanics into three members, co.mposed 
respectively of rhyolite welded tuff (30 m), rhyolite(> ISO 
m), and welded pumice-flow breccia (>60 m). 

The Kangaroo River Volcanics are exposed over an area 
of about 130 km2 immediately to the north of the Jan~t 
Ranges Volcanics in the Temple Bay area. The volcantc 
units are about 220-300 m thick and are divided informally 
into lower and upper members. The lower sequence 
consists of massive sheets of welded tuff (composed of 
andesite, rhyodacite, dacite and rhyolite), separated by thin 
flows of subordinate rhyolite. The upper member sequen.ce 
is not known in detail, but includes buff to cream rhyoltte 
welded tuff (which contain uncompressed pumi.ce 
fragments), breccia and some tlow-banded rhyoltte 
(Willmott et at. 1973). 

The Cape Grenville Volcanics crop out over an area of 
about 15 km2 at Cape Grenville and adjacent islands and 
at Cape Grenville are 200- 300 m thick. They can be 
divided into at least three members that range upwards 
from well-bedded volcanic breccia and tuff, to welded tuff 
and finally, rhyolite. The lowermost unit is compos~d. of 
thinly bedded volcanic breccia and ?Oarse tu~ contatnt~g 
fragments of felsic welded tuff and mtermedtate to maf1c 
volcanic rocks up to 45 em across. The welded tuff of the 
second member contains abundant lenticles up to 8 em 
long of pink pumice, in a greyish purple aphanitic matrix. 
The third member consists mainly of flow-banded and 
spherulitic felsic lavas (Willmott et al. 1973). 

Unnamed Volcanics 
Some small isolated outcrops of a variety of volcanic. ro~k 
types, including coastal exposures such as Cape Gnfftth 
and offshore islands such as Lloyd and Sunter Islands, 
grouped by Willmott et al. ( 1973) as 'unnamed volcan~c 
rocks.' are similar to some of the Janet Ranges Volcanic 
Group, and could be part of that sequence. 

Geochemistry 
Limited geochemical data indica.te the C:arbonifero~s...:. 
Pennian volcanic rocks are predommantly h1gh-K rhyolttes 
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with Si02 values up to 78%. They have similar geochemical 
trends to the Weymouth Granite, suggesting they could be 
co-magmatic, but more evolved. 

Weymouth Supersuite (Cape York Peninsula 
Batholith) 
The high-level 1-type Weymouth Supersuite granites are 
concentrated in the northern part of the Coen Region, 
particularly in the Cape Weymouth area, where they intrude 
the Janet River Volcanic Group and the Kangaroo 
Volcanics. The Supersuite is summarised in Table 4.6. 

Most granites in the Cape Weymouth area are part of this 
Supersuite. 1-type granites include allanite- hornblende
biotite granite, allanite-biotite-hornblende granodiorite, 
and biotite (±allanite) monzogranite. Unassigned rocks 
in the Cape Weymouth area include pyroxene- hornblende 
diorite, biotite- hornblende diorite, and hornblende
pyroxene gabbro. 

Typically the Weymouth Granite is a pinkish grey, me.dium 
to coarse-grained, porphyritic allanite- hornblende-biotite 
granite, although there is considerable variation in texture 
(from coarse to fine grained, porphyritic to aphric) and 
composition (from dark grey granodiorite to leucocratic 
granite). The main minerals are 2-3 mm long, pink 
microcline- perthite phenocrysts, and strongly zoned 
euhedral plagioclase with sericitic alteration to cores and 
generally clear rims. Biotite, pleochroic straw-yellow to 
dark brown, and blue-green hornblende commonly form 
aggregates 1-3 mm across. Accessory minerals are allanite, 
titanite, zircon, magnetite and minor apatite. Fine-grained 
xenoliths of hornblende-biotite diorite up to 30 em across 
are common, particularly in the area immediately to the 
south of Cape Weymouth. 

The Weymouth Supersuite varies widely in composition, 
with Si02 ranging from 56.64% to 73.86%. ASI, K20, Rb, 
Th and Pb increase steadily with Si02, whereas Ti02, AhO), 
P20 5, CaO, MgO, Fe0c1o~all• Ba, Zr, Nb, Sc andY decrease. 
The supersuite has many major-element chemical 
similarities with average high-Ca granite, although, MgO, 
P20 5 and CaO are lower. The steady decrease of Rb with 
inc·reasing K/Rb ratio suggests some control by K-feldspar 
fractionation, particularly in the more Si02-rich granites 
in which K/Rb ratios are as low as 123. Compared with 
average high-Ca granite Sr, Cr, Ni and Cu are low 
throughout the range of Si02 compositions, whereas Rb 
and Pb are high. 

The Wolverton Adamellite, with a Si02 content of76.49%, 
is the most evolved member of the Weymouth Supersuite. 
It has low Ti02, MgO, CaO and P20 5 values and is strongly 
depleted in Ba and Sr. In contrast, it is enriched in the 
incompatible large ion lithophile (LIL) elements - Rb, 
Th, U, Y and Pb, as well as Li, Sn, W and Ga. lt ha.s higher 
K20 (4.47%) than most other Early Permian 1-type granites 
of the Coen Region. However, K20 values are lower than 
those for the Twin Humps Adamellite. 

The geochemistry of the Twin Humps Granite near Coen 
is markedly different to coeval rocks t~ the north. It has 
significantly lower Na20, Li, Rb, Sr and U, and higher 
K20, La, Ce and Nd, compared with granites in the 
Weymouth area. It is closer geochemically to the Silurian
Devon ian granites of the Blue Mountains Supersuite. 

Zircon U- Pb (SHRIMP) age dating indicates the 
Weymouth Supersuite was emplaced at about 285 ± 9 Ma. 

Initial cNc! values in the Weymouth Supersuite range from 
-5.0 to -7.8 (at 28.5 Ma). Depleted mantle model ages 
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range from 13 72 Ma to the north of the outcrop area 
(Wolverton Adamellite) to 1637 Ma to the south' (Twin 
Humps Granite). Carboniferous- Permian I-type granites 
from drill holes in the Normanton and Rutland Plains areas 
in the Carpentaria Lowlands Region have initial eNd values 
of - 12.4 and - 14.1, considerably lower than similar aged 
rocks to the east in the Cairns, Georgetown and Coen 
Regions. 

Mafic Rocks (Cape York Peninsula 
Batholith) 
A number of unassigned small bodies of pyroxene
hornblende diorite and biotite-hornblende diorite are 
closely associated with the Permian-Carboniferous 
granitic rocks in the Cape Weymouth area. Mostly they 
are medium to coarse grained with ophitic to sub-ophitic 
brown to blue-green hornblende, biotite, plagioclase and 
some interstitial quartz and K-feldspar. Euhedral to 
subhedral orthopyroxene is present in some instances and 
clinopyroxene is largely replaced by blue-green 
hornblende. Moderate to strong alteration to secondary 
minerals such as chJorite and iron oxides is common. 

Si02 varies from 50.91% to 59.62%, Ti02 from 0.56%, 
MgO from 8.16% to 1.43% and CaO from I 0.56% to 
4.82%. Zr and Ga values are high in the more Si02-rich 
samples (641 ppm and 24 ppm respectively). Initial eNd 
values range from - 3.7 to -9. I and ToM ages range from 
1262 to 1677 Ma. Although geochemical trends for the 
dioritic rocks on some variation diagrams are consistent 
with a crystal fractionation relationship with some granites 
of the Weymouth Supersuite, conclusive evidence is 
Jacking. 

Fine to medium-grained dolerite (and metadolerite) dykes, 
which cut the Yambo Metamorphic Group and the Kin tore 
Supersuite, contain laths of andesine and strongly 
pleochroic orthopyroxene, together with subordinate 
clinopyroxene. Pyroxene grains retain up to two 
generations of well-developed exsolution lamellae. Green 
hornblende is a late-yrystallisation phase, forming narrow 
rims on pyroxene as well as discrete grains. Many of these 
dolerites show little evidence of metamorf>hism. These 
dolerites and metadolerites are geochemically similar to 
many of the Proterozoic amphibolites and mafic granulites 
in North Queensland. They are low-K tholeiitic basalts 
using the subdivisions ofPeccerillo & Taylor (1976), and 
contain about 50% Si02. Most are characterised by 
relatively low Ah01, K20, Ba, and Nb contents and high 
Na20 contents, as well as low Al20 3ffi02 ratios. Ni and 
Cr contents correlate with MgO content and mg number, 
implying. fractional crystallisation of olivine and 
clinopyroxene (± Cr spinel). Relatively low Ti02, Al20 3, 

Zr, Nb, Th, Sr, and Ba contents, and low AI20/Ti02 ratios• 
indicate most of the dolerites were probably derived from 
Hawaiian-type tholeiitic magmas by large-scale melting 
at relatively high temperatures (-1400°C) and pressures 
(-25 kb). 

A single Sm- Nd isotope determination gave ENd; values 
of +4.9 at 1585 Ma and + 1.8 at 400 Ma, and ToM ages of 
1705 and 951 Ma respectively. K- Ar age determinations 
on two dolerite samples led Cooper et al. (1975) to 
conclude that there was no evidence either for or against 
the interpretation that these dolerites could be older than 
1880 Ma. More recent attempts to determine the age of 
these rocks by K-Ar methods has equally proved 
inconclusive. Both samples contained substantial excess 
argon, but an age of 441 ± 12 Ma was suggested as a ' best 
estimate' (Ching-Hua Ho, pers. comm. 1995). 



Late Permian RJ Buttitude 

Mitchell River Volcanics 
These rocks were first noted by Taylor, geologist with the 
Hann expedition of 1872 (Hann 1873a,b). Amos & de 
Keyser (1964) and de Keyser & Lucas (1968) included 
them with the Nychum Volcanics. The sequence was 
separated from the Nychum Volcanics by Day et al. ( 1983) 
because plant fossils in the succession were thought to 
indicate a mid Permian rather than an Early Permian age. 

The formation, like the Nychum Volcanics, contains 
diverse rock types and a maximum thickness of probably 
<600 m. The basal part of the sequence, comprising mainly 
a succession of alternating low-Si02 andesite flows and 
relatively thin rhyolitic ignimbrite sheets, is another good 
example of bimodal volcanism. The dacitic to rhyolitic 
lava flows are concentrated in the upper part of the 
formation, and are geochemically distinct from the 
rhyolitic ignimbrites. The dacitic to rhyolitic lava flows 
are of limited extent, in marked contrast to most of the 
silicic lava flows of the Nychurn Volcanics. Pyroclastic 
flow deposits are conspicuously absent from this part of 
the sequence. 

Most of the ignimbrites appear welded, implying relatively 
high eruption temperatures. Furthermore, laminated to 
thin-bedded airfall tuff at the base of an ignimbrite sheet 
contains numerous flattened glass shards, the attenuated 
character of which probably resulted from compaction of 
relatively hot volcanic glass fragments. 

Stilbite is widespread, mainly as aggregates of radiating 
salmon-pink grains in interstices between fragments in 
autobrecciated dacite/rhyodacite lava flows . 

The Mitchell River Volcanics comprise several distinct 
geochemical groups (Bultitude et al. 1996a). Many of the 
rhyolites are moderately to extensively altered and are 
characterised by anomalously high Si02 (>78%) and K20 
(>6%) and relatively low Na 20 (<2%) contents. 
Nevertheless, elements such as Ce, Y and Zr are generally 
thought to be relatively immobile and insensitive to at least 
moderate degrees of alteration. Ignimbrites with A-type 
affinities are characterised by Zr contents of 
>400 ppm, relatively high Rb, Ba, Ce, Nb and Y 

concentrations, and by a trend of decreasing Zr with 
increasing Si02 content, somewhat similar to that displayed 
by the Early Permian volcanic rocks (with A-type 
affinities) of the Featherbed Volcanic Group. 

Plant fossils collected from volcanic siltstone/mudstone 
exposed in the eastern bank of the Mitchell River and 
material collected during early 1960s indicate a Late 
Permian age (Rigby 1993). According to Rigby, the flora 
in the Mitchell River Volcanics is younger than that 
collected from the loweF-part of the Nychum Volcanics, 
northwest of Nychum homestead. However, an isotopic 
(K- Ar) age of274 ± 5 Ma obtained on sanidine separated 
from a quartz-feldspar porphyry exposed -5 km south of 
Jug Waterhole in the Mitchell River (Bailey et al. 1982) is 
statistically indistinguishable from a U-Pb zircon 
(SHRIMP) age (277 Ma) obtained from the uppermost 
rhyolite lava flow northwest ofNychum homestead (unpub. 
Australian National University report to DME). 

Mesozoic RS Blewett 

Proterozoic and Palaeozoic rocks of the Coen Region are 
overlain to the west and south by the Carpentaria Basin 
and to the east by the Laura Basin. These basins contain a 
Jurassic to Lower Cretaceous sequence of continental 
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sandstone and conglomerate overlain by shallow marine 
sandstone and mudstone. Minor outliers of Carpentaria 
Basin rocks (the Gilbert River Formation and the Rolling 
Downs Group) occur along the western margins of the 
Region as a number of outliers up to 5 km across. These 
rocks also occur within the Kimba Arch between the Coen 
and Yambo lnli ers. In the Yambo Inlier, Mesozoic 
sedimentary rocks are preserved at the highest elevation 
(the top of Mount Daintree). This suggests that Mesozoic 
sediments were more extensive, perhaps concealing the 
entire Coen Region prior to Tertiary uplift and erosion. 
The Carpentaria Basin is discussed in Chapter 9 and the 
Laura Basin in Chapter I 0. 

Cainozoic 
Sediments C Pain 

The Cainozoic Karumba Basin (Smart et al. 1980) 
unconformably overlies the Carpentaria Basin and is 
characterised by fluvial sediments, the products of 
weathering, and residual materials (see Chapter 9). Within 
the Coen Region, a coarse alluvial unit in the upper 
Holroyd catchment is considered to be a proximal 
correlative of the Wyaaba Beds to the west. It consists of 
fine to medium alluvial sand and has a similar surface 
form of wide shallow valleys. The Lilyvale beds, a probable 
correlative of the Wyaaba Beds, overlie the Laura Basin 
along the eastern margin of the Coen Region. Other 
Cainozoic units including the Yam Creek and Falloch beds 
are quite restricted in distribution, and many areas formerly 
mapped as Cainozoic sedimentary units have been found 
to be in situ weathered rocks rather than depositional 
materials. For more information on Cainozoic sediments 
see Chapter 9 (Karumba Basin), Chapter 1 0 (Kalpowar 
Basin) and Chapter II (Regolith). 

Volcanics J Knutson 

The Silver Plains Nephelinite forms a prominent, thickly 
vegetated, flat-topped hill with an area of about 6 km2 near 
Balclutha Creek, 50 km southeast of Coen. It appears to 
comprise a number of lava flows with an estimated total 
thickness of about 40 m. There are two or three prominent 
benches, each about 2- 3 m thick. The Yambo Metamorphic 
Group forms the basement to the area. A second nephelinite 
has been reported from about 7 km west of the Silver Plains 
homestead (Willmott et al. 1973), and aeromagnetic data 
suggests the presence of similar basaltic rocks below 
Cainozoic cover about 40 km to the southeast. 

The very fine basanitic nephelinite contains abundant 
olivine microphenocrysts averaging 0.2-0.4 mm long, and 
sparse, small (mostly about 5 mm diameter) upper-mantle 
peridotite xenoliths in a matrix of nepheline, 
clinopyroxene, olivine and opaque minerals. Potassium
argon geochronology (Sutherland 1991) indicates a 3.72 
± 0.06 Ma (early Pliocene) age . . · 

Geochemically, the nephelinite is one of the most strongly 
silica-undersaturated volcanic rocks associated with the 
intraplate Eastern Australian Cainozoic Igneous Province. 
With a I 00 Mg/(Mg+Fe1,0~a 1)) number of 68, it represents a 
primary mantle melt. 

Regolith and Landforms CF Pain 

Regolith and Landforms on Metamorphic 
Rocks 
Quartzite ridges form topographic highs and weathered 
gneiss and schist occupy the lower lying areas. The general 
pattern of regolith is thin soils on stt;ep slopes underlain 
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Table 4.2. Geological higtory of the Coen Region. 

---------------------------------------------------------------------------------~~R~~-
Cnrboniferou~-Early 

Permian 
Kennedy Province (C- Pv,) Intrusion -1-type igneous activity 

Ring comple}( formation, deposition of felsic? volcanics, dykes 

--------------------------------------------------------------------------------&K~~m~-
Late Devonian E- W compression with thrusting and inversion of the Hodgkinson 

Basin (to the east): sD5 and sD6 folding and crenulation, shearing on 
Palmerville Fault (y06) 

Deformation- sD, reactivation (continued sinistral thrusting to the 
northwest) 

Enrly Devonian -407 Ma Pama Province (SO) Intrusion and associated low-Pfhigh-T sM1 metamorphism to upper 
amphibolite associated s01 sinistral-oblique shearing; change from 
marginal to basinal (flysch) sedimentation (Hodgkinson Province) 

? yD5 deformation 

----------------------------------------------------------------------------------~H~~--
Mesoproterozoic -1430 Ma Intrusion of rare granite/gneiss into Holroyd Group (in EBAGOOLA) 

-1550 Ma Deformation- E- W compression with sO, and s02 isoclinal 
folding, metamorphism to greenschist grade: (?)yO, deformation and 
metamorphism to upper amphibolite grade 

-1563 Ma Savannah Province Deposition of shallow marine c lastic sediments (Coen, Holroyd, 
(?) Edward River (e) and Staaten (t) Metamorphic Groups, eul) 

Minor tholeiitic intrusion 

Deformation- yO, deformation and upper amphibolite metamorphism 

-----------------------------------------------~--------------------------------~m~if~~-
-1563 Ma Thermal event in Newberry Metamorphic Group 

-1580 Ma Metamorphism (granulite), S-type granite, y0 1 shearing? 

-1580 Ma Orthogneisses of Yambo Intrusion of 1-type plutons, mafic intrusives 
Subprovince 

Deformation yD1 and yD2 (?) - isoclinal folding and amphibolite-
grade metamorphism 

Palueoproterozoic <1643 Ma Metasediments of Deposition of shallow(?) marine clastic sediments derived mainly 
Yambo Subprovince from a granitic source and deposited on older Precambrian 

continental crust (u2) 

----------------------------------------------------------------------------------~H~~~-
Pal neoproterozoic Kowanyama Province Sediments and intrusions(?) deformed during Barramundi Orogeny 

facing along the eastern side of the Coen Region. Clear 
evidence of stream captures or reversals in several locations 
(the Stewart River rapids being the best example) indicates 
that this escarpment is an actively retreating erosional 
landform. Slopes are steep to locally precipitous, and local 
relief is up to 200m. Moderately weathered saprolite covers 
the steep slopes. Tors and corestones are common and 
small areas of thin soil and bedrock outcrop occur locally 
(Figure 4.1 0). Narrow valley floors have pockets of sandy 
alluvium. This type of regolith-landform distribution also 
surrounds McCrossans Range, a part of the tablelands east 
of the main Great Escarpment. 

Deformation History Rs Blewett 

The deformation history of each province in the Coen 
Region is described in Table 4.2, which also shows 
correlation between events. For reasons of exposure and 
access, the deformation chronology of the Yambo 
Subprovince has been determined mostly from the Yambo 
Metamorphic Group and in the Savannah Province from 
the Holroyd Group. 

The following terminology (after Bell and Duncan 1978) 

is used throughout this book: D = deformation, L = 
Lineation, S = su rface/foliation, F = fold, M = 
metamorphism, 2 = second deformation event, 1 = first 
surface or lineation deformed, e.g. Ft 2 = folding of first 
generation foliation by second generation deformation. The 
deformation chronology for each (sub) province is 
distinguished by the italicised prefix e.g. y- Yambo; s
Savannah; I- Iron Range;/- Forsayth. 

Yambo Subprovince (Etheridge Province) 
Six regional deformation events have been recognised in 
the Yambo Subprovince (Table 4.9). Shaw et al. ( 1987) 
describe an additional localised northwest-trending 
crenulation event (their D5) and a minor folding event (their 
D7) of the yD6 mylonites along the Palmerville Fault. 

Deformation was strongly partitioned into low and high
strain zones. Most areas show a single penetrative foliatiOn 
and/or lineation. Localised areas of high-strain may show 
up to four 'phases' of deformation, with a clear chronology 
of overprinting relationships. These areas tend to be 
gneissic or migmatitic and correlating such areas and 
placing the relative chronologies into a regional context is 
difficult. 

133 



CHAPTER FOUR Coen Reoion 

First Deformation (yD1) (>1580 Ma) 
Folded yS1 fabrics in the hinge regions of yF2 folds indicate 
the presence of early events of unknown significance in 
the Yambo Subprovince. Shaw eta!. (I 987) also report an 
early fabric preserved in amphibolite boudins near the 
Palmerville Fault, but here this is correlated with yS2. 

Second Deformation (yD2) (about 1580 Ma) 
The dominant fabric is interpreted to be yS2, which is a 
single, penetrative schistosity defined by aligmuent of mica 
and/or aluminosilicate minerals (e.g. sillimanite). The 
schistosity is generally well developed in pelitic rocks and 
some competent rocks such as amphibolite. The yS2 
gneissosity is defined by melanosome/leucosome 
alternations. Folds (yF2) are commonly long-limbed, 
isoclinal and transposed with axial surfaces parallel to the 
main fabric. Intersection (yU2 ) lineations have variable 
orientations; in the northeastern part of the Yambo Inlier 
they plunge northeastwards parallel to the regional strike. 
In many cases, the primary schistosity has been sheared 
into parallelism with later mylonitic foliations (e.g. S2 of 
Shaw et al. 1987). 

Logically, the climax deformation event and climax 
metamorphic event could be considered as roughly coeval 
or part of a progressive deformation/thermal event. yD2 is 
therefore interpreted to be associated with the 
emplacement of the 1584 Ma J-type granites (although 
the final emplacement position transects yD2 structures) 
and continued with a peak temperature at about 1577 Ma 
when further melting and generation of S-type granites 
occurred. 

A widely distributed J 577 Ma metamorphic overgrowth 
of zircon occurred on the 1584 Ma igneous cores of!
type granites and mafic intrusions across the Yambo 
Subprovince. The metamorphic overgrowth is thought to 
date the granul ite grade event in the country rocks, and 
reflect elevated temperatures and resultant melting of the 
country rock during the generation of the S-type granites. 

Third Deformation (yD3) (post 1580 Ma) 
A shearing event (yD3) in the Yambo Subprovince produced 
spectacular mylonites in the orthogneiss and shear bands 
overprintingyS2 in the pelitic/psammitic sedimentary units 
(with acute intersection angles between yS2 and yS3). The 
numerous kinemat!c indicators (S-C fabrics, porphyroclast 
asymmetry, mica fish etc.) are all consistent with west to 
northwest-directed thrusting w.ith a significant component 
of sinistral shear (see also Bultitude et al. 1993b, pp.221-
222). In the south towards the Palmerville Fault, the 
lineations plunge gently on a mylonitic fabric that dips 
moderately to steeply to the east. In other areas the 
mylonitic fabric (yS3) has variable dips, probably as a result 
of later folding events. The yD3 sheari_ng event overprints 
the 1577 Ma S-type granites, and may have occurred 
shortly after, during progressive deformation. 

Fourth Deformation (yD4) 

yF4 folds are more common along the eastern edge of the 
Yambo Subprovince where they are tight to isoclinal; most 
plunge moderately to gently to the north-northeast and 
northeast and are associated with a steep crenulation 
foliation (yS4). These folds are locally chevron-like or 
asymmetric, and locally overprinted by leucosome sweats, 
suggesting that this deformation phase occurred before a 
phase of melting (i.e. pre-amphibolite grade 
metamorphism). Shaw et a!. (1987) reported leucosome 
material forming the axial planar fabric of yF4'folds (their 
0 3), suggesting that this event occurred at amphibolite 
grade of metamorphism at least. There are incipient yS4 

crenulation cleavages in pelitic or mica-rich domains, and 
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a fracture cleaxage in the quartzite-rich domains. They04 
event may l:ie associated with the 1555 ± 4 Ma 
metamorphic rims on a 't,_ 577 Ma zircon in an S-type 
granite. This would equate yD4 with the second 
deformation in the Forsayth Subprovince (Chapter 3). 

Fifth Deformation (yD5) 

Fifth generation structures (yD5), which are relatively 
widespread across the Yambo Subprovince, are 
characteristically east-west oriented upright, open to 
closed folds with moderate east-plunging hinges, and 
locally an S-shaped asymmetric crenulation cleavage that 
dips steeply to the north or south. Shaw et a!. ( 1987) 
reported mild localised folding and sporadic northwest
trending crenulation cleavage fol lowing this east-west 
oriented yD5 event. 

Sixth Deformation (yD6) {post 400 Ma?) 
Intense chlorite and sericite alteration is common in the 
east, especially adjacent to the Palmerville Fault. It 
probably reflects the later greenschist shearing event 
reported by Shaw et al. (1987). The mylonitic fabric dips 
steeply to the east and the lineations plunge down-dip .. 
Shaw et a!. ( 1987) also report minor folding of this yD6 
fabric as their D7 event. 

Savannah Province 
Six penetrative, regional deformation events have been 
recognised in the Savannah Province. In contrast with the 
Proterozoic climax of the Yambo Subprovince, the climax 
Savannah event is associated with a prograde low-P high
T metamorphism and largely S-type magmatism at about 
407 Ma (Table 4.10). 

First Deformation (sD1) 

First generation structures are well developed in the lower
grade, least deformed units in the west of the Holroyd 
Group. They include tight to isoclinal, variably plunging 
sF1 folds with an axial planar slaty cleavage (sS 1). sS1 is 
commonly visible in the Q-domains of the sS2 crenulation 
foliation. In other areas ofless sD2 interference, especially 
to the west, sS1 is clearly visible around hinge zones of 
tight sF2 microfolds; on the limbs it is sub-parallel to 
bedding. In many areas, intense sD3 transposition has 
almost completely obliterated sD1 structures. 

Second Deformation (sD2) 

Gently to sub-horizontally north-northwest-plunging, 
isoclinal folds with an axial planar sS2 schistosity that dips 
subvertically are the dominant s D2 structures. The gentle 
plunge and upright subvertical axial surface of the sF 2 folds 
suggest coaxial deformation during fold and foliation· 
development. Macroscopic fold trains over I 00 km long 
are developed in the Holroyd Group and Edward River 
Metamorphic Group (Wellman 1995a). 

A steeply east-northeast-dipping crenulation cleavage to 
a schistosity (sS2) is widespread in the low-grade regions 
and is principally defined by fine muscovite and Jess 
commonly biotite. The foliation becomes a composite of 
early folding-related deformation (sS2) and later climax 
metamorphism and shearing (sS3) towards the contact with 
the Cape York Peninsula Batholith. · 

The age of sD2 is unknown: It may have occurred just 
before the metamorphic climax sM3 and emplacement of 
the Cape York Peninsula Batholith (Blewett 1992). 
Alternatively, it may have occurred at about 1550 Ma, and 
correlate with eD2 of the Etheridge Province and yD4 of 
the Yambo Subprovince. 



Third Deformation (sD3) and Intrusion (-407 Ma) 
The third deformation event includes deformation and 
metamorphism associated with a thermal event that 
generated the Cape York Peninsula Batholith. The most 
striking aspect of sD3 was the development of a climax, 
prograde 'regional contact' low-P high-T metamorphic 
event ( 600-650°C and 2-3 kbar - D. Ell is 1994 unpub. 
report) with the development of abundant aluminosi licate 
porphyroblasts (andalusite and sillimanite). The abundance 
of sM3 porphyroblasts and the change from slate to phyllite 
to schist and finally, to paragneiss, is related to the 
proximity of the Cape York Peninsula Batholith. The sM3 
isograds transect sF2 folds and overgrow the associated 
sS2 foliation, and the highest grades are generally in the 
highest stratigraphic levels (especially in EBAGOOLA). 
In the high-grade areas, the relationship between foliation 
(i.e. sS2) and porphyroblast growth is less clear. In the 
highest-grade areas the principal foliation is interpreted 
to be a composite of sS2 and new foliation development 
during sM3 as well as local shearing and mylonitisation. 
The foliation has a very fine asymmetric crenulation or 
shear-related feature suggesting that sS2 might be the S
surface and sS3 the C-surface. The sM3 porphyroblasts 
(especially andalusite) are generally, but not invariably, 
poorly aligned, but lie within the sS2/S3 surface resulting 
in an S-tectonite. Lineations (s~) are commonly defined 
by biotite alignment and generally plunge moderately to 
gently southeast. 

The s D3 shear zones are commonly parallel to the sS2 
schistosity, and therefore generally only visible at the 
outcrop scale where they cross-cut sS2• However, they are 
visible in the aeromagnetic data as linear troughs or lows; 
many stretch for tens of kilometres and trend along a west
northwest to northwest-oriented strike (Wellman 1995a). 

Fourth Deformation (sD4) 

Steeply dipping, northwesterly trending sD4 shear zones 
overprint the Cape York Peninsula Batholith. These include 
the Coen and Ebagoola, Lindalong, Cattle Swamp, and 
Archer River Shear Zones. Some overprint sF2 folds or 
juxtapose different sM3 metamorphic zones in the 
metamorphic groups. Where the shear zones intersect 
granites, they develop S-C blastomylonites up to 2 km 
wide, with narrow zones of ultramylonite. Deformed 
rhyolite dykes are locally found in these shear zones 
(Blewett 1992). 

Most shear zones have moderate to gently plunging 
stretching lineations on easterly dipping C-planes, and 
most kinematic indicators suggest that sinistral shear was 
dominant during sD4 (Blewett & von Gnielinski 1991; 
Blewett 1992). 

Fifth Deformation (sD5) 

These structures are widespread and include tight, north
south trending folds with steeply dipping limbs and 
associated crenulation of earlier fabrics. sFs folds plunge 
north, and less commonly, south. The coarse, asymmetric, 
spaced crenulation cleavage to a fine millimetre-scale 
crenulation cleavage(sS5) is characterised by retrogressive 
muscovite and biotite growth generally more obvious in 
hand specimen than the sS2• Chlorite is common and 
muscovite pseudomorphs after sillimanite may be related 
to sM5 retrogression. sFs folds overprint quartz veins and 
rhyolite dykes. The common orientation of sD5 structures 
across the province indicates that the province was 
essentially welded into a single structural domain before 
this period in the tectonic evolution (Blewett 1992). 

Sixth Deformation (sD6) 

Northeast to east-trending folds with associated weak 
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crenulation foliations and kink bands in argillaceous units 
are also related to sD6• sS6 is variable in attitude but an 
absence of a systematic change or series of clear 
overprinting relationships between these late-stage features 
precludes further division of the deformation chronology 
(Blewett 1992). 

Iron Range Province 
The Iron Range Province in the north of the Coen Region 
is made up of the discontinuous outcrops of the late 
Mesoproterozoic Sefton Metamorphics (Trail et al. 1969, 
Whitaker & Gibson' 1977). Published structural work is 
limited to reconnaissance studies made by the Bureau of 
Mineral Resources in the late 1960s (Trail et. al. J 969), 
by Teluk ( 1984) and later in 1990 (Trai I & Blewett 1991 ). 
A summary table of the deformation chronology is outlined 
in Table 4.11. 

F irst Deformation (iD1) 

The main fabric is an axial planar foliation associated with 
if1 isoclinal folds. The fabric ranges from a fine, slaty 
cleavage to a schistosity in the pelitic rocks. It was probably 
oriented east-west and dipped steeply before subsequent 
refolding. The iM1 metamorphic grade was mostly lower 
greenschist to greenschist (Trai I & Blewett 1991 ), but was 
probably higher grade in the Iron Range area. 

Second Deformation (iD2) 

The second deformation was a greenschist event with north 
to north- northwesterly oriented, upright folding on meso 
and macroscopic scales. iF2 folds are tight to isoclinal, 
gently north-plunging, and are commonly associated with 
an axial planar iS2 fabric which ranges from a cleavage to 
crenulation cleavage and schistosity. lt is unclear how this 
deformation correlates with events in the Savannah 
Province to the south: the 0 2 events of both provinces may 
be correlated, but the timing of neither is known. 

Third Deformation (iD3) 

Minor (mesoscopic) tight to closed, upright folds without 
the development of a new fabric formed during iD3 plunge 
gently to the northeast and southwest and may correlate 
with sD5 in the Savannah Province. 

Fourth Deformation (iD4) 

Mesoscopic open folds and kinks with gentle plunges to 
the east-southeast are distributed throughout the Iron 
Range Province. These iF4 folds may be Carboniferous in 
age if they are correlatives of the northwest- southeast folds 
in the Devonian-Carboniferous Pascoe River Basin (Trail 
et al. 1969). 

Pama Province 
The tectonic setting for the generation of this province is 
intraplate: it is not related to a continental-margin 
magmatic arc, and there is no evidence for a 
contemporaneous mantle component (Mackenzie & 
Knutson 1992, Knutson et al. 1994) or subduction system 
to the east as suggested by Henderson ( 1980). Blewett and 
Wellman (1994) suggested that the major heat source was 
provided by asymmetric lithospheric extension, with the 
Coen Region developed on the upper plate (Lister et al. 
1986 terminology) so that the underlying lithosphere was 
replaced by hot asthenosphere. They suggested that the 
Palmerville Fault was the palaeodetachment. An alternative 
model, crustal anatexis from mafic underplating, requires 
evidence for intimate co-mingling of magmas or for the 
production of chemically hybrid magmas (Zen 1995). Both 
models need to account for the mostly !-type and earlier 
magmatism of this province in the Georgetown and 
Charters Towers Region. 
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The advantages of the extension model are: a suitable heat 
source; a cause for the associated low-P high-T 
metamorphism; an extensional (crustal) environment into 
W.Hich a huge batholith can be emplaced; and provision of 
a ·common link with the coeval change to a dominantly 
flysch basin in the Hodgkinson Province, immediately to 
the east of the Palmerville Fault(Blewett & Wellman 1994). 

No detailed studies have been made of the emplacement 
mechanism of the Pama Province. The change from 
magmatic (fabrics) to solid-state fabrics suggests tha~ shear 
zones were important in facilitating the emplacement of 
the felsic magma (Mackenzie & Knutson 1992) in this 
region, but not further south. ln the Cape York Peninsula 
Batholith, a number of shear zones are transected by the 
granites, while other shear zones were reactivated and 
overprint the batholith (Blewett 1992). Shearing 
(predominantly sinistral) occurred before and after the 
emplacement of the batholith, and is likely to have assisted 
emplacement. 

Ballooning or diapirism is apparent in the deformation of 
the metamorphic rocks of the Holroyd Group (Savannah 
Province) around the small high-level plutons in the 
southern Coen Inlier(Biewett & Wilford 1995). However, 
it is unclear how important this mechanism was in the 
emplacement of the bulk of the Cape York Peninsula 
Batholith. 

Pascoe River Basin 
The Pascoe River Beds are folded into tight synclines and 
broader anticljnes about northwest axes. No axial planar 
foliation has been reported. They are unconformably 
overlain by the generally flat-lying volcanics of the Permjan 
Janet Ranges Volcanics. 

This folding shows that compressional deformation 
occurred up to the mid Carboniferous in the north of the 
Coen Region. The event may be correlated with iD4 in the 
Iron Range Province and sDs in the Savannah Province. 

Kennedy Province 
The Carboniferous-Permian Kennedy Province includes 
the Carboniferous Janet Ranges and Kangaroo River 
Volcanics (Willmott et al. 1973), as well as the Permian 
Weymouth, Twin Humps and Wolverton Granites/ 
Adamellites (Willmott et al. 1973; Knutson ct al. 1994). 

The volcanic rocks are mostly flat lying, although faulting 
and forceful emplacement of Permian granites (Weymouth 
Granite) have tilted the volcanics up to 60° in places (Trail 
et al. 1969, Willmott et al. I 973). Granite intrusion is also 
thought to be responsible for the development of the gentle 
north-northeast plunging syncline of the Kangaroo River 
Volcanics (Trail et al. 1969). Caldera collapse may also 
have contributed to the tilting of the volcanic rocks. 

It is unclear whether compressive deformation with folding 
continued in the Coen Region much after the 
Carboniferous. Two major sets of dykes intersect the Coen 
Region (Wellman 1995a). They are undated, but as most 
are reversely magnetised, they are interpreted to be 
Carboniferous-Permian in age (Wellman 1992d, 1995a). 
The dyke sets trend northeast to east-northeast in 
EBAGOOLA, and north-northwest in HANN RIVER and 
WALSH. These major trends could be interpreted as a 
conjugate set developed during roughly east-west oriented 
extension. 

Post Palaeozoic Structure 
Compressive deformation terminated at least by 
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Carboniferous-Permian time, with subsequent 
deformation restricted to faulting that continued into the 
Tertiary. Gentle warping and faulting occurred in the 
Mesozoic and younger sediments adjacent to the Coen 
Region. The effects of these post-Jurassic events, other 
than uplift of the Coen Inlier, is not apparent in the Coen 
Region. 

Correlations RS Blewett 
The geological history of the Coen Region can be viewed 
as four major events: 

I. a Palaeoproterozoic and Mesoproterozoic period of 
sedimentation, magmatism, deformation and 
metamorphism between about 1643 Ma and 1550 Ma; 

2. a Neoproterozoic or early Palaeozoic (post 1200 Ma) 
period of sedimentation, minor magmatism, 
deformation and metamorphism; 

3. a 407 Ma magmatic and deformation event; and 

4. a Carboniferous to Permian magmatic and minor 
deformation period. 

In terms of the broader, regional-scale events, the following 
points may be made: 

I. Some time after 1643 Ma, the Yambo Subprovince 
sediment was deposited, possibly at the same time as 
the upper part of the Etheridge Group in the Forsayth 
Subprovince. The Yambo Subprovince was later 
deformed (up to three times), metamorphosed to 
granulite grade, and intruded by 1-type and S-type 
granites as well as lesser mafic rocks about I 580 Ma. 
These events are not recorded in the Etheridge Province 
which was first deformed at about 1563 Ma (a similar 
age also being recorded in the Newberry Metamorphic 
Group of the Yambo Subprovince). After about 1563 
Mathe Savannah Province sediments were deposited, 
probably at the same time as the Langlovale Group of 
the Forsayth Subprovince. A major tectonothermal 
event common to the Etheridge, Croydon and Savannah 
Provinces reached a climax at about 1550 Ma, with 
magmatism, volcanism, deformation and prograde low
p high-T metamorphism to granulite grade locally 
(notably in the southeastern Etheridge Province). 

2. Except for the events in Iron Range Province 
(?Grenville orogeny), the Coen Region had about I 000 
Ma of quiescence. A similar quiescence occurred in 
the Georgetown Region. 

3. Whereas the Georgetown Region has Silurian (about 
420-430 Ma) 1-type granites, the Coen Region has 
mostly Early Devonian (about 407 Ma) S-type granites. 
Coeval with this, sedimentation in the Hodgkinson 
Province altered from carbonate/siliciclastic deposition 
to siliciclastic flysch-like turbidite deposition. 
Deformation in the metamorphic provinces also 
occurred around this period. 

4. The depth of emplacement of the Cape York Peninsula 
Batholith (around I 0 km) and lack of coeval volcanic 
detritus or air-fall material in the Hodgkinson Basin 
suggest that little or no volcanics were developed with 
the batholith during the Silurian-Devonian event. 

5. Deformation in the Carboniferous and Permian was 
minor in the Coen Region. The Kennedy Province 
reflects an important period of felsic magmatism and 
volcanism and sedimentation in the northern part of 
the Coen Region as well as to the south. Carboniferous 
deformation was strong in the Hodgkinson Province 
to the east. 
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Figure 4.11. Box plots showing relative abundances of elements in the Coen Region surveys. 

Stream Sediment Geochemistry 
81 Cruikshank 
Between 1990 and 1993, streams draining the Coen Region 
and adjacent areas of Mesozoic cover were sampled at a 
density of approximately one sample per I 0- 15 km2• Fine 
(-180 jlm) and coarse (-1 mm) fractions of stream 
sediments were sieved at each of the 2242 sample sites. 
The fine fractions was analysed for 36 elements by ICP
MS (Analabs, Perth) and XRFS (AGSO), and ~he coarse 
fraction for Au and Pd (plus Pt) by Bulk Cyantde Leach 
(BCL) (ALS, Brisbane). Details of the EBAGOOLA 
geochemistry are given in Cruikshank (1994) and 
Cruikshank & Butrovski (1994), and HANN RIVER 
geochemistry in Cruikshank & Brugman ( 1995, 1997). 
The image maps in this section cover the area bounded by 
142.7° to 144.3°£, and 12.0° to 17 .0°S. 

The concentration ranges of 38 of the elements (no 
detectable Se values were recorded) are shown in 'box 
and whisker' form in Figure 4.11. All values are in parts 
per million (ppm) except for Au, Pd and Pt which are in 
parts per billion (ppb). The line in the_ centre of the box 
indicates the mean value, and the box ttself one standard 
deviation unit each side of the mean. As would be expected 
from the known mineralisation in the region, a number of 
economically interesting elements, including Au, Sn and 
W show what may be considered anomalous values relative 
to' their means and usual abundance in stream sediment 
samples. Of these, gold is the most important, with some 
290 reported mineral occurrences in, or adjacent to, the 
area sampled (MINLOC 1995), encompassing a number 
of significant gold mining areas. There are several minor 
tin and tungsten occurrences in the north, and copper 
occurrences in the south. 

Gold is the best indicator of its mineralisation, and the 
distribution of Au values in the coarse sediment fraction 
is shown in Plate 4.5. Major mineralisation at the Claudie 
River Gold and Mineral Field, the Wenlock Mining Field, 
in the Blue Mountains area, at the southern end of the 
Coen Mining Field, at the Hamilton Mining Field and at 
the Palmer River Mining Field, plus individual mines such 
as the Leo Creek Mine, are clearly indicated by the stream 
sediment geochemical data although the main area of the 
Coen Mining Field is not. An alternative way of defining 

geochemical anomalies is to map an additive index of 
standardised values of elements commonly found in the 
mineralisation. Arsenic and antimony are often, but not 
always, associated with gold mineralisation in the region 
and an additive index (Eggo et al. 1995) of standardised 
values of As +Au + Sb is shown in Pl ate 4.5. The 
prominence of many anomalies is reduced, but an 
interesting co-incidence of As, Au and Sb values along_ a 
strip corresponding to the Lindalong Shear Zone tn 
EBAGOOLA is highlighted. Also highlighted is an area 
of potential interest for epithermal gold min~ralisation, as 
also indicated by regionally depleted oxygen tsotope values 
(Ewers et al. 1995). 

Reports oftin mineralisation are restricted to a total of 16 
occurrences in the Tin Creek/Stony Point area north of 
the Pascoe River, the Wolverton Tin Field, and the Goanna 
Creek Prospect, all of which are clearly indicated by the 
geochemical data (PI~te 4.6). Tin in t~e Wolverton Field 
is thought to be denved from the htgh-Sn Wolverton 
Adamellite (e.g. 22 ppm Sn - ROCKCHEM 1995). 
Sediment in the southern part of the region is relatively 
low in Sn although higher values occur in the adjacent 
Mesozoic cover to the west and south. The Goanna Creek 
Prospect, on the western margin of the region, contained 
'quartz floaters with large cassiterite crystals', but no 
source was found (Culpeper et af. 1992a). Severa l 
anomalous samples in EBAGOOLA (Cruikshank 1994; 
Cruikshank & Butrovski 1994) occurred in basins draining 
inverted palaeodrainage (Pain & Wi I ford 1992), that once 
flowed westwards from the region. 

The geochemical signatures of other economically 
interesting elements are often overprinted by lithochemical 
effects. Factor analysis on the data extracts three main 
factors which account for about 60% of the variability in 
the data, as follows: 

Factor I (27.2%) 
Ce, Nd, Y, La, Th, U, P, Wand Nb (+minor Zr, Hf, Pb, 
Ti and Mn) 

Factor 2 (20.5%) 
Fe, V, Sc, Cu, Ni, Zn, Cr, Ti, Mn and As(+ minor Nb, 
Hfand Ga) 

Factor 3 {12. 7%) · 
Sr, Ba, Rb, Ga, Be, Pb and Tl (+ minor Mn, P and Zn) 
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Factor 1 is obviously re lated to resistant minerals such as 
the Rare Earth and yttrium phosphate minerals monazite 
and xenotime, and zircon, concentrating in the stream 
sediment. These minerals are usually derived from the 
weathering of granites and may also contain significant 
amounts ofU that is not related to uranium mineralisation 
per se ( Rossiter 1975, Price & Ferguson 1980). 
Lithochemical overprinting can be significantly reduced 
by regression of the element of interest against factor scores 
(Price & Ferguson 1980, Eggo et al. 1995), and estimating 
a residual value by subtracting the 'fitted' value (i.e. that 
due to the lithochemical effects inherent in the factors) 
estimated in the regression from the measured value in 
the sediment. The region does not appear to have great 
potential for uranium since only one sub-economic mineral 
occurrence has been reported (Tadpole Creek Prospect
MrNLOC 1996). 

Factor 2 represents Fe (±Mn) geochemistry, by a 
combination derived from Fe-rich minerals in parent rocks, 
and from Fe/Mn scavenging in the secondary environment. 
High factor scores tend to follow metamorphic and, to a 
lesser and more patchy extent, sedimentary units rather 
than granites. 

Factor 3 appears to represent a K-rich mineralogy, for 
example in K-feldspar, biotite and muscovite-rich rocks 
such as granites. The most significant effect of this 
association is the potential for the masking of minor lead 
mineralisation by Pb contained in the K-rich minerals. 

Mines ~nd Mining History 
TJ Denaro 
Gold, tin, tungsten, molybdenum, mica, ilmenite and 
monazite have been produced in the Coen Region (Table 
4.3). Gold is the only commodity currently being mined. 

Alluvial gold was discovered at Coen in 1876 and lode 
mining commenced in 1892 when the Coen Goldfield was 
proclaimed. Other fie lds were soon discovered in this 
general area. They include the Wenlock (Batavia), Rocky 
River, Hayes Creek (B uthen Buthen), Ebagoola 
(Hamilton), Alice River (Philp), Potallah Creek, Blue 
Mountains, Claudie River, Scrubby Creek and Packers 
Creek. Few mines continued production beyond the First 
World War and virtually no mining was carried out after 
the Second World War. Within the southern part of the 
Coen Region, alluvial gold was mined along the Palmer 
River from Palmerville downstream to Lukinville in the 
1870.s and 1880s. Since then, the alluvials have been 
prospected at various times. The Palmer River Gold 
Compa ny N.L. dredged the river upstream from 
Strathleven Homestead between 1926 and 1936 and 
produced I 05.7 5 kg of gold at an average grade of I 08 
mg/m3

. 

Cassiterite was first discovered along Granite Creek (also 
known as Tin Creek), a tributary of Archer River, in about 
1887. The alluvial deposits along Granite and nearby Wet 
Creek were worked from 1906 to 1940. Small deposits of 

'alluvial cassiterite were also worked in the Tin Creek and 
First Stony Point areas north of the Pascoe River, between 
1900 and 1928 and 1938 and 1940. The Stony Point 
Tinfield is believed to have been discovered before J 887 
and worked by gougers several times since then. 

Wolframite was discovered north of the Kennedy Road 
crossing of the Pascoe River in 1892 and the Bowden 
Mineral Field was proclaimed in 1907. The main 
production period was between 1904 and J 916. A small 
wolframite- molybdenite deposit on the Grand Final lease, 

.approximately I I km east-northeast ofCoen was worked 
in 1904, 1915-1918 and 1952. 
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A small muscovite mine (the Looking Glass) was worked 
near the headwaters of the Morehead River from 194 I to 
1943. Jn 1942, a parcel of a few hundred kilograms was 
made up from 3.5 t of split mica and sent to Melbourne. 
The mine was closed by 1944. 

More recently, Saracen Minerals N.L. and Wallace Mining 
produced gold, ilmenite and monazite from Oscar Creek 
and from old tailings dumps at Coen. Minor small-scale 
lode mining is still carried out in the Coen, Ebagoola and 
Alice River areas. A number of companies mined the bed 
of the Palmer River in the Palmerville area in the late 1970s 
and the area is currently being mined again. Granite and 
Wet Creeks were mined for alluvial tin in the 1970s and 
1980s. 

Recent Mineral Exploration 
TJ Denaro 
The results of company exploration in the Coen Region 
have been described in detail by Culpeper et al.(l992a) 
and Denaro & Shield (1993). Exploration summaries for 
individual sheet areas have been prepared by Bruvel & 
Morwood (1992); Culpeper (1993); Culpeper & Burrows 
(1992); Culpeper et al. (l992b); Denaro & Morwood 
(1992a,b,c); Denaro et al. (1993); and Denaro et al. 
(l994b). . 

The earliest recorded company exploration in the region 
was in the late 1950s and early 1960s, when the Broken 
Hill Proprietary Company Ltd investigated iron-manga
nese deposits in the Iron Range area. Exploration in the 
late 1960s and 1970s focused on gold, tungsten and base 
metals. Several companies explored the Proterozoic rocks 
of the Coen Inlier for vein-style mineralisation but found 
nothing signiticant. Most radiometric anomalies were due 
to high radiometric responses in granites and to monazite 
in alluvium. 

Exploration in the Granite Creek area from 1980 to 1983 
led to the delineation of economic alluvial tin deposits 
(the Wolverton Prospect) in at least three distinct Cainozoic 
stratigraphic units, but the collapse of the tin market in 
the early 1980s occurred before they could be mined. 

The main focus of base metals exploration at this time 
was the central part of the Coen Region, which was tar
geted for stratabound and stratiform base metal sulphide 
deposits in Proterozoic rocks, particularly in association 
with carbonaceous shales and greenstones. Minor depos
its of this type were found but there were no significant 
discoveries. 

In the 1 980s and 1990s, exploratioh i.n the Wenlock, Hayes 
Creek, Mullimbidgee, Leo Creek( Coen, Klondyke, Blue 
Mountains, Ebagoola, Potallah Ci'eek and Alice River ar
eas mainly targeted large tonnage, low grade gold deposits 
based on quartz vein systems in Proterozoic metamorphic 
rocks and Silurian-Devonian granites. No economic 
opencut resources were found, despite extensive explora
tion by Saracen Minerals N.L. in the Coen and Ebagoola 
areas. 

Exploration for epithermal gold systems in the Temple Bay 
area in the 1980s gave encouraging results but no signifi
cant mineralisation was discovered. 

Known Mineralisation 
and Resources TJ Denaro 
The known resources of the region are summarised in Table 
4. 12. Mineral occurrences are shown on Plate 4.2, which 
also shows the locations referred to in Table 4.12. 

.......--
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Tublc 4.3. Mineral production, Cocn Region (compiled by TJ Denaro). 

GOLD 

Location Production period Ore (I) Tailings (t) L-ode gold (kg Alluvial gold 
bullion) (kg) 

Alice River Gold and 1903-1909. 19 12- 2651 10 1.1 14.00 
Mineral Field 1916. 1936 

Powlluh Creek Gold and 1902.-1 904, 1914, 668 21.8 0. 16 
Mineral Field 1942. 1947 

Hamilton Gold and 1900-1951 34 196 19 256 1371.6 682.50 
Mineral Field 237.5 

Cocn Goldfield 1876-1880. 1892- >30 028 20000 2841.2 >3 10.0 
(includes the Springs 1918, 1952 412.4 
~nd Klondykc 

Lochinvar Provisional 1904 50 2.2 
Mining Field 

Blue Mountains 1934- 1945, 1948- >1390 51.4 0. 14 
1951 

Leo Creek (Claudie 1896-1904, 1909- 595 87.5 
L:1kel:md) 1910 

Rocky River Goldfield 1893-1896 38.75 

Mullimbidgee 1952-1957 7 2.2 

Hayes Creek 1909-19 14, 1934. 529.7 28.3 0.37 
Provis ional Goldfield 1938-1953 

Wenlock Gold :md 1892- 1894, 1905 14 958.5 312.1 > 1215.35 
Mineral Fic'td (including 1951. 1964-1965, 
McLennan's Lode ;~nd 1977-1978 
White Heather) 

Battery Lease 1903. 19 10-1913 144 6.8 

Claudie River Gold and 1934-1942 17 099 3220 333. I 
Mineral Field 

Palmer River 1926-1936 105.75 

T IN 

Location Production period Alluvial tin (I cassiterite concentrates) 

Granite Creek 1907-193t. 1938- 333.5 
1940, 1977- 1978 

Tin Creek and First 1900-1928. 1938- 14.0 
Stony Point Tinfields 1940 

TUNGSTEN AND MOLYBDENUM 

Location Prodnction Lode tungsten (I wolframite Lade m olybdenum (I molybdenite 
concentrates) 

Bowden Mineral Field 1904-1916, 1952 70.3 

Grand Final 1904, 1915-1918, 5.8 
1952 

HEAVY M INERALS 

Location Production Ilmenite (t) 

Oscar Creek 1992 293 

Gold 
Gold occurs in metamorphosed stratabound/stratiform 
gold- iron- manganese deposits and associated vein 
systems in banded iron formation (Sefton Metamorphics) 
in the Iron Range area. At the Northern Queen, A.l.F. and 
Peninsula Hope deposits, higher grades of gold(> I 0 ppm) 
are associated with quartz- sulphide veins and siliceous, 
silicate-pyrite-rich rocks of a banded iron formation which 
comprises mixed silicate, silica, sulphide, oxide and 
carbonate facies. Elsewhere in this area, the banded iron 
formation contains traces of gold (0.2-2.0 ppm). At the 
Johnstons, Gordons and Ironclad deposits, epigenetic 
quartz-sulphide veins and stockworks occur adjacent to 
the contact of banded iron formation and schist. 

concentrates) 

0.13 

Monazite (t) 

19 

Most gold production from the Coen Region has come 
from gold-quartz veins in and adjacent to regional shear 
zones which extend for tens of kilometres in Devonian 
granite and adjacent Proterozoic metamorphic rocks. Bain 
et al. ( 1990) considered the mineralisation to be related to 
the emplacement of Devonian !-type granites. However, 
as mineralisation occurs in both S-types and !-types, and 
the S-types may be later than the l-types (Mackenzie & 
Knutson 1992), it is perhaps more likely to be related to 
mid Palaeozoic deformation and/or to late Palaeozoic !
type magmatism. 

This style of mineralisation occurs in the Alice River, 
Potallah Creek, Ebagoola, Lukin King, Yarraden, Springs, 
Lochinvar, Coen,.Klondyke, Leo Creek, Blue Mountains, 
Hayes Creek, Wenlock and M ull umbidgee areas. 
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Mineralisation at Blue Mountains may be a special type 
related specifically to the 1-type Blue Mountains Granite. 

The deposits occur as simple or compound quartz reefs in 
fissures and as lenticular, en-echelon and anastomosing 
quartz bodies along shears. Individual reefs are up to 2m 
wide, several hundred metres long and steeply dipping. 
Massive euhedral buck and comb quartz is cut by vein lets 
and in filled with later generations of vugh-forming quartz. 
Wall rock alteration comprises sericite± carbonate± pyrite 
±chlorite selvedges up to 2-3 times the vein width and is 
prominent in the granites. Brecciation and silicification 
are characteristic of the main producing mine - the Great 
Northern. Some reefs have graphitic selvedges adjacent 
to ore shoots. 

Mineralisation comprises a simple pyrite± arsenopyrite± 
base metal sulphide assemblage. Free gold generally occurs 
adjacent to sulphides and the gold has a gold:silver ratio 
of approximately 3: I. Mineralisation is generally restricted 
to short, rich shoots containing crosscutting generations 
of quartz and rarely occurs in primary quartz or wall rocks. 
Economic ore shoots tend to occur at inflection points 
along the shear zones. The best grades are in narrow leaders 
on the footwall and/or hanging wall. Veins mined in the 
past were very high grade (up to 300 g/t and generally 
30-60 g/t). Stockwork and spur vein systems adjacent to 
the reefs are not well developed and generally grade up to 
8 g/t Au. Altered granite generally assays <2.5 g/t Au. 

The veins probably formed from hydrothermal fluids 
during brittle reactivation of faults and mylonite zones. 
The ore fluids were possibly of magmatic derivation, 
originating from deep crustal levels. Graphitic wall rock 
zones may have controlled deposition of gold in some of 
the ore shoots. 

Porphyritic rhyolite and rhyodacite dykes of probable 
Carboniferous or Permian age are common in the area from 
Yarraden to Coen. Some dykes are pyritic, silicified and 
brecciated, and carry low-grade mineralisation in quartz
calcite-fluorite-pyrite veins in shears marginal to the dykes 
and in parallel and feather shears. Minor arsenopyrite, 
galena and sphalerite also occur in the veins. ln the Coen 
and Hamilton goldfields, the dykes occur associated with 
shear-hosted gold-quartz veins and may have rem obi lised 
gold from that mineralising event. At Flying Fox Hill, 
quartz vein mineralisation with up to 0.3 ppm Au is 
associated with porphyritic rhyodacite. Many companies 
have postulated an epithermal origin for veins associated 
with the dykes but so far, exploration for large tonnage 
epithermal systems has been unsuccessful. 

Spion Kop, south of Ebagoola, is a porphyry-related 
breccia deposit. Mineralisation and weak argillic alteration 
closely follow the contact of a 300 m diameter rhyolite 
pipe intruding Flyspeck Granodiorite. Breccias along the 
contact zone comprise clasts of rhyolite, granite and 
greisen in a rhyolitic, silica and greisen matrix. The 
breccias contain arsenopyrite and up to 2.4 ppm Au. Gold 
mineralisation is associated with sulphide (pyrite+ minor 
arsenopyrite) - quartz veins and with fractures in the 
granite. Past mining concentrated on an arsenopyrite-rich 
felsite breccia lode which assayed approximately 30 g/t 
Au. Mineralisation at Spion Kop is also associated with 
north-trending felsite dykes in the area. A high temperature, 
intrusive contact breccia environment is indicated. 

At .Scrubby Creek and Packers Creek, near Iron Range, 
gold- pyrite-arsenopyrite veins occur in the late Palaeozoic 
Weymouth Granite. Gold mineralisation at McLennan's 
Lode and the White Heather, southeast of the Wenlock 
Goldfield, occurs in quartz veins with pyrite, arsenopyrite, 
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galena and chalcopyrite in shear zones in the late 
Palaeozoic Wigan Adamellite. The main mineralised zones 
are silicified breccia (fragments and blocks oflode quartz 
in silicified and sericitised granite) in dykes of fine-grained 
granite. The gold is generally very fine-grained; lode 
samples assayed 4.5- 9.9 g/t Au. 

Potentially gold-bearing epithermal systems occur in the 
Bolt Head area at Temple Bay. Drilling by Queensland 
Metals Corporation N.L. did not detect gold but distinct 
Hg, As and Sb bedrock anomalies were intersected. 
Quartz-pyrite-arsenopyrite veins in narrow, I inear breccia 
zones in ignimbrite and silicified tuff of the Kangaroo 
River Volcanics at Glennie Inlet assayed up to 0.55 ppm 
Au. The rocks are anomalous in Hg, As and Au. Ewers & 
Cruikshank (1993) have reported that an area of regional 
180 depletion (indicative of epithermal gold potential) 
occurs in the Temple Bay - Pascoe River area, as well as 
a geochemical anomaly. 

Gold-bearing deep-leads occur in gutters at the base of 
the Mesozoic Gilbert River Formation at Bairdsville, Top 
Camp and Lower Camp in the Wenlock Gold and Mineral 
Field. Sub-economic grades of alluvial gold have been 
found in basal units of the Tertiary Lilyvale beds and 
Falloch beds in the Nesbit River valley and the Larsen's 
Creek area. 

Alluvial and eluvial gold deposits shedding from lode 
deposits have been mined in the Alice River, Ebagoola, 
Coen, Hayes Creek, Wenlock, Rocky River and Palmer 
River goldfields. Colours of gold have been reported from 
alluvium in most rivers and major creeks draining the Coen 
Inlier. 

Antimony 
Approximately thirty separate antimony occurrences occur 
between Dickies and Jerry Dodds Creeks, near Kimba 
Homestead. Stibnite occurs in joint-controlled quartz veins 
and stockworks in the Coen Metamorphics and granite of 
the Kintore Supersuite. It is associated with gold, silver, 
chalcopyrite and malachite in a quartz- fluorite-pyrite 
gangue and is extensively altered to valentinite and 
stibiconite. Ore shoots averaging 5% antimony are 
interspersed with low-grade (approximately 1.5% 
antimony) mineralisation. These deposits have limited 
potential. 

Stibnite also occurs in association with pyrite, arsenopyrite 
and galena in gold-bearing quartz lodes in the AI ice River, 
Coen and Ebagoola goldfields. 

Tin 
Small alluvial cassiterite deposits at Tin Creek and near 
First Stony Point were found to be uneconomic by BHP in 
1962. It was estimated that less than one tonne of cassiterite 
remained in workable areas in the Stony Point field. 
Cassiterite was probably derived from Permian granite and 
associated tourmaline-bearing pegmatite veins or from 
cassiterite-quartz veinlets in Carboniferous to Permian 
acid volcanic rocks. 

Detrital cassiterite concentrations in Granite and Wet 
Creeks correspond to outcrops of the Permian Wolverton 
Adamellite and to its derived alluvial outwash material. 
Lower concentrations with local, anomalously high 
concentrations, occur in older Cainozoic deposits. 
Although no primary mineralisation has been located in
situ, samples from alluvial workings indicate that 
cassiterite occurs in quartz- greisen veinlets in the 
adamellite. The overall potential resource of the area has 
been estimated as up to 4.1 Mm3 of alluvium at 1.13 kg/ 
m3 cassiterite. 
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Primary and alluvial cassiterite also occur at the Goanna 
Creek Prospect, 35 km west ofEbagoola, and at One Mile 
Creek, east of the Alice River Goldfield. 

Thngsten and Molybdenum 
Wolframite-quartz veins occur in a 2.5 km long by 1.5 
km wide zone of mica schist (Sefton Metamorphics) in 
the Bowden M ineral Field and are generally concordant 
with the foliation of the schist. Wolframite, with minor 
intergrown scheelite and tungstite, is commonly 
concentrated in bunches in the quartz and in places, is 
accompanied by tourmaline, molybdenite, arsenopyrite, 
pyrite, galena and bismuthinite. The wall rocks are 
greisenised and tourmalinised. Mineralisation is related 
to the Permian Weymouth Granite. Similar veins occur in 
granite on Rocky Tsland near Portland Roads. 

A small deposit of wolframite and molybdenite occurs at 
the Grand Final lease, near Coen. Wolframite occurs as 
bunches in a quartz vein in the Silurian-Devonian Lankelly 
Granite. Mineralisation may be related to an unexposed 
intrusion of the Permian Twin Humps Adamellite. 

Scheelite occurs in weakly mineralised skarns in the 
Proterozoic Holroyd Group atYoohoo Creek, northeast of 
the Wolverton Tin Prospect. Massive scheelite occurs in 
marble and disseminated scheelite/molyscheelite occurs 
in calc-silicate rocks which probably represent altered and 
pegmatite-contaminated calcareous sedimentary rocks. 
The metamorphic grade of the host rocks is upper 
greenschist facies with superimposed contact hornblende 
hornfels facies. Quartzofeldspathic gneiss and quartz
muscovite pegmatite associated with the skarns appear to · 
be related to the Silurian-Devonian Kintore Granite, but 
the source of the mineralisation may be the adjacent 
Wolverton Adamell ite. Mineralisation is widespread but 
is nowhere present in economic concentrations. 

Base Metals 
Minor malachite and azurite, with traces of pyrite, galena 
and chalcopyrite, occur in shear zones in greenstone bands 
of the Sefton Metamorphics in the Iron Range district. 
Mineralisation is close to the contact of calc- silicate rocks 
and the Kintore Granite. 

Near Potallah Creek, the Holroyd Group hosts stratiform/ 
stratabound massive and disseminated base metal sulphide 
mineralisation (iron, copper, lead, zinc and minor silver 
and gold) (Bain et al. 1990). Mineralisation occurs in an 
intensely sericitised zone in the schist. The Gossan 
Prospect, 4 .8 km southeast of the Perseverance Mine at 
Potallah Creek, is a stratiform polymetallic massive 
sulphide body hosted by a black shale sequence and 
associated with basic igneous rocks. Mineralisation is 
discontinuous and confined to a shear zone near the contact 
with Kintore Granite. Reconnaissance drilling indicated a 
deposit which is at least 200m x 250m x 0.7-1.8m thick 
and contains up to 8.5% total sulphides. Drill samples 
returned grades of0.37--0.46% Cu, 1.68- 11 .51% Pb, 2.13-
6.36% Zn, 19.7- 94 ppm Ag and 0.2- 0.6 ppm Au. From 
I 978 to 1980, Anaconda Australia Incorporated carried 
out percussion dri II ing and calculated an indicated resource 
of 50 000 t of ore with I 0% combined copper, lead and 
zinc sulphides. The deposit is not exploitable on a large 
scale. 

The Copper Prospect, east-southeast of the Alice River 
Goldfield, is a copper- nickel mineralised ?dyke of 
metamorphosed ultramafic rock. Mineralisation is 
stratabound and is associated with fractured rocks in the 
southeastern portion of the outcrop. Copper occurs as 
malachite (replacing talc ortremolite) and as minor cuprite. 

CHAP T ER FOU R Coen Rcaion 

Nickel probably occurs as nickel-bearing silicate. Costean 
samples assayed up to 1.42 % Cu and I. J 9 % Ni. 

Uranium 
The Tadpole Creek Prospect is the only known uranium 
mineralisation in the Coen Region . It comprises 
disseminated secondary uranium mineralisation (autunite 
and metatorbernite) and minor gold in mylonite and thin, 
concordant quartz veins in a shear zone in the Kintore 
Granite. The shear zone is radioactive for a length of 1300 
m and width ofO. 7-2.4 m, but the highest uranium content 
intersected in drillholes was only 350 ppm. 

Iron and Manganese 
Metamorphosed, stratabound/stratiform iron-manganese 
deposits occur in the Iron Range area. They comprise 
steeply-dipping lenses of magnetite and hematite-bearing 
schist and quartzite within the Sefton Metamorphics and 
locally contain traces of gold, possibly confined to small 
quartz veins in the schist. 

The deposits were investigated by the Broken Hill Pty 
Company, between 1957 and 1962 and contain about 1.0 
Mt of indicated resources ranging from 54% to 62% 
combined iron and manganese and 300 000 t of inferred 
resources containing 45-55% combined iron and 
manganese (Canavan 1965). The small size of individual 
deposits renders them uneconomic. 

Heavy Minerals 
Streams draining west to the Gulf of Carpentaria, such as 
the Palmer, Red, Mitchell, King, Coleman, Alice and Coen 
Rivers, commonly carry sub economic concentrations of 
heavy minerals (mainly ilmenite, with some zircon, rutile, 
leucoxene, monazite and xenotime). 

Streams draining into Princess Charlotte Bay, such as 
Balclutha Creek, and the Nesbit, Stewart and Morehead 
Rivers carry sub-economic concentrations of ilmenite, 
rutile, zircon, monazite and xenotime. Alluvial sands of 
other streams draining east of the main divide, such as 
Lockhart River, are known to contain sub-economic· 
concentrations of ilmenite, monazite, zircon and rutile. 

Limestone 
Limestone crops out at Bolt Head in the Temple Bay area. 
It is coarsely crystalline and schistose, has a stratigraphic 
thickness of at least I 00 m, and is part of the Sefton 
Metamorphics. It is cut by calcite and quartz veins, thereby 
adversely affecting the overall grade. BHP estimated that 
there is only about 25 000 t of limestone readily available. 
Hand-picked material, free of quartz veins, assayed 53.0% 
CaO, 1 .2% MgO and 2.4% Si02• It is unlikely that th~ 
total resource ~ould be more than I Mt. 

Coal 
Several coal seams occur in the Carboniferous Pascoe 
River beds, both in outcrop and in bore holes, but the seams 
are generally thin (<!50 mm thick) and are uniformly of 
very poor quality. They are steeply dipping, disrupted by 
shearing parallel to bedding planes and by fau lting, and 
are uneconomic. 

Morton (1924) reported that coal also occurs in a thin shale 
bed near the base of Mesozoic sandstone overlying the 
Pascoe River beds near the confluence of Canoe Creek 
and the Pascoe River. Drilling of the Mesozoic sequence 
indicated that only rare, very thin (<300 mm) lignite coal 
seams are present and that the Mesozoic rocks have no 
coal-producing potential. 

141 



Table 4.4. Stratigraphy of metamorphic units (compiled by R Blewett). 

Unit Co.nsl~eirt Units Lithology Thickness , Enviro11ment of 
Dep(/Silion 

Sefton Slate. phyllite, 
Metamorphics muscovite schist. 

marble. calc-silicate, 
greenstone and 
haematite schist 

Coen High-grade schist, Fine-grained clastic 
Metamorphic paragneiss. quartzite deposition in shallow-
Group and amphibolite water environment? 

Goolha-Goolha Schist Sillimanite-muscovite 
schist. quartzite 

Lochs Gnci~s Sillimanite-mica-
feldspar gneiss. grades 
into schist 

Yarraden Schist Sillimani te-mica-
feldspar-<Juartz schist; 
some quartzite 

Mount Ryan Quartzite Quartzite, minor 
muscovite and biotite 

Edward River Mostly low-grade slate >3200 m Shallow-water clastic 
Metamorphic and quartzite. some sedimentation 
Group schist and mafic rock 

Crosbie Formation Mostly well-bedded >500m 
quaruite 

0' Lane Fofl!lation Muscovite schist- BOOm 
phyllite and slate, 
quartzite and 
metasandstone 

Drovers Lagoon Meta mudstone. 800m 
Formation si It stone and sandstone. 

conglomerate; quartzite, 
slate and phyllite 

Olkolo Formation Metasiltstone, quaruite, 100m 
slate, phyllite, garnet-
mica schist; locally 
graphitic 

Potallah Formation Quartzite slate. chlorite- >400m 
tremolite metabasalt 

Age ond Evidence ReloJionsliips 

·-

Younger than 1133 Ma 
detrital zircon 

<1585 ± 13 Ma detrital Faulted to east and west 
zircon and intruded by Cape York 

Peninsula Batholith 

1544 ± Main situ partial Gradational into Goolha-
melting Goolha and Yai-raden 

Schists; may include 
orthogneiss? 

Possibly the lowest unit of Similar smaller bodies of 
the Coen Metamorphic quartzite are interbedded 
Group with the Yarraden Schist 

Presumably younger than Correlates with the lower 
1563 Ma; older than part of the Holroyd Group; 
407 Ma faulted by Cattle Swamp 

Shear Zone to east 

Top not exposed 

Partly correlates with 
Astrea Formation 

Correlates with Sugarbag 
Creek Formation 

Partly correlates with 
Dinah Formation 

. Base not exposed 

Distribution 

Northern Coen Inlier, 
Bowden, Mount Caner, Lron 
Range and Temple Bay areas 

North-trending body over 
700 km1 in central Coen 
Inlier 

Northeast part of the Coen 
Metamorphic Group 

Widespread as linear belts 
throughout the Coen 
Metamorphic Group 

Dominant schist unit of the 
Coen Metamorphic Group 

10 km by I km ridge in the 
south of the Coen 
Metamorphic Group around 
Mount Ryan 

Elongate north-south belt 
(over 170 km~) along westem 
margin of the Coen Inlier 

Northeast Crosbie Creek 
I: I 00 000 sheet area 

Northeast Crosbie Creek 
I: I 00 000 sheet area 

Narrow, elongate band in 
northeast Crosbie Creek and 
Strathmay l:IOOOOOsheet 
areas 

Narrow. elongate band in 
northeast Crosbie Creek and 
Strathmay I: I 00 000 sheet 
areas 

Northeast Crosbie Creek 
I :I 00 000 sheet area 

References 
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Trail and Blewett (1991) 
Blewett et al. (1996) 

Black et al. (I 992) 
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Holroyd Group Divided inlo low- Low-grade 10 high· -IOkm Shallow-wnler claslic 
gradc/low-magnctisalion grade clastic sediment sedimentation, intrusion 
and high·sradclhigh· (mudslone, slate, schist. of lholeiile magma into 
magnetisalion structural gneiss and quartzile) lower part of sequence 
domains and mafic instrusive.~: 

rare granite gneiss 

Strathmay Formation Slate and biotite to ? 
garnet- biolite schisl 

Strathbum Formation Mudstone. siltstOne. 1000 m 
slalc. and phyllite. 
graphite-mica schist, 
muscovite-biotite gneiss 
and quarv.itc 

Gorge Quartzite Thick-bedded slate, 3000m 
quartzite, si llimanite-
mica schist 

Ncwirie Formation Thin-bedded slate, 3000m 
sandy slate and 
meta$andstone, phyllite, 
quartzite and schist 

C:~rew Greenstone Metndolerite, trcmolite- 500- Tholeiitic chemistry 
actinolite amphibolite, IOOOm indicates mantle 
chlorite-trcmolite- derivation of hot 
sericite- talc rock magma 

Cnrysfon Quartzire Quartzite, phyllite IOOOm 
gr~philc schist, slale 

A~lrea Formation Slate. spoiled graphitic 1500m 
metasihstone. andalusite 
schist 

Sugarbag Creek Quartzite, slate, phyllite. 1200m 
Quartzire schist. some gneiss 

Dinah Formation Slate, quartzite, schist >500 m 
and gneiss 

Colemnn River Gnei~s Sillimanitc-nndalusirc- ? 
mica-feldspar gneiss 

Newberry High-grade schist. 
Melalllorphic quartzite. ortho <~nd 
Group paragneiss. amphibolite, 

mafic granulite 

< 1560 ± 13 Ma delrilal Faulled agains1 Edward 
zircon River Metamorphic Group 
> 1430 ± 10 Main situ partial and intruded by I he Cape 
melting or emplacement York Peninsula Batholith 

Top no1 exposed: only in 
the Lukin Structural 
Domain 
Top nol exposed 

Becomes more pelitic ro 
the east: linear ridges of 
quartzite are characteristic 

Intrudes lower part of the 
Holroyd Group 
transgressive si lis 

More pelitic to the south: 
interfingers with Newirie 
Formation 

Detrital zircons <1563Ma 

Correlates with Drovers 
Lagoon Formarion: more 
pelitic to south 

Oldest unit in Holroyd 
Group exposed in anticline 
cores. base not exposed 

Maybe high-grade Dinah 
Formation 

< 1638 ± 15 Ma Intruded by Cape York 
Peninsula Batholith to west, 
faulted? against Yambo 
Metamorphic Group to 
south 

Over 160 km north-south 
band tolalling 4500 km2 in the 
southwestern Coen Inlier 

Between Lukin and Holroyd 
Rivers 

Exlensive unit along entire 
eastern margin of the Holroyd 
Group 

Mostly between Lukin and 
Holroyd Rivers, some around 
the Coleman River 

Mostly north and west of the 
Coleman River, small area 
between Potnllah and Ethel 
Creeks 

Southwestern part of Holroyd 
Group between Edward River 
and Ethel Creek 

Small area north of Astrea 
Homestead, the Potallah 
Creek 

South of the Edward River 

Elongate, folded and foulted 
bands south of the Edward 
Ri ver 

Elong:ue. folded and faulted 
bands south of the Edward 
Ri ver 

I 0 km east of Glengarland. 
small area on Coleman River 

Poorly exposed along 
southeas1em Coen Inlier; may 
extend into northeastern Coen 
Inlier 

Blewell et al. (1992a; 1995; 
1996) 

Blewett er :11. ( 1992a: 1995) 
Bullilude & Recs ( 1994) 
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Table 4.4. Stratigruphy of metamorphic units (compiled by R Bleweu). (Continued) 

Unit Constituent Unil.< Lithology Thickness Environm~l}t of 
Deposition . 

Newberry Penny Gneiss Muscovite:.biotite-
Metamorphic feldspar-quartz gneiss. 
Group ch lorite, sillimanite, 
(continued) andalusitc, muscovite-

biotite granite and 
pegmatite; amphibolite 

Kitja Gneiss Quartzite, minor 
muscovite, haematite; 
(sillimanite-) 
muscovi te-biotite-
feldspar-quartz gneiss 

Kimbu Gneiss Muscovite-biotite-
quartz gneiss, feldspar, 
garnet; sillimanite-
muscovite-quartz schist; 
quartzite, amphibo lite, 
malic granulite 

Yambo High-grade schist, 
Metamorphic quartzite, ortho and 
Group paragneiss, amphibolite. 

malic granul ite 

Eyh Hornblende amphibolite 

Daintree Gneiss Garnet- bio tite 
quartzofeldspathic 
gneiss; lesser 
hornblende amphibolite 

Chelmsford Gneiss Sillimanite-bioti te 
(±garnet) 
quartzofeldspathic 
gneiss; quartzite. garnet 
quartzite, two mica 
granite, hornblende 
amphiboli te and two 
pyroxene malic 
granulite 

Twelve Mi le Schist Sillimanite-quartz(± 
garnet) schist ; quartzite; 
hornblende amphibolite 

Kokojelandji Schist Sillimanite-sericite-
quartz(± garnet) schist ; 
interlayered schistose 

. - li ne-grained sillimanite-
sericite quartzite 

. :Age and;Evidef!~e ll · Rtlafi9n~h.ips 
1561 ± Ma igneous 
zircon rims on 1638 ± 9 Ma 
inherited cores 

1564 ± 12 Ma crystallisation 
of igneous precursor 

Sediment older than 1584 Intruded by Cape York 
Ma orthogneiss; probably Peninsula Batholith, 
younger than - 1643 Ma faulted? agai nst Yambo 
detrital? zircons Metamorphic Group to 

north and Hodgkinson 
Pro vi nee to the east 

Outcrops may include Intrudes other Yambo 
?Permian dolerite Metamorphic Group units 

May panly correlate with 
Arkara Gneiss 

Malic granulite proto lith Similar lithologies to 
- 1580 Ma Pombete Gneiss 

. 

Distribution . 

Over 400 km2 north of Moum 
Newberry (exposed mostly 
along Liule Stewart River); 
small exposures around the 
Morehead River 

Mostly concealed band 
100 km long by 15 km wide 
from Mount Newberry south 
to the Hann River 

Scattered exposures on 
northern Jedda Creek and 
central Kalinga 1: I 00 000 
sheet areas 

Form most of the Yambo 
area. extends under cover 

Eastern Yambo area 

Eastern Yambo area 

Eastern Yambo area 

Eastern Yambo area 

. .. 
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Yambo Chuko Quartzite Quartzite. sillimanite 
Mct~morphic quartz ~chist 
Group 

Ros~cr Schi~t Quartzite. psammitic (continued) 
schist. garnet-
sillimanite-mica schist 

A rkara Gneiss Variably deformed 
(mylonitic), garnet-
muscovite-biotite 
granodiorite to 
monzogranite locally 
highly porphyri tic or 
megacrystic 

Pombctc Gneiss Sillimanite(± garnet,± 
feldspar) mica gneiss 
grading into gamer-
ntica-schisr; quartzite, 
amphibolite 

Jeddn Schist 'TWo-mica (± garner 
granitic ro grnnodioritic 
mylonite; and two-mica 
schist, psammitic schist 

Sar:tga Schist Sillimanite-garnet two-
mica schist and gneiss 
quartzite. minor mafic 
granu lite. amphibolite, 
abundam mylonitic 
granite/granodiorite 

Annie Creek Schist 'TWo-mica, garnet ~chist 
(rare sillimanite); 
muscovite(± garnet) 
qunrtzire. two-mica 
granite 

Oswald Schist 'TWo-mica-sillimanite-
gnrnct schist; psammi tic 
schist; quartzite and 
amphibolite. mylonitic 
medium-grained two-
mica granite 

Un-named eu3.4. 5 
metamorphic 
units 

- 1580 Ma Numerous small outcrops 
in the metasedimentary 
units; may partly correlate 
with Daintrce Gneiss 

May correlate with 
Chelmsford Gneiss; faulted 
against the Saraga Schist. 
intruded by the Arkara 
Gneiss 

Faulted against rhc Saraga 
Schist, intruded by the 
Cape York Peninsul3 
Batholith 

Faulted against the Annie 
Creek and Jedda Schists, 
and Pombete Gneiss 
intruded by the Arbra 
Gneiss und Cape York 
Peninsula Batholith 

1Wo-mic:1 grnnites Faulted aga inst the Oswald 
-1580 Ma and Saraga Schists 

intruded by the Cape York 
Penins'ula Batholith 

Faulted against the Annie 
Creek and Saraga Schists, 
intruded by the Cape York 
Peninsula Batholith 

Eastern Yambo area 

Southwestern Yambo area 

Western Yambo area 

Western Yambo area 

West central Yambo area 

Western Yambo area 

Northwestern Yambo area 

Northwestern Yambo area 

East central Coen Inlier 
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Table 4.5. Stratigraphy of volcanic rocks (compiled by DE Mackenzie). 

Unit Constitueut Uuits Lithology Thickness Age 
~ 

Janet Ranges Cupe Grenville Breccia. tuff; rhyolitic -300m 
Volcanic Group Volcanics ignimbrite; rhyolite Late 

Junet Ranges Rhyolitic ignimbrite & breccia; 500+ m 
Carboniferious 

Volcanics andesite; dacitic ignimbrite to Early 
Permian? 

Kangaroo River Rhyolitic ignimbrite; rhyolite; -300m 
Volcanics 'welded pumice-now breccia' 

Mitche ll River Andesite flows and thin <600 m ?mid or 
Volcanics rhyolite ignimbrites in lower Late 

pan and dacitie and rhyolitic Permian 
lava in upper pan 

.. ' I .. 
Relatwnships 

' i 

Overlie Sefton 
Metamorphics; 
intruded by 
Weymouth Granite. 

Overlies Devonian 
granites and 
Proterozoic 
metamorphic rocks 

Geochemical Distiibutfou 
Cl•aracteristics 

1-type Nonhemmost Coen 
Region. 

A-type affinities Southeastern Coen 
Region 

References 

Willmott e t al. (1973) 

Bultitude et al. ( 1996a) 
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Table 4.6 Granites of the Cape York Peninsula Batholith (compiled by DE Mackenzie). 

Supcrsuitc!Supersuite Lithology Cnnslitueut Utrits Distribution 

EARLY DEVONIAN 

Blue Moulllains Supersuite Equigrnnular to Blue Mountains granite Northern Cocn Region 
moderately porphyritic suite 
hornblende-biolire 10 Morris Adamellite 
biotite- hornblende gran ire. 
biotite microgmnite 
biotile-muscovite granire, 
hornblende-biolite 
granodiorite: coarse, 
porphyritic biotite granite. 

Kimore Super~uitc Variably porphyritic Ebagoola Suite Throughour Cocn 
(See Table 4.8} muscovite- biotite granites. Lankelly Suire Region and Yambo 

biotite-muscovire granite Aralba Suite area 
and granodiorite: (biotite-) Lukinvillc Suite 
muscovite leucogranite; WipellaSuite 
pegmatite. aplite Fish Creek Suite 

Unassigned granites 

Flyspeck Supersuitc Biotite monzogranite to (See 'fable 4. 7) Throughout Coen 
granodiorite, hornblende- Region and Yambo area 
biotite granodiorite. 
biotite-hornblende 
granodiorite 10 tonalite 

PERMIAN TO LATE CARBONIFEROUS 

Weymouth Supersuite Homblende-biolite and Weymouth Granite Cape Wcaymouth-
biotite granodiorites: Portland Roads Granite Janet Ranges and 
biotite/pyroxene- Wigan Adamellite• Mcllwraith Range-
hornblende diorite; biotite Wolverton Adamellite Coen areas, northern 
and hornblende-biotite Twin Humps Adamellite Cocn Region 
Jeucogrnnites Unnamed granite 

Ootann Supersuitc'l Biotite microgrnnite Da1kum Microgranite Mount Mulgrave, 
southern Yambo area 

Unassigned Pyroxene/biotite- Ogilvie Hill diorite Cape Weymouth-
hornblende diorite. Garraway Creek diorite Janet Ranges area. 
Porphyritic biotite Lindsay Flat northern Cocn Region: 
microgrnnite. Microgranite central- southern Coen 
Sparsely porphyritic Spion Kop rhyolite Region EBAGOOLA 
rhyolite. 

Age Rel41iotrships 

40Ma Unknown; Morris 
(Black et Adamellite intruded by 
al. 1992) Wolverton Adamellite 

(Weymourh Supersuite) 

ca. 407 Ma Intrudes Yambo, 
(See Table 4.8) Newberry, Edward River 

and Coco Metamorphic 
Groups, Holroyd Group, 
Flyspeck Supersuite 

c~. 407 Ma Intrudes Yambo, 
(sec Table 4. 7) Newberry and Cocn 

Metamorphic Groups. 
Holroyd Group 

285 Ma Intrudes Janet Ranges 
Volcanics. Sefton 
Mctamorphics, Coen · 
Metamorphics Group 

Late Intrudes Chelmsford 
Carboniferous to Gneiss, Yambo 
Early Permian Metamorphic Group 

!> 285 Ma OHD. GCD intrude Sefton 
S285 Ma Metatnorphics; probably 
Late intruded by Weymouth 
Carboniferous Granite; intrude Kintore 
to Early (LFM), Flyspeck (SKR) 
Permian Supersuites 

Geochemical CharnC/cristics 

!-type: Si02 60-77%, 
variably fractionated; 
weakly oxidised to 
reduced; high KINa 
U; moderately high Zr. 
LREE. Sn: low Th/U: 
eNd-IOro -11 

S-type. felsic. high 
ASI (>I. I), 
unfractionated to 
fractionated. reduced; 
high K20/Na20 and 
P20 1 relative to 
Flyspeck Supersuite. 
t:Nd -13.4 to -14.7. 

1-type; mafic to felsic; 
unfracnionated to 
slightly fractionated. 
reduced; Fe· poor. eNd 
-12.7. 

1-type; unfractionated 
10 fractionated: 
weakly oxidised to 
reduced; variable 
(mostly moderate) ·· 
K10, KINa: low t.REE 
(except Wolverton 
Adamellite): eNd- 5. 1 to- 8.4; 

Diorites 51-60% Si01• 

some fractionation?; 
low KINa. Rb. LREE. 
Lindsay Flat Mgr felsic 
and high in Na20 relative 
to average Permian-
Carboniferous 1-type. 

References 

Trail et al. ( 1968) 
Will moll el al. ( 1973) 
Knurson el al. ( 1994) 

Mackenzie & Knutson 
( 1992) 
Black ct al. (1992a) 
Black ct al. (1994) 
Mackenzie ( 1985) 

Mackenzie & Knutson 
(1992) 
Black et al. (I 992a) 
Black et al. (I 994) 
Mackenzie ( 1985) 

Trail et al. ( 1968) 
Willmott ct al. (1973) 
Knutson et al. (1994) 
Black et al. ( 1992a) 

Bultitude et al. (1995) 
(Walsh map) 

Mackenzie & Knutson 
( 1992) 
Blewett et al. ( 1994) 
Knutson et al. ( 1994) 
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Table 4.7 Constituents of the Flyspeck Supersuitc (compiled by DE Macken:z.ie). 

Unit Lithology 
.· 

Distribution 

Kirkwood Mon1.ogranite Allanite-biotite monzogranite; 12 km west of Yarraden, 
porphyritic in pan central Coen Region 

Carleton Monzogr•nite Allanite- biotite monzogranite 12 km west of Musgrave. 
southern Coen Region 

Two Rail Monzogranite Allanite± hornblende- biotite Central Coen Region 
monzogranite; weakly 
porphyritic in part 

Anemis Granodiorite Variably porphyritic allanite- Near 'Artemis' t 
biotite granodiorite southeastern Coen Region 

Flyspeck Granodiorite Strongly porphyritic to megacrystic Near Lapunya Mount, 
allanite± hornblende-biotite Central-southern Coen 
granodiorite; foliated in places Region 

Glen Garland Granodiorite Allanite- hornblende-biotite Central-southern Coen 
granodiorite Region 

Tea Tree Granodiorite Porphyri tic allanite-biotite 20 km southwest of 
granodiorite Musgrave. sou theastern 

Coen Rep,ion 

' Peringa Tonalite Biotite-hornblende to hornblende- Southwest of 'Glen 
biotite tonalite Garland'. southern Cocn Region 

Watch Branch Biotite monzogranite 9 km southeast of 'Dixie' , 
Monzogranite southeastern Coen Region 

Alberts Creek Biotite monzogranite 8 km southwest of 'Dixie' , 
Monzogranite southern Coen Region 

Gumhole Monzogranite Equigranular to slightly porphyritic 12 km west of 'Dixie'. 
bioti te monzogranite ~outhem Cocn Region 

Yellow Granodiorite Variably porphyritic biotite- 15 km west of 'Dixie', 
hornblende granodiorite southern Coen Region 

Wulpan Monzogmnite Biotite monzogranite 25 km southwest of 'Dixie'. 
southwestern Coen Region 

Permana Granodiorite Hornblende-biotite monzogranite, 27 km southwest of 'Dixie' . 
biotite-hornblende tonalite southwestern Cocn Region 

DgzS Felsic granite with high 53 km west of ' King River' , 
magnetisation HANN RIVER 

(concealed) 

Age ' /iefa/iOIISifjps . 

Early Intruded by Barwon, 
Devonian Ebagoola Granites 

(Kintore Supersuitc} 

Early Enclosed by Ebagoola 
Devonian Granite 

Early Intrudes Flyspeck & Glen GaJiand 
Devonian Granodiorites; intruded by 

Barwon & Ebagoo la Granites 

406± 10 Ma In truded(?) by Kin tore 
Granite 

Early Intruded by Glen Garland, 
Devonian Granodiorite, Two Rail 

Monzogranite, Ebagoola Granite 

398±10Ma Intruded by Two Rail 
Monzogranite. Ebagoola Granite 

Early Intruded by Kintore & 
Devonian Ebagoola Granites 

EaJiy Intruded by Bun ira Granite 
Devonian ( Kintore Supersuite} 

Early Intruded by Morehead Granite, 
Devonian Wipella Granodiorite 

Early 
Devonian 

Early Intruded by Yellowood 
Devonian Granodiorite 

Early Intrudes Gumhole 
Devonian Monzogranite 

Early Intrudes Holroyd Group; intruded 
Devonian by SDg, Permana G ranodiorite(?) 

Early Intruded Holroyd group, 
Devonian Wulpan Monzogranite(?) 

Early Intrudes Staaten 
Devonian Metamorphics 

Geocltemictzl Clla.racteristics 

More mafic and less potassic 
than Two Rail Monzogranite; 
high Ga. S~. Zn. Z r 

Most felsic member of S'suite; 
very high K20 , KINa; high Pb, 
Rb. Ga; low Ti02 • MgO, Sr 

Moderately evolved: moderately 
high K20, KINa, Rb 

Relatively malic, unevolved; 
low K20, KINa 

Moderately felsic & evolved; 
moderately high, K20. KINa, 
Zn; LREE; high Ba 

Moderately high K20, Pb; 
high KINa 

Moderately mafic; moderately 
low K,O, KINa, Low Rb: 
hiJ(h LREE 

Relatively mafic: low K10. KINa. 
Rb: moderately high LREE, Th 

No data 

No data 

Moderately mafic; low K10 . 
KINa, Rb. Y: high Sr 

No data 

Most mali c component; high 
Fe, ... ,. CaO; low Pb, Th, U 

Unknown; presumed 
to be oxidised 

Referehces · 

Bleweu et al. ( 1992a) 
Mackenzie & Knutson ( 1992) 
Mackenzie et al. ( 1992) 
Bleweu and Trai l (1995} 

Blcweu and Wilford (1996) 
Mackenzie ct al. ( 1996) 
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Table 4.11 Constitutcnts of the Kintore Supersuite (compiled by DE Mackenzie}. 

Unit Utflo/llgy Distribution 

EBAGOOLA SUITE 

B~rwon G~nite Equigrnnular. rarely Central to central-southern 
porphyritic, muscovite- Coen Inlier 
biotite grunite: sporadic 
rare garnet. 

Bunira Granite Equigranul:or muscovite- 10 km northwest of 'Dixie' . 
biotite granite central-southern Coen Inlier 

Burns Granite Muscovite-biotite North-central Coen Inlier 
grJnite; variably 
porphyritic in pan 

Bunon Lagoon Granite Sparsely porphyritic Northwestern Yambo area 
muscovite-biotite granite 

Buthen Buthcn gnmite Muscovite- biotite Coastal ranges. northeastern 
leucogranite; variably Coen Inlier 
foliated, mostly coarse. 
biotite-muscovite 
leucogranite 

Culpin Granite Equigranular muscovite- Southwestern Cocn Inlier 
biotite granite: weakly 
foliated in places 

Dixie Granite Coarse, very uneven- 'Dixie' area. southern Coen 
grained to seriate biotite-- Inlier 
garnet- muscovite 
leucogranite 

Ebagoola Granite Garnet-biotite- Central Cocn Inlier, mainly 
muscovite west of Musgrave 

Goann•• Granite (Biotite·) muscovite Southwestern Coen Inlier 
granite. foliated 
muscovite-garnet-
biotite granite 

Hcncage Granite Abundantly prophyritic North-central Coen Inlier 
mu~covite-biotite granite 

Age Relationships 

Early Devonian Intrudes Flyspeck Supersuite; 
intruded by Ebagoola Granite 
and by Lindsay Flat 
Microgranite (Permian) 

Early Devonian Intrudes Holroyd Group, 
Peringa Tonalite 

Early Devonian Intrudes Holroyd Group, Coen 
Metamorphic Group. 1\vo Rail 
Mon:c.ogranite, Kendle River and 
Tadpole Granites; intruded by Barwon. 
Ebagoola. Heneage & Leconsfield 
Granites 

Early Devonian Intrudes Yambo Metamorphic 
Group 

Early Devonian Intrudes Cocn Metamorphic 
Group 

Early Devonian Intrudes Holroyd Group 

E;uly Devonian Intrudes Holroyd Group 

390 Ma; 400 Ma Intrudes Coen Metamorphic Group, 
Holroyd Group, Flyspeck Supersuite, 
and several members of Kintore 
Supersuite 

Early Devonian Intrudes Holroyd Group 

Early Devonian Intrudes Burns Granite(?) 

Geocflemicol Characteristics 

Higher K20. KINa (I. 78), 
Li, Rb. Zr. LREE and Ce: slightly 
lower CaO, Ba, Sr than 
Kintore Granite 

More mafic and less siliceous than 
typical Kintore Supcrsuite granite 

Lower K20 and KINa ( 1.11) than 
Kintore, Barwon Granites: low 
Th and LREE 

Slightly more felsic than Bun ira 
Grnnite; KINa 1.26: high Ba 

Similar to Kintorc Granite 

No data 

No data 

Felsic. Sll'ongly fractionated; 
moderately high KINa and Rb: 
low Bn, Sr. LREE. Zr, high U 
relative to Kintore Granite 

No data 

Moderately high in K20, Th, Zr 
LREE relative to Kintore and Burns 
Granites 

Rcfcrcucc.~ 

Mackenzie et al. ( 1992) 
Mackenzie & Knutson (I 992) 
Knutson et al. (1994) 
Muckcnlie et al. ( 1996) 
Trail et al. ( 1968) 
Willrnott ct al. (I 973) 
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Table 4.8. Continued. Constitutents of the Kintore Supersuite (compi led by DE Mackenzie). 

u,;, Lithology Distribution 

lmooya Granite Mu~covite-biotite granite, Southwestern most Coen 
biotite-muscovite 
leucogranite, pegmat ite 

lngleby Granite Muscovite-biotite granite, Southwestern Coen Inlier 
garnet- muscovite 
leucogranite. pegmati te 

Kin tore Gronite Muscovite-biotite granite, East-central Coen Inlier 
porphyritic in pan; 
sporad ic garnet 

Linda long Granite Foliated garnet- Southwestern Coen Inlier 
muscovite-biotite grani te 
to leucogranite 

Leconsfield Granite Porphyritic muscovite- Central Cocn Inlier 
biotite granite 

Me !I wraith Gr-Jnite Biotite-muscovite granite· Northeastern Coen Inlier 
coarse. foliated. 
cordierite-sillimanite-
garnet-muscovite granite 

Mena Granite Garnet-biotite-muscovite South of 'Dixie', southern 
leucograni te; biotite- Coen Inlier 
muscovite leucogronite 
to muscovite-biotite 
granite with abundant 
enclaves 

Morehead Granite Sparsely porphyritic to Upper Morehead River, 
equigronu lar muscovite- southeastern Coen Inlier 
biotite granite, garnet-
muscovi te granite and 
garnet- biotite- muscovite 
leucogranite 

Pelican Creek Granite Fine-grained muscovite- 20 km southwest of ' Dixie', 
biotite granite; sparsely SW Coen Inlier 
porphyritic in pan 

Tadpole Granite Variably foliated 18 km WSW of Coen, central 
porphyritic garnet- Coco In lier 
muscovi te-biotite 
granite 

Ukin Granite Sparsely porphyritic Southwestern margin of Coen 
muscovite-biotite granite; Inlier 
pegmat ite 

Age 
; 

Relationships I 
Earl y Devonian Intrudes Holroyd Group, 

Morehead Granite(?) 

Early Devonian Intrudes Holroyd Group 

407 Ma Intrudes Coen Metamorphic Group. 
Lankel ly Granite, Morehead 
Granite(?) 

Early Devonian Intrudes Holroyd Group 

Early Devonian Intrudes Barwon Granite, 
Bums Granite 

Early Devonian Intrudes Coen Metamorphic Group; 
intruded by rhyolite dykes 

Early Devonian Intrudes Holroyd Group 

Early Devonian Intrudes Holroyd Group, Yambo 
and Newberry Metamorphic Groups. 
Watch Branch Monzogranite 

Early Devonian Intrudes Holroyd Group 

Early Devonian Intrudes Coco Metamorphic Group; 
intruded by Bums, Ebagoola Granite 

Early Devonian Intrudes Holroyd Group, Edward 
River Metmorphic Group 

Geo.che'mical Characteristics 

Variably; more mafic ponions simi lar 
to Bun ira Granite, but lower KINa, 
v. high Ba 

Nq data 

Moderately felsic; CaO 1.4, KINa 1.46, 
moderate Ba, Rb, Sr, LREE; low Zr 

No data 

Slightly more felsic and fractionated 
than Barwon and Ki n tore Granites; 
JowTh. LREE 

Simi lar to Kin tore Granit.e, but 
slighlly lower KINa 

Low Fe, high Ca. Ca/Mg; moderate 
K20, KINa; very low Zr, LREE; 
low Ga 

Felsic, slightly to moderately 
fractionated; high K10, KINa 
(- 1.5), Pb; low Sr. Zr, LREE 

Low K20, KINa (0.95), Y; high 
CaO, Ba, Li, Sr 

Less felsic than typical Kintore 
S'suite but high K20 , KiNa; high 
Cs. Li, Rb, Y, Sn 

No data 

References 
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LAN KELLY SUITE 

Lunkelly Granite Variably foliated, highly Eastern margin of Coen 407 ± 5 Ma Intrudes Coen Metamorphic Group More mafic than Ebagoola Suite 
porphyritic, muscovite- Metamorphic Group, central (Black et al. 1992) granites; high KINa, P,O,, Th, Zr, 
biotite granite with Coen Inlier LREE, V,Zn 
aligned k-feldspnr 
phenocryst 

Kendle River Gronitc Variably porphyritic to W side of Coen Metamorphic Early Devonian Intrudes Coen Metamorphic Group More felsic than Lnnkelly Granite, 
to equigranular Group, centrJI Coen Inlier but lower K,O, KINa, Rb. Th: 
muscovite-biotite granite higher Sr 

Turtle Swamp Granite Abundantly porphyritic 15 km SW of 'Dixie'. SW Coen Early Devonian Intrudes Holroyd Group More felsic than Lankelly Granite: 
muscovite-biotite granite Inlier very high K20, KINa. (2.04). Ph: 

high Rb; low Ga 

ARALBA SUITE ' 

Arnlbo Granite Strongly. abundantly Along Palmer·River. central Early Devonian Intrudes Yambo Metamorphic Group 
porphyritic muscovite- Yambo area 
biot ice granite 

Chevy Creek Granite Abundantly porphyritic Northwestern Yambo area Early Devonian Intrudes Yambo Metamorphic Group, No data 
muscovite-biotite granite Burton Lagoon Granite 

King vale Granite Coarse. abundantly Northern Yambo nrea Early Devonian Intrudes Yambo Metamorphic Group. K20 • Na,O low Rb/Sr, Zr 
porphyritic muscovite- Rocky King Granite 
biotite-granite 

Kokomini Granite Equigranular to slightly Palmer River area. central Early Devonian Intrudes 
porphyritic garnet-biotite Yambo area 
-muscovite granite 

Kopo Grunite Coarse. abundantly Northern Yambo area Early Devonian Intrudes Yambo Metamorphic Group 
porphyritic muscovite- -biotite granite 

LaiaGmnite Equigranular to Western Yambo area Early Devonian Intrudes 
moderately porphyritic II 
(biotite-) muscovite :X: 
granite )> 

"0 
Lilyponds Grunitc Sparsely porphyritic Northern margin of Yambo area Early Devonian Intrudes Yambo Metamorphic Group, No data __, 

muscovite--biotite granite Rocky King Granite, SDg m 
::0 

Top Pinnacle Granite Porphyritic muscovite-- Nonhwestcrn margin of Yambo Early Devonian Intrudes Yambo Metamorphic Group, More felsic than King vale Granite; "T'' 

biotite granite area Burton Lagoon Granite fractionated : very low Ti01, Fe,""'. Ba. 0 
Li. Sr. Th, Zr. LREE; low CaO c 

::0 
Wongu Granite Abundantly porphyritic Northwestern Yambo area Early Devonian Intrudes Yambo Metamorphic Group, No data 

muscovite- biotite granite Burton Lagoon Granite(?) (") 

0 

" ::J 

' :::0 

"' .., 
0 
::J 



.... 
01 
1\) 

Table 4.8. Continued. Constitutents of the Kintore Supersuite (compiled by DE Mackenzie). 

Unit · 

LUKINVILLE SUITE 

Lukinville Granodiorite 

Fernhill Granite 

Rocky King Granite 

WIPELLA SUITE 

Wipella Granodiorite 

FISH CREEK SUITE 

Fish Creek Granite 

Terrible Creek Granite 

Lithology 

Unequigrnnular to 
slightly porphyritic 
(garnet- sillimanite-) 
biotite- muscovite 
granodiorite 

Moderately to strongly 
porphyritic biotite
muscovite granite 

Fine-grained muscovite
biotite granite 

Quart:r.-phyric garnet
muscovit.e-biotite 
granodiorite 

Slightly porphyritic 
(garnet- ) biotite
muscovite granite 

Eastern Yambo area 

East-central Yambo area 

Northeastern margin of Yambo 
area ; southern margin of Coen 
Inlier(?) 

South-central Coen Inlier 

West-central Yambo area 

Biotite- muscovite granite West-central Yambo area 

NOT ASSIGNED TO A SUITE 

Early Devonian 

Early Devonian 

Early Devonian 

Early Devonian 

Early Devonian 

Early Devonian 

Artella Granite Muscovite- biotite granite Northwestern margin of Yambo Early Devonian 
area 

King Junction Granite 

Pine Tree Creek Granite 
(informal) 

SDg 

Muscovite- biotite granite, Northwestern Yambo area 
locally porphyritic; 
foliated in pan 

Muscovite- biotite granite Northwestern Yambo area 
and bioriurmuscovite 
leucogranite 

Muscovite-biotite 
granodiorite: biotite
muscovite granite, 
muscovite leucogranite, 
felsic granite. 

Southwestern Coen Inlier; 
between Coen Inlier and NW 
Yambo area; mostly concealed 

Early Devonian 

Early Devonian 

Early Devonian 

The Falls Granite - SDgle Foliated muscovite
biotite gmnite; 
leucogranite dykes. 

Southern margin of Yambo area Early Devonian 

•• • j 

• l . 'I 
:,_. 't , . ' 

Intrudes Yambo Metamorphic Group 

Intrudes Burton Lagoon Granite, 
Pine Tree granite, SDg(?) 

Intrudes Burton Lagoon and 
Aralba Granites 

Intrudes Burton Lagoon Granite(?); 
intruded by Artella Granite(?) 

Relatively high Ca0/Na20 , low KINa, 
P,Os 

Mafic and calcic. low KINa, Low Rb 
relative to Ebagoola Suite: high AS I, 
Zr relative to Flyspeck Supersuite 

No data 

No data 

No data 

Intrudes Yambo Metamorphic Group. 
Mostly Concealed 

·Similar to Burton Lagoon Granite. but 
lower Fe, Mg. K20, KINa, Rb, 

f---------------1 higher CaO 
Probably Ebagoola Suite 

Intrudes Lukinville Granodiorite? 
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The Falls Granite- SDglu Slightly to highly Southern Margin of Yombo Early Devonian Intrudes Yambo Metamorphic Group. 
porphyritic (sillimanite-) area 
biotite- muscovite 
leucogranite; locally 
pegmatitic 

The Falls Granite- SDglb Foliated, highly Southern Margin of Yambo Early Devonian Intrudes Lukinvillc Granodiorite. 
porphyritic, (biotite--) urea 
garnet- muscovite 
leucogron it e. 

The Falls Granite- SDgak Foliated, porphyritic Southern Margin of Yambo Early Devonian Intrudes Lukinville Granodiorite 
biotite-muscovite granite area 

Rosser Creek Granite Moderately porphyritic Western Margin of Yambo Early Devonian Intrudes Yambo Metamorphic Group. 
biotite- muscovite granite area; portly concealed 

Stnuhlevcn Grnnite Moderately porphyritic Western margin of Yambo Early Devonian Intrudes Yambo Metamorphic Group No data 
muscovite-biotite granite area; partly concealed 

Warner Granite Muscovite-biotite granite; Southern Coen Inlier. NE of Early Devonian? Intrudes Holroyd Group Low Na20 . Bo: high KINa. Be. Cs; Blewett et al. (1992o) 
extensively foliated 'Dixie' very low Sr relative to typical Mackenzie & Knutson (1992) 

Kintore S'suite Mackenzie et al. ( 1995) 
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Table 4.9 Deformation and event history for the Yambo Subprovince, Coen Region (compiled by RS Blewett). 

Event Main Features Distribution Orientation Style/Shear sense 

Deposition Deposition of pelitic/psammitic Widespread across n/a n/a 
proto lith entire province 

yO, Folded bedding parellel fabrics ? ? Isoclinal? 
yF, 

yD, Intense S2 schistosity/gneissosity Widespread across Variable due to later Isoclinal 
Occastional folds, variable mineral entire province deformation NW-NE 
& intersection lineations mostly 

Melting Mafic dykes and sills, 1-type Widespread across n/a n/a 
granite intrusion entire province 

Melting S-type granite intrusion, main Widespread across n/a n!a 
zircon growth with peak entire province 
metamorphism 

yO, Intense mylonitisation, S-C Heterogeneous in high- Subparellel to yS2 Sinistral oblique 
mylonites with well developed strain zones, widesprea Shallow E-dipping in thrusting to the 
stretching lineations across entire province western Yambo NNW mostly 

Melting Zircon growth in Newberry Northern Yambo n!a n!a 
Metamorphic Group Subprovince 

yD. Folds and crenulation cleavage Widespread across Upright folds plunge Tight-isoclinal 
common, some shearing entire province moderately NW symmetrical folds 

yO, Folds and crenulations Widespread across Mostly E-W Open to closed 
entire province 

Instrusion Cape York Peninsula Batholith Mostly forms western N-S oriented n/a 
stitches Yambo and Savannah margin of the province batholith 
Provinces 

yO• Narrow mylonite zones Associated with the Steeply E-dipping Steep lineations 
Palmervi!le Fault suggest down-dip 

shear 

Fabrics 

n!a 

Bedding parallel fabrics around yF2 

fold closures 

yS2 defined by mica & aluminosilicate 
alignment; Stretching and mineral 
lineations common e.g . sillimanite 

n/a 

Textures largely destroyed by 
mylonitisation 

Well developed S-C fabrics, grainsize 
reduction, quartz ribbons, mica fish 
Strong stretching lineations 
Extensional shear bands common 

Igneous crystallisation or in situ partial 
melting in orthogneiss 

Mostly steeply dipping, symmetrical 
crenulations 

S-shaped asymmetrical yS4 

crenulations 

Magmatic-state fabrics overprinted by 
zones of ductile shear 

Green schistose mylonite with fine 
porphyroclasts. Texture looks like a 
porphyry 

Metamorphism 

n/a 

Amphibolite? 

Medium to high pressure 
reaching peak at granulite 
grade at -1577 Ma 

n/a 

climax of yD2 to granulite 

Upper amphibolite 

Upper amphibolite to 
granulite? 

Upper amphibolite as yF4 folds are 
cut by leucosome melt 

Amphibolite? 

Associated with retrogression 

Greenschist 

Age 

-1643 Ma 

>1584 Ma 

-1580 Ma 

-1580 Ma 

post 1580 Ma 

-1563 Ma 

1550? Ma 

post 1550 Ma 

407Ma 

Carboniferous 
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Table 4.10 Deformation and event history for the Savannah and Pama Provinces, Coen Region (compiled by RS Blewett). 

Event Main Features Distribution Orientation Style/Shear sense 

Deposition Deposition of pelitic/psamrnitic Widespread across n!a n!a 
proto lith entire province Holroyd 

Group more pelitic 
to east 

Intrusion Mafic dykes and sills Most in lower part of n!a n!a 
Holroyd Group 

sD 1 Rare folds, folded bedding parellel Main fabric in western E-W originally Isoclinal? 
fabrics by sF2 Holroyd Group 

sD2 Macroscopic folds, well developed sS2 widespread across NNW-trending, steeply Isoclinal 
cleavage/schistosity/crenulation entire province - dipping axial surface, 

becomes reworked by subhorizontal plunge, 
sS3 

Variable mineral & intersection sF2 folds common Westerly vergence 
lineations to the west 

sD3 Shear zones, intense schistosity to Numerous shear zones Shear zones and sS3 Sinistral shear, 
gneissosity (in the east) in Holroyd and Coen fabric trends NNW, some NNW-directed 

Metamorphic Groups dips steeply thrusting. 

Intrusion Major extension or underplating Forms eastern margin Batholith trends N-S Some emplacement-
giving melting or fertile petites and of province (also related deformation 
generation of mostly S-type Cape underlies the province) 
York Peninsula Batholith 

sD4 Reworking of sD3 shear zones, Heterogeneous in high- NNW-trending, Sinistral oblique 
Intense my lonitisation, S-C strain zones, steeply dipping. thrusting to the 
mylonites with well developed widespread across Lineations plunge NNW mostly 
stretching lineations entire province SE mostly 

sD5 Folds and crenulation cleavage Widespread across Upright folds plunge Tight-isoclinal 
common entire province moderately N symmetrical folds 

sD6 Folds and crenulations Widespread across MostlyNEtoE Open to closed 
entire province plunging folds 

Fabrics 

n!a 

n!a 

Fine slaty cleavage in pelitic rocks 

sS2 defined by mica alignment - ranges 
from cleavage to schistosity or 
crenulation of sS 1• Stretching and mineral 
lineations common 

sS3 defined by mica and aluminosilicates 
(sillimanite) . Gneissosity more common 
to the east and north 

Magmatic textures (flow banding) 
overprinted by S-C blastomylonite 

Well developed S-C fabrics, 
grainsize reduction, quartz ribbons, 
mica fish. Strong stretching lineations. 
Extensional shear bands common 

Mostly steeply dipping, symmetrical N-S 
trending crenulations. Crenulations 
overprinted foliated granites 

Weak crenulations and kink bands. 
No new mineral growth 

Metamorphism 

n!a 

n!a 

Low greenschist 

Greenschist 

Melting and intrusion associated with 
prograde low-P high-T metamorphic 
to upper amphibolite facies 

Isograds cut across sD2 structures. 
Grade increases to the east and north 

Greenschist 

Greenschist retrogression, 
some new biotite growth 

Low greenschist 

Age 

-1563 Ma 

1563-1550? Ma 

1550? Ma 

1550? Ma 

407 Ma 

<407 Ma 

Carboniferous-
Permian? 

Carboniferous-
Permian? 
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Table 4.11 Deformation and event history for the Iron Range Province, Coen Region (compiled by RS Blewett). 

O'l Event Main Features Distribution Orientation Style/Shear Sense 

Deposition Deposition of pelitic/psarnmitic Widespread across n/a n/a 
and carbonate protolith entire province. 

Limestone in far north. 
Intrusion Mafic dykes and sills- greenstone Greenstone in Iron 

Range region 

iD, Folds and associated iS, cleavage Main fabric in Sefton E-W originally Isoclinal ? 
Metarnorphics 

iD2 Macroscopic and mesocopic Widespread across Mostly N-NNW- Tight to isoclinal 
folds, well developed cleavage, entire province trending, steeply 
schistosity, crenulation, some dipping fabric, 
lineations subhorizontal axes 

iD, Mesoscopic folds and lineations Widespread across NE and SW gently Tight to closed 
entire province plunging folds asymmetric folds 

iD4 Mesoscopic folds Widespread across ESE-trending folds Gentle open 
entire province warps and kinks 

Fabrics Metamorphism 

n/a n/a 

Fine slaty cleavage in pelitic rocks Low greenschist 

iS2 defined by mica alignment- Greenschist 
ranges from cleavage, phyllitic 
foliation to schistosity or crenulation 
of iS, 

n/a Low greenschist 

n/a Low greenschist 

Age 

<1133 Ma 

? 

? 

? 

Carboniferous-
Permian? 
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Table 4.12. Known mineralisation and resources, Coen Region. Deposit numbers shown on Plate 4.2. (compiled by TJ Denaro). 

Deposit Number Name Type and Age of Deposit Resources and Resu~es 

I Temple Bay area Quartz-pyrite-arsenopyrite-gold veins 
in breccia zones in late Palaeozoic 
volcanics. Potential epithermal 
gold systems. 

2 Tin Creek and First Stony Cainozoic alluvial tin deposits. 
Point Tinfields 

3 Pascoe River coal Coal seams in Carboniferous and 
Mesozoic sediments. 

4 Claudie River Gold and Mineral Stratabound Au-Fe-Mn deposits and Indicated resource: 1.0 Mt @ 

Field (includes Iron Range, associated quartz veins in Proterozoic 54-62% combined Fe and Mn. 
Scrubby Creek and Packers metamorphic rocks. Quartz-gold veins Inferred resource: 300 000 t @ 

Creek) in Permian granite. Cainozoic alluvial 45-55% combined Fe and Mn. 
gold deposits . Metamorphosed 
stratabound/stratiform Fe-Mn deposits 
in Proterozoic metamorphic rocks. 
Copper mineralisation in shear zones in 
Proterozoic greenstone, close to the 
contact with Silurian-Devonian granite. 

5 Bowden Mineral Field Quartz-wolframite veins in Proterozoic 
metamorphic rocks; mineralisation 
related to a Permian granite. 

6 Wenlock Gold and Mineral Field Quartz-gold reefs in shear zones in 
(includes Top Camp, Lower Camp, Silurian-Devonian granites and along 
McLennans Lode and White granite-metamorphics contact. Quartz 
Heather) veins in Permian granites. Mesozoic 

deep lead gold placers. Cainozoic 
alluvial gold deposits. 

7 Granite Creek (Wolverton Prospect) Cainozoic alluvia l tin deposits and 4.1 Mml of allumium @ 

(includes Yoohoo Creek tungsten palaeoplacers. I . 13 kg/m1 cassiterite 
deposits) Scheelite in weakly mineralised skarns 

in Proterozoic metamorphic rocks. 

8 Hayes Creek Provisional Goldfield Quartz-gold reefs in shear zones in 5000 m3 of alluvial wash @ 

Si lurian- Devonian granite. Cainozoic up to 0.33 g/m3 Au. 
alluv ial gold deposits. 

9 Battery Lease Quartz- gold reefs in shear zones in 
Proterozoic metamorphic rocks, 
close to the contact wi th 
Silurian- Devonian granite. 

10 Blue Mountains Quartz-gold reefs in shear zones in 
Si lurian-Devonian Hype granite. 
Cainozoic a lluvial gold deposits. 

II Skae and Whites Creeks Cainozoic a lluvial gold deposits. 

12 Mullimbidgee Quartz- gold reefs in shear zones 
in Silurian- Devonian granite. 
Cainozoic alluvial gold deposits. 

13 Leo Creek (includes Claudie Quartz- gold reefs in shear zones in 
Lakeland) Si lurian-Devonian granite and along 

granite- metamorphic contact. 
Cainozoic alluvia l gold deposits. 

14 Coen Goldfield (includes Coen, Quartz-gold reefs in shear zones in 
the Springs. Klondyke. Proterozoic metamorphic rocks and 
Lochinvar, Grand Final and Si lurian-Devonian 1- and S-type granites 
Tadpole Creek) and along granite- metamorphics contact. 

Gold associated with Carboniferous-
Permian porphyritic rhyolite dykes. 
Cainozoic alluvial gold and heavy 
mineral deposits. Quartz- wolframite-
molybdenite veins in Si lu rian-Devon ian 
granite. Disseminated secondary uranium 
mineralisation in mylonite and quartz 
veins in a shear zone in a Silurian-
Devonian granite. 
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Table 4.12. Known mineralisation and resources, Coen Region (compiled by TJ Denaro). (Continued) 

Deposit Number Name Type and Age of Deposit Resources and Reserves 

15 Rocky River Goldfield Quartz- gold reefs in shear zones in 
Silurian-Devonian granite and along 
granite-metamorphics contact. 
Cainozoic alluvial gold deposits. 

16 Goanna Creek Prospect Cassiterite in pegmatitic quartz veins 
in Proterozoic metamorphic rocks. 
Cainozoic alluvial tin deposits. 

17 Hamilton Goldfield (includes Quartz-gold reefs in shear zones in 
Ebagoola and Yarraden) Proterozoic metamorphic rocks and 

Silurian-Devonian 1- and S-type 
granites and along granite- metamorphics 
contact. Gold associated with 
Carboniferous-Permian porphyritic 
rhyolite dykes, breccia and intrusions. 
Cainozoic alluvial gold deposits. 

18 Spion Kop Gold-bearing breccia in a late 
Palaeozoic rhyolite intrusion. 

19 Flying Fox Hill Gold-bearing quartz veins associated 
with late Palaeozoic porphyritic 
rhyodacite dykes. 

20 Potallah Creek Gold and Quartz-gold reefs in shear zones in 
Mineral Field Proterozoic metamorphic rocks, close 

to the contact with Silurian- Devonian 
granite. Cainozoic alluvial gold deposits. 

21 Gossan Prospect Stratiform polymetallic massive 50 000 t @ 10% combined Cu, 
sulphides in Proterozoic black shale Pb and Zn sulphides. 
and basic igneous rocks. 

22 Looking Glass Muscovite associated with quartz 
blows and pegmatite dykes in 
Proterozoic quartz- mica schist. 

23 Alice River Gold and Mineral Field Quartz- gold reefs in shear zones in 
Silurian-Devonian granite. Cainozoic 
alluvial gold deposits. 

24 Dickies Antimony lodes Quartz- stibnite veins and stockworks 
in Proterozoic metamorphic rocks and 
Silurian-Devonian granite. 

25 Copper Prospect Cu-Ni mineralised ?dyke of 
Proterozoic metamorphosed 
ultramafic rock. 

26 Palmer River Cainozoic alluvial gold deposits and Fernhill Bend: 1 653 000 m3 of 
palaeoplacers . alluvium @ 337 mg/m3 Au. 

Palmerville crossing: 1 119 000 m3 of 
alluvium @ 395 mg/m3 Au. 
Glenroy Creek - Palmer River: 
35 000 m3 of alluvium @ 

255 mg/m3 Au. 

27 Balterra Reef Quartz-gold reef in a shear zone in 
Proterozoic metamorphic rocks. 
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CHAPTERS 

TORRES STRAIT REGION 

Introduction FE von Gnielinski 

The Torres Strait Region occupies land and sea bed mainly 
north of Cape York Peninsula, but including Cape York 
(Figure 5.1 ). It is an elongate northeast-trending area, 
bounded by the northern Carpentaria Lowlands and the 
Gulf of Carpentaria Regions to the south and southwest, 
the Coral Sea Region to the east and the Papuan mainland 
to the north. It consists of late Carboniferous to Early 
Permian volcanic rocks and granites which are mostly 
submerged under water, and thin shelf sediments. 
Cainozoic mafic volcanic rocks associated with the Maer 
Subprovince were extruded to the northeast in the Coral 
Sea Region (see Chapter 11). The geology of the region 
has been described by Willmott et al. (1969); Willmott et 
al. (1973); Willmott & Powell (1977b) and von Gnielinski 
(1996). 

Figure 5.1. Location of the Tones Strait Region. 

Geological Framework 
FE von Gnielinski 
The oldest geological units within the Torres Strait Region 
are late Carboniferous to Early Permian volcanic rocks 
intruded by comagmatic !-type granite (Plate 5.1). These 
late Carboniferous to Early Permian rocks constitute the 
northern parts of the Badu-Weymouth Belt (see Chapters 
2, 14) forming what was originally a very extensive ridge 
(previously named 'Cape York-Oriomo Ridge'), which is 
mostly submerged. The ridge is exposed on the tip of Cape 
York Peninsula, the western Torres Strait Islands and the 

by FE VON GNIELINSKI, TJ DENARO, 

P WELLMAN and CF PAIN 

southern edge of Papua New Guinea, at the village of 
Mabaduan and Dauan Island. The western Torres Strait 
Islands are the peaks of this submerged ridge, rising steeply 
from the seafloor to 1 00 m above sea level. 

The late Carboniferous to Early Permian igneous rocks 
are unconformably overlain by Cainozoic clayey sandstone 
and sandstone. To the east of the region, Quaternary 
volcanoes emerged from the Coral Sea and recent coral 
reefs fringe most islands. Between the early Tertiary and 
Miocene, extensive alluvial cover and laterite developed 
over the region. Although it is presumed that Proterozoic 
metamorphic rocks of the Iron Range Province underlie 
the Palaeozoic intrusive and extrusive rocks at depth, no 
exposures are known. 

Geophysical Characteristics 
P Wellman, FE von Gnielinski 
The Torres Strait Region is part of the Badu-Weymouth 
Belt of the Carboniferous-Permian Kennedy Province (see 
Chapter 14). The Badu-Weymouth Belt extends from 
CAPE WEYMOUTH in Fhe south to southern Papua New 
Guinea in the north. On the basis of geophysical data, this 
province extends over 250 Ian north-south by 200 Ian east
west. In this predominantly igneous area the gravity 
anomalies have a high average, and magnetic anomalies 
are irregular with a medium average. 

The Torres Strait Region is on the western margin of the 
Jardine Subprovince of the Kennedy Province. It is thought 
on the basis of the geophysics and geology that the western 
margin, including the Torres Strait Region, is largely 
volcanic with cauldrons, while the eastern margin is largely 
intrusive with no identified cauldrons. 

Centred on Prince of Wales Island is a gravity low and 
prominent circular magnetic low interpreted as a 24 by 15 
Ian cauldron. This corresponds to the area of the Muralug 
Ignimbrite. Abutting to the north is a less well defined 
gravity and magnetic low that also is a possible cauldron. 
A strong magnetic low defining its northern margin has a 
length of at least 30 km, so the cauldron would be 35 Ian 
by 30 km, and include the Goods Island Ignimbrite, the 
area of the granitic intrusions on Horn Island, and part of 
the area of Endeavour Strait Ignimbrite. 

A series of arcuate magnetic features interpreted as a 
30 km diameter cauldron is centred on the northern margin 
of Moa Island. This possible cauldron contains the 
undifferentiated Torres Strait Volcanics and Badu Granite 
of Moa Island. This cauldron is not a gravity low; it is 
within a large gravity high that is part of the gravity 
expression of a major basement feature between Torres 
Strait and Arnhem Land. On mainland Australia, the 
Endeavour Strait and Eborac Ignimbrites have been 
mapped between Cape York and 40 km southwest along 
the coast. The northern part of this coastal strip has a high 
gravity anomaly, and a high and smooth magnetic anomaly, 
so the rocks are interpreted to be between cauldrons. The 
southern part of this coastal strip has irregular, low 
magnetic anomalies, consistent with the outcrops overlying 
the southern margin of a poorly defined cauldron complex. 
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Carboniferous-Permian 
FE von Gnielinski . 
To.rres Strait Volcanic Group 
Torres Strait Volcanic Group is a newly defined term for 
all late Carboniferous to Early Permian volcanic rock units 
within the Torres Strait Region (Table 5.3). Rocks within 
the Torres Strait Volcanic Group are predominantly 
rhyolitic welded tuffs with minor agglomerate, volcanic 
breccia, ignimbrite, rhyolite, andesite and interbedded 
sediments. The most extensive areas of outcrop are on the 
'Prince of Wales Island' group of islands and on the 
mainland, with some small exposures as far north as Dauan 
Island and north of Mabaduan village on the Papua New 
Guinea coast. The volcanic rocks have been recrystallised 
and homfelsed for a considerable distance from intruding 
granitic rocks. Hydrothermal alteration and mineralisation 
are also common in the ' Prince of Wales Island' group 
(Willmott & Powell 1977a; von Gnielinski 1996). 

Within the Prince of Wales Island group four separate 
volcanic units have been recognised. ~ithological 
differences between the Eborac Ignimbrite, the Endeavour 
Strait Ignimbrite-Goods Island Ignimbrite, and the 
Muralug Ignimbrite could indicate that these units 
originated from three separate local sources (Willmott & 
Powell1977a). Geochemical data indicate that all of these 
volcanic rocks are comagmatic (von Gnielinski 1996). 

The Ebo'rac Ignimbrite forms the basal unit, overlain by 
the Endeavour Strait Ignimbrite. The unit grades into the 
Goods Island Ignimbrite. The Muralug Ignimbrite is 
faulted against the Endeavour Strait Ignimbrite and its 
relationship to the other formations is unknown (von 
Gnielinski 1996). Small outcrops of volcanic rocks on the 
islands in the northern part of the Torres Strait Region are 
unassigned. 

The thickness of the Torres Strait Volcanic Group is 
unknown because the base is not exposed and much of 
the area of outcrop is covered by sea. The four defined 
formations do not form a simple succession, but can reach 
a thickness of 300 m. The massive welded tuffs seldom 
show signs of bedding. The attitude of the sheets has been 
deduced from the orientation of th'e compressed pumice 
fragments, which are assumed to be parallel to the surface 
on which the sheets where laid down. The Eborac 
Ignimbrite is flat or dips gently southwest. The Endeavour 
Strait Ignimbrite dips gently northwest (some steep 
northwesterly dips measured on some of the islands of 
Endeavour Strait may be due to faulting). The Goods Island 
Ignimbrite also dips to the northwest (some areas disturbed 
by faulting). The main massive welded tuff sheet of the 
Muralug Ignimbrite appears to be horizontal. Along the 
northeast margin of the sheet the underlying thin vertical 
sheets of welded tuff form a prominent linear feature 
separating Muralug Ignimbrite from Endeavour Strait 
Ignimbrite. These steeply dipping tuff sheets may have 
been extruded along the boundary fault of a cauldron 
subsidence area formed after the eruption of the Endeavour 
Strait Ignimbrite (Willmott et al. 1973; cfBranch 1966 p19). 

Badu Suite 
The 'intrusive rocks with.in the Torres Strait Region and in 
southern parts of Papua New Guinea are fairly 
heterogenous in appearance, but geochemical analysis has 
shown all of them to be comagmatic. Due to their very 
similar geochemical signatures, their apparent close 
relationship to the Torres Strait Volcanic Group and their 
fairly wide distribution, the term Badu {Igneous) Suite is 
introduced here, incorporating the Badu Granite and the 
Hom Island Granite (von Gnielinski 1996). 
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No recent investigations have been carried out in the Badu 
Granite (around Moa Island), but four intrusive phases 
have been mapped on Hom Island, all of which are co
magmatic with the volcanic units (von Gnielinski 1996). 
In terms of relative ages, the oldest intrusion is thought to 
be a porphyritic microgranite, followed by a biotite
hornblende granodiorite and a fine grained granite and 
lastly, unmineralised porphyritic siliceous dykes. Other 
intrusive rocks with different lithological and textural 
composition in the Torres Strait Region belong to the Badu 
Granite. 

Horn Island Granite (Kirk, 1988) is a porphyritic 
microgranite, which occurs not only on Horn Island, but 
also on Friday Island, the Tuesday Islets, East Strait Island 
and Twin Island, as well as some small bodies on Prince 
ofWales and Mabuiag Islands (von Gnielinski 1996). The 
type area is around King Point, on the northern end of 
Horn Island. Porphyritic g ranite dykes of similar 
composition intruding the Badu Granite between Badu and 
Hawkesbury Islands are generally finer grained and appear 
to be of different texture.The granite contains phenocrysts 
of albite, oligoclase and alkali feldspar to 25 mm. It is an 
I-type granite with biotite and hornblende. The intrusion 
of the porphyritic microgranite on Horn Island caused 
widespread hornfelsing of the Endeavour Strait Volcanics. 
The Horn Island Granite has been variably altered to 
different degrees. The alteration is probably associated with 
the equigranular Badu Granite phases and late phase 
hydrothermal fluids . The more greenish grey varieties of 
the Horn Island Granite have been subject to various 
degrees of cbloritic- sericitic alteration. 

The co-magmatic, high level Badu Granite consists of 
various compositional and textural types of granite, 
including leucocratic biotite granite, hornblende biotite 
granite, granodiorite and aplite. Rocks belonging to this 
unit are 1-type granites. The type area for Badu Granite is 
on Badu Island, where it is represented by a pink 
leucocratic biotite granite containing some hornblende. 
Pink or grey porphyritic biotite granite with large 
phenocrysts of K-feldspar are the common rock type on 
the archipelago between Badu and Hawkesbury Islands. 

Hornblende bearing biotite adamellite and granodiorite are 
the dominant rock types on Moa Island and on some 
smaller islands to the east. On Hom Island, equigranular 
granites intrude the Hom Island Granite in the Welcome 
pit area (von Gnielinski 1996). 

Other islands with Badu Granite outcrop include 
Hawkesbury and Hammond Islands. In general, the rocks 
from these islands are less altered. K-Ar dating provided 
the following ages: Hammond Island 286 ± 3 Ma, 
Hawkesbury Island 294 ± 4 Ma, Clarke Island 293 ± 5 Ma 
and Mabaduan Village (PNG) 302 ± 5 Ma (as given in 
Richards & Willmott 1970). 

A series of dykes intrudes the granites and volcanics in 
the Torres Strait Region. The sequence of intrusion of three 
types of dykes was determined by Willmott eta!. ( 1973). 
On Badu Island, where the most complete sequence of 
dyke intrusion exists, the order was recorded as 
intermediate dykes; porphyritic microgranite dykes and 
felsite dykes. None is directly associated with 
mineralisation. 

The intermediate dykes are greenish grey and contain some 
small plagioclase phenocrysts. They are dacitic to andesitic 
and contain either'hornblende or augite as the dominant 
ferromagnesian mineral. 



The porphyritic microgranite dykes occur predominantly 
between Canoe and Badu Islands and on Mabuiag Island. 
They contain abundant large potash feldspar phenocrysts 
(euhedral, up to I 0 mm) and clear quartz (up to 3 mm) in 
a grey aphanitic ground mass. These dykes are less common 
than others but are generally larger. 

The felsite dykes are the most abundant type throughout 
Torres Strait. In most cases they are vertical. They are 
dominantly orange pink, but light green varieties are also 
known. Most have embayed clear quartz phenocrysts (up 
to 8 mm) and less abundant potash feldspar phenocrysts 
(up to 6 mm). Small chloritised biotite flakes are a common 
minor constituent of these rocks. 

Regolith and Landforms 
C Pain 
In Situ Regolith 
Volcanic rocks in the Torres Strait Region have a regolith 
cover consisting of shallow stony soils overlying slightly 
to moderately weathered saprolite. Moderate weathering 
extends down for several metres in places, but the nature 
of the underlying bedrock is always obvious. On steep hill 
slopes, bedrock is often exposed at the surfac·e or covered 
with a thin layer of stony debris. Residual sand and silt 
cover lowland areas on granite on the larger islands. 

Transported Regolith 
Estuarine deposits underlie coastal swamps along parts of 
the coast. Modern beaches and some vegetated beach 
ridges occur along most of the coast, both on the mainland 
and around islands. Fringing coral reefs, with an average 
width of 200 m, are commonly developed around rocky 
islands. There are also numerous platform reefs, exposed 
only at low tide. On some platform reefs debris has 
accumulated to form cays. The most prominent platform 
reefs are located north of Hammond Island, but some bars 
also occur between Horn and Thursday Islands. 

Small areas of coastal dunes are present along the eastern 
mainland coast of the Torres Strait Region. 

A variety of alluvial deposits occur in valley floors. They 
include swamp and minor lake deposits, and sandy 
alluvium. Catchment areas are small and the sediments 
are locally derived. 

Sandy and clayey colluvium derived by surface wash and 
soil creep occur in foot slope locations surrounding 
volcanic hills. They overlie moderately to highly weathered 
volcanic saprolite. 

Structure and Tectonics 
FE von Gnielinski 
The Torres Strait Region covers an extensive area of 
relatively undisturbed rocks of the Carpentaria Basin on 
the flanks of elevated basement making up the Cape York/ 
Oriomo Ridge. The Ridge continues north-northeast 
across Torres Strait under Tertiary cover into the Oriomo 
area of southwestern Papua (Stach 1964). 

Little structure is evident in the discontinuously 
outcropping basement rocks of the Cape York/Oriomo 
Ridge. Bedding features are rarely discernible in the 
massive welded tuff sheets of the Torres Strait Volcanic 
Group. Orientations of flattened pumice fragments 
suggested that in the .south the Eborac, Endeavour Strait 
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and Goods Island Ignimbrites dip gently to moderately to 
the northwest. The eastern edge of the Muralug Ignimbrite 
has been tilted against the Endeavour Strait Ignimbrite by 
a northwesterly-trending fault, possibly a boundary fault 
of a cauldron subsidence area (Willmott et al. 1973), in 
the northern part of Prince of Wales Island. 

Most dominant structures through the province are faults 
trending northwest. A younger generation trends north
northeast, commonly showing stockwork mineralisation 
at its intersections. Strong pressure release fracturing has 
occurred throughout the basement rocks (von Gnielinski 
1996). 

The eastern edge of the Cape York/Oriomo Ridge, with its 
subsurface basement and overlying Mesozoic sediments 
was outlined by geophysical surveys (Gulf 1965; Tenneco 
1967, 1968; Amoseas 1968). The Peninsula Ridge is 
separated from the Cape York/Oriomo Ridge by a shallow 
depression (the Peninsula Trough), possibly filled with 
Mesozoic sediments that may link the Carpentaria and 
Papuan Basins (Mott 1958). 

Correlations 
The Carboniferous to Permian rocks were erupted at 
approximately the same time as the late Carboniferous 
volcanic rocks near Iron Range on Cape York Peninsu la, 
about 180 kilometres to the south-southeast. 

Mines and Mining History 
TJ Denaro, FE von Gnielinski 
The details of mining history of the region are given by 
Denaro (1993) and von Gnielinski (1996). 

Alluvial gold was discovered on Horn Island in 1894 and 
on Possession Island in 1896. Both Possession Island Gold 
and Mineral Field and Horn Island Gold and Mineral Field 
were proclaimed and reef mining commenced shortly they 
were discovered. The Horn Island Gold Mining Company 
erected a large and costly crushing plant on Horn Jsland 
in 190 I to process ore from the Welcome open cut near 
Smyth Creek but operations ceased after a short time. 
Sporadic mining only was carried out after 190 I, with 
minor gold produced from alluvial and shallow surface 
workings up to 1921. T. Rider installed a S-head battery in 
1940 on the Welcome Lease and produced 990 g of gold 
and 181 g of silver in 1941, the only recorded production 
between 1921 and 1987. Gold was also mined on 
Possession, Hammond and Thursday Islands. 

From 1938 to 1955, wolframite was mined by hand picking 
and gouging shoad and quartz reef deposits at three main 
localities on Moa Island. Most production was during the 
Second World War and the Korean War, when the 
wolframite price was high. Wolframite has also been mined 
on Portlock Island, 4.5 km northeast of Moa lsland. 

Alluvial and vein cassiterite deposits were found near Cape 
York in 1948 and from 1950 to 1986, cassiterite 
concentrates were produced from alluvium and beach 
sands between Punsand Bay and Laradeenya Creek. Most 
of this production came from small rich pockets at the 
head of the beaches along Punsand Bay. After successful 
trial crushings at lrvinebank of lode material from reefs 
in the hills south of Punsand Bay, the Queensland 
Department of Mines erected a small 3-head battery in 
1953. From 1952 to 1979, cassiterite concentrates were 
produced from a number of small quartz lodes in the area. 
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Torres Strait Gold explored the Horn Island Gold and 
Mineral Field and opened up the Horn Island Gold Mine 
in 1987. Mining was by open cut and treatment by fine 
grinding, flotation and carbon-in-leach. The area mined 
covered some of the old workings and the old open cut in 
the Welcome area, southeast of Homed Hill. Further targets 
were known but not developed. Some alluvial gold was 
also recovered from gull ies draining irito Spring Creek. 
The mine closed in December 1989 due to lower than 
expected ore grades and the. collapse of the parent 
companies (Augold N.L. and Giant Resources). The leases 
were forfeited and the Department ofMines and Energy 
has decommissioned the mine and is rehabilitating the site. 
Total production (1988- 1989) was 1432 kg of gold bullion 
(52% gold). The area mined was only a small portion of 
the historic goldfi_eld. · 

Gold, tin and tungsten have been produced in the Torres 
Strait Region {Table 5.1). The Australian and Papuan New 
Guinea governments recognised the Torres Strait Region 
as a sensitive marine environment by setting up the 
Commonwealth Papua New Guinea Torres Strait 
Environment Management Committee. Parts of a 1978 
treaty between the two governments included a moratorium 
on exploration or development of mineral and energy 
resources, and the placing of a restricted zone over large 
sections of the Torres Strait Region to the north. of Horn 
Island. After the fai lure of mining activities on Hom Island, 
the Department of Mines and Energy placed a restricted 
area reserve over the entire island in 1995 to protect 
ongoing rehabilitation work. There is no current mining 
activity within the Torres Strait Region. 

Recent Mineral Expl~ration 
TJ Denaro, FE von Gnielinski 
The results of company exploration in the Torres Strait 
Region have been described in detail by Denaro (1993) 
and von Gnielinski (I 996). 

1950s 
In 1956 the Punsand Bay and Laradeenya Creek areas were 
investigated for alluvial tin, but no large workable deposits 
were found. Exploration for alluvial and lode tin by several 

Table 5.1. Mineral production, Torres Strait Region. 

G o ld:•. Honi'lsland and Possession lslond:Gold I and Mineral Fi~1ds . 
Production period Ore (t) Lode gold Alluvial 

(kg bullion) gold (kg) 

1894-1902, 1905, >21 167 292.5 31.1 

1909, 1919, 1935 

1988-1989 1432.0 

Tin : c~·pe York·Tintieid 
' · 

~ 
Production period Cassiterite concentrates (I) 

1950-1986 > 15.6 (lode) >21.5 (alluvial) 

Thngsten: .Mo~· and Portlock Islands I 
Production period Lode wolframite concentrates (t) 

1938- 1956 100.6 
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companies continued untill970, but no economic deposits 
were delineated. 

Rec01maissance investigations for copper were carried out 
in 1957 by Enterprise Exploration Company on Goods, 
Hammond, Possession and Horn Islands. 

1960s 
C.E. Peverill held GML 33 'Welcome' on the Hom Island 
Gold and Mineral Field in 1961 and excavated some bulk 
ore for assay and testing by the CSIRO. Results are reported 
in Woodcock ( 1962a,b ). In 1963 Austral ian Selection 
followed up with some diamond dri ll ing on GML 33 to 
test for a bulk minable gold deposit, but the prospect was 
deemed uneconomic. 

From 1966 to 1970, CRA Exploration and Noranda 
Australia investigated the porphyry copper potential of the 
Torres Strait islands and the nearby mainland. Stream 
sediment sampling and mapping on most of the islands 
indicated that base metal mineralisation is associated with 
alteration zones, but the mineralisation is restricted in · 
extent and there is little potential for economic deposits. 

1970s 
In 1971 and 1972, Torres Strait Wolfram excavated an ad it 
along the Eet Hill lode on Moa Island. Bulk sampling 
indicated low wolframite grades only. 

In the early 1970s Noranda Australia carried out some 
geological mapping and rock chip sampling (620 samples 
collected and analysed for gold, silver and base metals) 
over five islands (Horn, Hawkesbury, Goods, Possession 
and Hammond Islands) and the northern Cape York 
Peninsula coast to investigate potential gold and base metal 
mineralisation. Extensive areas of alteration were outlined 
but the detailed sampling yielded disappointing results. 

1980s 
Alluvial tin exploration at Cape York by Jimbilly in 1980 
to 1982 indicated that grades are generally sub-economic, 
except along present day drainage. In 1981 , Halekka 
concluded that tin concentrates do not reach the grades 
and volumes necessary for economic mining. In 198\ and 
1982, South Pine Mines investigated the Moa Island 
tungsten deposits for Halekka. Detailed mapping and 
sampling were carried out but no economic deposits were 
delineated. 

The main focus of exploration since ·1980 has been the 
gold deposits of the Horn Island Gold and Mineral Field. 
Geochemical and ground geophysical surveys as well as 
extensive percussion and some diamond drilling were 
completed by various companies. Carpentaria Exploration 
Company carried out a detailed airborne geophysical 
survey in July 1986. Torres Strait Gold delineated indicated 

. and inferred resources of 2.35 Mt at an average grade of 
2.37 ppm Au to a depth of 40 m on Horn Island in the 
1980s (Levy & Storey 1990) for the Horn Island Gold and 
Mineral Field area. Quarterly reports in December 1986 
and March 1987 to the Brisbane Stock Exchange by Giant 
Resources inferred additional resources of 1.5 Mt at an 
average grade of2.37 ppm Au at depth to about 70 m, not 
taking a possible extension of mineralisation to the south 
into consideration. Additional mineralisation was proven 
for the Southern Silicified Ridge and . the Mystery Reef 
extension to the west of the open cut (not included in the 
above resource figures), but no resource figures were 
published. Exploration on Prince of Wales, Goods, 
Entrance, Wednesday and Friday Islands did not delineate 
any minable deposits. 



Mineralisation and Known 
Resources 
TJ Denaro 
Table 5.21ists known mineral resources in the Torres Strait 
Region, as shown on Figure 5.1 . 

Gold 
Porphyry-related gold-base metal sulphide-quartz veins 
and stockworks occur in Carboniferous to Early 
Permianwelded tuff and porphyritic granite on Horn, 
Possession, Hammond and Thursday Islands in the 
southern Torres Strait area. The gold is restricted to quartz
carbonate reefs in altered porphyritic granite and 
microgranite; virtually no gold occurs in unveined granite. 
The main alteration products are green sericite, chlorite 
and illite occurring in narrow zones around veins and as 
more pervasive zones enclosing stockworks. 

Sulphide minerals include pyrite, galena, sphalerite, 
chalcopyrite and arsenopyrite, and commonly form up to 
20% of ore shoots. Individual veins range from 0.3 to I 0 
m wide. The veins are tensional features, with well
developed comb quartz, laminated quartz and breccia 
textures. Some of the silica is cryptocrystalline and fluorite 
occurs in some late-stage veins. Gold is free in the oxidised 
zone, but closely associated with galena in the primary 
ore. The mineralisation is within a southeast-trending 
structural corridor with well developed propylitic 
alteration. 

Tungsten 
Wolframite occurs in joint-controlled quartz lodes on Moa 
Island in the Torres Strait. The lodes occur in the 
Carboniferous to Early Permian Badu Granite and in 
hornfelsed undifferentiated Torres Strait Volcanic Group 
close to the granite contact. The main lode (Eet Hill) is a 
fissure-filling, chloritised quartz vein system with pyrite, 
arsenopyrite , chalcopyrite, galena, marcasite and 
wolframite; chloritic and sericitic alteration occur along 
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vein margins. Wolframite has also been found on the 
adjacent Badu, Portlock and North Possession Islands and 
has been· reported to occur at Mount Paterson on the 
mainland. · 

Tin 
Several small, cassiterite-bearing lodes occur associated 
with altered welded tuff of the Torres Strait Volcanics and 
intrusive porphyries in the hi lls behind Punsand Bay, near 
Cape York. The cassiterite occurs in narrow, iron-stained. 
quartzose veins and veinlets occupying joint fissures 
(Taylor 1969). All occurrences are minor and the largest 
vein in the field was worked to only 10m depth. 

Coastal outcrops of porphyritic rhyolite contain numerous 
small, cassiterite-bearing vein lets and have attracted some 
attention as potential low-grade deposits. The largest 
deposit occurs at the Bluffs Quarry and comprises a 1.3 m 
wide alteration zone with numerous narrow cassiterite 
vein lets. Bulk grades are extremely low (<0.10% Sn) and 
vein lets are too dispersed for large-scale mining operations 
(Taylor 1969). Mineralisation is probably related to the 
late Carboniferous to Early Permian Badu Granite and/or 
associated porphyritic microgranite. 

Cassiterite mined from alluvium and beach sands in the 
Punsand Bay and Laradeenya Creek areas has been shed 
from nearby quartz vein systems. Some minor alluvial 
cassiterite was found in central Horn Island (Lord & 
Shalley 1987). 

Molybdenite and Copper 
Minor molybdenite occurs in quartz veins at the Horn 
Island Gold Mine and on Moa Island. Minor copper 
mineralisation, as chalcopyrite partly oxidised to malachite 
and azurite, occurs in quartz-veined and hydrothermally 
altered welded tuff (Torres Strait Volcanic Group) and 
porphyritic microgranite (Horn Island Granite) on 
Hammond, Hom, Badu, Moa, Booby, Goods, Thursday 
and Possession Islands, Pai Bai Tud Islet, at Peak Point 
and in some of the tin lodes on the mainland. 

Thble 5.2. Known mineralisation and resources, Torres Strait Region. Numbers refer to Plate 5. 1. 

~'Ntii'lfjj~'lft, i!i..,.____ .i:l w .... ~~·~ .. 'fi.am~·~!YJ.. ~·1.t'l'L.~ ~--f~;t-~.,...~~>~!~ 
iif.YPJ!.i~nfJ[~gf!J.(} ~D~p.!J..~.i1!.'1#',~ ~ ~~~~ 

I Horn Island and Possession Au-base metal sulphide-quartz-carbonate Horn Island: Inferred resource 
Island Goldfields (includes veins and stockworks in Carboniferous - 2 .35 Mt @ 2.37 ppm Au 
Horn, Possession. Hammond, to Early Permian Torres Strait Volcanics (Levy & Storey 1990). 
Thursday. Prince of Wales and related 1-type porphyritic granite. This resource has bee11mincd 
and Goods Islands) Cainozoic alluvial placer gold deposits 

2 Moa. Badu and Portlock Islands Quartz-wolframite lodes in Carboniferous to 
Early Permian Torres Strait Volcanics and 
related 1-type porphyritic granite 

3 Cape York Tin field Quartz-cassiterite veins and sheeted quartz Northern Mine: 200 t @ 7.2% 
-cassiterite veins in Carboniferous to early recoverable Sn. Fourteen Acre Mine: 
Permian Torres Strait Volcanics and associated 1000 t@ 0.7% recoveruble Sn. Booty 
intrusive 1-typc porphyries. Cainozoic alluvial and Maula Creeks: 448 000 ml of 
stream and beach placer cassiterite deposits alluvium@ 310 glm3cassiterite. Lady 

Luck lease: 660 000 ml of beach sands 
@ 193 glml cassiterite 
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Table 5.3. Stratigraphy of the Torres Strait Region (compiled by FE von Gniclinski) . 
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I ~.-<-"~. ir~ II~~ Wep.,qJitf9~, ~ .. t ~ ,,.. f"\· lj !.'-~:~- .t' ;{ ,(: ·..... ;_ .! #_...~ r !1..ii.ifl... ~ ~ ~ 
Badu Suite Badu Granite Granite, granodiorite, High level acid intrusive; 

aplite, stockwork with late phase aplite and stockwork 
breccia breccia and andesitic 10 

rhyolitic dykes 

Hom Island Granite Porphyritic High level acid intrusive; 
microgranitc intruded by Badu Granite and 

acid dykes 

Torres Strait Muralug Ignimbrite Crystal-rich rhyolitic + 150m Pyroclastic flow deposits and 
Volcanic ignimbri te; rhyolite; ash-fall tuffs, cpiclasric deposits 
Group volcaniclastic rudite and minor shallow water 

sediments 

Goods Island Lithics & crystal-rich +80m Pyroclastic now deposit and 
Ignimbrite dacitic to rhyodacitic ash-fall ruffs, some epiclaslic 

ignimbrite; tuffaceous deposits (volcanic), minor 
siltstone, sandstone shallow water sediments 

Endeavour Strait Lithics & crystal-rich +lOOm Pyroclastic now deposit and 
Ignimbrite rhyolitic ignimbrite; ash-fall tuffs. some epiclastic 

volcanic rudile and deposits (volcanic), some 
breccia; rhyolite; breccias 
andesite; some 
sediments 

Eborac Ignimbrite Crystal-rich rhyolitic +lOOm Pyroclastic now deposit and 
ignimbri te: rhyolite: ash-fall ruffs, some epiclastic 
volcaniclastic rudite. deposits (volcanic) 

Undivided Tuff. ignimbrite 

@~,~~~~1£¥.1! fllzJ~)ffit/1~- :;,~. \~ !ilge an'ii1E viilencej. • • 
~ ~lot 1f CCC ~ b w.-rJ' . ¥ -~ 

~ :• -~ ~ -""-~~-, 1 ·• ~ . . ·~··:;·-"~ · ..;:.i.; 

Late Carboniferous- Early I mrudes Torres Strait 
Permian Volcanic Group and Hom 
Potassium-Argon dates: Island Granite; intruded by 
Hawkesbury = 294 ± 4 Ma andesite 10 rhyolite dykes 
Clarke Island= 293 ± 5 Ma 
Mabaduan PNG = 302 ± 5 Ma 
Hammond lsi. = 286 ± 3 Ma 

Late Carboniferous-Early Intrudes Torres Strait 
Permian Volcanic Group; intruded 

by Badu Granite 

Late Carboniferous Intruded by Badu Suite; 
(stratigraphic correlation) basal contacts unknown 

\if!Vfii1Ffl1r!~ ,....11 
~~ UlOfL . j 
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Badu, Moa, Hammond, 
Hawkesbury and Hom 
Islands 

Hom, Friday, Prince of 
Wales Islands and Tuesday 
Islets 

Prince of Wales and Zuna 
Islands 

Goods, Thursday and Friday 
Islands and northern tip of 
Prince of Wales Island; 
other minor islets 

Hom and Wednesday 
Islands and pans of 
Thursday and Prince of 
Wales Islands; some islets 
nearby 

Adolphus Island, tip of 
Cape York Peninsula 

Tip of Cape York Peninsula. 
Wallis and Red Islands, 
Islands around Mabuiag 
and Badu 

~T~~~iJ\ ~;-;) 
~ 1!--~f~~encifp . . .. , • ~ 

-"• .. ~ ---~ . 
Richards & Willmon ( IY?O) 
Willmott e1 al. (1969) 
Willmon e1 al. ( 1973) 
Von Gnielinski (1996) 

Von Gnielinski ( !996) 

Willmon e1 al. ( 1969) 
Willmott ct al. ( 1973) 
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CHAPTER6 

CHARTERS TOWERS REGION 
b.r LJ HUITON,JJ DRAPER, IP RIENKS, I W WITHNALL and} KNUTSON 

Introduction 
The Charters Towers Region (Figure 6.1; Plate 6.1 a) covers 
about 37 000 km2 to the south and west ofTownsville. Jt 
includes all of the Lolworth Ravenswood Block of Day et 
al. ( 1983) (referred to as the Lolworth-Ravenswood 
Province by Hutton, Rienks et al. 1994a) as wel l as the 
overlying sediments of the Burdekin Basin and extensive 
Carboniferous to Permian granites of the Kennedy 
Province. The region comprises Neoproterozoic to 
Cambrian metamorphic rocks, Palaeozoic mafic to felsic 
intrusive and extrusive rocks and carbonate and clastic 
sedimentary rocks, Tertiary to Quaternary basalts, and 
Tertiary and Quaternary sediments. The stratigraphy of 
the region is summarised in Tables 6.3 to 6.12. Plate 6.5 
shows some of the r~cks in the region. 

Figure 6.1. Location of Charters Towers Region. 

Geological Framework 
U Hutlon, IW Withnall 
Several structural units are recognised in the Charters 
Towers Region as follows. 
I. The Cape River Province comprises the Cape River 

Metamorphics in the western part of the region, the 
Charters Towers Metamorphics in the centre, and the 
Running River and Argentine Metamorphics in the 
northeast. Small patches of basement in the southeast 
are also assigned to this province. The Cape River 

Metamorphics are probably Neoproterozoic to Early 
Cambrian, comprising sediment possibly derived 
from a late Mesoproterozoic (approximately 1150 
Ma) provenance. The Cape River Metamorphics may 
include some presently unrecognised rocks of that 
age. Although the ages of the Charters Towers, 
Argentine and Running River Metamorphics are not 
known, they are included in the Cape River Province 
because of lithologic and structural similarity. Mid 
Ordovician peraluminous, probably S-type granites 
are associated with middle to upper amphibolite grade 
metamorphism in the Charters Towers and Argentine 
Metamorphics. 

2. Late Cambrian to early Ordovician sedimentary rocks 
and felsic to intermediate volcanic rocks belonging 
to the Seventy Mile Range Group and Kirk River Beds 
(Henderson 1980 1986; Berry et al. 1992) are 
assigned to the Tha/anga Province. Similar age 
volcanic rocks in the Balcooma Metavolcanics and 
Lucky Metamorphic Group in the eastern 
Georgetown Province of With nail et al. ( 1980) are 
also assigned to the Thalanga Province. 

3. Late Cambrian to early Ordovician and mid 
Ordovician 1-type granite in the Ravenswood 
Bathol ith and S-type and some hornblende-bearing 
granites of the Fat Hen Creek Complex adjacent to 
the Lolworth Batholith, are included in the Macrossan 
Province. The Charters Towers Region <;ontains most 
of the rocks in this Province, which also includes L 
and S-type granites intruding the Barnard 
Metamorphics in the Cairns Region. 

4. Extensive late Silurian to Early Devonian granites 
are present in the Ravenswood, Lolworth and Reedy 
Springs Batholiths. These granites make up the 
southern end of the Pama Province, which extends 
north to the Coen Region on Cape York Peninsula. 
Silurian to Devonian granites range from 1-type 
biotite hornblende granodiorites and tonalites in the 
Ravenswood Batholith, probable I and S-type 
muscovite biotite granite and garnet leucogranite in 
the Lolworth Batholith, to hornblende and muscovite
bearing granodiorites and granites in the Reedy 
Springs Batholith. 

5. Almost 7000 m of si liciclasticlastic, volcanoclastic 
and carbonate sedimentary rocks occur in 
intracratonic extensional basins overlying the Cape 
River Province and the Ravenswood Batholith in the 
northeast of the region. This sequence, which ranges 
from Early Devonian (Emsian) to early Carboniferous 
(Tournaisian) makes up the Burdekin Basin. It has 
been subdivided into three major lithostratigraphic 
subdivisions - (in ascending order) the Fanning 
River Group, Dotswood Group, and Keelbottom 
Group. The Visean Glen rock Group contains volcanic 
and sedimentary rocks deposited in grabens. 

6. Late Carboniferous to Early Permian intermediate to 
felsic volcanic, and volcanilithic and lithic 
sedimentary rocks occur in fault bound blocks 
(grabens?) in the northeast of the Region. These 
sequences include the Sybil Group (in the Sybil 
Graben), the Ellenvale beds (in the Reid River 
Graben) and the Insolvency Gully Formation (Wyatt 
et al. 1970; Gunther & Withnall 1992). 
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7. Early Carboniferous to Early Permian intrusive and 
extrusive igneous rocks, cropping out principally in 
the eastern part of the region, are part of the Kennedy 
Province, at the southern end of the Townsville
Mornington Island Belt. Within the Charters Towers 
Region, five groups have been recognised on 
structural and morphologic grounds (Hutton et al. 
1990; Hutton et al. 1994a; Gunther & Withnall 1992) 
as follows: 

• Early Carboniferous batholith-sized plutons and 
stocks of granite, commonly highly fractionated, 
and probably forming one major supersuite. 
Several thick ignimbrite sequences are associated 
with these rocks. · 

• Late Carboniferous to Permian ring fracture 
controlled stocks and complexes. 

• Early Permian structurally controlled granite to 
gabbro complexes. 

• High level plugs, vents and diatremes. 

• Relatively felsic Early to mid Permian granites, 
mainly in the east of the region. 

8. . Early Permian volcanic rocks near Townsville are 
possibly a northern extension of the basal volcanic 
rocks in the Bowen Basin of the New England Fold 

. Belt to the south. 

9. A Cretaceous granite intrusion near Townsville is 
probably the northern extension of Cretaceous 
volcanism and intrusive activity in the Ayr-Proserpine 
area to the south. 

10. Extensive Cainozoic basaltic sheets, vents and flows 
form the Nulla, Sturgeon and Mingela Subprovinces 
of the Eastern Australia Cainozoic Igneous Province. 

11. Cainozoic fluvial sediments and associated 
weathering surfaces are widespread (Grimes 1980). 
The Southern Cross Formation and the Campaspe 
Formation are the best exposed and preserved of these 
rocks. Extensive Quaternary deposits are present in 
the coastal plain and along the Burdekin River system. 

Geophysical Characteristics 
LJ Hutton 
/J:. distinct oval-shaped zone of geophysical anomalies 
characterises the Lolworth and Ravenswood Batholiths 
(Hutton, Rienks et al. 1994a,b). The east-west orientation 
of this zone and of geophysical anomalies within the zone 
contrast with the predominant north- northwest trend of 
magnetic and gravity anomalies along much of eastern 
Queensland (Plates 6.2A, 6.3A). 

Complex positive and negative magnetic anomalies 
associated with granites in the Lolworth and Ravenswood 
Batholiths contrast with the non-magnetic character of 
sediments in surrounding sedimentary basins. The 
magnetic anomalies within the Lolworth and Ravenswood 
Batholiths vary from predominantly low magnetic fields 
over the Lolworth Granite (Plate 6.2A) to both positive 
and negative anomalies associated with the Ravenswood 
Batholith. The Reedy Springs Batholith has aeromagnetic 
responses similar to the Ravenswood Batholith but appears 
to be part of a region ofhigh magnetic response extending 
west and northwest into the southern Georgetown Region. 
The Oweenee Supersuite is characterised by low 
aeromagnetic response, in contrast to the adjacent late 
Carboniferous granites of the Kennedy Province which 
have a much higher response. . 

The radiometric response of the Lolworth and Ravenswood 
Batholiths is complex. Abundant thorium-rich plutons are 
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interspersed ·with moderate potassium plutons in the 
Ravenswood Batholith, while potassium-rich plutons 
dominate the Lolworth Batholith to the west (Plate 6.1B). 
The extensive Tertiary volcanic cover in the northwest is 
reflected by very low counts in all channels. The Oweenee 
Supersuite shows thorium and uranium enrichment. 

The Lolworth and Ravenswood Batholiths are represented 
by mostly positive gravity anomalies with a central east
west oriented gravity low (Plate 6.3A) . The gravity 
anomalies associated with the Batholiths truncate a 
northwest trending gravity ridge comprising a no mal ies up 
to 20 and 25 mgals. This ridge extends for some 500 km 
and has been related to the early Palaeozoic metasediments 
and mafic metavolcanics of the Anakie In I ier and a possible 
elongate mafic intrusion within the Drummond Basin 
(Murray era!. 1989). 

The Lolworth Batholith is characterised by an east-west 
trending elongate gravity low of -38 mgals and is more 
extensive than mapped, beneath cover, to the west and north 
according to the gravity data. Positive and negative gravity 
anomalies occur over plutons in the Ravenswood Bathol it h. 
The east-west ridge of positive gravity anomalies along 
the southern margin of the Ravenswood Batholith ar~ 
thought to reflect the rocks of the Seventy Mile Range 
Group. A similar gravity ridge over Tertiary volcanic rocks 
in the northwest of the Lolworth and Ravenswood 
Batholiths may also reflect units of the Seventy Mile Range 
Group. 

The Reedy Springs Batholith is characterised by a gravity 
low, and as such is similar to much of the adjacent 
Georgetown Region and Lolworth Batholith and different 
to the high gravity response of the Ravenswood Batholith. 
The Oweenee Supersuite is coincident with a gravity low. 
As with the aeromagnetics, the early Carboniferous 
granites of the Oweenee Supersuite contrast with the late 
Carboniferous granites around Townsville. 

The geophysical data suggest that there is continuation of 
Silurian to Middle Devonian plutons from the Ravenswood 
Batholith towards the northwest, beneath Tertiary volcanic 
cover. The shape and amplitude of the magnetic anomalies 
in this area are not characteristic of basalt and are more 
consistent with those observed over the Silurian to Middle 
Devonian plutons of the Ravenswood Bathol ith. The 
weaker positive gravity anomalies in the northwest of the 
Lolworth and Ravenswood Batholiths are also consistent 
with those occurring over the Silurian to Middle Devonian 
granodiorites and tonalites in the Ravenswood Batholith. 

Neoproterozoic-Cambrian 
Cape River Metamorphics 1W Withnafl 
A northwest-trending belt of metamorphic rocks in the 
Cape River area was described by Paine et al. ( 1971) and 
named the Cape River beds. Volcanic and sedimentary 
rocks farther east were also included in the unit by Wyatt 
et al. ( 1971 ), but these are now assigned to the Seventy 
Mile Range Group. Withnall et al. (1980) excluded the 
latter and restricted the Cape River beds to the Cape River 
area, renaming them the Cape River Metamorphics. 
Withnall et al. ( 1986, 1997) extended the name to include 
large screens up to 10 km wide between plutons of the 
Reedy Springs Batholith River further north. 

Within the main area of the Cape River Metamorphics, 
the metamorphic grade is probably mostly in the 
amphibolite facies. The minimum metamorphic grade is 
difficult to determine because of the lack of key indicator 



minerals, but the abundance of biotite and lack of chlorite 
is consistent with upper greenschist or lower amphibolite 
facies. The grade increases to the northeast towards the 
Lolworth Batholith and Fat Hen Creek Complex where it 
probably reaches upper amphibolite facies, but it is also 
higher west of the Flinders River. 

Most of the outcrop within the main area consists of thick 
to very .thick bedded and fine to medium-grained, 
feldspath ic meta-arenite and fine-grained mica schist 
grading into various types of gneiss. The arenite appears 
mostly to have had a plutonic or high-grade metamorphic 
provenance. Many of the arenites are at least slightly 
calcareous, and are represented at higher grade by calc
silicate gneisses. 

Within the Cape River Metamorphics, the Morepork 
Member corresponds with a quartzite unit mapped by 
Paine et al. (1971) and Vine & Paine (1974). It is 
distinguished from the rest of the Cape River 
Metamorphics mainly by the common occurrence of 
numerous beds of ridge-forming quartzite which is 
generally white, and fine to medium-grained. The 
remaining rocks in the Morepork Member are basically 
similar to those described above. The unit forms a belt 
that can be traced for 65 km northwest from the southern 
limit of outcrop. In the south it is up to 6 km wide and it is 
probably much wider under cover to the southwest. The 
greater width in the south is due to repetition by numerous 
folds. The belt tapers out in the north in a fold closure 
near Morepork Creek. 

Amphibolite is rare in the main outcrop area of the Cape 
River Metamorphics. Jt was observed in the higher grade 
rocks near the contact with the fat Hen Complex and in 
the Cornelia area, where pillows and hyaloclastic textures 
are preserved. 

The structure of the Cape River Metamorphics is poorly 
understood and requires much more study. The 
reconnaissance study of With nail et al. ( 1997) identified 
that the main fabric within the rocks is an crS2 fabric. In 
the schists and meta-arenites it is generally manifest as a 
spaced, differentiated foliation consisting of quartzose or 
quartZo-feldspathic domains up to 5 mm wide, separated 
by narrower, generally biotite-rich (or locally hornblende) 
domains. In some rocks, the quartzose domains preserve 
the earlier crS 1 foliation, which also appears to have been 
a differentiated foliation with generally narrower domains. 
Micas are generally aligned parallel to the crS2 domains, 
but locally they are crosscutting and axial planar to later 
crenulations (see below). 

The crS2 foliation dips overall to the southwest, but appears 
to shallow in that direction, and southwest of the Morepork 
Member, the net dip is horizontal. This overall horizontal 
dip in the southwest suggests that crS2 was originally sub
horizontal and related to recumbent folds or possibly 
thrusts. The foliation was folded into open folds by at least 
one later event that probably also formed most of the folds 
outlined by the quartzite in the Morepork Member, 
although at least some of the closures may be tight crF2 
folds. The Morepork Member"may represent the core of a 
major crf2 recumbent fold, overprinted by crF3 folds. 

No major structures that could be related to the earlier S1 

fabric are known. It is possible that crS 1 and crS2 were 
produced during the same event. Hammond ( 1986) 
suggested that the intrafol ial folds and other relicts of an 
earlier fabric within the differentiated layering could be 
explained by the progressive refolding processes that 
operate during mylonitisation. Stretching I ineations plotted 
by Hammond (1986) also plunge shallowly towards the 
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east- southeast or southeast. Although the micaceous nature 
of the rocks precluded the development of asymmetric 
features interpretable as shear sense indicators, Hammond 
observed asymmetric feldspar porphyroclasts in some of 
the granitic rocks in Gorge Creek that indicated an east
over-west shear sense. A similar orientation and shear sense 
was observed in the Argentine Metamorphics. 

Hammond considered that the Cape River Metamorphics 
and similar Argentine Metamorphics represent a very thick, 
shallowly dipping zone of low strain-rate mylonites. He 
considered that such a zone could only have developed 
where very large-scale crustal translations took place, and 
noted that similar finely layered mylonites were described 
by Tempelman-Kiuit ( 1979) from transported terranes of 
the Yukon in North America. 

An crS3 foliation, generally represented by a crenulation 
cleavage that is locally weakly differentiated, is evident in 
many of the rocks. The overall dip is about 70° northeast. 

Biotite defines crSI> crS2 and crS3, indicating that 
metamorphism accompanied the three deformation events 
apparent in the Cape River Metamorphics. The peak 
metamorphic event was probably during cr02• 

The rocks in the Reedy Springs area are even more poorly 
known, but a brief description is given by Withnall et al. 
(1986, 1997). The lowest grade rocks (lower to middle 
amphibolite facies) are in the south near Cargoon 
homestead, where a sequence of mica schist, quartzite, 
calc-silicate gneiss and amphibolite crops out. These rocks 
are most like those in the main outcrop ·area. The mica 
schist consists of muscovite, biotite, quartz and minor 
feldspar. The calc-silicate rocks are green and laminated, 
consisting of hornblende, clinopyroxene, clinozoisite, 
quartz and plagioclase, and grade into quartzite with spots 
of calc-silicate minerals. Minor impure marble layers occur 
locally. Amphibolite is common throughout the Cargoon 
area, and is generally fine-grained and layered with a platy 
foliation and hornblende lineation. 

Elsewhere in the Reedy Springs area, the grade of 
metamorphism appears to have been higher, ·probably in 
the upper amphibolite facies above the stability field of 
muscovite. Biotite gneiss is common, interlayered with 
minor quartzite and amphibolite. Migmatite is present in 
some areas, consisting of abundant leucogranite and 
pegmatite veins folded with the layering and foliation of 
the gneiss. Many of the veins are probably of metamorphic 
origin, derived from partial anatexis of favourable rock 
types, but some may be related to the Reedy Springs 
Batholith. 

The Cape River Metamorphics were previously regarded 
as early Palaeozoic (Paine et al. 1971 ), although other 
authors suggested a Proterozoic age (Withnall et al. 1980). 
Late Mesoproterozoic SHRIMP U-Pb ages of 1145 ± 21 
Ma determined on detrital zircons in a meta-arenite give a 
maximum age for the rocks (M. Fanning, unpublished 
report to the Geological Survey of Queensland, 1996). 
SHRJMP U-Pb zircon ages ranging from 455 to 493 Ma 
(see below) have been obtained on magmatic zircon in 
granites assigned to the Fat Hen Creek Complex, providing 
a minimum Late Cambrian or early Ordovician age. 
Inherited cores in these zircons commonly have ages 
around 1100 Ma, indicating that they were. melted from 
rocks like the meta-arenite in the Cape River 
Metamorphics, or from the source rocks of that arenite. 
Some of the metamorphic rocks that form the screens in 
the Reedy Springs Batholith could also be older and 
perhaps correlatives of the Einasleigh Metamorphics. 
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Geochemistry J Knutson 

The lim ited geochemica l data available on the 
metamorphic rocks of the Charters Towers Region largely 
relate to the Cape River Metamorphics. Si02 content in 
these samples has a relatively restricted range, from 51% 
to 82%; Al20 3 ranges from 8% to 19%. Average values for 
Si02 and Ah03 (excluding metabasites and rocks with 
>85% Si02 or calc-silicate minerals) are 72% and 12% 
respectively. 

TheAI20 3 versus Si02 trend is linear and typical of rocks 
that reflect mixing arrays inherited from their quartzo
feldspathic sedimentary precursors (Argast & Donnelly 
1987). Chemical indices of alteration (CIA= AI20/(AI20 3 
+ cao· + NazO + KzO) X I 00- where Cao· is the amount 
ofCaO in silicate minerals only - Nesbitt & Young 1982) 
for clastic rocks are mostly low, ranging from 46 to 71 
and averaging 57. Such values suggest that overall there 
has been only limited weathering of the source rocks, 
during transportation and subsequent deposition. 

Geochemical trends on Th- Hf...:Co and La-Th-Sc 
triangular diagrams indicate the Cape River Metamorphics 
have broadly similar trends to those of the Hodgkinson 
Formation and are distinct from those of the Barnard 
Metamorphics which largely fall in the field for 
Phanerozoic shales (Taylor & McLennan 1985). These 
trends suggest that, like the Hodgkinson Formation, the 
clastic sediments of the Cape River Metamorphics were 
largely derived from granitic or metagranitic terrains. In 
this respect they are similar to the majority ofProterozoic 
metasediments in the North Queensland area. 

Zircon U-Pb (SHRIMP) geochronology indicates the Cape 
River Metamorphics contain inherited zircons as young 
as I 145 Ma, indicating this as a maximum age for the 
deposition of its sedimentary precursors. Limited Sm-Nd 
data indicates a depleted mantle model age (ToM) of about 
1949 Ma, similar to ToM ages for the Hodgkinson 
Formation as well as the Silurian-Devonian granitic rocks 
(Pama Province) of the Cape York Peninsula Batholith. 

Argentine Metamorphics JW Withnall 

The Argentine Metamorphics were first described by Wyatt 
eta!. ( 1970) and more recently by Withnall & McLennan 
(1991) who recognised lower grade and higher grade 
packages. The lower-grade package to the south consists 
predominantly of mica sch ist and quartzite with 
subordin!lte intervals characterised by laminated 
amphibolite, chlorite schist, calc-silicate rocks and minor 
impure marble. Locally ferruginous metachert and 
ironstone crop out. Quartz-hematite rocks with minor 
magnetite crop out as a series of elongate discontinuous 
zones up to 100 m _long and up to 10m wide. 

Withnall & McLennan (1991) interpreted the laminated 
amphibolites as largely para-amphibolites derived from 
mafic volcaniclastic sedimentary rocks or tuffs. This was 
suggested by the intimate association of much of the 
amphibolite as relatively thin layers with metasedimentary 
rocks (such as mica schist and marble), and the common 
strong internal layering. Withnall & McLennan conceded 
that some thicker amphibolite units could have been 
metamorphosed lavas or intrusive dolerite, in which all 
primary features were destroyed by the metamorphic and 
tectonic processes. Withnall et al. ( 1995) considered that 
this, along with carbonate alteration, was the most likely 
explanation for similar laminated greenstones in the Anakie 

. Metamorphic Group. 

Withnall & McLennan ( 1991) described rare, possible 
felsic; metavolcanics or volcaniclastics in the Argentine 
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Metamorphics. Jt is not known how widespread such rocks 
are, but some pinkish 'quartzite' interlayered with the para
amphibolite could represent felsic metatuff interbedded 
with more mafic tuff. lnterlayered with the amphibolite in 
some areas are thin pink-to-green layers of calc-silicate
bearing quartzite consisting of quartz with subordinate 
garnet, clinozoisite and amphibole. 

The metamorphic grade ranges from greenschist facies 
(biotite zone) to middle amphibolite facies . Compositional 
layering defined by quartzite layers and thin amphibolite 
and marble layers in this package is invariably parallel to 
the main S1 foliation. S1 is defined by alignment of micas, 
elongate quartz and amphibole prisms, but in many rocks 
is also represented as a differentiated layering in the pelitic 
layers. Well-developed mineral aggregate lineations 
parallel to compositional streaking are commonly 
prominent on the surfaces of this layering. The foliation is 
commonly overprinted by a second, almost identical, 
differentiated layering, assigned to S2• Both S, and S2 dip 
south at moderate to steep angles (away from the high
grade rocks) in both subunits in the Paynes Lagoon area. 

Intersection lineations and a common stretching lineation 
all trend east-southeast/west-northwest. Intrafolia l 
isocl ina I fold hinges and sheath folds are locally present. 
The foliation has a mylonitic character and may be related 
to major east-over-west thrusting in the early Palaeozoic. 
Shear sense determined by Hammond (1986) suggests that 
thrusting was from the east. The lower grade package may 
represent a very thick zone of mylonitised rocks related to 
large-scale crustal translation. The southerly dip of 
mylonitic foliation in the lower grade package in the Paynes 
Lagoon area is consistent with it overlying the high-grade 
package. The uppermost part of the zone and overlying 
transported terrane have been removed by erosion. It is 
difficult to determine the thickness of the mylonitised zone 
because of younger fau lting, but Hanunond ( 1986) estimated 
that a thickness of2000-3000 m is preserved . He suggested 
that this apparent considerable thickness is consistent with 
the low strain rates and thermally enhanced ducti lity. 

The high-grade package consists of migmatite biotite 
gneiss and mica schist of middle to upper amphibolite 
facies. Amphibolite is locally abundant, and includes both 
massive (clearly orthoamphibolite) and laminated types 
(para-amphibolite?). Small serpentinite and 
clinopyroxenite bodies are locally present with the 
amphibolite. 

The relationship of the high-grade rocks to the lower grade 
package is uncertain. Hammond ( 1986) interpreted the 
contact as a major detachment zone between rocks of 
different ages, but Withnall & McLennan ( 199 1) noted 
that in places the boundary appears to be transitional. The 
character of the foliation in the high-grade package away 
from the contact shows none of the mylonitic features and 
looks more like that of a normal gneiss or migmatite terrain 
such as that in the Einasleigh Metamorphics in the 
Georgetown Province. Strong lineations are absent, and 
the foliation in the high-grade package dips moderately to 

· steeply to the west. · 

A small area of greenschist facies phyllonite derived by 
mylonitisation of the higher grade rocks was recognised 
in the old Argentine mining field. It has a relatively 
shallowly dipping foliation, which forms a domal structure. 
Its origin is uncertain and may be related to later thrusting . 

. . 
Running River Metamorphics 
The Running River Metamorphics (Wyatt et al. ( 1970); 



Withnall & McLennan 1991) consist of biotite gneiss, 
migmatite, amphibolite, mica schist and quartzite, which 
are essentially similar to those in the high-grade part of 
the Argentine Metamorphics. Coarse-grained muscovite 
schist predominates to the west of Ewan where the rocks 
are predominantly middle amph ibolite facies . The 
metamorphic grade appears to be higher east of Ewan, 
and the metasedimentary rocks are predominantly biotite 
gneiss and migmatite. Superimposed on the regional 
metamorphism, which ranges from middle to upper 
amphibolite facies, is extensive contact metamorphism 
related to the emplacement of the Carboniferous granite 
batholiths which flank the belt of metamorphics. 

Amphibolite is also common northeast of Ewan, and is 
generally well-layered, consisting of alternating dark green 
to black, hornblende-rich and paler green, diopside-rich 
layers, and locally brown garnet. Withnall & McLennan 
( 1991) suggested .that these rocks are also para
amphibolite. Orthoamphibolite also occurs in the Running 
River Metamorphics as massive to foliated metagabbro 
and metadolerite that retains some igneous textures. 
Withnall & McLennan describe.d fine-grained amphibolite 
that preserves probable pillows and hyaloclastic breccia. 

Small pods of serpentinite, up to 20 m long in outcrop, 
have been emplaced in the Running River Metamorphics 
adjacent to the Endeavour Fault, which separates the 
Running River Metamorphics from the Broken River 
Province. 

The structure of the Running River Metamorphics has not 
been studied in detail. The rocks have a strong foliation 
which is commonly multiply deformed by folds ranging 
from open to isoclinal. The prevailing trend of the main 
foliation and isoclinal folds is northeast, parallel to the 
edge of the Broken River Province. The main foliation is 
probably s2. but sl is rarely preserved. 

Adjacent to the Endeavour Fault, the rocks have been 
mylonitised and converted to phyllonite. The Endeavour 
Fault is probably a continuation of the Clarke River Fault, 
which forms the northern margin of the Lolworth
Ravenswood Block in the Clarke River about I 00 km to 
the southwest. 

Geochemistry of the Mafic Rocks 
Withnall & McLennan ( 1991) presented geochemical data 
for the mafic rocks in the Argentine and Running River 
Metamorphics. The orthoamphibolites (massive, coarse
grained amphibolites) from both the high-grade Argentine 
Metamorphics and Running Metamorphics showed 
characteristics of mid-ocean ridge basalts (MORB) and 
low- K tholeiites. New data from the Cape River 
Metamorphics (Rienks & Withnall 1996a; Withnall et al. 
1997) show that the amphibolites there are similar to the 
orthoamphibolites in the Running River and Argentine 
Metamorphics. The multi-element plot (Figure 6.2) shows 
a relatively unenriched pattern for the high-field-strength 
elements (H FSE) similar to MORB. However, the 
metabasalt from the Running River Metamorphics and the 
so-called para-amphibo lites fro~ the Argentine 
Metamorphics are enriched in the HFSE compared to the 
ortho-amphibolites (Figure 6.2) and some are nepheline 
normative. The enriched pattern is similar to that of alkali 
basalts and suggest that two separate suites may be present. 
Withnall et al. ( 1995) found that the mafic rocks in the 
Anakie Metamorphic Group of the Anakie Inlier to the 
south showed a simi lar divergence in geochemical 
affinities. They suggested that the mafic rocks there may 
have been generated during extension associated with the 
breakup of the Neoproterozoic supercontinent Rodinia. 
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Figure 6.2. Multi-element plot for mafic rocks in the Cape River, 
Argentine and Running River Metamorphics. 

Charters Towers Metamorphics U Hutton 
The Charters Towers Metamorphics (Reid 1917; Wyatt et 
al. 1970, 1971; Peters 1987a) comprise multiply deformed 
quartz- biotite-plagioclase schist, cordierite-quartz-biotite 
schist, quartzite and minor calc-silicate. The schists are 
typically fine grained and are interlayered with paler more 
massive quartzite (Peters 1987a). Locally, cordierite 
clumps up to 3 mm in diameter occur, typically 
retrogressed to sericite and greenish biotite. Quartzite form 
pale grey layers and comprise mainly quartz and fe ldspar 
with minor biotite and local sillimanite (Peters 1987a). 
Dark, banded calc-silicate layers comprise quartz-tremolite 
and clinozoisite with secondary feldspar, sphene and 
calcite. Some calc-silicates are hornfelsed (Baker 1975; 
Peters 1987a). An outlier of metamorphics north of 
Charters Towers contains banded calc-silicates adjacent to 
a probable intermediate metavolcanic rock. Elongate pods 
of metadiorite, which are concordant with the lithologic 
layering, may be dykes intruding the Charters Towers 
Metamorphics as they have chilled margi ns 9n both 
contacts. North of Charters Towers, the metamorphics 
grade into a zone of partial melting and migmatisation, 
with associated peraluminous (S-type?) granites. 

Rocks in the Charters Towers Metamorphics are 
metamorphosed to mainly amphibolite grade, most lying 
above the biotite isograd. Some samples of muscovite schist 
are probably in the upper greenschist facies. The presence 
of sillimanite in quartzite layers (Peters 1987a) indicate 
upper amphibolite grade, consistent with the presence of 
migmatites in the more fertile rock types. The absence of 
garnet in the Charters Towers Metamorphics is interpreted 
to indicate low pressure but high temperature 
metamorphism. The age of the high grade metamorphism 
is not known. However, the associated (S-type?) granite 
(which is interpreted to be related to the migmatisation) is 
mid Ordovician. Peters ( 1987a) reported an amphibolite 
grade metamorphic overprint in the calc-silicate rocks that 
may be part of the low pressure high temperature 
metamorphism discussed above. There is no outcropping 
granite in the Ravenswood Batholith which parallels the 
trend of the high grade metamorphism. 

Structurally, the Charters Towers Metamorphics have a well 
defined foliation or cleavage which strikes to the northwest 
and dips steeply to the northeast. Deformed quartz veins 
cutting the metamorphics display both 'S' and 'Z' 
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symmetry in close proximity suggesting local tight 
isoclinal folding (Peters 1987a). Bedding/cleavage 
intersections also indicate tight to isoclinal folding with 
northwest plunging fold axes. 

The age of the Charters Towers Metamorphics is not 
known. Metadiorite bodies, named the Bucklands Hill 
Diorite (Hutton & Crouch 1993a,b), and believed to be 
intrusive into the Charters Towers Metamorphics, are 
Middle Cambrian (508 ± 7 Ma; Fanning 1995a). 
Isotopically the metadiorite has an eNdtc = -0.1, suggesting 
primitive signatures and possible mantle derivation. 
Chemically, the Bucklands Hill Diorite is low-K, showing 
MORB type arc-tholeiite chemical trends (Hutton, Rienks 
et al. 1994). The Charters Towers Metamorphics are 
correlated with the Mesoproterozoic Cape River 
Metamorphics on lithological grounds. 

Cambrian-Ordovician 
U Hutton, IP Rienks . 

Seventy Mile Range Group 
The Seventy Mile Range _Group (Henderson 1986; Table 
6.3 and 6.4) is a sequence ~f sublabile to labile clastic 
sedimentary rocks and intermediate to felsic lavas and 
fragmental volcanic rocks which crop out in an east-west 
belt south of the Ravenswood Batholith. Henderson ( 1986) 
subdivided the group into four formations: Puddler Creek 
Formation (base), Mount Windsor Volcanics, Trooper 
Creek Formation and Rollston Range Formation (top). 
S imilar aged, but more intensely strained rocks, are 
recognised in the Balcooma area (Balcooma 
Metavolcanics). 

The lowest unit, the Puddler Creek Formation, is a package 
offine-grained, micaceous, continentally derived, siltstone 
sandstone and greywacke intruded by numerous mafic 
dykes (Henderson 1986; Beams & Hartley 1990; Berry et 
al. 1992). Berry et al. ( 1992) recognise r:nafic volcanic 
rocks near the top of the sequence. The base of the Puddler 
Creek Formation is not exposed (Henderson 1986). 
Overlying the Puddler Creek Formation is the Mount 
Windsor Volcanics, a thick sequence of rhyolitic to dacitic 
volcanic rocks, includ ing volcaniclastics and minor 
andesite (Henderson 1986; Beams 1991; Berry et al. 1992). 
Some of the rhyolites are extensively altered, particularly 
adjacent to the Tha langa massive sulphide deposit 
(Herrmann 1995) . The Trooper Creek Formation overlies 
the Mount Windsor Volcanics and records a change from 
dominantly felsic magmatism to intermediate to mafic 
volcanism. Berry et al. ( 1992) recognise a major growth 
fault at the base of the Trooper Creek Formation in the 
Mount Farrenden/Highway/Reward area in the southern 
part of the Charters Towers 1: I 00 000 sheet area which is 
responsible for doubling the thickness of the formation. 
They also recognise a smaller growth fault in the Mount 
Windsor Volcanics. The main rock types in the Trooper 
Creek Formation are intermediate to minor felsic lavas, 
volcaniclastics, volcanogenic and mass flow deposits 
(Henderson 1986; Beams & Hartley 1990; Berry et al. 
1992). Quartz- haematite and quartz-magnetite lenses are 
interpreted as exhalite deposits (Henderson 1986; Duhig 
et al. 1992). Throughout the Trooper Creek Formation, 
thickness and lateral facies change dramatically, suggesting 
that the sequence comprises overlapping volcanic centres 
with greatest thickness and facies variation near the 
eruptive centres. The Trooper Creek Formation is overlain 
by the Rollston Range Formation, a sequence of 
volcaniclastic siltstone and sandstone (Henderson 1986). 
Sedimentary and volcanic textures indicate that the Seventy 
Mile Range Group was deposited sub-aqueously, probably 
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in deep water (Henderson 1986; Beams and Hartley 1990; 
Berry et al. 1992). 

Hutton, Rienks et al. ( 1994) recognised six magmatic suites 
in the Seventy Mile Range Group, one related to the dykes 
intruding the Puddler Creek Formation, three in the 
Trooper Creek Formation and two in the Mount Windsor 
Volcanics. Berry et al. (1992) recognised three suites but 
did not discuss the Mount Windsor Volcanics. Stolz (1994) 
·suggests that there are three discrete sources for magma 
in the Seventy Mile Range Group on the basis of Nd 
isotopes. He suggests that the basic dykes and minor 
volcanic rocks in the Puddler Creek Formation have 
primitive isotopic signatures and may have been derived 
in a spreading centre behind a developing continental 
margin volcanic arc. The Mount Wi ndsor Volcanics si licic 
magmas may have been derived from partial melting in 
the crust, caused by upwelling mantle material. 
Intermediate magmatism during deposition of the Trooper 
Creek Formation is considered to be derived from partial 
melting of a modified mantle source with the different 
suites reflecting changes in the amount of modification of 
the mantle. Stolz (1994) suggests the mantle was modified 
by the descending slab during subduction. Sulphide 
accumulation such as at Thalanga, is considered to be 
formed in a back-arc spreading environment. 

Three major deformations are recognised in the Seventy 
Mile Range Group (Berry et al. 1992). The dominant 
structures are thS2 foliations which strike east with a steep 
to vertical dip. They indicate that the outcrop ofthe Seventy 
Mile Range Group represents the south-facing limb of~an 
thF2 fold. The north-facing limb is only exposed at one 
place (Berry et al. 1992). D 1 folds are recognised only 
locally and record older faulting. Growth faulting during 
deposition of the Trooper Creek Formation is recorded at 
one locality. s3 foliations are also developed only locally 
and are parallel to northeast and east-northeast faults 
which cut the Seventy Mile Range Group (Berry et al. 
1992). The ages of thD1, thD2, and thD3 are not known 
precisely. However Berry et al. (1992) relate thD2 to 
movement on the Alex Hill Shear Zone which is probably 
late Ordovician to early Silurian (Hutton, Rienks et al. 
1994). Metamorphic grade in the Seventy Mile Range 
Group is mainly regional greenschist facies to sub
greenschist prehnite- pumpellyite facies (Berry et al. 1992; 
Beams 1991 ). Locally, the greenschist facies is overprinted 
by cordierite-biotite-actinolite grade hornfelsing (Berry 
et al. 1992), and in places such hornfels is associated with 
tourmaline bearing pegmatite and granite (S-type?). . 

The age of the Seventy Mile Range Group is mainly early 
Ordovician. Henderson (1983, 1986) described trilobite
graptolite faunas that ranged from Lancefieldian to at least 
Chewtonian (and possibly as high as Darriwillian) from 
upper parts of the group. He suggested that the Cambrian 
to Ordovician boundary approximated the age of the 
contact between the Mount Windsor Volcanics and the 
Trooper Creek Formation. However, an unpublished U
Pb SHRIMP date of 479 ± 5 Ma on the Mount Windsor 
Volcanics from Thalanga indicates that they too are early 
Ordovician (Chewtonian to Bendigonian). It conflicts 
slightly with the palaeontological evidence for 
Lancefieldian faunas above the unit, but the Ordovician 
time-scale may still need some adjusting. The lowermost 
Puddler Creek Formation is of unknown age, and may 
extend down into the Cambrian. 

Kirk River Beds 
Small, poorly expos.ed inliers of meta-sedimentary ro.cks 
that occur in the eastern part of the Ravenswood Batholith 



are named the Kirk River beds (Wyatt et al. 1970; 1971; 
Henderson 1986; Rienks 1991; Rienks et al. 1995; Table 
6.3). The Kirk River beds comprise thin to very thick 
bedded arenite, fissile micaceous mudstone, volcanic 
rudite, and rare quartzite, shale and chert. Henderson 
(1986) regarded the Kirk River Beds as equivalents of the 
Puddler Creek Formation in the Seventy Mile Range 
Group. 

The age is not !mown. A Late Cambrian age is assigned 
because of the suggested correlation with the Puddler 
Creek Formation. 

Granites: General Comments 
Rocks of Late Cambrian to mid Ordovician age occur 
mainly in the Ravenswood Batholith (Plate 6.3B), which 
crops out over 6000-7000 km2 south ofTownsville (Hutton 
et al. 1990; Hutton, Rienks et al. 1994a; Table 6.6). Granitic 
rocks in the batholith are subdivided into three age 
groupings: Late Cambrian to mid Ordovician, middle 
Silurian to Early Devonian, and late Carboniferous to Early 
Permian. The first two age groupings are distributed 
throughout the batholith, but the Carboniferous to Permian 
granites occur principally in the east. Gabbroic to dioritic 
intrusives occur throughout the Batholith with probable 
ages ranging from mid Ordovician to Permian. The 
distribution of Ordovician granites has been modified by 
subsequent structural dislocation and by intrusion of 
younger granites. 

Four Late Cambrian to mid Ordovician I-type supersuites 
and two I-type granitic suites are recognised in the 
Ravenswood Batholith by Hutton, Rienks et al.(1994a) . 
Gabbroic to dioritic intrusive rocks of this age may also 
be present but poor age control makes subdivision of these 
rocks difficult. Most Late Cambrian to mid Ordovician 
granites fall into two main supersuites: the Lavery Creek 
Supersuite and the Hogsflesh Supersuite. Three other 
supersuites are recognised: the Jones Dam, Brittany and 
Chipley Supersuites. Two suites, the Sunburst and 
Schreibers Suites, are made up of single plutons which 
have distinctive chemical trends. The Late Cambrian to 
mid Ordovician granites are typically I-type, calc-alkaline 
granite, granodiorite and quartz monzonite (Hutton, Rienks 
et a!. 1994a) with the exception of the Jones Dam 
Supersuite which comprises trondhjemites with some A
type affinities. The Jones Dam Supersuite, while 
chemically distinctive, is not aerially extensive. The 
variation in chemistry of the Late Cambrian to mid 
Ordovician granites is thought to reflect variations in their 
source rocks (Hutton, Rienks et al. 1994a). Recent age 
dating suggests that this group can be subdivided into two 
groups: Late Cambrian to early Ordovician granites, and 
mid Ordovician granites. The Sunburst and Schreibers 
Suites are both Late Cambrian to early Ordovician while 
all other suites/supersuites are believed to be mid 
Ordovician. 

Some Ordovician granites have not been chemically 
analysed and are not included in suites. These units are 
often too deeply weathered or form too small a body to be 
mapped out. One general feature of Ordovician granites 
is the close association with diorite and gabbro. In many 
instances, the mafic rocks form pillows or xenolith trails 
in the more felsic granites. This feature is common in the 
Burdekin River north and northwest of Charters Towers. 
The relationship oflarger bodies of gabbro or diorite, such 
as at Macrossan east of Charters Towers, to the Ordovician 
granite is not !mown. 
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Figure 6.3. Plot showing the separation of the Ordovician 
granites and volcanics in the Seventy Mile Range Group. 

The relationship of the Late Cambrian to mid Ordovician 
granites to the Late Cambrian to mid Ordovician volcanic 
rocks in the Seventy Mile Range Group is not !mown. The 
two groups plot in different fields on some two element 
plots (Harker diagrams) indicating that they belong to 
different suites (Figure 6.3) despite the similarity of their 
ages. 

Another area of Late Cambrian to Ordovician granites in 
the Charters Towers Region is farther west in the Cape 
River area, on the western margin of the Lolworth 
Batholith. These rocks are mainly cordierite-bearing S
type granites, but some are hornblende-bearing, and 
metamorphic enclaves are abundant The relationships 
between the various phases are uncertain and the -rocks 
have been assigned to the Fat Hen Creek Complex. The 
complex may also include some late Mesoproterozoic 
components. 

The Falls Creek Tonalite, which intrudes the Running River 
Metamorphics in the northem part of the region, is also 
probably of this age. 

Hogsflesh Creek Supersuite (Ravenswood 
Batholith) 
The Hogsflesh Creek Supersuite (Hutton & Crouch 1993b; 
Hutton, Rienks et al. 1994a) comprises mainly grey to 
greyish-pink biotite and hornblende-biotite granite to 
granodiorite. Most rocks are strained and locally foliated. 
Discrete mylonite zones cut some units. Most granites have 
undergone metamorphism as indicated by recrystallised 
biotite . Granites assigned to the Hogsflesh Creek 
Supersuite make up most of the southern part of the 
batholith, occurring principally south of the Mosgardies 
Shear Zone. The Fenian Granite, adjacent to the Mount 
Leyshon Gold Mine, is a pink to red leucocratic biotite 
granite that is different from the typically grey to pink 
granites of the rest of the Hogsflesh Creek Supersuite. 
Some granite units in the Batholith are composite and 
contain granites assigned to different suites . These 
composite granite units are texturally diverse and must 
contain phases which have not been mapped out and occur 
mainly in the zone of overlap between the Hogsflesh Creek 
Supersuite and the Lavery Creek Supersuite. 

The Hogsflesh Creek Supersuite comprises medium to 
high-K, calc-alkaline I-type granites. This Supersuite, 
together with the Jones Dam Supersuite, is distinguished 
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in being lower in K20 (Figure 6.4). The Hogstlesh Creek 
Supersuite and the Jones Dam Supersuite lie south of the 
Mosgardies Shear Zone while the Lavery Creek Supersuite 
and Brittany Supersuite lie to the north (Hutton, Rienks et 
al. I 994). The Hogstlesh Creek Supersuite is unequivocally 
calc-alkaline on the AFM diagram with field boundaries 
according to Peccerillo & Taylor (1976). The dominant 
mechanism for evolution of the Hogsflesh Creek 
Supersuite cannot be inferred with confidence. Broadly 
flat K/Rb trends when plotted against Si02 (Figure 6.5) 
suggest that feldspar fractionation is not a major 
contributor. Similarly, elements such as U and Th do not 
show the exponential increase with increasing Si02 

expected of fractionated granites (cf. Champion & 
Chappell 1992). However, a steadily increasing aluminium 
saturation index (ASI = molecular AI/Ca + P + K + Na), 
when plotted against Si02, indicates that hornblende 
fractionation may have been important. Generally linear 
trends on most Harker diagrams together with a lack of 
field evidence for magma mixing suggest that restite 
unmixing is likely to have been the dominant process in 
the evolution of the Hogstlesh Creek Supersuite. 

The Hogstlesh Creek Supersuite granites plot in the 
'volcanic arc granites' field on the Rb versus Y + Nb plot 
using the fields of Pearce et al. (I 984). However, the 
granites are Sr depleted and Y undepicted, suggesting 
generation above the eclogite transition using the criteria 
of Wyborn et al. ( 1992), which is considerably shallower 
than depths of granite generation in a subduction zone 
(Gromet & Silver 1987). This suggests that the volcanic 
arc signatures for the Hogstlesh Creek Supersuite may 
reflect source rock chemistry rather than tectonic setting. 

The age of the Hogs flesh Creek Supersuite is not known 
precisely. The only dated sample from the suite is on the 
Pocket Dam Granite which yielded a Rb-Sr whole rock
biotite age of 480 ± 5 Ma (Rienks 1991 ). In the Charters 
Towers area, the Hogsflesh Creek Granite is clearly 
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for the Ordovician granites 
showing a lack of fractionation trends. 

younger than the adjacent Sunburst Granodiorite (482 ± 8 
Ma; Fanning 1995a), which is extensively intruded by 
mafic dykes (Peters 1987a). A mid Ordovician age is most 
likely for the suite. 

Lavery Creek Supersuite (Ravenswood 
Batholith) 
The Lavery Creek Supersuite (Hutton & Crouch 1993b; 
Hutton, Rienks et al. 1994a) comprises mainly pink to red 
and pink to grey biotite and hornblende-biotite granites. 
Most rocks are strained and locally mylonitised . 
Metamorphism is indicated by the presence of 
recrystallised biotite. Some granite units are composite, 
with phases belonging to different suites highlighting the 
complex nature of Ordovician magmatism in the 
Ravenswood Batholith. Mafic pillows, probably indicating 
magma mingling, are common in parts of the Lavery Creek 
Granite. Parts of the Lavery Creek Supersuite are more 
fractionated than granites in the Hogsflesh Creek 
Supersuite. Several units in the Lavery Creek Supersuite 
are strongly peraluminous and one ·unit, the Grass Hut 
Granite, is -garnetiferous. Granites in the Lavery Creek 
Supersuite are largely restricted to north of the Mosgardies 
Shear Zone. 

Geochemically, the Lavery Creek Supersuite comprises 
high-K, calc-alkaline, !-type granites. They are similar to 
granites of the Hogsflesh Creek Supersuite but higher in 
K20 at any given Si02 (Figure 6.4). They also have higher 
K20/Na20 and higher (K + Na)/AI than granites in the 
Hogs flesh Creek Supersuite. Granites of the Lavery Creek 
Supersuite plot with granites of the Hogsflesh Creek 
Supersuite on an AFM plot. Feldspar fractionation has been 
a more important process in the Lavery Creek Supersuite 
than in the Hogsflesh Creek Supersuite. In the Lavery 
Creek Supersuite, Rb shows a rapid rise above 72% Si02, 

and Ba shows a sympathetic decline (Hutton; Rienks et 
al. 1994a). The garnetiferous pluton, the Grass Hut Granite, 
shows a high level of MnO. As with the Hogsflesh Creek 
Supersuite, granites of the Lavery Creek Supersuite plot 
in the 'volcanic arc granites' field on the Rb versus Y + 
Nb diagram. 



The age of the Lavery Creek Supersuite is not known 
precisely. The Mount Boddington Granite was included 
on a Rb-Sr isochron which indicated an age of 470 ± 30 
Ma (Webb 1969a). However, this isochron is of 
questionable value in determining the age of individual 
plutons. A 207Pbf06Pb age of 463 ± 3 Ma on the Grass Hut 
Granite was obtained using the SHRIMP microprobe on 
zircon grains (Hutton, Rienks et al. 1994). As with the 
Hogs flesh Creek Supersuite, a mid Ordovician age is likely 
for the Lavery Creek Supersuite. 

Jones Dam Supersuite (Ravenswood Batholith) 
The Jones Dam Supersuite is restricted to parts of the Carse 
Creek Complex, a mixture of metamorphics and granites 
in the southeast of the Ravenswood Batholith. Although 
the granites of the Jones Dam Supersuite are aerially 
restricted, they have a distinctive mineralogy and chemistry. 
The rock is a grey, medium-grained, subequigranular, 
biotite-hornblende granodiorite in places grading into a 
monzogranite (Rienks 1994; Rienks et al. 1991 ). 
Hornblende is subhedral to anhedral and commonly 
tattered and contains interstitial ferroan
magnesiohornblende forming scattered aggregates. The 
rock plots as a trondhjemite on the normative Albite
Anorthite- Orthoclase diagram using the fields of Barker 
(1979). Chemically, they are low in K20 and MgO and 
high in Zr relative to the Lavery Creek Supersuite and 
.Hogsflesh Creek Supersuite. On some plots they have 
distinctive A-type signatures (Hutton, Rienks et al. 1994a). 
On the A FM diagram, the Jones Dam Supersuite plots in 
the tholeiite field of Irvine & Baragar (1971 ); the only 
Ordovician granite in the batholith to plot in this field. 
The age of the Jones Dam Supersuite is not known 
precisely. The presence of strained quartz grains and 
recrystallised biotite indicate that the suite may be 
Ordovician. 

Brittany Supersuite (Ravenswood Batholith) 
The Brittany Supersuite consists of the Brittany Granite 
and the Exley Microgranite (Hutton, Rienks et al. 1994a). 
The Brittany Granite granites are pink. to buff, fine to 
coarse grained, porphyritic hornblende-biotite granite. The 
Exley Microgranite forms a lobe on the side of the Brittany 
Granite and comprises mainly grey, porphyritic biotite 
microgranite (Rienks 1991 ) . Chemically the Brittany 
Supersuite is a high-K calc-alkaline suite which plots with 
the Lavery Creek Supersuite from which it is distinguished 
by high Sr and steeper trends on Sr versus Si02 and Sr 
versus CaO plots (Hutton, Rienks et al. 1994a). The age 
of the Brittany Supersuite is not known. An Ordovician 
age is assigned on the basis of strained quartz and 
recrystallised biotite. 

Chipley Supersuite (Ravenswood Batholith) 
The Chipley Supersuite consists of the Chipley granite 
and a small unnamed pluton. Hutton & Crouch ( 1993a,b) 
included the Chipley Granite in the Hogstlesh Creek 
Supersuite but Hutton, Rienks et al. ( I 994a) separated it 
out on the basis of a lower K 20, low K201Na20 and high 
P20 5. The Chipley Granite is a well defined ovoid pluton, 
comprising white to cream, albite rich, garnet, muscovite
biotite granite. Orthoclase is present only as interstitial 
grains. The age of the Chipley Granite is not known. An 
Ordovician age is assigned on the basis of strain textures. 

Sunburst Suite (Ravenswood Batholith) 
The Sunburst Granodiorite (Hutton & Crouch 1993a,b; 
Peters 1987a) occurs east of Charters Towers and displays 
geochemical trends different to those for the Hogstlesh 
Creek Supersuite and the Lavery Creek Supersuite (Hutton 
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& Crouch 1993b; Hutton, Rienks et al. 1994a). It is 
intruded by numerous mafic dykes which are not present 
in the adjacent Hogsflesh Creek Granodiorite. 
Petrographically, the Sunburst Granodiorite ranges from 
melanocratic granite to quartz diorite, comprising quartz, 
K-feldspar, plagioclase, biotite, hornblende, opaques and 
spinel. The total content of mafic phases in the rock ranges 
from 25% in the granite to 50% in the quartz diorite. 
Xenoliths in the Lavery Creek Granite are included in the 
suite because they have coherent chemical trends with it. 
Geochemically, the Sunburst Suite is distinguished from 
the Hogstlesh Creek Supersuite and the Lavery Creek 
Supersuite by being lower in Al 20 3, P20 5, Sr, Zn and 
aluminium saturation index (ASl), higher in MgO, MnO, 
Ni, V, Sc and Th, and with a marked enrichment in Cu 
(Hutton & Crouch 1993b; Hutton, Rienks et al. 1994a). 
Zircon from the Sunburst Granodiorite yielded a 206Pb/ 
238U age of 482 ± 8 Ma (Fanning 1995a) using the SHRIMP 
microprobe. No inherited zircons were found. The sample 
has an eNd 482M, of minus 9.07, indicating a source with a 
long residence time in the crust. Relationships to adjacent 
units suggest that the Sunburst Granodiori te is one of the 
oldest granites in the area. 

Schreibers Suite (Ravenswood Batholith) 
The Schreibers Granodiorite (Hutton & Crouch 1993a) 
crops out extensively in the southwest of the Ravenswood 
Batholith . It is one of the oldest units in the area, occurring 
as windows and septa to younger plutons. It has also been 
redistributed by later faulting and mylonites and has been 
intruded by numerous mafic dykes. Petrographically, the 
granite comprises large compound quartz grains, K
feldspar, oligoclase, biotite and hornblende. Hornblende 
grains sometimes contain pyroxene cores. Biotite is 
commonly recrystallised. Zircon from the Schreibers 
Granodiorite yielded a 206Pb/238U age of 490 ± 6 Ma 
(Hutton & Crouch J 993a,b; Hutton, Rienks et al. 1994a) 
using the SHRIMP microprobe. Some cores to zircon 
grains yielded inherited ages of I I 00 Ma and possibly 900 
Ma. The Schreibers Suite is the oldest granite dated in the 
Ravenswood Batholith and is directly comparable with the 
age of volcanic rocks in the adjacent Seventy Mile Range 
Group. 

Columbia Creek Supersuite 
Peraluminous granites associated with high grade 
metamorphics and migmatites occur in the Charters 
Towers, Argentine and Running River Metamorphics, and 
in unnamed metamorphics in the southeast of the Batholith. 
These granites, which al l have similar chemistry and 
mineralogy, include: (a) the Columbia Creek Complex in 
the Charters Towers Metamorphics (Hutton & Crouch 
1993a,b; Hutton, Rienks et al. 1994a), and (b) the Melon 
Creek Tonalite and Holborn Granodiorite in the Argentine 
Metamorphics outside the main Ravenswood Batholith 
(With nail & McLennan 1991 ), and (c) the Two Creek 
Granodiorite and Carse Creek Complex in the Ravenswood 
I: 100 000 sheet area (Rienks et al. 1995; Hutton, Rienks 
et al. 1994a). They are grouped together as the Columbia 
Creek Supersuite. All of these units are grey, medium
grained, biotite-muscovite and biotite granodiorites to 
tonalites. East of Charters Towers, migmatites in the 
Charters Towers Metamorphics grade laterally into pods 
of schlieren rich tonalite and then to schlieren poor tonalite 
of the Columbia Creek Complex. Regionally, the Columbia 
Creek Complex comprises mainly granite with large 
remnants of biotite gneiss. The Hoi born Granodiorite and 
Melon Creek Tonalite are xenolith poor, but the granites 
have a similar compos!tion to the granites in the Columbia 
Creek Complex and those in the Ravenswood I: I 00 000 
sheet area. 
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Geochemically, the Columbia Creek Complex, Two Creek 
Granodiorite, Melon Creek Tonalite and Holborn 
Granodiorite are similar: they are a ll tonalites to 
granodiorites with aluminium saturation indexes> 1.1. This 
data, together with the field relationships, indicate the 
granites areS-types. However, some geochemical data are 
not consistent with the criteria for S-type granites 
(Chappell & White 1974, 1992). These features include 
KINa <I, and P20 5 decreasing with increasing Si02 
(Hutton, Rienks et al. 1994). Whether these granites are 
S-type or not, they are clearly different from Ordovician 
granites in the Ravenswood Batholith. Because they are 
closely associated with metamorphism of basement rocks, 
they are included with the basement rather than a phase in 
the Ravenswood Batholith. 

The age of the Columbia Creek Supersuite is mid 
Ordovician. A 206Pb/mu age of 464 ± 5 Ma was obtained 
on zircons from the Columbia Creek Complex using the 
SHRlMP microprobe (Hutton, Rienks et al. 1994a). Other 
units such as the Holbom Granodiorite and the Two Creek 
Granodiorite are foliated, indicating a probable Ordovician 
age. 

Falls Creek Tonalite 
The Falls Creek Tonalite intrudes the Running River 
Metamorphics along the valley of the Running River, and 
consists of weakly foliated biotite tonalite (Withnall & 
McLennan 1991 ). Jt has not been placed in a suite. It is 
similar in some respects to the Columbia Creek Supersuite, 
but although the tonalite is peraluminous, the alumina 
saturation index is mainly < 1.1, and K20/Na20 is <0.5, 
suggesting that it is an !-type granite. The tonalite has been 
strongly hornfelsed by adjacent Carbonife~ous granites, 
and gives a Rb-Sr biotite age 331 ± 2 Ma. A Sm-Nd T DM 

(depleted mantle) model age of about 1453 Ma suggests 
that it was sourced from rocks generated from the mantle 
in the mid Proterozoic, but its intrusive age js as yet 
uncertain. It is similar to small 1-type Ordovician granites 
in the Barnard Metamorphics (see Chapter 7) and could 
be related to them. 

Fat Hen Creek Complex 
The Fat Hen Creek Complex (Champion & Heinemann 
1994; Hutton et al. 1995; Baker 1974; Table 6.7) comprises 
a suite of gneissic, cordierite-biotite tonalite to 
granodiorite which form a northwest trending belt north 
and northwest of Pentland. Middle to upper amphibolite 
grade metamorphic rocks in the Cape River Metamorphics 
grade laterally into a zone · of partial melting and 
migmatisation (Baker 1974; Hutton et al. 1995), and then 
into gneissic granite. Quartzite and calc-silicate gneiss 
from the Cape River Metamorphics occur as xenoliths in 
the gneissic granite and range from a few millimetres up 
to. tens of metres in size. The smaller ones are deformed 
and contorted. The contact between migmatite and gneissic 
granite is not sharp. Some migmatite is included in the 
Fat Hen Creek Complex, although most is mapped in the 
Cape River Metamorphics. 

A suite of hornblende bearing gneissic granite (Baker 
1974) was named the Gorge Creek Granite Complex 
(Hutton et al. 1995), and interpreted to intrude the Fat Hen 
Creek Complex. However, these relationships are now 
uncertain, and the hornblende-bearing granites are best 
regarded as a component of the Fat Hen Creek Complex. 

Geochemically, four suites are recognised in the Fat Hen 
Creek Complex. The suites are best distinguished· on the 
Si02 versus Sr plot but can also be seen on the Ti02, Al20 3 
and MgO plots (Figure 6.6). The suites are well constrained 
geographically, forming discrete bands parallel to the trend 
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of the belt. Their ages and characteristics are unclear. A 
sample from the Oak Yale Suite (Hutton in prep.) has 
yielded a magmatic age of 469 ± 12 Ma (M. Fanning, 
Australian National University, unpub. data). These granites 
are only minimally strained, and may have been derived 
from partial melting of the Cape River Metamorphics 
during upper amphibolite or possibly locally lower granulite 
facies metamorphism (Hutton in prep.; Hutton, Fanning 
& Garrad 1996, Hutton, Garrad & Withnall 1996, Hutton, 
Reinks et at. 1996). Hornblende-bearing granites, dated at 
455 ± I 0 Ma (M. Fanning, ANU, unpub. data), are 
deformed, and plot in a separate field on the geochemical 
plots. Other granites in the Fat Hen Creek Complex are 
gneissic and may be the same age or older, but are 
geochemically distinct from the mid Ordovician granites 
in the complex. 

The Fat Hen Creek Complex is cut by a dominant foliation 
which strikes west northwest and dips moderately to steeply 
to the southwest. This foliation is apparently the same as 
the dominant fabric in the Cape River Metamorphics where 
it is labelled s2. 

The age of the Fat Hen Creek Complex is probably Late 
Cambrian to Ordovician, but it may include older 
components. A sample of gneissic granite from Gorge 
Creek yielded two populations of zircon grains (Fanning 
1995a; Hutton et al. 1995), one of which comprise simple 
euhedral (magmatic) grains. The second population 
comprises multifaceted zircons that may have formed 
during a high grade metamorphic event. Hutton, Garrad 
& Withnall (1966) suggested that the high-grade 
metamorphic event was the upper amphibolite grade 
migmatitic event that generated the S-type granites of the 
Fat Hen Creek Complex. The multi-faceted zircons yielded 
a U-Pb SHRIMP age of 1238 ± 14 Ma. A U-Pb SHRIMP 
age of II 05 ± 15 Ma from simple euhedral zircons was 
interpreted as the magmatic age of the hornblende-bearing 
granites. However, more recent SHRIMP dating has shown 
that other granites in the Fat Hen Creek Complex were 
intruded at 493 ± I 0 Ma, 469 ± 12 Ma and 455 ± I 0 Ma, 
indicating that a complex history of metamorphic and 
magmatic events is recorded in the complex. 

Ordovician-Devonian 
LJ Hutton, IP Rienks 
Mafic Intrusives (Ravenswood Batholith) 
Mafic intrusives ranging from Ordovician to Permian occur 
in the Ravenswood Batholith. Unfortunately, it is often 
difficult to know in which age grouping to place a mafic 
intrusive body. The presence of strained quartz, a criterion 
used to distinguish Ordovician from Silurian to Devonian 
granites, is obviously not well developed in diorites and 
gabbros. The presence of a metamorphic overprint, also 
used to distinguish older and younger granites, is also 
unreliable. The oldest known mafic intrusive is the 
Bucklands Hill Diorite (Hutton & Crouch 1993a; Peters 
1987a) which has been dated at Early to Middle Cambrian 
(508 ± 8 Ma; Fanning 1995a). This unit occurs as 
concordant bodies in the Charters Towers Metamorphics 
and is not included in the batholith. Probably the oldest 
mafic bodies within the Ravenswood Batholith occur as 
pillows in Ordovician granites. The presence of such 
pillows indicates broadly coeval felsic and mafic 
magmatism. Although there has been mingling of magmas, 
mixing to form a hybrid magma does not appear to have 
occurred (Hutton & Crouch 1993b; Hutton, Rienks et al. 
1994). 

Hutton & Crouch (1993b) recognise two broad types of 
mafic intrusive in the Ravenswood Batholith: plagioclase-
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Figure 6.6. Major element plots for granites from the Fat Hen Creek Complex. The other symbols on the figure refer to unassigned units. 

hornblende-quartz? gabbro to diorite, and clinopyroxene
orthopyroxene-plagioclase-olivine gabbro. The two types 
may be linked by petrogenetic processes but probably 
represent two magma types. Although the ages of the mafic 
intrusives are poorly constrained, relationships to granites 
provide some age control. Most mafic intrusions in the 
batholith are plagioclase- hornblende gabbro or diorite 
bodies, and are believed to be Ordovician as they appear 
to be intruded by Silurian to Devonian granites. Some 
plagioclase-hornblende gabbro or diorite bodies are 
closely related to Silurian to Devonian granites and are 
interpreted as the mafic end members of that magmatic 
episode. The Stannett Creek Gabbro (Clarke & Paine 1970; 
Hutton & Crouch 1993a,b) comprises three lobes of 
clinopyroxene-orthopyroxene-plagioclase-olivine gabbro 
west of Charters Towers. A Silurian to Devonian age is 
assigned to this unit due to lithological similarity to parts 
of the adjacent Broughton River Granodiorite (Hutton & 
Crouch 1993b). 

The mafic intrusions are predominantly subalkaline gabbro 
and diorite and belong to low to medium-K series rocks 
(Hutton, Rienks et at. 1994). Both tholeiitic and calc
alkaline trends are present on some plots, but calc-alkaline 
compositions dominate on others {Hutton, Rienks et al. 
1994). Most elements show only limited mobility on log 
molecular proportion plots (LMPR) of Beswick & Soucie 
( 1978), suggesting that most of the trends are magmatic 
in origin rather than being due to alteration and 
metamorphism (Hutton, Rienks et al. 1994). The 

geochemical criteria point strongly to a volcanic arc origin 
for the Ordovician and Silurian to Devonian mafic rocks. 
Hutton & Crouch (1993b) describe several criteria, 
including: Ti02 <1.0%, Nb deficiencies in spidergrams, 
low Nb!U ratios, and negative correlation of Ti02 & 
FeO(Iotol) with Si02. 

Silurian-Devonian 
Sedimentary sequences IW Wilhnall 

In the Ewan area, a belt of Silurian Perry Creek Formation 
crops out between the Running River Metamorphics and 
the Kallanda Granite (Withnall 1990 and in Withnall & 
Lang 1993). It is faulted against the Running River 
Metamorphics along the Endeavour Fault, which may be 
a continuation of the Clarke River Fault. The Perry Creek 
Formation is described in Chapter 8. ln this area, it includes 
some large marble lenses that occur as horses surrounded 
by Running River Metamorphics in the Endeavour Fault 
zone, and are noteworthy in that they host skarn-type 
mineralisation. 

Millchester Supersuite (Ravenswood 
Batholith) 
U Hutton, /P Rienks 
The Millchester Supersuite, which includes most of the 
Silurian to Devonian granites in the Ravenswood Batholith, 
comprises mostly medium-K to high-K granodiorites and 
tonalites (Hutton, Rienks et al. 1994a). Incompatible 
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elements such as Rb, Th and U show broad scatter, but do 
not i~crea~e with increasing Si02, suggesting that feldspar 
fractionatiOn has played only a minor role in the evolution 
of the supersuite .. Hornblende fractionation, however, may 
have played a maJor role as the aluminium saturation index 
increases steadily with increasing Si02 from 0.8 (at 56% 
Si02)to 1.1 (atabout70%Si02)(Hutton&Crouch 1993b). 
Two suites are defined within the Millchester Supersuite: 
t~e Riverview Suite, distinguished mainly on the basis of 
h1gher K20 and Rb/Sr, and the Merriland Suite 
distinguished on the basis of lower V and Ti02 (Hutton & 
Crouch 1993b). 

T~e ~ge of the Millchester Supersuite is middle to late 
S1lunan. Rb-Sr ages range from 418 ± 5 Ma on a diorite, 
to 415 ± 2 Ma for the Rishton Granodiorite, to 411 ± 2 Ma 
for the Chippendale Granodiorite and the West Rishton 
Tonalite (Hutton, Rienks et al. 1994a). Strontium initial 
ratios (87Srfi6Sr) for these samples vary from 0.7039 to 
0.7072, while Nd model ages range from 1140 to 1220. 
The ~erriland Suite may be slightly older as it includes 
the Mlllchester Creek Tonalite, which has yielded Rb-Sr 
ages of 426 ± 2 Ma and 425 ± 2 Ma (Hutton, Rienks et al. 
1994a). 

Brittania Supersuite (Ravenswood Batholith) 
The Brittania Supersuite is made up of5 plutons intruding 
the Seventy Mile Range Group. It consists of low to 
medium-K granite, and minor granodiorite and 
trondjhemite. Unlike most of the Silurian to Devonian 
granites, the Brittania Supersuite has suffered post 
crystallisation alteration. The suite shows increasing K20 
with increasing Si02, except for some low K20 samples 
from the Flora Creek Trondhjemite that fall in the low-K 
field (Figure 6. 7) and may be altered. On most other two 
element (Harker) diagrams, the Brittania Suite forms a 
parallel but distinct trend. Compared to the Millchester 
Supersuite, it is characteristically low in Al20 3, K20 , Rb 
and K20 + Na2_0 and higher in Ti02, Sc, Y, FeO(<o<al)• Th, Y 
and Sr at a g1ven Si02• It also has a low aluminium 
saturation index and a high K/Rb (Hutton & Crouch 
1993a,b; Hutton, Rienks et al. 1994a). 

The precise age of the Brittania Supersuite .is not known. 
A late Silurian to Early Devonian age is assigned, but it 
may als_o be mid Ordovician. Petrographically, the rocks 
are stramed but not recrystallised and cut the dykes that 
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intrude the Seventy Mile Range Group and the early 
Ordovician Schreibers Granodiorite. 

Barrabas Supersuite (Rave11swood Batholith) 
The Barrabas Supersuite comprises the Barrabas Granite 
(Clarke 1971 ), the Kedumba Granodiorite and the Mount 
Cuthbert Granodiorite (Rienks et al. 1995). It occurs in 
the southeast of the Ravenswood Batholith (Hutton, Rienks 
et al. 19_94a). It is characterised by high-K and Rb and low 
Sr, particularly compared to the other high Si02 granites 
the Brittania Supersuite. ' 

The age of the Barrabas Supersuite is uncertain. Two 
samples of the Barrabas Granite lie on an imprecise 408 ± 
30 Ma multiple whole rock Rb-Sr isochron of Webb 
( 1969). A biotite K- Ar age from one of these samples of 
405 ± 12 Ma (Wyatt et al. 1971) is concordant with this 
age. 

Deane Supersuite (Ravenswood Batholith) 
The Deane Supersuite comprises only one pluton, the 
Deane ~ranodiorite (Hutton & Crouch 1993a), a large 
steep s1ded roughly circu-lar pluton about 50 km in 
dia~eter, sou.th of C~a':lers Towers. It comprises mainly 
med!um gramed, b1ot1te-hornblende granodiorite to 
gramte. A ce~tral core of trondhjemite, which is higher in 
S~ and lower m Rb compared to the main pluton (Hutton, 
R1enks et al. 1990a), cannot be produced by fractional 
crystallisation of the main granite. However, the core has 
similar 87Srfi6Sr initial ratios and age, so probably has a 
similar source. The core is Y depleted and Sr undepleted 
(therefore generated below the eclogite transition (Wyborn 
et al. 1992) suggesting a garnet-rich source rather than a 
gabbroic source as for the main part of the pluton). The 
northern half of the pluton is more altered than the southern 
hal~ an_d this is reflected in the aeromagnetic response, 
wh1ch IS much lower and more even in the north than in 
the south. 

The age of the Deane Granodiorite is late Silurian to Early 
Devonian. Rb-Sr biotite-total rock ages of 41 I ± 2 Ma for 
the main pluton and 409 ± 2 Ma for the core are reported 
by Hutton, Rienks et al. ( 1994a). 87Sr/86Sr initial ratios for 
the two samples are similar at 0.7042 and 0.7048 
respectively. Nd model ages are 1047 Ma and 1013 Ma 
with eNd,. of -0.3 for the main pluton and -1 .8 for the 
core. These data indicate that the Deane Supersuite was 
probably derived from partial melting of a -1 000 Ma 
~ource, which itself was derived directly by partial melting 
m the mantle. 

Broughton River Supersuite (Rave11swood 
Batholith) 
As with the Deane Supersuite, the Broughton River 
Supersuite (Hutton, 'Rienks et al. 1994a) comprises only 
one pluton, the Broughton River Granodiorite (Hutton & 
Crouch 1993a). This pluton is composite, with a two 
pyroxene monzogranite to diorite sheath around the main 
hornblende-biotite granodiorite to granite phase. The 
supersuite is distinguished from other Silu.rian to Devonian 
granites by being higher in K20 for a given Si02 and also 
hi_gher in Rb when plotted against K20 and Al20 3 (Hutton, 
R1enks et al. 1994a). Some geochemical data indicate the 
presence oft~o groups in the Broughton River Supersuite, 
but most maJor elements plot on the same trends when 
plotted against Si02, indicating broadly similar source 
rocks. The Broughton River Supersuite has a distinctive 
si_gnature on airborne radiometric images: a particularly 
h1gh response in the Th channel. This feature is reflected 
in the high Th content of the Supersuite (Hutton & Crouch 



1993b). On the radiometric image, the Broughton River 
Granodiorite appears to be a zoned ph.,ton with a low K20 
core similar to the Deane Granodiorite. While the core is 
not produced by fractional crystallisation ofthe main body 
(similar to the core in the Deane Granodiorite), the zoned 
nature of the pluton suggests that fractional crystallisation 
may have been an important process in its formation. High 
Rb/Sr and low K!Rb (decreasing with increasing Si02) 

also indicate that the granite has undergone fractionation 
(Hutton & Crouch 1993b). The adjacent Stannett Creek 
Gabbro is petrologically and mineralogically similar to the 
mafic sheath around the main phase of the Broughton River 
Granodiorite, indicating a possible link. 

The Broughton River Granodiorite is coincident with a 
well defined gravity low (Stockhill & Hutton 1991). It 
also has steep sides, regular ovoid shape, and an igneous 
foliation parallel to the margin, suggesting the pluton is a 
deep seated diapir. 

The age of the Broughton River Supersuite is Early 
Devonian. A hornblende-biotite granodiorite yielded a 
Rb-Sr age of 406 ± 4 Ma with a initial (87SrJ86Sr) ratio of 
0.7078. 

Amarra Suite (Lolworth Batholith) 
U Hutton 
Granites assigned to theAmarra Suite (Hutton et al. 1995) 
comprise the greater part of the Lolworth Batholith. They 
are typically muscovite-biotite granites, some with minor 
garnet. Petrographical ly, the granites contain quartz, large 
poikilitic K-feldspar, subhedral albite, plagioclase, 
muscovite and biotite. Magnetic susceptibilities range from 
non-magnetic for more altered samples to 800 x I o-s Sl 
units (most samples average 100-300 x to-s Sl units) 
(Hutton et al. 1995). Chemically, the Amarra Suite 
comprises medium to high-K, calc-alkaline, metaluminous 
to slightly peraluminous granites which define good linear 
trends on most two element (Harker) diagrams. 

The age of the Amarra Suite is Early to Middle Devonian. 
A 206PbP38U age of382 ± 5 Ma was obtained on a sample 
from the Amarra Granite using the SHRJMP microprobe 
(Fanning 1995a). A K-Ar age (recalculated using the decay 
constants of Steiger & Jager 1977) of 398 ± 12 Ma was 
recorded from the Myola Granite (Webb 1971 ). K-Ar ages 
of 400 ± 12 Ma (biotite) and 404 ± 12 Ma (muscovite) 
were reported from the Davey Creek Granite (Webb 1971 ; 
Hutton et al. 1995). 

Grasstree Suite (Lolworth Batholith) 
The Grasstree Suite inc ludes garnet- muscovite 
leucogranite, pegmatite and aplite which intrude the 
Amarra Suite as layered dykes and subhorizontally layered 
sheets (Hutton et al. 1995). Granites of the Grasstree Suite 
are best developed in the northeast of the Lolworth 
Batholith. 

Geochemically, the Grasstree Suite comprise high-K, calc
alkaline, granites. They are peraluminous (AS I<? 1.1 ), 
moderate to high Rb (200-400 ppm), and low Ba, Sr and 
Zr compared to the Amarra Suite. K20 , Rb and ASI all 
decrease with increasing Si02• Some alteration by post 
crystallisation hydrothermal solutions is evident in thin 
sections and in some of the geochemical plots. The suite 
is interpreted as comprising S-type granites. 

The age of the Grasstree Suite is probably Early Devonian. 
Webb (1971) reported no detectable difference between 
leucogranite dykes in the Goldsborough area (now 
assigned to the Grasstree Suite) and the enclosing 
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muscovite- biotite granite (now included in the Amarra 
Suite). A 206PbJ238U age of414 ± 5 Ma obtained on a sample 
from the Grasstree Leucogranite was determined on a 
single zircon grain and may be a xenocryst as it is also the 
age of the enclosing granite (Hutton et al. I 995). 

Hodgon Suite (Lolworth Batholith) 
Hornblende-biotite granodiorite and granite crop out in 
parts of the Lolworth Batholith. It is part of the background 
granites together with the Amarra Suite. Geochemically, 
the Hodgon Suite lies on the same trends as the Amarra 
Suite. However, the two are unlikely to be related as the 
Hodgon Suite is older and has an eNd,, of-3.04, compared 
to the eNd,c of - 10.2 to -10.8 for the Amarra Suite. 
Petrographically, the Hodgon Suite has characteristics 
similar to the Silurian to Devonian granites in the 
Ravenswood Batholith. The age of the Hodgon Suite is 
late Silurian. A 206Pb/238U age of 414 ± 5 Ma was obtained 
using the SHRIMP microprobe on a sample from the 
Hodgon Granodiorite (Fanning 1995a; Hutton et al. 1995). 

Granites of the Reedy Springs Batholith 
JP Rienks 

The Silurian-Devonian Reedy Springs Batholith is located 
about 250 km west of Townsville. The batholith is 
dominated by silicic granodiorite and monzogranite, and 
it, or most of it, has previously been assigned an 1-type 
character (Richards 1980, Champion & Heinemann 1994) 
based on petrography and sparse geochemical sampling. 
The granites are dominantly calcic, peraluminous two-mica 
types which do not readily fit a restite-unmixed S-type or 
meta-pelite derived model, nor an evolved !-type model. 
A distinct, more mafic series is less widespread, and may 
be regarded as classical 1-type character; they have been 
termed ' 1-types' herein. A notable feature of both the 
peraluminous and !-type plutons is the presence of 
magmatic epidote, probably indicating mid-crustal 
generation. Small trondhjemite intrusions are also present, 
and leucosomes occur within migmatitic portions of the 
metamorphic country rocks. 

The batholith intrudes Proterozoic middle to upper 
amphibolite facies metamorphics that include migmatite. 
Migmatites include finely layered and nebulitic types. 
Melanosomes are not developed everywhere, suggesting 
that the migmatite includes both metatexites and diatexites. 
The leucosome material in the metamorphics includes 
granite, aplite and pegmatite. They tend to be noticeably 
more leucocratic and alkali- feldspar-rich than the high
volume granites in the batholith. They approach dry 
minimum-melt compositions. Melanosomes are biotite
rich. Leucosomes appear to predate the batholithic granites 
in some areas and postdate them elsewhere, so that 
plutonism and migmatisation probably overlapped. The 
metamorphics in the southeast of the batholith appear to 
be lower grade, and their original depositional character 
is still preserved. 

Nineteen plutons have been formally defined (Rienks & 
Withnall I 996a,b). Field relations are poorly known and 
there are insufficient geochronological data to infer a 
sequence of emplacement. Microstructural observations 
of plutons near the centre of the batholith indicate they 
are more strongly deformed, and thus possibly were 
emplaced earlier. However, this need not be the case if 
strain was heterogeneous. These central plutons tend to 
be more evolved than those to the north or south. 

Extensive cover and a lack of detailed geophysical data 
make it difficult to constrain pluton morphology as now 
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preserved. However, they appear to be mainly steep-sided, 
some are elongated parallel to the prevailing foliation, and 
they are separated by screens of metamorphics up to I 0 
km wide. However, these features possibly do not reflect 
the emplacement geometry, as they may have resulted from 
reorientation by concurrent or later structural events. Low 
gravity values suggest that they may extend to depth, 
although the host metamorphics are also low. 

Several plutons in the northwest of the batholith occur 
partly as relatively continuous granite bodies, and partly 
as the dominant granite type within intermingled 
metamorphics and granite. In such intermingled areas, 
most granite bodies form either sharply bounded pods or 
semi-conformable sheets. Diffuse contacts occur along 
some sheets, suggesting they are either para-autochthonous 
or underwent assimilation. Other plutons are possibly 
equant in p lan, and one pluton appears to form a 
moderately dipping sheet with in its less-fractionated 
parent. The trondhjemitic plutons are unnamed, form 
sparse pods within the metamorphics and are presently 
known only from near the northern margin of the batholith. 
!-types are also confined to the northern part of the 
batholith. 

Few precise age data are available from the Reedy Springs 
Batholith, but available data range from about 410 to 390 
Ma, derived mainly from a single K- Ar study (Richards 
et al. 1966), with some recent U/Pb zircon data (Fanning 
1995b ). Interpretive difficulty arises from the pervasively 
foliated, multiple pluton, regional aureole character of the 
batholith, and the strong likelihood of zircon
oversaturation of the peraluminous plutons, providing 
scope for long delays in closure and/or widespread 
resetting of isotopic systems and the dominance of 
inheritance respectively. 

However, one U/Pb age is within uncertainty of the oldest 
of a series of K- Ar ages from the same pluton at 410 and 
407 Ma (corrected for revised decay constants and spike 
calibration error, J.R. Richards, written comm. 1991) 
respectively, and is possibly a magmatic age. Other K-Ar 
ages range up to 406 Ma, which probably include minimum 
igneous ages, while several in the vicinity of 390 Ma are 
probably reset. Two U/Pb localities yielded inheritance ages 
of 1554 ± 7 Ma and 1532 ± 23 Ma respectively, and 
ENd 41oMa values of ~15 (Fanning 1995b). 

The high Sr and Na20, and low Rb of the batholith 
(Richards 1980) extends to both the 1-types and the 
peraluminous granites. These characteristics suggest an 
affinity with granites intruding the Georgetown Region 
(Richards 1980), many of which are now believed to be 
Silurian, as they yield ages I 0-20 Ma older than the Reedy 
Springs Batholith. As a result, there is some doubt whether 
such geochemical features are diachronous and essentially 
prov incia I, as opposed to characterising particular 
magmatic episodes. 

Craigie Supersuite (Reedy Springs Batholith) 
The least differentiated 1-type is the Craigie Tonalite, a 
calcic, oxidised, transitional low to medium K, mafic, 
metaluminous to weakly peraluminous tonalite. Samples 
range from 61% to 70% Si02 and ASI -0.94 to 1.07, The 
Craigie Tonalite is more aluminous, has higher Sr and lower 
incompatible elements, and (Ce/Y)N 2-4 times higher than 
Silurian- Devonian plutons in the Ravenswood Batholith, 
and cannot be regarded as equivalent. The rare-earth data 
(Figure 6.8) are consistent with a garnetiferous source 
region, and little or no retained plagioclase or plagioclase 
fractionation between 61% and · 62% Si02. Strontium 
accumulates between 61% and 62% Si02, and CaO and 
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Sr reduce between 62% and 70%, suggesting plagioclase 
fractionation begins in the latter interval. 

Toms Hole Supersuite (Reedy Springs 
Batholith) 
This unit is possibly calc-alkaline (Peacock index- 61), 
oxidised peraluminous granodiorite, which in the Reedy 
Springs context is characterised by high values of 
incompatible elements. It has relatively low Na20, high 
K20 , low Sr and Zr, and high U, Cs and Rb. Incompatible 
elements and (Ce/Y)N approach typical Ravenswood 
Batholith values, but Al 20 3 is higher. Less marked 
depletion of HREE (Figure 6.8) suggests garnet played a 
lesser role in the source region compared to the Craigie 
Tonalite. A lack of a Eu anomaly suggests little or no 
retained plagioclase or plagioclase fractionation at about 
66% Si02• This pluton is likely to have been derived from 
a shallower source than was the Craigie Tonalite. 

Unassigned Peraluminous Granites (Reedy 
Springs Batholith) 
The peraluminous granites range from medium-K silicic 
oxidised weakly peraluminous granodiorite to leucocratic, 
mildly peraluminous, high-K, oxidised to mildly reduced 
monzogranite. The more strongly differentiated granites 
appear to occur preferentially in the central (north-south) 
portion of the batholith (Figure 6.9). 

Median Si02 content is in the 7 1-73% region, and median 
ASI around 1.07. ASI shows a near-normal distribution, 
but there is a secondary peak at 1.16, more than one 
standard deviation above the mean. About 80% of samples 
have an ASI between I and 1.1 . The granites display low 
KINa (molecular) ratios with a median - 0.4. The most 
evolved just exceed 0.6. In this respect, and despite its 
dominantly peraluminous nature, the batholith differs from 
what are commonly regarded as typical restite-unmixed 
S-type or meta-pelite derived granites. However, a 
subsidiary trend of decreasing total ferromagnesian 
constituents with decreasing aluminium saturation occurs 
in the least-differentiated samples of several of the plutons 
sampled in greater detail. This subsidiary trend is 
comparatively abbreviated but sub-parallel to the trend 
shown by cordierite-bearing S-types, such as those of the 
Lachlan Fold Belt, although no cordierite has been 
observed. 

In Harker diagrams, the granites show well-defined trends 
of decreasing Ti0 2, FeO ,0"'" MgO, CaO and Sr, and broadly 
increasing K20 (Figure 6.10) and Rb with increasing Si02 
The broader spread in strongly incompatible and mildly 
incompatible elements is attributable in part to the 
widespread mild sub-solidus alteration . However, 
relationships apparent in plots using oxides and elements 
likely to have been mobile can usually be confirmed in 
plots of immobile elements, and the possibility of 
wholesale metasomatism is rejected. Distinctly curved 
trends can be found in several combinations of oxides, 
and so the broader spread of incompatible elements may 
resul t from superimposition of partial melting trends with 
(at lower degrees of melting) residual potassic phases, 
crystal fractionation trends and source differences. Further 
scatter appears to have arisen from the presence of 
cumulates, inferred from their distinctly higher total FeO, 
Ti02 and other transition elements, and lower Si02• 

Potassium enriches steeply with Si02, so that the most 
differentiated samples are just within high-K fields. This 
is consistent with textural evidence for the late 
crystallisation of both alkali feldspar, which forms sparse 
large poikilitic 'pools', and biotite, which is interstitial. 



Indeed, none of the samples plot within the f ield for K
feldspar crystallisation in Ab-An-Or n~m~ative space .. In 
detail, K20 does not show monotomc mcrease~ wt~h 
differentiation. Some relatively mafic samples, whtch be 
on the decreasing ferromagnesian constituents with 
decreasing aluminium saturation trend discussed above, 
tend to show higher K20 and Rb. and higher KIN~ t~an 
less mafic counterparts, and poss1bly represent a dtsttnct 
differentiation vector. 

In general terms •. the r.are-earth signatu~es of t~e 
peraluminous gramtes (F1gure 6.8) are cons1stent w1th 
garnet-free sources and retained plagioclase or plagioclase 
fractionation. 
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Figure 6.9. Hybrid diagram with sample Rb value as X-axis, 
and AMG grid nonh coordinate of sample site as Y-axis, showing 
a tendency for more evolved samples to occur in the centre 
(nonh-south) of the batholith. Paucity of samples near the centre 
is a function of poor exposure. Distinct trend in south of batholith 
is notable. Symbols as per Figure 6.8. 
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Unassigned Trondhjemite 
The trondhjemite in the north of the batholith has 
distinctive geochemistry. It is borderline alkalic (TAS 
classification), borderline alkalic-calcic (Peac?ck index 
= or < 56), reduced to strongi.Y reduced, f~ls.1c, l~w. to 
medium-K, and weakly di fferenttated. Other dlstmgutshmg 
features include low Sr and Rb, low total FeO and MnO, 
low Zr and high Ni. The trondhjemite is of the high alumina 
type with Ah03 above 14.5%. Rb/Sr and AI203 values 
(see' Coleman & Donato 1979) a~e cons!stent w!th a 
continental setting. Low (Ce/Y)~o~ IS conststent w1th a 
garnet-free source, and in this respect it. is similar to rare 
trondhjemite in the Ravenswood Batholith. 

Setting of the Reedy Springs Batholith 
The broadly syn-metamorphic character of the bathol_ith 
and the high grade of the country rocks clearly makes 1t a 
reg ional aureole type. Magmatic epidote indicates 
pressures of3-7 Kb (e.g. Sial et al. 1995) or mid-crustal 
depths of between about I 0 and 25 km, while deformed 
texturally primary muscovite in seve~al plutons also 
indicates minimum pressures of3 kb (M1I Ier et al. 1981 ). 
Hornblende compositions from the 1-types are consis.tent 
with th is range, as they indicate about 5 kb. F1nal 
emplacement of the peraluminous granites may have been 
at about 2 kb, or 6-8 km, as indicated by normative 
compositions of the most fractionated granites, according 
to the compilation of Anderson & Cullers ( 1978). 
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Figure 6.10. Potassium-silica diagram (as employed by 
Champion & Heinemann 1994) showing the dominant medium
K character of the batholith. Note that the peraluminous granites 
evolve into the high-K field, probably because biotite and alkali 
feldspar crystallise late. The broad spread of the trend is also 
notable. Symbols as per Figure 6.8. 

The peraluminous granites are the subject of ongoi~g study 
(Rienks in prep.). They form most of the batholith, and 
their combination of high Na20 and Sr, and low K20 and 
Rb with moderately high ASI is difficult to reconci le with 
the standard I or S-type source petrogenetic models as 
applied to eastern Australia. However, large negative values 
of eNdtc are consistent with crustal derivation, and rule 
out a basic source, while the restricted Si02 range suggests 
a high-Si02 source. High Ni s.uggests some se~iment~ry 
enrichment of heavy minerals tn the source. The1r medtan 
composition approaches the average upper crustal values 
ofTaylor & McLennan ( 1981) except for low K20 , P20 5, 

Ti02 Nb and Zr. The median tends to fall between the 
low-Ca and high-Ca granite compositions of.Turekian & 
Wedepohl ( 1961) in the major elements, but Nb, P andY 
are low against both, and Na is high against both. The 
combination of high Si02, Na20 and Sr and low K20 and 
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Rb suggests a broadly trondhjemitic or low-K andesitic to 
dacitic source, or immature sedimentary rocks derived 
from such rocks. Such a model is in line with petrogenetic 
models proposed for granites of comparable major element 
composition in Cordilleran, United States of America 
(Anderson & Cullers 1990). If the ~ranites were sourced 
from rocks of that type, initial 87Sr/ 6Sr ratios, for which 
no data are available, should be low, particularly when 
source age is taken into account: inherited zircons yield 
ages in the vicinity of I 550 Ma. 

Devonian-Early Carboniferous 
JJ Draper 
Wilkie Gray Group 
The oldest phase of deposition is Emsian to Eifel ian (Early 
to Middle Devonian), and was restricted to the Mount 
Podge, Ewan and possibly Blue Range areas (Withnall 
1990 and in Withnall & Lang 1993; Zhen et al. 1993). 
Initial deposition consisted of a transgressive sheet of partly 
calcareous sandstone and pebbly sandstone (Laroona 
Formation) which is overlain by coral and stromatoporoid 
dominated limestone (Mount Podge Limestone) deposited 
during the peak of the transgression (Zhen et at. 1993). 
There is a major unconfonnity at Mount Podge with the 
Keelbottom Group overlying the Mount Podge Limestone. 
The Laroona Fonnation and Mount Podge Limestone were 
previously included in the Fanning River Group, but are 
now included in the Wilkie Gray Group (Draper et al. in 
prep.). 

Fanning River Group (Burdekin Basin) 
Deposition in the Fanning River Group is mainly Givetian 
(late Middle Devonian). A transgressive, calcareous, 
lithofeldspathic sandstone and conglomerate sheet (Big 
Bend Formation) forms the base of the Fanning River 
Group. Overlying the sandstone is the stromatoporoid and 
coral dominated limestone shelf sequence of the Burdekin 
Formation deposited during the maximum transgression 
(Cook 1995). Regression resulted in the deposition of the 
uppermost unit in the group, the Cultivation Gully 
Formation, which comprises a richly fossiliferous lower 
sequence of mudstone and siltstone with minor calcareous 
sandstone and limestone, and an upper sequence of 
sparsely fossiliferous sandstones a~d minor siltstone. 

Dotswood Group (Burdekin Basin) 
The overlying Frasnian to Famennian (Late Devonian) 
Dotswood Group (Lang et al. 1994; Lang & Draper 1995) 
is of entirely continental o r igin, with the locally 
unconformable contact marked by the incoming of a 
volcaniclastic component in the rocks as well as the 
absence of marine fossils. Sandstone, mudstone, siltstone 
and minor conglomerate, tuff and I imestone are present in 
the Vanneck Formation , the lowermost unit of the 
Dotswood Group. Plant remains and fish plates are present 
in this unit, which was deposited in a coastal plain,.alluvial 
plain and alluvial fan setting. Overlying the Vanneck 
Formation are the redbed sandstones, siltstones and minor 
limestones of the Stud Formation, which was deposited in 
ephemeral lakes, on alluvial plains and as sheetflood 
deposits. in the main area of the basin, the uppennost unit 
of the group is the Julia Formation, which coarsens 
upwards from sandstone to pebbly sandstone and 
conglomerate, and was deposited in alluvial plain and distal 
alluvial fan environments. On the eastern side of the basin, 
the conglomeratic Kukiandra Formation was deposited in 
a similar environment. This unit is tentatively identified 
in the Burdekin Delta area. Both the Julia Formation and 
the Kukiandra Formation contain fossiliferous limestone 
clasts reworked from the Fanning River Group. 
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Keelbottom Group (Burdekin Basin) 
Overlying the Dotswood Group conformably and marking 
a return to marine deposition is the Famennian (latest 
Devonian) to Tournai sian (ea rly Carboniferous) 

· Keelbottom Group (Draper et al. I 994). The Myrtlevale 
Formation was deposited in a transgressive-regressive 
cycle which achieved its maximum transgression in the 
mid Famennian (marginifera conodont Zone). Sandstone, 
siltstone and mudstone containing marine and plant fossils 
and fo rmed in shoreline to she lf environments occur 
throughout the unit. Regression resulted in the deposition 
of the sandstones and minor conglomerates and siltstones 
of the Lollypop Formation in braidplain delta, braidplain 
and alluvial plain environments. A similar unit to the 
Lollypop Formation, the Collopy Formation (which does 
not form part of the group) was deposited to the southeast 
of the basin. In the latest Devonian (praesulcata Zone), 
there was a major transgressive event (recorded also in 
the C larke River Bas in and the Graveyard Creek 
Subprovince). This heralded the beginning of deposition 
in the Hardwick Formation, which also contains sequences 
deposited in two subsequent transgressions (early 
Tournaisian and mid Tournaisian). These transgressive/ 
regressive cycles resulted in the alternation of nearshore 
to shelfal fine-grained sandstone, siltstone, mudstone and 
limestone, with shoreline to nearshore coarser-grained 
sandstone, pebbly sandstone and minor siltstone. The final 
recorded regression in the basin resulted in deposition of 
the Piccadilly Formation, a sandstone, conglomerate and 
mudstone unit deposited on a braidplain delta and 
braidplain. 

Glenrock Group 
The Visean to ?Namurian (early to mid Carboniferous) 
Glenrock Group represents a major change in depositional 
style - it is predominantly volcanic in origin and was 
deposited in a series of northwest trending grabens (Hutton, 
Draper et al. I 994). Unconformably overlying the 
Keelbottom Group or older basement, the Glenrock Group 
comprises four basal units deposited in separate grabens 
and two additional units deposited in.the most southeastern 
graben. The Ewan Formation (Withnall 1990) crops out 
in the Ewan area to the northwest and is a mixed unit with 
a lower sub-unit of mudstone, sandstone and conglomerate 
deposited in lakes and on alluvial fans, and an upper sub
unit of basaltic and andesitic lavas and pyroclastic rocks. 
Further to the southeast are the Tareela Volcanics, which 
are a mixture of rhyolitic pyroclastic rocks and basaltic 
and andesitic lavas and pyroclastic rocks. Immediately to 
the south of the Tareela Volcanics are the Saint James 
Volcanics. Like the Tareela Volcanics, they are a mixture 
of rhyolites and basalts, but they also contain a sandstone 
unit of lacustrine origin. The basal unit in the southeast, 
the Percy Creek Volcanics, comprises a lower basaltic lava 
unit and an upper unit of rhyolitic and basaltic pyroclastic 
rocks and lavas. Overlying the Percy Creek Formation is 
the Mount Douglas Formation containing sandstone, 
conglomerate, siltstone, mudstone and rhyolitic tuffs and 
ignimbrites deposited in an alluvial and lacustrine setting. 
The youngest unit in the group is the Horse Pocket 
Volcanics. comprising andesitic breccia with minor 
andesite and basaltic lavas. 

Ignimbrites 
ln the northern part oft he region, several units consisting 
predominantly of thick, rhyolitic ignimbrite sheets have 
been recognised (Scott 1988b; Gunther & Withnall 1992, 
1995). Their relationship to the Glenrock Group is not 
known, but they differ from it by being relatively 
homogeneous and lacking mafic members. They may have 
been deposited in cauldron subsidence structures, rather 



than grabens. They have not been dated directly, but are 
intruded by various granites of the Oweenee Supersuite 
for which Visean ages (330-340 Ma) have been determined 
(see below). The volcanic rocks are probably also Visean. 
The Oweenee Rhyolite and Paluma Rhyolite are intruded 
by high-level porphyritic microgranite intrusives (the 
Malmesbury and Clemant Microgranites respectively), 
which may be co-genetic with the volcanic rocks. 

The Paluma Rhyolite forms a relatively flat lying, sheet
like body of grey, crystal-rich rhyolitic ignimbrite near 
Paluma. It crops out from near sea level to the top of the 
Paluma Range, suggesting that it is up to 900 m thick. It is 
thought to unconformably overlie the Saint Giles Volcanics. 

The Saint Giles Volcanics crop out along the Paluma 
Range. They appear to be more heterogeneous than the 
Paluma Rhyolite and consist of moderately dipping sheets 
of grey dacitic to rhyolitic ignimbrite and minor lapilli 
tuff, and rhyolite flows and intrusives . Overall the 
ignimbrites are more lithic and less crystal-rich than those 
in the Paluma Rhyolite. Because of their heterogeneity, 
they may be better placed in the Glenrock Group. They 
are poorly known because of inaccessibility and dense 
rainforest cover. The unit crops out from near sea level to 
the top of the Paluma Range, indicating a thickness of 
over I 000 m and possibly up to 3500 m. 

The Watershed North Rhyolite in the Ben Lomond area 
consists predominantly of crystal-rich to lithic-rich 
rhyolitic ignimbrite at least 400 m thick. It unconformably 
overt ies folded early Carboniferous Saint James Volcanics 
of the Glenrock Group and hornfelsed Devonian to early 
Carboniferous sedimentary rocks of the Burdekin Basin. 
It is unconformably overlain by the late Carboniferous 
Insolvency Gully Formation, and intruded and hornfelsed 
by the late Carboniferous to Permian Speed Creek Granite. 

The Oweenee Rhyolite crops out southwest of the Sybil 
Graben, and is mainly recrystallised crystal-rich rhyolitic 
ignimbrite. It overlies rocks assigned to the Lyall Formation 
of the Clarke River Basin (see Chapter 8) and is intruded 
by the Malmesbury Microgranite. A Visean age would be 
consistent with correlation of the Oweenee Rhyolite with 
the Meath Rhyolite Member and/or other tuffs in the Lyall 
Formation. 

The limited chemical data for the Oweenee, Paluma and 
Watershed North Rhyolites (Gunther & Withnall 1992) is 
consistent with them being related to the granites of the 
Oweenee Supersuite. 

Oweenee Supersuite IW Withnall 
Wyatt et al. ( 1970) gave the name Oweenee Granite to a 
large, composite, northeast-trending batholith about I 00 
km long and 20 km wide in the western part of the 
Townsville 1:250 000 sheet area. Mapping in the 
southwestern part of the batholith found that the type area 
of the granite was in fact crystal-rich rhyolitic ignimbrite 
(Scott 1988; Gunther & Withnall 1992). The name of the 
unit was therefore changed to Oweenee Rhyolite and the 
extensive porphyritic microgranite unit intruding and 
possibly co-genetic with the ignimbrite was named the 
Malmesbury Microgranite (Scott 1988). Further mapping 
of the batholith resulted in the recognition of an additional 
five major units, the Baumans Camp Granite, Macauley 
Creek Granite, Spinifex Granite, Coane Range Granite 
Complex and Kallanda Granite, and three smaller, 
unnamed units (Gunther & Withnall 1992, 1995). Another 
unit, the Jacobsens Creek Granodiorite has been mapped 
in the northeast in the Ingham sheet area (Rienks & 
Gunther in prep.). The batholith was informally referred 
to as the Oweenee Batholith by Gunther & Withnall ( 1992). 

CHAPTER SIX Charters Towers Rcaian 

Farther east in the Paluma Range, Gunther & Withnall 
( 1992, 1995) defined two other early Carboniferous 
granitic units, the Clemant Microgranite and Rollingstone 
Granite. In addition, extensive areas of unnamed 
microgranites that intrude the Keelbottom Group were 
mapped in the headwaters of the Star River. 

Other details of the granites are given in Table 6.1 1 and 
the geochemistry is summarised in Figure 6.1 I. 

Although there are too few data from individual units to 
adequately define suites, the granites show sufficient 
chemical similarities to be grouped together as the 
Oweenee Supersuite. The supersuite is relatively felsic and 
contains higher levels ofY, Th, Ce, La, Nd compared with 
the late Carboniferous to Permian granites of the region 
(in particular the Emysland Granodiorite- see below). 
The most felsic members of the supersuite, the Coane 
Range Granite Complex and Kallanda and Spinifex Creek 
Granites with Si02>75%, show good evidence of crystal 
fractionation, in particular Ba depletion and low K!Rb, 
and they are enriched in Y, Th, U and F. These highly 
fractionated g ranites are all pink to cream, seriate to 
porphyritic, leucocratic biotite granite. The Coane Range 
Granite Complex is a composite unit ranging from 
microgranite to granite. Most of the deposits of the 
Kangaroo Hills tinfield occur within these fractionated 
granites or close to their contacts. Chloritic alteration zones 
and less common greisen zones associated with tin and 
tungsten mineralisation occur throughout the Kallanda 
Granite. 

The Macauley Creek and Rollingstone Granites are also 
felsic (Si02> 75% ), but show less evidence of strong crystal 
fractionation (lowerY, Th, U and higher K!Rb and Ba). 
The Macauley Creek Granite hosts minor copper deposits. 

The Malmesbury Microgranite and Baumans Camp 
Granite are the least felsic granites ofthe supersuite (71-
72% Si02), and the Malmesbury Microgranite contains 
hornblende as well as biotite. Both are characterised by 
large phenocrysts of K-feldspar and plagioclase. Both 
granites are hosts to tin mineralisation in the Tinvale and 
Baumans Camp areas, but are unlikely to be the primary 
source. Unnamed microgranite in the Baumans camp area 
may be the source, although no such felsic phases were 
recognised in the Tinvale area by Scott ( 1988). 

The Clemant Microgranite forms ring dykes and arcuate
shaped bodies. It intrudes the Paluma Rhyolite. Gunther 
& Withnall ( 1992) showed that the microgranite and 
ignimbrite were chemically similar, and suggested that they 
may be co-magmatic, and that the Clemant Microgranite 
intruded its own volcanic pile in cauldron subsidence 
structures. lt was also suggested that the Malmesbury 
Microgranite and Paluma Rhyolite were co-genetic, 
although chemical similarities are less apparent. 

A Rb-Sr isochron of 342 ± 7 Ma was obtained by Webb 
(1969) for the Oweenee Granite as mapped by Wyattet al. 
( 1970). The age is suspect as rocks from several different 
plutons (including the Rollingstone Granite and some 
granites in the western part of the Ingham Batholith) have 
been used to construct the isochron. Some of these rocks 
may have had different sources, and hence different initial 
ratios, and could have produced a false isochron. Despite 
this, the age is corroborated by recent U/Pb zircon dating 
using the SHRIMP ion-microprobe (Fanning in Gunther 
& Withnall 1995) that gave 337 ± 7 Ma for the Clemant 
Microgranite and 330 ± 4 Ma for the Kallanda Granite. 
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Unassigned Granites 
The least felsic rocks observed in the Oweenee Supersuite 
are a complex of fine-grained hornblende- biotite tonalite 
and more leucocratic hornblende- biotite granite that crop 
out near Williams Creek along the southern contact of the 
Kallanda Granite. Gunther & Withnall (1992) described 
the relationships and suggested that the rocks formed a 
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net-veined complex. They could be related to the Jacobsens 
Track Granodiorite, which crops out 30 km northeast, 
where it intrudes the Coane Range Granite Complex 
(Rienks & Gunther, in preparation). The Jacobsens Creek 
Granodiorite is much less felsic (Si02 is 65- 66%) than 
the granites of the Oweenee Supersuite, and because of 
this compositional gap, it is uncertain whether is part of 
the Supersuite. 
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Figure 6.11. Chemical comparison of Early Carboniferous and Late Carboniferous- Early Permian granites, Townsville hinterland. 

182 



CLARKERNER 

REGION 

TOWERS 

CARPENTA~IA LOWLANDS REGION 

;....-...~-~ 

BELYA~DO REGION 

.. 

REGION 

Plate 6.1. Charter-; Towel' Region: a. geology f,c.: Plate 1.1 for legend). b. mineral on·um:m:e-,. 

h. 



Plate 6.2a. T01al magnetic intensity (TMI) image of the Lolworth-Cape River area, Charter; Towers Region The lower 
edge of the image coincides wtlh the southern margin of the I: I 000 000 scale North Queensland Geology map. Data from 
the Queensland Department of Mines and Energy. Drummond-Galilee Basin dataset nown in 1997. 
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Plate 6.3a. Gravity image, Charters Towers Region, showing outline of batholiths. 
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Late Carboniferous-Permian 
Rocks JJ Draper, !W Withna/1 

Sybil Group (Sybil Graben) 
Wyatt et al. (1970) gave the name Sybil Group to a 
sequence of volcanic rocks and sediments within the Sybil 
Graben. Gunther & Withnall (1992) further defmed and 
described the unit, which comprises the Hells Gate 
Rhyolite (including the Malairo Rhyolite Member) and 
the Marshs Creek Formation (including the Engow 
Member). The Sybil Graben is a northwest-trending 
trapezoidal structure about 9 km wide at its southeastern 
end, widening to about 20 km at the northwest. The greatest 
movement appears to have been on the fault on the 
northeastern margin, along which the uppermost preserved 
part of the Sybil Group is faulted against the early 
Carboniferous Macauley Creek Granite. Steep dips in the 
Marshs Creek Formation adjacent to the fault suggests that 
some movement was post-depositional, but it is likely that 
there was also considerable syn-depositional movement 
that controlled the nature of sedimentation within the 
graben. 

The Hells Gate Rhyolite crops out in the southern and 
western parts of the Sybil Graben. The lower part is 
relatively heterogeneous, consisting of a variety of 
volcaniclastic and some epiclastic rocks of dominantly 
rhyolitic composition. Massive crystal-rich rhyolitic 
ignimbrite forms the main basal unit in much of the western 
area. Mafic rocks are volumetrically a very small part of 
the Hells Gate Rhyolite, unlike the olderTareela Volcanics 
and Ewan Formation. The lowermost part of the Hells Gate 
Rhyolite extends outside the graben to the south. 
Originally, it may have been even more extensive. As it is 
preserved now, it is thickest within the graben, but this 
may be the result of the later down-faulting. 

The upper part of the Hells Gate Rhyolite, the Malairo 
Rhyolite Member, consists predominantly of rhyolite flows. 
Eruption of the Malairo Rhyolite Member may have been 
from a series of vents along the southern bounding fault 
and/or from a parallel rhyolite dyke swarm 5 km to the 
south. 

Wyatt et al. ( 1970) suggested that the thickness of the Hells 
Gate Rhyolite may reach 900 m in places, although this is 
probably an over estimate. The thickness of the Malairo 
Rhyolite Member is difficult to determine because of the 
irregular shallow dips. AJong the western edge, the rhyolite 
may be about 250 m thick. 

The Hells Gate Rhyolite unconformably overlies the 
Ordovician to Early Devonian flyschoid rocks of the Camel 
Creek Subprovince and the early Carboniferous Ruxton 
Formation. The Hells Gate Rhyolite is faulted against the 
early Carboniferous Malmesbury Microgranite along the 
southern bounding fault of the Sybil Graben. The Hells 
Gate Rhyolite is thought to be late Carboniferous i.n age. 
The Marshs Creek Formation overlies the Hells Gate 
Rhyolite, probably disconformably, and is faulted against 
the Macauley Creek Granite to the east. It is about 750 m 
thick, and can be subdivided into three parts. The basal 
Engow Member consists of fine-grained sandstone, 
si ltstone, mudstone, chert and minor polymictic 
conglomerate. Many of the siltstone and sandstone beds 
are volcaniclastic. Primary air-fall or waterlain tuffs may 
also be present. The member probably represents a 
lacustrine environment. The middle unit comprises 
conglomerate (with a predominance of rhyolite clasts) and 
intervals of sandstone, siltstone and mudstone. It may be 
an alluvial fan deposit. The upper unit consists of fine-
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grained sandstone passing upwards into mudstone and 
siltstone. It probably represents a fluvial sequence, possibly 
passing into another lacustrine sequence. 

Deposition ofthe lacustrine Engow Member probably 
marks one of the main phases of downfaulting within the 
graben. Blair & Bilodeau ( 1988) suggested that the onset 
of a new phase of tectonic activity in asymmetric rifts is 
generally indicated by initial lacustrine, marine or fine
grained fluvial sedimentation. Only when basin subsidence 
slows down can an extensive coarse-grained clastic wedge, 
such as the middle part of the Marshs Creek Formation, 
prograde across the basin. 

Fossils listed from the Marshs Creek Formation include 
the plants cf. Rhacopteris sp. and Phylotheca sp. Early 
Permian palynomorphs were obtained from an outcrop 
sample from the uppermost mudstone-dominated facies 
in the upper unit (J. McKellar pers. comrn.). The Marshs 
Creek Formation is therefore mainly late Carboniferous 
to earliest Permian age and may correlate with the Wade 
beds in the Clarke River Basin (Draper et at. in Withnall 
& Lang 1993; see Chapter 8). 

The Sybil Group overall dips shallowly to the northeast, 
but towards the narrower southeastern end of the graben 
the rocks are folded by into an open syncline and anticline 
trending north to northwest. Dips range up to 45° on the 
limbs of these folds . The reason for the folding is uncertain, 
but it could be related to east-west compression, or it could 
be transpressional related to a sinistral shear couple on 
the bounding faults. 

Insolvency Gully Formation 
The Insolvency Gully formation was defined by Wyatt et 
al. (1970) and redescribed by Gunther & Withnall ( 1992). 
lt consists of conglomerate, lithofeldspathic sandstone, 
siltstone and mudstone. 

The total preserved thickness of the Insolvency Gully 
Formation is in the order of 1000 m. The formation consists 
of a large number of interbedded conglomerate, sandstone, 
s iltstone and mudstone sequences, from 0.5 m to 
approximately 15 m thick, formed by cyclic periods of 
sedimentation. The cyclic sedimentation suggests unstable 
tectonic conditions and the formation was probably 
deposited in a rapidly, but intermittently, subsiding basin 
in which the rate of sedimentation kept pace with the rate 
of subsidence (Wyatt et al. 1970). The range of sediment 
type and grainsize, as well as sedimentary structures, 
suggest alluvial fan and fluviatile to lacustrine 
environment. 

On its southern boundary the unit unconformably overlies 
the Watershed North Rhyolite and the Saint James 
Volcanics. Its northern boundary is a faulted contact with 
a tongue of the Mingoom Granite. 

The presence of Calamites sp. indicates a Carboniferous 
age. The Insolvency Gully Formation resembles and is 
probably equivalent to parts of the Ellenvale Beds, 45 km 
to the southeast and the Marshs Creek Formation in the 
Sybil Graben, some 60 km to the northwest. It is therefore 
assigned a late Carboniferous age. 

EJienvale Beds 
The Ellenvale beds (Wyatt et al. 1970; Wyatt & Jell 1980) 
occupy the central portion of the Minge Ia I: I 00 000 sheet 
stretching from Clayhole Hills in the east to Surgeon's 
Lookout and Acacia Creek in the west. Although the unit 
crops out well in places, there have been few studies of 
the unit. Rhyolitic flows and pyroclastics, feldspathic . 
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sandstone, conglomerate, shale, mudstone and breccia are 
present in the unit, which is up to 3000 m thick along the 
Reid River. 

The Ellenvale beds unconformably overlie the Horse 
Pocket Volcanics and are intruded by Carboniferous to 
Permian granites. On its southern side it is faulted against 
Ordovician granites. The age is mid Carboniferous to Early 
Permian based on superposition. 

Julago Volcanics 
The Julago Volcanics were defined and described by 
Trezise et al. ( 1989) and comprise a basal sedimentary 
sequence overlain by andesitic to rhyolitic lavas and 
volcaniclastic rocks. They form the steep coastal mountains 
and residual hills around the city ofTownsville. The Julago 
Volcanics were also described by Wyatt et al. (1970), 
Stephenson ( 1970) and Stephenson & Patrick ( 1978) but 
not named. They were estimated to be 300-500 m thick. 
The basal sedimentary sequence comprises sandstone, 
conglomerate and shale, and has thin coal seams. An Early 
to mid Permian flora (including Glossopteris) has been 
described from the basal sequence (Trezise et al. 1989), 
and the rocks are intruded by Early Permian granites. The 
rocks are therefore broadly equivalent to the Lizzie Creek 
Volcanics that form the basal unit in the northern part of 
the Bowen Basin. They may therefore represent an 
extension of the Bowen Basin, rather than being part of 
the Kennedy Province. 

Leichbardt Supersuite JP Rienks 

The Leichhardt Supersuite (Table 6.12) contains three 
suites from the Ravenswood Batholith plus unassigned 
granites in the northeast of the Charters Towers Region. It 
is dominated by !-type calc-alkaline (strict definition of 
Brown 1982) granodiorite, monzogranite and granite, with 
vo1wnetrically minor basic rocks confined to the Tuckers 
Suite. The supersuite ranges in age from late Carboniferous 
to Early Permian; present age determinations range from 
311 to 283 Ma. It was probably gradually supplanted by 
the Woodstock Supersuite during an eastward migration 
in the locus of magmatism during the Early Permian. It 
intrudes the Proterozoic basement and pre-late 
Carboniferous units of the region to high levels, generally 
as sharply bounded stocks. 

Woodstock Supersuite 
The Woodstock Supersuite (Table 6. I 2) is made up of two 
widely separated suites. The Woodstock Suite is centred 
in the Townsville coastal area and the Mundie Suite in the 
Lolworth-Homestead area. It is dominated by alkali-calcic 
to calc-alkaline (definitions of Brown 1982) granodiorite 
and monzogranite with borderline A-type affinities. It was 
emplaced as sharply bounded sub-circular stocks and 
intrusive-extrusive complexes at shallow levels within 
rocks as young as Early Permian . Present age 
determinations range from the middle of the Early Permian 
to early in the Late Permian, 286-265 Ma. · · 

Unassigned Intrusives 
Numerous plugs and dykes of andesite, dacite, rhyolite, 
granite and diorite intrude the Ravenswood Batholith and 
adjacent rocks but little is known about these rocks. 

Overview - Late Palaeozoic Igneous Rocks 
IP Rienks 
Early Carboniferous to mid Permian intrusive and extrusive 
igneous rocks of the Kennedy Province crop out in the 
eastern part of the Charters Towers Region. The intrusives 
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are dominated by silicic compositions, but a near 
continuous range from gabbro to granite is present. 

Within the Charters Towers Region, six end-member types 
of magmatic centres have been recognised on age, 
structural and morphologic grounds (Hutton, Lockhart et 
a!. 1990; Hutton, Draper et a!. 1994; Hutton, Rienks et a!. 
1994a; Gunther & Withnall 1992) as follows. 

I. Early to mid Carboniferous basic-felsic volcanic
sediment infilled grabens and half-grabens (Glenrock 
Group). 

2. Early to mid Carboniferous batholith-sized plutons and 
stocks of granite, commonly hjghly fractionated 
(Oweenee Supersuite). Several thick ignimbrite 
sequences are associated with these rocks. 

3. Late Carboniferous to Permian ring fracture controlled 
stocks and complexes. 

4. Early Permian lineament controlled granite to gabbro 
complexes. 

5. Carboniferous- Permian high level plugs vents and 
diatremes. 

Volcanic rocks may be associated with (2) to (5) as roof 
rocks or as integral parts of complexes, and with: 

6. relatively felsic Early to mid Permian granite stocks, 
mainly in the east of the region. · 

In addition, there are dykes exposed in the region that are 
known or inferred to be Carboniferous or Permian in age, 
although comparatively little is known about them. Some 
are clearly related to large intrusive bodies, while others 
are geochemically similar to the volcanic rocks. 

The granites are dominantly high-level and tend to lack of 
primary foliation or ductile tectonic foliation (but see 
Hutton, Garrad & Witlmall1996, for a description of the 
Larry Creek Complex). The early to mid Carboniferous 
volcanic rocks are commonly localised in northwest 
trending grabens and half grabens, such as within the 
Glenrock Group, while the late Carboniferous to Permian 
volcanic rocks occur within cauldron structures in 
association with intrusives. The graben-related volcanic 
rocks are folded into broad open folds, and dips rarely 
exceed about 20°, but steeper dips are commonly associated 
with the ring-fracture controlled complexes, probably 
because of subsidence. The granites are commonly 
localised along pre-existing linear structures and belts of 
such structures, and at structural intersections. 
Carboniferous to Permian igneous rocks make up about 
6% of the Ordovician-Permian Ravenswood Batholith 
mostly in its east and southeast, and the batholith contains 
al l the known lineament controlled gabbro-granite 
complexes, although ovoid gabbro-granite complexes crop 
out elsewhere (Hutton, Garrad & Withnall I 996). 

In the granites, hornblende, biotite and opaque oxides are 
the dominant ferro-magnesian mineral phases. Pyroxene 
is present in some gabbroic to dioritic rocks and in some 
of the intermediate compositions within the lineament 
controlled complexes, which thus appear to have been 
formed from relatively hot and dry magma. Acicular 
amphibole is known from some of the mid Permian 
plutons. Muscovite occurs in some of the highly 
fractionated plutons, but is largely secondary. Garnet has 
not been observed. 

Phenocryst phases in the basic to intermediate volcanic 
rocks include plagioclase, biotite, hornblende, pyroxene 
and opaque oxides, whereas pyroxene is mostly absent 
from the felsic members, which contain quartz and K-
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Table 6.1. Isotopic age control for intrusive constituents of the Kennedy Province in the Charters Towers Region. Bracketed ages 
are reset from pre-Carboniferous units (round brackets), or from the Oweenee Supersuite (square brackets), and are shown with the 
suites the age corresponds to, ignoring the possibility of partial resetting. Italicised Rb-Sr ages are multiple whole rock isochrons. 
Queried data have been assigned to the relevant supersuite on assumptions or on limited geochemical data. Note that individual rows 
within the table do not correspond to a sample, i.e. a row with data in several columns does not indicate that one sample was dated 
by several techniques. 

Grouping or K-Ar Rb--Sr U-Pb 
Supersuite 

Oweenee 342 :t 7 330±4 
Supersuite [331 ± 2) 337 ± 7 Ma 

Dykes at 346± 10 
Charters 339± 10 
Towers 335 ± 10 

Leichhardt Range: (316 ± 5) 283±4 
Supersuite (304 ± 9) 311 ± 3 

296±9 283 ± 19? 
283±9 

Woodstock 286±9? 265 ± 6 
Supersuite 275 ±9 (264 ± 2) 

feldspar instead (Hutton, Draper et al. 1994). Eutaxitic 
and devitrified textures are commonly preserved in the 
pyroclastic rocks. The volcanic rocks are generally altered. 
Secondary minerals include calcite, chlorite, zeolites, white 
mica, prehnite, pumpellyite, clays, epidote, serpentine/ 
antigorite and silica (Hutton, Draper et al. 1994). Whole
rock volatile contents reach I 0%. 

Dating of the igneous rocks has been confined to the 
intrusive rocks and is limited in scope (Table 6.1), but 
includes o lder K-Ar and Rb- Sr ages (Webb 1969; 
recalculated here according to Steiger & Jaeger 1977), and 
more recent Rb-Sr and U/Pb ages (Fanning, unpub. reports 
to the GSQ, reported in Hutton, Rienks et a!. 1994a; 
Fanning in Gunther & Withnall 1995; Uemoto et al. 1992). 
In general, the older K- Ar and Rb-Sr ages have been 
confirmed as indicative of the ages of the igneous episodes, 
but representative initial isotopic values are not yet evident. 
Two initial 87Sr/86Sr data are available for the Leichhardt 
Supersuite and one for the Woodstock Supersuite. The 
ENdcc and the initial 87Sr/86Sr with error margins for the 
Leichhardt Supersuite were derived from Mount Leyshon, 
a mineralised (altered) porphyry-breccia system south of 
Charters Towers (Uemoto et al. 1992) that has been 
tentatively included in the supersuite. The initial ratio data 
fall within the field of island arcs and active continental 
margins according to Wilson ( 1989). Throughout the 
region, a broad trend of eastward-younging is suggested 
by the absence of known mid Carboniferous granites and 
Carboniferous volcanic rocks from the east of the region, 
and a possible increase in abundance of mid Permian 
granites and in Permian volcanic rocks to the east. Clearly 
much more geochronological data are desirable to confirm 
such a trend. 

Carboniferous-Permian magmatic centres mostly show 
moderate to strong normally magnetised aeromagnetic 
signatures, although several have low signatures, indicating 
reverse remanent magnetisation. Fractionated granites in 
some instances also attain a weakly magnetised state due 
to low contents offerromagnetic minerals. The lineament 
controlled Early Permian gabbro-granite complexes have 
complex signatures, each consisting of a distinctive narrow 
low zone surrounding a high zone corresponding 
approximately with the mapped outlines of the complexes 
(Lackie et al. 1992). Radiometric responses vary with rock 
types within the Carboniferous- Permian igneous 

£,\'d Initial Remarks 
17Sr/86S r 

0.7059 

Chemistry different from 
Oweence Supersuite, 
possibly similar to parts 
of coeval volcanic rocks 

- 1.3 to 0.7047 
-3.3? 0. 709 ± 0.006? 

0.7068 

complexes. There is no direct correlation between the 
geophysical data and the geochemical suites identified 
within this age group. 

Geochemistry 
The close spatial association of granites and volcanic rocks 
in the region is reflected in their major element chemistry, 
in so far as they are broadly comparable, form remarkably 
coherent trends in major element variation diagrams. Thus 
on geochemistry alone most could be grouped within the 
same supersuite (e.g. Mg~aO covariations, shown in 
Figure 6. 12). However, the suggestion that the two are 
comagmatic is difficult to evaluate with confidence 
because of limited overlap of the two early to mid 
Carboniferous igneous suites, sampling density, and the 
complexity of the volcanic rocks (Figure 6.13). Broadly 
the felsic volcanic rocks are poorer in alkalis than their 
granite counterparts, but the mafic volcanic rocks are 
comparable to the (younger) intrusives. The range in silica 
values (calculated volatile free) is from <50% to >75% 
with a 65-67% gap as far as the granites are concerned. 
This is probably a sampling gap. High silica rocks (>69%) 
dominate the granites, but it is not clear if any composition 
dominates in the volcanic rocks at the present sampling 
density. The assemblage is dominantly calc-alkaline, 
according to the definition of Brown ( 1982), with the 
potential of a calcic trend populated mainly by volcanic 
rocks, and a few data points hint at an alkali-calcic trend. 
Hutton, Draper et al. ( 1994) recognised three suites within 
the Carboniferous volcanic rocks, including two within 
the mafic-intermediate rocks, on the basis of immobile 
element ratios and spider diagrams. Draper et al. (in 
preparation) recognised two calc-alkaline signatures and 
a tholeiitic signature within the basalts, :which were 
evidently intercalated in the volcanic succession. 
Equivalent signatures to the tholeiitic and one of the calc
alkalic suites could be found in broadly coeval intrusive 
rocks sampled in the Ravenswood Batholith to the south 
(D_raper et al. in preparation). 

In major element terms, some of the volcanic units 
overlying the Reedy Springs Batholith are similar to the 
Carboniferous volcanic rocks, and can probably be 
included in the same supersuite. In the data as a whole, 
two minor groups separate from the main data in some 
major element diagrams. A relatively low-K series is 
suggested by distinctly lower K20 data in the medium-K 
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Figure 6.12. Volatile free MgO-CaO diagram of all 
Carboniferous-Permian igneous rocks from Charters Towers 
Region, suggesting close similarity except among evolved rocks, 
where the Woodstock Supersuite shows low CaO. 
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Figure 6.13. Volatile free MgO-Tota.l alkalis diagram of early 
to mid Carboniferous igneous rocks from Charters Towers 
Region. Where comparison is viable, the volcanics show lower 
alkalis, suggesting they are not the liquid compliment of the 
granitoid solids. 

and high-K fields at intermediate and high silica values, 
perhaps extending from tholeiitic basalt precursors such 
as those in the Glenrock Group (Figure 6.14). Included 
are some rhyolite dykes in the Reedy Springs and Charters 
Towers areas, and a microgranite plug intruding the Tareela 
Volcanics I km southwest of Ponto Hut. Another group of 
Reedy Springs rhyolites and the Ellimeck Volcanics 
(Hutton, Garrad & Withnall 1996) are distinctly potassic, 
with K/Na ratios reaching 20, although pota·ssic alteration 
may have occurred. A sample of porphyritic microgranite 
intruding the Keelbottom Group south of Hellhole Creek 
appears to be similar to this potassic group. These felsic 
geochel)'lical types of extrusives and intrusives occur over 
(if anything) a wider area than that inferred for the several 
basic types discussed earlier. 
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In view of the low density of sampling in the volcanic 
units in the region, and the number of suites which can be 
recognised by various means in the basic to intermediate 
rocks, it is clear that they are a complex assemblage in 
need of substantially more detailed study. Volcanics are 
likely to have been erupted from vents over a much wider 
area than the present distribution of stratified volcanic units 
would suggest. 

Cretaceous JJ Draper 
K-Ar dating of a hornblende-biotite granodiorite sample 
from the Alice River, west-southwest of Townsville gave 
an Early Cretaceous age (129 Ma - Trezise et al. 1989). 
Its extent is urtknown. This introduces the possibility that 
more of the as yet undated plutonic rocks in the coastal 
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Figure 6.14. ~O-Si02 diagram, as employed by Champion & 
Heinemann ( 1994), showing dominantly medium to high-K 
character of the igneous rocks from the Charters Towers Region . 
Note also the likelihood of a low-K series within the early-mid 
Carboniferous volcanics, and the occurrence of very high ~0 
silicic samples. 

region are of similar age. The granite is presumably related 
to the Cretaceous volcanic and plutonic rocks of the 
Proserpine-Mackay area and northern Urannah Batholith 
(Allen & Chappell 1996) to the south. 

Cainozoic JJ Draper, u Hutton 
The Charters Towers Region has·undergone two major 
episodes of sedimentation and deep weathering, not 
including the present cycle of alluvial deposition, during 
the Cainozoic (Grimes 1980). The older Southern Cross 
Formation, together with a deep weathering and regolith 
developing cycle, is overlain by the younger Campaspe 
Formation, with a second episode of deep weathering and 
soil development (Grimes 1980, Henderson & Nind 1994). 
The region also contains numerous basalt flows and 
volcanics vents. 

Southern Cross Formation 
The Southern Cross Formation comprises sandstone and 
pebbly sandstone with minor siltstone, mudstone and 
conglomerate that form renmants and flat-lying cappings 
on uplands in the Charters Towers Region (Henderso~ & 
Nind 1994). The rocks have undergone deep weathenng 
and ferricrete development (the Featherby Surface of 
Grimes 1980) which has resulted in a hard surface which 
has resisted later erosion. The sediments were probably 
deposited in a fluviatile or lacustrine environment with 
some possible colluvial deposition (Henderson & Nind 



1994). The unit underlies the Pliocene basalts of the Nulla 
province, but little direct evidence exists for a more clearly 
defined age. Henderson & Nind (1994) and Henderson 
(1996) suggested an Early Eocene or Palaeocene age and 
correlation with the Suttor Formation. However, Owen (in 
Chaffee et al. 1984) and Beeston (1994) report Miocene 
palynomorphs from the oil shales in the Suttor Formation. 
The Southern Cross Formation may correlate with the 
Exevale Formation. It is possible that there may be more 
sedimentation events in the Charters Towers Region and 
adjacent areas than currently interpreted (see also Witlmall 
et al. 1996a p4 7). 

Campaspe Formation 
The Campaspe Formation (Nind 1988; Campaspe Beds 
of Wyatt et al. 1971; Paine et al. 1971) underlies much of 
the lowland area between Charters Towers and Pentland, 
covering about 8000 km2 (Henderson & Nind 1994). It is 
a continental fluviatile assemblage comprising mainly 
sandstone and pebbly sandstone with minor siltstone 
intercalations. Clasts are derived from adjacent basement 
terranes. Texturally the sediments are immature and set in 
a matrix of fine sand, silt and clay. A episode of deep 
weathering and ferricrete development followed the 
deposition of the Campaspe Formation. 

The present flat landscape approximates the upper 
bounding surface of the Campaspe depositional system 
(Nind 1988). The base of the sequence is irregular(with a 
maximum thickness of 120 m) indicating erosion and 
channelling of the bedrock before deposition. The age of 
the Campaspe Formation is probably Pliocene (Nind 1988), 
based on K-Ar dating of bounding basalt flows in the north 
of the outcrop area. 

Unnamed Cainozoic Sediments 
Cainozoic alluvial and colluvial deposits occur throughout 
the Charters Towers Region. In the west, these occur along 
the flood plains of rivers and creeks, however, on the coastal 
plains around Townsville, extensive areas of colluvium, 
beach ridges and tidal deposits occur (Trezise et al. 1989). 

Volcanics J Knutson 

There are three subprovinces of the Eastern Australian 
Cainozoic Igneous Province within the Charters Towers 
Region - Nulla, Mingela and the vent area part of the 
Sturgeon Subprovinces. 

There are also mesa-type basalts in the headwaters of the 
Clarke River that are remnants of basalt flows which must 
have initially formed a continuous sheet between the 
Chudleigh and Nulla Subprovince. At least four eruptive 
centres have been recognised within this area and the age 
range, from 8.9 to 7.8 Ma, exceeds that of the neighbouring 
subprovinces (which have ages of6.3 Ma or less). A group 
of younger volcanoes and valley lavas in the same general 
area has been dated at 4.5- 0.7 Ma (Stephenson 1989; 
Grimes in Withnall & Lang 1993). 

Nulla Basalt (Nulla Subprovince) 
The Nulla Basalt covers an area of about 7500 km2

, 

northwest of Charters Towers, close to the crest of the Great 
Divide. Most of the lavas from the 46 recognised vents in 
the Nulla Subprovince flowed east to northeast towards 
the Burdekin valley (Stephenson 1989). 

Nulla Basalt comprises basanite, alkali basalt, nepheline 
hawaiite and hawaiite with Mg numbers greater than 60, 
and is predominantly nepheline-normative. The younger 
flows are systematically richer in K20 (and related trace 
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elements) compared to older ones (Stephenson 1989). 
Typically the basaltic rocks are fine-grained (sometimes 
glassy), vesicular, with phenocrysts or microphenocrysts 
of olivine and titaniferous pyroxene. Aggregates of 
megacrystal olivine and/or strongly zoned pyroxene are 
common in some samples. 

Spasmodic volcanic activity occurred between 5.2 Ma and 
1.3 000 BP. Apart from Mount Gambier in South Australia 
and possibly some Atherton Subprovince maars, the 13 
000 BP Toomba flow represents the youngest volcanic 
event known in eastern Australia. Toomba flow has a vent 
complex of northeast-trending fissures and minor 
pyroclastic cones, and well preserved flow morphology 
including pahoehoe lavas. 

86Srfl7Sr and eNd ratios range from 0.70354 to 0.70482 
and 3.27 to 6.46 respectively (Ewart et al. 1988; Collerson 
et al. 1994; O'Reilly & Zhang 1995). In contrast to the 
McBride, Chudleigh and Atherton Subprovinces, very few 
xenolith localities are known, and in these only small 
peridotite xenoliths have been identified. 

Sturgeon Basalt (Sturgeon Subprovince) 
Forty-six volcanic centres have been recognised in an area 
of about 75 km2 to the southwest of the Nulla Basalt 
(Stephenson 1989). The Sturgeon Basalt forms a broad 
topographic dome interpreted as Miocene uplift 
(Stephenson & Coventry 1986). Flows have followed 
drainage systems and subsequent erosion has resulted in 
inverted relief. The Sturgeon Basalt falls mostly just to 
the west of the Great Divide, where lava plains form 
plateaux above the Flinders River and its tributaries 
draining southwards, and the Stawell and Dutton Rivers 
draining westwards. Away from the centre of the 
subprovince, the lavas form narrow, elongate plateaux, the 
heights of which decrease with decreasing age (Coventry 
et al. 1985). 

The Sturgeon Basalt rocks are mostly slightly to 
moderately silica undersaturated. Hawaiite, including 
nepheline-normative types, is dominant and rocks more 
evolved than hawaiite have not been identified. 

Geomorphological criteria indicate that there were three 
main periods of volcanism, each separated by appreciable 
periods of erosion. The oldest episode is now preserved as 
isolated mesas, whereas the younger episodes mainly forn1 
valley flows (Vine & Paine 1974). Isotopic dating indicates 
that Sturgeon Basalt ranges from 5.4 to 0.92 Ma. However, 
the presence of basaltic clasts in lateritised sediments 
exposed at the tableland edge northwest ofEaglehawk Tank 
indicates a likely earlier volcanic episode. The age of the 
lateritisation is uncertain, but could be around 30 Ma 
(Stephenson 1989). The youngest dated flow - at 0. 92 
Ma - flowed southwards for 120 km before terminating 
near Hughenden. 

Minge1a Volcanics (Mingela Subprovince) 
The Mingela Volcanics form a 50 km southward-trending 
belt inland from Townsville. Twenty-two plugs, ranging 
up to 400 m in diameter, and several dykes have been 
recognised and are concentrated in the Arthur Peak and 
Mingela areas. Similar plugs extend over an area of I 00 
km to the northwest and may be affiliated with the Minge Ia 
Subprovince (Stephenson & Griffin 1976a; Stephenson 
1989). 

Rock types include basanite, alkali basalt and one 
occurrence of tholeiitic basalt. The latter forms a 200 m 
core to a hawaiite plug in the Mingela area. Most of the 
basaltic rocks are fme-grained and aphyric, except for those 
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containing xenocrysts and xenoliths. The tholeiitic basalt, 
in contrast to the silica-undersaturated rocks, lacks 
inclusions. Mg numbers range from 67 to 57. Arthurs Peak 
is the main xenolith locality in the area and contains 
abundant peridotite and pyroxenite xenoliths as well as 
olivine, pyroxene, amphibole, spinel and anorthoclase 
megacrysts. 

·Minge Ia Volcanics range in age from 44 Ma (Arthur Peak) 
to 31 Ma. 

Unassigned Volcanics 
Beside the main subprovinces described above, there are 
a number of small, isolated volcanic fields scattered 
through the Charters Towers Region for which there are 
limited data. These include the Paynes Lagoon and Val pre 
area to the west of Townsville in the eastern Burdekin 
watershed, and the Torrens Creek and Pentland area 
(Stephenson 1989). 

The Paynes Lagoon and Valpre lava fields total about lO 
km2 and form low weathered plateaux overlying Tertiary 
sediments and silcrete. Age determinations on two samples 
indicate ages of 27 and 26 Ma. Deeply weathered basalts 
in the Taravale area cap the southern dissected margin of 
the Paluma Tablelands and could be of similar age. 

Also of similar age are the six plugs (four dated) in the . 
Torrens Creek and Pentland district (27-25 Ma) which 
intrude either Mesozoic sediments near the exposed margin 
of the Great Artesian Basin in the Carpentaria Lowland 
region, or the underlying Palaeozoic Cape River basement 
rocks. Two of these plugs are nephelinite and contain small 
periodotite xenoliths. 

Deformation and Event History 
LJ Hutton, JW Withnall, IP Rienks, JJ Draper 
The deformation and event history of the Charters Towers 
Region is summarised in Table 6.13. The age and 
correlations of many of the events in the region are poorly 
constrained. Basement metamorphic rocks, particularly in 
the eastern part of the region, occur as packages of outcrop, 
tectonically disturbed and separated from each other by 
granite, making correlations of structural fabrics uncertain. 

The Region is subdivided into eight structural entities, each 
with its own tectonic history, for the purposes of structural 
analysis. Correlations between these entities are uncertain 
due to poor age control of structures. The eight entities 
are as follows: 

I. Cape River Province (Cape River, Charters Towers, 
Running River and Argentine Metamorphics) and Fat 
Hen Creek Complex 

2. Thalanga Province 

3. Ravenswood and Lolworth Batholiths 

4. Reedy Springs Batholith 

5. Burdekin Basin 

6. Oweenee Batholith (Oweenee Supersuite) 

7. Sybil / Reid River Grabens 

8. Cainozoic basalt subprovinces. 

One major aspect of the structure of the Charters Towers 
Region is the reactivation of older faults. Three major 
directions are dominant: east-west, northwest and east
northeast to northeast (see also Laing 1994). 
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Cape River Province and Fat Hen Creek 
Complex 
The structure of the Cape River Province is poorly 
understood. A lack of age dates on structural features 
makes correlation between the different inliers of 
metamorphics uncertain. Some correlations are attempted, 
based on the orientation and style of structural fabrics. In 
the Cape River Province, the Cape River Metamorphics 
form the largest package and their structure is best 
understood. 

The main cleavage developed in the Cape River 
Metamorphics, which dips at shallow to moderate angles 
to the southwest, is regarded as crS2 (Withnall et al. 1997). 
Shallow fabrics in the Argentine Metamorphics are also 
correlated with this event (Withnall & McLennan I 991 ). 
Steep fabrics in the Charters Towers Metamorphics and 
Running River Metamorphics are also tentatively regarded 
as crS2• An earlier foliation, crS 1, is preserved in some 
quartz-rich bands in the Cape River Metamorphics, but 
its attributes are unknown as no mesoscopic structures have 
been related to this event. Hammond ( 1986) suggested that 
crS 1 and crS2 were produced by progressive refolding 
during a single deformation. He interprets porphryoclast 
rotation in the Fat Hen Creek Complex to indicate an east 
over west shear sense with large scale crustal translocation. 
Withnall et al. (I 997) suggest that the crS2 fabric was 
originally sub-horizontal and is folded into more upright 
folds by later deformations. The crD2 deformation is also 
accompanied by upper greenschist to upper amphibolite 
metamorphism. In the Cape River Metamorphics, a 
younger folding event, crF3, is displayed as shallowly 
plunging fold axes folding crS2 foliations. Axial plane 
cleavages of crF3 folds (crS3) are broadly parallel to crS2, 

and are present as a crenulation cleavage which is locally 
differentiated. 

The ages of these events are uncertain. Withnall et al. 
( 1997) correlate crS1 and crS2 with the main deformation 
in the Anakie Metamorphics, which is now regarded as 
part of the Cambrian Dalamerian Orogeny in southeastern 
Australia. This orogeny comprises a complex series of 
deformations and intrusions which span the Middle 
Cambrian to early Ordovician. Previously recognised only 
in southern Australia (Jenkins & Sandiford 1992), this 
orogeny is now recognised in central and northern 
Queensland (Withnall et al. I996b). Such a time frame is 
consistent with time restraints on crS1 and crS2 in the Cape 
River Metamorphics. Granites, some of which are 
deformed, and ranging from Late Cambrian to mid 
Ordovician, are present in the Fat Hen Creek Complex. 

crS3 foliations in the Cape River Metamorph.ics are broadly 
concordant with crS2, however the folds are more open 
and not isoclinal as the crF2 folds are. crF3 folds are 
postulated to be· mid Ordovician to early Silurian. In the 
Ravenswood Batholith, at least two different deformations 
occurred between the mid Ordovician and early Silurian. 
These include: 
• sinistral, east-west lateral displacement along the Alex 

Hill Shear Zone, and 

• northeasterly directed thrusting, particularly in the 
southern Ravenswood Batholith. 

Subhorizontal crF3 fold hinges in the Cape River 
Metamorphics are more c9mpatible with northeast directed 
compression than with east-west lateral displacement. 
Metamorphism also accompanied crF3 folding (Withnall 
et al. 1997), locally attaining upper amphibolite grade with 
S-type granite formation in the Fat Hen Creek Complex. 



Structure within the Fat Hen Creek Complex is highly 
variable, ranging from non-deformed granites to strongly 
cleaved gneisses. 

Non-deformed granites occur in a belt along the 
southwestern part of the complex from north of Mount 
Remarkable to the southern end of Gorge Creek. The 
granites form a distinctive geochemical suite, different to 
the more deformed members of the Fat Hen Creek 
Complex and may, when more data is collected, be split 
off from the complex as a separate unit. The granites have 
numerous meta-sedimentary enclaves and are interpreted 
as S-type granites derived by partial melting of the Cape 
River Metamorphics (Hutton, Fanning & Garrad 1996; 
Withnall et al. 1997). They are dated at 469 ± 12 Ma (M. 
Fanning, unpub. report), implying an early to mid 
Ordovician high grade metamorphic event in the Cape 
River Metamorphics, probably associated with crF3 
folding .. Although metamorphism in the Cape River 
Metamorphics is only recorded as middle to upper 
amphibolite grade, geobarometry and geothermometry of 
granites in the Fat Hen Creek Complex (Hutton, Falllling 
& Garrad 1996) indicate lower granulite facies may have 
been locally attained during this early to mid Ordovician 
metamorphism. Rapid changes in metamorphic grade 
between Mount Remarkable and the Cape River imply 
juxtaposition of deep crustal rocks (upper amphibolite to 
granulite facies rocks) against mid to upper crustal rocks 
(lower amphibolite grade pillow lavas; Withnall et al. 1997) 
on the north bank of the Cape River within a distance of 
about 5 km. These data support the model of post-mid 
Ordovician southwest over northeast thrusting suggested 
for the southern part of the Ravenswood Batholith later in 
this report. 

The northern parts ofthe Fat Hen Creek Complex comprise 
more strongly deformed rocks than the southern parts. ln 
the upper reaches of Gorge Creek, strongly deformed 
garnet-biotite gneiss contains enclaves of felsic gneiss. 
The age and relationship of these rocks to the less deformed 
rocks to the south is unclear: they may be simply more 
deformed equivalents or may be part of an older sequence. 
Some rocks in the Fat Hen Creek Complex are believed to 
have undergone metamorphism and igneous intrusion in 
the Musgravian (Grenvillian) orogeny between -100~ 
1200 Ma (Hutton, Fanning & Garrad 1996). These rocks 
have acted as a local source for sedimentary rocks in the 
Cape River Metamorphics which have a detrital zircon 
population overwhelmingly dominated by I 00~ 1200 Ma 
zircon. At present, insufficient dating has been undertaken 
to distinguish metamorphics/igneous rocks formed during 
the Musgravian orogeny from those produced during the 
later Oalamarian orogeny. 

Structurally, cleavages present in the Fat Hen Creek 
Complex are parallel to, and probably synchronous with, 
both crS2 and crS3 in the Cape River Metamorpbics. The 
age of the crS3 cleavage is uncertain, but deformed mid 
Ordovician granites near Lolworth Station suggest that it 
either postdates, or occurs at the same time as, this 
magmatism. 

Thalanga Province 
Berry et al. ( 1992), recognise several deformations in the 
Mount Windsor Subprovince. The oldest, thO~, is poorly 
preserved and is only recognised at a couple of localities, 
mainly from thSr/thS2 intersection lineations which are 
mainly flat, but locally steep, indicating a previous 
deformation. The orientation and sense of shear of thO, 
structures is uncertain, but Berry et al. ( 1992) suggest 
westward directed thrusting. 
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The regional east-west cleavage developed in the Seventy 
Mile Range Group is thS2• Berry et al. ( 1992) interpret 
the outcropping part of the Seventy Mile Range Group to 
be the south-facing limb of an thF2 fold. The north-facing 
limb is poorly developed. This fold is the dominant 
structure i.n the Seventy Mile Range Group. 

thS2 is cut by northeast to east striking faults, which are 
represented by major aeromagnetic lineaments in the 
Ravenswood Batholith to the north. Examples of such 
aeromagnetic lineaments include the Boori Lineament and 
Connolly Lineament zones (Tenison Woods & R.ienks 
1992). These zones cut the Seventy Mile Range Group 
where they are identified as steep faults with south-side
up movement (Berry et al. 1992). These faults impart a 
localised thS3 foliation, cutting thS2• Late stage, post thS3, 

folding and faulting occurs locally in the Seventy Mile 
Range Group. 

The age of deformations in the Seventy Mile Range Group 
is difficult to relate to deformation in the Ravenswood 
Batholith. The main foliation in the southern Ravenswood 
Batholith is mainly east- west and records north-south 
shortening and is probably associated with thS2 in the 
Seventy Mile Range Group. th03 in the Seventy Mile 
Range Group is well represented in the Ravenswood 
Batholith as aeromagnetic lineament zones such as the 
Boori Lineament and Connolly Lineament zones (Tenison 
Woods & Rienks 1992). 

Ravenswood and Lolworth Batholiths 
Ordovician to Silurian 
Late Cambrian to mid Ordovician granites in the 
Ravenswood Batholith are typically strained and 
recrystallised. Mylonites, where present, form discrete 
zones cutting strained or poorly foliated granite. Some 
granites, such as the Minge Ia Granodiorite (Rienks 199 I; 
Hutton, Rienks et al. I994a) are gneissic with a strongly 
developed pervasive foliation, and are interpreted as being 
syntectonically emplaced. 

Mid Ordovician to mid Silurian structures in the 
Ravenswood Batholith are divided into three domains, each 
with a different tectonic style (Hutton, R.ienks et al. 1994), 
as follows: 

1. a northeastern domain, which occurs in the Mingela 
and northern Ravenswood I : 100 000 sheet areas and 
is characterised by east- west striking shear zones; 

2. a northwestern domain, which occurs in the Ootswood 
and northern Charters Towers I : I 00 000 sheet areas 
and is characterised by northwesterly striking foliations 
and local mylonites; and 

3. a southern domain, whkh occurs south of the latitude 
of Charters Towers and is characterised by steeply 
dipping west to northwest trending cleavages with steep 
to vertical lineations and prominent northwest 
structures. 

Northeasterly striking faults, shear zones and /inears cut 
the older parts of the batholith and also the Seventy Mile 
Range Group and may be part of the southern domain. 
These include the Policeman Fault Zone and Merri Fault 
of Henderson ( 1986), and the Windsor, Southern Cross 
and Merriland and Diamantina Road lineaments of Hartley 
et al. ( 1989). Similar striking foliations occur in the 
southeast of the batholith and may be related to these faults, 
which are part of the th03 deformation in the Seventy Mile 
Range Group (Berry et al. 1992). 

North to northeasterly striking diorite dykes extensively 
intrude the Seventy Mile Range Group and Ordovician 
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granites in the southern part of the Charters Towers 
I: 100 000 sheet area and are also present in the Charters 
Towers town area. 

Northeastern Domain (East-West Shear Zones) 
Two major east- west shear zones: the Alex Hill Shear Zone 
(Wyatt et al. 1970) and the Mosgardies Shear Zone (Wyatt 
et al. 197 1; Hartley et al. 1989), are thought to be similar 
(Clarke 1971 ). The east-west trend of the shear zones is 
regarded as a reflection of the local tectonic trend, 
represented by the east-northeast Clarke River Fault 
(Richards 1980). 

The Alex Hill Shear Zone is the southernmost but one of 
four shear zones in the northeastern portion of the 
batholith. It is defined mrunly by distinct tectonic layering 
in outcrop, trends east- west overall, but has offshoots. It 
is up to 100 km long and 7 km wide (Peters 1987a), with 
continuously mylonitic rock reaching 2 km in width. The 
shearing is present in Ordovician granites, but the zone 
stops or is ill-defined where it traverses Silurian-Devonian 
granites. Sinistral S-C fabrics were observed in outcrop 
and/or thin-sections. A stretching lineation is well 
developed, and is flat-lying to gently easterly dipping. The 
Alex Hill Shear zone therefore underwent sinistra.l strike
slip movement along the segment studied. 

Shearing and plutonism are at least partly synchronous. 
The Mingela Granodiorite is characterised by broad zones 
of gneissic granite with a penetrative foliation and S-C 
fabric development (Hutton, R.ienks et al. 1994a). This 
style of deformation is characteristic of deformation at 
medium to high temperatures (> 500°C) and is typical of 
syn-plutonic tectonism (Gapais 1989). The usual style of 
deformation in early or middle Ordovician granites with 
thin discrete high-strain mylonites wrapped around low
strain domains is typical of pretectonic granites (Gapais 
1989). 

The Mosgardies Shear Zone is the southernmost of the 
east-west shear zones and is less distinct than the Alex 
Hill Shear Zone. It is defined by both tectonic layering 
and by primary igneous layering, with a strike length of 
43 km and a width of up to 10 km. Continuously mylonitic 
rock reaches widths the order of I 00 m, and in general the 
shearing is less intense and less pervasive than along the 
Alex Hill Shear Zone. The Mosgardies Shear Zone is more 
distinct in Ordovician granites, but can be traced through 
Silurian-Devonian granites also, by primary igneous 
layering or by relatively thin and isolated shears. The 
lineations measured are in the west of the zone and are 
predominantly steep. This indicates dip-slip motion at 
some time along the west of the zone. 

The Mosgardies Shear Zone does not have a strong 
aeromagnetic response but can be seen in the aeromagnetic 
image (Webster et al. 1989). 

Two zones of shear are recognised north of the Alex Hill 
Shear Zone near the northern limit of the batholith. Both 
of these strike east-west, contain sheared rocks of 
Grdovician age, and brittle reactivated faults, and are thus 
similar to the Alex Hill Shear Zone. The Hellhole Gorge 
Shear Zone crops out over a length of about I 0 km, but 
probably extends further as there are concealing 
sedimentary rocks in the west. It is cut off by a fault in the 
east. A width of about 4 km is exposed. The Tomato Springs 
Shear Zone is defined by syntectonic igneous foliations 
and by tectonic foliations. A length of20 km is inferred, 
and a width of 5 km. The site was brittly reactivated after 
intrusion of Silurian- Devon ian granites. 
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Berry et al. ( 1992) suggest a correlation between the east
west foliations in the Alex Hill Shear Zone and east- west 
(thD2) fold axes in the Seventy Mile Range Group. 

Northwestern Domain 
There is a major change of structural grain from east
west in the northeast of the batholith, to northwest in the 
western part. Hutton, R.ienks et a!. ( 1994a) interpret the 
northwest fabric to overprint the east- west fabric of the 
Alex Hill Shear Zone. 

The northwest trending deformation (northwesterly 
gneissosity of Heidecker 1974) is best developed along a 
corridor coincident with the Burdekin River (the Burdekin 
River Lineament of Lang, Jell et al. 1990) decreasing in 
intensity to either side. The deformation is manifested by 
the presence of a northwest striking penetrative foliation 
with localised mylonitic fabric in the Charters Towers 
Metamorphics and by the presence of locally developed 
foliation with thin, discrete mylonite bands up to 0.5 m 
thick in the granites. The Burdekin River Lineament is 
apparent on aeromagnetic data. 

Along the Burdekin River in the vicinity ofWeir Hill and 
the Charters Towers weir, the northwesterly fabric is at its 
most intense. The fabric here is strongly lineated 
(L-tectonite) with the lineation plunging at about 20° to 
the south east. 

Northwesterly foliations are present in most Ordovician 
granites in the Charters Towers I: 100 000 sheet area. In 
the Hogsflesh Creek Granodiorite, an S-C fabric indicating 
oblique sinistral shear has been overprinted by contact 
metamorphism of possible mid Silurian to Middle 
Devonian age, resulting in recrystallisation of quartz, 
feldspar, biotite and hornblende grains. Small 
recrystallised biotite grains are randomly oriented in the 
S domains but are aligned along C in the C domains. 

The northwesterly deformation at Charters Towers predates 
the 425 Ma Millchester Creek Tonalite and postdates the 
early to middle Ordovician intrusive event. 

Southern Domain 
South of Charters Towers, east-west to northwest foliations 
and mylonites with steep stretching lineations dominate 
the structures in the Ordovician granites and basement 
rocks. The sense of shear in these rocks have not been 
generally determined. However, mylonites east of Charters 
Towers show southwest over northeast movement, and are 
interpreted as thrust faults. 

Small scale conjugate mylonites occur in the Towers Hill 
Granite occur north of the Swedenborg Mine about 5 km 
south of Charters Towers. These mylonites record an 
episode of north- south shortening and are interpreted as 
being produced in the same shortening event as the thrust 
faults east of Charters Towers. 

The Mosgardies Shear Zone contains some steeply dipping 
lineations which may indicate north-south compression 
as well as shallow lineations recording a lateral shearing 
event. The two events appear to overlap in the Mosgardies 
Shear Zone. 

In the area of the Lolworth Batholith, east-west and 
northwest striking, steeply dipping {locally mylonitic) 
foliations have well developed lineations which trend down 
dip. The sense of shear in these foliations, which occur in 
probable Ordovician granites and volcanic rocks in the 
Seventy Mile Range Group, has not been determined but 



their orientation is consistent with the roughly north-south 
shortening recorded in the southern Ravenswood Batholith. 
These data support a mid to late Ordovician south over 
north or southwest over northeast thrusting event in the 
southern Charters Towers Region, possibly equivalent to 
the late Ordovician thrusting of the craton over the 
Cambrian to Ordovician magmatic arc recorded in the 
Eastern Georgetown area (Withnall 1982; Withnall & Lang 
1990; Withnall & Lang 1993). 

The relationship of the postulated thrusting event to lateral 
strike-slip movement in the Alex Hill Shear Zone at about 
the same time is not known. 

thS2 in the Seventy Mile Range Group has similar 
orientation to the postulated thrusting and may be part of 
the same event. 

Several faults, shear zones and linears cut the Ordovician 
granHes and basement rocks, particularly in the western 
part of the batholith. These are manifest as: 

1. disruptions to the stratigraphy of the Seventy Mile 
Range Group, 

2. zones of intense foliation, and 

3. aeromagnetic lineaments. 

Henderson ( 1986) reports numerous northeast trending 
fauJts disrupting the stratigraphy of the Seventy Mile 
Range Group. The largest of these are the Merri Fault and 
the Policeman Fault Zone. Henderson indicates that these 
faults predate the intrusion of some of the granites of the 
Ravenswood Batholith but did not determine the age of 
these plutons. 

Two major aeromagnetic lineaments cut the southern part 
of the batholith. These are the Connolly Lineament zone 
and the Boori Lineament zone ofTenison Woods & Rienks 
(1992). The Mount Leyshon gold mine and mines at 
Rishton!Hadleigh Castle lie on the Boori Lineament zone. 
Being mainly an aeromagnetic lineament, the age of the 
structures is not known. The Connolly Lineament zone 
displaces the Seventy Mile Range Group dextrally 
(although the absolute sense of movement on the fault is 
not known) and is postulated to have been active during 
intrusion of some mid Silurian to Middle Devonian 
granites in the Ravenswood I :I 00 000 sheet area (Tenison 
Woods & Rien.ks 1992). This structure also influences the 
distribution of some mid Silurian to Middle Devonian 
granites and is discussed also in the following section. 

Numerous north-northeast trending mafic dykes intrude 
the Seventy Mile Range Group and Ordovician granites 
in the southwestern part of the batholith. These dykes can 
be large, such as the intrusion at Black Knob, which is 
several kilometres long and up to 1 km wide. The dykes 
are considered to be equivalent to the mafic magmas which 
mingle with Ordovician granites in the northern part of 
the batholith (Hutton & Crouch 1993b ). 

Such an extensive swarm of dykes may record an episode 
of roughly east-west extension. Whether this low stress 
regime is related to the north-south shortening recorded 
in the southern domain is not known. 

Northwesterly striking dioritic dykes are also present in 
the Charters Towers area (Reid 1917; Heidecker 1974). 
However, their age is not known and their relationship to 
diorite dykes in the south is uncertain. 

Silurian to Devonian 
Post-Silurian faults in the Ravenswood Batholith fall into 
two categories as follows. 
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I. Faults which control the form and orientation of 
many mid Silurian to Middle Devonian granites 
(Tenison Woods & Rien.ks 1992). Such structures fall 
into three categories: 

• large northeasterly striking faults, which are 
prominent on aeromagnetic images (Tenison Woods 
& Rien.ks 1992), 

• north to northeasterly trending grabens, and 

• pre-existing shear zones which are parallel to the 
long axis of mid Silurian to Middle Devonian 
granites. 

2. Faults which postdate intrusion of the mid Silurian to 
Middle Devonian granites. 

Structural control of mid Silurian to Middle Devonian 
plutons 

The Connolly Lineament (Tenison Woods & Rien.ks 1992), 
is a major aeromagnetic feature in the Ravenswood 
Batholith. It is .interpreted as an active fault during 
emplacement of some mid Silurian to Middle Devonian 
granites. Tenison Woods & Rienks ( 1992) report vertical 
igneous and tectonic foliations in granites along this 
lineament. They also invoke a mechanism of magma 
intruding along the fault and spreading Jaterally to one 
side of the fault to explain the distribution of the Carse-o
Gowrie Granodiorite (Rienks et al. 1995). The distribution 
of other plutons along the Connolly Lineamenl may also 
be explained in a similar way. In the Ravenswood 1 : l 00 000 
sheet area, both sinistral and dextral displacements are 
present along the Connolly Lineament. Hutton, Rienks et 
al. ( 1994a) interpret the Connolly Lineament to be, at least 
partly, a zone of accommodation between an area of 
extension to the north and a less extended area to the south. 

The Connolly Lineament is similar to structures associated 
with the thS3 cleavage of Berry et al. ( 1992) and is 
interpreted to be part of that event. This interpretation 
supports the contention of Berry et al. ( 1992) that the thS3 
cleavage forming event is Silurian to Devonian and can 
be correlated with some 'postorogenic' granites. 

Several mid Silurian to Middle Devonian granites occur 
in north to northeasterly trending grabens. These include 
the Merriland Tonalite (Hutton & Crouch 1993a), Balfes 
Creek Granodiorite (Hutton & Crouch 1993a), Mount 
Cuthbert and Kedumba Granodiorites (Rienks et al. 1994), 
and an unnamed granodiorite south of Sellheim. All of 
these units fall in the southern part of the batholith. The 
age of the granites is not known precisely but all have the 
characteristics of the mid Silurian to Middle Devonian 
granites. The grabens trend from north to northeast and 
may record an episode of northwest/southeast extension. 
However, the Molly Darling Granodiorite (Rien.ks et al. 
1994) appears to be intruded into a graben with a direction 
of maximum extension that may be either north-south or 
east-west and not northwest. This indicates that the 
extension is not strongly directional and may be due to 
uplift of the batholith in the mid Silurian to Middle 
Devonian .. 

Some mid Silurian to Middle Devonian granites appear to 
have been intruded into active shear zones. These plutons 
are characterised by the presence of igneous foliations 
parallel to their long axis and parallel to a similar but 
stronger foliation in the basement rocks. Such foliations 
are best developed near the margins of these plutons. 
Granites in this category include the Broughton River 
Granodiorite, Millchester Creek Tonalite, and Wharleys 
Tonalite in the Charters Towers I: l 00 000 sheet area. The 
Rishton Granodiorite in the Ravenswood I: 100 000 sheet 
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area has a moderately well developed igneous foliation 
paral lel to its long axis and probably belongs in this group. 

The Broughton River Granodiorite also has features of a 
ballooning pluton (Paterson 1988), such as foliations both 
within the pluton and in the country rock being parallel to 
the margins. The diapiric shape is confirmed by the 
presence of a gravity low coincident with the su~ace 
outline of the pluton. 

Post intrusive faulting 
Gold mineralisation at Charters Towers, Rishton/Disraeli 
and some lodes at Ravenswood are controlled by ea·st to 
northeast striking faults which postdate the intrusion of 
the mid Silurian to Middle Devonian granites. These faults 
are generally shallowly to moderately dipping and are 
nonnal (dip-slip) faults (Heidecker 1974; Reid 1917). This 
may indicate that the northwest-southeast extension 
recorded by the grabens may have continued well after 
intrusion ofthe mid Silurian to Middle Devonian granites. 

High resolution aeromagnetic images of the Broughton 
River Granodiorite show northwest striking faulting cutting 
the pluton on the eastern and northeastern margins. 
Although these faults do not appear to displace the edge 
of the pluton, they cause disruptions to the magnetic fabric, 
indicating that they postdate the intrusion of the granite. 
These northwest faults are a major feature in the Charters 
Towers I: I 00 000 sheet area marking the edge of the 
Towers Hill Granite and displacing some enclaves of 
Charters Towers Metamorphics in the Warrior mine area. 

Carboniferous to Permian 
In the Charters Towers Region, the morphologically and 
structurally defined igneous rock groups indicate an 
extensional emplacement environment. There is little 
evidence of large-scale transcurrent faulting or shearing 
concurrent with granitic magmatism or volcanism. The 
early to mid Carbo11iferous volcanic rocks were deposited 
mainly in northwesterly trending subsidence structures and 
attained a thickness of up to 2 Ian (Hutton, Draper et al. 
1994; Gunther & Withnall 1992). This suggests that the 
extensional stress had a northeasterly orientation at that 
time. The size, chemical and modal coherence, and 
unifonnly shallowly emplaced nature of the coeval granitic 
Oweenee Supersuite suggests it was emplaced over ca. 10 
Ma into crust which was not undergoing drastic subsidence 
or uplift. It was probably accommodated by sporadic 
cauldron subsidence during a sustained period of 
extensional stress; magmatic additions to the upper crust 
probably balanced· cauldron subsidence. The 
Carboniferous- Permian plutons and ·complexes are 
predominantly sub-circular, and the Early Permian 
lineament-controlled complexes lack a preferred 
orientation, suggesting that at the scale of the Charters 
Towers Region, the extensional stress lacked any distinct 
orientation by the late Carboniferous, ·a situation which 
continued into the mid Pennian. A local tectonic regime 
characterised by extensional doming is indicated. With 
respect to the Carboniferous- Permian igneous rocks as a 
whole, the country-rocks comprise older c·rystalline 
basement, such that the magmas were emplaced 
intracratonically, rather than into accreted material. The 
granites and volcanic rocks overwhelmingly show 
volcanic-arc affinities, and are mainly transitional from 
medium to high K calc.:alkaline, and thus are consistent 
with a back-arc extensional regime. A period of oriented 
extension in the early mid Carboniferous appears to have 
been supplanted by doming in the late Carboniferous to 
mid Permian. 
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The Carboniferous to Permian granites and associated 
volcanic rocks in the region are best modelled as they relate 
to a broadly stable, mildly extensional back-arc setting 
inboard of a continental margin volcanic arc, with the 
subduction zone lying to the east of the present coastline 
(Rienks & Gunther in prep.). Relatively low rates of 
convergence and hence minimal, localised, or short-lived 
crustal thickening are likely to have prevailed. The lack of 
strong evidence of strike-slip motion along structures 
active concurrently with the magmatism suggests either 
that convergence was oflow obliquity, or if it was oblique, 
transcurrent stress was partitioned into the unexposed fore
arc region. The geothennal gradient was likely to have 
been significantly higher than that of the cordilleran arcs, 
so that shallow melting dominated. 

Reedy Springs Batholith 
The Reedy Springs Batholith is situated· at a change in the 
trend of the exposures of the Pama Province, from northerly 
in Cape· York to easterly in the Townsville hinterland. 
Internal fabrics show this trend change also, changing from 
easterly in the south to dominantly northwesterly in the 
north. The northern margin is presently defined by the 
Clarke River Fault/Mylonite Zone, and was probably 
truncated by this structure during crD3 in t~e Cape River 
Metamorphics. 

Primary and tectonic foliations in the Reedy Springs 
Batholith and tectonic foliations in the Cape River 
Metamorphics are concordant, indicating pre- and syn
tectonic plutonism. However, within the plutonic rocks, 
the fabric in most areas is better characterised as a flat
lying lineation. Microstructural observations of plutons 
near the centre of the batholith indicate they are more 
strongly defonned, and thus possibly emplaced earlier 
unless strain was heterogeneous. The central plutons are 
also more evolved than their outer counterparts. 
Discrimination diagrams indicate collisional affinity, 
consistent with crustal anatexis, in turn consistent with 
the Nd-Sm isotopic data. 

There is considerable difficulty in constraining pluton ages 
using the ages of deformations, mainly because the timing 
of defonnations in the Cape River Metamorphics is not 
well established, but also because the structure of the 
granites is not well known. So far, no direct dating of the 
metamorphic foliations has been carried out, but Withnall 
et at. ( 1997) prefer an -500 Ma age for the dominant crS2, 

thought to have been reorientated later at about the same 
time as granite plutonism. In this model, the granites would 
have been emplaced during northeasterly directed 
shortening, producing the concordant foliations. In the 
general context of syn-tectonic plutonism, the role of 
granites in triggering deformation has recently been 
emphasised (e.g. Sandiford et al. 1992). S-C fabrics with 
sinistral sense in the south of the batholith and flat-lying 
lineations could indicate an oblique strike-slip motion, 
although the sinistral fabric may be related to a craton
ward extension of the Alex Hill Shear Zone. The 
emplacement orientation of the batholith in this model is 
approximately as now exposed. The zonation is nonnal 
and broadly concentric, with more mafic, deeper-derived 
and separately sourced material around the outside, and 
felsic, shallower-derived material towards the centre. 

An alternative model regards the concordant igneous and 
tectonic foliations in the granites and the main tectonic 
foliation in the metamorphics as cogenetic. Accepting that 
the main metamorphic foliation was flat lying (Withnall 
et al. I 997), the granites were emplaced as discontinuous 
sheets, with a. tendency for mafic, deeper derived and 



denser plutons lower in the pile, and felsic plutons higher 
up. The present exposure amounts to a tight to isoclinal 
synform, in which most granite sheets are exposed in 
section. The more evolved plutons at the present centre 
originally were emplaced higher in the pile from shallower 
sources, and appear more strongly deformed, at least partly 
because they were near the fold axis. Not only the batholith 
but each pluton also had a tendency to become more 
differentiated upward, hindered in the peraluminous 
granites by higher viscosity and obscured to a degree by 
source heterogeneity, variations in the degree of partial 
melting, and parasitic folds. The sinistral S-C fabric in 
the south either indicates synplutonic east-over-west 
thrusting, or represents later overprinting by the Alex Hill 
Shear Zone. The thrusting variant of the model can readily 
be tested- dextral S-C fabrics should prevail in the north 
of the batholith. The synfom1 came about during the 
northeasterly directed shortening of crD3, which also gave 
rise to the regional trend of the Cape River Metamorphics. · 

The obvious problem of the sheet model is the relative 
timing of the granjtes and crD2, as it requires crS2 to have 
been close to its original orientation during plutonism. The 
granites either need to be much older than their existing 
dates, that is syn-crD2 as it is presently dated, or a -700 
Ma period of structural stability after crD2 was followed 
by synplutonic reactivation of crS2, or crD2 is much 
younger than presently interpreted. In all cases, plutonism 
was syntectonic and probably overprinted by the crD3 
shortening. The Clarke River Fault/Mylonite Zone was 
probably active during crD3, and would be expected to 
have sinistral motion in the current context. 

The sheet model has several advantages. It more readily 
explains the flat-lying lineations in the batholith as 
synplutonic/tec tonic features , whereas with the 
concentrically zoned batholith model, emplaced syn-crD3 
during a shortening event, steeper lineations would be 
expected . The sheet model also sits better with the 
inhomogeneous nature of the peraluminous granites, 
because the greater vertical thicknesses inherent in the 
concentric model would promote convection. In additjon, 
the horizontal distance between the central, most 
fractionated plutons and the plutons inferred to be para
autochthonous in the northwest of the batholith, about 25-
30 kn1, exceeds the maximum potential pressure difference 
between generation and emplacement - about 5 kb or 
15-19 km, as inferred above, by a reasonable margin. 

Burdekin Basin 
The structure of the Burdekin Basin (Plate 6.4) is complex 
as a result of its formation as a series of grabens or half 
grabens, the imposition of more than one folding event, 
and the intrusion of igneous rocks. There is an element of 
compartmentalisation of structure representing 
inhomogeneities in the basement. 

In the southeast of the basin are a number of northwest 
oriented structures marking the boundaries of blocks of 
granite basement. These faults were active during 
deposition as normal faults, but have been subjected to 
later reversal. The two major outcrop areas are folded in 
broad northwest trending synclines; these outcrop areas 
represent the remnants of graben and half-graben infills. 
The folding resulted from northeast-southwest 
compression. An element oflater north-south compression 
is evident in the curvature of the fold axes. 

ln the area of the basin to the west of the Pall Mall Granite, 
the structure is dominated by east-northeastly trending 
faults; some folds axes also trend in this direction. There 
is also small north-south oriented, steeply plunging open 
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folds. The faults and folds are cross cut by the Pall Mall 
Granite so must pre-date it. The age of the Pall Mall Granite 
is 289 Ma (K-Ar). 

The Burdekin Basin is interpreted as an intracratonic 
extensional basin. Deposition in the Burdekin Basin 
commenced in the Givetian. The onset of deposition 
coincides with a thermal event indicated by a RlrSr age 
of 382 ± 5 Ma for granites in the Ravenswood Batholith 
(Hutton, Rienks et al. 1994). ln the Lolworth Batholith, 
the Amarra Granite has a U-Pb SHRIMP age of 382 ± 5 
Ma (Hutton, Garrad & Withnall 1996), indicating that the 
thermal event was widespread. 

During the Middle to Late Devonian, half-graben 
development followed a lateral progression, filling two 
major half-grabens in the Calcium and Fanning River areas 
in the southeast and south, then shifting, in the Late 
Devonian, westward to the Mirambeena area against the 
Burdekin River Lineament. In the Late Devonian to early 
Carboniferous, half-grabens developed north of the 
northeast-southwest trending Keelbottom Lineament and 
Peters Creek Fault. Deposition became widespread in the 
sag phase and the Broken River Province and the Burdekin 
Basin became interconnected. 

Northwest-southeast trending faults and lineaments are 
envisaged as controlling the movement of the tilt-blocks 
which formed the half-grabens, and therefore were 
probably originally listric or associated antithetic faults. 
The Burdekin Rjver Lineament (Lang et al. 1990c ), which 
marks the southwestern margin of the extensional zone, 
correlates with a distinct northwest trending slope on the 
regional gravity survey of CHARTERS TOWERS to the 
south, marking the difference between a thick basement 
block to the southwest, and thinned basement to the 
northeast. Finlayson (1968), using seismic data, showed 
that the crust southwest of the lineament is 45 km thick, 
but then thins abruptly to the northeast. 

The role of the northeast-southwest trending faults and 
lineaments is less certain. These structures certainly were 
active during deposition at various stages in the basin 
history, as they influenced depositional system changes 
and sediment thicknesses. They appear to mark changes 
in the symmetry of the half-grabens (westward dipping 
half-grabens south of the Keelbottom Lineament, 
approximately southward dipping to the north of the 
lineament), and also acted as zones of weakness permitting 
later intrusions and mineralisation. These faults may 
represent reactivation of pre-existing faults - many of 
the mid Silurian to Early Devonian granites in the 
Ravenswood Batholith were emplaced in north-northeast 
trending blocks (Hutton, Rienks et al. 1994). The Star River 
Fault Zone, the most prominent of the northeast trending 
faults, has a dextral displacement of I 0-15 km (Draper et 
al. in prep.) in the Devonian. 

The role of the Clarke River Fault in the tectonic history 
of the Basin is uncertain. This fault represents a major 
discontinuity between pre-Late Devonian geological events 
in the Hodgkinson- Broken River Fold Belt, the Thomson 
Fold Belt, and the New England Fold Belt (Murray 1986). 
Movement on the Clarke River Fault may have provided 
the transtensional component in the Burdekin Basin. 
Although the Clarke River Fault Zone and Clarke River 
Fault have a long, complex and poorly understood history 
(Withnall1993; Withnall & Lang 1993), the only impacts 
on the Lolworth-Ravenswood Batholiths may have been 
uplift . Lang ( 1993a) postulated that the Lolworth
Ravenswood Province may have been thrust over the 
Broken River Province. 
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Oweenee Batholith 
The Oweenee Supersuite is elongated in a northeast
southwest direction parallel to the Clarke River Fault and 
prominent basement structures such as the Star River Fault. 
The granites are heavily jointed with a northeast to east 
trending set and a northwest trending set. 

Sybil/Reid River Grabens 
The Sybil Graben cuts the Batholith in a northwest 
direction, with numerous dykes parallel to the bounding 
faults. The bounding faults were active during deposition 
with, the contained rocks reflecting deposition in a graben 
setting. It is also apparent that there was also post
depositional movement along the bounding faults as there 
are steep dips adjacent to the faults. Since the youngest 
sedimentary rocks are earliest Permian, the final movement 
must be younger. There are open folds at the southeast 
end of the Sybil Graben. 

The Reid River Graben is a west-northwest trending 
feature, which like the Sybil Graben, contains volcanic 
and sedimentary rocks whose deposition was obviously 
controlled by the graben, but which have subsequently been 
affected by later movements on the faults. The faults cut 
late Carboniferous to Early Permian granites such as the 
Emysland Granodiorite. 

Cainozoic Basalt Subprovinces 
The Sturgeon, Chudleigh and Nulla Subprovinces outcrop 
pattern all show a northeasterly trend whereas the Mingela 
Subprovince shows a northwesterly trend (Stephenson 
1989). Vents in the Nulla Subprovince also reflect the 
northeasterly trend. In the Mingela Subprovince, most of 
the plugs show the northwesterly alignment, but there may 
be a subordinate trend along the east-west Alex Hill Shear 
Zone. These trends reflect major underlying structures. 

Correlations - Intra and Inter 
Regional 
Late Proterozoic or Early Cambrian 
LJ Hutton 
The ages of metamorphic rocks in the Charters Towers 
Region are poorly known, making correlations uncertain. 
The largest package of metamorphics, the Cape River 
Metamorphics, are assigned an age of Neoproterozoic or 
Early Cambrian, lying somewhere between 1100 Ma and 
492 Ma (Withnall et al. 1997). Some metamorphics in the 
Reedy Springs area, which have been assigned to the Cape 
River Metamorphics, may be equivalent to the 
Mcsoproterozoic Einasleigh Metamorphics. 

Correlations are made between the Cape River 
Metamorphics and the Argentine, Running River and 
Charters Towers Metamorphics, largely on lithologic and 
structural grounds. Amphibolites from the Cape River, 
Running River, and Argentine Metamorphics are 
interpreted as mafic volcanics with similar geochemical 
characteristics (Rienks & Withnall 1996a; Withnall et at. 
1997) reinforcing the correlation. The Cape River and 
Charters Towers Metamorphics suffered high-grade 
metamorphism and migmatism in the early to mid 
Ordovician. High-grade metamorphics in the Argentine 
Metamorphics may also have been formed at this time. 

Withnall eta!. ( 1995) postulate a correlation between the 
Anakie Metamorphics to the south and the Cape River 
Metamorphics. Amphibolites in the Anakie Metamorphics 
have similar geochemical divergence to amphibolites in 
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the Cape River and Argentine metamorphics. The Barnard 
Metamorphics in the Cairns Region comprise a sequence 
of multiply deformed phyllite, quartzite, schist and gneiss 
(Bultitude et al. I 996b ), intruded by early and mid 
Ordovician granites. High grade metamorphics enclose 
the granites. The Cape River Metamorphics, Charters 
Towers Metamorphics and Argentine Metamorphics all 
comprise phyllite, schist and quartzite intruded by early 
to mid Ordovician S-type granites enclosed by medium to 
high grade metamorphics (Withnall & McLennan 1991; 
Hutton, Rienks et al. 1994a; Hutton eta!. 1995), suggesting 
a possible correlation with the Barnard Metamorphics. 

If these correlations are correct, late Neoproterozoic or 
Early Cambrian meta-sedimentary rocks occur in a belt 
from near Cairns to central Queensland, and possibly to 
southern Australia. Withnall et al. (1995) postulated that 
this sequence was deposited on the rifted continental 
margin of Gondwanaland during and after the breakup of 
Rodinia (Moores 1991). 

Late Cambrian to Early Ordovician 
Late Cambrian to early Ordovician volcanics in the 
Charters Towers Region are mapped in the Seventy Mile 
Range Group (Henderson I 986; Berry et a!. 1992). They 
comprise a sequence of basic to felsic volcanic rocks 
interbedded with epiclastic sedimentary rocks, sandstone 
and siltstone, forming a roughly east-west trending band 
across the south and southeast of the region. The Kirk River 
beds, comprising small, poorly exposed inliers of meta
sedimentary rocks in the eastern part of the Ravenswood 
Batholith, are tentatively correlated with the Seventy Mile 
Range Group. 

The Puddler Creek Formation comprises fine to medium
grained sedimentary rocks with some basaltic andesite to 
dacite near the top which forms the lowermost unit in the 
Seventy Mile Range Group (Henderson I 986). The 
volcanic rocks in the Puddler Creek Volcanics are 
chemically distinct from volcanic rocks in the overlying 
Trooper Creek Formation which have a subduction related 
signature (StoJz 1995). Volcanics in the Puddler Creek 
Formation, however, have chemical characteristics typical 
of intraplate volcanic rocks, and are similar in some 
respects to amphibolites in the Anakie Metamorphics and 
Argentine Metamorphics (Withnall et al. 1995). This 
similarity raises the possibility that the Puddler Creek 
Formation is equivalent to the Cape River I Argentine 
Metamorphics, disconformably underlying the Trooper 
Creek Formation. 

The Seventy Mile Range Group is correlated with the 
Balcooma Metavolcanics in the Georgetown Region. 

Early to Mid Ordovician Intrusive Rocks 
Early to mid Ordovician granites occur in the Ravenswood 
Batholith, Lolworth Batholith and in the Fat Hen Creek 
Complex in the Charters Towers Region. Although poor 
age control precludes specific correlations, several 
groupings exist within these areas. In the Ravenswood 
Batholith, l-type granites were intruded from the latest 
Cambrian to the mid Ordovician. Whether there are 
discrete intrusive episodes in this time window, or broadly 
continuous intrusion, can not be definitely detennined with 
the current age control. Mid Ordovician granites appear 
to be most numerous. Geochemistry of Ordovician granites 
in the Ravenswood Batholith suggest increasing K20 to 
the north, with a change at ~bout the latitude of Charters 
Towers and Ravenswood (Hutton, Rienks et al. 1994a). 
Deformed 1-type granites in the Lolworth Batholith are 
probably Ordovician. 



Early to mid Ordovician S-type granites, associated with 
medium to high-grade metamorphism and migmatisation, 
occur in the Cape River Metamorphics (Fat Hen Creek 
Complex, Hutton et at. 1995; Hutton Fanning et at. 1996), 
Charters Towers Metamorphics (Columbia Creek 
Complex; Hutton & Crouch 1993b; Hutton, Rienks et al. 
1994) and in the Argentine Metamorphics (Melon Creek 
Tonalite and Holborn Granodiorite; Withnall & McLennan 
1991 ), suggesting a widespread deep to mid-crustal 
metamorphism at this time. 

Ordovician felsic magmatism is not extensive in 
Queensland outside the Charters Towers Region. Recent 
geochronology in and adjacent to the Hodgkinson Basin 
has recognised the presence of Ordovician volcanic clasts 
in the Hodgkinson Province (Bultitude et at. I 996b ), but 
no source for the clasts has been found. Early to mid 
Ordovician S and !-type granites occur intruding the 
Barnard Metamorphics. The mid Ordovician I-type 
granites are similar to granites in the Hogsflesh Supersuite 
in the Ravenswood Batholith (Bultitude et al. 1996, poster 
presentation). These data suggest that the early to mid 
Ordovician magmatism, previously thought restricted to 
the Charters Towers Region, extends further north into the 
source regions of the Hodgkinson Province (Bultitude et 
al. 1996b ). The presence of granites in the Barnard 
Metarnorphics with similarities to those in the Ravenswood 
Batholith raises the possibility that the Barnard 
Metarnorphics may have been originally part of the 
Lolworth-Ravenswood Province, and were structurally 
emplaced in their present position during post mid
Ordovician faulting 

Mid Silurian to Early Devonian Intrusive 
Rocks 
Mid Silurian to Early Devonian intrusive rocks in the 
Ravenswood Batholith, the Lolworth Batholith and the 
Reedy Springs Batholith in the Charters Towers Region 
are part of the Pama Province. Most granites in the 
Lolworth Batholith are younger (Early Devonian) than the 
predominantly Middle to Late-Silurian granites in the 
Ravenswood and Reedy Springs Batholiths. In the 
Ravenswood Batholith, granites are mafic to intermediate 
with minor granite and have a distinctive aeromagnetic 
and gravity signature (Tenison Woods & Rienks 1992; 
Hutton, Rienks et al. 1994a). Similar geophysical 
characteristics occur north of the Lolworth Batholith, in 
an area overlain by the Nulla Basalt Province, indicating a 
probable continuation of the Ravenswood Batholith 
beneath the basalt in this area. In the Lolworth Batholith, 
the Hodgon Suite (Hutton, Garrad & Withnall I 996), has 
ages and chemical characteristics similar to the 
Ravenswood Batholith, suggesting that the felsic granites 
that make up the bulk oft he Lolworth Batholith are simply 
a younger granitic pulse intruding a background of granites 
that are similar to those of the Ravenswood Batholith. The 
relationship of granites in the Reedy Springs Batholith to 
those of the Ravenswood Batholith is not known, but most 
are peraluminous as distinct to the metaluminous granites 
in the Ravenswood Batholith. 

The distribution and genesis ofPama Province granites is 
discussed in Chapter 14. Hutton, Rienks et al. ( 1996) 
presented a model of changing basement terranes across 
the Charters Towers Region from west to east, using granite 
geochemistry, inherited zircon populations and isotopic 
signatures to image the source rocks of Pama Province 
granites. They concluded that granites in the Reedy Springs 
Batholith in the west of the region have similar chemical 
and isotopic signatures and zircon populations to granites 
in the adjacent Georgetown Province, suggesting similar 
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source rocks. Granites in the Ravenswood Batholith 
however, have different geochemical, isotopic signatures 
and zircon populations, suggesting a different (but still 
Proterozoic) source for granites. The Lolworth Batholith, 
between the other two batholitlis, has a mixed signature, 
with some characteristics of both. These data suggest that 
the western part of the region is underlain by crust similar 
to that in the adjacent Georgetown Province. The 
Ravenswood Batholith appears to be underlain by different 
crust, with the Lolworth Batholith occurring in the area of 
overlap of the two crustal types. 

Devonian to Carboniferous Sedimentary 
Rocks 
The Burdekin Basin represents the sole depocentre for 
Devonian to early Carboniferous sedimentary rocks in the 
region. However, correlations can be made with the 
Bundock and Clarke River Basins to the north and the 
Drummond Basin to the south. The relationship between 
these basins is discussed in Chapter 14. 

Carboniferous to Early Permian Granites 
and Volcanic Rocks 
Carboniferous to Early Permian granites and volcanic 
rocks in the Charters Towers Region are part of the 
Kennedy Province. Correlations between the Charters 
Towers Region and other regions in North Queensland are 
unclear. Parts of the Leichhardt Supersuite (mainly Mount 
Leyshon) have €Nd1.- - 1.3 to - 3.3 (Uemoto et al. 1992), 
values much more primitive than the rest of the Kennedy 
Province . eNd1c for the Connors Province (North 
Drummond Basin and northern New England Fold Belt) 
are primitive (-- 0.3), raising the possibility that some 
Kennedy Province rocks in the Charters Towers Region 
have greater affinity to the Connors Province than to the 
Kennedy Province to the north. 

Mines and Mining History 
U Hutton, JJ Draper 
This has been and remains one of the major mining areas 
in north Queensland. The history of gold mining in the 
Region is a story on its own, so this section provides only 
a brief summary. Details of the mining history are provided 
in Levingston ( 1971 ), De Havelland ( 1989), Hartley & 
Dash ( 1993), Sennit & Hartley ( 1994), Lam ( 1994a,b, 
I 995a,b, 1996), Clarke & Marwood ( 1994), Gunther et 
al. (I 994), Garrad ( 1996), Hartley ( 1996), and Marwood 
et al. (in prep.). The following descriptions draw heavily 
on these publications. 

Gold U Hutton 
The Charters Towers/Ravenswood area is a world class 
gold province. A total resource of 15 million ounces gold 
from historical production and recent discoveries, 
principally from an area about 60 km by 60 km around 
Charters Towers and Ravenswood, averages out at 4000 
ozs gold per square kilometre (T. Alston, oral presentation 
1996). 

The frrst significant mineral discovery was of gold at Cape 
River in 1867. Gold was discovered at Ravenswood in 1868 
and Charters Towers in 1871, and a very active mining 
phase followed, peaking in 1899 at about J 2 000 kg gold 
per annum. By 1920 production had dwindled to 369 kg 
gold per annum. 

A second major phase of mining commenced in 1959, with 
increasing exploration, originally for base metals but also 
gold in later years. In 1986, Mount Leyshon was reopened. 
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Shortly afterwards. the folio\\ ing mines \\ere opened: 
Thalanga (zinc. copper. lead :.ihcr. gold). Ravens\\Ood 
(gold <;il\cr). 01!'.raeli (gold siher), Highway I gold s1her) 
Black Jack (gold silver). Far fanning (gold). and Pajingo 
(gold silver) to the south of the Ra\ens\\ood Batholith. A 
resource of 1.5 millton OL<; gold has been announced in 
the Sarsfield ~olans areas near Ra..,ensv.ood. 

Gold producuon to date is about280 tonnes. Since 1974. 
about 45 tonnes have been mined (Huuon et al. 1993 ). of 
which over half is from \.fount Leyshon (Figure 6. I 51. and 
the remainder from Disraeli 1-ladleum Castle. RavcnS\vood 
and the old minl!s at Charters Tov.er:.. 

Gold has been the dommant metal produced but small 
quantiti~ of sil\'er accompamed the primary bullion. The 
larger Charters Towers mines also produced lead 
concentrates in their later years. which. together with small 
tonnage::. ofhand picked ore from Lion town. also contained 
silver. Although copper has been found in some mines 
such as ,\1ouot Leyshon. there has been no s1gmficant 
production. 

Other Commodities JJ Draper 
Mining in the Charters Towers Region has been and 
continues to be dominated by gold however. there has been 
a long history of other mming m the region. with many 
active miners. although many of the mines were small. 
Excluding gold the most Important mmes have been the 
base metal mine at Thalanga {current producer).limestone 
mines in the Calcium area and the tin mines in the northem 
part of the reg1on. 

Thalanga Base \letal :\-line 
The Thalanga base metals deposit was diSCl>Vered in 1975. 
An open pit was opened in May 1989. '' ith underground 
production commencing in 1991 . Ore is processed on site 
to produce copper. lead and zinc concentrate. The deposit 
has a primary ore resourct: in excess of 7.5 Mt ore (see 
Table 6.2) and annual production of over 0.5 Mt ore. 

Calcium Area 
Limestone deposits ha\e been \Vorked ncar Calcium and 
Reid Ri\'(tr. Production is from the Fanmng Ri\'er Group 
and from earth lime formed by weathering in situ of 
andesitic agglomerates of the Ellcnvalc beds. The 
limestone has been used to produce quicklime for 
cyaniding at Charters Towers. for lime to usc in sugar mills. 
for agricultural purposes. and to manufacture cement. 
From 1952 to mid 1994. North Australian Cement Limited 
l'lA.CL) produced 9 -l73230 tonncs of limestone. From 
1926 to 1969. the Ryan Lime Company produced 35 889 
tonnes of limestone before Calcium Products took O\er 
their leases and produced 366 200 tonnes or hme~tone 
from 1969 to mid 199-t Other companies working in the 
area ha\e produced lesser but still significam amounts of 
limestone The Reid Rh·er Lime Compan} produced 19 
697 tonnes between 1956 and 1972, Webb and Sons. II 
842 tonncs between 1923 ami 1942. and D.A . & D.B. 
Bosworth 31J57 tonnes between 1956 and 1979 

The !ron Glen fEaHern Lode) Ironstone deposit. about 15 
km west-north\VCSt of(alcium. is composed of magnetite 
and haematite intermixed,.,. ith limestone. The deposit \\as 
mined for use in cement manufacture by ~orth Aw.tralian 
Cement Limited. Between 1955 and 1969, over 36 000 
tonnes of iron \\ere produced from open cut workmg::. 
(Levingston 1971) 
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Kangaroo Hills \lineral Field 
The Kangaroo H1lb mmeral mining field has had a long 
and \aried existence. The field \\as first proclaimed in 
1892 and finall} re\ okcd in 1990 The first mining in the 
mineral field began \\ ith the disCO\ el) of alluv1al tin at 
the junction of Pm\pecror and Oakl Cret!k:, in the 1870s. 
Disco ... cry of silver lodes at Jfoullf \loH soon followed. 
From the late 1890:. through to 1908 sil\er and copper 
production was at its greatest. ProductiOn since. along with 
the production of lead antimony? and bismuth. has been 
minor and sporadic. Total recorded production for these 
commodities is 1538 kg silver. 23' t copper. 167 t lead 
and :2 t bismuth concentrate. 

Tm IS the mam commodit}' produced from the mineral 
field. Most bas been extracted from \Cin deposits in the 
Ewan and \'waverley areas. On!rall producuon leH:Is have 
steadily decreased since the earl~ 1900s. Total recorded 
production IS 8980 t cassiterite and 4 74 t stannue 
concentrate. Tungsten has also been produced from the 
mineral field mostly to fulfil demand during the t"o World 
Wars. Total recorded production of tungsten is 212 t of 
concentrate. 

figure 6.1 S. Mounl Ley::.hon Gold Mine. 

Ollera Creek \lineraJ Field 
Wolframite mineralisation \\as discovered at Ollera Creek 
m 1895 and the area ,.,.as declared am ineral field in 1898. 
From 1895 to 1898. production from allu' 1al and clu' ial 
mming was 17.3tonnes ofwolfranutc. From 1899 to 1902, 
depressed metal prices resulted in negligible mining or 
exploration acti\ ity on the mineral field. Several lode 
mines were discovered in the early 1900s. The most 
significant was the Belle111e, which \vas worked regular!} 
until the 1950s. Most other lode mmcs were worked 
interrnittemh tmtillhe 1930s and onh a fe\\ in the 19-W 
50s. The production of metal betwecn-1903 and 1920 was 
217.43 tonnes of wolframite. 12.35 tonnes of molybdenite. 
I 0.06 tonnes of bismuth, 6. 71 tonnes of bismuth
wolframite concentrate and 0.50 tonnes of molvbdenite
wolframltC concentrates. From 1920 tO 1937 metal price::. 
were depressed and as a result there \\US negligible minmg 
acti' it}. 

From 1937 to 1939 and 1952 to I Y53. 20.32 tonnes of 
wol framlte was produced from the hard-rock lodes. 
c,.,pectally at Belle\ ue. Better Luck. Femery. Sailor Bo_\ 
and The .\o I mines. Bctv\een 1954and 1968. metal pnces 
were depressed agam and there \\as little serious mming 

Up until 1970. a recorded total of 294.64 tonnes of 
\Vol franllte concentrates had been C\.tracted from the \\hole 
field along\\ ith much smaller amounts of mol}bdcnite 
and native bismuth. The records are far from complete. 
hO\\evcr. and the real tonnages C\tracted are likely to be 
much higher. 



Tiovale 
The Daintree (Standard) and the adjacent Lucky Srrike 
lode were taken up as claims in 1907. Up until 1910, 271 
t of hand-dressed ore from the Standard lode were crushed 
at a small battery on Stockyard Creek, yielding 39.2 t of 
cassiterite cone. In March 1911, Standard Consolidated 
Tin Mines took over the mines and carried out considerable 
development. Work was intermittent between 1919 and 
1934. However, from 1935 to 1944, work was continuous, 
resulting in the production of 34.4 t of cassiterite from 
384 t of ore. 

BurgesviUe (Ambrose Silver-Copper) Area 
At the headwaters of Sandy Creek, 4 km southwest of 
M ount Oweenee, eight worldngs were sunk on shear lodes 
in tourmalinised granite containing copper-silver-lead 
mineralisation. The main producers, the Silver Spray. Spray 
and Lass 0 'Gowrie were mined between 1905 and 1908 
for a recorded production of 104.648 tonnes of ore 
(presumably hand picked). Three other mines were named: 
the Wasley. Murphy and the Pearl. 

White Springs Area 
The Florist mine was discovered in 1933. From 1934 to 
1944 it produced 71.325 tonnes of black cassiterite from 
184.334 tonnes of ore. 

Spring Creek I Stockyard Creek Area 
One of the more significant mines in the Spring Creek 
area is the base metals producer, the Rio Tin to mine, which 
contained ore consisting of a complex mixture of copper, 
silver and lead. Early mining was concentrated on 
supergene ores and assays by the mine owners in 1893 
reported values of 93-30 045 glt Ag and 8 to 31% Cu 
(Maitland 1893). The mine was reportedly worked in the 
1890s, 1905- 1908, intermittently between 1945 and 1960, 
and in 1962. 

Between 1934 and 193 7 there was a resurgence in lode tin 
mining when the Ambrose (Dreadnought) and other mines 
close by were discovered. Production of>74.4 tonnes of 
cassiterite concentrate was recorded from nine mines in 
the vicinity of the Ambrose mine. Other named mines in 
this area located in the headwaters of Ethel (Continong) 
Creek include Lone Star. Lucky Las! and Last Chance. 
The Last Chance was also worked in 1939 and 1958. Spring 
Creek was also worked for alluvial tin during 1933 and 
1934. The placer deposit comprised 0.05-0. 10 m of 
cassiterite with 2 m of overburden. 

Argentine Mineral Field 
Gold was discovered in the Argentine area in 1865 but the 
deposits were small and low grade and attracted little 
interest. The total production of the area is 1727.2 tonnes 
of ore for 39.78 kg gold bullion, mostly from the Six Mile 
area. Silver was discovered in 1881 and within a short 
time numerous properties, mostly freehold mineraJ 
selections, were taken up. A smelter was built in 1883, but 
it soon closed because of the small amount of ore available 
and smelting problems. 

In 1887 the field produced 40.64 t of silver ore and three 
gold claims were registered. From 1887 to 1891, the Hero 
mine underwent considerable development and in 1890 
there were 25 men working at three sets of worldngs: the 
Hero, Hero King and Hero King Extended. Production for 
1890 was 77.216 tonnes of dressed silver ore. There was 
only minor work being undertaken on other leases 
including the Northbrook and Cleoparra. The Northbrook 
lease produced 13.208 tonnes of silver ore in 1892. 
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During 1890 a !-stamp (steam hammer) mill was operating 
on the Argentine Extended at the Six Mile gold worldngs. 
This mill was capable of crusbing 50 tonnes per week and 
was used to crush ore from several reef mines in the 
vicinity. There are no records of this production. By 1892, 
there was little gold mining undertaken as most miners 
had moved to the Piccadilly gold mine 28 krn to the south 
west. From 1892 to 1936 there was intermittent mining 
activity in the Six Mile area. 

Kennedy Copper Mine Area 
In 1875, Mr. F.H. Hackett, mining surveyor, inspected the 
Kennedy Copper mine workings and stated in his report 
that the bulk of the ore, comprising copper carbonates, 
was taken from a drive of 15 m to the north-northeast of 
the northernmost shaft at the 20 m level. The Great 
Northern Copper mine, reportedly richer than the Kennedy 
mine (Jack 1879a), is located about 300 m northeast of 
the northeastern end of the Kennedy line of workings. It, 
too, was worked in the early 1870s. 

Dotswood Copper Mine 
The Dotswood Copper mine was ftrst worked in the 1870s 
following the finding of native copper specimens in an 
area of black soil almost devoid of outcrops. The main 
shaft ( 40 m deep) was sunk in 1900 and 190 I and is the 
most westerly of the twelve shafts in the area. A battery 
erected at the main shaft commenced operations in 1900. 
However, ore could not be treated profitably. The only 
reference to production from the mine is that concentrates 
from the first week's run were not up to expectations 
(Morton 1944b ). The mine has been abandoned since 190 I. 

Recent Mineral Exploration 
U Hutton, JJ Draper 
Exploration before the 1950s is generally not recorded in 
any detail, but with the implementation of a exploration 
tenure system , more recent exploration is fully 
documented. For detailed information on exploration in 
the Charters Towers Region refer to Hartley & Dash ( 1993), 
Sennit & Hartley (1994), Lam (1994a,b, 1995, 1996), 
Clarke & Marwood ( 1994), Gunther et al. ( 1994), Garrad 
(1996), Hartley (1996), and Marwood et al. (in prep.). 
Recent exploration in the Charters Towers Region has 
focussed on extensions to known orebodies, or applying 
current orebody models within the region. 

Exploration in the Ravenswood area has been successful 
for MIM/Carpentaria Gold in recent years. Mineable 
extensions to the Ravenswood orebodies have been 
discovered at Nolans and Sarsfield (Harvey 1996). Mount 
Wright, a volcanic plug similar to Mount Leyshon, also 
yielded promising grades 

In the Charters Towers city area, Charters Towers Gold 
Mines have decided to investigate the possibility of re
opening some of the old workings in the town area. A 
decline was dug to intersect the old workings in 1994 and 
investigations are continuing. 

Declining reserves at the Mount Leyshon mine has led 
the Normandy Poseidon group of companies to explore 
both the vicinity of Mount Leyshon and the Charters 
Towers Region. Drilling through the basalt in the Nulla 
Province i.n search of'Mt Leyshon Type intrusive' targets 
bas not proved successful. 

Between 1986 and 1990, Western Mining Corporation 
unsuccessfully explored for vein systems and lateritic gold 
enrichment to the northwest of Charters Towers, as well 
as some mines to the south and east. 
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Base metal exploration has continued in the Cambrian
Ordovician volcanic rocks of the Seventy Mile Range 
Group. Volcanic-hosted massive sulphide (VHMS) 
mineralisation at Thalanga has provided a model for 
exploration, with some smaller stratiform deposits and 
footwall type vein systems were found in the area. 

Known Mineralisation and 
Resources 
The distribution of mineral occurrences in the Charters 
Towers region are shown in Plate 6.1B. Two major 
associations are obvious: the large number of gold 
occurrences in the Ravenswood and Lolworth Batholiths 
and the restriction of tin to the fractionated Oweenee 
Supersuite. Base metals occur in the Thalanga Province, 
but are also scattered throughout the area of the 
Ravenswood Batholith. 

Gold U Hutton 
The Charters Towers Region is a world-class gold
producing area, with historical production of>9 million 
ozs of gold. Principal gold mines are at Charters Towers, 
Ravenswood and Mount Leyshon, with smaller deposits 
at Cape River. Individual mineral occurrences in the region 
are described in a series of Queensland Geological Records 
(Hartley & Dash 1993; Sennit & Hartley J 994; Hartley 
1996; Garrad 1996; Morwood et al. in prep.). 

Several different ages and styles of gold mineralisation 
are present in the region (Hartley et al. J 989; Hartley et al. 
1994): 

• Mesothermal granite-hosted- 'Charters TowersType' 

• Mesothermal volcano-sediment hosted - ' Puddler 
Creek Type' 

• Mesothermal multiphase veining - 'Ravenswood 
Type' 

• MesothermaJ breccia hosted - 'Mt Leyshon Type' 

• Mesothermal greisen pipe 

• Porphyry-related gold-<:opper-molybdenum deposits 

• Volcanogenic stockwork deposits 

• Epithermal vein 

• Alluvial- deep leads 

• Alluvial -present drainage 

Mesothermal Granite-hosted - 'Charters Towers 
Type' 

. This style occurs in the Charters Towers city area, is fault 
controlled, and characterised by narrow, massive, white, 
sometimes laminated quartz veins with a simple sulphide 
assemblage (Peters 1987a). Red and green sericite and 
montmorillonite alteration selvedges occur adjacent to the 
veins (Hartley et al. 1994). At Charters Towers, the veins 
strike southeast to northeast and dip moderately to the 
north. 

The age of the mineralisation at Charters Towers is 
probably Devonian. Sericite associated with the veins has 
been dated by K-Ar, yielding an age of 397-416 Ma 
(Morrison I 988). Carr et al. ( 1988) and Carr (this 
publication) have obtained an age of 400 Ma using Pb 
isotopes. These ages are consistent with other geological 
and geochronological evidence. At Charters Towers, the 
mineralised veins cut the Millchester Creek Tonalite (426 
Ma; Hutton, Rienks et al. I 994) and are cut by hornblende~ 
porphyry dykes (335 Ma, Webb 1969b ). 
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At Charters Towers, major east to southeast lodes include 
the Brilliant, Day Dawn and Queen systems, with 
numerous crosscutting roughly no~south lodes (Hartley 
& Dash 1993). Such vein systems have produced the bulk 
of the gold in the Charters Towers area. 

Away from Charters Towers, similar mineralisation has 
been recognised at Laura- Upper Lighthouse south of 
Charters Towers (Hartley et al. 1994), Disraeli-Hadleigh 
Castle-Kirk, east of Charters Towers (Hartley ct al. 1994), 
Brookville-Trieste, southeast of Ravenswood (Hartley 
1996), Mount Davenport area, Oakvale area, Mount 
Clearview, Mount Stewart area, Pentland re.efs in the 
Lolworth area (Garrad 1996), and numerous mines in the 
eastern Lolworth Batholith (Sennitt & ~artley 1994). 

Some mineralisation in the Townsville I :250 000 sheet 
area also occurs in mesothennal veins. Gold in the Fanning 
area around Mingela has similarities to the 'Charters 
Towers type' mineralisation, with the exception of the 
Welcome mine, which is breccia hosted. Gold in the Grass 
Hut goldfield also has similarities to the 'Charters Towers 
type' mineralisation. 

Mesothermal Volcano-sediment Hosted - ' Puddler 
Creek l'ype' 
This type of mineralisation is hosted in fauJt controlled 
quartz veins similar to those at Charters Towers (Hartley 
et al. 1994). The style is only present in the area south of 
Mount Leyshon in predominantly sedimentary rocks of 
the Puddler Creek Fonnation, but similar mineralisation 
is also present south of Ravenswood (Hartley et al. 1994). 

The veins are fault controlled, with white quartz in fill and 
only minor accompanying alteration. Sulphides are less 
common than in the Charters Towers type veins. 

Mesothermal Multi phase Veining - 'Ravenswood 
l'ype' 
Mineralisation at Ravenswood occurs in a variety of 
settings, typically characterised by multi phase quartz veins 
and multiple mineralising events. Four styles of 
mineralisation are recognised at Ravenswood (Neindorf 
et al. 1993; Mcintosh et al. 1995). Three of these: near 
vertical, intensely chloritised shears; near vertical, 
dilational breccia pipes and sheets; and volumes of rock 
with chloritised joint planes, occur along the Buck Reef, a 
major mineralised, roughly east- west structure, cutting the 
granite. Away from the Buck Reef, the fourth style of 
mineralisation (Neindorf et al. 1993) - quartz, sulphide, 
sericite altered shears and gash veins - carry much of 
the mineralisation. Quartz veins are characterised by 
cockscomb quartz, high, often complex, sulphide 
assemblages with a halo of sericite-<:hlorite, and biotite 
alteration (Hartley et al. 1994). Much of the historical 
production at Ravenswood, including the Grant, Sunset 
and Duke lodes, fits into this category. The age of 
mineralisation at Ravenswood has been dated using the 
K- Ar technique as 310-296 Ma (Neindorf et al. 1989, 
1993). 

Away from the Ravenswood area, similar mineralised 
quartz veins occur near Mt Leyshon and the Cornishman 
and possibly Totleys (Hartley et al. 1994). 

MesothermaJ Breccia Hosted - 'Mt Leyshon Type' 
Gold mineralisation at Mount Leyshon occurs in a roughly 
circular breccia pipe, on the contact between granite of 
the Ravenswood Batholith and the Puddler ·Creek 
Formation. The breccia pipe has acted as a conduit for 
hydrothermal fluids with subordinate primary igneous 
rocks. The hydrothennal system can be subdivided into 



two stages (Orr 1994): an earlier, higher temperature ( 450-
5000) stage characterised by potassic (biotite) alteration 
and quartz-molybdenite-base metal stockwork; and a later 
mesothermal (300--4000) stage characterised by propylitic 
alteration and economic gold mineralisation. Highest gold 
values occur in breccias with most pore space allowing 
egress of mineralised fluids. 

The depth below the palaeo-landsurface at the time of 
intrusion is critical to understanding the system. Some 
authors (i.e. Morrison eta!. 1988) believe that the rocks at 
Mt Leyshon contain vent breccia, and imply a shallow level 
of emplacement. Others (Wormold et al. 1991 ), suggest 
that the high fluid temperatures imply deeper levels, in 
the order of a few kilometres. Orr ( 1994) discusses the 
options of whether the system was vented at the surface 
during the deposition of the mineralisation. 

The age of mineralisation at Mt Leyshon is Early Permian. 
Sericite from the alteration halo has yielded a K- Ar age 
of 280 Ma (Morrison 1988). 

Similar mineralisation occurs at Mount Wright, north of 
Ravenswood (Hartley et al. 1994), and at Golden Valley 
(Mount Success) {Gleeson 1990). Mineralised breccia 
occurs southwest of Mount Remarkable at the Red, White, 
& Blue prospect. It is unclear whether this deposit formed 
in an eruptive volcanic breccia or a hydrothermal breccia, 
but the presence of resurgent rhyolite domes suggest a near 
surface environment. The Welcome mine in the Mingela 
area also is hosted in breccia and has features similar to 
the 'Mount Leyshon type' of mineralisation. 

Mesothermal Greisen Pipe 
The only example of this style of mineralisation is at Big 
Hit in the northeast of the Homestead J:l 00 000 sheet 
area. The deposit consists of mesothermal veins in a 150 
by 150 m greisen pipe (Sennitt & Hartley 1994 ). The 
breccia has similarities to those at Lolworth but does not 
have the close association with a porphyry system as at 
Lolworth. 

Porphyry-related Gold-Copper-Molybdenum 
Deposits 
Porphyry-reI a ted go Id-eo pper-molybden urn 
mineralisation has been mined in the Lolworth Gold Field. 
The mineralisation occurs as mesothermal-type quartz 
veins, and in breccia pipes, which are interpreted to have 
formed as dilational jogs in brittle faults (Garrad 1996). 
Deposits in breccia pipes have a complex sulphide 
assemblage (pyrite, chalcopyrite, galena, sphalerite, 
wolfram, scheelite, bismuthinite and molybdenite), 
whereas those in veins comprise only pyrite, arsenopyrite 
and copper minerals). The mineralisation in the Lolworth 
diggings is believed to be related to dykes emanating from 
the Permian Mundie Igneous Complex. The diggings lie 
within a northwesterly trending dyke swarm. 

Mesothermal veins in the Mount Remarkable area are also 
believed to be related to a porphyry system identified at 
depth by drilling (Garrad 1996), despite containing textural 
similarities to the 'Charters Towers type' mesothermal 
veins. The age of the porphyry system is unknown. 

The Mount Emu diggings, in the White Mountains 
I :I 00 000 sheet area, are also probably porphyry related 
deposits (Garrad 1996). These deposits comprise a series 
of greisenised fault controlled veins and are believed to 
be related to probable Devonian granites in the Reedy 
Springs Batholith. This would make the deposits older than 
other porphyry related systems in the Charters Towers 
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Region which are related to Carboniferous to Permian or 
Permian intrusives. 

Several small mines west of Ravenswood are related to 
east-west and north-south quartz veins with only local 
potassic alteration and mineral zoning (Horton 1978; 
Hartley et al. 1994). These deposits include Titov, the Bank 
and Keans, and contain mainly copper with minor 
molybdenum. Horton (1978), and Hartley et al. (1994) 
relate them to Silurian to Devonian porphyry systems. 

Several deposits on TOWNSVILLE are classified in the 
' porphyry-related' group. This includes mineralisation in 
the Far Fanning area (Morwood et al. in prep.), which 
occurs in multiphase quartz veins hosted by sedimentary 
rocks of the Burdekin Basin sequence. The mineralisation 
is believed to be related to dioritic intrusives which make 
up Mount Kitty O'Shea and associated dyke swarms. Gold 
at Piccadilly occurs in quartz veins and is probably related 
to a blind intrusion which gives a high aeromagnetic 
response. Mount Norman is also classified as porphyry 
related (Morwood et al. in prep.). 

Volcanogenic Stockwork Deposits 
The Highway mine south of Charters Towers, and the 
Carrington mine in the Liontown area, comprise pyritic 
stockworks in an envelope of sericitic alteration. Minor 
gold is present in both deposits. The presence of barite at 
Highway suggests a possible close relationship to base 
metal mineralisation at the nearby Reward deposit (Berry 
et al. 1992). Hartley et al. ( 1994) suggest that the Highway 
deposit is part of the footwall stringer zone below VHMS 
deposits. 

Epithermal Vein 
Only one example of epithermal mineralisation is recorded 
from the Charters Towers Region. This is at the Sunshine 
mine adjacent to the Lolworth diggings. The presence of 
colloform and fine textured comb quartz are indicative of 
an epithermal environment (Garrad 1996). Minor gold is 
mined from comb quartz and quartz stockwork from the 
Hells Gate Rhyolite at Baumans Camp in the Sybil Graben 
(Morwood et al. in prep.). This may be epithermal 
mineralisation and exploration for epithermal gold 
continues in this area. 

Alluvial - Deep Leads 
Alluvial gold is mined from Tertiary gravels, mainly at 
the base of the Campaspe Formation, in several places. 
The most productive are the Pentland Deep Leads, which 
lie to the south of the Cape River near the old mining camp 
of Capeville. The gold was waterworn and coarse. Mostly 
located in the lower 8 em of wash, it can occur up to 50 
em above the unconformity between the Campaspe 
Formation and the underlying schist (Garrad 1996). 
Enclosing conglomerate comprises rounded, white quartz 
pebbles to boulders loosely cemented by schistose debris 
and clay. Some authors report that the gold did not appear 
to be transported by water but was deposited in situ from 
solution (Garrad 1996). The auriferous layer ranges from 
near-surface in the north to > 30 m deep 6.8 km to the 
south. Alluvial gold accounts for 60-70% of gold 
production in the western part of the region, mostly from 
the Pentland Deep Lead. No single area has yet been 
identified as the source of the gold in the deep lead. 

Alluvial deep leads have also been mined in the headwaters 
of Boatswain Creek, near Cameron, east of Charters 
Towers. These deep leads are also thought to be Tertiary 
(Hartley 1996). 

199 



CHAPTER S I X Charters Tow e r s Rea i on 

Alluvial - Present Drainage 
Modern alluvial deposits occur adjacent to many mines in 
the region. Principal gold production from modern alluvial 
deposits is in the Gorge Creek area, northwest ofPentland 
(Upper Cape River goldfield). In this area, lode gold occurs 
near the head of the alluvial tract and may be the source of 
the gold. Other alluvial gold in the same area came from 
Chinamans Gully (Garrad 1996). 

In the Charters Towers and Ravenswood areas, alluvial 
gold is of only minor importance. Some alluvial gold was 
found in creeks and gullies adjacent to the Two Mile Creek 
mine east of Mount Leyshon (Hartley et al. 1994). 

Base Metals JJ Draper 

The most significant base metal deposits in the Charters 
Towers Region are the Kuroko style, volcanic-hosted, 
massive sulphide deposits in the Thalanga Province in the 
Seventy Mile Range Group south of Charters Towers 
(Morrison & Beams 1995). The onJy producing base metal 
mine is at Thalanga (Gregory et al. 1993; Herrmann 1995), 
but numerous other deposits occur throughout the Mount 
Windsor Volcanics (Berry et al. 1992; Morrison & Beams 
1995; Huston et al. 1995). Base metal mineralisation 
occurs elsewhere in the region, but is of limited size. 
Production has been small and often a by-product of gold 
mining. 

Volcanic-Hosted Massive·Sulphides 
The Kuroko-style VHMS deposits of the Seventy Mile 
Range Group have been discussed in their regional context 
by Berry et al. ( 1992) and Morrison & Beams ( 1995). Stolz 
( 1995) discussed the similarities between these deposits 
and those in the Mount Read Volcanics in Tasmania. All 
deposits occur within the Trooper Creek Formation or at 
the contact between the Trooper Creek Formation and the 
underlying and overlying units. The known resources are 
shown in Table 6.2. 

The Thalanga deposit (Gregory et at. 1993; Herrmann 
1995), discovered in 197 5, occurs at the contact between 
the Mount Windsor Volcanics and the Trooper Creek 
Formation. The ore body has a tabular blanket geometry, 
with rhyolitic volcanic rocks in the footwall and dacite 
and andesite in the hanging wall. Alteration style is 
dominantly quartz-sericite-pyrite ± chlorite. The ore is 
zinc rich. 

Other tabular bodies include Liontown and Handcuff, 
a lthough Handcuff occurs within the Trooper Creek 
Formation and Liontown at the contact between the 
Trooper Creek Formation and the overlying Rollston Range 
Formation. Both deposits are zinc rich and alteration is 
dominantly quartz-sericite-pyrite. The footwall rocks in 
Liontown are rhyolitic volcanic rocks whereas in Handcuff 
they are a mixture of rhyolitic and dacitic-to -andesitic 
lavas. Liontown has sedimentary and crystal rich dacites 
in the hanging wall and Handcuff fragmental rhyodacite 
and dacite. 

Lens shaped deposits are found at Waterloo and Magpie. 
Magpie is at a higher metamorphic grade (cordierite
andalusite hornfels) than other deposits in the belt which 
are regionally metamorphosed to greenschist to sub-

. greenschist facies. Both deposits lie within the Trooper 
Creek Formation and are zinc rich. Footwall rocks are 
andesitic and felsic volcaniclastics in Waterloo, and 
sediments to intermediate and mafic volcanic rocks in 
Magpie. Hanging wall rocks are felsic volcaniclastics and 
sediments in Waterloo and dacitic lavas and fragmental 
rocks in Magpie. 
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Highway and Reward (Beams & Dronseika 1995) are pipe
like pyrite ore bodies within the Trooper Creek Formation. 
The primary ore bodies are copper rich with gold grades 
>6 g/t in the oxide ore. Highway oxide ore has been mined 
for its gold content. Footfall and hanging wall rocks are 
identical in each deposit- they are rhyolitic to rhyodacitic 
lavas and volcaniclastic rocks in Highway and rhyolitic 
lavas and volcaniclastic rocks in Reward. Quartz-sericite
pyrite alteration occurs in both deposits. Highway is also 
affected by chlorite- anhydrite alteration. 

A back arc extensional setting is favoured for the 
mineralising environment (Berry eta!. 1992; Stolz 1995). 
The tabular and lens shaped ore bodies have many of the 
characteristics of classic VHMS deposits, but the origin 
of the pipe-like bodies is more controversial. Beams et al. 
( 1989) interpreted Reward as having been emplaced during 
peak metamorphism, either syn or post cleavage, although 
a volcani genic association was not discounted. Beams & 
Dronseika ( 1995) reinterpreted the pipes as replacement 
feeder zones within a large hydrothermal system and 
modified by later deformation. 

Otber Base Metal Deposits 
Numerous smaller base metal deposits occur throughout 
the region, with some production of base metals as primary 
commodities and other production as secondary 
commodities. There are no current base metal mines. 

The Kangaroo Hills Mineral Field has been a significant 
producer over the years, with production of237 t copper, 
167 t lead, I 538 kg silver and 2.515 t bismuth (all values 
as concentrate) in addition to the tin and tungsten produced 
(Gunther et al. I 994). Vein hosted Pb-Ag-Cu and Cu
P b-Ag mineralisation occurs in roughly linear zones 
associated with major faults and/or carbonate beds. Small 
isolated centres of Cu-Pb and Cu-Pb-Ag mineralisation 
also occur in the area. Mount Theckla was the largest 
producer, with about 77 t of copper. More than 227 kg of 
silver was produced from the Macauley Creek Group of 
mines. 

Small amounts of silver and lead were produced from the 
Argentine Mineral Field. Hero was the largest mine with 
production of928.8 kg silver and I 0.2 t lead. The lodes in 
the Argentine field, most of which trend north and west, 
parallel to the major faults, range from brecciated host 
rocks injected with sulphides, through more silicified 
types, to quartz veins. They are mostly hosted by the 
Argentine Metamorphics, but some extend into the 
overlying Carboniferous Keelbottom Group. The lodes 
were generally <l m wide, and many were <0.30 m, 
although some widths up to 3.3 m were recorded. Primary 
ore included galena, pyrite, arsenopyrite, chalcopyrite, 
sphalerite and stibnite. 

Minor copper occurs in early Carboniferous andesites at 
the Dotswood copper mine and pyrometasomatic and 
fissure vein type mineralisation in the Keelbottom Group 
at the Kennedy copper mine. Copper is also present in 
association with many gold deposits in the Lolworth and 
Ravenswood Batholiths, particularly in porphyry-type 
deposits. Copper, lead and zinc are associated with many 
of the gold deposits in the region. Silver associated with 
gold deposits is discussed in the section on gold 
mineralisation. 

Tin 
Tin mineralisation in the Charters Towers Region is 
restricted to areas within and adjacent to the fractionated 
Oweenee Supersuite. Both lode and alluvial tin has been 
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Table 6.2. Known resoW"Ces within the Seventy Mjle Range Group (after Morrison & Beams 1995). 

Ore Zone Thalanga L iontown Waterloo 

Primary 7.5Mt@ 2Mt@ 0.372Mt@ 
1.6% Cu, 0.5% Cu, 3.8%Cu, 
9 .3%Zn, 6.6%Zn, 19.7%Zn, 
3.0%Pb, 2.3% Pb, 2.8%Pb, 
77 g/tAg, 50 g/tAg, 94 g/tAg, 
0.4 g/tAu 0.9g/tAu 2.0g/tAu 

Supergene 0.667 Mt @ 
5.8%Cu, 
8.3%Zn, 
2.1%Pb, 
83 g/1Ag, 
0.8 g/tAu 

Oxide 0.184 M1 @ 
96gltAg, 
1.7 g/1 Au 

produced. Gunther et al. ( 1994) and Morwood et al. (in 
prep.) have described the mineralisation in some detail. 

Alluvial Deposits 
Most creeks and gullies in the vicinity oflode tin workings 
were worked for alluvial cassiterite. The following creeks 
were worked extensively for alluvial tin: Gowrie Creek, 
Spring Creek, Spinifex Creek, Lassies Creek, Running 
Creek and Stockyard Creek. Portions of Sandy Creek, Ethel 
Creek, Reedy Bed Creek, Hellhole Creek and the 
watercourses draining the Paluma Range near the township 
of Paluma were also scoured for alluvial tin. 

Cullen :S and Sutherlands workings in the White Springs 
area in the headwaters of Little Sandy Creek have been 
sunk through a laterite profile into alluvium containing 
quartz, quartz- tourmaline and schist. The quartz
tourmaline is similar to that found in the Florist tin mine 
area, 2.5 km to the north. Further downstream there is 
another deep lead deposit called the East Sandy Creek lead. 
However, this deposit is not capped by extensive areas of 
laterite. 

Black and some amber cassiterite has been observed in 
pebbles and cobbles of quartz and quartz-tourmaline found 
at Billy Hill, 200m north of the Florist mine. 

Hydrothermal Deposits 
The main tin producer has been the Kangaroo Hills mineral 
field (Gunther et al. 1994). At least twelve distinct centres 
of mineralisation are concentrated in the southwest 
quadrant of the mineral field. The largest and most 
productive centres are found in the Ewan region. The main 
style of mineralisation is cassiterite-bearing, multiphase, 
dilatant, quartz~hlorite-sericite fissure veins. Zonal and 
structural analysis suggests a number of small magmatic 
sources for the mineralisation rather than a single, large 
source. 

Mineralisation evolved in a deep-subvolcanic to high
plutonic, fold belt-type environment (Guntheret al. I 994). 
Such an environment can host a variety of deposit types. 
The mineral field is highly prospective for bonanza-style, 
tin-bearing vein or pipe deposits. At present tin prices, 
however, these are not a favourable exploration target. The 
mineral field does contain target areas highly prospective 
for high-tonnage, low-grade, carbonate replacement, 
'deep-lead', feldspathic and stockwork style deposits. 

High way Reward Handcuff Magpie 

1.2 Mt @ 0.2Mt@ IMt @ 0.25Mt@ 
5.5%Cu, 3.5%Cu, 0.4%Cu, 1.2%Cu, 
6.5 g/tAg, 13 g/t Ag, 7.4%Zn, 8.3%Zn, 
1.2 gltAu 1.0 g/tAu 0.2% Pb, 1.7% Pb, 

8.8glt Ag, 37 g/tAg, 
0.2 r)tAu 0 .2 g/tAu 

0.3MI@ 
11.6%Cu, 
21 g/tAg, 
1.8 g/1 Au 

O.o7 Mt @ O. IM1@ 
6.04 glt Au 33 g/tAg, 

6.49 g/tAu 

The total recorded production from the mineral field 
between 1885 and 1993 is 8980 t tin and 4 74 t stannite. 
Production from alluvial and eluvial sources constitutes 
no more than 6% of this amount. The Sardine mine is the 
most outstanding lode metal producer, with a total recorded 
production of 1466 t cassiterite and 466 t stannite 
concentrates. 

Mineralisation in the Tinvale area is centred on the 
Daintree-Lucl..y Hit mines. Tin, minor copper and silver 
mineralisation occurs in several discontinuous quartz, 
quartz- tourmaline lodes to 5 m thick. The lodes occur over 
an area of200 m by 500 m and dip 30--60° southwesterly. 

The most significant tin mine in the White Springs area is 
the Florist. However, this mine is not particularly indicative 
of the mineralisation in the area, primarily because of its 
very high grade and style. Most of the other tin mines in 
the area and further downstream in the Little Sandy Creek 
catchment are deep lead or alluvial workings. The Florist 
lode consisted of a small, rich, erratic but continuous pipe 
in quartz- sericitic schist within the Argentine 
Metamorphics. 

Tin deposits in the area are very erratic. Some being close 
to granite/sediment contacts as with the Florist mine and 
others, including the Rio Grande. are in highly faulted 
Baumans Camp Granite, with much of the granite altered 
to quartz tourma I in e. Some secondary copper 
mineralisation was also found in the chloritically altered 
schist. This comprises covellite, malachite and azurite. 
Minor bismuth also occurs in the area. 

Several small lode tin workings were sunk into areas of 
Baumans Camp Granite that had been greisenised and 
silicified. In some of the mines, it was observed that 
propylitic alteration surrounds the silicified granite. At the 
Little Flower tin mine, shafts have been sunk through a 
laterite cap into the greisenised and propylitically altered 
granite. Mineralisation was predominantly confined to 
vughy quartz veins within these alteration haloes. However, 
in a couple of occurrences, cassiterite was noted as being 
disseminated within the usually narrow silicification 
greisen envelope. Some veins also contain tourmaline and 
fluorite. 

ln the headwaters of Ethel Creek, upstream fTom Baumans 
Camp, several workings have been sunk in area of 
predominantly tin mineralisation. The most significant of 
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these is the Ambrose (Dreadnought) mine which was sunk 
into chloritically altered Malmesbury Granodiorite. The 
lodes have developed parallel sets up to 2 m wide over a 
200 m x 300m area within the most intensely altered zone. 
Cassiterite mineralisation, occurring as in fill in the vughs 
oft he comb quartz veins (up to 0.02 m wide), is associated 
with copper carbonates, molybdenum, wolframite and 
some minor lead and silver mineralisation. 

Tungsten/Molybdenum/Bismuth 
The 0/lera Creek Mineral Field contains the most 
significant tungsten mineralisation witrun the Townsville 
Region (Clarke & Morwood 1994). Up until 1970, a 
recorded total of294.64 tonnes of wolframite concentrates 
were extracted from the field, along with much smaller 
amounts of molybdenite and native bismuth. The records 
are far from complete, however, and the real tonnages 
extracted are likely to be much higher. Almost all hard
rock mineralisation in this field is associated with the roof
zones and adjacent sidewalls of felsic granite. It is in these 
roof-zones that pervasive post-magmatic alteration of 
granite is best developed; patches of pegmatite containing 
occasional grains of ore mineral are located; and zones of 
granite containing disseminated, interstitial molybdenite 
occur; most immediately beneath a contact with overlying 
felsic volcanic rocks. 

Wolframite was reported as occurring in patches in the 
headwaters of Hencamp and Rollingstone Creeks (Cusack 
1904) as well as along the upper reaches of Pine Creek 
further to the south. 1t is quite possible that the entire length 
of the Paluma Range may be prospective for tungsten 
mineralisation. Leases for mining wolframite were also 
taken out to the west ofPaluma Range in the headwaters 
of the Star River. The Kay Gee mine was the most 
significant of these, with wolframite, molybdenum, 
bismuth and minor copper mineralisation occurring in 
quartz fissure lodes in granite. 

Several wolfram lodes occur within the Kangaroo Hills 
Mineral Field. These lodes are hosted by granite and 
metamorphic rocks. Generally, lodes are steeply dipping 
and strike at approximately 110°. Deposits are dispersed 
over a large area covering the central part of the mineral 
field. Major depos its in this group include Horan s 
Wolfram, Boomerang, Bower Bird, Unlimited and 
Horseshoe. Tungsten mineralisation is found in greisen 
and quartz fissure veins. 

Wolframite mineralisation was found in association with 
cassiterite mineralisation at several mines in the Baumans 
Camp (Bowmans Camp) area on/near Spring Creek. 
Geochemical sampling in 1984 indicated that tungsten 
anomalies are limited to a quartz dyke complex at the 
northern end of a 6 km section of a granite contact zone. 

Garrad (1996) reported small quantities of wolfram (5 kg) 
from gold bearing breccia pipes in the Lolworth diggings 
and the presence of scheelite and wolframite associated 
with the breccia pipes. 

Limestone/Dolomite 
Kay (I 991) studied the limestone potential of the Mount 
Flagstone region, which is very similar to the deposits 
currently mined at the Calcium quarries. The limestone of 
the Mount Flagstone area is mapped as Burdekin 
Formation. The limestone itself is fossiliferous, flaggy and 
grey to dark grey. The beds are thinly developed. The 
l imestone crops out on the surface as boulders. The 
limestone has been recrystallised, but is still very fine 
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grained. The inferred resource is 30 million tonnes at 40-
52%Ca0. 

The Calcium region on the Mingela I: 100 000 sheet has 
produced almost I 0 million tonnes of limestone in the 
twentieth century. Unknown quantities of limestone were 
also produced late in the nineteenth century for use in the 
Charters Towers cyanide plants. The primary modern use 
for the limestone is in the Townsville cement industry and 
as agricultural lime for the sugar industry. This limestone 
is part of the Burdekin Formation. 

Thickly bedded limestone of the Burdekin Formation 
occurs in the Fanning River area. The development of a 
complex of caves in the area will restrict the area that can 
be safely mined. 

Limestone at Mount Podge has been quarried in the past 
and used for ballasting the nearby Greenvale Railway 
(Krosch 1990a). 

Known dolomite deposits occur only on the Hillgrove 
sheet. Two of are being mined for agricultural use. These 
mines began operation in 1993, producing a maximum of 
250 tonnes per week. Further exploration has been 
conducted in the area and a number of deposits have been 
delineated. The ' Hillgrove Dolomite' deposit, the larger 
of the two operating mines, contains 19% Ca and 8% Mg. 

Uranium 
Uranium-molybdenum mineralisation was discovered by 
Pechiney (Australia) Exploration (later known as 
Minatome Australia) in the mid 1970s at Ben Lomond East 
(8159-279544 ), during follow-up investigations of 
airborne radiometric anomalies. Ben Lomond contains 
4035 t uranium and 3026 t molybdenum in 1.9 Mt of ore 
grading 2100 ppm uranium and 1500 ppm molybdenum. 
(Total Mining Australia 1984). 

The mineralisation is in stockwork and fissure quartz veins 
and cherty breccia infill, hosted by the upper unit of the 
Saint James Volcanics, which are predominantly rhyolitic 
lapilli tuff and ignimbrite. Surface expression of the 
mineralisation is a fracture zone at least 450 m long and 
up to 100m wide, parallel to the axial plane of the shallow
plunging asymmetrical syncline fom1ed in the SaintJames 
Volcanics. The veins are very irregular, pinching and 
swelling along strike as well as vertically (Bauchau 1977; 
Valsardieu et al. 1980; Bain et al. 1990). Mineralisation 
consists ofuraninite, coffinite and molybdenite with minor 
pyrite, arsenopyrite, galena, sphalerite and chalcopyrite. 
Wall rock alteration associated with the veins is 
sequentially zoned, and progrades outwards from 
si licification, to sericitisation, to chloritisation and to 
carbonatisation. The fracture zone does not extend into 
the unconformably overlying ignimbrite of the Watershed 
North Rhyolite. 

Nickel/Cobalt 
The Verde Tin to prospect is located near the junction of 
Snake and Stockyard Creeks on the Ewan I : 100 000 sheet. 
It was found that a thin veneer of ferruginous or limonitic 
soil covered an irregular ferruginous, cherty caprock, 
overly high chloritic serpentinite. A small, low-grade 
resource of nickel and minor cobalt is located in two 
lateritised serpentinite outcrops within the Argentine 
Metamorprucs. 

Iron 
Iron ore occurrences occur at Willetts Knob, 4 km north of 
Ewan, 4.8 km northeast of Laroona homestead and 4.8 



km southwest of Mount Flagstone, near Woodstock. The 
Willetts Knob and Woodstock occurrences are contact 
metasomatic replacement style deposits associated with 
limestone in the Fanning River Group. The iron has been 
formed at the contact between limestone and intrusive 
Palaeozoic granodiorite. The Laroona deposits occur in 
calcite-actinolite schists of the Argentine Metamorphics. 
Regional aeromagnetic patterns suggest that similar 
deposits occur about 15 km to the south of the Laroona 
deposits. 

C HAP T ER SIX Chart er s T o w e rs Region 
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Table 6.3. Stratigraphy of sedimentary and volcanic rocks o the c harters Towers R . d egion (comptle by J JD raper . 
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;En'f.irbW!r;~ of'E>e'Posiiion . Unil Conslit_uen'i .Units l:.!JholoiY Thickness 

Campaspe Sandstone, siltstone Fluviatile 
Formation mudstone, rare 

conglomerate 

Mingela Isolated vents and Basinite, alkali basalt, Continental 
Volcanics dykes tholeiitic basalt; 'mg' 

numbers 57--67 

Sturgeon Basalt (ha waiite Continental basalts; lava 
Basalt dominant rock type; 'mg' nows, vents, mi nor 

numbers 75-50); lavas and pyroclastics 
minor volcanics 

Nulla Basalt Toomba, Ana branch, Basalt (predominontly Continental basalts; lava 
Birdbush, Hann Creek, nepheline normati ve; 'mg' nows. vents, minor 
Kangarong, Myrrlumbing numbers >60) , xenoliths pyroc lastics 
and Allcnslcigh are rare; lavas and minor 
Basalt Flows volcanics 

Southern Cross Sandstone. pebbly Fluviatile. lacustrine 
Formation sandstone. siltstone, 

mudstone, minor 
conglomerate 

Julago Rhyolite to andesitic 300-500 m Terrestrial volcanics and 
Volcanics lava, tuff. volcanic sediments 

breccia, agglomerate; 
some conglomerate, 
sandstone siltstOne, shale 
and coal seams 

Sybil Group Marshs Creek Fm Felsic volcaniclastic -1600 m Continental felsic 
(incl. Engow Mbr) rocks, rhyolite lava, volcanism, lacustrine, 
Hells Gate Rhyolite feldspathic sandstone, alluvial fan, fluvial 
(incl. Malairo Rhyolite tuff, pebble and cobble 
Mbr) conglomerate, si ltstone. 

mudstone 

Ellenvale beds Rhyolitic flows and >3000 m Continental, graben-filling 
pyroclastics, feldspathic max rhyoli te with fluvial and 
sandstone, conglomerate lacustrine sediments 
shale, mudstone. breccia 

Age imd BliU/.erice I;Wationsbips 

Pliocene (between 3.8 Ma Interbedded with lower Nulla 
and 1.35 Ma) Basalt Oows; weathered and 

ferricreted 

Eocene to Oligocene Intrudes Palaeoioic rocks 
(31-44 Ma) 

Pliocene 10 Quaternary 
(5.5-0.9 Ma) 

Pliocene to Quaternary Overl ies Southern Cross 
(5.2 Ma to 13 000 yrs Formation; interbedded with 
B.P.) Campaspe Formation 

Tertiary (pre-Pliocene), Affected by Featherby 
little direct evidence Surface 
of age 

Early Permian- Unconformably overl ies 
Glossopteris Carboniferous granite; 
present. intruded by intruded by Early Permian 
273-286 Ma granites granite 
(K- Ar) and 265 Ma 
(Rb-Sr) granite 

Late Carboniferous to Overl ies rocks of the Camel 
earliest Permian; Creek Subprovince and the 
palynology used to date Clarke River Basin; fau lted 
upper pan against early Carboniferous 

granites; overlain by 
Cainozoic rocks 

Mid Carboniferous to Early ?Unconformably overlies 
Permian based on Glenrock Group; intruded by 
superposition Carboniferous to Permian 

granites and rhyolites 

DisiTibution 

8000 km2 between Charters 
Towers and Pentland 

Mingela-Arthur Peak area 

Covers a large area north 
of Hughenden 

Covers an area of 7500 km2 

150 km inland from 
Townsville 

Remnants and cappings 

Between Mount Stuart and 
Mount Elliot. smaller hills at 
Mounts Saint John, Louisa, 
Bohle. Saunders, Many 
Peaks Range and Magnetic 
Island 

Occupies 450 km2 - area 
referred to as Sybil Graben 

Occupies the valley of Reid 
River from Ellenvale 
homestead to Reid Gorge 
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Henderson & Nind 
(1994) 
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Wyau et al. (1970) 
Stephenson et al. ( 1978) 
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Wyall et al. ( 1970) 
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Draper et al. (in prep.) 

Trezise et al. ( 1989) 
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Wyalt et al. ( 1970) 
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Insolvency 
Gully 
Formation 

Watershed 
North 
Rhyolite 

Saint Giles 
Volcanics 

Paluma 
Rhyolite 

Oweenee 
Rhyolite 

Glenrock 
Group 

Keelbottom 
Group 

Collopy 
Formation 

Horse Pocket Voles 
Mount Douglas Fm 
Percy Creek Voles, 
Tareela Voles (incl. 
Ponto Basalt and 
Eridge Mbrs) 
St James Voles 
Ewan Fm 

Piccadilly, Hardwick, 
Lollypop, and 
Mynlevale Fms 
Star and Game Hill 
beds now mapped as 
undivided Keelbottom 
Group 

Conglomerate, -IOO<im Alluvial fan , Ouvial and 
lithofeldspathic lacustrine environments in 
sandstone. siltstone and half graben 
mudstone 

Crystal-rich to very -415 m Continental rhyolitic 
crystal-rich rhyolitic volcanism 
ignimbrite, upper pan 
becomes lithic-rich 

Grey to dark grey, 1000- Continental rhyolitic 
crystal-poor to ?3500 m volcanism 
crystal-rich, dacitic to 
rhyolitic ignimbrite; minor 
lapilli tuff; now bonded, 
spherulitic rhyolite 

Crystal-rich to very ?900m Continental rhyolitic 
crystal-rich rhyolitic volcanism 
ignimbrite 

Pink to grey, crystal-rich Continental graben related 
rhyolitic ignimbrite volcanism 

Basalt, andesitic tuffs 1900m Calc-alkali , graben filling 
and lavas. rhyolitic ma~ suite of continental 
pyroclastics and minor volcanics and sediments 
tuffs. volcaniclastic 
sediments 

Sandstone, siltstone 850-2590m Transgressive-
mudstone. conglomerate, regressive sequence with 
minor limestones, rare shelf to braid plain 
tuffs siliciclastic deposits. 

Carbonates generally 
represent maximum 
Oooding surfaces 

Conglomerate, pebbly 160- Braidplain 
sandstone, sandstone. ?1000 m 
minor siltstone 

late carboniferous; based Unconformably overlies St 
on Calamites and James Voles and Watershed 
superposition North Rhyolite; faulted 

against Carboniferous 10 

Permian granites 

?Early Carboniferous Unconformably overlies 
Glenrock Group and 
unconformably overlain by 
Insolvency Gully Formation; 
intruded and homfelsed by 
Permian Speed Creek Granite 

Early Carboniferous Equivalent to Tareela Voles; 
(Visean); intruded by intruded by Carboniferous 
337 ± 6 Ma (SHRJMP) and Carboniferous to 
Clemant Granite Permian granites and 

rhyolites 

?Early Carboniferous Unconformably overlies 
Paluma Rhyolite; intruded by 
Coanc Range Igneous 
Comple~ 

Early Carboniferous based Overlies the Visean Lyall 
on 342 ± 7 Ma Rb-Sr age Formation and intruded by 
for co-magmatic Malmesbury Microgranite 
Malmesbury Microgranite 

Early Carboniferous Unconformably overlies 
(Visean to early Namurian) Keelbottom Group and 
based on superposition and intruded by Carboniferous to 
330 ± 7 Ma (K-Ar) and Early Permian granites 
330 ± 4 Ma (SHRIMP) 
intrusives 

Late Devonian to early Conformably overlies 
Carboniferous (Famennian Dots wood Group or 
to Toumaisian) based on unconformably overlies 
conodonts and basement: top of unit eroded 
brachiopods 

late Devonian to early Sits unconformably on 
Carboniferous based on Ordovician to Devonian 
plants and fish granites and correlated with 

the Keelbottom Group 

About 18 km' in catchment 
of Boghole Creek 

Occupies thsee small areas 
(total area I 0 km1) at and 
adjacent to Ben Lomond 
East 

Along the Paluma Range 
from Thornton Gap to 
Mount Halifax 

Covers an area of I 00 km' 
in the Paluma Range 

Crops out over an area of 
260 km1 southwest of the 
Sybil Graben from Spring 
Park homestead for about 
24 km north 

Occurs in a series of 
northwest trending grabens 
between Reid River and 
Ewan 

Most widespread unit of 
Burdekin Basin 

Scattered outcrops on the 
eastern side of the 
Ravenswood Batholith 

Wyatt et al. ( 1970) 
Gunther & With nail 
(1992) 

Gunther & Withnall 
(1992) 

Gunther & Withnall 
(1992) 

Gunther & Withnall 
(1992) 

Scott ( 1988b) 
Gunther & Willmall 
(1993) 

Hutton. Draper et al 
(1994) 
Gunther & With nail 
(1992) 

Draper et al. (1994) 
Gunther et al. (1990) 

Rienks & Draper 
(1994) 
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Unit Consliluenl UniJs 

Dots wood Kukiandra Fm 
Group Julia Fm 

Stud Fm 
Vanneck Fm 

Fanning River Cultivation Gully Fm 
Group Burdekin Fm 

Big Bend Arkose 

Wi lkie Gray Mt Podge Limestone 
Group Laroona Fm 

Seventy Mile Puddler Creek Fm; 
Range Group Mount Windsor Voles; 

Trooper Creek Fm; 
Rollston Range Fm 
(includes Kirk River 
beds) 

Argentine Six informal units 
Metamorphics identified 

Running River 
Metamorphics 

k f th Ch vo came roc s o e aners owers d) R . ·1 db JJ D ) (C eg10n (comp1 e y raper . ontmue 

Uthology Thicknes.s Environment of Deposition Age and Evidence 

Sandstone, redbeds 2000m Alluvial plain, alluvial fan, Late Devonian (Frasnian to 
(siltstone and mudstone) lake, coastal plain early Famennian) based on 
conglomerate. tuff stratigraphic position 

Fossiliferous limestone. 690m Mixed carbonate Middle Devonian 
sandstone, siltstone, /siliciclastic shelf and (Givetian) based on 
conglomerate shoreline conodonts and corals 

Fossiliferous limestone Mixed carbonate Early to Middle Devonian 
sandstone, siltstone, /siliciclastic shelf and (Emsian- Eifelian) based on 
conglomerate shoreline conodonts and corals 

Lithic and volcani lithic 14 km+ Marine, probably deep Cambrian to mid 
sandstone, siltstone; acid water Ordovician; graptolite and 
to intermediate rrilobite faunas: U- Pb 
pyroclastics and lavas SHRIMP date from Mount 

Windsor Volcanics 

Low grade: mica schist, Metasediments , tholeiitic Late Neoproterozoic 
quam:.ite, para-amphibolite basalt, volcanogenic rocks: to Early Cambrian 
chlorite schist, calc-silicate ?rift setting: greenschist to 
rocks, impure marble, middle amphibolite and 
metachen and ironstone middle to upper 
High grade: migmatite, amphibolite grade 
biotite gneiss, mica schist, 
onho-amphibolite, 
para-amphibol ite, 
serpentinite, 
clinopyroxenite, phyllonite 

Biotite gneiss. migmatite. Metasediments, tholeiitic Late Neoproterozoic 
amphibolite, mica schist basalt, volcanogenic rocks: to Early Cambria~ 
and quanzite ?rift setting; middle to 

upper amphibolite grade 

Relationships 

Disconformably to 
unconformably overlies 
Fanning River Group; 
conformably to 
disconformably overlain 
by Keelbouom Group 

Unconformably overlies 
mctamorphics and granite; 
disconformably to 
unconformably overlain by 
Dotswood Group 

Unconformably overlies 
metamorphics unconformably 
overlain by Keelbottom Group 

Forms east-west band across 
the southern margin of the 
Ravenswood Batholith. 
Intruded by gmni tes of the 
Ravenswood Batholith. 
Overlain by the Late 
Devonian Drummond Basin 
sediments and volcanics; 
base not seen 

Intruded by Melon Creek 
Tonalite, Holbom 
Granodiorite and granites of 
the Ravenswood Batholith; 
unconformably overlain by 
Burdekin Basin rocks 

lniJUded by the Falls Creek 
Tonalite and Carboniferous 
granites; lithologically similar 
to high grade ponion of 
Argentine Metamorphics 

Distribution 

Covers an area of 2000 km2 

in the Burdekin Basin 

Crops out as a discontinuous 
belt about the margins of the 
Burdekin Basin 

Restricted to Mount Podge 
area 

An east-west band about 
25 k.m wide from the Bowen 
River in the east to 
Thalanga in the west 

Occurs in an area bounded 
by Blue Water Springs, 
Basin Yards and Speed 
Creek Yards on 
TOWNSVILLE 

Conrined to the valley of 
Running River near Ewan 
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Cape River Feldspathic meta-arenite. Metasediments; minor Late Neoproterozoic Intruded by Silurian- Valley of the Cape River Paine et al. (1971) 
Metamorphics (locally calcareous) tholeiitic basalt; lower to to Early Cambrian Devonian Lolwonh and and headwaters of the Withnall et al. (1997) 

quanzite and mica schist upper amphibolite facies Reedy Springs Batholiths, and A inders, Clarke and 
grading into biotite gneiss. minor Carboniferous- Gregory Rivers 
calc-silicate gneiss. and Permian granitic complexes. 
migmatite; minor Unconformably overlain by 
amphibolite Permian and Triassic Galilee 

Basin and Cainozoic basalt 

Charters Low grade: Muscovite- ? uncertain Late Neoproterozoic Intruded by granites of the Crops out over about Wyau et al. ( 1971) 
Towers biotite schist. phyllite, to Early Cambrian Ravenswood Batholith 25 km2 around Charters Peters ( 1987 a) 
Metamorphics quartzite, porphyroblastic Towers. Several unnamed 

cordierite-quartz-biotite metamorphic outcrops may 
schist; calc-silicate. correlate with Charters 
High grade: biotite Towers Metamorphics 
gneiss; migmatite 
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Table 6.4. Igneous suites in the Thalanga Province. Charters Towers Region (compiled by U Huuon). 

Suite/Supersuite Characteristics Constituent U11ils Distribution 

Puddler Supersuite Thin dolerite dykes and Dolerite dykes. A Within the Seventy 
sheets intruding the Puddler volcanic rock in the Mile Range Group. 
CkFm Trooper Ck Fm (most Forms an east-west 

Trooper Ck Fm belt across 
volcanics belong to the CHARTERS TOWERS 
Waterloo and Trafalgar North & west of 
suites) Bucklands Hill Charters Towers 
Diorite? 

Waterloo Andesitic to basaltic Some of the volcanics in Within the Seventy 
Supersuite volcanics the Trooper Ck Fm Mile Range Group. 

Forms an east-west 
belt across 
CHARTERS TOWERS 

Trafalgar Andesitic to basaltic Some of the volcanics in Within the Seventy 
Supersuite volcanics the Trooper Ck Fm Mile Range Group. 

Forms an east-west 
belt across 
CHARTERS TOWERS 

Trooper Supersuite Dacitic to rhyolitic volcanics Some of the volcanics in Within the Seventy 
the Trooper Ck Fm Mile Range Group. 

Forms an east-west 
belt across 
CHARTERS TOWERS 

Wi ndsor Supersuite Dacitic to rhyolitic Some of the volcanics in Within the Seventy 
volcanics; metavolcanics the Mt Windsor Mile Range Group. 

Volcanics Forms an east-west 
belt across 
CHARTERS TOWERS 

Medicine Supersuite Dacitic to rhyolitic Some of the volcanics in Within the Seventy 
volcanics: metavolcanics the Mt Windsor Volcanics Mile Range Group. 

intrusives into the Mt Forms an east-west 
Windsor Volcanics: belt across 
metavolcanic in the CHARTERS TOWERS 
Medicine Creek Complex 

Fenian Suite Medium to fine· grained, Fenian Granite, About7 km2, 

pink to red, biotite granite to unnamed dykes east of the 
aplite Mount l.eyshon gold 

mine in the centre of 
CHARTERS TOWERS 

Age Relationships 

Cambrian to Intrude the Puddler Ck 
Ordovician Fm 
Bucklands Hill 
Diorite has 
yielded a 
206 PbfU u 
age of 508 ± 
8Ma £Nd,,= 1.48 

Ordovician In the Trooper Ck Fm 

Ordovician In the Trooper Ck Fm 

Ordovician In the Trooper Ck Fm 

Cambrian to In the Mt Windsor 
Ordovician Volcanics 

Cambrian to In the Mt Windsor 
Ordovician Volcanics 

Unknown, Intrudes the Seventy 
probably Mile Range Group, 
Ordovician intruded by the high level 

plug containing the Mount 
Leyshon gold mine 

Geochemical Characteristics 

Alkaline character in Zrm-Nb/Y 
plo1. High Nb/Y 

Si01 <70%; lowerTi02, Zr, Nb 
andY than Trafalgar Supersuite 

SiO, <70%: TiO,, Zr, Nb, Y 
higher than in the Waterloo 
Supersuite 

SiO~ > 70%; lower Ce than 
Windsor or Medicine Supersuites 

SiO~ >70%; Ce higher than in the 
Trooper Supersuite 

Si01 >70%; Ce, Nb and Zr higher 
than in the Trooper Supersuite 

High K calc·alkaline; similar to the 
Lavery Ck Supersuite but does not 
have the marked Ba depletion 
characteristic of the fractionated 
granites of that supersuite 

References 

Hunon, Rienks et al. (1994a) 
Berry et al. ( 1992) 
Henderson ( 1986) 
Hunon & Crouch ( 1993a) 

Huuon, Rienks et al. ( 1994a) 
Berry et at. ( 1992) 
Henderson ( 1986) 

Hulton, Rienks et al. ( 1994a) 
Berry et al. ( 1992) 
Henderson (I 986) 

Hulton, Rienks et al. (1994a) 
Berry et al. ( 1992) 
Henderson (1986) 

Hulton, Rienks et al. ( 1994a) 
Berry et al. ( 1992) 
Henderson ( 1986) 

Hulton, Rienks et al. ( 1994a) 
Berry et al. ( 1992) 
Henderson ( 1986) 

Hulton & Crouch (1993a) 
Hurron, Rienks ct al. ( 1994a) 
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Table 6.5. Pre to mid Ordovician granites- Ravenswood Batholith (compiled by U Huuon). 

Suite/SupersuiU Characteristics Constituent Units Distribution Age Relationships 

Unnamed Pale to dark grey, medium· Falls Creek Tonalite Fonns a belt (6 km by Uncenain; Intrudes the Running 
grained, equigranular, 2 km} along the a Rb/Sr age of River Metamorphics and 
biotite tOnalite Running River 331 ± 2 Ma is is defonned with them; 

southwest of Hidden a reset age therefore pre-dates the 
Valley defonnation 

Table 6.6. Ordovician Supersuites of the Macrossan Province, Chaners Towers Region - Ravenswood Batholith (complied by U Huuon). 

Suite/Supersuite Characteristics Constituent Units Distribution Age Relationships 

Hogsflesh Mainly grey to pink, Bend Grdi; Carlyon Ck In the southern pan of Early to mid Intrudes basement units 
Supersuite medium-grained, biotite and Grdi; Hogsflesh Ck the Ravenswood Ordovician such as the Chaners 

hornblende biotite granite to Grdi; KirkJea Gmt; Batholith mainly on Towers Metamorphics; 
granodiorite Mosgardies Ad; Pocket C HARTERS TOWERS also o lder granite units 

Dam Gmt; Poddskles such as the Sunburst suite. 
Mgr; Tomato Gmt; Intruded by Silurian to 
Tower~ Hill Gmt; some Devonian granite.~ 
unnamed granites 

Lavery Creek Mainly pint to red, medium- Granite in Brook Complx; In the nonhem pan of Mainly mid Intrudes basement units 
Supersuite grained biotite granite some granites in Carse the Ravenswood Ordovician such as the Chaners 

Ck Comp~; Crimea Gmt; Batholith, mainly on 101Pbi'""Pb Towers Metamorphics 
Glenell Grdi ; Grass Hut TOWNSVILLE age of 463 ± and older granite units. 
Gmt: K.irklea Gmt; 3 Ma from the Intruded by Silurian to 
Lavery Creek Gmt; Grass Hut Devonian granites 
Millaroo Gmt; Mt Granite 
Boddington Gmt; The 
Maze Gmt; Piano Gully 
Grdi; some unnamed 
granites 

Chipley Suite White to pale pink medium· Chipley Gmt, unnamed Non h of the Chaners Unknown: Intrudes the Lavery 
to coarse-grained, granite Towers wei r on the probably mid Creek Gmt 
porphyritic, garnet biotite Burdekin River on Ordovician 
granite. Alkali feldspar are TOWNSVILLE 
mainly albite 

Jones Darn Grey. medium-grained. Biotite hornblende In the southeast Unknown; Intrudes probable 
Supersuite biotite hornblende granites in the Carse comer o r probably mid Cambrian metamorphics 

granodiorite. Some Creek Complex CHARTERS TOWERS Ordovician in the Carse Creek 
hornblende is ferroan· and the nonheast Complex 
magnesiohomblende com er of BUCHANAN 
Accessory minerals include 
zircon. allanite, & apatite 

Geochemical Choracteristics 

Probably peraluminous 1-type 
granite 

Geochemical Cltaracttristics 

Medium to high K calc-alkaline but 
lower K than the Lavery Creek Suite 

Medium to high K calc-alkaline; 
higher K than HogsOesh supersuite. 
Also have higher alkalinity index and 
lower Alumini um Saturation Index 
lhan the Hogs flesh Supersuite 

Medium K calc-alkaline; depleted in 
K & Ti01 and enriched in P20s and 
Al20 3 with respect to the HogsOesh 
Supersuite 

Displays typical A · type chemical 
signatures. Characterised by 
extremely high Zr, high Zn and Ga, 
high to extreme Y, La, Ce and Nd, 
high Ba, low Rb and a high Na:K 

References 

Withnall & McLennan ( 199 1) 

References 

Huuon & Crouch (1993a) 
Huuon, Rienks e t a l. ( 1994a) 
Rienks (1991) 
Rienks e t al. ( 1995) 

Huuon & Crouch ( l993a) 
Hutton, Rienks et al. ( 1994a) 
Rienks (1991) 
Rienks et al. ( 1995) 

Hutlon & Crouch ( 1993a) 
Hutton. Rienks et al. ( 1994a) 

Huuon, Ricnks et at. ( 1994a) 
Rienks et al. ( 1995) 
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1\) .... Table 6.6. Ordovician Supersuites of the Macrossan Province, Chaners Towers Region- Ravenswood Batholith (complied by U Hutton). (Continued) 

0 Suite/Supersuite Characteristics Constiluent Units Distributwn Age Relationships 

Jones Dam Grey, medium-grained, Biotite hornblende In the southeast Unknown; Intrudes probable 
Supersuite biotite hornblende granites in the Carse comer of probably mid Cambrian metamorphics 

granodiorite. Some Creek Complex CHARTERS TOWERS Ordovician in the Carse Creek 
hornblende is ferroan- and the northeast Complex 
magnesiohomblende. comer of BUCHANAN 
Accessory minerals include 
zircon, allanite, & apatite 

Sunburst Suite Medium-grained, Sunburst Granodiorite East & southeast of Early Intrudes the Chancrs 
melanocratic, hornblende Chaners Towers in Ordovician Towers Metamorphics 
biotite granodiorite to the centre of A 206Pb/nsU Intruded by mid 
granite CHARTERS TOWERS age 482' ± 8 Ma Ordovician and Silurian 

ENd" to Devonian granites 
+-9.07 

Briltany Supersuite Fine to coarse-grained. grey Briltany Granite South of Mingela Uncertain. Intrudes the Glenell and 
to pink, porphyritic, biotite Exley Microgranite Ordovician Pocket Dam Granites; 
and hornblende biotite age is intruded by several mafic 
granite and microgranite assigned bodies & the Heath field 

and Beasley Ck Tonalites 

Schreibers Suite Medium-grained, grey, Schreibers Granodiorite Southern pan of Late Cambrian Basement to granites in 
pyro~ene?, hornblende, Charters Towers to early the southwest of the 
bioti te granodiorite I : 100 000 sheet area Ordivician Ravenswood Batholith 
characterised by large 206pbf2lsu 

compound qtz grains to age of 490 ± 
about I em 6 Ma. Inherited 

age of 1170 Ma 

Columbia Creek Medium-grained. muscovite Columbia Creek Complx NW trending belt Mid Appear 10 be products of 
Supcrsuite biotite granodiorite to 1\vo Creek Grdi; Melon nonh of Charters Ordovician A crustal anatexis of 

tonalite, minor migmatite Ck Tnl? Holborn Grdi?: Towers; SE comer of 206Pbf31U basement rocks such as 
Puzzler Grdi; La tan Chaners Towers age of 464 ± the Charters Towers 
Gmt? muscovite/biotite and E and NE of Star 5 Ma from the Mcramorphics and the 
granites in the Carse Ck homestead & in the Columbia Argentine Mctamorphics 
Cmplx valley of the Creek Complex 

Running River on 
TOWNSVILLE 

Unassigned Generally deeply weathered Unnamed Ordovician to In the Ravenswood Ordovician to 
medium-grained biotite Devonian granites Batholith Devonian 
granite 

Geochemical CIUlracteristics 

Displays typical A-type chemical 
signatures. Characterised by 
extremely high Zr, high Zn and Ga, 
high to extreme Y, La, Ce and Nd, 
high Ba, low Rb and a high Na:K 

High K calc-a lkaline granite. 
Depleted in P10 1, Al10 1, and 
TiO,, Sr. Zn, high MgO, MnO and a 
marked enrichment in Cu with 
respect to the Hogsflesh and Lavery 
Creek Supersuites 

High K calc-alkaline granite, plots 
with Lavery Creek Supersuite. 
Steeper falling trend in Sr- Si02 plot 
with respect to the Hogsflesh and 
Lavery Ck Supersuites 

Medium K calc-alkaline granite. 
High CaO. tlauer Sr-Si02; and 
P10r-Si01 and sleeper Mn0-Si01 

with respect to Hogsnesh and 
Lavery Creek Supersui tes 

Some S-type characteristics such as 
high Aluminium Saturation Index; 
but some !-type characteristics such 
Na!K >I : P20 1 reducing with 
increasing SiO, 

References 

Hulton. Rienks et al. ( 1994a) 
Rienks et al. ( 1995) 

Hulton & Crouch (1993a) 
Hulton, Rienks et al. ( 1994a) 

Rienks (1991) 
Hutton, Rienks et al. ( 1994a) 

Hutton & Crouch ( 1993a) 
Hutton Rienks et al. (I 994a) 

Withnall & McLennan (1991) 
Huuon & Crouch ( 1993a) 
Huuon, Rienks et al. (1994a) 
Rienks er al. (I 995) 
Hutton & Crouch (l993b) 
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Table 6.7. Fat Hen Creek Complex and unils adjacent to the Lolwonh Batholith (compiled by U Huuon). 

Suile/Supersuite Characteristics Constituent Units Distribution Age 

Oak Vale Suite Medium-grained, cordierile, Forms a bell4-5 km 469± 12Ma 
muscovite biotite wide roughly parallel magmatic age 
granodiorite; biotite to the Cape River with inherited 
onhogneiss between Pentland and zircon at 

Mt Clearview mine - 1100 Ma and 
- 1500Ma 

Clearview Medium-grained. muscovite Forms a bell up to May be same age 
Supersuite biotite granodiorite; biotite- 6 km wide roughly as Oak Vale 

garnet onhogneiss parallel to the Cape Suite or older 
River between 
Pentland and Mt 
Clearview mine 

Gorge Creek Medium-grained, Forms a bell about A complex 
Suite hornblende-biotite granite to 1.5 km wide in the Fat population of 

granodiorite; onhogneiss Hen Creek Complex magmatic and 
metamorphic 
zircons yield 
201Pb;f06Pb ages 
of 1105 ± 15 Ma 
and 1238 ± 
38 Ma 

Scrubby Creek Medium-grained., Occurs near Lolworth 455± 10 Ma 
Suite hornblende-biotite granite to Station; distribution is magmatic age 

granodiorite; orthogneiss poorly constrained with minor 
due to younger cover inheritance at 

- 500Ma 

Unassigned Medium-grained, Mount Glengaldler Belt about I km wide Unknown: an 
hornblende-biotite granite Granite and 5 km long west of Ordovician age 

Mount Glengaldler in is assigned 
the Homestead 
I: I 00 000 sheet area 

Relationships 

Possibly a product of 
partial anatexis of Cape 
River Metamorphics 
Grades into the 
metamorphics via a bell 
of migmatisation. May 
be syntectonic with a 
regional deformation 
event 

Possibly a product or 
partial anatexis of Cape 
River Metamorphics or 
unknown older crust 
Grades into the 
metamorphics via a bell 
of migmatisation. May 
be syntectonic with a 
regional deformation 
event 

Intrudes the Fat Hen 
Creek Complex?; may 
by symectonic with a 
regional deformat ion 
event 

Intrudes the Fat Hen 
Creek Complex?; may 
be syntectonic with a 
regional deformation 
event 

Intrudes the Seventy 
Mile Range Group? 

Geochemical Characteristics 

High K granite; Alumjnium 
Saruration Index > 1.05 Ti01 0.6-
1.02 & decreasing with increasing 
Si02; distinguished from 
Clearview, Gorge Ck and Scrubby 
Ck suites on Sr vs Si02 plot. 
StrOngly magnetic 

High K granite; Alumium 
Saturation Index > 1.05 Ti02 0.6-
1.02 and decreasing with 
Oa.k Vale, Gorge Ck and Scrubby 
Ck suites on Sr vs Si02 plot. 
Non-magnetic 

High-K granite; Alumium 
Saturation Index < 1.05 Ti02 

<0.6% and increasing with 
increasing Si02; Ba higher than in 
the Fat Hen Creek Complex; 
moderately magnetic 

High-K granite; Alumium 
Saturation Index < 1.05 Ti0 2 

<0.4% and decreasing with 
increasing Si01; distinguished from 
Gorge Creek Suite in being higher 
in Al,01, very high in Na10 and 
low in MgO; moderately magnetic 

High-K calc-alkaline: Aluminium 
Saturation Index <I. I; Ba 700-
1000 ppm. Plols as a fractionated 
1-type granite on the K20 + 
Na20/Ca0 vs Zr + Nb + Ce + Y plot 

References 

Withnall et al. ( 1997) 
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Table 6.7. Fat Hen Creek Complex and units adjacent to the Lolwon.h Batholith (compiled by U Hutton). (Continued) 

Suile!Supersuite Characteristics Constituent Units DistTibutio11 Age 

Unassigned Medium-grained, foliated, Shovel Creek Complex Crops out over about Unknown: an 
hornblende-biotite granite, 17 km1 south of Ordovician age 
porphyry, granodiorite; Barrington in the is assigned 
diorite; greenstone; gabbro centre of the 
& onhogneiss Homestead 

I: I 00 000 sheet area 

Unassigned Medium to coarse-grained Glenroy Mill Crops out over about Unknown: an 
porphyritic biotite Granodiorite II km2 across the Ordovician age 
granodiorite; hornblende Ainders Highway in is assigned 
biotite granodiorite the centre of the 

Homestead 
I: I 00 000 sheet area 

Unassigned Fine-grained, foliated biotite Cornelia Onhogneiss; Crops out over about Unknown: a 
onhogneiss; diorite/gabbro Stonington Granite 20 km2 in a belt 1- Cambrian to 

2 km wide from Ordovician age 
Capeville to Gorge is assigned but 
Creek in the Lolwonb may be older 
I: I 00 000 sheet area 

Relationships 

Intruded by Lolwonh 
Batholith 

Surrounded by Teniary 
sediments 

lnterlayed with the 
Cape River 
Metamorphics and 
probably intrudes them 

Geochemical Characteristics References 
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Table 6.8. Silurian to Devonian Supersuites in the Charters Towers Region - Ravenswood Batholith (compiled by U Hutton). 

S uiJe/Supersuite Characteristics Constiluent Units Distribution Age 

Mingela Suite Grey, medium-grained, Mingela Granodiorite A roughly east-west Unknown: an 
foliated hornblende biotite beh from near Minge Ia age of Middle 
granodiorite, tonalite, gneiss to the Fanning Ri ver Ordovician to 

in southeast early Silurian is 
TOWNSVU..LE assigned as the 

granite appears 
syntectonic with 
a regional 
deformation 

Millchester Mainly grey, medium- Boatswain Grdi; Beasley Throughout the Ranges from 
Supersuite grained: slightly porphyritic, Ck Toni ; Carse·O· Ravenswood Batholith 426± 2 Ma 
Riverview Suite biotite hornblende tonalite to Gowrie Grdi ; Casey on CHARTERS (Rb/Sr) for the 
Merriland Suite granodiorite Spring Ck Grdi; Centauri TOWERS and Millchester 

Grdi: Chippendale Grdi; TOWNSVU..LE Creek 
Crescent Grdi:Dalmore Tonalite to 
Grdi ; Emu Mill Grdi: 328± 5 Ma 
Five Mile Mill Grdi; (Rb/Sr) for the 
Heathfield West Toni: Jessop Ck 
Jessop Ck Toni; Tonalite. Most 
Meadowvale Grdi; units fall in the 
Merriland Toni: range of 4 18-
Mi llchester Ck Toni; 406Ma 
Molly Darling Grdi; 
Rishton Grdi; Riverview 
Grdi ; Spondulix Grdi; 
Tulliegorim Grdi; Two 
Mi le Gmt; Urdera Grdi; 
Wellington Spring Toni; 
Wharleys Toni; Yulga 
Toni 

Brinania Medium-grained. grey to Blackjack Grdi ; Within the Sevemy Unknown. An 
Supersuite pink to cream. commonly Brinania Gmt; Flora Ck Mile Range Group, age of late 

altered biotite and Trond; Policeman Grdi forming an east-west Silurian to 
hornblende biotite granite, band across the Early 
granodiorite and southern part of the Devonian is 
trondhjemite Charters Towers tentatively 

l : I 00 000 sheet area assigned 

Abb~vi•t.ions.: Ad ::: Adamc.llilc: Mgr -;; Microgranitc: Ordi ~ Gn.nodiorite: Gmt~ Granite: Toni~ Tonalite. 

1\) .. 
(A) 

Relationships Geochemical Characteristics 

Intrudes Ordovician Medium K calc-alkaline granite 
granites: appears to be 
syntectonic with the 
regional deformation of 
about this age 

Intrude the Ordovician Medium K calc-alkaline granites. 
granites in the The Merriland Suite is similar to the 
Ravenswood Batholith Millchester, but is slightly depleted 

in Ti01, V and Sc. The Riverview 
Suite is simi lar to the Millchester 
but has higher K,O 

Intrudes the Seventy Medium K calc-alkaline; compared 
Mile Range Group. (Do to the Millchester Supersuite, the 
not appear to intrude the Briuania Supersuite is enriched in 
Ravenswood Batholith) 1i01, Sc, V, FeOCT«>>l• Th, Y and 

Sr and is depleted in Al10,, K10 , 
Rb and total alkalies. It also has 
lower Rb at low A 120,, higher 
Na20, lower Mg# 

References 

Rienks (!991) 
Hutton, Rienks et al. ( l994a) 

Peters (1987a) 
Hunon & Crouch ( l993a) 
Rienks ( 1991) 
Rienks et al. ( 1995) 
Huuon. Rienks et al. ( l994a) 

Hutton & Crouch (1993a) 
Huuon. Rienks et al. ( 1994a) 
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Suile/Supersuite Characteristics Constiluent Unils Distributio11 

Barra bas Pink, buff and grey, Barrabas Adamellite; 
Supersuite medium-grained; biotite Kedumba Grdi; Mt 

hornblende granodiorite; Cuthbert Grdi 
hornblende-biotite 
granodioriie; biotite 
monzogranite; biot ite· 
muscovite syenogranite 

Deane Supersuite Medium-grained, grey, Deane Grdi; Forms a large circular 
hornblende-biotite trondhjemite core to pluton in the southeast 
granodiorite, tonalite & Deane Grdi. of the Charters 
granite; biotite trondhjemite Towers 

I : I 00 000 sheet area 

Broughton River Medium-grained, grey to Broughton River Grdi; Forms large ovate 
Suite pink, hornblende-biotite mafic sheath to the plunon about 15 km 

granodiorite; diorite; Broughton River Grdi south of Charters 
clinopyroxene, Towers 
orthopyroxene 
monzodiorite 

Unassigned Mainly medium-grained Unnamed Silurian to In Ravenswood 
biotite-hornblende and Devonian granites and Batholith 
hornblende-biotite diorites 
granodiorite and tonalite; 
minor diorite and gabbro 

Unassigned Fine to medium-grained, La Vil la Igneous Small bodies of 
hornblende (after Complex, Box Forrest Diorite/gabbro 
pyroxene?) plagioclase Diorite, Drinkwater intruding granites of 
gabbro to diorite Diorite, Macrossan The Ravenswood 

Gabbro Batholith 

Unassigned Fine to medium-grained, Stanneu Creek Gabbro, Intruding granites of 
clin ipyroxene, unnamed dykes the Ravenswood 
orthopyroxene, olivine Batholith 
gabbro 

Age Relo.tionships 

Uncertain; a Intrudes the Seventy 
late Silurian tO Mile Range Group and 
Early other older 'basement' 
Devonian age units. Mt Cuthbert Grdi 
is assigned is faull bound and may 
Ages of 408± be a graben fill. 
30 Ma (Rb/Sr) Barrabas Adamellite is 
and 405 ± 12 surrounded by granites 
(K/Ar) may of similar age 
be reset 

Late Silurian Intrudes Ordovician 
Rb/Sr age of granites and gabbros; 
409 ± 2 Ma are relationship to the 
411 ±2 Ma are Seventy Mile Range 
from the Main Group is unknown 
body and 
trondhjemite 
core tNd,. 
= -0.3 and -1.8 

Late Silurian to Intrudes Ordovician 
Early Devonian granites and the 
A Rb/Sr age of Charters Towers 
406±4 Ma Metamorphics 

Relationship to the 
Stanneu Creek Gabbro 
is not known 

Late Silurian to Intruding Ordovician 
Early Devonian granites and basemen! 

units in the Ravenswood 
Batholith 

Unknown; Intrudes granites of the 
possibly late Ravenswood Batholith 
Ordovician to 
early Silurian 

Unknown: Pan of the Ravenswood 
possibly late Batholith 
Silurian to 
Early Devonian 

Geochemical Characteristics 

High K and Th response on 
airboume radiometries. Dominantly 
high K calc-alkaline. This su ite also 
has high·Rb at low A110 3, high Rb 
at high K20, and low Sr at low to 
moderate Na10 compared to the 
Millchester Supersuite 

Medium to high ca lc-alkaline. 
Similar to Millchester Supersuite 
but larger range of K20 and 
increasing Sr with increasing 
Na20 . Sr falls against Mg#, MgO, 
FeO and li02 

High K calc-alkaline. Similar to the 
Millchester Supersuite but enri ched 
in K20 . Rb and Th; has high Rb/Sr 
and low K/Rb. High K20 and Th 
reflected in very high readings in 
these elements on the airboume 
radiometries 

Low to medium K tholeiites and 
some calc-alkaline diorite/gabbro; 
most e lements show scauer 

Mainly medium K tholeiites 

References 

Clarke (I 971) 
Rienks et al. (1995) 
Hutton, Rienks et al. ( 1994a) 

Hulton & Crouch (1993a) 
Hunan, Rienks et al. ( 1994a) 

Hunon & Crouch ( 1993a) 
Hutton, Rienks et al. (1994a) 

Hulton & Crouch (1993a,b) 
Hutton, Rienks et al. (1994a) 
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Table 6.9. Silurian to Devonian Supersuites in the Chaners Towers Region - Reedy Springs Batholith (compiled by IP Rienks}. 

~~~f!!tl ~~~~5;!fmm _ t~,t:~(e~~.cs • · "'""'" •-
~'i:.~)~ .. -~0!.~ f!S!: . t.[I.IJ[{li~!~~ ~~\1 ~%Jfitll~ 

Craigie Supersuite Medium-grained, grey Craigie Tonalite Single elongate pluton K-Ar 
subequigranular biotite- marking the nonh of hornblende 
hornblende tonalite; the Reedy Springs age of 406 ± 
accessory epidote, sphene, Batholith 3 Ma 
allanite 

Toms Hole Foliated grey medium· Toms Hole Granodiorite Single body 8 km Possibly 
Supersuite grained porphyritic northwest of >403 Ma 

hornblende-biotite ' Newburgh' in the 
granodiorite, accessory nonh of Reedy 
sphene, epidote, zircon. Springs Batholith 
apatite 

Peraluminous Medium-grained, grey-buff Baby, Big Bore. Numerous bodies, Possibly 
Granites biotite granodiorite; Slanders, Bombarri dominating Batholith ranges 403-
(several supersuites) muscovite-biotite Bubbling. Capel excepting extreme 410Ma. 

granodiorite to Cargoon, Cracknell. northern margin Capel: 403 Ma, 
monzogranite, accessory Hogg, Milky, Mistake, K- Ar (biotite) . 
sphene, allanite, epidote, Newburgh, Strathtay, Upland: 
zircon Upland, Woongalee and 410±6 Ma 

Yering Granodoirites; &407 Ma 
Thursday Monzograntie U- Pb (Zircon) 

and K- Ar 
(biotite) 

Unassigned Medium and medium to Two unnamed Sparse pods in Unknown; 
Trondhjemite coarse-grained, white trondhjemite bodies metamorphics, in the possibly late 

leucocratic biotite sampled to date north of the batholith Silurian to 
trondhjemite Early Devonian 

wrtftf1J.~~m I_ ( _. ns 1 .s~ ~ 

Intrudes the Cape River 
Metamorphics. 
Mylonitised and faulted 
along Clarke River 
Fault/Mylonite Zone 

Intrudes Cape River 
Metamorphics. Possibly 
intruded by Capel 
Granodiorite 

Intrudes Cape River 
Metamorphics. Within 
group. central plutons 
more strained & more 
evolved than elsewhere 

Intrudes the Cape River 
Metamorphics, 

~~~~ ~Jl1 .. • •. hat:tl((et;is.t!csfu ~ 

Low to medium K oxidised calcic 
tonalite; from 61% to 70% Si02: 

KINa <0.2; Sr 1100-700; 
Aluminium Saturation Index 0.95-
1.07; Rb <50ppm; Zr < 150 ppm 
increases with increasing Si02, 

(Ce/Y)N 10-20 

Medium K oxidised cal-alkaline 
granodiorite at ca.66% Si0 2; KINa 
~0.5 ; Sr <500 ppm: Zr < 150 ppm, 
Rb -I 00 ppm, (CefY), 4-6; 
Aluminium Saturation Index - I .05 

Median values or c lassifications at 
-68% and - 78% Si02 respectively. 
Medium 10 (just) high K calcic; 
KINa 0.25-{).5 but broad range; 
Sr 600-150; ZI 160-50; Rb 50-150; 
Aluminium Saturation Index 
scauered from 1.05 1o I. I, 
maximum 1.2 1; (Ce/Y)" -10-3, 
sparse scauer to -30 in middling 
Si02 

Low-medium K reduced to strongly 
reduced alkalic-calcic 
trondhjemite, at ca. 66% and 72% 
Si02 respectively; KINa -0.1 ; 
Sr -400 and 200 ppm. Zr -80 and 
60 ppm; Rb -30 and 40 ppm, 
(Ce/Y)N -1.5 and 2.5; Aluminium 
Saturation Index ~ 1.02 and 1.06 

~~~_1-r•T;'S'TI·-~W 
Rif~t:t.fl_etsL~.r ,.-fu ... ,£ ~ 

McLennan, (1986} 
Rienks & Withnall (1996a,b} 

Rienks & Withnall (1996a,b) 

Richards et al. ( 1966}; 
Richards (1980); 
Champion & Heinemann (1994); 
Rienks & Withnall (1996a, b) 
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1\) Table 6.10. Silurian to Devonian Suites/Supersuites in the Charters Towers Region - Lolworth Batholith (compiled by U Hutton). 
.... 
Q) ti;J~tfys~fisffu~. ·;- '6114~4iiik~--~~~~1 t~7rm;;;;ifi~~71 :D.ismb~tn!·: ~--.- ~~ ~·~•c,-~:: 1il)'{<}!~h~~~ ~ 

Amarra Supersuitc Medium-grained, grey to Amarra Granite, Throughout the Late Silurian to Intrudes the Cape River 
pink, sometimes porphyritic, Recdybed Granite, Lolworth Batholith Early Devonian Metamorphics and 
muscovite-biotite granite Redlands Granite, 706pbf3su Ordovician granites. 

Davey Ck Granite, age of 382 ± Intruded by Grasstree 
Myola Granite, Bulgin 5 Ma from the Suite 
Ck Granite, Weaner Amarra Granite 
Vale Granite, Dillons K/Ar ages of 
Knob Granite, 396-407 and 
unassigned granites of Rb/Sr age of 
the Lolworth Batholith 470±7 Ma 

Grasstree Suite Fine to coarse-grained Grasstree Granite, Mainly in the eastern Late Silurian Intrudes granites of the 
garnet muscovite unnamed dykes part of the Lolworth · to Early Amarra Supersuite 
leucogranite; muscovite Batholith Devonian. A Ordovician granites, 
aplite; muscovite pegmatite K/Ar age of Cape River 

396 Ma reported Metamorphics and Fat 
from a Hen Ck Complex 
leucogranite dyke 

Hodgon Suite Medium-grained, Hodgon Granodiorite; Small body north of Late Silurian. Goldsborough 
hornblende-biotite Goldsborough Barrington and also A 206Pbfl!u Granod iorite in graben 
granodiorite, biotite Granodiorite east of Goldsborough age 414 ± 5 Ma fill cutting Cape River 
granodiorite in the Lolworth from the Hodgon Metamorphics. Intruded 

Batholith Gra~odiorite by granites of the 
Amarra Suite 

Unassigned Fine to medium-grained, Mount Elvan Granite Crops out over Unknown; Intrudes the Cape River 
white to grey, biotite 7-8 km2 north of the probably late Metamorphics and Fat 
microgranite with local Cape River in the Silurian to Hen Creek Complex 
coarse garnets Lolworth Early Devonian 

I: I 00 000 sheet area 

tc~~m;~l~w=(JJmiG.=~ ~ 

Medium to high K granite; 
Aluminium Saturation Index> 1.1 ; 
Rb <200 ppm and increases with 
Si02; Ba >I 00 ppm; Zr >50ppm 
and decreases with increasing 
Si02; MnO <0.1% 

High K granite; Aluminium 
Saturation Index > 1.1; Rb >200 ppm 
and decreases with increasing Si02; 

Ba generally >50 ppm; Zr >50 ppm 
and increases with increasing 
Si02; MnO >0.1% 

Medium K calc-alkaline; 
Aluminium Saturation Index < 1.0; 
Rb <100 ppm; Ba ~soo ppm; 
depleted in Al10l and Ce and 
enriched in Ti07 compared to the 
Amarra Supersuite 

High K granite; similar to the 
Amarra Supersuite but has slightly 
higher Ti02, and very high Ba 
(~ 1 200 ppm) 

1re}el~%l(j,:'f,. :.~ _ ~~: ~::;) 
Hutton, Garrad & Withnall (1996) 

Hutton, Garrad & Withnall (1996) 

Hutton. Garrad & With nail ( 1996) 
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Table 6.11. Early Carboniferous granites and volcanics (compiled by IP Rienks). 

m'!ll!~t~l...,m~ . •Jif..$upf!.S.UI!U · .. ~--~~m-mn~! ~ ~!fiit:acter»ftt~,'f.. • · J:-. · ~t~1I.l1nitf~m lffifffiJu~-1 H fill { • • - •r /,_,..r.~ 

Oweenee Quite varied: mainly pink to Malmesbury Batholith in northwest 
Supersuite cream, locally orange or Microgranite, Baumans of region 

grey equigranular, seriate, Camp Granite, 
graphic or porphyritic, Macauley Creek 
biotite granite and Granite, Spinifex Creek 
syenogranite, locally with Granit.e, Coane Range 
rapakivi texture. Quartz and Granite Complex 
alkali feldspar phenocryst~. Kallanda Granite, 
Aplite and pegmatite pods Clemant Microgranite, 
locally common. miarolytic Rollingstone Granite 
cavities in places Oweenee Rhyolite 

Early tO mid Contioous basalt-rhyolite Glenrock Group, In north of region 
Carboniferous range, basalt-andesite rhyolite centres in 
Volcanics mainly lava nows, rhyolites Reedy Springs Batholith. 

mainly ignimbrite sheets Dykes intruding 
Note: At least 3 mineralisation at 
suites in basalts; Charters Towers 
felsic rocks 
comple~ also 

Percy Suite Basalt to andesite Some basalt & andesite 
from Percy Creek 
volcanics, Ewan 
Formation, Tareela 
Volcanics and StJames 
Volcanics 

Horse Pocket Suite Basah to andesite Horse Pocket Volcanics 

~>fjm-f.t~Ir~ rli$~.11 

Early mid Intrudes Proterozoic 
Carboniferous. Metamorphics, Silurian-
342?-330 Ma. Devonian and early 
Multiple whole Carboniferous 
rock Rb-Sr sedimentary & volcanic 
isochron: 342 units. Intrude 
± 7 Ma for comagmatic volcanics? 
several units, Locally intruded by 
U-Pb 337 ± swarms of rhyolite and 
7 Ma and 330 ± granophyre dykes, 
4 Ma from intruded by dolerite 
Clemant & dykes. Intruded by 
Macauley Carboniferous-Permian 
plutons granites. Dissimilar to 
respectively coeval dykes intruding 

mineralistion at 
Charters Towers 

Visean to early Overlies Proterozoic 
Namurian? Metamorphics, 
Plant fossils in Devonian~arly 

enclosing and Carboniferous Burdekin 
intercalated Basin; overlie/intrude/ 
sedimentary faulted against Reedy 
rocks Springs and Ravenswood 

Batholiths. Intruded by 
late Carboniferous-
Early Permian granites. 
Some rhyohic ignimbrite 
intimately related to 
Oweenee Supersuite 

Visean to 
early 
Namurian? 

Early 
Namurian? . 

t~~i7J:Yt~~~SY..sD 

Major elements in keeping with 
most factionated Leichhardt 
Supersuite. SiOl generally <71% 
mostly 76-77%. High Y, F and 
REE, low Cl, Rb >200, commonly 
>300 ppm 

Lower in alkalis than Owc:enee 
Supersuite at given SiOt. Several 
series likely: calc-alkalic (2 suites 
in basalts), calcic/tholeiitic (1 suite 
in basalts), possible alkali-calcic 
series . Basaltic suites are 
intercalated in Glenrock Group, 
and probably have intrusive 
equivalents. Dacites-rhyolites 
probably have instrusive equivalents. 
Minor potassic rhyolite (KINa> I) 

Zr/Nb -= 25; Zr/Ce .. 3.8 
Low- Med K 
Low Ba 

Zr/Nb a 16; Zr/Ce .. 2.2 
High-Med K? 
High Ba, REE 

~~)~fflifl ~ .. """ li''T· ~· !l'iferi.n_c_i_s t!,£ · 11~ ;?-1L~Y--1i~ 

Wyalt et al. ( 1970) 
Webb (1969a) 
Gunther & Withnall (1992, 1995) 

Hulton. Draper et a.l. ( 1994) 
Hutton , Lockhart et al. (1990) 
Draper, Rienks et al. (in prep.) 

Hulton , Draper et al. (1994) 
Hulton, Lockhart et aL ( 1990) 

Hulton, Draper et al. ( 1994) 
Hulton, Lockhart et al. (1990) 
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1\) .... Table 6.12. Carboniferous to Permian Supersuites (compiled by IP Rienks) . 
Q) 

Suite/Supersuile Chara{:teristics Constituent Units Distribution 

Leichhardt Coarse, medium and line- Tuckers, Boori and First Isolated complexes in 
Supersuite grained gabbro; diorite; Pocket Igneous the northern part of 
-Tuckers Suite mangerite; biotite- Complexes; Camp Oven the Ravenswood 

hornblende granodiorite to Mountain Complex? I: I 00 000 sheet area 
tonalite; biotite granite; Also dykes intruding the 
leucogranite; monzodiorite; Deane Granodiorite? 
quartzdiorite; monzogranite 

Leichhardt Grey biotite & hornblende- Drynoch Gr; Miners In the eastern part of 
Supersuitt: biotite granodiorite; grey to Gap Gr; Lulu Pocket the Ravenswood 
-Leichhardt Suite pink biotite & hornblende- Igneous Complex; Mt Batholith 

biotite granite, microgranite; Canton Igneous 
dacite, dacitic tuff; dacitic Complex: Marlborough 
rudite; rhyolite Pocket stock, Barraua 

Granite, Molybdenite Ck 
Granite unnamed stocks 

Leichhardt Pink to grey; biotite and Bogie Creek Gr; Robey In the eastern part of 
Supersuite hornblende-biotite granite, Range Gr; Banana Mgr; the Ravenswood 
-Bogie Suite granodiorite; Black Pinnacle Igneous Batholith 

microgranodiorite; quartz Complex 
diorite; porphyritic 
microgranile., syenogranite; 
biotite-arfvedsonite/granite; 
green to pink monzogranite; 
minor rhyolite 

Leichhardt Pink hornblende-biotite and Pall Mall Granite; The north and 
Supersuite biotite granite and Emysland Granodiorite; northeast of the 
-Unassigned monzogranite Mingoom Granite, Charters Towers 

Speed Creek Granite, Region 
unnamed plutons in the 
Townsville and 
Rollingstone 
I: I 00 000 sheet areas 

Age Relationships 

Early Permian lnstrusions appear 
KJAr ages of structurally controlled; 
283 ± 9 Ma and intrude Ordovician and 
284 ± 9 Ma for Silurian to Devonian 
the Tuckers granites 
Igneous 
Complex and 
Boori Igneous 
Complex 

Uncertain, Intrude the Ordovician 
probably late and Silurian to Devonian 
Carboniferous granites 
lo Early 
Permian 

Probably late Intrude the Ordovician 
Carboniferous and Silurian to Devonian 
A Rb/Sr age of granites 
311 ± 3 Ma for 
the Bogie Creek 
Granite 

K-Ar age 286 ± Intrude Burdelcin Basin 
9 Ma, Pall Mall and early to mid 
Granite; U-Pb Carboniferous granites 
283 ±4 Ma. and volcanics; intrude 
Mingoom Proterozoic 
Granite; K-Ar metamorphics 
284-296 ± Intruded by rhyolite 
9 Ma, Speed 
Creek Granite; 
K-Ar283 ± 
9 Ma, unnamed 
granite 

Geochemical Cluzracteristics 

Si01 generally <65%; Calc-alkalic; 
Gal AI moderate to high; Rb 
<I 00 ppm. High Sr at given K10 

SiOl >67%; Calc-alkalic; GaiA! 
low. Sparse eutectic compositions: 
Barratta suggests -1.5 kb 
emplacement 

Si01 mainly >67%; negative Gal AI 
trend against Mg#, 80>Rb<l40; 
low Sr at given K10; less alkalic 
than Leichhardt Suite; still 
calc-alkalic 

Some eutectic compositions; 
Emysland suggests 0.5 kb 
emplacement. Calc-alkalic 

References 

Clarke ( 197 I) 
Webb (1969a) 
Hutton , Rienks et al. (1994a) 
Rienks et al. ( 1995) 

Rienks et al. ( 1995) 
Rienks (1991) 
Hutton. Rienks et a!. ( 1994a) 

Rienlcs ct al. (1995) 
Hutton, Rienlcs et al. ( 1994a) 

Gunther & Withnall (1992. 1995) 
Wyatt et al. ( 1970) 
Webb ( 1969a) 
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Woodstock Medium-grained, pink, Mt Storth Granite; Castle Resistant plutons in Early-mid Permian Intrude the Julago Alkali-calcic? Fractionated Webb, (I969a) 
Supersuite granite to monzogranite: Hill Granite; Mount the Townsvile K-Ar ages or Volcanics members have marginal A· type Stephenson ( 1970) 
- Woodstock Suite diorite, monzodiorite. Stuart Igneous Complex district 265-286 ± 9 Ma characteristics on K10 + Stephenson & Patrick (1978) 

Acicular amphibole Magnetic Island Granite from various Na10/Ca0 vs Zr + Nb + Cc + Y Paine et al . ( 1970) 
common in more mafic plutons Rb-Sr age plot. Relative to Leichhardt Wyau et al. (1970) 
portions of265 ± 6 Ma Supersuite: higher alkalis and lower Trezise et al. ( 1989) 

from Mt Elliot CaO at same Si01; higher Rb, Sr 
stock and Zr at same K10 . 

Dominantly non-eutectic 

Woodstock Medium-grained, pink to Mundie Igneous Forms two larger Uncertain: a Intrudes the Lolworth High K granites; alkali-calcic? Paine et al. (1971) 
Supersuile red, miarolitic biotite Complell; unnamed bodies each mid Permian Batholith and Cape Aluminium Saturation Index< I. I; Wyau et al. (1971) 
- Mundie Suite granite; hornblende-biotite dykes and plugs 30-40 km' and age is River Metamorphics high Zr (>200 ppm): has marginal 

granite; granodiorite: numerous dykes probable A-type characteristics on the K,O 
diorite/gabbro; andesite and and plugs in because of + Na20/Ca0 vs Zr + Ce + Nb + Y 
rhyolite eastern Homestead similarity with plot. (The granite, however. appears 

& western Lolworth Woodstock to be fluid rich) 
I : I 00 000 sheet areas suite 

Unassigned Andesite; dacite; rhyolite; Unnamed plugs; dykes In Ravenswood Unkown, Intrudes Ravenswood Data lacking Hunon, Rien.ks eta!. (1994a) 
granite; diorite etc. Mountain View Batholith Carboniferous Batholith Rienks et al. ( 1995) 

Quartz Diorite? to Permian 
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Table 6. 13. Deformation and event history for the Ch aners 

~~1.l~~J Ev.ent1~>c>,z ~;._ '· · 
~;..,~"~~-·,... 
·Mait:JF.e"ittU1.esr: · ;.!..~''- ·_'-:s, . ::[I -· 

Metamorphism Zirzons from this 'event' 
and magmatism presenr as inherited grains 

in granites of the Reedy 
Springs Batholith 

Metamorphism Zircons from this 'event' 
deformation present as inherited grains 
and magmatism in granites of the Fat Hen 

Creek Complex. High-grade 
metamorphism. 
migmatisation 

Deposition Deposition of pelitic, 
psammitic and calcareous 
sedimentary precursors of the 
Cape River. Argentine and 
Running River Metamorphics 
and possibly Charters Towers 
Metamorphics. Intrusion and/or 
extrusion of tholeiitic to 
to alkaline mafic magma 

crD1 and crD2, Intense foliation 
and regional development, possibly associated 
metamorphism with thrusting 

raD1 Penetrative cleavage and 
folds in Charters Towers 
Metamorphics 

Intrusion Diorite pods 

Granite Hornblende-bearing granite 
generation and in the Fat Hen Creek Complex 
emplacement 

owers Region (compiled by U Hutton., IW Withnall, JJ Draper & J.P. Rienks). 
If J; "!. ,.... ;~'!'-"""'~ 
'D_istril)ut/1,n~ __ :._ v.c 

~ ~~ ~s"' ,_ r; -r:~ · nentatton, _ -~ ~- , 
w.,. ~:-..... '[$'""~);? 
Stylie!S,IieattSense.i .... ~:~ 

In the Reedy Springs 
Batholith. May be some 
rocks preserved in the 
high-grade parts of the 
Cape River 
Metamorphics 

May be some rocks 
preserved in the Far Hen 
Creek Complex or in 
high-grade pans of the 
Cape River 
Metamorphics 

Cape River 
Metamorphics 
preserved in the west, 
Argentine and Running 
River metamorphics in 
the northeast and 
Metamorphics in the 
central pan of the 
region 

Throughout Cape River, Originally Oat-lying; Few folds known. Probably 
Argentine and Running re-oriented by later tight to isoclinical. 
River Metamorphics folds to dip moderately Hammond (1986) reported 

to steeply E over W shear sense in 
Argentine and Cape River 
Metamorphics 

Only in Charters Towers Cleavage su-i kes Local So/cleavage 
Metamorphics and northwest. Steep intersections and fold 
equivalents mainly northeast, vergence indicate outcrops-

dips scale isoclinal folding 
(Peters 1987) 

Charters Towers area 

Only recognised in the 
Gorge Creek area 

''!1'1~--"-~~~. "?.·Y.-
1'.a~r:acsv ... "-.... -.....J~~~":t..~...,.. 

~ .... ~ .• ~-""""".2~-'1\1" · a·;,o;Jhism ,.p. ~ '--' ,_. !!\: 

Middle to upper amphibolite 
grade metamorphism; 
migmatisation 

Both S, and S2 are commonly Regional upper greenschist to 
layer-differentiated schistosities. amphibolit.e grade 
Hammond (1986) suggested metamorphism 
fabrics were mylonitic, but 
produced by a low-strain rate 

Intense slaty cleavage in pelitic Greenschist or lower 
rocks; Jess intense in psammitic amphibolite? 
rocks; locally appears to be a 
crenulation cleavage 

1~4~~- ~ -..~' e}.' . -...l ~: JK. ~z; 

Inherited zircons 
1553±7 Ma 

late 
Mesoproterozoic 
1238± 38 Ma 
and I I 05 ± 15 Ma 
(Hutton. Fanning 
& Garrad I 996) 

Probably late 
Neoprotereozoic 
to Early Cambrian. 
Detrital zircons in 
meta-arenite of 
of Cape River 
Metamorphics are 
1145±11Ma 

Possibly correlates 
with s imilar 
deformation in 
Anakie Province 
to south at about 
500 Ma (Withnall, 
Golding et al. 1996). 
Whole rock Rb/Sr 
isochron gave 483 
± 25 Ma and may be 
a metamorphic age 
(Paine et al. 1971) 

Possibly correlates 
with crD, 

Middle Cambrian 
508±8Ma 

Granite dated at 
493 ± 10 Ma; could 
be synchronous 
with crD2 
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Deposition 
volcanism 

Intrusion 

Metamorphism 
and ?S-type 
granite 
generation and 
emplacement 

crD3 

thO, and roD, 

Deposition of pelitic and 
psammitic sediments; 
intermediate to felsic 
volcanism and volcanilithic 
sedimentation in the 
Seventy Mile Range Group 

lnLrusion of intermediate to 
felsic !-type granites in the 
Ravenswood Batholith 

Middle to upper amphibolite 
metamorphism; partial melting; 
?generation of S-type granites? 
Hutton, Rienks et al. 1994a 

Folding of the Cape River 
Metamorphics 

Westward directed 
thrusting and related 
faulting. Recognised from 
variations in the (Sr/S2) intersection 
(Berry et al. 1992) 

Thalanga Province 
along the southern edge 
of the Cape River 
Province 

Only recognised in the 
western Ravenswood 
Batholith 

Localised areas 
throughout the 
Ravenswood Batholith 
and in the Fat Hen 
Creek Complex 

Throughout the Cape Northwest-trending 
River Metamorphics axial planes dipping 

steeply northeast: 
horizontal axes in Cape 
River Metamorphics. 
West-trending folds in 
Argentine Metamorphics 

Isolated parts in Seventy 
Mile Range Group. 
Evident around 
Thalanga Mine. Flat 
lying fold axes south of 
Allan Hills may be 
formed during this 
event 

Associated with 
extension 

Middle to upper amphibolite 
grade metamorphism; 
migmatisation; and possible 
S-type granite generation. 
Low-P high-T-type 
metamorphism in the Charters 
Towers area 

Close to tight folds Crenulation cleavage, locally At least upper greenschist in 
with wavelengths up to slightly differentiated and some the Cape River Metamorphics 
several kilometres in the new biotite growth in the Cape 
Cape River Metamorphics. River Mctamorphics 
Open folds in the 
Argentine Mctamorphics 

Westward Sr/S2 intersection lineations are 
transport on Oat commonly shallow but some steep 
lying thrusts? intersections indicate earlier 

deformation. Local thrust planes 
and dextral faults overprinted 
by cleavage 

Late Cambrian to 
eacly Ordovician 

Late Cambrian to 
mid Ordovician 

Mid Ordovician 
464 ± 5 Ma 

Unknown. May 
correlate with mid 
Ordovician 
metamorphic event 
above, and/or with 
thD2• Foliated 
granites in Reedy 
Springs Batholith 
could be 
synchronous. 
Folding in the 
Argentine 
Metamorphics could 
be younger and 
related to that in 
overlying Burdekin 
Basin 

Ordovician to 
early Silurian 
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T: bl 613 D f a e e ormauon an d event h Ch h' tstory or t e arters 

'fi ?.1 "'--l .¥.!~~ J.£ j ""~ 1~;t~u~ t:~JZi-2 
rltD, Regional cleavage and 

upright east-west folding 

raD3 Shear zones in the Ravenswood 
Bathol ith 

raD, Nonhwest striking mylonites 

Thrusting North directed thrusti ng 

Intrusion Intrusion of !-type intermediate 
granodiorite and tonalite 

thD1 Faulting with local cleavage 
development (D, of Berry et al. 
1992). Local open folding 

raDl Faulting with local cleavage 
development 

Faulting which has acted as conduits 
for mineralising fluids 

owers ' J db UH R . ezton COmJ:ll e y uuon, (WW' tthnall, JJD raper &IPR.i .. enks . ) (C ontmued 
rn~· ~~ • ., ., ,.~ 
lp_isltif.'!!ipn • ~- . I ~~ !5. ~ ~·:~~J Qrll!f!.@tj§l}a ~. • '1 . . t$.'ift_/;_sifei&J;;4, ·_:~~, · lr..;,;~ ~ .. e·f!"'~ 'lid_~~$~~ . 
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Outcrop of the Seventy Northwest to west Upright east-west Regional spaced to slaty cleavage. 
Mile Range Group spaced cleavage with folding in the So/S2 intersection lineations are 
interpreted as a south steep, generally Seventy Mile Range commonly shallow 
facing limb on an F2 southerly dips. SofS2 Group 
fold (Berry et al. 1992) intersection lineations 

are mainly shallow 

Alex Hill Shear Zone East- west with steep Mylonite in the Alex Mylon itic foliation and shallow 
and Mosgardies Shear dips Hill Shear Zone shows stretching lineations 
Zone in the northern sinistral strike sl ip 
pan of the Batholith movement (Hutton , 

Rienks et al. 1994a) 

Principally around Northwest striking Northwest shearing Mainly mylonites up to 10m wide 
Charters Towers and to mylonites; A major mylonite about 1-2 k.m 
the south. Overprints lineations dip shallowly wide co-incident with the 
east-west foliations of to the northwest. Burdekin River north of 
the Alex Hill Shear Zone L-tectonised granite Charters Towers 

South of Charters Northwest to northeast Probably north Narrow mylonites up to 10-20 m 
Towers striking mylonites with directed thrusting wide; also local conjugate 

steep, shallowly mylonites about 2-5 em wide . 
plunging stretching 
lineations 

Throughout the Associated with Some granites have steep igneous 
Ravenswood, Lolworth extension; some fol iations parellel to their margins; 
and Reedy Springs granites are infi II four forms of intrusion, oval steep 
Batholiths in grabens sided plutons. elongate steep 

sided plutons, sheet-like plutons, 
and intrusions into grabens 
(Hutton, Rienks et al. 1994a) 

Seventy Mile Range Nonheast to east- South side up Local steep to vertical slaty 
Group northeast steep to (Berry et al. 1992) cleavage development parallel to 

vertical faults with brinle faults 
locally developed 
cleavage 

Mainly recognised in Northeast to east- South side up Local steep to vertical slaty 
the southern pan of the northeast steep to (Berry et al. 1992) cleavage development parallel to 
Ravenswood Batholith to vertical faults with brinle faults 

locally developed 
cleavage 

Around Charters Towers East to east-northeast The Buck Reef has right Mainly brittle fractures 
and also the 'Buck shears, fractures and lateral displacement: 
Reef' at Ravenswood faults. At Charters Charters Towers fractures 

Towers the faults dip cut by north-south 
30-55° to the north. fau lts 
The ' Buck Reef' is 
vertical 
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Greenschist to local 
amphibolite grade 

Greenschist to local 
amphibolite grade 

Some granites have aureoles to 
amphibolite grade 
(Berry et al. 1992) 
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~g~'l:... .,:.-'~,.4 
Mid Ordovician 
to early Silurian; 
may correlate 
with raD, and 
crD3 

Mid Ordovician 
to early Silurian; 
may correlate 
with thD, 

Mid Ordovician 
to early Silurian 

Middle Si lurian 
to Early 
Devonian (426 ± 2 
to406±4 Ma) 

Late Si lurian to 
Devonian? May 
be equivalent to 
raDj 

Silurian to 
Devonian 
(Berry et al. 1992) 
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crD .. 

lmrusion of 
granites 

Mineralisation 

Deposition 

Deposition 

Deposition 

Deposition 

Deposition and 
volcanism 

Intrusion and 
some 
co-magmatic 
volcanism 

Mylonite development along the 
along the Clarke River Faull Zone 

Intrusion of 1-typc rwo-mica granites 
and probable S-type leucogranites 
in the Lolworth Batholith 

Gold-bearing quanz vein systems 

Carbonates and siliciclastic shelf 
deposits 

Carbonates and siliciclastic shelf 
depositS 

Proximal alluvial plain to marginal 
marine and coastal plain deposits 

Major marine transgression. 
Marginal marine to shallow marine, 
siliciclastic shelf deposits 

Mafic to felsic (bimodal) nows and 
volcanisclastic depositS; rhyolite 
plugs and domes; volcanisclastic 
alluvial plain and lacustrine 
depositS 

Oweenee Batholith and thick 
ignimbrite piles 

Along the trace of the 
Clarke River Faull Zone 

Mainly in the Lolworth 
Batholith 

At Charters Towers and 
Rishton 

Wilkie Gray Group at 
Mount Podge and Ewan 

Fanning River Group 
throughout the Burdekin 
Basin 

DolSwood Group 
throughout the Burdekin 
Basin 

Keelbonom Group 
throughout the Burdekin 
Basin 

Glenrock Group 
throughout the northern 
part of the region 

North eastern part of 
Charters Towers Region 

East- northeast Possibly dextral Mylonitic schistosity in Retrogressive Uncertain . Post-
(Mclennan 1986) metamorphic rocks (phyllonite) dates Craigie 

Tonalite. Late 
Silurian or Early 
Devonian? 

Early Devonian 
382 ± 5 Ma 

East to eastnortheast ra Dj fracnnes inject.ed by Early Devonian 
vein systems cut by 10-100 m thick quartz vein -400 Ma 
north-south mineralised systems accompanied by 
fractures alteration with gold and 

sulphides 

Early to middle 
Devonian 
(Emsian to Eifel ian) 
(-380-390 Ma) 

Deposited in northwest Middle to ?Late 
oriented half grabens Devonian 

(Givetian to 
?early Frasnian) 
(380-370Ma) 

Deposited in northwest Late Devonian 
oriented half grabens (Frasnian to 

Famennian) 
(ca. 370-360 Ma) 

Thickest sedimentS Latest Devonian 
above grabens, sag to early 
basin Carboniferous 

(late Famennian 
to Toumaisian) 
(360-340 Ma) 

Early X 
Carboniferous 
(Visean) 

Oweenee Batholith Early 
trends northeast Carboniferous 

(Visean) 
(ca 330-340 Ma) 
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Table 6 13 Deformation and event history for the Charters Towers Region (compiled by U Hutton IW Withnall JJ Draper & I P Rienks) (Continued) . . 
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Volcanism and Graben fill Sybil Graben in Northwest trending 
sedimentation northwest and Reid grabens 

River Graben in east 

Intrusion Intrusion of !-type granite to gabbro Mainly in the eastern Some complexes 
complexes in the east and 1-type Ravenswood Batholith are structurally 
high level granite stocks and minor and in the Pentland controlled. some form 
volcanics in the west area. oval plutons and 

subvolcanic complexes 

Mineralisation Gold-bearing high level volcanic/ Mount Leyshon: Lie along pre-existing 
subvolcanic diatremes, and vein Ravenswood; Golden structures (i.e. Mt 
systems Valley; Mt Success: Mt Leyshon Corridor) 

Wright; Far Fanning, 
Lolworth goldfield 

Volcanism Near Townsville (Julago 
Volcanics) 

Intrusion Intrusion of 1-type (transitional to Townsville-Mount Ovate stocks and 
A-type) granites and granodiorites Elliot area: ?Mundie complexes 

Igneous Complex in 
Portland area 

Faulting Reactivation of existing faults; dyke Sybi l Graben: Reid Northwest 
swarms parallel to Sybil Graben River Graben 

Intrusion Small granite plutons Only known just west of 
Townsville. Extension 
WhitSunday Province 

Deep Deep weathering profiles and Widespread remnants 
weathering and nuviatile sediments 
deposition 

Volcanism Flood basalt Mainly in southwest 
(Nulla Basalt Province) 

Deposition Fluviatile sediments 

Prerixes 10 deforma1ion evenu are: fit ~ Fa1 Hen Cft..ek Complex: cr = Cape: River Meuunorphics !WI related ·units: rh: lbaloanga Province: ra = Ravenswood Balholith area. 
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Late Carboniferous 
to Early Permian 

Late Carboniferous · 
to Early Pcnnian. 
330-280Ma 

Late Carboniferous 
Early Pennian 
330-280Ma 

?Early Permian 
- Late Permian 

Mid Permian 
265 Ma {Rb-Sr) for 
Mount Elliot st.ock 

?Early Pem1ian 

Cretaceous 
(129 Ma) 

Tertiary 

Late Oligocene 
to Recent 

Late Tertiary to 
Recent 
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CHAPTER 7 

CAIRNS REGION 
by R1 BULTITUDE, PD GARRAD, P1T DONCHAK, 1 DOMAGALA, DC CHAMPION, ID REES, DE MACKENZIE, 

P WELLMAN, 1 KNUTSON, CM FANNING, BG FORDHAM, KG GRIMES, BS OVERSBY, IP RIENKS, 

P1 STEPHENSON, BW CHAPPELL, CF PAIN,1R WILFORD,1F RIGBY and M1 WOODBURY 

Introduction RJ Bultitude 

The Cairns Region (Figure 7.1; Plate 7.1) encompasses, 
for the most part, the area east of the Palmerville Fault of 
de Keyser & Lucas (1968). The region extends beyond 
the trace of the fault in the south. There, the boundary 
with the adjoining Charters Towers Region has been placed 
to exclude the early-mid Carboniferous granites of the 
Kangaroo Hills Mineral Field and environs. The region 
co11tains mainly rocks of the Hodgkinson and Kennedy 
Provinces. It also contains the Barnard Province, in the 
far southeast, and elements of several other provinces, such 
as the Cambrian-Ordovician Macros san Province and the 
Cainozoic Eastern Australian Igneous Province. The very 
extensive Hodgkinson Province is confined to the region. 
It comprises mainly Silurian-Devonian limestone and 
relatively deep-water siliciclastic rocks. Older siliciclastic 
rocks (Mulgrave Formation) of probable early Ordovician 
age, preserved in fault-bounded lenses adjacent to the 
Palmerville Fault in the far west of the region, have also 
been included in the Hodgkinson Province for 
convenience. These rocks are dominated by quartzose 
arenite rather than quartzofeldspathic arenite (which 
typifies the younger siliciclastic sequences in the province). 
They are separated from the younger rocks by a postulated 
major unconformity and, in fact, probably form part of an 
older province which extended along much of eastern 
Australia in the Cambrian-Ordovician. Ordovician flysch, 
for example, crops out extensively in the Lachlan Fold 
Belt of southeastern Australia. 

Figure 7.1. Loc~tion of Cairns Region. 

Geological Framework RJ Bultitude 

Eight main lithological groups are represented in the region 
as follows (from oldest to youngest). 

1. Metamorphic rocks of the late Proterozoic-Cambrian? 
Barnard Metamorphics and Babalangee Amphibolite 
(Barnard Province), which form a narrow north
trending belt east of the Russell-Mulgrave Shear Zone 
in the southeast. 

2. Extensively deformed, early and late Ordqvician 
granites of the Macros san Province, which are poorly 
exposed in the coastal strip where they intrude the 
supracrustal rocks of the Barnard Metamorphics. 
However, only the Tam O'Shanter Granite has been 
delineated; the other outcrops are included in the 
Barnard Metamorphics. 

3. Early-middle Palaeozoic sedimentary and intercalated 
basic volcanic rocks of the Hodgkinson Province which 
crop out extensively east of the Palmerville Fault. The 
early Ordovician Mulgrave Formation is generally 
included in the Hodg~inson Province although it may 
form part of an older province extensively exposed in 
southeastern Australia. 

4. Early-mid Carboniferous (Visean) to Late Permian 
granitic and volcanic rocks of the Kennedy Province. 

5. Middle-Late Permian, fluviatile to estuarine?, 
sedimentary rocks of the Mount Mulligan Coal 
Measures. 

6. Mesozoic sedimentary rocks of the eastern 
Carpentaria Basin and the Pepper Pot Sandstone. 

7. Tertiary and Quaternary basaltic rocks of the East 
Australian Igneous Province. 

8. Tertiary and Quaternary sediments and residual 
deposits. These deposits are most extensive in the 
northeastern and southeastern parts of the region. 

Geophysical Characteristics 
P Wellman 
The Hodgkinson Province has gravity anomalies lower 
than the provinces to the west and southwest (Atlas Plate 
33). This may be attributable to low upper-crustal density, 
due to the lower grade of the metamorphic rocks. Over 
most of the province the magnetic anomalies have an 
absolute and relatively low mean value, and are short
wavelength anomalies of relatively small amplitude (Atlas 
Plates 31 ). This is attributed to generally low magnetisation 
of most of the sediments and granites in the Hodgkinson 
Basin. 

Within the Hodgkinson Province magnetic anomalies are 
smooth, with a low average value, so the rocks generally 
have a low magnetisation. The magnetic anomalies are of 
two kinds. High-amplitude narrow bands and oval areas 
(Figure 7.2) 5-50 km long, 1-3 km wide and of20-200 nT 
correlate with mapped bands of chert or meta-basalt. Low
amplitude wide bands with a 20 Ian wavelength, 20-150 Ian 
long, and an amplitude of 10-20 nT, are thought to 
correlate with unknown regional changes in composition. 
These two types of anomalies show the change in dominant 
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trend from north-northwest in the south, to north or north
northeast north of 15.6°S. 

144° 

~ 
~ • • 

'S'-type granites 
outcrop/subcrop 

Compact magnetic highs due to 
meta-basalt and chert 

Non-magnetic Chillagoe and 
Mulgrave Formations 

145° 30' 

Broad magnetic highs giving apparent trends 

Margins of gravity lows showing the extent of 
low density material 

- Fault along the western boundary of the region, 
and faults bounding volcanic subsidence structures 

- - Eastern margin of the Townsville-Mornington 
Island Igneous Belt 

Figure 7.2. Major geophysical features, Cairns Region. 

140 

15° 

16° 

17° 

32/Q/2 

The broad change in magnetic anomalies across the 
province is thought to be due to the varying presence of 
minor rock types (Figure 7.2). The changes are described 
as a set of zones, listed from west to east across the 
province, each zone forming an elongate strip. In the west 
the 2 km wide Mulgrave Formation has exceptionally low 
magnetisation, and the 4- 7 km wide Chillagoe Formation 
exceptionally high magnetisation due to high-amplitude 
bands. Over the western 35 km width of the Hodgkinson 
Formation the average magnetisation is low, and there are 
numerous scattered high-amplitude anomalies. Most of the 
anomalies are oval (rarely elongate), of3-6 km diameter 
and 20- 60 nT amplitude. The magnetic anomalies of all 
these western zones terminate about 15 .5°S, and the 
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magnetisation farther south is uniform. The central zone 
of the Hodgkinson Formation, 45 km wide, has fairly 
uniform magnetisation. Its main features are low
amplitude, 7 km wide, 12- 50 km long, magnetic highs. 
The eastern band of the Hodgkinson Formation, 100 km 
wide (50 km on land and 50 km over the continental shelf), 
has numerous magnetic highs, both high and low
amplitude. 

The extent of outcropping/subcropping S-type granites 
within the Cairns Region/Hodgkinson Province is shown 
by the extent of granites in outcrop and borehole, the more 
negative parts of gravity lows, and areas of 'flat' magnetic 
anomalies. These outcropping/subcropping granites are in 
most cases within local north-striking strips of relatively 
non-magnetic country rock, and outside strips of higher 
magnetisation. Bouguer anomaly lows form broad oval 
areas encompassing several outcropping granites, so it is 
inferred that the granites are more extensive and continuous 
at depth (Figure 7.2) (Wellman 1992d). 

The southern part of the Cairns Province consists of 
granites and volcanic subsidence structures of 
Carboniferous- Permian age. The average magnetisation 
of the rocks is higher than average for North Queensland, 
but similar to the Townsville- Mornington Island Igneous 
Belt, of which it is part. In general, the granites have high 
magnetisation, and the volcanic rocks have low 
magnetisation - generally low and uniform, or low and 
highly irregular. Circular structures in the magnetic 
anomalies outline both the known volcanic subsidence 
structures of the Featherbed Cauldron Complex and two 
separate volcanic subsidence structures within the area of 
the Glen Gordon Volcanics. 

Cainozoic volcanic rocks give high amplitude, irregular 
magnetic anomalies with irregularly-spaced high 
amplitude lows. 

Late Proterozoic-Ordovician 
Barnard Metamorphics (Barnard Province) 
RJ Bultitude, ID Rees 
The Barnard Metamorphics crop out in the southeast of 
the region, between Tam 0 ' Shanter Point and High Island . 
They were interpreted by de Keyser (1964, 1965) as higher 
grade equivalents of the Barron River Metamorphics. The 
latter represent Hodgkinson Formation rocks that have 
been metamorphosed to the greenschist facies (de Keyser 
1965; de Keyser & Lucas 1968; Bultitude et al. 1990; 
Bultitude & Garrad 1997). The results of investigations 
by Geological Survey of Queensland and researchers at 
James Cook University (e.g. Richards 1977; Jones 1978; 
Rubenach 1978; Hammond et al. 1986) indicate the 
Barnard Metamorphics are significantly older than the 
nearby Hodgkinson Formation. Furthermore, the two units 
are separated by a major shear zone (the Russell-Mulgrave 
Shear Zone of Hammond et al. 1986). 

The unit consists predominantly of meta-arenite, quartzite, 
phyllite, 'greenstone ', chlorite schist (mainly sheared and 
altered 'greenstone'), muscovite-chlorite and biotite
muscovite schist, and subordinate biotite gneiss , 
migmatitic gneiss and metagranite (see below). Other rock 
types recorded include hornblende granulite (Bultitude et 
al. 1996b; Bultitude & Garrad 1997), massive amphibolite, 
garnet-bearing para?-amphibolite , metagabbro, 
metamorphosed ultramafic rocks, and talc-rich rocks. 

Foliated, medium-grained biotite granite and granodiorite 
of Ordovician age form a significant part of the formation, 



particularly in the South Mission Beach-Narragon Beach
Garners Beach- Thorpe Island area. These rocks intrude 
the enclosing supracrustal metamorphic rocks of the 
formation and represent the northernmost exposures of 
the Macrossan Province. However, only the granite 
forming extensive outcrops at Tam O'Shanter Point and 
on Thorpe Island was delineated as the Tam O'Shanter 
Granite during the GSQ surveys of the 1990s. The scattered 
outcrops of metagabbro, such as those on High Island and 
at the northern end of Bramston Beach, are probably also 
significantly younger than the supracrustal rocks they 
intrude. They may be late Palaeozoic. The ultramafic rocks 
were most probably emplaced in the Permian-Triassic 
during the Hunter- Bowen Orogeny. 

Mineral assemblages in the high-grade, middle to upper 
amphibolite and, locally, granulite rocks (mainly 
migmatitic to massive biotite gneiss), with sillimanite 
rather than kyanite, indicate these rocks formed under 
relatively high temperature and low pressure conditions. 
In the south, these high-grade metamorphic zones are 
generally located where there is a high proportion of 
Ordovician granite. This spatial association implies the 
emplacement of the granites may have been responsible, 
at least partly, for locally elevated temperatures during the 
metamorphism of the supracrustal rocks of the Barnard 
Metamorphics. 

However, a close spatial association between high-grade 
metamorphic zones and Ordovician granites is not apparent 
in the northernmost outcrops - i.e. those on the Frankland 
Islands and in a small area north of the junction of the 
Russell and Mulgrave Rivers. The metamorphic rocks in 
these areas are all relatively high (mainly upper 
amphibolite-granulite) grade, but there is very little, if any, 
ex.posed Ordovician granite nearby. 

The previously unreported interlayered mafic (Si02 = 
-47%) hornblende granulites (which locally contain 
metamorphic olivine) and migmatitic cordierite
sillimanite-K-feldspar-bearing biotite gneiss form 
scattered outcrops at the southern end of the Malbon 
Thompson Range (-GR 3849 80996, Bartle Frere 
I: I 00 000 sheet area). These are the highest grade rocks 
found in the Barnard Metamorphics. Furthermore, they 
are the highest grade rocks found in the northern Tasman 
Orogenic Zone. 

The migmatitic quartzofeldspathic gneisses associated 
with the mafic granulites contain abundant sillimanite
as coarse, tabular grains and aggregates of fine acicular 
grains (fibrolite)-and unaltered cordierite. Green spinel 
(hercynite?) is also a common accessory mineral in some 
of these rocks, but is scarce in the more siliceous layers. 

These rocks are intruded by Early Permian granite forming 
the Malbon Thompson Range. It is not certain whether 
the P-T conditions associated with the emplacement of 
this major granitic unit were sufficiently high locally to 
produce regional-type granulite facies rocks. This is 
unlikely, because no regional-type granulite facies rocks 
occur adjacent to any of the other late Carboniferous
Permian granites of the Cairns Region; the majority of 
which appear to have been emplaced at relatively high 
levels in the crust. Furthermore, the local presence of 
abundant colourless amphibole or elsewhere, minor 
epidote, clinozoisite and tremolite/actinolite in the mafic 
granulites, may reflect retrogressive metamorphism 
associated with the emplacement of this granite. 

The high-grade metamorphic rocks at the southern end of 
the Malbon Thompson Range and in the Frankland Islands 
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may represent the exposed parts of a fault block, or blocks, 
of older basement rocks that originated at a greater depth 
in the crust than the lower grade rocks of the formation 
exposed farther south. The contrasting assemblages are 
separated by extensive areas of alluvium and Early Permian 
granite. Geophysical and limited outcrop data from the 
Bramston Point area imply these high-grade rocks are 
truncated to the south by a northwest- trending shear zone. 
This shear zone was probably active during the Permian
Triassic Hunter- Bowen Orogeny, which affected the New 
England Fold Belt farther south, between -255 Ma and 
230 Ma (Fergusson 1991; Henderson et al. 1993). Early 
Permian granites are extensively deformed adjacent to the 
shear zone (e.g. in the Bramston Point area). The shear 
zone may represent a reactivated basement discontinuity. 
Many of the granites in the eastern Hodgkinson Province 
have yielded reset Late Permian-Early Triassic K-Ar 
isotopic ages (Bultitude & Champion 1992). 

Structural studies and the results of recent SHRIMP dating 
of granite which intrudes the Barnard Metamorphics 
indicate the enclosing supracrustal rocks are older than 
early Ordovician (see below) - i.e. the Barnard 
Metamorphics are older than the adjacent Hodgkinson 
Formation (most probably Devonian) and are probably 
older than all the units in the Hodgkinson Province. 

The Barnard Metamorphics are interpreted as an uplifted 
basement assemblage on 'the southeastern margin of the 
Hodgkinson Province. The presence of anomalously high
grade rocks in the north and northeast implies the unit 
may consist of several discrete fault blocks. There is no 
evidence of large-scale strike-slip displacement on the 
Russeli- Mulgrave Shear Zone since at least the Early 
Permian. Granite of probable Early Permian age forming 
the Malbon Thompson Range east of the shear zone is 
similar mineralogically, texturally and chemically, to Early 
Permian granite forming the Bellenden Ker Range west 
of the shear zone. Instead an east-block-up sense of shear 
is indicated at most localities west of the shear zone by 
kinematic indicators such as the orientations of 
porphyroclasts, stretching lineations and S-C planes. The 
presence of metasedimentary rocks lithologically similar 
to the Hodgkinson Formation farther to the east, offshore, 
in the western part of the Queensland Plateau (Feary eta!. 
1993) also supports the hypothesis that movements on the 
shear zone have been mainly vertical. 

Babalangee Amphibolite (Barnard Province) 
RJ Bultitude, ID Rees 
The Babalan~ee Amphibolite (de Keyser 1964) crops out 
over -20 km . east of Babinda. The unit is very poorly 
exposed and contacts with the nearby Barnard 
Metamorphics have not been observed. The Babalangee 
Amphibolite pre-dates and has been metasomatised by the 
Bellenden Ker Granite forming the Graham Range. 
Tourmaline is relatively abundant and widespread in 
amphibolite adjacent to the granite (de Keyser & Lucas 
1968). A possible equivalent of the Babalangee 
Amphibolite is present in the subsurface farther south
boulders, up to one metre across, of massive amphibolite 
are very common in the Cainozoic pyroclastic deposits of 
Stephens Island. 

The Babalangee Amphibolite typically contains -75% 
hornblende, -23% plagioclase (calcic andesine) and 1-2% 
sphene, apatite, epidote/clinozoisite and sulphide(s) (de 
Keyser & Lucas 1968). The fabric ranges from massive to 
schistose. The amphibolite has been affected by the 
Permian- Triassic Hunter- Bowen Orogeny. It is cut by 
northwest trending shear zones and is commonly 
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extensively deformed and variably recrystallised and 
retrogressively metamorphosed (de Keyser & Lucas 1968). 

The massive, re)atively uniform character of the 
amphibolite away from shear zones implies it probably 
represents a basic intrusion, or several basic intrusions. 
The basic protolith was emplaced into the Barnard 
Metamorphics before the last major metamorphic event 
to affect the unit. 

The Babalangee Amphibolite has yielded a K-Ar age 
(corrected)' of 642 Ma (Richards et al. 1966). The 
significance of this age is uncertain. Richards et al. (1966) 
postulated the age was likely to be anomalously o ld 
because of the probable presence of extraneous argon. It 
was not regarded as significant by later workers (e.g. de 
Keyser 1965). However, the age is consistent with recent 
age and Nd- isotopic data obtained from granites in the 
nearby Barnard Metamorphics. These indicate the 

. enclosing supracrustal rocks of the Barnard Metamorphics 
are older than early Ordovician (~485 Ma) and at least 
some are probably late Neoproterozoic-early Palaeozoic 
(Champion 1991; Champion & Bultitude 1994). 

Ordovician Granites (Macrossan Province) 
RJ Bultitude, DC Champion, CM Fanning 
The Barnard Metamorphics are extensively intruded by 
early Palaeozoic granite, particularly in the South Mission 
Beach- Tam O'Shanter Point area. However, only the Tam 
O'Shanter Granite has been delineated as a discrete unit. 

The granites form three distinct groups based on 
mineralogical and chemical characteristics- mafic and 
felsic J?-types, and felsic S-types. The postulated T-type 
granites crop out mainly as irregular dykes and pods, 
whereas S-type granite also forms a relatively large pluton 
(delineated as the Tam O'Shanter Granite) with extensive 
pavements and massive outcrops in the South Mission 
Beach- Tam O'Shanter Point area. The S-type granites 
contain large flakes of biotite (commonly extensively 
recrystallised) and muscovite (generally <biotite), rare 
aggregates consisting mainly of fine mica (possibly 
representing altered cordierite grains), numerous lensoidal 
biotite-rich clots (up to ~3 em long) and inclusions of 
quartz (up to -15 em) and biotite gneiss (up to -1 m). 
These inclusions are scattered throughout the unit. The 
felsic 1?-type granites are distinguished from the felsic S
type granites by more equigranular habits, the relative 
abundance of plagioclase, the relative scarcity of 
muscovite, apatite and inclusions (especially quartz), and 
the interstitial habit of the biotite grains. 

The granites analysed form three discrete groups on most 
variation diagrams (e.g. Figure 7.3), despite having been 
extensively recrystallised and slightly to moderately 
altered. The felsic S-type granites have relatively high Ti02, 

FeO*, K20, Ce and Rb contents, as well as AS1 (-1.95) 
and Rb/Sr ratios, and low Na20 and total alkalies compared 
with the felsic I?-type granites (ASJ = - 1.78) of similar 
Si02 contents. The mafic 1-type granites are characterised 
by relatively low Si02 contents (-62%). 

The anomalously high ASI values yielded by the felsic S
type and 1?-type granites imply some CaO and possibly 
alkalies may have been lost during metamorphism and 
partial recrystallisation of the granites. 

The S-type granites of the Barnard Metamorphics are also 
chemically distinct from the enclosing supracrustal high
grade gneisses. The latter are characterised by lower CaO, 
Na20 and Sr, and higher or similar K20 and Th contents, 
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as well as higher ASI and Rb/Sr and Gal AI ratios. In 
contrast, the S-type granites are very similar chemically 
(and isotopically) to Early Permian S-type granites of the 
Whypalla Supersuite (in the nearby Hodgkinson Province; 
Figure 7 .4), implying a common source or, at least sources 
of very similar compositions (Champion & Bultitude 1994; 
Bultitude & Garrad 1997). 

Furthermore, the felsic 1?-type granites of the Barnard 
Metamorphics are strikingly similar to Ordovician I-type 
granites of the Ravenswood Batholith in the Charters 
Towers region to the south (e.g. the Towers Hill Granite 
and Hogsflesh Creek Granodiorite; Table l, Hutton & 
Crouch 1993b; Figure 7 .5). Ordovician S-type granites are 
also thought to be present in the Ravenswood Batholith 
(e.g. Rienks 1991; Hutton & Crouch 1993b) and possibly 
also in the Townsville hinterland (Withnall & McLennan 
1991). However, they are all characterised by relatively 
low K20 contents and K20/Na20 ratios compared with 
the felsic S-type granites of the Barnard Metamorphics . 
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Figure 7.3. Harker variation diagrams highlighting the 
differences between the Ordovician granites of the Barnard 
Metamorphics and between the Ordovician granites and the 
enclosing metamorphic rocks (excluding amphibolite) . 
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Figure 7.5. Multi-element variation diagram comparing the 
Ordovician 1-type granites intruding 1he Barnard Meramorphics 
and 1-type granites of similar age in the Charters Towers Region. 

SHRIMP dating of the felsic S-type and 1?-type granites in 
the Barnard Metamorphics has yielded emplacement ages 
of 486 ± I 0 Ma and 463 ± 7 Ma (early and late Ordovician, 
using the AGSO timescale; Jones 1995), respectively. Data 
reduction procedures follow those of Compston et .al. 
( 1992) and the uncertainties have been augmented usmg 
software developed by Dr T. R. Ireland (Research School 
of Earth Sciences, Australian National University). 
Consequently, there are slight discrepancies between the 
ages quoted by Bultitude ef at: (I ~96b) af!d those ~resen.ted 
here. The results are consistent w1th the f1eld relattonsh1ps. 

The compositional similarities between the S-type granites 
in the Barnard Metamorphics and some Permian S-type 
granites of the Hodgkinson Province imply th~ Barnard 
Metamorphics are unlikely to represent an exottc terrane. 
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Hodgkinson Province RJ Bultitude 

The early-middle Palaeozoic Hodgk inson Province 
succession forms the northern part of the Tasman Fold 
Belt. The province is the most extensive element in the 
Cairns Region, where it forms a belt about 500 km long 
and up to - ISO km wide. It is separated from th~ coeval 
Broken River Province to the south by Carbomferous
Permian igneous rocks of the Kennedy Province and the 
northwest-trending part of the Palmerville Fault of de 
Keyser (1963). To the west, the Palmerville Fault ~efines 
the boundary with the high-grade metamorphtc and 
associated intrusive rocks of the Dargalong and Yambo 
Inl iers. In the north and, to a much lesser extent, in the 
west the province is overlain by Mesozoic sedimentary 
rock; of the Laura and Carpentaria Basins. The province 
extends out to sea for an unknown distance to the north 
and east. 

The current investigation of the Hodgkinson Province has 
revealed a much more complex pattern of sedimentation 
and arrangement of units than that envisaged by de Keyser . 
& Lucas ( 1968) or Fawckner ( 1981 a), and Ordovician units 
have been identified for the first time (Bultitude et al. 1990, 
1993b, 1995, 1996a). The main fonnations consist of, from 
west to east, the Quadroy Conglomerate, Mulgraye 
Fonnation Mountain Creek Conglomerate, Van Dyke 
Litharenit~, Chillagoe Formation, Hodgkinson Formation 
(containing the Kitoba, OK and Larramore Metabasalt 
Members) (Figure 7.6) and Molloy beds. As mapped, these 
uni ts fonn distinct, mainly fa ult-bounded belts, most of 
whic h are also extensively di srupted internally by 
numerous thrust faults that trend parallel or subparallel to 
the strike of the beds. Most of these fault slices young 
internally to the west, particularly those in the western 
part of the province. 

The dominant rock types in the province are arenite and 
mudstone, which represent deep-water! density c~rrent 
deposits. These are interlayered w1th subordmate 
conglomerate, chert, and met~basalt, and mi':l~r .Con a 
regional scale) shallow-water hmes!one. ~ubd1y1s1.on of 
the rocks in the province into straugraph1c un1ts 1s not 
practicable because of the complex deformational history, 
scarcity of stratigraphic markers, lack of observable 
stratigraphic contacts between units and general lack of 
age control. Some of these problems were addressed 
locally, in a limestone-dominated part of the assembla.ge. 
A relatively detailed biostratigraphic study (usmg 
conodonts) of the Mungana area defined twelve thrust 
slices in the Chillagoe Formation over a distance of -6 km 
(Bultitude et a!. l993b ). 

Mulgrave Formatio.n (Hodgkinson Province) 
J Domagala 
The Mulgrave Formation was first defined by Fawckner 
(198 la) and later in Bultitudc & Donchak (1992) and 
Bultitude et a!. ( l993b ). Its width ranges from abo~t I 00 
m in the south in the Mungana area to over 4 km m the 
north in the Mount Mulgrave area (Figure 7.6.). The wider 
segments are the result offolding and thrust repetition of 
the unit which is probably in the order of several hundreds 
of metres thick. This fault repetition is evident in the Palmer 
River area where several belts of the unit are structurally 
interlayered 'with belts of younger Chillagoe Form~tio':l. 
Bedding ranges from moderate to steep and youngmg IS 
dominantly to the west. 

The dominant rock type is fine-grained, quartz-rich 
greywacke with subordinate chert, haematitic mudstone 
and metabasalt. The arenite is typically cream to pale green, 
ma inly fine grained, and thin to medium bedded. 
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Figure 7.6. Generalised geological map showing distribution of geological units in the western Hodgkinson Province. 

Monotonous sequences of rhythmic thin arenite beds with 
very thin mudstone partings are common (Plate 7 .I I). 
Partial Bouma cycles are locally developed, as are 
horizontal laminations, ripple cross-laminations and water 
escape structures. Thin-bedded, reddish-brown, haematitic 
chert and lesser pale greenish-grey chert occur as laterally 
continuous lenses ranging from a few metres to tens of 
metres thick. Chaotic folding of the chert is common and 
is attributed to soft sediment slumping. Radiolarians are 
common. Reddish-brown, thin-bedded, haematitic 
mudstone is locally interbedded with the chert but also 
occurs as thicker lenses to several hundred metres thick. 
Metabasalt is confined to the northern part of the unit 
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where it occurs as discontinuous lenses along a strike 
length of about 20 km and ranges in width from· tens of 
metres to more than 2000 m. Pillow structures, marginal 
breccias and possible hyaloclastites have been identified. 
The texture is typically fine grained, massive, locally 
porphyritic and extensively altered. 

Plots of arenite geochemical analyses (Domagala in prep.) 
indicate a 'Quartzose Sedimentary' provenance (fields 
after Roser & Korsch 1988) with deposition in a 'Passive 
Margin' tectonic setting (fields after Roser & Korsch 1986; 
Bhatia 1983). 



The quartzose arenites which dominate the unit are 
interpreted as deep marine density current deposits (mainly 
turbidi tes), whereas the chert beds and thick mudstone 
layers are interpreted as pelagic and hemipelagic deposits. 
The metabasalt represents volcanism, possibly associated 
with basement extension. The character of the quartz, and 
the lack of less stable grains such asK-feldspar, suggest 
that the sediment was sourced from a mature basement, 
probably with low relief. This contrasts to the less mature 
sedimentary rocks of the younger units. The few 
palaeocurrent indicators denote sediment transport was 
directed to the north- northwest. 

Field relationships and lithological characteristics imply 
that the unit is unconformably overlain by the upper 
Ordovician Mountain Creek Conglomerate. 

The age of the Mulgrave Formation is considered to be 
early or early late Ordovician, or extends over that period 
(attempts to extract radiolarians for age determinations 
proved unsuccessful). The older end of the age range, early 
Ordovician, comes from a possible correlative in the 
Broken Rjver Province where similar quartzose arenites 
and basalt sequences occur in the early Ordovician Judea 
Formation (Withnall & Lang 1990). The younger age is 
constrained by the overlying? late Ordovician 
(Richmondian) Mountain Creek Conglomerate which 
contains tabular clasts of quartz veined arenite identical 
to Mulgrave Formation arenite. 

Mountain Creek Conglomerate 
(Hodgkinson Province) J Domagala 
The Mountain Creek Conglomerate was first defined by 
Fawckner(I98Ja) and later in Bultitude & Donchak (I 992) 
and Bultitude et al. ( 1993b ). The unit crops out as a number 
of discontinuous, north- trending lenses east of Mount 
Mulgrave (Figure 7 .6). The largest lens is about 7 km long 
and about 300m wide. Beds in the lenses dips at a shallow 
to moderate angles to the east and youngs to the east. This 
younging direction contrasts to the dominantly westward 
younging Mulgrave Formation which bounds the Mountain 
Creek Conglomerate to the east and west. The Mountain 
Creek Conglomerate and the Mulgrave Formation are in 
faulted contact. 

The dominant lithology, which characterises the unit, is a 
massive conglomerate with subordinate arenite and minor 
limestone. The limestone is considered to represent the 
basal part of the unit, as limestone clasts occur in the 
overlying conglomerate. This basal limestone occurs as a 
number of discontinuous lenses to about 30m thick which 
pinch and swell along strike. The limestone· is light to dark 
grey, thin to very thick bedded, massive to layered, locally 
stylobedded, and consists of grainstone, packstone and 
algal bafflestone (stalked Vermiporefla sp. and possibly 
Moniliporella sp. or Hedstroemia sp. ). The.dominant clasts 
in the grainstone and packstone are bioclasts and peloids, 
with subordinate oncolites and ooids. Minor siliciclastic 
grains occur in some layers. The oncolites and ooids are 
diagnostic of the unit and serve to distinguish it from the 
limestone of the nearby younger Chillagoe Formation. A 
late Ordovician Richmond ian age was derived from a rich 
conodont fauna in the limestone (Nicoll unpub. report 
1988). 

The conglomerate is very thick bedded, massive, clast 
supported, with very well-rounded pebbles and cobbles 
in a matrix of coarse grained feldspathic and litho
feldspathic arenite. Observed primary sedimentary 
structures are clast imbrication ('·a' axis imbrication), 
scouring, and normal and reverse grading. The sequence 
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youngs to the east and appears to gradually fine-up to the 
east. The clasts consist mainly of pale to dark grey 
quartzite; fine grained, grey to greenish grey quartz arenite 
with fine quartz veins; acid to intermediate volcanic rocks; 
minor fine grained granodiorite with granophyric texture 
and interstitial quartz; grey to black chert, quartz, and 
limestone (including oolitic, oncolitic and algal limestone). 

Chemical analyses of a number of the volcanic clasts 
indicate a range in composition from andesite to rhyolite, 
and Nb depletion. One of the dacite clasts produced a 
SHRIMP crystallisation age of 455 ± 5 Ma (M. Fanning, 
unpub. report to Queensland Department of Minerals and 
Energy 1992). This age is about 10- 15 My older 
(depending on the time scale used) than the Richmondian 
limestone. 

Deposition of the Mountain Creek Conglomerate is 
interpreted to have occurred during the last major eustatic 
episode in the Ordovician. This episode began near the 
Eastonian to Bolindian boundary (late Ordovician)and 
ended at the Ordovician to Silurian boundary (Gorter 
I 992). The mostly shallow-water limestone displays 
characteristics of a deepening-upward sequence and is 
interpreted as a transgressive systems tract. The 
accommodation space outpaced the rate of carbonate 
generation resulting in the drowning and smothering of 
the carbonates by siliciclastic sediments. The younger 
conglomerate, which includes limestone clasts derived 
from the limestone of the transgressive systems tract, is 
interpreted as the lowstand systems tract deposited at 'the 
end of the eustatic event at the Ordovician to Silurian 
boundary. This conglomerate was deposited by density 
currents below storm wave base. Several palaeocurrent 
recordings indicate a sediment transport directions to the 
south and southwest. Clasts were derived from the 
underlying limestone, the older Mulgrave Formation 
(quartz veined quartz arenite), and from volcanic rocks of 
intermediate to acid composition and their high level 
intrusive equivalents. The dated dacite clast (455 ± 5 Ma) 
represents a volcanic event, possibly rifting or arc 
development, which occurred about I 0-15 My before the 
deposition of the I imestone. 

Van Dyke Litharenite (Hodgkinson Province) 
J Domagala 
The Van Dyke Litharenite was first described by Fawckner 
(1981 a) and later in Bultitude & Donchak ( 1992) and 
Bultitude et al. (1993b). The unit occurs north of the 
Mitchell River as two discontinuous, north-trending, 
narrow, recessive belts alternating with ridges ofMulgrave 
Formation. It extends some 20 km and is up to I km thick 
(Figure 7.6). Beds dip moderately to steeply and young 
dominantly to the west, with some eastward youngings. 

The unit is dominated by rhythmically interbedded, thin 
to medium-bedded arenite and mudstone, with minor thick 
bedded grey and haematitic mudstone, haematitic chert 
and rare conglomeratic arkose. Two types of arenite occur 
in the unit, a feldspathic arenite and a less common quartz
rich arenite. The feldspathic-rich arenite is mottled, dark 
greenish-grey to khaki, thin to medium bedded, medium 
to coarse grained (locally pebbly), and consists of quartz, 
plagioclase, felsic and mafic volcanic lithics, with minor 
metamorphic and sedimentary lithics. A fine-grained 
sericitic matrix makes up about 15% of the rock. The 
quartz-rich arenite is identical to the quartz-rich arenites 
of the Mulgrave Formation and is interbedded throughout 
the succession as individual beds or packages of beds. 
Primary sedimentary structures in the arenites are 
horizontal laminations, normal grading, dewatering 
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structures and partial Bouma cycles. The thick bedded 
mudstone and lesser chert are scattered throughout the 
succession. 

The overall bedding characteristics together with the 
primary sedimentary structures indicate the arenite beds 
were deposited by turbidity currents in deep water (below 
wave base). A dual provenance is indicated by the two 
types of arenite in the succession. The quartz-rich layers 
were derived from a source similar to that which supplied 
the Mulgrave Formation, whereas the feldspathic layers 
were derived from a source similar to that which supplied 
the Late Ordovician Mountain Creek Conglomerate. The 
very thick mudstone beds appear to have been deposited 
as hemipelagic deposits. 

Although the age of the unit is unknown, the lithological 
similarity with the Mountain Creek Conglomerate suggests 
that they are equivalent. 

Silurian-Early Devonian 
Chillagoe Formation (Hodgkinson Province) 
J Domagala, BG Fordham 
The Chillagoe Formation crops out towards the western 
margin of the Hodgkinson Province as a steeply dipping, 
dominantly westward younging, discontinuous belt 
running parallel to the Palmerville Fault. The unit extends 
over a distance of about 150 km and ranges in width from 
I 0 km to a few hundreds of metres (Figure 7 .6). A regional 
magnetics image indicates that it continues under cover in 
the north in a north-northeasterly direction. 

The formation consists of varying proportions of 
limestone, chert, basalt, aren ite and mudstone, 
conglomerate, and breccia. Although limestone is the 
characteristic lithology, it is not everywhere the dominant 
one. Basalt dominates in the area north of the Mitchell 
River. Siliciclastic arenite and mudstone dominate the area 
between the Mitchell and Walsh Rivers and also in the 
Mount Garnet area. Limestone is the dominant lithology 
in the area from Ootann to the Walsh River (this includes 
the type area extending from Chillagoe to Mungana). 

The bedding styles in the siliciclastic arenite and mudstone 
lithofacies are quite variable, ranging from thin 
rhythmically bedded arenite/siltstone and mudstone to very 
thick bedded massive arenite and conglomerate. Primary 
sedimentary structures include normal g rading, ripple 
laminations, partial Bouma cycles, medium-scale cross 
beds (in conglomeratic layers), scouring bases and sole 
marks. 

Geochemical provenance plots of arenites after Roser & 
Korsch ( 1988) indicate a mainly 'Quartzose Sedimentary' 
with minor ' Felsic' and 'Intermediate Igneous' provenances. 
Tectonic setting plots after Bhatia (1983) indicate mainly 
' Passive Margin' with some 'Active Continental Island
arc' with similar plots after Roser & Korsch ( 1986) also 
indicating mainly ' Passive Margin' (Domagala in prep.): 

The nature of the stratigraphic contact with the underlying 
Mountain Creek Conglomerate (about 440 Ma) remains 
equivocal. The oldest conodont age for the Chillagoe 
Formation is early Telychian stage of! ate Llandovery (early 
Silurian) (about 428 Ma). The placement of the upper 
boundary with the Hodgkinson Formation is also 
problematical because of the transitional nature of the 
boundary. In the Mungana area, the deposition of 
significant amounts of siliciclastic arenite and mud~tone, 
characteristic of the Hodgkinson Formation, began in the 
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late Lochkovian (mid Early Devonian). However, 
significant limestone deposition, characteristic of the 
Chillagoe Formation, continued well into the late Early 
Devonian (Emsian) (Fordham, in Bultitude et al. 1993b). 
Furthermore, Hodgkinson-like siliciclastic sediments were 
deposited as early as Wenlock (mid Silurian) in the Mitchell 
River area (Domagala 1991 ). For mapping purposes it 
proved expedient to place the boundary at the end of 
significant carbonate deposition and the corresponding 
domination of flysch sedimentation in the Emsian. 

An interpretation of the depositional history of the 
Chillagoe Formation was presented by Fordham (Bultitude 
eta!. 1993b), with a detailed interpretation of the Mungana 
area by Bernecker ( 1993), and the Mitchell River area by 
Domagala ( 199 1). The Chillagoe Formation in the 
Mungana area records a history of fairly persistent, 
generally low but locally variable deposition rates over a 
period of about 30 My (Fordham, in Bultitude eta!. 1993b ). 
-The thickness of the unit ranges from about 200-1200 m, 
which corresponds to an average accumulation rate of 
about 0.6-4 cm/ Ka. Accumulation rates in other pre
Holocene carbonate platform sequences range from 3 to 
50 cm/Ka (Schlanger 1981). 

Deposition· of the Chillagoe Formation probably began 
some time before the Telychian. It is likely that large parts 
of the extensive basalt deposits in the northern part of the 
unit represent the early rifting phase in the development 
of the Chillagoe sub-basin. Associated radiolarian chert 
was deposited in a relatively deep water marine 
environment in the Mungana area (chert bed underlying 
the Telychian limestone). Subsequent shallowing of the 
substrate saw the deposition of the Telychian limestone 
and the beginning of development of a carbonate ramp. 
This carbonate ramp depositional environment persisted 
in the Mungana area through to the Emsian, wit h 
modification by basalt flows in the late Llandoverian and 
by local erosion of the ramp and deposition of siliciclastic 
sediments in the late Lochkovian through to the Emsian. 
The distribution and relationships of the various lithofacies 
and limestone microfacies generally refl ect their proximity 
on the ramp (shallow, intermediate and deep water facies 
occur on the inner, mid and outer parts of the ramp 
respectively). 

The late Lochkovian erosional event, which was probably 
triggered by hinterland uplift, represented a dramatic 
change in the hydrodynamic regime in parts of the area. 
Sediment derived from the hinterland was transported 
basinward along numerous submarine fan channels incised 
across the carbonate ramp. The polymictic and monomictic 
(limestone) conglomerate deposits which extend along 
much of the eastern margin of the Chillagoe Formation 
may represent extensive channel deposits or slope-apron 
deposits attributed to one or, more likely, a number of 
erosion and deposition events. Palaeocurrent directions are 
perpendicular and parallel to the margin of the unit. Similar 
but less dramatic events are recorded earlier in the Wenlock 
and Ludlow in the Mitchell River area (Domagala 1991). 

Devonian-Early Carboniferous 
Hodgkinson Formation (Hodgkinson 
Province) J Domagala 
The Hodgkinson Formation makes up the bulk of the 
Hodgkinson Province. These rocks, like the rest of the 
rocks in the province, have been subjected to a complex 
structural deformation history involving ductile and brittle 
deformation (Plate 7 .14). 



The formation is dominated by monotonous successions 
of siliciclastic arenite and mudstone, with minor 
conglomerate, chert and sparse basalt and limestone. The 
ar~nite, mud~tone and conglomeratic sequences display 
pnmary sedtmentary structures and bedding features 
diagnostic of high and low concentration turbidity current 
deposits in.an extensive submarine fan system. Successions 
include amalgamated arenite intervals (up to several 
hundreds of metres thick), thin to thick bedded arenite 
layers with mudstone couplets (Plate 7.12), and very thin 
rhythmically interbedded siltstone and mudstone. Facies 
and facies associations indicative of upper, mid and lower 
fan, and suprafan lobes (submarine fan models of Mutti 
& Ricci Lucchi 1972; Walker 1978) have been recognised 
(Bultitude et al. 1991, 1993b). Palaeocurrent directions 
vary significantly across the unit, however, they are 
generally perpendicular (east to northeast) and parallel 
(north- northwest and south- southeast) to the existing 
craton margin and western margin of the unit. It is highly 
probable that this margin is parallel to the ancient margin 
of the Hodgkinson basin. The apparent distribution of the 
various fan elements suggests a very complex submarine 
fan system that cannot readily be reconciled in terms of 
current fan models. However, the Kitoba Member which 
extends along the central western extremity of the 
Hodgkinson Formation and is faulted against the Chillagoe 
Formation (Figure 7.6) is interpreted as a proximal facies . 
It is characterised by amalgamated arenite beds and 
intraformational conglomeratic beds, which are more 
common towards the western margin. 

The arenite beds in the Hodgkinson Formation consist 
mainly of fine to coarse-grained quartz-intermediate 
greywacke (classification of Crook 1974). Framework 
clasts consist mainly of quartz; plagioclase (locally altered 
to calcite and sericite); subordinate but variable amounts 
ofK-feldspar (locally albitised); generally minor felsic to 
mafic lithics (felsic usually dominate over mafics); rare 
muscovite; tectonised, metamorphic and sedimentary 
lithics; and accessory minerals such as zircon and 
tourmaline. The matrix (about 15%) appears to be a 
pseudomatrix of quartz, sericite (mixed layer illite/smectite 
clays), chlorite and locally Fe oxide. 

Most of the chert and basalt in the western Hodgkinson 
Formation occur in the OK and Larramore Metabasalt 
Members (Figure 7.6). 

The metabasalt in the unit (including the OK and 
Larramore Metabasalt Members) crops out poorly, 
generally forms depressions, is invariably altered to 
gre~nstone, and usually foliated. It is generally fine 
gratned, altered and recrystallised, massive, loca.lly 
amygdaloidal, brecciated and rarely pillowed (Plate 7 .13). 
Results oflimited geochemical studies by Fawckner ( 1975, 
198la) indicate that basalts from the Hodgkinson and 
Chillagoe Formations are relatively uniform and sourced 
from a single slightly differentiated tholeiitic magma 
source. 

Limestone bodies of variable size (up to 5 km long by I km 
wid~) are sparsely distributed across the unit. The larger 
bodtes crop out as distinctive bluffs rising tens of metres 
above the surrounding rocks. Bedding features, where 
present, are concordant with the enveloping sedimentary 
bedding or in some cases the tectonic layering. Contacts 
are either abrupt, or gradational with transitional facies. 
Some of the limestones are associated with minor basalt, 
giving credence to the interpretation by Fawckner ( 1981 a) 
that they developed on topographically high basalt 
accumulations and fault blocks. Another body, the largest 
one (Melody Rocks, west of Cooktown) appears to have 
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developed in situ on a siliciclastic base. An alternative 
interpretation postulated by de Keyser & Lucas ( 1968) 
and Henderson (I 980) is that these isolated bodies 
represent allochthonous blocks. It is likely that in situ and 
allochthonous limestone bodies occur in the unit. 

The stratigraphic boundary with the Chillagoe Formation 
is a transitional one, but is placed in the late Early Devonian 
(Emsian) when siliciclastic sedimentation began to 
dominate over carbonate sedimentation (at least in the 
Mungana area). 

Provenance plots of geochemical analyses of greywackes 
(after Roser & Kersch 1988) indicate ' Quartzose 
Sedimentary' and 'Felsic Igneous' provenances, whereas 
tectonic setting plots after Roser & Korsch (1986) indicate 
mainly 'Passive Margin' and 'Active Continental Margin', 
and plots after Bhatia (1983) indicate a mix of 'Passive 
Margin', 'Active Continental Margin', and 'Continental 
Island-arc'(Domagala in prep.). The samples that reflect 
a more felsic provenance and island-arc tectonic setting 
were largely collected in the east near Cooktown. The 
scattered distribution of these samples in the east suggests 
that the sampled beds were deposited intermittently 
amongst the more typical Hodgkinson Formation 
greywacke and may reflect a dual provenance. The more 
felsic sediments may have been derived from the source 
of the Mountain Creek Conglomerate clast (455 ± 5 Ma), 
or alternatively, from a source of contemporaneous 
volcanism , possibly to the east. The source of the 
background greywacke, however, is almost certainly from 
the craton to the west. This is based on the presence of 
zircons no younger than 400 Ma (preliminary SHRIMP 
age; Bultitude et al..l996b) in the matrix of a conglomerate 
southwest ofCooktown. The nearest known source of rocks 
of this age is the Cape York Peninsula Batholith (Willmott 
et al. 1973; Black et al. 1992a; Mackenzie & Knutson 
1992) to the west. As the youngest known rocks in· the 
Hodgkinson Formation are Late Devonian (Famennian -
-355 Ma), the 53 My time difference is ample for 
unroofing of the Cape York Peninsula Batholith, erosion, 
transportation and deposition of zircons in the basin. The 
same conglomerate (southwest of Cooktown) which 
produced the -408 Ma matrix age returned a clast age of 
- 460 Ma. This clast may have been derived from the source 
of the Mountain Creek Conglomerate clast (-455 Ma) or, 
although Jess likely, from granites in the Barnard 
Metamorphics which yielded ages of crystallisation of 
-459 Ma and -485 Ma (Bultitude et al. 1996b ). 

Conodont age determinations from limestone lenses and 
limestone clasts in conglomerates indicate an age range 
for the Hodgkinson Formation of at least Early to Late 
Devonian-Emsian to Famennian (Donchak et al. 1992). 
However, this age range may extend from the latest Silurian 
to early Carboniferous . Devonian corals have been 
documented (Hill in De Keyser & Lucas 1968; Jell pers. 
comm. 1991) and pre I iminary results indicate a Late 
Devonian age for radiolaria in chert beds from various 
locations, including the OK Member (lshiga, Shimane 
University, Japan, pers. comm. 1992). 

Molloy Beds (Hodgkinson Province) RJ Bultitude 
The Molloy bed~ (Cranfield & Hegarty 1989) are a 
distinctive package of rocks (Table 7.2) exposed mainly 
in a belt extending for -5 km south of Mount Molloy, in 
the central part of the region. Some of the best outcrops 
are in cuttings along the main Mareeba-Cooktown road. 
Arenite beds are typically 2- 10 em thick, whereas most 
siltstone and mudstone beds are between 2 em and 5 em 
thick. Noteworthy characteristics of -the unit are the 
presence of numerous graded beds and of upward fining 
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sedimentary cycles (Cranfield 1990). The latter are 
characterised by increases in both the thickness of 
mudstone intervals and the abundance of mudstone relative 
to arenite. The average thickness of each cycle is -40 m 
(Cranfield 1990). 

Beds are generally shallowly dipping to subhorizontal 
(most dips are< !5°) away from the bounding faults - in 
contrast to the steeply dipping to subvertical strata of the 
Hodgkinson Province succession. The unit is more than 
230 m thick (Cranfield 1990). 

According to Cranfield ( 1990) the Molloy beds post-date 
the first regional deformational event which affected the 
entire Hodgkinson Province (in the very Late Devonian 
or early Carboniferous). The available data, therefore, 
imply the Molloy beds are very latest Devonian or, more 
likely, early to mid Carboniferous. The sediments were 
most probably deposited in a deep-marine environment 
by turbidity currents (Cranfield 1990). 

Quadroy Conglomerate (Hodgkinson 
Province) RJ Bultitude 
The Quad roy Conglomerate (Fawckncr 1981 a) crops out 
as discontinuous lenses along the western margin of the 
Hodgkinson Province, adjacent to the Palmerville Fault. 
The formation consists mainly of conglomerate, 
conglomeratic feldspathic arenite and feldspathic arenite 
(Table 7.2). The conglomeratic rocks arc unsorted to very 
poorly sorted. Outcrops are mainly massive, with little or 
no obvious internal stratification. 

Granite is the dominant clast type in most places. Clasts 
of amphibolite, quartzofeldspathic gneiss (some with 
garnet porphyroblasts), quartz mylonite, mylonitised 
gneiss, quartzite, schist and quartz are also common. 

A noteworthy feature is the coarse size of many of the 
c lasts. Some granite fragments are up to -2 m in diameter 
(Bultitude et al. 1996a), and boulders of gneiss and 
amphibolite between 50 em and I m in diameter are 
common. Most of the granite and high-grade metamorphic 
clasts arc well rounded, whereas fragments of quartz 
mylonite and mylonitised gneiss tend to be more angular. 
Highly angular to subrounded amphibolite fragments, up 
to - 50 em across, are present locally. 

Quartz mylonite generally forms a minor but significant 
proportion of the clasts. The mylonite fragments are highly 
angular, range up to -1 m in length, and closely resemble 
-except for the very extensive ferruginisation shown by 
many - mylonitised middle Proterozoic rocks exposed 
in and adjacent to the Palmerville Fault. 

The massive, immature character of the sedimentary rocks, 
the almost complete lack of sedimentary structures 
including bedding, and the presence of numerous large 
clasts imply extremely rapid deposition under high-energy 
conditions, probably in a proximal fan environment. 
Furthermore, a non-marine or marginal-marine 
environment is indicated by the dark reddish brown to 
brick-red colour of many of the metamorphic fragments. 

Fawckner ( 1981 a) and Shaw et al. ( l987) interpreted the 
Quadroy Conglomerate as a synorogenic deposit eroded 
from the nose of an advancing thrust sheet which developed 
during the first major deformation to affect late 
Ordovician-Late Devonian or early Carboniferous? rocks 
of the western Hodgkinson Province. If so, the lack of a 
well-developed foliation in the formation away from the· 
bounding faults implies that the uni t was most probably 
deposited during the waning stages of the deformation. 
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Late Carboniferous-Permian 
RJ.Bultitude 
The Cairns Region had undergone at least one major 
orogeny and had been effectively cratonised by about mid 
Carboniferous time. Late Carboniferous-Early Triassic 
times were characterised by extensive sedimentation in 
North Queensland. Most of the major depositional sites 
are located west and south of the region. However, late 
Carboniferous- Early Triassic, post-orogenic strata, 
deposited in mainly fluviatile and lacustrine environments, 
crop out in several parts of the Hodgkinson Province. The 
sedimentary rocks are preserved mainly in elongate down
faulted depressions or grabens in the cratonised early
middle Palaeozoic continental margin assemblage. The 
depressions probably developed as a result of structural 
instabilities associated with the extensive late Palaeozoic 
magmatic activity in the region. 

Silver Valley Conglomerate 
The Silver Valley Conglomerate is preserved as a mainly 
fault-bounded lens (-8 km2

) (see Blake 1972, for a 
summary of the nomenclature used by early workers). The 
unit consists mainly of coarse, polymictic conglomerate, 
and subordinate medium to coarse-grained volcanic 
sandstone and mudstone containing numerous glass shards. 
Minor rhyolitic ignimbrite and air-fall tuff, and 
carbonaceous sandstone and si ltstone, form lenses 
scattered throughout the sequence. The epiclastic detritus 
was derived from the local basement rocks, with significant 
input from outcrops of volcanic rocks in all but the lower 
part of the formation (de Keyser & Lucas 1968). Beds are 
mainly gently dipping, except adjacent to the bounding 
faults. Oversby (I 985) postulated that accumulation of the 
Silver Valley Conglomerate was strongly influenced by 
volcanism, possibly to the extent of being initiated by 
extrusive (± intrusive)-related (synvolcanic) structural 
instability. 

Pebble to cobble-size clasts predominate in the 
conglomeratic rocks, although boulders up to 2 m in 
diameter are by no means rare. The clasts consist mainly 
of arenite, mudstone and chert derived from the older 
Hodgkinson Formation, and a variety of local si licic 
volcanic rocks. Grey quartzite clasts which possibly 
represent fragments of recrystallised chert from the 
Hodgkinson Formation are also common. 

Fossil plant fragments have been recorded from several 
localities near the top of the formation. They include a 
form generally referred to asAneimites ovata (Blake 1972; 
Arnold & Fawckner 1980), but assigned by Rigby ( 1973) 
to Bollychiopsis (ex Gondwanidium) plantianum of 
minimum latest Carboniferous age - in contrast to the 
mid Carboniferous age inferred previously (Blake 1972). 

Kennedy Igneous Province 
Extensive granite emplacement occurred in the Cairns 
Region in the late Carboniferous-Permian and, to a much 
Jesser extent, in the early- mid Carboniferous. The late 
Carboniferous-Permian igneous activity also involved 
widespread subaerial volcanism. Most volcanic sequences 
are dominated by rocks of silicic composition- mainly 
rhyolitic ignimbrites (Table 7.3). Basic and intermediate 
volcanic rocks are rare by comparison and tend to be 
concentrated in the older (lower) parts of individual 
sequences. Some volcanic sequences, such as the Early 
Permian Nychum Volcanics, reflect a bimodal style of 
activity typical of extensional regimes. 



The widespread distribution of Permian rocks with A-type 
geochemical affinities is noteworthy (Bultitude et al. 
1993b ). The rocks form lava flows, pyroclastic flow 
deposits, high-level resurgent-type intrusions (e.g. Yokas 
Microgranite), ring dykes and discrete plutons (e.g. 
Hinchinbrook Granite). 

Cajrns is also the only region in North Queensland where 
there has been extensive intrusion of late Palaeozoic S
type granites. The S-type granites are concentrated in the 
central and eastern parts of the Hodgkinson Province and 
are mainly, possibly entirely, Permian. Most units belong 
to the Cooktown or Whypalla Supersuites. 

Nycbum Volcanics RJ Bultitude, CM Fanning 
The Nychum Volcanics contain a diverse range of rock 
types (Table 7.3; Bultitude et al. 1995, !996a) which 
contrast markedly with the silicic volcanic rocks of the 
adjacent Wakara Volcanic Subgroup (Featherbed Volcanic 
Group), of about the same age. The majority of the volcanic 
rocks analysed are either rhyolites or andesites. Rhyolitic 
lava flows are concentrated in the upper part of the 
formation in the southeast. Numerous andesitic and rare 
basaltic and dacitic lava flows crop out in the basal part, 
as well as scattered thin layers of rhyolitic tuff. In contrast, 
rhyolitic ignimbrite is relatively common in the 
northwestern (youngest) part of the unit, and basic to 
intermediate lava flows have not been found. The volcanic 
rocks in the southeast are cut by numerous northwest
trending dykes of aphyric to porphyritic rhyolite and.much 
scarcer vitric andesite and dacite (Morgan 1968; Bultitude 
et al. 1995). 

A fossil plant flora in an irregularly bedded tuff which 
crops out in Elizabeth Creek -2.5 km west-northwest of 
Nychum homestead indicates the Nychum Volcanics are 
Early Permian (Rigby 1993). Supporting evidence is 
provided by a recent SHRIMP age of277 ± 4 Ma yielded 
by a sample of rhyolite lava from the bed of Elizabeth 
Creek, at GR 2209 81408 (Bellevue I: I 00 000 sheet area). 
This lava flow forms the upper part of the sequence in the 
Nychum area. The isotopic age is essentially identical to 
that (278 ± 3 Ma, using Rb-Sr techniques) obtained for 
the Ticklehim Rhyolite, one of the youngest units in the 
nearby Wakara Volcanic Subgroup (Mackenzie et al. 1993). 
Mackenzie et al. (1993) also reported a Rb-Sr isotopic 
age of 281 ± 2 Ma for the Lumma Rhyolite, the youngest 
unit in the Djungan Volcanic Subgroup (Featherbed 
Volcanic Group). 

The ring fault-dyke system bounding the Wakara Caldera, 
and which may be ~280 Ma, the age of infilling porphyritic 
microgranite(Mackenzie 1993; Mackenzie et al. 1993), 
also reportedly truncates adjacent basic lavas of the 
Nychum Volcanics and the Ticklehim Creek Dyke Swarm 
(Morgan 1974; B.S. Oversby, AGSO, pers. comm. 1989; 
Mackenzie 1993). The maximum age of the Nychum 
Volcanics in the southeast is constrained by the 
superposition of units -2.5 km east-southeast ofNychum 
homestead. In this area, rhyolitic lava of the Wakara 
Volcanic Subgroup is overlain by basic Java of the Nychum 
Volcanics. Both units overlie, apparently unconformably, 
the late Carboniferous Nightflower Dacite (Featherbed 
Volcanic Group). The rhyolite lava flow is one of the oldest 
exposed units in the W~kara Volcanic Subgroup. It is 
therefore probable that the Nychum Volcanics- or at least 
those rocks in the formation close to the Wakara Caldera, 
and the intermediate-basic rocks in particular - partly 
overlap in age the youngest rocks of the Featherbed 
Volcanic Group. 

The intermediate to basic lava flows in the southeast are 
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commonly interlayered with rhyolitic tuff. The general 
absence of rhyolite lavas from this, the oldest part ofthe 
unit, implies the silicic volcanic activity was either (a) 
entirely explosive with the production of mainly pyroclastic 
airfall deposits (and possibly some thin pyroclastic flow 
and surge deposits), or (b) centred in the area of the 
adjacent Featherbed Cauldron, where it may have been 
associated with the production of voluminous silicic 
ignimbrites of the Early Permian Wakara and/or Djungan 
Volcanic Subgroups. 

Geochemical data indicate the volcanic rocks form several 
distinct groups that do not appear to represent a simple 
fractionation series (also see Bailey et al. 1982). Many of 
the silicic volcanic units have A-type affinities (Bultitude 
et al. 1995, 1996a). Rhyolite lava with A-type affinities in 
the northwest is interlayered with I-type silicic lavas. The 
data imply the parental ·magmas were produced from 
several distinct sources and/or source regions. 

The Nyc hum Volcanics djffer in several significant respects 
from the adjacent Featherbed Volcanic Group. There are 
no obvious subsidence structures and the succession is very 
thin compared with the Featherbed sequence. The 
formation is also characterised by a bimodal-style of 
volcanic activity, implying volcanism probably occurred 
in an extensional environment. Most of the intermediate 
to basic lava flows are concentrated in the oldest part of 
the unit. Rhyolite lavas are much more voluminous 
compared with those in the nearby Featherbed Volcanic 
Group and ignimbrites are significantly less abundant (and 
much thinner). Individual rhyolite lava flows generally 
form tabular sheets rather than domes and extensive 
obsidian zones are common. These characteristics indicate 
high eruption temperatures, relatively low magma 
viscosities, and possibly high effusion rates and low volatile 
(particularly water) contents. 

Pratt Volcanics RJ Bultitude 
The Pratt Volcanics were briefly described by Morgan 
(1961, 1964a, 1974) who, together with Best (1962a), 
Amos & de Keyser ( 1964) and de Keyser & Lucas ( 1968), 
included them as part of the Nychum Volcanics. They were 
delineated as a discrete sequence during the recent survey 
(Bultitude & Domagala 1988). The formation forms 
extensive outcrops in the adjacent Coen Region, but only 
a very small part of the sequence extends east of the 
Palmerville Fault (south of the Walsh Rjver) into the Cairns 
Region. 

The sequence in the Cairns Region consists ofrhyodacitic 
to rhyolitic ignimbrite, minor basal amygdaloidal basalt, 
and rare outcrops of rhyolite lava (Table 7.3). Plagioclase 
is the more abundant feldspar in the ignimbrites. 

The unit in the adjacent Coen Region is intruded by the 
late Carboniferous? Almac Granodiorite (Almaden 
Supersuite), as well as by very high-level plugs of andesite 
and dacite. The plugs are lithologically and chemically 
similar to the nearby Early Permian Nychum Volcanics 
(Bultitude et al. 1995). The Pratt Volcanics are therefore 
most probably late Carboniferous. 

The. Pratt Volcanics are characterised by a scarcity of 
pyroclastic airfall and epiclastic deposits, and the presence 
of abundant rhyodacitic-rhyolitic ignimbrite rather than 
lava. They differ in these respects (as well as many others) 
from the nearby Nychum Volcanics. The pyroclastic flow 
deposits were erupted from relatively deep-level magma 
chambers and are preserved in an irregular, basin-like 
subsidence structure with inward dips around its periphery. 
The unconformity with the underlying rocks of the 
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Hodgkinson Province is commonly well exposed. Lenses 
of sandstone and conglomerate are exposed at the base of 
the sequence farther west, in the Coen Region. 

Featherbed Volcanic Group DE Mackenzie 
The Featherbed Volcanic Group is contained largely within 
a composite volcano-tectonic subsidence structure about 
100 km long and 30 km wide - the Featherbed Cauldron 
Complex (Mackenzie 1993;· Mackenzie et al. 1993; 
Mackenzie 1987c, 1988b ). This structure consists of nine 
overlappmg collapse structures: the Boonmoo Sag, and 
the Eight Mile, Boxwood, Tennyson, Doolan Creek, 
Wolfram, Mount Mulligan , Yoogala (Featherbed), 
Djungan, and Wakara Cauldrons. The Tennyson, 
Featherbed, Djungan and Wakara Cauldrons are 'classic' 
ring fault and ring dyke-bounded cauldron collapse 
structures, as could be the Mount Mu ll igan, Wolfram, 
Doolan Creek and Boxwood structures. The Boonmoo Sag, 
in contrast, is a basin-like sag structure without peripheral 
ring fault(s) or ring dykes. 

Each cauldron contains, or is adjacent to, a unique 
sequence of eruptive rocks. The sequences comprise the 
Featherbed Volcanic Group. This consists of: (a) the 
Boonmoo and Tennyson Volcanic Subgroups, which, along 
with the Jamtin Rhyolite, Beapeo Rhyolite, Wallaroo 
rhyolite, Redcap Dacite, Doolan Creek Rhyolite and 
Nightflower Dacite, are late Carboniferous in age; (b) the 
Timber Top Volcanic Subgroup, of late Carboniferous to 
(more likely) Early Permian age; ~nd (c) the Yongala 
(Featherbed Cauldron), Djungan and Wakara Volcanic 
Subgroups, all of Early Permian age. Details oflithologies, 
thicknesses, relationships and geochemical characteristics 
are listed in Table 7.3. Total preserved volume of eruptive 
rocks in and around the cauldron complex is about 
3000 km2

, and it is estimated that between 500 m 
(Featherbed Cauldron) and at least I km (Boonmoo 
Cauldron) of material have been r~moved by erosion. 

About 85% by volume of the Featherbed Volcanic Group 
is welded rhyolitic ignimbrite, and about I 0% is dacitic to 
andesitic ignimbrite (Boonmoo Volcanic Subgroup, 
Redcap Dacite, Nightflower Dacite). The remaining 5% 
consists of: dacitic to andesitic lavas in the Boonmoo 
Volcanic Subgroup; rhyolitic lava flows and domes, which 
crop out sporadically around the margins of the Yongala 
Cauldron, the Djungan Cauldron, and especially, the 
Wakara Cauldron; rare unwelded pyroclastic rocks 
including tuffs; and very rare reworked (sedimentary) 
volcaniclastic rocks. 

The eruptive rocks range in composition from andesiticr 
basaltic to rhyolitic. However, there are several marked 
contrasts between rocks in the Early Permian Featherbed
Djungan.:.Wakara-Mount Mulligan nest of calderas and 
the flanking late Carboniferous rocks. The rocks of Early 
Permian and probable Early Permian age are of A-type 
character and almost entirely of rhyolitic composition; the 
late Carboniferous rocks are ofl-type chemistry and span 
the CO!llpositional range from andesite to rhyolite. 

Apart from this remarkable compositional dichotomy, there 
are several other noteworthy features of the Featherbed 
Cauldron complex. Rheomorphically deformed 
ignimbrites, the result of plastic flow of hot, thick, 
ignimbrite piles, are common in the lowermost parts of 
the FeatherbedNongala and Djungan sequences, and reach 
hundreds of metres in thickness in the western Yongala 
Cauldron. Vitrophyres - glassy, variably welded 
ignimbrites formed by rapid chilling of melt-rich material 
at the base of an ash-flow- are extensively developed, 
and in places reach many tens of metres and possibly up 
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to 200m (e.g. the eastern Wakara Cauldron). A massive, 
lithic-rich volcanic breccia or ignimbrite, containing clasts 
up to 40 m long and 15 m wide, is exposed over an area of 
several tens of square kilometres in the western Wakara 
Caldera. It is probably a vent or near-vent deposit. 

Volcanism in the Featherbed Cauldron complex began at 
about 313 Ma in the far southeast, with eruption of the 
lowermost units of the Boonmoo Volcanic Subgroup, 
probably in a sag structure. This was followed by the 
eastern Boonmoo (Boonmoo Sag) succession and the 
Nightflower Dacite (in the far north) at about 306-308 Ma. 
A major volcanic-intrusive episode occurred at about 
300 Ma, with development of the Eight Mile, Wolfram, 
Boxwood and Doolan Creek Cauldrons and the Tennyson 
Caldera. The Jam tin Rhyolite and the Redcap Dacite were 
also emplaced during this episode, both probably outflow 
equivalents of units in the Eight Mile sequence. The Mount 
Mulligan Caldera (Timber Top Volcanic Subgroup) appears 
to have formed slightly later than the Boonmoo and 
Wolfram structures, but was overprinted by the next major 
volcanotectonic episode. This episode was responsible for 
the formation of the Featherbed Caldera, at about 290.Ma, 
and was followed by formation of the adjacent Djungan 
and Wakara Calderas at about 280 Ma. 

Claret Creek Volcanics RJ Bultitude 
The late Carboniferous Claret Creek Volcanics (Bailey 
1977; Black 1980) crop out around the margins of the 
Claret Creek Ring Complex, one of the several extensively 
eroded volcanic centres in the southwestern part of the 
Cairns Region. The volcanic rocks were erupted onto a 
land surface of deformed l lodgkinson Province rocks. The 
former are steeply dipping (-70°) and outline a saucer
shaped structure. The depression formed as a result of the 
collapse of the volcanic pile into the partly evacuated 
magma chamber. 

The formation consists mainly of rhyolitic ignimbrite and 
intercalated lenses of volcanic breccia. The eruptive centres 
were probably located on the outer ring fracture of the 
complex (Bailey I 977). The pyroclastic flow deposits 
contain crystals of zoned p lagioclase (An52_33), as well as 
subordinate quartz, biotite, K-feldspar and opaque 
minerals. · 

The Claret Creek Volcanics and comagmatic intrusive 
rocks that form the complex have been assigned to the 
Claret Creek Supersuite (Champion 1991 ; Champion & 
Chappell 1992). They are characterised by relatively low 
K20, Nd, Rb, Th, U andY contents, as well as Ca/Sr, KINa, 
Rb/Sr and Th/K ratios, and high Na20 and Sr contents 
(Bailey 1977). The presence of relatively abundant 
plagioclase and comparatively scarce K-feldspar 
phenocrysts reflect the Na-rich and K-poor character of 
the volcanic rocks. 

Bailey's investigations indicated the rocks of the Claret 
Creek Ring Complex are chemically distinct and 
genetically unrelated to the other igneous rocks in the 
region. He postulated that the dacitic and rhyolitic rocks 
of the complex were produced by progressive partial 
melting of source rocks with the composition of low KJ 
Na basaltic andesites - the tonalitic-granodioritic rocks 
formed subsequently by the mechanical dispersion of 
cognate mafic enclaves within magma of dacitic 
composition. 

Gurrumba Volcanics RJ Bultitude 
The Gurrumba Volcanics (Blake 1972) crop out in the 
central part of the Gurrumba Ring Complex. The volcanic 
rocks are confined to two small areas. They consist of flow-



banded and autobrecciated rhyolite lava containing white 
feldspar phenocrysts. The rhyolite is extensively altered 
(propylitised; Blake 1972). Sericite and pyrite are common. 

Contacts between the volcanic rocks and adjacent 
Hodgkinson Formation are generally faulted. They are 
marked by breccia zones containing angular fragments 
derived from both rock units. The extrusive rocks are 
interpreted, mainly from the distribution of units, to pre
date the intrusive rocks of the ring complex. 

The age of the Gurrumba Volcanics is uncertain. They are 
most probably late Carboniferous. Black ( 1978, 1980) 
reported isotopic (Rb-Sr, biotite) ages of 314 Ma 
(calculated using the 'old' 87Rb decay constant) and 303 Ma 
for gabbro in the ring complex (Table 7.3). 

Nanyeta, Slaughter Yard Creek and Walsh Bluff 
Volcanics RJ Bultitude 
The Nanyeta, Slaughter Yard Creek and Walsh Bluff 
Volcanics also crop out over relatively restricted areas in 
the southwest of the region. The units consist 
predominantly of silicic volcanic rocks - mainly rhyolitic 
ignimbrite. Basic and intermediate rocks are rare and, 
where present (e.g. in the Nanyeta Volcanics), are in the 
older, basal or lower parts of the individual sequences. 

Most of the silicic volcanic rocks are metaluminous to 
slightly peraluminous (AS I <l.l ). Some rhyolites analysed 
from the Nanyeta and Slaughter Yard Creek Volcanics are 
moderately to highly peraluminous ( 1.1 < ASI < 1.4), 
possibly as a result of subsequent loss of alkalies during 
devitrification and alteration. 

The 1-type Nanyeta Volcanics show reasonably well
defined trends of increasing K20 , Rb, Ba and Th, 
decreasing Ce, La, Y and Zr contents, and Gal AI ratios 
with increasing Si02 contents. They are clearly 
distinguished from the Permian A-type volcanic rocks of 
the Featherbed Volcanic Group on a Zr versus Gal AI plot. 
The latter, with a few exceptions, are characterised by 
significantly higher GalAl ratios and Ce, La and Zr 
contents at similar Si02 contents. 

Silicic rocks with possible A-type affinities are present in 
the Slaughter Yard Creek Volcanics, consistent with their 
Early Permian age (-275 ± 3 Ma; Black 1978). All 
isotopically dated silicic volcanic rocks with A-type 
affinities from other successions in the Cairns and 
Georgetown Regions have yielded Early Permian ages. 

Glen Gordon and Walla man Falls Volcanics 
RJ Bultitude, IP Rienks, CM Fanning, DC Champion 
The belt of predominantly silicic volcanic rocks extending 
discontinuously from northwest of Ravenshoe (in 
ATHERTON) south-southeast to the Running River area 
(in southern INGHAM) was formerly mapped mainly as 
Glen Gordon Volcanics (Best 1962a; de Keyser 1964; de 
Keyser et al. I 965; Branch I 966). The term Glen Gordon 
Volcanics in this publication is applied only to the sequence 
in the Ravenshoe area, which includes the type area and 
the Sunday Creek Volcanics of Best ( 1962a), and Branch 
(1966). The volcanic rocks that crop out extensively 
northwest and north of Ingham (and to a lesser extent, to 
the south) have been assigned to the Wallaman Falls 
Volcanics (Champion & Heinemann 1994). They are over 
20 km from the nearest mapped outcrops of Glen Gordon 
Volcanics. Both units have yet to be examined in detail , 
and both can probably be further subdivided. 
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Rhyolitic to rhyodacitic ignimbrite and lava are the main 
rock types in the Glen Gordon. Volcanics, which also 
contain subordinate volcanic breccia, tuff, and volcanic 
sandstone and siltstone. Two main facies have been 
identified in the unit by Blake (1972) and Rienks (in 
Bultitude eta!. 1985). One consists mainly of rhyolite lava, 
volcanic breccia and tuff. The other is mainly rhyolitic 
ignimbrite. 

The Wallaman Falls Volcanics crop out most extensively 
west of the trace of the Palmerville Fault (de Keyser et al. 
1965), in INGHAM. The unit has a maximum exposed 
thickness of-300-450 m at Wallaman Falls (de Keyser et 
al. 1965; Branch 1966). It consists mainly of rhyolitic to 
rhyodacitic ignimbrite (Branch 1966). Minor rock types 
reported include trachyandesite (at the base ofWallaman 
Falls; Branch 1966), dacite, volcanic breccia, tuff and 
andesite (de Keyser et a!. 1965). 

The lower part of the Glen Gordon VolcaniCs is intruded 
by granites of the O'Briens Creek Supersuite, in 
ATHERTON. The latter have yielded Rb-Sr isotopic ages 
mainly in the 300- 315 Ma range (Black et al. 1978; 
Johnston & Black 1986). However, the presence Jocally 
of silicic volcanic rocks with A-type affinities implies the 
upper part of the unit is Permian. The Glen Gordon 
Volcanics, therefore, probably range from late 
Carboniferous to Permian. 

The age of the Walla man Falls Volcanics is also poorly 
constrained. The presence of silicic volcanic rocks with 
A-type affinities, as well as 1-type rocks, implies this 
formation also contains rocks of two distinct ages. This 
interpretation has been confirmed by recent SHRIMP 
dating. Selected samples have yielded ages of326 ± 6 Ma 
for an 1-type rhyolitic ignimbrite north of the Black 
Burdekin River (GR 3513 79610, Kirrama 1: I 00 000 sheet 
area), and 279 ± 5 Ma for an A-type rhyolite from the 
Seaview Range west of Ingham (GR 3786 79320, 
Kangaroo Hills 1: I 00 000 sheet area). The A-type volcanic 
rocks are, therefore, similar in age to recently dated 
samples (A-types) from the Nychum Volcanics, Featherbed 
Volcanic Group and Hinchinbrook Granite. 

Part of the unit is intruded by granites of the northern 
Ingham Batholith. The meagre data available indicate the 
granites were emplaced in the Carboniferous-Permian 
(Richards et al. 1966; unpub. data). Silicic volcanic rocks 
assigned to the unit on Hinchinbrook Island have been 
interpreted by Stephenson ( 1990) to pre-date his older 
granites and granodiorites. All are most probably late 
Carboniferous. 

The analysed samples from the Glen Gordon Volcanics 
range in composition from andesite to rhyolite. The Glen 
Gordon Volcanics show a much greater compositional 
range than the Wallaman Falls Volcanics (mainly rhyolites, 
and some rhyodacites). lt is not certain whether rocks of 
more basic composition are absent from the latter or 
whether the data merely reflect sampling bias (the silicic 
rocks crop out more prominently than the basic rocks). 

About half of the analysed samples from the Glen Gordon 
and Wallaman Falls Volcanics plot in theA-type field, with 
the A-type Hinchinbrook Granite (Stephenson et al. 1992), 
on the discrimination diagrams of Whalen et a!. (1987). 
The A-types are distinguished by anomalously high Gal AI 
ratios,·as well as elevated FeO*, Ce, Ga, La, Pb, Zn and Zr 
contents -characteristics shared with the Hinchinbrook 
Granite. Zr (>500 ppm), Ce (>200 ppm), Y (>I 00 ppm), 
La (> 150 ppm) and Zn (> I 00 ppm) show marked relative 
enrichment in some units, particularly some of those in 
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the Wallaman Falls Volcanics. CaO, Sr and, to a much lesser 
extent, Ba, are commonly depleted. 

Most units in the two formations are unfractionated. Kl 
Rb ratios, for example, remain more or less constant in 
units containing between ~50% and ~75% Si02 . Some 
units in the Glen Gordon Volcanics with higher Si02 

contents show a very poorly defined trend of decreasing 
KJRb ratios with increasing Rb contents, consistent with 
feldspar fractionation. In contrast, the Hinchinbrook 
Granite has a very well-defined trend of increasing Rb 
contents with decreasing K/Rb ratios (Figure 7. 7), 
implying feldspar fractionation played a major role in the 
evolution of the granite. 

Little Forks Volcanics RJ Bultitude 
An enigmatic unit of fine-grained silicic igneous rocks 
crops out over ~2 km2 near the junction of Parrot Creek 
and the Annan River (Little Forks; in COOKTOWN). Jones 
et al. (1990) described the unit as a sequence of felsic lava 
flows and pyroclastic deposits. According to these authors, 
the unit (referred to as the 'Little Forks acid volcanics' on 
their Figure 1, p 1549) unconformably overlies the 
Hodgkinson Formation and is cut by rhyolite/microgranite 
dykes. The unit was assigned to the Little Forks Volcanics 
by Donchak et al. (1992). A conflicting interpretation has 
been presented by Law (1989), who interpreted the unit 
as a high-level intrusive. The most noteworthy features of 
the few rocks examined by the writer are the xenomorphic 
granular groundmass textures, the general lack of obvious 
volcanic textures such as flow banding or eutaxitic 
foliation, and the pervasive alteration (reflected in the 
abundance of sericite and, to a lesser extent, tourmaline). 
The observed field characteristics and micro-textures 
imply these rocks probably form part of a very high-level 
intrusive complex. The unit is moderately deformed. 

Obree Point Volcanics RJ Bultitude, CM Fanning 
The Obree Point Volcanics form scattered outcrops along 
the coast north of Cedar Bay and in the adjacent hinterland 
(in the upper Slaty Creek area). ]he unit is poorly exposed 
away from the coast and its full extent is unknown. The 
dominant rock type in most outcrops is flow banded and 
commonly autobrecciated, porphyritic dacite lava (several 
flows). Other rock types recorded include andesite lava, 
andesitic to dacitic tuff and lapilli tuff, volcanic breccia 
and boulder conglomerate. 
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Figure 7.7. Rb (ppm) versus K/Rb for the Glen Gordon and 
Wallaman Falls Volcanics. Also shown for comparison are 
analyses of the A-type Hinchinbrook Granite. 
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A sample from a dacite lava flow in the Obree Point area 
has recently yielded a SHRIMP age of 299 ± 6 Ma. The 
Obree Point Volcanics, therefore, are older than the mid to 
Late Permian Normanby Formation, which crops out 
farther to the northwest. The unit pre-dates the nearby Late 
Permian granites of the Cooktown and Pieter Botte 
Supersuites - the presence of abundant fine secondary 
biotite (particularly in the dacite lava flows) implies the 
sequence has been thermally metamorphosed. 
Furthermore, the Bunk Creek Granite in the upper reaches 
of Slaty Creek has a prominent chilled margin adjacent to 
the contact with the volcanic rocks, and contains inclusions 
of hornfelsed sedimentary and volcanic rocks. 

Unnamed Volcanic Rocks - Cape Tribulation Area 
RJ Bultitude 
The recently reported volcanic rocks of the Cape 
Tribulation area are very poorly exposed, mainly as 
scattered blocks ranging from <50 em to > 10 m across, in 
dense tropical rainforest. The volcanic rocks west of Cape 
Tribulation were briefly examined by Ewart (1985), who 
regarded them as part of the Hodgkinson Formation. The 
extent of the unit is unknown. Andesitic tuff reported by 
Fawckner (1981 a p93) from the Cape Tribulation area, and 
interpreted by him to be part of the Hodgkinson Formation, 
probably also forms part of this unit. Similarly, hornfelsed 
volcanic siltstone containing altered glass shards (D.E. 
Mackenzie AGSO pers. comm. 1995) at Alexandra Bay 
(GR 3334 82120, Mossman 1:100 000 sheet area) may 
also form part of the unit, rather than the Hodgkinson 
Formation. 

The rocks examined on the ridge extending west from Cape 
Tribulation to the Mount Sorrow Tableland consist mainly 
of massive volcanic breccia (also see Ewart 1985). Clasts 
are dominated by aphyric to moderately porphyritic dacite, 
with subordinate andesite fragments, and scattered rounded 
fragments of arenite and volcanic siltstone and mudstone. 
The presence of scattered angular quartz grains in the 
matrix implies the sequence may have undergone some 
local reworking. Other rock types present include dacitic 
to andesitic tuff (laminated to medium bedded) and 
argillaceous siltstone. 

The volcanic rocks in the Cape Tribulation area are 
tentatively correlated with the late Carboniferous-Early 
Permian Obree Point Volcanics, which crop out farther 
north, along the coast. The sequence is interpreted to pre
date the nearby Late Permian Nulbullulul Granite. Rocks 
adjacent to the granite are extensively recrystallised and 
contain abundant fine metamorphic biotite and secondary 
amphibole, as well as rare tourmaline. Although the unit 
is altered and recrystallised it does not appear extensively 
deformed. 

Granites -Introduction RJ Bultitude 
Numerous granite plutons, oflate Carboniferous-Permian 
age (Table 7.4) are exposed in the region (Atlas Plate 16). 
Many of the granites were emplaced along or adjacent to 
major northwest- to north-trending faults or shear zones. 
Most of the Permian S-type granites (e.g. the Desailly, 
Kelly St George and Cannibal Creek Granites) in 
particular, have pronounced northwesterly or northerly 
elongations. At least some of these S-type granites were 
apparently emplaced along or adjacent to major 
discontinuities in the Hodgkinson Province and underlying 
basement rocks during regional deformational events 
involving significant east-west shortening (Davis 1993, 
1994). 



The late Palaeozoic granites are predominantly medium 
to high-level intrusions. A few (e.g. the Wabaredory 
Granite, Bilch Creek Granodiorite) intrude or are closely 
associated with volcanic rocks of about the same age, and 
may represent subvolcanic intrusions. Most plutons are 
surrounded by relatively narrow (generally <1.5 km) 
contact metamorphic aureoles. The typical country rocks 
in the outermost parts of aureoles developed in the 
Hodgkinson Formation are indurated arenite, and 
mudstone and slate with ill-defined mica-rich spots. The 
inner parts commonly contain porphyroblasts of andalusite 
and cordierite (commonly altered), and rare garnet and 
staurolite (also see Morgan 1964a; Forsythe & Higgins 
1990). 

The Cann ibal Creek Granite is surrounded by an 
exceptionally well-developed aureole, 1-2 km wide. The 
innermost 200-500 m of the aureole consists mainly of 
andalusite schist. Altered cordierite and rare staurolite have 
been reported locally (Bateman 1983, 1985a,b; Davis 
1993). Studies of the metamorphic mineral assemblages 
in the aureole of the Cannibal Creek Granite indicate 
emplacement at pressures of 200-300 MPa (~7-10 km; 
Bateman 1985a). The Tinaroo Batholith is also partly 
enclosed by a wide zone of relatively high-grade (upper 
greenschist-upper amphibolite), regional metamorphic 
rocks (see below). Mancktelow (1974, 1982), deduced that 
the Tinaroo Granite, the major component of the batholith, 
crystallised under a confining pressure of ~250 MPa 
(equivalent to a depth of-9 km). 

Emplacement of the granites of the Almaden Supersuite 
into calcareous rocks of the Chillagoe Formation resulted 
in the extensive development of skarn rocks and marble. 
Wollastonite is very common and tilleyite is present in 
places. Granodiorite adjacent to the calc-silicates has also 
been extensively modified to (sphene-) diopside-bearing 
leucogranite or diopside-plagioclase rock. 

Metamorphic Aureole Around the Tina roo Batholith · 
The Tinaroo Batholith, comprising the Tinaroo Granite and 
Emerald Creek Microgranite (both composite units; e.g. 
Rubenach & Bell 1988) is partly enclosed by a relatively 
wide regional metamorphic aureole. Biotite slates and 
phyllites on the outer fringes of the aureole grade into 
schists which extend up to ~6 km west of the Emerald 
Creek Microgranite (Mancktelow 1974, 1982; Donchak 
& Bultitude 1 994). The schi sts contain andalusite, 
staurolite and garnet (almandine) porphyroblasts.ln several 
places the pelitic rocks within ~10m ofthe contact with 
the Emerald Creek Microgranite are represented by 
gneisses containing quartz, plagioclase, K-feldspar, 
andalusite, biotite, muscovite and sillimanite (fibrolite). 
Lenses of calc-silicate gneiss (commonly with minor 
scheelite; Mancktelow 1982) and amphibolite are present 
locally. Rubenach & Bell ( 1988) concluded that the heat 
for this high-grade metamorphic event was provided by 
the Emerald Creek Microgranite. 

A possible alternative explanation is that the schists and 
gneisses represent an older 'basement' assemblage. 
According to Hammond ( 1986; also see Rubenach & Bell 
1988) the rocks surrounding the Tinaroo Batholith are 
characterised by a distinctive mylonitic foliation that is 
not present in the nearby lower grade rocks of the 
Hodgkinson Formation. Hammond, therefore, postulated 
that the aureole rocks form part of an older assemblage 
(of probable early Palaeozoic age) and that the mylonitic 
deformation occurred before the deposition of the 
Hodgkinson Formation sediments. The aureole rocks, for 
example, may form part of the same postulated basement 
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assemblage as the Barnard Metamorphics exposed farther 
to the southeast. The Barnard Metamorphics have a similar 
mylonitic fabric and range in metamorphic grade. 

Classification of the Granites 

RJ Bultitude, DC Champion 
Mineralogical and chemical characteristics have been used 
to group most of the granites into supersuites following 
the approach of White & Chappell (1983), and Chappell 
& White ( 1984). The supersuites and constituent units are 
listed and briefly described in Table 7.4. The geochemical 
characteristics of S-type granites from the eastern 
Hodgkinson Province are summarised in Table 7 .J. Some 
of the granites - those in the southeast of the region in 
particular- have not been grouped into supersuites. The 
Innisfail- Ingham area, for example, has not been mapped 
in sufficient detail to delineate most of the individual 
plutons. 

The granites for which there is chemical qata have been 
classified using several parameters. The 1-type, S-type and 
A-type classification scheme is based on interpreted source 
rock compositions and provides some primary constraints 
on magma compositions during partial melting. However, 
from the mineralisation perspective, the most important 
features of granites are the aluminium saturation index 
(ASI), the degree of crystal fractionation, and the oxidation 
state. These factors determine the minerals that crystallise 
from the melt, and therefore the behaviour of ore elements 
in the magmas and hydrothermal fluids. For consistency, 
most of the parameters used in this chapter are the same 
as those used by Champion & Heinemann ( 1994) for 
granites of the southern part of the Cairns Region. They 
m-e n~ fcl!c'.V$: 

I. Mafic/felsic index. Mafic rocks have Si02 contents 
(<68% (e.g. see Ewart 1979; Je Maitre 1984, 1989). 

2. Oxidation state, using Fe20 3/Fe0 versus FeO* plots 
and fields modified from Ishihara et al. (I 979) and 
Blevin & Chappell (1992) 

3. Degree of fractionation. Fractionated granites are 
defined as felsic rocks (Si02 > 68%) that show evidence 
of the removal of feldspars by various fractionation 
processes. Such units are distinguished on a Rb-Sr-Ba 
triangular diagram using the fields of El Bouseilly & 
El Sokkary (1975). 

4. Potassium content, using K 20 versus Si02 plots and 
mainly the fields of Peccerillo & Taylor ( 1976). 

Almaden Supersuite- ChiUagoe-Herberton Area 

RJ Bultitude, DC Champion 
The granites of the Almaden Supersuite have a relatively 
restricted distribution compared with those of the other 
major Carboniferous supersuites. Individual plutons range 
in size from ~280 k.m2 (e.g. the Ruddygore Granodiorite 
east of Chillagoe) to <10 k.m2 (e.g. the Airport Quartz 
Diorite east of Mount Gamet). 

The Almaden Supersuite consists predominantly of 
medium-grained biotite- hornblende granodiorite but also 
includes hornblende-biotite granodiorite, (hornblende) 
biotite granite, and quartz diorite (Table 7.4). Some of the 
more mafic units contain clino- and ortho-pyroxene, 
generally in trace amounts- and mainly as relict cores in 
hornblende grains. The Retire Monzodiorite is exceptional 
in that it contains hypersthene, augite, hornblende and 
biotite in roughly equal proportions (~I 0%). 
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a e .. eoc em1ca c aractenstJcs o cnn1an T bl 7 1 G h . I h fp s f h - I ype gramtes o t e eastern a1rns eg1on (modified from Champion I I). C . R . 99 
• l'M.t_:;~~ -· ...... 1t 

.eonsti.tften{flhiiis -~suP.i#u'iies':> . . _, : . 
Mount Form arline Supersuite 

Emera ld Creek Supersuite 

G ROUP I 

Tinaroo Supersuite 

Mount Al to Supersu itc 

Whypa lla Supersui te 

Cannibal Creek Suite 

Curraghmore Suite 

Mount Pike Suite 

Whypalla Suite 

Mount Carbine Suite 

Mareeba Suite 

GROUP2 

Wangetti Supersuite 

Cook town S upersu ite• 

Cooktown G roup 

Cooktown Suite 

Mount Hartley Suite 

Waterfall Suite 

Collingwood Group 

Coll ingwood Suite 

Big Tableland Suite 

Roaring Meg Suite 

Mount Poveny Sui te 

' mg = mg-valuc = 100 MgO/lMgO + FeO + .8998Fe,O,) molecular 
' Agp = Agp>itie Index = AI,O,i(Na10 + K10 ) (molecular) 
'(Ce/Y),; = Ce/Y with both Ce andY norm>lised to chondri!< abundant« 

·~-- o:r;· 

' Cooktown Supcrsuitc granites not assigned to suites have nm been included in this table 

Isotopic age data indicate most oftbe Almaden Supersuite 
granites are late Carboniferous (-300-305 Ma; Table 7.4). 
An exception is the Silver Pot Granodiorite (Champion & 
Heinemann 1994; previously mapped as part of the 
Kalunga Granodiorite) exposed south- southwest of 
Herberton. This unit has yielded Rb-Sr biotite ages of 
276 Ma and 280 Ma (Table 7.4; Black et al. 1978). 

The granites of the Almaden Supersuite show a range in 
Si02 contents from -57% to -72% (Figure 7.8). The 
supersuite contains most of the mafic late Palaeozoic 
1-types exposed in the region. The Almaden Supersuite 
granites are distinguished from granites of the Ootann 
Supersuite by relatively high CaO, Rb and Pb contents 
and Ca/Sr ratios, and low Ba and Sr and K/Rb ratios. 

Claret Creek Supersuite- Chillagoe-Herberton 
Area RJ Bu/titude, DC Champion 
The Claret Creek Supersuite is represented by units of the 
Claret Creek Ring Complex in the Cairns Region 
(Champion 199 1 ). The Claret Creek Ring Complex, 
comprising biotite and hornblende-bearing granodiorite 
and tonalite, biotite microgranite, and comagmatic rhyolitic 
volcanic rocks and dacitic ring dykes, has been described 
in detail by Bailey (1977). The Claret Creek Supersuite 
was emplaced in the late Carboniferous (Black 1980). 
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Relatively high Rb: low CaO, K20 . Pb. Th, Zr, Y. La. Ce 

Relatively high CaO. MgO, mg1
; low K20. Y. Agp2 

Relatively hie.h CaO, Sr, Ba; low Rb. V 

Relatively high Y; low K20, Ga; primitive ENd 

Relatively high Nb. Sc, Mn. Zn, Ga; low Y 

Relatively high Y; low Nb, Sc, Mn, Zn, Ga 

Relatively high P20 5, MgO, 
mg, (Ce/Y)N1: low Y 

Relatively high Y, La. Ce, (Ce!Y),. 

Relatively high Y: low Pb, Th, La, Ce. (CeN)N 

Relatively high Y; low (Ce/Y)N 

Re latively low Zr, Pb 

Relatively high Ni; low Pb, Zr, Ga 

Relative ly high Ti02• Rb, V; low CaO, Sr. Ba 

Relative ly high Al 20 3, P20 5, Zn, Nb, Ga; low K20, Y 

Relatively high K20 , Y; low P20 5, Nb, Ga 

Relatively hie.h AL20 1, CaO. Ba, Sr, V; low U 

High MgO, mg. P20 5, Cr; low Y 
. 

High La, Ce, Th. Zr 

Hi11.h AS I, low Al!.P 

Relatively high K20. Y; low P10s. Nb, Ga 

High Na20. K20; low AS I, Cr, Zn 

High Nb; low Zn 

High Zn; low Nb 

High Nb. Zn, Ga 

The rocks of the complex are characterised by relatively 
low K 20, Rb, U andY contents, as well as K/(K + Na) 
ratios, and high Na20 and Sr contents. These variations 
reflect the abundance of plagioclase and quartz in 
particular, and the relative scarcity of K-feldspar. Si02 
contents in the granitic rocks of the Claret Creek Supersuite 
range from -66% to 76%; both metaluminous and 
peraluminous varieties are represented (Bailey 1977; 
Champion 1991 ). The granites are characterised by 
relatively high Al20 3 and Na20, and significantly lower 
K20 , Th, U and Y contents compared with the granites of 
the Almaden, Ootann and O'Briens Creek Supersuites 
(Figure 7 .9; Champion 1991 ). Relatively high Na20 
contents characterise the Claret Creek Supersuite. 

Hammonds Creek Granodiorite- Chillagoe-Herberton 
Area RJ Bultitude, DC Champion 
The Hammonds Creek Granodiorite (Blake 1974), which 
crops out southwest of Mount Garnet, was formerly 
assigned to the Almaden Supersuite (e.g. Champion 1991 ). 
However, the available chemical data define two distinct 
fields on some variation diagrams (e.g. Figure 7.9). One 
group plots with the Almaden Supersuite for most elements 
and the other with the Claret Creek Supersuite (Figure 7 .9). 
Notable exceptions are Na20 and Sr. The Hammonds Creek 
Granodiorite generally contains significantly less Na20 
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Figure 7.8. Harker-type variation diagrams showing chemical differences between granites of the Almaden, O'Briens Creek and 
Ootann Supersuites. 

than the Claret Creek Supersuite rocks and plots with the 
Almaden Supersuite. Conversely, Sr contents are 
significantly higher in those samples of Hammonds Creek 
Granodiorite which closely resembles the Almaden 
Supersuite for most other elements (e.g. Figure 7.9). The 
chemical data, therefore, strongly imply the Hammonds 
Creek Granodiorite is a composite unit. 

O'Briens Creek Supersuite- Chillagoe-Herberton 
Area RJ Bultitude, DC Champion 
The O'Briens Creek Supersuite comprises fractionated 
biotite granite and subordinate biotite leucogranite (Table 7.4), 
which crop out over ~2500 km2 in the Cairns and 
Georgetown Regions. Granites of the O' Briens Creek 

Supersuite commonly form relatively large (>200 km2
) 

plutons (e.g. the Emuford Granite) that are extensively 
intruded by finer grained granite and leucogranite. 

Johnston & Black (1986) reported the ages of the granites 
of the Nettle and Go Sam Suites to be ~308-315 Ma. Black 
(1978) and Black et al. (1978) reported Rb-Sr isotopic 
ages of ~309-315 Ma fo r granites and associated 
mineralisation in the Emu ford and Herberton areas. Black 
et al. (1978) also recorded the presence of a ~300 Ma 
granite (currently mapped as part of the Saint Patricks Hill 
Granite) near Herberton. The data, therefore, indicate the 
O'Briens Creek Supersuite granites adjacent to and east 
of the Palmerville Fault are mainly older than the granites 
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Figure 7.9. Harker-type variation diagrams showing chemical differences between granites of the Almaden, Claret Creek and 
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(1969, 1977), Sheraton (1974), Richards (1981) and Champion (1991). The Claret Creek Supersuite includes extrusive rocks of the 
Claret Creek Ring Complex. 

of the Ootann and Almaden Supersuites in the same general 
area. 

The O'Briens Creek Supersuite granites, as well as the 
more felsic members of the Ootann Supersuite, show 
widespread pervasive alteration of plagioclase, K-feldspar 
and biotite, and extensive growth of secondary minerals 
such as chlorite, secondary biotite, muscovite, albite and 
fluorite . These changes have been documented by Pollard 
(1984, 1988), Witt (1987) and Taylor & Pollard (1988), 
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who deduced that they represent in situ interaction between 
grains and residual late-magmatic fluids. A significant 
result of these studies is that the alteration essentially 
represented a closed system and was mainly isochemical 
at the scale of the sampling. That is, element abundances 
and geochemical trends shown by the majority of the 
O'Briens Creek Supersuite granites reflect primary 
magmatic crystallisation processes. The granites of the Go 
Sam and Herberton Suites are exceptions. According to 
Johnston & Black (1986) and Clarke (1995) these granites 



show evidence of hydrothermal alteration which resulted 
in significant element transfer - presumably with 
circulating magmatic? fluids derived from somewhere else. 

Granites of the O'Briens Creek Supersuite are 
distinguished by their elevated Th, Zr, Y, Nb, F and HREE 
contents and Ca/Sr ratios compared with the other granites 
in the Chillagoe-Herberton area (Johnston & Black 1986; 
Pollard 1988; Champion 1991; Figure 7 .8). The granites 
are extensively mineralised. The elevated Sn and Nb, as 
well as F, Rb, U, Th, Zr, Ga and Li abundances, which 
characterise the late granites oft he Go Sam Suite, resulted 
mainly from extensive fractionational crystallisation 
the high Sn and Nb contents reflecting precipitation of 
cassiterite and columbite (Johnston & Black 1986; Pollard 
1988; Champion 1991). 

Ootann Supersuite- Chillagoe-Herberton Area 
RJ Bultitude, DC Champion 
The Ootann Supersuite is the most extensive of the 
supersuites in the Cairns region and also extends west of 
the Palmerville Fault. The granites of the Ootann 
Supersuite (Table 7 .4) are generally more felsic than those 
of the Almaden Supersuite (Si02 > -70%; Figures 7.8, 
7 .9). Rock types range from hornblende-biotite 
granodiorite to biotite leucogranite and aplite; 
(hornblende-) biotite granite predominates. 

Emplacement ages for members of the supersuite range 
from -3 ) 5- 290 Ma. Members of the supersuite (e.g. the 
Ootann Granite) which form extensive outcrops in the 
central part of the belt, are about 300 Ma and essentially 
the same age as the nearby Almaden Supersuite granites. 
ln most places where granites of the two supersuites are 
in contact, those of the Ootann Supersuite intrude those 
of the Almaden Supersuite. 

The granites of the Ootann Supersuite show a relatively 
restricted range in Si02 contents - from -70 to 78% Si02 
(Figure 7 .8). The felsic members are slightly peraluminous. 
The supersuite (and also the O'Briens Creek Supersuite) 
is characterised by relatively low Sr contents and SrN 
ratios, large negativeEu/Eu anomalies, and evolved initial 
87Sr/ 86Sr ratios and eNd values (Champion 1991; 
Champion & Chappell 1992). More evolved members of 
the supersuite are depleted in Ti02, FeO*, MgO, CaO, Ba, 
Sr, Sc, V, Cr, Ni and Eu, and enriched in Rb, Pb, Th and U. 
The Ootann Supersuite is distinguished from the O'Briens 
Creek Supersuite by significantly lower concentrations of 
HFSE, HREE and F. Chemical trends in these two 
supersuites were controlled by fractional crystallisation 
involving mainly plagioclase, together with some quartz 
and K-feldspar (in the most felsic units; Champion 1991; 
Champion & Chappell 1992). 

Lags Supersuite and Maneater Gra nodiorite
Chillagoe-Herberton Area RJ Bultitude 
Scattered dykes, lenses, and small plutons of Early Permian 
(-280 Ma; Table 7.4) microgranite cut and crop out within 
and adjacent to the Featherbed Volcanic Group. These Early 
Permian microgranites have extensively infilled ring 
fractures bounding the major cauldron subsidence areas 
in which tbe volcani~ .rocks acc~mulate_d . . Th.t:Y. range in 
composition from biotite microgranite to hornblende
biotite microdiorite (Bultitude et al. 1993b; Mackenzie et 
al. 1993), and are generally slightly to highly porphyritic. 
Phenocrysts consist mainly of quartz, K-feldspar and 
plagioclase. 

Hornblende and biotite in various proportions are the 
typical mafic minerals, although hornblende is absent from 
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the more silicic units, such as the Lags Microgranite. A 
noteworthy feature is the complex mineralogy displayed 
by the more mafic granites e.g. the Saint Helena 
Monzogranite. This unit contains minor hypersthene and 
garnet and rare augite, as well as hornblende and biotite, 
and there are generally complex reaction relationships 
between the various mafic minerals. 

The microgranites are distinguished chemically by 
relatively high Ba and Zr contents, moderately high Ce, Y, 
Zn and Ga concentrations, and high Ga/AI ratios. They 
are only slightly fractionated or unfractionated and are A
types (Mackenzie 1990; Bultitude et al. l993b). 
Furthermore, the intrusive rocks have compositions 
strikingly similar to those of the Early Permian volcanic 
rocks (with A-type affinities) of the Featherbed Volcanic 
Group (Bultitude et al. 1993b ), with which they are closely 
associated. These similarities in composition and age 
indicate the two suites are genetically related. · 

The Timber Top Volcanic Subgroup of the Featherbed 
Volcanic Group is intruded by several high-level plutons 
ranging in composition from granodiorite or dacite to 
granite. These plutons have been mapped as theManeater 
Granodiorite (Mackenzie et al. 1993; Bultitude et al. 
1996a). The mafic minerals consist mainly of hornblende 
and biotite. More mafic units also contain traces of 
clinopyroxene and orthopyroxene, as well as rare garnet 
(also see Mackenzie et al. 1993). Apatite is relatively 
common. Some plutons are characterised by granophyric 
textures. 

The Maneater Granodiorite has not been isotopically dated. 
However, the unit is most probably Early Permian. The 
rocks have A-type chemical affinities and are genetically 
related to the dacitic to rhyolitic rocks (A-types) of the 
Timber Top Volcanic Subgroup. 

Most of the analysed samples of Maneater Granodiorite 
are chemically distinct from the other Early Permian high
level intrusive units (also A-types) that intrude rocks of 
the Featherbed Volcanic Group farther to the west and 
southwest. All were included in the Lags Supersuite by 
Bultitude et al. ( 1996a), based on field and mineralogical 
characteristics (no chemical analyses were available at the 
time). However, the Maneater Granodiorite should 
probably be assigned to a discrete supersuite. 

Mount Formartine Supersuite- Cairns-Cape 
Melville Area RJ Bultitude, DC Champion 
The S-type Mount Formartine Supersuite (Champion 
1991; Champion & Bultitude 1994) comprises one unit 
- the Mount Formartine Granite ofWillmott et al. ( 1988). 
The Mount Formartine Granite (Table 7.4) consists of 
several small, generally elongate intrusions in the east of 
the region. The few plutons that had been recognised before 
the recent mapping ofWillmott et al. ( 1988) and Cranfield 
& Hegarty ( 1989) had been mapped as part of the Mareeba 
Granite (de Keyser & Lucas 1968). 

Willmott et al. (1988) reported muscovite to be the 
dominant mica at a few localities, but biot ite is 
predominant in the outcrops we examined. The unit is 
commonly very extensively deformed and recrystallised. 
It is also characterised by the presence of a widespread, 
locally intensely developed (mylonitic) foliation with the 
same orientation as the main regional north-northwesterly 
striking cleavage in the enclosing country rocks. 

The larger intrusions are surrounded by narrow but distinct 
hornfels zones in the enclosing Hodgkinson Formation 

243 



CHA PTER SEVEN Cairns Reslon 

metasedimentary rocks (Cranfield & Hegarty 1989). 
Willmott et al. (1988) reported andalusite porphyroblasts 
in argillite near the contact with a pluton of Mount 
Formartine Granite. 

Extensively recrystallised and intensely foliated granite 
from the northern end ofTrinity Beach has yielded a K-Ar 
biotite age of 247 ± 2 Ma (Willmott et al. 1988). We 
interpret this date as a reset, metamorphic age rather than 
the age of crystallisation of the granite. Significantly, it is 
similar to ages pbtained from extensively deformed 
granites of the Cooktown and Whypalla Supersuites farther 
north and west, some of which have yielded Early Permian 
U-Pb zircon (SHRJMP) isotopic ages (interpreted to be 
crystallisation ages; Bu ltitude & Champion 1992). 
Consequently, the emplacement age of the Mount 
Formartine Granite is uncertain. The unit has been 
interpreted as Early Permian (Bultitude & Champion 1992; 
Bultitude et a!. 1996a), mainly because of its association 
with other granites of that age in the central and eastern 
parts of the Cairns Region. 

The Mount Formartine Granite is one of the most mafic 
granites in the eastern Hodgkinson Province. The analysed 
samples of Mount Formartine Granite are characterised 
by relatively high Ti02, FeO* andY, and low Si0 2, CaO, 
K20, Ce, La, Pb, Rb;Th and Zr contents, compared with 
most Permian S-type granites of similar Si02 or FeO* 
content in the eastern Hodgkinson Province (Champion 
1991; Champion & Bultitude 1994). 

Bellenden Ker Batholith 

RJ Bultitude, DC Champion, CM Fanning 
Units, including the 1-type Bartle Frere Granite, forming 
the Bellenden Ker Batholith (see Willmott et al. 1988; 
Bultitude & Champion 1992 for discussions on the usage 
of this term) had been mapped as part of the Mareeba 
Granite by de Keyser & Lucas ( 1968). Willmott et a!. 
( 1988) subsequently mapped the northern half of the 
batholith and delineated the Bellenden Ker Granite as well 
as several unnamed, informal units. 

As currently mapped, most of the Bellenden Ker and 
Mal bon Thompson Ranges consist of the Bellenden Ker 
Granite (Willmott et al. 1988). The unit comprises 
extensive outcrops of variably and commonly extensively 
deformed (mylonitised), coarsely and highly megacrystic, 
relatively biotite-rich granite. Scattered pods of finer
grained, more even-grained, felsic (garnet-altered 
cordierite?- tourmaline-muscovite-) biotite granite are 
common around the margins of the megacrystic granite, 
particularly in the northern part of the Bellenden Ker Range 
and at Bessie and Palmer Points. Walshs Pyramid, for 
example, consists of medium-grained, even-grained to only 
slightly porphyritic (tourmaline- muscovite- ) biotite 
granite, which is significantly more highly fractionated 
and biotite poor than the type Bell en den Ker Granite. Most, 
probably all, of these pods post-date the type Bellenden 
Ker Granite but their ages and extents have not been 
established. 

Deformational effects in the Bel lend en Ker Granite range 
from slight to very extensive. A mylonitic foliation with 
prominent 'S' and 'C' planes is well developed in the 
summit area and eastern side of the Bellenden Ker Range 
and on the eastern side of the Graham Range. The 
Bellenden Ker Range is bounded to the east by the Russeii
Mulgrave Shear Zone. Kinematic indicators in deformed 
granite west of the shear zone indicate a dominant east
block-up sense of shear. 
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A sample of coarsely megacrystic granite similar to that 
in a type locality (one of two; Willmott et at. 1988) of the 
Bellenden Ker Granite at Keameys Falls has yielded a 
SHRIMP age of 280 ± 4 Ma. K-Ar ages (corrected) of 
238 Ma and 251 Ma had been previously obtained on 
samples ofBellenden Ker Granite (Richards et at. 1966). 
The 251 Ma date is virtually identical to those dates yielded 
by samples of extensively deformed granites from 
elsewhere in the eastern Hodgkinson Province (Bultitude 
& Champion L 992). It is interpreted as a reset, deformation 
age and not the age of crystallisation of the granite (cf. 
Willmott et al. 1988). The 238 Ma date is possibly also 
the result of argon loss during the shearing event, as 
suggested by Richards ( 1980). 

The Bellenden Ker Granite defines several discrete groups 
on P20 5 versus Si02, and Ce and La versus FeO* plots as 
well as for other elements. The data imply that the unit 
probably consists of several chemically distinct groups. 
Geochemically, the unit is broadly similar to the S-type 
Whypalla and, to a lesser extent, the Cooktown Supersuites. 
The Bellenden Ker Granite is distinguished from the latter 
by relatively high K20 , Pb and V, and low CaO and Sr 
contents, as well as by contrasting trends displayed by 
elements such as Ce and La on Harker-type variation 
diagrams (Figure 7.10). P20 5 decreases with increasing 
Si02 in most samples (Figure 7. 10), in contrast to the 
common S-type trend (in fractionated granites) of 
increasing P20 5 with increasing Si02 (Chappell & White 
1992; Chappell & Champion 1994). However, the P20 5 
contents remain relatively high compared with 1-types of 
similar Si02 contents. Some of the felsic granites in the 
batholith are highly fractio.nated (e.g. the granite forming 
Walshs Pyramid), with up to 590 ppm Rb, but the majority 
have not undergone significant feldspar fractionation (Rb 
< 300 ppm). 

The Bartle Frere Supersuite comprises one unit - the 
Bartle Frere Granite (Table 7.4). The Bartle Frere Granite 
forms a prominent, rugged stock at the southern end of 
the Bellenden Ker Range and was included in the 
Bellenden Ker Batholith by Willmott et al. ( 1988). It was 
formerly mapped as part of the Mareeba Granite (de Keyser 
1964; de Keyser & Lucas 1968), but is mineralogically 
and chemically distinct. The Bartle Frere Granite contains 
minor hornblende (<biotite) and traces of primary sphene, 
allanite and ilmenite. It is therefore classified as a reduced 
1-type. 

The Bartle Frere Granite is very similar chemically to the 
granites of the Cape Melville and Pieter Botte Supersuites. 
It is more felsic than the Yates Supersuite granites. The 
unit is characterised by relatively high Si02, Na20, total 
alkalies, Ga, Sn and Zr contents, and low A120 3, CaO, Ba 
and Sr concentrations compared with the granites of the 
Yates Supersuite. The supersuite is distinguished from the 
granites of the Cape Melville and Pieter Botte Supersuites 
mainly by relatively high Alz03, Na20 , Ga and Sr and low 
K20, Rb, Th and Zr contents. The Bartle Frere Granite, 
like the granites of the Pieter Botte and Yates Supersuites, 
is cut by dykes and pods of more highly fractionated, finer 
grained leucogranite (Figure 7 .II). At least some of the 
microgranites contain traces of hornblende, as well as 
minor biotite. 

The granites of the Bellenden Ker Batholith appear to have 
been emplaced at about the same level as the granites of 
the major supersuites recognised elsewhere in the eastern 
Hodgkinson Province. Microgranite dykes, which cut the 
Bartle Frere Granite, contain small miarolitic cavities. 
Furthermore, Willmott et al. (I 988) reported the presence 
locally of narrow hornfels zones typical of relatively high-
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level contact aureole granites (White et al. 1974) in the 
metasedimentary rocks surrounding the Bellenden Ker 
Granite. 

The Bellenden Ker Granite and nearby granites of the S
type Whypalla Supersuite have broadly simi lar 
petrographic, geochemical and field characteristics. AI 
concentrations in biotites of the Bellenden Ker Granite 
are similar to those in biotites (with similar mg-value) in 
S-type granites of the Whypalla and Cooktown 
Supersuites. 

Emerald Creek Supersuite- Cairns-Cap~ MelviUe 
Area RJ Bultitude, DC Champion 
The Emerald Creek Supersuite comprises one mapped unit 
-the Emerald Creek Microgranite. The Emerald Creek 
Microgranite crops out in the southwestern part of the 
Tinaroo Batholith and contains biotite and muscovite in 
rough ly equal amounts. The contact between the 
microgranite and metasedimentary rocks mapped as part 
of the Hodgkinson Fom11ition is ·reported' fo be ·shallowly 
dipping (Mancktelow 1974, 1982; Rubenach & Bell 1988). 
According to Mancktelow, the shallow dip resulted in the 
development of a diffuse contact zone, up to -300m wide, 
containing high-grade regional metamorphic rocks. The 
age of the Emerald Creek Microgranite is uncertain. The 
unit may be significantly older than the nearby granites of 
the Tinaroo and Whypalla Supersuites. 

Despite mineralogical similarities, the Emerald Cre_ek 
Microgranite is geochemically_ distinct compared With 
units of similar Si02 contents in the Tinaroo and Whypalla 
Supersuites (Champion 1991). The Emerald Creek 
Microgranite is characterised by relatively high CaO and 
MgO contents and mg-values, and low K20, Y and Agp 
(Figure 7.12). 

Tinaroo Supersuite - Cairns-Cape Melville area 
RJ Bultitude, DC Champion 
The Tinaroo Supersuite consists of one unit - the 
composite Tinaroo Granite (Rubenach & Bell 1988; 
Willmott et al. 1988; Table 7.4). The Tinaroo Granite has 
yielded K-Ar biotite and muscovite ages (corrected for 
spike and calibration errors) ranging from 268 Ma to 283 
Ma and Rb-Sr ages in the range from 253 Ma to 285 Ma 
(most calculated using assumed initial 87Sr/86Sr ratios in 
the range 0.71 0-0.715)(Richards et al. 1966; Black 1978 
1980; Champion 1991). The majority are in the 2_70-:-280 
Ma.rang~ (see Bl!lti11Jd~ _& Champi~n . ~ 992). They md1cate 
the unit is most probably Early Permian and about the same 
age as units in the Whypalla Supersuite. The relatively 
young K-Ar dates probably represent reset or partially reset 
ages that resulted during subsequent deformation(s) in the 
region during the Hunter-Bowen Orogeny. 

The Tinaroo Granite has s imilar mineralogical, 
petrographic and geochemical characteristics to units in 
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the Whypalla Supersuite (e.g. Figure 7.12) and possibly 
should be included in that supersuite. However, despite 
these similarities, the unit is distinct isotopically. The 
Tinaroo Granite is characterised by a primitive eNd value 
( -2.0 l, at 280 Ma) compared with members of the 
Whypalla Supersuite (- 3.85 to - 6.43, at 280 Ma; 
Champion 1991; Champion & Bultitude 1994). 

Mount Alto and Wangerti Supersuites -CairnS
Cape Melville Area RJ Bultitude, DC Champion 
The S-type Mount Alto and Northedge Granites, which 
crop out over relatively small areas south of Mount 
Carbine, were originally assigned to the Mount Alto 
Supersuite (Champion 1991 ; Champion & Bultitude 
1994). However, additional mineralogical and geochemical 
studies indicate the Northedge Granite closely resembles 
granites of the Whypalla Supersuite. Consequently, we 
have assigned the Northedge Granite to the Whypalla 
Supersuite. Both granites were previously mapped or 
described as part of the Mareeba Granite (Morgan 1964a; 
de Keyser & Lucas 1968; Sheraton & Labonne 1974, 
l978). 

The Wangetti Granite, the sole member of the Wangetti 
Supersuite, was delineated as a unit distinct from the 
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Mareeba Granite by Willmottet al. (1988). Willmott et al. 
interpreted the unit as a zoned pluton with a relatively 
mafic core of porphyritic muscovite-biotite granite 
(subunit Prgw2) and a more extensive rim of even-grained, 
leucocratic tourmaline-muscovite-granite (subunit Prgw1). 

The latter is very similar mineralogically (and chemically) 
to the Mount Alto Granite. They share the distinction of 
being the only granites in the eastern Hodgkinson Province 
in which biotite is generally absent and tourmaline displays 
textural features indicative of early crystallisation. The 
Mount Alto Granite also contains traces of manganiferous 
garnet, whereas garnet has not been detected in the 
Wangetti Granite. 

The S-type granites of the Mount Alto and Wangetti 
Supersuites are characterised by marked element 
enrichments and depletions compared with the granites 
of the Whypalla and Cooktown Supersuites - the two 
majorS-type groups in the region. The Mount Alto Granite 
is one of the most highly fractionated granites in the eastern 
Hodgkinson Province. Analysed samples contained >800 ppm 
Rb (Figure 7.13). 

The geochemical trends shown by the granites of the 
Mount Alto and Wangetti Supersuites are mainly due to 
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fractional crystallisation processes. They are similar to 
those documented for many other highly fractionated S
type magmas (e.g. Pichavant et al. 1987, 1988; Mackenzie 
et al: 1988; Kontak 1990; ~anning & Hill 1990). The 
grarutes are moderately to htghly peraluminous; the ASI 
ranges from 1.1 to > 1.2 in the most highly evolved rocks. 
Major element trends displayed by the Mount Alto and 
Wangetti Supersuites are similar to those shown by the 
Cooktown Supersuite granites (e.g. Figure 7.14). Ti01, 

CaO and MgO decrease to very low amounts with 
decreasi~g Feq•. P20 s increases markedly in the Wangetti 
Supersutte (Ftgure 7 . 14) so that the Ca0/ P20 5 ratio 
approaches unity in the most highly fractionated rocks. In 
contrast, P20 s contents do not change marked ly with 
fractionation (e.g. increasing Rb) in the Mount Alto 
Supersuite. However, t11ey do not decrease to the very low 
amounts fou~d in highly fractionated 1-type granites -
e.g. Carbomferous 1-type granites in the Chillagoe
Herberton area to the south and southwest (Champion & 
Chappell 1992). 

Trace element trends defined by the granites of the two 
supersuites are similar to, but more pronounced than those 
delineated by most granites of the Cooktown and Whypalla 
Supersuites. Rb, Rb/Ba, Rb/Sr, Cs, U, Nb, Ta, Sc, Mn, Zn, 
Ga·and Sn increase markedly and Ba, Sr, Pb, Th, Zr, Hf, Y, 
HREE, LREE, (Ce/ Y)N, Eu, V, Cr, Ni and K /Rb 
significantly decrease with increasing differentiation in 
these granites (e.g. Figures 7 .13, 7.14; Champion 199 1· 
Champion & Bultitude 1994). ' 

t 
' ' I I ' ' ' ' I ' 

' ~ 0 

~~ 

• 0 

25 .. 
" 6 

0 
~ 

20 .. \\,,.. .... 
" 6"'6"&~~ 6.~ ....... 

15 
6 6'\g ~66 t 

6 " .. 
" .... 

2 .3 4 
Total Fe OS FeO 

.30 
,. 

0 

25 o. 
0 

20 
D z • 15 

.$"*!! 
10 •)~6 .. .. 6 6 9 ~'9. "" 

" .. 0 

5 
0 4 • A • 

• "" 
2 .3 4 

T·o l a l· F·e · os FeO 

C HAP TE R SE V EN Cairns Region 

Whypalla Supersuite - Cairns-Cape Melville Area 
RJ Bultitude, DC Champion, CM Fanning 
Granites of the Whypalla Supersuite (Table 7.4) form an 
extensive northwest-trending belt in the central and eastern 
parts of the Hodgkinson Province. The Whypalla 
Supersuite corresponds mainly to the Mareeba and 
Cannibal Creek Granites of Amos & de Keyser (1964) 
and de Keyser & Lucas ( 1968). The units consist 
predominantly of(gamet- tounnaline-muscovite-) biotite 
granite, cut by scattered dykes and pods of microgranite. 
Many of the units, particularly the Mount Carbine and . 
Whypalla Granites, have several textural and compositional 
variants. Most of these probably represent discrete plutons. 
Rare screens of hornfelsed country rocks are present 
locally between adjacent plutons. The presence of early 
crystallised garnet, rare sillimanite, interstitial apatite and 
!ow:maline, together with their peraluminous character, 
tndtcates the Whypalla Supersuite granites are most 
probably S-types. 

Miarolitic cavities have been detected in only a few units 
(e.g. _the K.elly _St George and Koobapa Granites). Their 
relattve scarctty compared with the granites of the 
Cooktown Supersuite may imply slightly deeper levels of 
emplacement. 

The granites of the Whypalla Supersuite have yielded a 
relatively wide range of isotopic ages (Richards et al. 1966; 
Black 1978; Forsythe & Higgins 1990; Bultitude & 
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Champion 1992; unpub. data). Most are in the range -275-
285 Ma - these are probably close to the crystallisation 
ages. Partial to complete resetting during the Hunter
Bowen Orogeny (in the Late Pennian-Early Triassic) is 
reflected in some of the K-Ar and Rb-Sr dates. The Mowtt 
Pike Granite, for example, has yielded an anomalously 
young Rb-Sr age of255 ± 2 Ma and an even younger K-Ar 
age (240 ± 2 Ma; Bultitude & Champion 1992). A 
SHRIMP age of 284 ± 4 Ma was subsequently obtained 
from another portion of the same bulk sample from which 
the specimens used for the K-Ar dating were obtained. 
We interpret this to be the crystallisation age of the unit. 

Bateman (1983, 1989) recorded a Rb-Sr age of270 Ma 
for the Cannibal Creek Granite and interpreted it as a reset 
Devonian crystallisation age. There is no field evidence 
to support this hypothesis. Another sample collected from 
the unit by R J Bultitude yielded a Rb-Sr whole rock
biotite age of275 Ma. In addition, SHRIMP analyses of 
zircons from the same sample yielded an age of299 ± 5 Ma. 
This date is thought to represent a mixed age resulting 
from the presence of only very narrow rims of younger 
(Early Permian) magmatic zircon on cores of older 
(inherited) zircon. 

The slightly to moderately peraluminous granites of the 
Whypalla Supersuite are characterised by (at similar FeO" 
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contents) higher CaO, Ba, Sr and Pb concentrations and 
K/Rb ratios, and lower P20 5, Ti02, Rb, V, Cr, Cu and Sn 
contents (Figure 7.15; Champion 1991; Champion & 
Bultitude 1994) compared with the granites of the 
Cooktown Supersuite. A few felsic, highly fractionated 
granites and microgranites show element enrichments and 
depletions similar to those displayed by the Cooktown 
Supersuite. The geochemical trends displayed by the 
Whypalla (and Cooktown) Supersuite granites (e.g. 
increasing Rb, decreasing Zr and Ba, and decreasing K/Rb 
and increasing Rb/Sr ratios with decreasing FeO) imply 
that fractional crystallisation (mainly of feldspar) played 
a significant role in their evolution. 

The geochemical characteristics are consistent with 
derivation from an immature, relatively Ca-rich 
supracrustal source (Champion 1991; Champion & 
Bultitude 1994). 

Cook town Supersuite- Cairns-Cape MelviUe Area 
RJ Bultitude, DC Champion, CM Fanning 
Granites of the S-type Cooktown Supersuite (Table 7.4) 
fonn a north-northwest striking belt to the northeast of 
the belt of Whypalla Supersuite granites. Units at the 
southern end of the belt (in MOSSMAN) were previously 
mapped as part of the Mareeba Granite (Amos & de Keyser 
1964; de Keyser & Lucas 1968); plutons farther north (in 



COOK TOWN) were mapped as Finlayson Granite and, in 
the far north (Barrow Point area in CAPE MELVJLLE), 
they were mapped as part of the Altanmoui Granite (Lucas 
& de Keyser 1965a). 

The granites are epizonal, as indicated by the widespread 
distribution of miarolitic cavities and granophyric 
intergrowths of quartz and K-feldspar that are generally 
regarded to indicate high-level crystallisation ( <200 MPa, 
Burnham & Ohmoto 1980). The relatively narrow, low
grade contact metamorphic aureoles developed in the 
enclosing country rocks also imply high levels of 
emplacement. 

The presence of altered cordierite, the widespread 
distribution and local abundance oftourmaline, the relative 
abundance of K-feldspar, and the scarcity of garnet are 
the main mineralogical features which distinguish the 
Cooktown Supersuite granites from those of the Whypalla 
Supersuite. Furthermore, plagioclases in the more mafic 
units of the Whypalla Supersuite are characterised by 
significantly more calcic cores (up to -AI16o) than those in 
the Cooktown Supersuite. 

The granites of the S-type Cooktown Supersuite are 
characterised by the presence of abundant inherited zircon 
grai ns with only very narrow rims of zircon that 
crystallised during the latest (Permian) magmatic event. 
A sample of a Cooktown Supersuite granite from 
Cooktown has yielded a SHRJMP crystallisation age of 
275 ± 5 Ma, implying the age difference between at least 
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some representatives of the Cooktown and Whypalla 
Supersuites may be < 20 My. Richards et at. ( 1966) and 
Black ( 1978) had previously proposed that most of these 
granites are -15-20 My younger than those of the 
Whypalla Supersuite (essentially their Mareeba Granite). 

Most of the K- Ar mica ages reported by Richards et at. 
( 1966) are thought to reflect partial to complete resetting 
of the radiogenic isotopes during the previously 
unrecognised major Late Permian- Triassic orogeny that 
affected much of the eastern Cairns Region (Bultitude & 
Champion 1992). 

Most of the Cooktown Supersuite granites are very felsic. 
ASI values and P20 s contents, contrary to trends in many 
other granites, increase with fractionation (i.e. decreasing 
K/Rb; Figure 7 . 16). The tendency for P20s to increase with 
fractionation has been attributed to the greater solubility 
of apatite in highly peraluminous melts (e.g. Cuney & 
Friedrich 1987; Monte! et al. 1988; al though cf. Sawka et 
at. 1990). 

K20 contents are relatively high in the Cooktown 
Supersuite granites and decrease with fractionation (Figure 
7 .16). The high K20 and low to moderate Na20 and CaO 
contents of the Cooktown Supersuite (e.g. see Figures 7.15, 
7.16) are characteristics ofS-type granites in general (e.g. 
Chappell & White 1984). 

Th and U show divergent behaviour. U increases with 
decreasing K/Rb (Figure 7 .16). In contrast, Th decreases 
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markedly. Such trends forTh and U are common in felsic 
S-type granites elsewhere and are generally attributed to 
the fractionation of monazite (e.g. Miller & Mittlefehldt 
1982; Rapp & Watson 1986), which has low solubility in 
peraluminous melts (e.g. Monte I 1986; Cuney & Friedrich 
1987; Rapp et al. 1987). The marked decrease in LREE 
abundances in the Cooktown Supersuite granites (e.g. 
Figure 7.16) are consistent with such an hypothesis. The 
abundances of the HREE andY also decrease markedly in 
the Cooktown Supersuite granites with fractionation, from 
-20 to 5 times chondrite (Figure 7.16). Eu concentrations 
also decrease. 
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The variations in trace element abundances displayed by 
the granites of the Cooktown Supersuite, as indicated by 
Rb-Ba-Sr relationships and K/Rb, Rb/Sr and Rb/Ba ratios, 
indicate feldspar fractionation played the dominant role 
in their evolution. 

Granjtes of the Cooktown Supersuite are cut by dykes of 
aphyric to highly porphyritic microgranite/rhyolite. 
Locally, the dykes form small swarms in the Rossvill~ 
Shiptons Flat area south of Cooktown. The dykes are 
commonly extensively deformed. They pre-date the Late 
Permian-Triassic Hunter-Bowen Orogeny, which 
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produced extensive deformation in the eastern Cairns 
Region. One of the dykes cuts granite of the Yates 
Supersuite which has yielded a Rb-Sr age of259 ± 1 Ma. 

The dykes form two main chemical groups. Members of 
each group are commonly closely associated spatially. One 
group is characterised by relatively mafic (unfractionated) 
compositions compared with the Cooktown Supersuite 
granites and is compositionally similar to granites of the 
Whypalla Supersuite. The more felsic group is similar 
chemically to Cooktown Supersuite granites. 

Cape Melville Supersuite- Cairns-Cape Melville 
Area RJ Bultitude, DC Champion, CM Fanning 
The units of the Cape Melville Supersuite (Table 7.4) were 
mapped as Altanmoui Granite by de Keyser & Lucas 
( 1968). Lucas ( 1964) and Morgan ( 1964b) had previously 
expressed doubts on the validjty of mapping all the granites 
adjacent to the coast in the far north of the region as part 
of the same unit. The Cape Melville Supersuite (as well as 
the Pieter Botte Supersuite) is characterised by a relatively 
restricted range of modal (and geochemical) compositions, 
especially compared to the Yates Supersuite. 

The Cape Melville Supersuite granites are !-types, 
indicated by the presence of traces of hornblende and 
allanite and geochemical characteristics. Enclaves are 
common and locally conspicuous in the Cape Melville and 
Altanmoui Granites, especially the former. Among the 
more unusual enclaves in some of the Cape Melville 
Supersuite granites are scattered inclusions of quartz (to 
15 em), and thinly banded biotite gneiss and other biotite
rich, high-grade metamorphic rocks, some of which 
contain corundum porphyroblasts up to -3 mm long 
(Bultitude & Champion 1992; Bultitude 1993). The 
presence of these enclaves may indicate some assimilation 
or minor mixing of supracrustal rocks in the granitic 
magmas of the Cape Melville Supersuite. 

Recent Rb-Sr biotite-whole rock dating (Bultitude & 
Champion 1992) yielded ages of277 Ma, 279 ± 2 Ma and 
281 ± 2 Ma for the Altanmoui and Cape Melville Granites. 
These results are similar to the ages of the Whypalla 
Supersuite granites and the western belt of Yates 
Supersuite granites. 

The Cape Melville Supersuite granites are generally 
slightly peraluminous, with normative corundum contents 
as high as -1 .3%. They are distinguished from the Yates 
Supersuite by higher K20, Th, Zr, Nb, Y and Cu, and lower 
Ah03, MgO, CaO, Sr, V and Cr contents, as well as lower 
mg-va1ues. The Cape Melville Supersuite granites have 
similar major element contents to the granites of the 
Ootann Supersuite (Champion & Chappell 1992), but are 
distinguished by their trace element abundances. The Cape 
Melville Granite, in particular, is characterised by relatively 
high(> 250 ppm) Zr concentrations- much higher than 
those in the Carboniferous 1-type granites to the southwest 
(Champion & Chappell 1992). The relatively high Zr in 
the Cape Melville Granite is matched by enriched LREE 
abundances (e.g. 40-50 ppm La and 10(H20 ppm Ce). 
The granites of the Cape Melville Supersuite (and also 
those of the Pieter Botte Supersuite) are similar, in these 
respects, to the A-type Lags Supersuite and the Early 
Permian A-type volcanic rocks of the Featherbed Volcanjc 
Group. 

Rb, Pb, Th and U appear to behave incompatibly and 
increase with decreasing FeO*. U and Th are enriched in 
the Cape Melville Supersuite, with up to 15 ppm U and 
30 ppm Th. High K20, Th and U are common features of 
highly fractionated !-type felsic granites elsewhere 
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(Champion & Chappell 1992). The ferromagnesian trace 
elements Sc, V, Cr, Ni and Cu are present in low 
concentrations, typical of felsic granites in general. 

Pieter Botte Supersuite- Cairns-Cape Melville Area 
RJ Bultitude, DC Champion, CM Fanning 
Granites of the Pieter Botte Supersuite were previously 
included in the 1-type Yates Supersuite by Bultitude & 
Champion (1992) and Champion & Bultitude (1994) on 
the basis of the presence of hornblende, field 
characteristics and distribution. However, the granites of -
the Pieter Botte Supersuite are more felsic than those of 
the Yates Supersuite. Plagioclase grains in the Nulbullulul 
Granite do not have rughly calcic cores, in contrast to most 
units of the Yates Supersuite. They are normally zoned 
and have a relatively restricted compositional range -
from -An31 (core) to -An13 (rim) (Bultitude & Champion 
1992). Some grains also have overgrowths of albite. 

The Nulbullulul Granite has yielded a SHRJMP age of 
261 ± 3 Ma. This date is indistinguishable from the Rb-Sr 
age (259 ± 1 Ma) yielded by the Trevethan Granodiorite 
(Yates Supersuite) farther north, and is -20 My younger 
than most isotopic ages obtained from the S-type Whypalla 
Supersuite granites. 

Chemically, the members of the Pieter Botte Supersuite 
are distinguished from the Yates Supersuite granites by 
relatively high Si02, FeO*, K20, Rb, Th, Y and Zr contents, 
and low Ah03, CaO and Sr concentrations (Figure 7.11 ). 
Rb content is a good discriminator. The granites of the 
Pieter Botte Supersuite are moderately to highly 
fractionated, with Rb contents ranging from -360 ppm to 
-480 ppm. In contrast, the Yates Supersuite granites have 
Rb contents of< 220 ppm. 

The Pieter Botte Supersuite granites are very similar 
chemically (and mineralogically) to the granites of the 
Cape Melville Supersuite, but are distinguisheQ by 
relatively low Ba, and high Rb and U concentrations at 
similar FeO* or Si02 contents. 

Wakooka Supersuite- Cairns-Cape Melville Area 
RJ Bultitude, DC Champion 
The Wakooka Granite forms a small stock (-I km2

) west 
of the Altanrnoui Range, in the far north of the region 
(Bultitude 1993). The unit was formerly mapped as part 
of the Altanmoui Granite by Lucas & de Keyser (1965a) 
and de Keyser & Lucas ( 1968). It consists of medium
grained, moderately porphyritic, biotite granite. The 
Wakooka Granite is intruded by a pod or lens of fine to 
medium-grained felsic granite. The felsic granite contains 
sparse subhedral to anhedral grains (up to -1 mm) of 
altered cordierite. 

The Wakooka Granite was classified as a felsic 1-type 
(Champion 1991; Champion & Bultitude 1994) and 
included in the Cape Melville Supersuite. The Wakooka 
Granite and I-type Cape Melville Granite (Cape Melville 
Supersuite) possess similar element col)centrations for 
many major and trace elements. However, the Wakooka 
Granite is more highly fractionated than the Cape Melville 
Granite. The Wakooka Granite is also geochemically 
distinct from the Pennjan S-type Cooktown and Whypalla 
Supersuites. 

The close spatial relationship between the urut and the 
lens/pod of finer-grajned granite containing sparse grains 
of altered cordierite may indicate the two are more closely 
related than first thought. Furthermore, the AI contents of 
the biotite grains may also indicate the Wakooka Granite 
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is an S-type. Biotites analysed from a sample ofWakooka 
Granite are characterised by significantly higher AI 
contents than those analysed from the !-type granites of 
the Yates and Cape Melville Supersuites (at equivalent mg
values). 

The Wakooka Granite and associated pod/lens of more 
felsic granite are therefore tentatively classified asS-types 
and assigned to the Wakooka Supersuite. 

Yates Supersuite - Cairns-Cape Melville Area 
RJ Bultitude. DC Champion, CM Fanning 
The I-type Yates Supersuite contains the most mafic units 
in the eastern Hodgkjnson Province, and has by far the 
greatest compositional range - from tonalite or quartz 
diorite to granite(- 64-73% Si02; Table 7.4). Many of 
the units had been mapped previously as part of the 
Finlayson or Mareeba Granites (de Keyser & Lucas 1968). 

The plutons of the Yates Supersuite appear to be epizonal 
to possibly mesozonal intrusions. Miarolitic cavities have 
not been detected in any of the uni~s. Nevertheless, Morgan 
( 1965) reported narrow, low-grade, contact metamorphic 
aureoles around the Trevethan and Puckley Granites. 
Similar narrow, low-grade aureoles are poorly exposed 
around the other members of the supersuite. The 
sedimentary rocks have been converted to mainly biotite
quartz hornfels, spotted schist and ( cordierite-) andalusite 
schist adjacent to granite contacts (also see de Keyser 1961; 
M?rgan 1965). In addition, hornblendes analysed from 
umts of the Yates Supersuite have relatively low Ah03 
contents (Bultitude & Champion 1992), consistent with 
emplacement at relatively high levels in the crust 
(Hamrnarstrom & Zen 1986; Hollister et al. 1987; Johnson 
& Rutherford 1988; Blundy & Holland 1990). 

Published and unpublished isotopic data indicate the Yates 
SuP.ersuite granites fonn two distinct age groups - a 
western group (associated mainly with the granites of the 
Wh~palla and Mount Alto Supersuites) comprising 
gramtes of -280-285 Ma, and an eastern group (associated 
with Cookt?wn Supersuite granites) of -260 Ma (Bultitude 
& Champ1on 1992). The Bakers Blue Granite and 
Trevethan Granodiorite have yielded Rb-Sr whole rock
biotite ages of280 ± 2 Ma and 259 ± 1 Ma, respectively. 

.The ~ommon presence of hornblende and allanite, as well 
as cltnopyroxene locally, indicate the granitic rocks of the 
Yates Supersuite are of infracrustal origin. The widespread 
distribution of metasedimentary inclusions as well as rare 
quartz enclaves in some units, and the presence of garnet 
xenocrysts in the Talgijah Granodiorite, imply some 
assimilation or minor mixing may have occurred between 
the parental magmas of the Yates Supersuite granites and 
the supracrustal rocks through which they passed. The 1-
type Cape Melville Supersuite also displays similar 
characteristics. 

The granites of the Yates Supersuite are metaluminous to 
slightly peraluminous. They are not highly fractionated, 
as indicated by low to moderate Rb contents and Rb/Sr 
ratios and absence of Ba depletion (Champion 199 1 · 
Champion & Bultitude 1994). ' 

The units.forming the various suites are widely scattered. 
More detailed work may indicate that the supersuite can 
be subdivided into two or more supersuites. Nevertheless, 
the units· show broadly similar characteristics and trends 
especially when compared with the units of the Cap~ 
Melville and Pieter Botte Supersuites. 
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Bedarra Granite Belt-ThiJy-Ingham Area 
RJ Bultitude, DC Champion, CM Fanning 
The chain of islands extending from Dunk Island in the 
north to the Brook Islands in the south consists almost 
entirely of felsic granite. Field observations indicate the 
Bedarra belt consists of numerous plutons. South Island 
(Brook Islands group), at the southern end of the chain, 
consists of olivine-bearing layered gabbro, of unknown 
age and affinities. The northern part of Dunk Jsland is 
made up of metamorphic rocks of the Barnard 
Metamorphics. The granites of the Bedarra belt are felsic 
(Si02 > 68%), with the exception of the granite on Wheeler 
Island. The granite analysed from Wheeler Island and the 
most Si02-poor (- 70.8% Si02) of those collected from 
North Island have many of the characteristics of A-types. 
These g ranites are also distinct mineralogically. Rare 
allanite grains are present in these granites. In addition, 
the most SiOrpoor of the three samples collected from 
North Island also contains sparse, interstitial grains of dark 
blue-green amphibole and rare small magnetite grains 
(mainly as inclusions in plagioclase grains), rather than 
ilmenite (the most common opaque mineral in most of the 
granites examined elsewhere in the belt). Traces of late
stage tourmaline are present in granite exposed· on the 
southwestern side of Dunk Island. The granites are 
unfractionated and peraluminous. 

Results of recent SHRJMP dating indicate the granites of 
the Bedarra belt are significantly older than the late 
Carboniferous-Early Penn ian granites of the nearby Tully 
and northern Ingham Batholiths. Granite from Dunk Island 
has recently yielded a SHRIMP age of336 ± 5 Ma. Eleven 
of fifteen analyses (using SHRJMP) of zircons from a 
granite on North Island (Brook Islands group) have yielded 
an age of 335 ± 6 Ma, virtually identical to that obtained 
for the Dunk Island granite. The zircons analysed are 
euhedral, with pyramidal terminations, and show simple 
magmatic zoning. They are typical of those found in high
level intrusives and appear to be recording a magmatic 
event at -335 Ma. A significant aspect of the SHRJMP 
dating is the fact that the granite from North Brook Island 
is the only one in North Queensland with A-type affinities 
that has not yielded a Permian age using modern dating 
techniques. 

In contrast, a sample of granite from Goold Island (to the 
north ofHinchinbrook Island, and southwest of the Bedarra 
belt) has yielded a SHRJMP age of 30 I ± 6 Ma. The 
granites of the Bedarra belt, therefore, are of similar age 
to the .Kallanda Granite and Clem ant Microgranite (330 ± 
4 Ma and 33 7 ± 6 Ma respectively; Gunther & Withnall 
1992; Gunther & Withnall 1995) of the Kangaroo Hills 
Mineral Field (southwestern INGHAM, in the Charters 
Towers Region). These older granites of the Kangaroo Hills 
Mineral Field form part of a northeast trending belt 
dominated by felsic granites with elevated K, Th, and U 
contents. 

Thlly and Northern Ingham Batholiths- Thlly
Ingham area 
RJ Bultitude, JP Rienks, DC Champion, CM Fanning 
Biotite granite, hornblende-biotite granite to granodiorite 
and biotite-hornblende granodiorite are well represented 
in both batholiths. The range of compositions, textures and 
magnetic susceptibilities indicate numerous plutons are 
present. 

The northern part of the Ingham Batholith, with a well
defined north-northwesterly trend, occupies most of 
INGHAM and extends into the adjoining sheet areas to 



the west, northwest and north. It consists of late 
Carboniferous-Penn ian granites which intrude older early 
Carboniferous granites (Visean; Gunther & Withnall 1995) 
to the south, in the Kangaroo Hills Mineral Field (Charters 
Towers Region) . These Visean granites define a 
northeasterly trend and were presumably intruded under a 
different stress regime to that which operated during the 
emplacement of the younger north-northwesterly trending 
part of the batholith. 

Relatively mafic plutons, fonnerly mapped as Almaden 
Granite, consist mainly of biotite--hornblende granodiorite, 
with some hornblende-biotite granite and 'diorite' (de 
Keyser et al. 1965). Champion & Heinemann ( 1994) 
included the units in the Dingo Mount granodiorite 
(infonnal name). Most of the batholith has been delineated 
as unnamed unit Cgb (de Keyser et al. 1965- unit Pzg in 
INNISFAIL; de Keyser 1964). This unit is made up mainly 
of hornblende--biotite granite and biotite granite (de Keyser 
et al. 1965). Pale pink, fine to medium-grained, even
grained to slightly porphyritic leucogranite crops out over 
extensive areas in the far northern part of the batholith 
(mainly in lNNISFAIL). The leucogranite contains 
disseminated molybdenite in the Koombooloomba area. 
The batholith also contains pods and small stocks of pink, 
highly and coarsely porphyritic microgranite and 
microgranodiorite (de Keyser et al. 1965). 

The Tully Batholith has a northwest to northern elongation 
similar to that of the nearby Ingham Batholith to the 
southwest. The Tully Batholith crops out mainly in 
INNISFAIL, where it is separated from the Ingham 
Batholith by the Tully Fault and an elongate belt of silicic 
volcanic rocks (Glen Gordon Volcanics). The granites of 
the Tully Batholith were delineated as the Tully Granite 
Complex by de Keyser ( 1964). They show much the same 
mineralogical and compositional range as those in the 
Ingham Batholith. Mafic rocks (tonalite, diorite) are 
comparatively well represented in the Tully Granite 
Complex (Figure 7 .17) and minor gabbro and quartz 
gabbro are also present (also see de Keyser 1964). 

A sample of granite from the Tully Granite Complex has 
yielded a SHRIMP age of 286 ± 4 Ma. Richards et al. 
( 1966) had previously obtained seven K- Ar mineral ages 
(corrected) ranging from 273 Ma to 302 Ma from rocks in 
the complex. Of these ages, four are in the range 279 Ma-
288 Ma. The three K-Ar biotite ages (corrected) obtained 
from the Ingham Batholith in the Cairns Region show a 
smaller range (296- 299 Ma; Richards et al. 1966). 
Furthermore, recent SHRlMP dating ofhornblende--biotite 
granodiorite from northwest oflngham (at GR 3612 79904, 
Kirrama I: I 00 000 sheet area) has yielded an age of 282 
± 4 Ma. In addition, granite from Goold Island (which 
may form an offshore part of the northern Ingham 
Batholith) has yielded a SHRIMP age of30 I ± 6 Ma. The 
available data, therefore, imply the granitic rocks of the 
Tully Granite Complex and northern part of the Ingham 
Batholith are mainly Early Pennian, but some units may 
be as old as late Carboniferous. 

The Tully Granite Complex has an extended compositional 
range from gabbro to fractionated granite (Figure 7.17), 
whereas granites containing less than -63% have not been 
analysed from the northern Ingham Batholith. Most of the 
granites are 1-types, based on the local presence of 
hornblende and chemical characteristics. The majority of 
the granites of both batholiths are characterised by 
decreasing abundances ofTi02, FeO*, MgO, CaO, Sr, Ga 
and Zr, and increasing K20, Rb, U and Nb with increasing 
Si02 (e.g. Figure 7.17). Pb and Th contents increase and 
P20 5 contents decrease with increasing Si02; Ce, La, Y 
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and Zr increase or decrease only slightly in most samples. 
ASl values increase slightly in the more mafic(- 60-70% 
Si02) granites of both batholiths with increasing Si02, and 
remains more or less constant in the more felsic granites 
(Figure 7 .17) - possibly as the result ofhornblende and/or 
clinopyroxene fractionation in the more mafic magmas 
being replaced by dominantly feldspar fractionation in the 
more felsic magmas. Both batholiths show a trend towards 
highly fractionated compositions with Rb >300 ppm 
(Figure 7.17) and marked Ba and Sr depletion. 

Some felsic granites in the northern Ingham Batholith have 
A-type affinities. Microperthite is the dominant feldspar 
in these rocks. Most samples contain traces to minor 
amounts of amphibole, as well as biotite. Both minerals 
crystallised relatively late and commonly form interstitial 
in fillings. Zoned euhedral grains of allanite are relatively 
abundant locally (e.g. at GR 3957 79588, Cardwell 
J: I 00 000 sheet area). Miarolitic cavities are present in 
some units, indicating emplacement to relatively high 
levels in the crust. The A-types crop out extensively south 
of Cardwell, on the mainland west ofHinchinbrook Island. 
Units with similar characteristics are also present in the 
western part of the batholith. These granites are 
significantly enriched in one or more of the following 
elements, Ce, La, Y, Zr and, to a lesser extent, Ga and Nb 
(e.g. Figure 7 .17). 

The granites of the northern Ingham Batholith define two 
distinct groups on a Si02 versus Zr plot. One group, with 
relatively low Zr contents, plots with the granites of the 
Tully Batholith. Zr contents are virtually constant in rocks 
of this group containing between -63% Si02 and 73% 
Si02, but decreases in more siliceous rocks (as new 
magmatic zircon began to crystallise). The other group, 
consisting of possible A-type rocks, is characterised by 
anomalously high Zr contents, particularly the mafic 
representatives of the group; and, in contrast to the first 
group, shows a more marked trend of decreasing Zr 
contents with increasing Si02. Si02 contents range from 
-73% to -77% and Rb contents are< 250 ppm (i.e. the 
units are not highly fractionated. Furthennore, Rb, Sr, and 
Ba abundances are similar to those \n the adjacent I-type 
granites of the batholith, indicating they were not derived 
from the 1-types by crystal fractionation processes. 

Granites of Hinchinbrook Island and tbe Palm 
Islands Group- Tully-Ingham Area 
RJ Bultitude, PJ Stephenson, BW Chappell 
Hinchinbrook Island, north oflngham, consists mainly of 
granite and silicic volcanic rocks. Similarly, granite makes 
up most of the Palm Islands group, to the southeast. Pelorus 
and Curacoa Islands and the northern part of Orpheus 
Island consist mainly of silicic volcanic rocks (de Keyser 
et al. 1965). The granites were not examined during this 
GSQ-AGSO survey. Consequently, the following 
descriptions are based mainly on reports by de Keyser et 
al. ( 1965), Ewart ( 1978), Stephenson ( 1990, unpub. data). 
Samples collected by Stephenson were analysed at the 
Australian National University under the supervision of 
Professor B.W Chappell. 

Stephenson ( 1990) divided the igneous rocks of 
Hinchinbrook Island into six main groups (from youngest 
to oldest) as follows. 

I. Felsic dykes, forming a swarm in the southeastern 
corner of the island, with some outliers in the 
southwest. 

2. Felsic granites (East Pluton of Stephenson 1990; 
Hinchinbrook Granite of Champion & Heinemann 
1994), forming the mountainous spine of the island. 
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3. Enclave-bearing felsic microgranite/rhyolite, forming 
part of a ring-dyke complex. 

4. Basic dykes, forming swarms with scarce associated 
felsic dykes. 

5. Older granites and granodiorites, which crop out 
mainly in the north and southwest. 

6. Silicic volcanic rocks, exposed mainly in the northern 
part of the island. 
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The three youngest units are similar petrographically 
(Stephenson 1990) and are probably all Early Permian. 
The Hinchinbrook Granite has yielded a RI:>-Sr isochron 
age of275 ± 5 Ma (Stephenson et al. 1992). Richards et 
al. (!966) had previously reported K-Ar mineral ages 
(corrected) of262 Ma and 267 Ma (biotite), and 277 Ma 
( arfvedsonite) for the unit. The three oldest units are distinct 
from the youngest three. They are probably late 
Carboniferous. A sample of granite from nearby Goold 
lsland has yielded a SHRIMP age of 301 ± 6· Ma. This 



granite is probably equivalent to the older granites and 
granodiorites of Stephenson ( 1990) on Hinchinbrook 
Island. 

Stephenson et al. ( 1992) produced an essentially identical 
isochron for the Rb-Sr isotopic data obtained from granites 
of the Palms Islands to that for the Hinchinbrook Granite. 
Consequently, they inferred the granites of the Palm Islands 
to be of similar age to the Hinchinbrook Granite- i.e. 
Early Permian. However, the marked chemical similarities 
between the Palm Islands granites and the older granites 
and granodiorites of Hinchinbrook Island may indicate 
these two groups are of similar age - most probably late 
Carboniferous in view of the recent results obtained from 
a granite on Goold Island (see above). 

The Hinchinbrook Granite consists mainly of very felsic, 
hypersolvus granite and microgranite, which are relatively 
resistant to erosion. Noteworthy characteristics are the 
presence of arfvedsonite (de Keyser 1966; Ewart 1978; 
Stephenson 1990), the presence of layering, and the 
widespread distribution of grains showing downward 
facing, unidirectional growth textures (Stephenson 1990). 
The unit was emplaced at a high level in the crust and 
crystallised under relatively anhydrous conditions. Textures 
indicate the parent magma was essentially completely 
molten. 

The granitic rocks of the Palm Islands consist mainly of 
(hornblende-) biotite granite . and hornblende-biotite 
granite to ?granodiorite. They may equate with the older 
granites and granodiorites (terminology of Stephenson 
1990) on Hinchinbrook Island. The granitic rocks of the 
Palm Islands are cut by numerous basic to intermediate 
dykes (these may be equivalent to the older basic dykes 
on Hinchinbrook Island. Some basic dykes also cut silicic 
volcanic rocks in the northern part of the island chain (de 
Keyser et al. 1965). 

The most noteworthy chemical feature of the granites in 
the Hinchinbrook-Palm Islands belt is the very felsic 
character of the Hinchinbrook Granite and the younger 
silicic dykes. Both are A-types (Stephenson et al. 1992) 
and are characterised by relatively high Si02 contents and 
Gal AI ratios. The Hinchinbrook Granite also shows marked 
enrichment in Zr, Zn, Nb and Ga, significant depletion in 
CaO, and very marked depletion in Sr (Figure 7 .18). K20, 
Ce, La, Rb, Pb, Th and U contents are also generally 
significantly higher in the Hinchinbrook Granite compared 
with the other granites and granodiorites of the Palm 
Islands and Hinchinbrook Island (e.g. Figure 7 .18). The 
marked variation in Ba contents (from > 550 ppm to< 20 
ppm), increasing Rb contents with decreasing K/Rb ratios, 
very low Sr concentrations (< 20 ppm), and high Rb/Sr 
ratios imply feldspar fractionation played a major role in 
the evolution of the unit. No consistent variations in trace 
element abundances with height (up to -1100 m) have 
been found (Stephenson et al. 1992). The felsic dykes that 
cut the Hinchinbrook Granite have marked chemical 
similarities with the latter, implying the two groups are 
genetically related. 

The rocks in the Hinchinbrook Granite are peraluminous 
but few are peralkaline, (consistent with the low amounts 
of arfvedsonite present ( < 2% by volume; Stephenson et 
al. 1992). They are characterised by an extended range of 
Nd and Sm concentrations. ENd values range from - 1.3 to 
-8.0 (at 275 Ma), all but one being< -3.0 (Stephenson et 
al. 1992; P.J. Stephe~son unpub. data). ENd values (-1 .4,-
3.0; P.J. Stephenson unpub. data) obtained on two samples 
of younger fe lsic dykes overlap with those for the 
Hinchinbrook Granite, consistent with the interpretation 
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that the two groups were derived from source rocks of the 
same age and are genetically related. The two samples 
analysed from the Palm Islands granites have slightly more 
primitive ENd values (- 0.2,- 0.9; P.J. Stephenson, unpub. 
data), implying they were also probably derived from a 
source of essentially the same age as that for the 
Hinchinbrook Granite. 

The granites of the Palm Islands and older granites and 
granodiorites on Hinchinbrook Island contain hornblende 
in places and display a fractionation trend more typical of 
!-types than S-types or A-types. P20 5 contents, for 
example, decrease markedly in these granites with 
increasing Si02 (or decreasing FeO*). Th contents 
generally decrease slightly with increasing Si02 (Figure 
7 .18), although two samples have anomalously high Th. 
Rb, K/Rb, Nb, Y, Ga, Gal AI, ASI, Pb, La, Zr, Zn and Ce 
either do not change to any significant extent or slightly 
decrease with increasing Si02 (e.g. Figure 7 . 18); Ba 
increases slightly. The Zr contents of these rocks decrease 
from -260 ppm in the most mafic representatives to <I 00 
ppm in some of the most felsic rocks (Figure 7 .18). In 
contrast, Zr contents in the Hinchinbrook Granite range 
from - 600 ppm to < 150 ppm over a very restricted Si02 

range (-77-78% Si02). The contrasting trends displayed 
by the two groups are similar to those that characterise the 
late Carboniferous (1-types) and Early Permian (A-types) 
si licic volcanic rocks of the Featherbed Volcanic Group. 

The relationship (if any) between the ring dyke complex 
and the Hinchinbrook Granite is .not as obvious. The ring 
dyke complex has many of the characteristics of the 
Hinchinbrook Granite, such as elevated Zr, Zn, Ce, La 
and Ga concentrations and markedly depleted CaO and Sr 
contents. However, FeO* contents are significantly higher 
and some trace element concentrations (e.g. Nb, Rb, Pb, 
Th, U) significantly lower in the rocks of. the ring dyke 
complex. As a consequence they generally delineate fields 
distinct from those of the Hinchinbrook Granite when 
selected elements are plotted against FeO* on Harker-type 
diagrams. In contrast, the felsic dykes of the Palm Islands 
group have clearer chemical affiliations with the granitic 
rocks of the group and with the older granites and 
granodiorites of Hinchinbrook Island (Figure 7 .18), 
implying they are all probably comagmatic and genetically 
related. 

r 
Unassigned Units RJ Bultitude, M J Woodbury 
Several small intrusions in the region (Table 7.4) have not 
been assigned to formal units or supersuites, mainly 
because of their limited extent and a lack of analytical 
data. 

The Gurrumba Ring Complex (Table 7 .4; Blake 1972) has 
an elliptical outcrop -5 km long and up to -3 km wide in 
the southwestern part of the region. The complex crops 
out in a ring dyke ranging from< I 0 m to> J .5 \<min width. 
1t is made up of granophyre, olivine gabbro and a variety 
of intermediate rocks, mostly of dioritic composition 
(Blake 1972). The rocks are commonTy-intimately 
intermixed, forming net-veined complexes. 

The copper-gold mineralisation at Red Dome mine, farther 
to the northwest, is. closely associated with high-level felsic 
microgranites. A complicating factor in classifying the Red 
Dome intrusive rocks is the extensive alteration displayed 
by most of them. Variable potassic alteration and, generally 
to a lesser extent, other styles of alteration (e.g. carbonate 
replacement, endoskarn development) are very 
widespread. Only the least altered samples have been 
plotted on the variation diagrams (Figure 7.19), using 
relatively immobile Ti02 as the x-axis discriminant. The 
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Figure 7.18. Geoc~emical plots for the felsic intrusive rocks of Hinchinbrook Island and Palm Islands. 

intrusive rocks are highly fractionated, with moderately 
high Nb and Zr contents (Figure 7.19). They are too felsic 
and fractionated to be members of the Almaden Supersuite. 
Their relatively high Zr and Nb concentrations, in 
particular, imply possible affinities with the O'Briens 
Creek Supersuite (Figure 7.19). However, the intrusives 
are well removed from other members of the supersuite, 
which crop out farther south. The intrusives also have many 
similarities with the more highly fractionated members of 
the Ootann Supersuite (Figure 7 .19), although none oft he 
latter show the same degree of Zr or Nb enrichment. The 
Red Dome intrusive rocks almost invariably plot in, or 
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adjacent to, areas where there is overlap between members 
of the O'Briens Creek and Ootann Supersuites. The Ootann 
Supersuite is well represented in the Chillagoe area. The 
Red Dome intrusive rocks, therefore, may represent a 
highly fractionated suite of the Ootann Supersuite. 

Ultramafic Rocks RJ Bultitude 
Basic and ultrabasic rocks (<5 k.m2

) have been reported 
northwest of Black Mountain, in the central-east of the 
region (Rumula I: I 00 000 sheet area; Amos & de Keyser 
1964; Cranfield & Hegarty 1989). Rock types include 
serpentinite, carbonate-talc schist, sphene-chlorite-
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epidote-albite schist, chlorite-magnetite-ilmenite rock,
and variably altered gabbro/dolerite (Cranfield & Hegarty
1989). The rocks are generally extensively sheared.

Another lens of mafic-ultramafic rocks is poorly exposed
in the Cowley area, in, or adjacent to, the Russell-Mulgrave
Shear Zone. Farther south, serpentinite has been quarried
-3.5 km southeast of Si lkwood. The ultramafic complex
at Cowley consists of metamorphosed serpentinite, talc
schist, (talc-) tremolite schist, (tremolite-) chlorite schist
and talc-magnesite rocks containing relict peridotite, as
well as some gabbro, and basaltic or andesitic dykes (Jones
1978; Rubenach 1978).

Small lenses of ultramafic rocks have also been reported
on Dunk Island and the North Barnard Islands (Rubenach
1978).

The ultramafic complexes are thought to have been
tectonically emplaced in the Late Permian-Triassic during
the Hunter-Bowen Orogeny. Their age of formation is
unknown.

Dykes RJ Bultitude
Numerous basic to intermediate and silicic dykes cut the
Palaeozoic and older rocks of the region (e.g. Bultitude et
al. 1993b, 1995, 1996a). Dyke frequency ranges from
isolated individuals to numerous closely spaced bodies,
forming swarms. The Hodgkinson Formation, in particular,

is cut by numerous small swarms of dolerite dykes. The
Nychum Volcanics are cut by the Ticklehim Creek Dyke
Swarm (Morgan 1968) and a smaller swarm of basic to
silicic dykes in the eastern part of the Kum Kum Range.

Several dykes of distinctive, highly porphyritic to even-
grained hornblende basalt/dolerite cut the Barnard
Metamorphics and the Tully Granite Complex (Bultitude
& Garrad 1997).

The dykes are typically simple and, in most places, form
vertical or sub-vertical tabular bodies ranging from <1 m
to -50 m in thickness. Some dolerite dykes have been
traced for up to 20 km on aerial photographs (Halfpenny
& Hegarty 1991). Rare multiple dykes of porphyritic
microgranite are present locally, in ring fractures bounding
the Early Permian volcanic rocks of the Featherbed
Volcanic Group.

Most dykes have northwest trends, parallel or subparallel
to the strikes of beds, prominent foliations, and major faults
in the enclosing rocks (Bultitude et al. 1993b).

The ages of the dykes are poorly constrained. None of the
dykes has been isotopically dated. The dykes are essentially
unmetamorphosed, and the majority cut early to middle
Palaeozoic rocks of the Hodgkinson Province. Some
intrude late Carboniferous-Permian igneous rocks of the
Kennedy Province. No dykes have been found in the
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Mesozoic rocks in and adjacent to the region. The majority 
of the dykes, therefore, were most probably intruded in 
the Carboniferous and Penn ian: The range in compositions, 
textures and degree of alteratton imply several episodes 
of dyke emplacement. 

Intrusive Breccias RJ Bultitude 
Several small breccia pipes are exposed in the central
west of the region (Bultitude et al. 1993b, 1995, J996a). 
They fo~m ci_rcular to elliptical pods ranging from a few 
metres. 1n dtameter _to -500 m in length, in mainly 
Hodgkmson Formatton rocks. The breccia pipes are 
generally located on faults or are exposed adjacent to small 
granite stocks (in particular, those of the Prices Dam 
Igneous Complex); rarely, the zone ofbrecciation cuts a 
granite pluton. The breccias are thought to have resulted 
from explosive hydrothermal activity related to the 
ext~nsive late Car?oniferous-Early Permian magmatism, 
whtch took place tn the southwestern part of the region. 
!he breccias are of interest to the mineral exploration 
mdustry because of their potential to contain anomalously 
high metal concentrations. 

Late Permian-Triassic 
Mount Mulligan Coal Measures 
RJ Bultitude, BS Oversby 
The Mesozoic rocks forming the spectacular cliffs of 
Mount Mulligan (Ngarrabullgan) are underlain by the mid 
to Late Permian (Rigby in press) Mount MuJiigan Coal 
Measures containing severaJ coal seams. The Mount 
Mulligan Coal Measures attain a maximum thickness of 
-450 m in the northeast, but thin markedly to the south 
an_d wedge out completely -700 m south of the King Cole 
mme (de Keyser & Lucas 1968; Oversby et al. in press). 
Most of the co~rse detritus in the succession appears to 
have been denved locally -volcanic debris and/or 
fragments of Hodgkinson Fonnation rocks are dominant 
in the majority of the conglomeratic rocks. Individual rock 
types and associations form mainly lenses which 
interfinger laterally. 

The presence of coa l seams, fossil plants, washouts, 
channels, current-bedding, abrupt lateral facies changes, 
an~ th~ local abund~nce of conglomerate, are interpreted 
to md1cate the sedtments were deposited in a mature 
continental environment (lacustrine/meandering alluviai 
complex/piedmont plain/estuarine) (de Keyser & Lucas 
1968; Oversby et al. in press; Rigby in press). 

The abundance of rhyolite clasts presumably derived from 
the Featherbed Vo lcanic Group, the thinning and 
converging of the coal seams to the southwest and the 
orien~ation of rare cross-beds in the basal conglomerate 
were mterpreted by de Keyser & Lucas (1968) to indicate 
the Mount Mulligan Coal Measures were derived from 
~ources to the west a~d southwest. Oversby et al. (in press) 
mterpreted the relationships between the coal-rich and 
coal-poor intervals recorded in the old mines to indicate 
at least some of the clastic detritus was supplied from the 
north and/or northeast (the inference being that much of 
the d~tritus ~eposited _i~ the central part of the northerly 
trendmg basm was ongmally derived from the west and 
subsequently transported parallel to the axis of the 
depression. 

Little River Coal Measures RJ Bultitude 
The Little River Coal Measures are preserved as a fault
bounded lens within a narrow graben, up to -2 km wide 
and >20 km long. The graben developed adjacent to the 
Palmerville Fault, in southwestern COOKTOWN. 
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The formation consists mainly of sandstone and siltstone 
interbedded with shale (generally highly cleaved and 
commonly carbonaceous) and more massive mudstone. 
T~e unit also contains minor impure coal and siliceous, 
thm-bedded mudstone (de Keyser & Lucas 1968; Bultitude 
& Donchak 1992). De Keyser & Lucas ( 1968) reported 
coal seams up to -6 m thick, but they are steeply dippino 
and extensively faulted. Lenses of impure limestone wer~ 
also recorded by de Keyser & Lucas. 

The sandstones are commonly characterised by irregular 
bedding planes. The siltstones display trough cross bedding 
and current bedding in places. The orientations of some 
cross-beds indicate reve_rsals in current direction, typical 
of shallow-water depos1tion. The mudstones as well as 
some of the finer grained sandstones, contain abundant 
fossil plant fragments. 

Post-Permian movements along the Pa lmerville Fault 
produced chaotic folds and extensive disruption of the 
sequence. They were also responsible for the steep dips 
and numerous younging reversals. 

M.E. White (1961) identified Schizoneura australis, 
Glossopteris indica, G. augustifo/ia, and Vertebraria indica 
from shales in the fonnation. The presence of Schizoneura 
t;zustralis indicates a probable Late Pennian age (White, 
m de Keyser & Lucas 1968). J.F. Rigby (Department of 
Natural Resource Sciences, Queensland University o.f 
Technology, pers. comm. 1995) is also of the opinion that 
the flora is Late Permian and that the sequence correlates 
with fossil plant-bearing strata in the Mitchell River 
Volcanics (Coen Region), farther south. 

Normanby Formation RJ Bultitude 
The formation was first described by Jack ( 1879a, b), who 
found Glossopteris-bearing shale and coal in the Oaky 
Creek area, southwest of Cooktown. The unit is mainly 
preserved as small outliers in narrow (< 2 km wide), 
elongate, north- northwest and north-northeast trending 
fault blocks, west and southwest of Cooktown. The 
formation contains a diverse range of rock types including 
massive rhyolite (lava and ignimbrite), rhyolitic tuff, lapilli 
tuff, volcanic breccia, andesite, andesitic tuff, basalt, 
conglomerate, sandstone, volcanic sandstone, siltstone, and 
~udstone, carbonaceous mudstone, shale, coal, and impure 
hmestone (de Keyser & Lucas 1968; Bultitude et al. 1991; 
Donchak et al. 1992; Domagala etal. 1993). The relative 
proportions of the major rock types commonly differ 
markedly from one outlier to another. The coal deposits 
have never been worked. 

The formation locally contains relatively thick zones of 
thick-.b~dded to mass ive, mainly clast-supported, 
polym1cttc, pebble to boulder conglomerate. Clasts consist 
mainly of arenite, siltstone, mudstone, chert, rhyolite, 
quartz, quartzite and rare limestone (Bultitude et al. 1991 ; 
Donchak et al. 1992). Most were derived from the nearby 
Hodgkinson Formation and volcanic rocks of the 
~orm~nby Fo_rmation. The conglomeratic rocks commonly 
mterfmger wtth and grade laterally into medium to thick
bedded pebbly sandstone and medium to coarse-grained 
labile sandstone. 

The Norman by Fonnation is cut by steeply dipping, north
north~esterly to north- northeasterly trending fau lts, most 
of wh1_ch _are parallel or subparalle l to bedding. The 
fonnahon IS folded and commonly characterised by a well
developed foliation, particularly adjacent to the bounding 
faults_. Be~s are generally steeply dipping and locally 
brecc1ated 111 these areas. They are also silicified and cut 
by networks of thin (<10 em) quartz veins. Dips of -20--



30° are common in the central parts of the larger outliers, 
away from the faulted margins. The local presence of 
numerous folds with northerly trending axial planes and 
gently plunging axes (Amos 1962) also results in steeply 
dipping beds. 

Permian plant fossils have been found in several parts of 
the unit (Jack 1879a,b). De Keyser & Lucas {1968) 
regarded the formation as Late Permian. Preliminary 
studies of plant fossi ls in drill core rrom GSQ Cooktown 
I, l- 3R and 2R indicate they resemble some found in the 
Mitchell River Volcanics (Late Permian) and the Mount 
Mulligan Coal Measures (mid to Late Permian) (J.F. Rigby, 
Department of Natural Resource Sciences, Queensland 
University ofTechnology, pers. comm. 1995). 

The formation mainly accumulated in narrow grabens 
produced by regional extension during the late 
Carboniferous-Permian. The bimodal character of the 
volcanic activity (Donchak et al. 1992; Domagala et al. 
1993) is typical of extensional regimes, with relatively high 
geothermal gradients. The conglomerates are interpreted 
as alluvial fan deposits; the coal beds and interbedded 
mudstones and shales as c losely associated lacustrine 
deposits. Most of the sediments and interlayered volcanic 
rocks accumulated in fluviatile or lacustrine environments. 
Shallow marine or marginal marine conditions may have 
prevailed locally (de Keyser & Lucas 1968). 

Pepper Pot Sandstone RJ Bultitude, BS Oversby 
The Pepper Pot Sandstone, of probable Triassic age (Ball 
1917; de Keyser & Lucas 1968), is a spectacular cliff
forming unit of mainly lithofeldspathic to quartzose 
sandstone, and subordinate conglomerate and 
conglomeratic sandstone. The conglomeratic rocks contain 
unsorted, subrounded to well-rounded granules to small 
boulders (in the lower part) of quartz, quart.zite, chert, 
jasper and arenite, most of which have been derived fTom 
the Hodgkinson Formation. Rhyolite clasts of featherbed 
Volcanic Group type, with minor dacite? and other igneous 
fragments (including a range of granite types) are very 
common in conglomeratic units in the lower part of the 
sequence (also see Oversby et al. in press). In contrast, 
igneous clasts are relatively rare in the upper part of the 
unit, although scattered pebbles and small cobbles of 
rhyolite were invariably present in the conglomeratic rocks 
examined on top of the mountain (e.g. at GR 2668 81399, 
GR 2672 81407, Mount Mulligan I : I 00 000 sheet area). 
Maximum clast size decreases (to an average of medium 
to large pebbles) upwards. The ratio of sandstone to 
conglomerate also increases with height in the section. 
The rocks, particularly the sandstones, commonly have a 
haematitic cement which imparts a purple to brick-red 
colour. Contacts between the purple to red rocks and white, 
brown or grey rocks transgress bedding planes in places 
(Oversby et al. in press). The haematitic cement therefore 
appears to have resulted fTom weathering-induced leaching 
rather than representing an original depositional feature. 

The presence of plant fossils, of conglomerate lenses and 
pebbly sandstone delineating stream channels and 
washouts, and coarse torrential current bedding, indicate 
a fluviatile depositional environment. 

According to Ball ( 1917) the Pepper Pot Sandstone overlies 
the Mount Mulligan Coal Measures in the State mine with 
a slight angular discordance. De Keyser & Lucas ( 1968) 
also noted that the wedging out of the underlying Permian 
strata to the south may indicate a s light angular 
unconformity. However, Oversby et al. (in press) reported 
that the contact appears to be gradational in core examined 
from a hole drilled (at GR 2670 81407, Mount Mulligan 
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I: I 00 000 sheet area) through the contact and in some 
outcrops in the north. They postulated that the basal part 
of the Pepper Pot Sandstone may belong to the same 
depositional cycle as the coarse upper part of the 
underlying Mount Mulligan Coal Measures. Rocks of the 
former at the contact are everywhere coarser than the 
adjacent underlying rocks and are commonly (but not 
invariably) purple (Oversby et al. in press). Other than 
colour, the main distinguishing features between 
sandstones of the two units are higher quartz, lower lithic, 
and much lower detrital muscovite contents, together with 
the absence of carbonate cement and coal and 
carbonaceous fragments in the rocks of the Pepper Pot 
Sandstone (Oversby et al. in press). 

'Kondaparinga Formation' RJ Bultitude 
More than 200 m of interlayered claystone, mudstone, 
siltstone, sandstone and minor granule conglomerate were 
intersected in the upper part of a hole drilled at GR 2609 
81366, Mount Mulligan I : 100 000 sheet area, on top of 
the Mount Mulligan massif (McElroy & ·Bryant 1981 ). 
Palynological studies indicate at least the upper part of 
this sequence, which has been informally referred to as 
the Kondaparinga Formation, is Middle Triassic (in 
McElroy & Bryant 1981 ). The sequence over! ies coarser 
grained, more massive sandstone and conglomerate ofthe 
Pepper Pot Sandstone in the southern half of the mountain. 

Jf anrat§§DC-CJretaceoan§ RJ Buttitude . 

Rare small residual mesas of Mesozoic sandstone, 
conglomeratic sandstone and conglomerate cap the 
multiply deformed Hodgkinson Formation rocks northeast 
of Maytown. These outcrops arc erosional outliers of the 
nearby Laura Basin succession (see Chapter I 0). 

Small, scattered outcrops of sandstone and conglomeratic 
sandstone also unconformably overlie Chillagoe Formation 
rocks south of the Palmer River. The rocks are commonly 
extensively ferruginised and, unlike those northeast of 
Maytown, have little or no topographic relief- in fact, 
they generally crop out at much lower levels than the nearby 
limestones of the Chillagoe Formation. 

Mesozoic rocks of the Carpentaria Basin succession (see 
Chapter 9) crop out east of the Palmerville Fault in the 
central-west of the region. They have been mapped as part 
of the Gilbert River Formation, of Late Jurassic?-Early 
Cretaceous age. The outcrops consist mainly of clayey 
quartzose sandstone, and minor interlayered conglomerate, 
conglomeratic sandstone, glauconitic sandstone, siltstone, 
mudstone, and shale. Clasts in the conglomeratic lenses 
consist mainly of angular to rounded fragments of quartz, 
chert, silicic volcanic rocks, quartzite, arenite and gneiss. 
The sediments were deposited in a fluviatile (lower part) 
to shallow-marine (upper part) environment (Smart et al. 
1980). 

Canllllozonc 
Sediments and Weathering 
RJ Bultitude, KG Grimes 

Cainozoic sedimentary units in the region cons!st mainly of: 

I . coastal deposits, 

2. dunefields that have developed adjacent to the coast, 

3. colluvial and residual deposits derived from the local 
bedrock, and 

4. deep weathering profiles and duricrusts (ferricrete, 
minor silcrete), probably of several ages. 
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The deposits are most extensively developed along and 
adjacent to the coast, particularly in the northeast and 
southeast. None has been examined in any detail, apart 
from those in the Cairns and Cooktown areas (Willmott et 
at. 1988; Bultitude et at. 199 1 ). 

The oldest deposits in the Cooktown area consist of deeply 
weathered (mottled and ferrugin ised), poorly sorted 
mudstone, fine-grained sandstone, and minor 
conglomerate (Bultitude et at. I 991 ). They are mainly 
thick-bedded to massive and moderately to well indurated. 
Younger (late Tertiary-Quaternary) sediments are 
interbedded with basaltic rocks of the Piebald Basalt 
Province. These sediments, which are similar to those 
described above, also show some mottling and 
ferruginisation (Bu ltitude et a!. 199 I). The two groups are 
commonly difficult to distinguish. 

Elsewhere, volcanic rocks of the Atherton Basalt Province 
overlie poorly exposed, deeply weathered Tertiary 
sedimentary rocks and younger alluvium in many places 
south and east ofMalanda (e.g. near the head of the North 
Johnstone River; de Keyser & Lucas 1968). Stephenson 
et a!. ( 1980) reported occurrences at the North Johnstone 
Riv~r 6 km east of Malanda, in the Jaggan-Tarzali area, 
and an West Butcher Creek (at the end ofLud Road) -12 km 
northeast of Malanda. The main rock types are shale and 
~andstone, but some thin beds of waxy to dull black lignite, 
tmpure coal, and thicker beds oflow-grade oil shale have 

· been reported (Denmead I947a; Stephenson et al. 1980). 
The oil shale contains well-preserved dicotyledonous leaf 
impressions and plant pollens (Kershaw & Sluiter 1982). 
Auriferous gravels (deep leads) beneath basalt in the upper 
Russell River(Boonjie) area were mined in the mid 1880s
early 1900s. 

The youngest fluvial deposits form floodplains and terraces 
along major watercourses. They comprise unconsolidated 
to firm mud, sand and gravel. Older beds locally show 
some mottling. More steeply sloping alluvial-fan deposits 
have developed on the sides of valleys. They may grade 
upslope and laterally into poorly sorted talus deposits. 

There are aprons of alluvial and talus deposits on the lower 
slopes of the main ranges. These grade upslope into 
exposed bedrock and downslope into alluvial fans and flatS. 
The composition of these deposits is controlled by the 
parent bedrock. The older colluvial slope deposits are 
deeply weathered, partly indurated, and dissected so that 
they form 'flatirons' above the modern-day slopes. 

The onshore coastal deposits have resulted from the 
interaction of sediment supply from rivers and fluctuations 
in sea levels since at least the late Pleistocene (Bird 1970, 
1971, 1972a,b, 1973; Jones & Stephens 1983, 1984; Jones 
1985). They have been subdivided into several 
morphostratigraphic units. Sandy beach ridges are present 
in some bays. Sandy and muddy coastal swamps are 
present between and behind the beach ridges. Tidal flats 
of mud and sand are developed in the major estuaries and 
between the younger beach ridges. 

The extensive coastal plain in the Ingham district represents 
a delta built up by the Herbert River. The deposits consist 
mainly of clay, sandy clay, mud, sand, gravel and 
conglomerate (de Keyser et a l. 1965). They attain a 
maximum thickness of more than 96 m (de Keyser et al. 
1965). The age of the alluvium probably ranges back to 
the Pleistocene, or possibly even late Tertiary at the base. 
The alluvial deposits, except for the most recent ones, are 
commonly mottled and cemented (de Keyser et al. 1965). 
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Fossi I beach sands are extensively developed southeast of 
Mourilyan, where they extend up to -10 km inland (de 
Keyser 1964). The deposits originally formed sand spits 
and bars, behind which former lagoons have been silted 
up. The deposits grew and shifted northwards under the 
influence of long-shore currents caused by the prevailing 
southeasterly trade winds. 

Dunes are present along parts oft he coastal belt. Extensive 
dunefields have developed between Cape Bedford and 
Cape Melville; smaller deposits are present along Ramsay 
Bay on Hinchinbrook Island, as well as elsewhere. The 
deposits in the Cape Flattery area have "een d~vided into 
three age groups, based on the degree o• deg~dation and 
the depths of the soils developed on them. All consist of 
well-sorted, fine to locally medium-grained quartz sand. 

The oldest (Ple istocene) dunes are characterised by 
rounded ridges (crests) and deep soils. The soils have 
leached A2 horizons >7 m deep, and thick, deeply coloured 
B horizons. 

The intermediate dune unit is characterised by long straight 
ridges with moderately sharp crests. These ridges are the 
trailing arms of large parabolic dunes. Some extend inland 
for more than 20 km. Observed soil depths range from 2m 
to 3.4 m (Bultitude et al. 199 1 ). 

The youngest dunes are of Holocene age and include those 
which are currently active. They have sharp-crested ridges 
-both long and straight, and smaller complex parabolic 
types. Soils are poorly developed. These dunes probably 
developed under the influence of the strong prevailing 
southeasterly winds that buffet the exposed parts of the 
coast line. The winds have reworked an abundant supply 
of sand, either directly or indirectly, by blowing out pre
existing beach ridges, which are now destroyed. 

The silic~ sand mine at Cape Flattery is working mainly 
blowouts and Holocene dunes that have formed from the 
reworking of older leached A2 intervals of Pleistocene 
dunes. This process has yielded deposits of much higher 
purity than those in dunes derived directly from present
day coastal sands. 

Volcanics J Knutson 
Five subprovinces of the Eastern Australian Cainozoic 
Igneous Province fall within the Cairns Region - the 
Atherton, Piebald, Mc ivor, McLean and Wallaroo 
subprovinces (Atlas Plate 17). There is also a smaller 
occurrence round Mount Fox. 

Atherton Basalt (A therton Sqbprovince) 
The Atherton Basalt (Best 1960) is dominated by subaerial 
basaltic lava flows sourced from a scattering of shield 
volcanoes. The lavas are dominantly potassium-rich alkali 
o livine basalts with microphenocrysts of olivine and 
titaniferous augite in a groundmass of plagioclase 
microlites, olivine, titaniferous augite, opaques and glass 
(Morgan 1961, 1968). Basanite and tholeiitic basalt are 
also present. 

The Atherton Subprovince covers an area of about 1800 km2 

east of Mount Gamet in the Cairns-Atherton Tableland
Innisfail areas, and has 52 known volcanic centres. The 
subprovince is characterised by broad lava plains on the 
tableland, which is strongly modified by erosion in the 
south. It is noted for its wide range of volcanic structures, 
which include lava shields, maars, numerous cinder cones 
and one diatreme (the Hypipamee Crater). Pyroclastic 
material is mainly associated with cinder cones such as 
those 5 km southeast of Atherton (Oonchak & Bultitude 



1994). Atherton Basalt lavas were erupted intermittently 
during the Pliocene to Quaternary interval. The oldest 
dated event is a 7 .I Ma lava found in a tributary of the 
Wild River, south of Herberton. The youngest events 
resulted in the formation of maars in the Atherton area. 
Lake Eacham and Lake Barrine may be as young as 
I 0 000 BP, whereas other maars range up to 200 000 BP 
in age (Kershaw & Sluiter 1982). 

The higher rainfall and groundwater conditions of the 
Atherton area, rather than magma composition, are likely 
to be key factors in the development of maars (Stephenson 
1989). Lakes Eacham and Barrine are up to I km diameter 
and 65 m deep (Timms 1976) and outcrops in fresh road 
cuttings indicate the flanks of the latter have features 
characteristic of base-surge eruption. 

The Atherton Basalt includes basanite, alkali basalt and 
tholeiitic basalt which are moderately undersaturated in 
silica with Mg-numbers ranging from 76 to 48. 87Srf86Sr 
ratios and ENd values range from 0.70391 to 0.70429 and 
5.2 to 3 .9 respectively (O'Reilly & Zhang 1995). 

Locations in the Atherton province are noted for their 
abundant xenolith population. Xenoliths are particularly 
common in some of the scoria cones, for example Mount 
Quincan, and in scorias associated with Lake Each am and 
Lake Barrine maars. Mantle peridotite xenoliths are up to 
20 em across and pyroxenite and amphibole pyroxenite 
are also represented. Lower-crustal granulite and minor 
schist are less common. Megacrysts are also common and 
include pyroxene, amphibole, spinel and anorthoclase. 

Unnamed Basalt (Mount Fox Subprovince) 
The Mount Fox area is on a dissected plateau 45 km 
southwest oflngham. Its volcanic features are described 
by Sutherland ( 1977) and include plugs (two dated at 22 Ma 
and 21 Ma) and undated flow remnants in the same area. 
Mount Fox volcano is a much younger pyroclastic cone, 
over 120 m high, containing a shallow infilled crater and 
a flow that extends southwestwards from the southern base 
of the cone. Older flow remnants overlie unconsolidated 
Tertiary sediments, including stanniferous leads, and 
mostly form ridge cappings along former drainage lines. 
Young ( 1.5 Ma) lherzolite-bearing basanite i1ows 
descended the coastal scarp into the Stone River valley 
(Stephenson 1989). 

McLean Basalt (McLean Subprovince) 
This subprovince is in the Lakeland Downs area southwest 
of Cooktown, where the largest exposure covers an area 
of about 96 km2 (Domagala et al. 1993). This volcanic 
province consists of eighteen recognised vents, a scattering 
of relatively small isolated lava fields and remnants 
overlying steeply folded rocks of the middle Palaeozoic 
Hodgkinson Formation and alluvium. It includes both 
scoria and lava cones and two maar-like structures. The 
close association of many of the vents to faults and major 
shear zones suggests some degree of structural control 
(Morgan 1968; Stephenson 1989; Robertson 1993). 

K-Ar whole-rock age determinations indicate two periods 
of cone-building volcanic activity, between 6.29 Ma and 
5.12 Ma and 3.6 and 3.08 Ma, although undated younger, 
mostly scoria, cones are probably less than I Ma 
(Stephenson 1989; Robertson 1993). Fission-track dating 
has been undertaken on a number of zircons from the 
Mount McLean vent. Ages recorded include I 04 Ma, 38 Ma 
(considered to represent an early shield-building volcanic 
event), 9 Ma and 3.6 Ma. A zircon from Hoskin's vent 
recorded an age of2.6 Ma (Robertson 1993). 
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In a recent study, Robertson (1993) reports that the older 
shield lavas consist mainly of transitional basalts with 
minor mugearite. These are medium to fine-grained rocks 
with olivine and less prominent plagioclase and 
clinopyroxene phenocrysts. Rocks from the younger, cone
building volcanism range include nephelinite, analcimite, 
basanite, alkali basalt, ne-hawaiite and mugearite. Many 
are vesicular and glassy, and olivine is the main phenocryst 
phase. 

Spinel lherzolite xenoliths and megacrysts are relatively 
abundant in the younger ne-normative lava and pyroclastic 
deposits. Pyroxenite and granulite xenoliths are rare. 
Clinopyroxene is the most abundant megacryst phase, 
along with phlogopite, zircon and anorthoclase. Alluvial 
zircon, garnet and rare sapphire have been identified within 
the Bull Hollow maar drainage system. Similarly, rare 
alluvial diamonds have been recovered in the drainage 
systems of the East and West Normanby and Laura River 
(Robertson 1993). The sources of these alluvial minerals 
can only be surmised. 

The McLean volcanic rocks range in composition from 
leucitite to transitional basalt, with Mg-numbers mainly 
between 70 and 58 . Volcanic activity since about 
9 Ma has been dominated by strongly nepheline-normative, 
primary lavas with Mg-numbers > 65 (Robertson 1993). 

In the vicinity ofToms Hole is the only known locality in 
north Queensland where faulting of Cainozoic volcanic 
rocks can be demonstrated. Here, 4.6 Ma nephelinite flows 
are overlain by diatomite and well-indurated mottled 
sandstone, all of which are down faulted by over I 0 m 
against adjacent Palaeozoic sedimentary rocks 
(Stephenson 1989). 

Mcivor and Piebald Subprovinces 
Rocks of these subprovince are in the Morgan-Mclvor 
valley (Mcivor River Basalt, Bultitude et al. 1991), west 
of Hope Vale (Piebald Basalt), and a relatively small area 
of basalt at the head of the Starcke River north of 
Cooktown. The lavas overlie alluvium and nearly 
horizontal Mesozoic sandstone of the Laura Basin. A total 
of fourteen volcanic vents have been recognised, scattered 
over an area of about 141 km2, including some well
dissected pyroclastic cones. Aeromagnetic data shows a 
close correlation between volcanic vents and magnetic 
highs. The absence of vents associated with a number of 
magnetic highs suggests the presence of unmapped vents 
or the presence of sub-surface pipes or dykes. Two K- Ar 
determinations indicate a limited age range from 1.6 Ma 
to 1.2 Ma (Stephenson 1989), although other suggested 
age estimates range from older than 3.0 Ma to 0.2 Ma 
(Bultitude et al. 1991 ). 

Bultitude et al. (1991) subdivided the Mcivor River 
Province from the Piebald Basalt Province on the grounds 
that the former consists predominantly of valley-fill lava 
flows and very minor pyroclastic deposits, whereas the 
latter is dominated by num~rous pyroclastic and composite 
vent-.type eruptions. 

Most of the basaltic rocks in the Piebald subprovince are 
very fine grained, with phenocrysts of olivine and lesser 
clinopyroxene. Rocks analysed include basanite, hawaiite, 
mugearite and minor olivine tholeiite. They are dominantly 
nepheline normative, with Si02 values <51%, a limited 
range in Mg-numbers (65- 4 7) and DI values. The 
distribution oflherzolite xenoliths is variable, ranging from 
being absent to making up to 20% by volume in one lava. 
Xenocrysts of spinel, olivine and pyroxene probably result 
from the disaggregation of peridotite xenoliths. There is 
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an abundance of upper-crustal debris such as sandstone, 
chert, quartz, quartzite, fine-grained conglomerate and 
shaley material, in some pyroclastic deposits (Bultitude et 
al. 1991 ). 

Wallaroo Basalt 
About 50 km south of the Atherton Subprovince, and 
overlying basement provinces of Cape River, Broken River 
and Hodgkinson, is the small Wa//aroo volcanic field, 
where lavas with a total thickness of about 50 m have 
flowed down the former Herbert River. Four volcanic 
centres have been recognised, three of which give an age 
range of 6.04-10.3 Ma (Stephenson 1989; P J Stephenson 
pers. comm. 1996; Withnall & Grimes 1995). Petrographic 
criteria indicate the majority of lavas are alkali basalt. 
However, the Wallaroo area also contains the only 
Cainozoic modal tholeiitic basaltic rocks with phenocrysts 
of hypersthene observed in North Queensland ( P J 
Stephenson pers. comm. 1996). 

Regolith C Pain, JR Wilford 

As in the other regions, regolith in the Cairns Region is 
closely related' to bedrock. On deformed arenites and 
mudstones of the Hodgkinson Formation, landforms for 
the most part consist of steep dissected hills. The 
dominance of steep slopes leads to active colluvial 
movement of regolith material to form shallow mantles of 
stony soil. On more gentle slopes, weathering may be 
deeper, giving a shallow soil on kaolinitic saprolite which 
still retains most of the original rock fabric. 

As with most granites elsewhere in north Queensland, 
granites in the Cairns Region have a variable regolith cover 
consisting of saprolite and core stones some tens of metres 
thick on more gentle slopes, and much thinner on steeper 
slopes. Volcanics have a similar saprolitic regolith, 
although it is generally much thinner, especially on the 
more resistant rocks of the Featherbed Range. 

Cainozoic basalts are covered with a variable thickness of 
soil and residual clay, depending on age of the basalt flow 
and position in the landscape. 

Deformation and Event History 
Barnard Province RJ Bultitude, IR Rees 
Three major, regional deformational events have been 
recognised in the Barnard Metamorphics. In addition, the 
metamorphic rocks on Dunk Island preserve a well
developed fabric apparently unrelated to any of the regional 
deformations. This fabric may be related to the 
emplacement of the Visean granites of the Bedarra belt. 
Several other, possibly local events have also been reported 
(e.g. see Richards 1977; Jones 1978; Hammond et al. 
1986), but are not discussed here. 

The first deformation (bD 1)
1 produced a finely 

differentiated mylonitic fabric in the upper greenschist and 
higher grade rocks (Hammond et al. 1986) and a bed
parallel slaty cleavage (bS1) in the lower (greenschist) 
grade rocks. The well-developed gneissic layering in the 
high-grade rocks is also thought to have been produced 
during this deformation. Gneiss inclusions in the early 
Ordovician Tam O'Shanter Granite are commonly oriented 
with the gneissic foliation at high angles to the pervasive 
foliation (bS2) in the granite. The data, therefore, indicate 
the bD1 deformational event occurred before the early 
Ordovician and pre-dates the oldest deformation (mid 
Ordovician) documented in the Hodgkinson Province 
(Bultitude et al. 1996a; Bultitude & Garrad 1997). 
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The second major deformational event (bD2) which 
affected the unit extensively transposed the bS1 fabric, 
producing an intense crenulation or schistosity. The S-type 
granites that intrude the supracrustal rocks of the Barnard 
Metamorphics also have a pervasive bS2 foliation. The 
felsic I?-type granites were deformed during the same 
event, although the foliation is commonly not as well 
developed as that in the S-types. The data imply a 
maximum age oflate Ordovician (-460 Ma) for bD2• 

The third major deformation (bD3) to affect the unit 
produced widespread mesoscopic folds, particularly in the 
lower grade rocks, in the Bramston Beach-Mourilyan 
Harbour area. A steeply dipping to subvertical bS3 cleavage 
is commonly present in these rocks. It is particularly well 
developed in high-strain zones. In contrast, bS3 is only 
weakly developed in the relatively coarse grained, high
grade gneissic rocks of the Mission Beach area and 
Frankland Islands, being defined by local new platy 
mineral (mainly mica) growth. 

The bS3 foliation trends in a northwest direction north of 
the Barnard Islands. The foliation is essentially parallel to 
what has been interpreted, mainly from geophysical data, 
as a major northwest trending shear zone/basement 
discontinuity in the Bramston Point-Russell Heads area. 
Farther south, bS3 trends are more northerly, more or less 
parallel to the Russell-Mulgrave Shear Zone. 

The bD3 deformation was a relatively young .event or 
events. As well as producing a pervasive, steeply dipping, 
nort hwest-striking slaty cleavage in the adjacent· 
Hodgkinson Formation, the bD3 event intensely defofllled 
Early Permian (-280-285 Ma) granites of the Bellenden 
Ker Bathol it h. An intense mylonitic foliation is developed 
in the summit area of Mount Bellenden Ker and along the 
eastern margin of the Bellenden Ker Range north of 
Babinda (e.g. at Fishery falls). An east-block-up sense of 
shear is inferred from kinematic indicators such as the 
orientations of porphyroclasts, stretching lineations and 
'S--C' planes. 

Jntensely deformed granite in the Bramston Point area has 
a similar fabric . However, the orientations of the stretching 
lineations imply a significant sinistral shear component. 
The defo1111ational fabrics in this area may be related to 
the presence of a postulated major northwest-striking shear 
zone in this area. The postulated shear zone separates the 
high-grade rocks of the Frankland Islands and adjacent 
mainland to the west from lower grade rocks to the south 
and southwest. 

Hodgkinson Province P JT Donchak 

The deformation history of the Hodgkinson Province is 
summarised in Table 7.5 . 

Early Ordovician- Middle Ordovician 
The consistency of sediment composition and facies along 
the length of the eastern Australian margin during the 
Ordovician is striking. It suggests a common depositional 
heritage for both the Lachlan Fold Belt rocks and their 
Mulgrave Formation equivalents during this time. If the 
present preserved extent of Ordovician flysch is any 
reflection of its original extent, the enormous Ordovician 
basin represented by the Lachlan Fold Belt may have 
shallowed (and narrowed?) dramatically to the north in 
the Broken River/Hodgkinson Provinces, where 
Ordovician strata are now only preserved as a few linear 
belts no more than I 0 kilometres wide. Such a marked 
decrease in the extent of Ordovician quartzose flysch in 
northern Australia may partly reflect an increasing distance 



from the major source of sediment supply, which current 
directions indicate existed to the south and southwest of 
the Lachlan Fold Belt (Coney et al. 1990). The only set of 
current direction data measured from the Mulgrave 
Formation during the current study (Domagala, this 
chapter) also indicates sediment supply from the south. 

The quartzose sediments of the Mulgrave Formation were 
most likely derived from erosion of a low relief cratonic 
source. The domination of craton-derived rather than arc
derived material within the Mulgrave Formation suggests 
that the sediments were deposited in a back-arc (rather 
than fore-arc) setting, probably in a marginal sea. Such an 
interpretation was also favoured by Withnall, Lang eta\. 
(1988) for equivalent Ordovician sequences within the 
Broken River Province to the south. The mafic lavas within 
the Mulgrave Formation are consistent with increased heat 
flow in an extensional back-arc setting. Alternatively, 
Withnall & Lang (1993) suggested that the early 
Ordovician quartz arenites may have been deposited during 
a passive, extensional phase after the cessation of 
subduction and arc-related volcanism in the Late 
Cambrian~arly Ordovician. 

Middle Ordovician-Early Silurian 
The end of the middle Ordovician saw a change in the 
tectonic regime of North Queensland. Evidence of calc
alkaline arc-style volcanism appears in the sedimentary 
record at this time, probably indicating a renewal of 
subduction to the east. Subduction-related compression 
(the hD1 deformation event) is thought to have closed the 
Mulgrave Formation basin at this time. Arc-derived detritus 
was deposited in nearby basins (either in a back-arc or 
fore-arc setting) unconformably overlying the Mulgrave 
Formation in places. These volcanogenic deposits are now 
preserved as the Mountam Creel< Conglomerate and the 
Van Dyke Litharenite. Correlative sequences (the oolitic 
limestones of the Carriers Well Formation and the calc
alkaline Everetts Creek Volcanics) occurring to the south 
in the Broken River Province indicate that the late 
Ordovician volcanic arc was relatively continuous for a 
considerable distance (over 400 kilometres) along the 
craton margin during the late Ordovician. 

As well as arc-derived volcanolithic sediments, the late 
Ordovician sequences of both the Broken River and 
Hodgkinson Provinces contain significant quantities of 
interbedded quartz arenite. A dual provenance is implied 
for the late Ordovician, with the quartzose rocks perhaps 
being derived from either second cycle reworking of the 
uplifted Mulgrave Formation, or from another mature 
cratonic source. Similar facies relationships also occur 
within probable correlative Ordovician Lachlan Fold Belt 
sequences in southern Australia. These typically contain 
interfingering clean quartz sands and volcaniclastic 

. deposits reflecting a bimodal source (Veevers 1984 p294), 
and volcanism is inferred to have been broadly 
contemporaneous with quartzose flysch deposition. 

Subduction-related arc volcanism and accompanying 
deposition ceased in the late Ordovician or early Silurian, 
probably resulting from 'stepping' of the subduction zone 
further to the east and possible foreland thrusting within 
the inactivated arc and surrounding basins. Such an event 
was postulated by Withnall & Lang (1993) for the Broken 
River Province at this time, involving thrusting of the 
Ordovician sequence over Precambrian rocks to the west 
along the Halls Reward Fault. Rb-Sr dating of mylonites 
from this fault suggested a late Ordovician to early Silurian 
age for this deformation (L.P. Black unpub. data; Withnall 
1989b). However, the dating technique may not be 
completely reliable, leaving the possibility that this Broken 
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River Province thrust event may have been synchronous 
with the middle? Ordovician deformation which inverted 
the Mulgrave Formation basin in the Hodgkinson Province. 

No direct evidence for the late Ordovician to early Silurian 
deformation proposed by Withnall & Lang (1993) for the 
Broken River Province is known from the Hodgkinson 
Province. However, extensive early Silurian (-430 Ma) 
granite intrusions are known from the Proterozoic 
basement immediately to the west of the Hodgkinson 
Province (e.g. the Nundah Granodiorite, and Blackman 
G!ip Complex refer to Chapters 3 -also see Donchak & 
Bultitude 1994). These granites are foliated in many places 
and are interpreted as largely syntectonic. Bultitude et al. 
( 1995) suggested that the intrusion of these granites may 
have accompanied deformation which halted late 
Ordovician (and earliest Silurian?) sedimentation, 
immediately before a late Llandovery (early Silurian) 
extensional event which produced the Hodgkinson Basin. 
More likely alternative interpretations are dealt with in 
the following section. 

Early Silurian~Middle Devonian 
A significant change in basin character occurred in the 
early Silurian with the deposition of the Chillagoe 
Formation. The voluminous mafic lava flows which locally 
make up to 50% of the Chillagoe Formation suggest that 
extension was the main driving force behind basin 
formation at this time. Their tholeiitic composition is 
generally consistent with a back-arc or intracrustal 
environment (Fawckner 198la p48). 

The earliest dated sediments from the Chillagoe Formation 
are late early Silurian (Telychian - around 428 Ma) in 
age, but older undated rocks conformably underlie the 
Telychian sediments in places. It is conceivable that the 
oldest part of the Chillagoe Formation may range further 
back in time very close to the - 445 Ma age of the Mountain 
Creek Conglomerate, with no major deformational hiatus 
necessary between the two. Even if the oldest Chillagoe 
Formation sediments range back from the Telychian even 
a few million years (which seems almost certain), 
deposition must have overlapped with the -430 Ma 
intrusion of the Nundah Granodiorite in the adjacent 
basement rocks. It therefore seems unlikely that intrusion 
of the Nundah Granodiorite was accompanied by 
significant deformation that predated deposition of the 
Chillagoe Formation, as inferred by Bultitude eta!. ( 1995). 

The intrusion of the Nundah Granodiorite and Blackman 
Gap Complex granites may have been a direct consequence 
of early Silurian extension within the fledgling Hodgkinson 
Basin, particularly if extension was faci litated by low angle, 
detachment-style, crustal-scale faulting as suggested by 
Donchak & Bultitude (1994). The upper plate margins 
above such detachments are typically subject to mantle 
underplating, igneous intrusion and uplift. In this context, 
igneous intrusion along the western margin of the 
developing Chillagoe Formation rift implies a westward
dipping detachment fault . However, t he foliated 
syntectonic nature of these granites is difficult to explain 
in terms of this model . Perhaps these granites were intruded 
along weaknesses between crustal blocks and facilitated 
differential uplift rates between them. Later Early Devonian 
syntectonic granite intrusion of the basement also appears. 
to be related to possible accelerated extension within the 
basin, as discussed later. 

The geometry of the Chillagoe Formation basin is open to 
speculation, but any reconstruction must take into account 
the fact that carbonates were able to accumulate steadily 
for around 30 mil lion years free from significant 
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disturbance by clastic influxes. A large proportion of the 
sediment produced from the western basin margin may 
have been carried away by extensive westward-flowing 
drainage systems. Coarse clastics derived from the western 
margin are not preserved and may have been trapped in 
proximal half-grabens, with finer, more distal clastic 
material trapped between fault blocks on which carbonates 
were accumulating. The nature of the eastern basin margin 
remains uncertain, as no sedimentary contribution is 
known from this area. 

Middle-Late Devonian 
In the Early to Middle Devonian, the character of the 
sedimentation in the region again changed dramatically. 
During this period, the stable Chillagoe Formation basin 
evolved rapidly into a much larger, rapidly deepening basin 
filled by flysch of the Hodgkinson Formation. Significant 
carbonate deposition had effectively ceased by the Middle 
Devonian, when enormous quantities of flysch began to 
pour into the basin to form the Hodgkinson Formation. 
This process is characterised within the geological record 
as influxes of coarse clastic deposits dated from late Early 
Devonian (late Pragian to Emsian) in the Mungana area, 
and associated with local downcutting and erosion of the 
Chillagoe Formation carbonate platform. 

Many of the previous workers in the area (e.g. Arnold 1975; 
Cooper et al 1 975; Henderson 1980, 1 987) have interpreted 
the Hodgkinson Formation succession as an accretionary 
wedge package deposited seaward (i.e. to the east) of an 
active continental volcanic arc. 

The followi ng aspects of the Hodgkinson Formation are 
typical of modern day subduction complexes. 

1. The unit consists of great volumes of flysch containing 
lenses of oceanic basalt and chert. 

2. The formation consists of a stack of steeply-dipping 
thrust slices, which young internally towards the 
continent, but young grossly away from it (at least in 
the western half of the basin). 

3. Melange occurrences are widespread throughout the 
basin. These block-in-matrix rocks are interpreted by 
many workers as resulting from deformation of 
incompletely lithified or dewatered sediments within 
subduction complexes. However, it must be pointed 
out, that post-deformational, 'hard-rock' melanges are 
also known from thrust terrains as diverse as the 
Apennines (Labaume et al. 1991) and the Appalachians 
(Bosworth 1989). Melange bodies may a lso be 
produced within the thick sedimentary pile by mud 
diapirism related to gravity loading of overpressured 
muds, and are therefore not necessarily diagnostic of 
subduction environments. 

However, the following features are inconsistent with a 
subduction complex environment. 

1. Many of the mafic lavas within the basin were deposited 
synchronously with the enclosing coarse clastics 
(Bultitude et al. l993b), unlike typical ocean floor 
basalts. The synchronous mafic volcanism and 
sedimentation suggests that active extension occurred 
during the basin's lifetime. 

2. The Hodgkinson Formation in the far northeast of the 
province contains rocks that are significantly older than 
those in the central part of the province, a feature 
inconsistent with progressive trenchward younging 
typical of normal accretionary prisms. Early Devonian 
and possibly late Silurian ages have been obtained from 
in-place limestones within the Hodgkinson Formation 
squthwest of Cooktown (Donchak et al. 1992; 
Domagala et al. 1993). 
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3. The Hodgkinson Formation as a whole contains very 
little volcanic detritus, an unusual feature for a fore-arc 
or trench adjacent to an active volcanic mountain chain. 
Exceptions occur in the easternmost coastal parts of 
the sequence in the Cooktown and Helenvale 1: I 00 000 
sheets areas, where selected parts of the sequence are 
relatively rich in volcaniclastic detritus (Bultitude et al. 
1991; Donchak et al. 1992). These occurrences point 
to the presence of possible volcanism to the northeast 
of the basin (consistent with a back-arc environment) 
rather than to the west as required by the subduction 
model. However, recent SHRIMP dating of volcanic 
clasta from the Hodgkinson Formation south of 
Cooktown indicates an older 460 Ma (Ordovician) 
source for some of the volcanic detritus. The proximiry 
of such an older crustal source close to the eastern 
margin of the basin is difficult to rationalise with a 
simple subduction model. 

4. The geochemistry of the late Silurian-Early Devonian 
granites exposed west of the Palmerville Fault within 
the Proterozoic basement indicates that most are felsic 
S-types, inconsistent with subduction-related 
continental arc magmatism (as suggested by Henderson 
1987) which is typified by intermediate calc-alkaline 
1-type compositions. 

5. The geochemical and isotopic characteristics ofPermian 
S-type granites in the eastern part of the Hodgkinson 
Province indicate that they, were derived from 
supracrustal rocks that were more immature and 
isotopically primitive than the currently exposed parts 
of the Hodgkinson Formation. Such a provenance is 
not consistent with a subduction model that requires / 
that the Hodgkinson Formation is underlain by oceanic . 
crust. 

6. Regional Bouguer anomalies (Fraser eta!. 1977; Shirley 
1979) and seismic evidence (Finlayson 1968) suggest 
that continental crust rather than oceanic crust (as 
required by the subduction model) is likely to underlie 
the basin. 

7. Pre-Hodgkinson Basin continental crust, the Barnard 
Metamorphics, is known to exist on the southeastern 
margin of the basin. Deformed granites intruding the 
metamorphics have yielded Ordovician U-Pb zircon 
(SHRIMP) ages (Bultitude et al. 1 995), indicating that 
the unit is significantly older than the adjacent Devonian 
Hodgkinson Formation. Continental crust seaward of 
the accretionary prism is difficult to incorporate into 
classical subduction models. 

An alternative to the subduction model was proposed by 
Hammond ( 1986) who suggested an intracratonic, foreland 
basin-style thrust model for the Hodgkinson Basin. This 
model involves the formation of a basin by crustal loading 
at the toe of an eastward-advancing thrust sheet. The 
sedimentary pile was progressively overridden by the 
advancing thrust sheets, producing melange fabrics within 
the incompletely dewatered sediments. Hammond's model 
does not detail the mechanism for such intracratonic 
thrusting, nor does it explain the belts of mafic lava and 
chert which occur sporadically throughout the sequence. 
This model also fails to explain adequately the intrusion 
of the extensive Cape York Peninsula Batholith into the 
basement rocks to the west of the Palmerville Fault 
immediately before deposition of the Hodgkinson 
Formation in the Early Devonian. 

In the light of the above discussion, both subduction and 
foreland basin models appear inappropriate for -the 
formation of the Hodgkinson Basin. A more applicable 
model was presented by Fawckner (1981a), who favoured 



a rifted continental margin as the site of deposition of the 
Hodgkinson Formation. He considered that the tholeiitic 
(rather than calc-alkaline) character of the mafic lavas 
within the Hodgkinson Province sediments indicated an 
extensional environment incompatible with a subduction 
model. 

Recent age dating of granites within the Precambrian 
basement margin of the Hodgkinson Province has 
uncovered a significant Early Devonian tectonic event that 
must be integrated into any tectonic model for the 
Hodgkinson Basin. It is now recognised that the extensive 
Cape York Peninsula Batholith (CYPB) was intruded at 
-407 Ma into Proterozoic continental crust, while active 
sedimentation occurred in the adjacent Hodgkinson Basin. 
Within the basin, this event is recorded as a transition from 
the quiet, stable Chillagoe Formation environment to the 
deeper water, higher energy Hodgkinson Formation 
environment. Intrusion of the granites was evidently linked 
to rapid uplift of the western basin margin, forming a 
mountain chain that shed large volumes of siliciclastic 
craton-derived detritus into the adjacent basin. This 
intruded and uplifted western margin is consistent with 
renewed asymmetric extension along a westward-dipping 
low angle detachment fault in the same fashion as outlined 
earlier for the early Silurian. Renewed back-arc extension 
is suggested as the driving force behind these events, 
probably related to factors such as altered subduction zone 
dip or convergence rate. 

Although the intrusion of the CYPB is largely consistent 
with an extensional model for the Hodgkinson Basin, its 
intrusion into a shear zone environment (Blewett 1992) 
remains difficult to explain in this context. However, if 
the shear zones dip west at depth, parallel to the dip of the 
granite sheets, they may represent extensional faults 
formed during episodic extension of the western (upper 
plate) margin of the Hodgkinson Basin. This fault 
architecture differs from classical models of upper plate 
basin margins in which uplift and granite intrusion is 
associated with steep basinward-dipping normal faults. 
However, reverse (extensional) faulting may have 
dominated in this case because of the existence of a 
network of similarly oriented, pre-existing crustal 
weaknesses. 

Sedimentation within the Hodgkinson Basin is known to 
have ceased at the end of the Devonian with the onset of a 
major compressional orogeny (hD2) . This deformation 
event involved eastward-directed thrusting along the 
Palmerville Fault, probably reversing movement along the 
earlier westward-dipping extensional structures that 
facilitated the opening of the basin. Shortening of the basin 
produced a stack of westward-dipping imbricate thru~t 
slices, younging internally to the west. A roof thrust IS 
thought to have developed in places during this process, 
as remnants of the overlying basement sheet are preseryed 
as outliers within the Hodgkinson Basin sediments east of 
the Palmerville Fault in at least one locality (i.e. in the 
Mount Gamet area). A thrust-nose conglomerate sheet was 
also produced as coarse clastics were shed continuously 
from the advancing thrust front before being overridden. 
These deposits are preserved almost continuously along 
the Palmerville Fault as the Quadroy Conglomerate. 

Late Devonian- Late Permian 
During the Carboniferous, the upturned and tectonised 
Hodgkinson Basin sequence was affected by a furth~r 
series of deformation events. The first of these (hD3) IS 
associated with a steeply dipping, north-northwest 
trending (transpressive?) shear zone that obliquely 
transects the Chillagoe-Hodgkinson Formation boundary 
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in the western part of the basin. The shear zone divides 
steep east-dipping strata to the west from steep westerly
dipping strata to the east (Bultitude & Donchak 19~2), 
and exhibits evidence of substantial amounts of vert1cal 
extension (Bultitude et al. 1993b) with a possible flower
structure geometry. This zone correlates, in part, with the 
Mitchell Fault (locally containing mylonitic rocks) and the 
Big Watson fault Zone (characterised by belts of melange) 
recognised by Shaw et al. (I 987). The hD3 event may be 
related to localised backthrusting during the final stages 
of hD2, or may result from later intraplate compression. 

The succeeding deformation event, hD., was much more 
widespread and involved significant shortenjng of the 
basin as a whole. The hD4 deformation produced the 
distinctive north-trending, outcrop and map-scale upright 
folds and associated axial plane slaty cleavage visible 
throughout much of the basin today. Most of the ear~ier 
moderately dipping hD2 structures were steepened dunng 
this event. The hD4 deformation predates all of the 
Permian-Carboniferous granitic activity within the 
province, and is therefore thought to have occurred 
sometime in the early Carboniferous. 

In the northern half of the Maytown I: 100 000 sheet area, 
h04 folds are overturned by a significant hD5 deformation 
event, characterised by shallow to moderate dips and 
recrystallisation of the normally low grade sequence to 
fine schist and meta-arenite. No significant age constraints 
are known for the event, and its history is poorly 
understood. The hDs event may be genetically related to 
large-scale (hD5?) doming and metamorphism of strata 
around Mount Madden in the central-eastern Maytown 
1:100 000 sheet area. The dome at Mount Madden is 
around 10 kilometres across and is well defined by the 
Larramore Metabasalt Member of the Hodgkinson 
Formation. High strajns have produced an intense semi
concentric foliation related to the formation of the dome 
(Bultitude & Donchak 1992; Bultitude et al. 1993b). lt is 
most likely that these dome-related features around Mount 
Madden are related to forceful granite intrusion at depth, 
a mechanism that may apply to the hD5 event to the north. 
The age of such granite intrusion is unknown. 

In the centre of the basin, the dome-forming (hD5 ?) event 
was succeeded by another localised deformation, hD6, 
forming east-west trending crenulatio.ns ~d s~all-scale 
folds with moderate to shallow south-d1ppmg ax1al planes. 
No large-scale structures are known to be associated with 
outcrop-scale hD6 structures. However, roughly east- west 
trending map-scale folds (with little associated cl~avage 

development) occurring in the O.K. mine area 1n the 
Bellevue I: I 00 000 sheet area are probable hD6 structures. 
The hD6 deformation may be an expression of the 
continent-wide north- south compressional event 
postulated for the middle Carboniferous by Powell et al. 
(1985). 

The whole region was effectively cratonised by the late 
Carboniferous when the first of a series of post-orogenic 
granites (the Ootann, O' Brien's Creek and Almaden 
Supersuites) intruded the southwestern part of the 
Hodgkinson Province. These intrusions were followed 
quickly by eruption of voluminous largely felsic volcanics, 
forming the caldera complexes of the southwest Featherbed 
Volcanic Group. Felsic volcanism extended along a 
northwest trend (parallel to the northwest-trending segment 
of the Palmerville Fault), forming the remainder of the 
Featherbed Volcanic Group as well as the Nychum and 
Mitchell River Volcanics, erupted in the Permian. 
Volumetrically-subordinate Permian volcanism 
(represented by the Normanby Formation) also occurred 
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sporadically wi~hin narrow grabens along major north
trending fault systems in the easterri part of the province 
(Donchak et al. 1992). 

The focus of intrusive granitic activity generally progressed 
eastwards with time, with the Early Pem1ian Whypalla 
Supersuite plutons in the central-eastern part of the basin 
being succeeded by many of"the mainly Late Permian 
coastal supersuites. This migration of igneous activity may 
have resulted from either episodic eastward 'outstepping' 
of coeval westward-dipping subduction zones, or an 
increase in dip of the subduction zone. 

A progressive increase in subduction dip during the late 
Carboniferous-Late Permian period is consistent with the 
quenched margins and narrow aureoles of the earlier late 
Carboniferous plutons, which suggest intrusion into 
relatively cold 'refrigerated' crust commonly found above 
shallow-dipping subduction zones (Dumitru et al. 1991). 
The 'refrigeration' effect results from insulation of the 
upper crust from high asthenospheric temperatures by a 
broad intervening_ slab of cooler subducting crust. As the 
subduction zone steepens, however, magmatism steps 
trenchward and the downgoing slab falls away more steeply 
to expose the upper crust to hot upwelling asthenospheric 
material. The broader metamorphic aureoles around many 
of the younger granite plutons in the eastern part of the 
province are consistent with this model. Moreover, this 
process also results in thermal weakening of the crust, 
which may, in part, account for the intense deformation 
localised along the eastern margin of the province i'n the 
Late Permian- Early Triassic, as described below. 

As the granitic activity moved eastwards, erosion and 
sagging of the central part of the province occurred, 
followed by deposition of the mid to Late Permian Mount 
Mulligan Coal Measures in lakes and a paralic 
environment. These original, more extensive sediments are 
preserved only as a small fault block at Mount Mulligan. 

Late Permian-Early Triassic 
Significant deformation affected the coastal and some 
inland parts of the Hodgkinson Province during the Late 
Permian-Early Triassic period. Bultitude & Champion 
( 1992) inferred a 240-255 Ma age for this deformation 
from radiometric age dating of deformed coastal granite 
plutons. It is unknown whether the deformation occurred 
as a single discrete event or as a number of episodic events, 
but is treated here as a single event (hD7). This Permian
Triassic deformation of the Hodgkinson Province is 
thought to be broadly equivalent to the Hunter-Bowen 
Orogeny which deformed much of the New England 
Orogen to the south at this time. 

In the lower-grade eastern half of the province, the hD7 

deformation produced the predominant north to northwest
trending cleavage. The latter commonly represents a 
composite hS7/hS4 slaty cleavage formed by re-use of the 
earlier, similarly oriented hS4 cleavage (Davis 1994). In 
some areas, the hS7 slaty cleavage can be distinguished 
from similarly developed hS4 cleavages where the former 
transects mesoscopic hD4 folds. (Bultitude et al. I 991 ). 
Effects of the hD7 deformation are also visible in the 
western half of the provipce on the northern part of the 
Maytown I: 100 000 sheet area where the event produced 
widespread northwest-trending, upright crenulations and 
kinks of the schistose higher-grade rocks. 

Davis (1994) interpreted intrusion ofWhypalla Supersuite 
plutons (the Cannibal Creek and Kelly St. George Granites) 
as synchronous with the regional hD1 (his D4) crenuJatioo 
and slaty cleavage development described above, whereas 
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Bateman ( 1985a) argued that the Cannibal Creek Granite 
was only associated with localised aureole cleavage 
formation resulting from diapiric ballooning. 1 favour the 
latter interpretation (although diapiric ballooning may not 
be involved; see Paterson 1988; Godin 1994), and Davis' 
D4 event is considered more likely to represent Permian
Triassic deformation postdating granite intrusion 
(Bultitude et al. 1 993b ). 

Shearing associated with the hD1 event is most obvious in 
the well exposed granites of the region, particularly in 
coastal regions. Deformation effects range from undulose 
extinction in quartz grains (e.g. Cape Melville Granite) to 
extensive recrystallisation to finer-grained aggregates (e.g. 
Bunk Creek Granite), and, locally, the development of a 
strong, sometimes mylonitic foliation (e.g the Mount 
Formartine, Boolbun and B~llenden Ker Granites). 

A distinct belt of hD1 coastal shearing up to 20 kilometres 
wide was recognised in the Cairns-Jnnisfail area by earlier 
workers, who referred to the zone as either the Etty Bay 
Shear Zone (de Keyser & Lucas 1968) or the Russell
Mulgrave Shear Zone (Willmott et al. 1988). This shear 
zone contains a number of weakly to strongly deformed 
plutons and marks the contact between Hodgkinson 
Formation sediments and the older Barnard Metamorphics. 

Little is known about the shear sense of the hD1 shear zones 
in the eastern half of the province. The eastern margin of 
the Bellenden Ker Granite in the Fishery Falls area displays 
steeply-plunging stretching lineations and S-C fabrics 
indicating an east-block-up sense of shear. Similar fabrics 
within the Mount Formartine Granite at Taylor Point along 
strike to the north also indicate an east-block-up sense of 
shear. However, further east, S-C relationships displayed 
by coastal exposures along the eastern side of the Graham 
Range suggest an oblique, west-block-up sense of shear 
with a strong sinistral component. Stretching lineations 
are generally not visible in these rocks, but the movement 
direction is estimated to plunge at 30-40° to the northwest. 
These conflicting shear senses may simply be a product 
of the limited field data available, or may be a true 
reflection of the complexity of crustal movements .at this 
scale. The eastern Graham Range shear zone may simply 
represent oblique backthrusting within an overall east-over
west fault regime. Alternatively, the adjacent belts of 
differing shear sense and character may result from 
domainal strain partitioning similar to that documented 
by Cashman et al. (1992) for the fore-arc of the Hikurangi 
Subduction Zone in New Zealand. In these rocks obliquely 
convergent pJate motion is resolved into paired belts of 
strike slip and contractional character within the fore-arc 
system. In a similar fashion, oblique (probably sinistral) 
plate convergence at the northeastern margin of the 
Australian craton during the Late Permian-Early Triassic 
may have produced paired belts of transpressional and 
compressional character. 

The hD7shear zone fabric in the eastern Hodgkinson Basin 
is coaxial with the latest significant fold event recognised 
in the adjacent Barnard Metamorphics. Both events may 
be correlatives and relate to the structural emplacement 
of the Barnard Metamorphics into their present position 
in the Late Permian or Early Triassic. However, there is 
no evidence for large-scale (of the order of tens to hundreds 
of kilometres) hD7 strike-slip transport of the Barnard 
Metamorphics into their current position, as Permian
Triassic granite plutons of the adjacent Hodgkinson 
Province show no significant offsets across hD7 shear 
zones. Therefore, vertical rather than horizontal movement 
may predominate along these shear zones, with the Barnard 
Metamorphics most likely representing an upfaulted or 



upthrust basement high, rather than continental crust 
marking the eastern limit of the Hodgkinson Basin. This 
interpretation is further supported by the retrieval of rocks 
lithologically similar to those of the Hodgkinson Formation 
from the western flanks of the Queensland Plateau (Feary 
et al. 1993), seaward of the Barnard Metamorphics. 

As well as regional deformation and granite intrusion, 
Permian and Early Triassic plate interactions resulted in 
transpressional? movements along the Palmerville Fault 
system and some major intrabasinal faul ts, producing 
narrow transtensional rift basins at fault jog sites. Sinistral 
movement along. the Palmerville Fault, for example, 
resulted in the deposition of the Little River Coal Measures 
into a small Late Permian rift. A much deeper, larger graben 
(the Lakefield Basin) had formed earlier in the mid 
Permian at another transtensional? site at the northern end 
of the Palmerville Fault System, and sedimentation 
probably continued here into the Triassic (Wellman 1995a). 
East of the Palmerville Fault, northwest-trending faults 
controlled the development of the Early? Triassic Pepper 
Pot Sandstone, which was deposited in a narrow graben 
preserving the underlying Mount Mulligan Coal Measures 
at Mount Mulligan. · 

Triassic-Tertiary 
Some erosion of the deformed Hodgkinson Province and 
adjoining basement rocks took place during the 
deformation and intrusive events of the Carboniferous, 
Permian, and Triassic before development of a broad 
shallow basin (the Laura Basin) in the northern part of the 
province in the Middle Jurassic. Well man ( J995a) 
interpreted the Laura Basin as a thermal sag basin related 
to earlier subsidence forming the underlying Permian
Triassic Lakefield Basin (Chapter I 0). 

Sedimentation in the Laura Basin bega~ with deposition 
oft he Dalrymple Sandstone, a sequence of fluviatile quartz 
sandstone and conglomerate. In the Late Jurassic, more 
widespread subsidence occurred to the west of the 
province, forming the extensive Carpentaria Basin. 
Sedimentation began here with the deposition of fluvial 
to marginal marine quartzose sand, gravel, and minor clay 
of the Gilbert River Formation, which also onlapped 
eastwards across the Laura Basin. A widespread marine 
transgression in the Early Cretaceous resulted in deposition 
of the argillaceous Rolling Downs Group. 

Mesozoic sedimentation ceased in the Late Cretaceous 
with the onset of uplift and block faulting. The latter was 
probably related to rifting associated with the Late 
Cretaceous-early Tertiary opening of the Coral Sea to the 
east. During this period, the eastern margin of the 
Hodgkinson Province and any adjoining Tasman Orogen 
rocks were rifted offshore to form the Queensland Plateau 
(Mutter & Kamer 1980). Broad downwarping in the early 
Tertiary formed a new shallow basin (the Karumba Basin) 
in which fluviatile sand, gravel and clay of the Bulimba 
Formation was deposited. Subaerial erosion and deposition 
also continued in the rifted offshore crustal blocks, but by 
the mid Tertiary, this area had subsided beneath the Coral 
Sea to form the Queensland Plateau. 

During the Cainozoic, ·the Carpentar-ia and Laura Basins 
were uplifted in stages (progressively more in the east than 
the west) and subjected to erosion, which is continuing. 
During this period the Hodgkinson Province and environs 
were also the site of extensive intraplate basaltic volcanism, 
now grouped as the Piebald, Mcivor River, McLean, 
Atherton and McBride Basalt Provinces. 
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Cmr~rellatnonns - llnnt~ra annd ITrrnte~r
Regfionnall RJ Bultitude 

The oldest rocks of the region are in the Barnard 
Metamorphics. The formation is intruded locally by the 
Tam O'Shanter Granite which has yielded a U-Pb zircon 
age of 486 ± I 0 Ma. The enclosing supracrustal rocks are, 
therefore, older than early Ordovician; they are currently 
thought to be most probably Neoproterozoic to Cambrian. 

The Barnard Metamorphics may correlate, at least in part, 
with metamorphic rocks thought to be of s imilar age (early 
Palaeozoic or late Proterozoic) and poorly exposed farther 
south in the Charters Towers Region (Wyatt et al. I 970; 
Paine et at. 1971; With nail & McLennan 1991) and 
Belyando Region (Withnall et al. 1995, 1996b). In 
particular, the Argentine Metamorphics and Anakie 
Metamorphic Group are similar lithologically to parts of 
the Barnard Metamorphics, consisting of metapelite and 
quartz-rich metapsammite (Withnall et al. 1995, 1996b ). 
The Cape River Metamorphics, in the western part of the 
Charters Towers Region, also contain abundant quartzite. 
The Barnard Metamorphics may, in fact, represent the 
northern extension of a Neoproterozoic-Early Cambrian 
orogenic belt that extended from the Transantarctic 
Mountains for almost the entire length of eastern 
Gondwana (e.g. see Withnall et al. I 996b ). · 

The Mulgrave Formation is thought to be the oldest unit 
in the Hodgkinson Province. The unit is characterised by 
distinctive quartzose arenite as one of the major rock types. 
It has been correlated with the lithologically similar Judea 
Formation of the Broken River Province (Bultitude et al. 
1993b), which has been dated as early Ordovician (Chapter 
8). The unit may also correlate with Ordovician quartzose 
turbidite deposits in the Lachlan Fold Belt of southeastern 
Australia (e.g. see Crook & Powell 1976; Fergusson & 
Colquhoun 1996). 

The overlying Mountain Creek Conglomerate contains 
lenses of late Ordovician (Ashgill) limestone in its lower 
part (Bultitude et al. 1993b). The unit is, therefore, of 
similar age as the Carriers Well Limestone in the Camel 
Creek Subprovince (Broken River Province), the Fork 
Lagoon beds in the Anakie Province, and the Rosenthal 
Creek Formation of the Silverwood Group in the Wan .. ,ick
Stanthorpe area (Wass & Dennis 1977; Palmieri 1978). 
Late Ordovician strata are also exposed farther south in 
the Tasman Fold Belt in northern and southern New South 
Wales and Victoria (Philip 1966; Beavis 1976; Cawood 
1976). 

The early Silurian (late Llandovery )-Early Devonian (early 
Emsian) Chillagoe Formation of the Hodgkinson Province 
correlates, at least partly, with the Graveyard Creek Group 
(late Llandovery-Lochkovian?) of the Broken River 
Province to the south. Withnall & Lang (Chapter 8) also 
list other possible correlatives of the Chillagoe and 
Hodgkinson Formations in the Broken River Province. 

It is not certain whether there was a significant break/ 
unconformity between the Chillagoe Formation and 
Mountain Creek Conglomerate. Bultitude et al. (1996a) 
postulated there may .have been an erosional break, 
corresponding with uplift related to the intrusion of the 
Nundah Granodiorite in the nearby Etheridge Province to 
the southwest. The juxtaposition of the east-younging 
Mountain Creek Conglomerate against west-younging 
rocks of the Chillagoe Formation is consistent with such 
an interpretation. The Nundah Granodiorite has yielded a 
U-Pb zircon (SHRIMP) age of 434 ± I 0 Ma. It, therefore, 
may predate the Chillagoe Formation and correspond to 
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an unconformity at its base. Furthermore, Withnall 
(Chapter 3) postulated a significant deformational event 
in the late Ordovician or early Silurian that produced 
mylonite zones and thrust faults in the eastern Georgetown 
Region before the commencement of deposition of the 
Graveyard Creek Group in the Broken River Province (in 
the late Llandovery). The presence of a foliation in some 
middle Palaeozoic granites of the eastern Georgetown 
Region, now known to be -425 Ma and older, is also 
consistent with a very late Ordovician or very early Silurian 
deformation. However, Donchak (this chapter) is of the 
opinion there is not a significant break between the 
Mountain Creek Conglomerate and the Chillagoe 
Formation. 

There was a major change in the style of sedimentation in 
the Hodgkinson Province in about the late Pragian-early 
Emsian (at -400 Ma). Uplift of basement blocks to the 
west and extensive granite emplacement coincided 
approximately with a marked deepening of the basin to 
the east, resulting in the deposition of coarse conglomerates 
along much of the western part of the province. Granites 
of the Cape York Peninsula Batholith have yielded a pooled 
age of-407 Ma (Black et al. 1992a,b; Chapter4). 1sotopic 
ages in the range from -380 Ma to -420 Ma are also 
common in the granitic and metamorphic rocks of the 
Etheridge Province (Georgetown Region), and in the 
granites of the Charters Towers Region (Chapters 3, 6). 

The Carboniferous-Permian intrusive and volcanic rocks 
of the Cairns Region form part of a very extensive late 
Palaeozoic igneous province (Kennedy Province) 
developed throughout much of North Queensland. A 
noteworthy feature of this province is the dominance of 
felsic, commonly fractionated, compositions. 

Mines and Mining History PD Garrad 
Detailed mining histories are given in Tdriess (1938), Kerr 
( 1979), Lam et al. (1988, 1991), Culpeper et al. (1990, 
1994), Bruvel et al. ( 1991 ), Dash et al. ( 1991 ), Denaro et 
al. (1992, 1994a), Dash& Cranfield (1993), Garrad (1993), 
Hooper (1993), Lam ( 1993), Lam & Genn (1993), Dash 
& Morwood (1994), Garrad &Rees (1995), and Marwood 
& Dash ( 1996). Historical production figures are given in 
Table 7.6. 

Gold 
William Hann 's expedition of 1872 discovered gold on 
the Palmer River. The following year a group of prospectors 
led by James Venture Mull igan explored along the Palmer 
and its tributaries and recovered 102 ounces of gold. 
Alluvial gold was discovered in the Hodgkinson Gold Field 
in 1876. Although geologically similar to the Palmer Gold 
Field, the Hodgkinson Gold Field was primarily a lode 
mining area. The only recorded alluvial production figures 
are for 1876- 1879, when 1088 kg gold were won. An 
additional 120.3 kg gold were obtained between 1881 and 
1882 for the whole field (Denmead 1932). The largest mine 
(the Monarch) was discovered in 1876 by W.M. Thompson. 
Mining of quartz- stibnite-gold reefs in the Northcote area 
commenced as early as 1877. 

The Moxham brothers discovered gold in several quartz 
reefs in the Minnie Moxham area soon after the rush to 
the Hodgkinson Gold Field. The total gold production up 
to 1987 was -700 kg. A carbon-in-leach (CIL) plant with 
the capacity to process 100 000 t per annum and 
incorporating a gravity recovery section was built on site. 
It treated ore until mid 1990. About I I 0 kg of Au bullion 
were produced in the two year period. 
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Alluvial gold was first found in the Mulgrave River in 
October 1879 (Dempsey 1980). The total gold production 
from 1879 to 1942 (from both reef and alluvial sources) 
was 206 kg of gold, made up of 130 kg derived from 
alluvial sources and 76 kg from auriferous quartz reefs. 
The Goldsborough area is located on the western bank of 
the Mulgrave River at its junction with Toohey Creek. The 
area referred to as 'Upper Camp' is located about 7 km 
south of Goldsborough, in rugged country between 
Butcher and Machinery Creeks. The Upper Camp area 
contains mainly hard-rock mines, the Walter Hodgson and 
Orient-Mowbray being the largest workings. The Walter 
Hodgson mine, discovered in 1887, was the longest 
operating mine in the Mulgrave Gold Field. The main 
production of alluvial gold in the Mulgrave gold field has 
been from the Swipers Flat area. 

In 1884, the Palmer Gold Field boundary was expanded 
to include the lodes in the West Normanby River area, 
located approximately 80 km south of Cooktown. Some 
of the leading gold mines in the West Normanby field at 
that time were the Monte Christo, Star of Normanby, 
Isabella, Edna, Emily, Poverty and Zig-zag. From 19 I 6, 
there was virtually no mining in the area until increasing 
gold prices in the 1970s revived exploration interest in the 
field. 

The discovery of gold in the Sandy Creek/North Johnstone 
River area was first reported in the Cairns Post on 18 
December 1884. This report precipitated a rush of 
prospectors to the area known as the' Johnstone diggings' 
in the following year. This mining activity was short lived 
as the gold grades in the alluvium were poor. 

The Russell River Gold Field was worked intermittently 
between 1887 and 1959, producing 680.4 kg of Au and 
possibly as much as I 00 t of cassiterite concentrates. 
Between 1891 and 190 I, 586 kg of gold were extracted. 
This figure is to low as a result of the practice not to 
tabulate alluvial production figures in the earliest Annual 
Reports of the Department of Mines (ARDMs) and the 
lack of regulatory bodies to monitor production. Dempsey. 
( 1980) quoted a figure of 3000 kg of gold produced from 
the Astronomer mine alone (the largest workings on the 
field), whereas de Keyser ( I 964) recorded 83 3 kg as the 
estimated gold production for the entire field. 

Gold-bearing quartz reefs were discovered at Cocoa Creek 
in 1890 but were abandoned by 1893. This area became 
the Starcke No. I Gold Field and was gazetted in 1895. 
Stibnite-bearing lodes were found in 1893 but no antimony 
production was recorded. 

The reef-gold deposits of the Towalla area were first 
mentioned in 1892 by the local Mining Warden. The area 
has also been referred to as the Russell Extended Gold 
Field. After 1907, the area was incorporated into the 
Russell Gold Field. The total production from this gold 
field is 155 kg of gold, obtained between 1889 and I 907. 
Lode gold mining contributed 137 kg; alluvial gold made 
up the remaining 18 kg. 

The Clohesy River deposits were first reported in 1891. 
Most recorded production came between I 894 and 1898. 
Total production was at least 40.2 kg of Au from 2453 t of 
ore. The Waitemata, the largest mine in the Clohesy River 
area, accounted for about 70% of the total production. 

In 1896, payable alluvial gold was discovered in Kitty 
Gully, 7 .5 km west-northwest of the Old Starcke Camp. 
The new discovery was known as Munburra, and the 
Starcke No. 2 Gold Field was proclaimed in 1898. Gold-



bearing quartz reefs were discovered in the same year. 
Several companies worked the reefs up until mining ceased 
in about 1913. 

The Jordan Gold Field (which includes the Johnstone 
diggings) was proclaimed on 18 March 1896 and includes 
the area between the Beatrice and South Johnstone Rivers. 
The total amount of gold produced from this gold field is 
40 I kg, obtained between 1898 and 1981. The reef-gold 
production was 158.5 kg, with most of the remaining 
242.5 kg probably derived from alluvial operations. 

The Mount Peter Provisional Gold Field is located in 
Sawmill Pocket, in the ranges behind Edmonton. Peter 
Petersen, after finding traces of gold in his cultivated 
paddock, prospected the adjoining hills for the source and 
discovered the Mount Peter reef in 1913. Other reefs were 
discovered soon after and the Mount Peter ProvisionaJ Gold 
Field was proclaimed two years later on 16 July 1915. The 
total gold production from the Mount Peter Provisional 
Gold Field is 314 kg. The largest deposit (accounting for 
one third of the field's total production) and deepest 
workings occur along the Talisman reef. 

Small gold mining operations have taken place at the Culpa 
diggings, Freshwater Creek and Eubenangee area. The 
Culpa diggings are on the Tully River, upstream from 
Koombooloomba Dam. Mining operations concentrated 
on gold-bearing alluvial terraces along Culpa Creek. 
Alluvial gold has been reported in the headwaters of 
Freshwater Creek, located several kilometres west of 
Edmonton. The area was the site of a small alluvial gold 
rush before 1919. The Eubenangee area was first 
mentioned in 1924 when alluvial gold was found on 
Portion 12, Parish of Glady. This discovery was short lived 
and the area abandoned by 1926. 

Locally, the Kraft Creek area was also called the Bartle 
Frere Gold Field, although it was not a gazetted gold field 
but part of the Mulgrave Gold Field. It was discovered in 
about 1931 by W. Kraft and S. Wilkie (Tramp 193 7), who 
traced alluvial gold found in the Mulgrave River upstream 
to its source. The gold was found to be shedding from 
quartz reefs located on the northern slopes of Mount Bartle 
Frere in 1936. The total gold production for the area is 
~14 kg. 

In the late 1970s, several companies started mining alluvial 
gold in the Mammoth Bend and Four Mile Bend areas of 
the Palmer River and in the West Norman by River. Alluvial 
tin production increased significantly in the 1970s, 
following rising tin prices, and peaked in the mid 1980s. 
Interest in alluvial gold mining increased significantly in 
the early 1980s as the result of a sharp increase in the gold 
price and falling tin prices in the mid 1980s. The Palmer 
River and its tributaries, especially McGann, Stony and 
Sandy Creeks, and the gullies draining Mount Madden, 
were all worked. Fine Gold Creek, a tributary of the Saint 
George River, was also the focus of extensive a.lluvial 
mining. 

Recently, a revival of lode gold mining in the West 
Normanby area was signalled by the opening of Maddens 
mine. 

Open-cut mining of gold- stibnite-quartz lodes in the 
Northcote area was carried out from October 1991 to July 
1992 by Nittoc International Co. The main deposits worked 
were the Emily, South Emily, East Leadingham, Ethel and 
Black Bess. The total production from these mines during 
this period was 383 kg of gold bullion from 75 145 t of 
ore, at an average grade of 5.10 glt. The ore from these 
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mines was treated in the CIL plant at the Minnie Moxham 
mine, 3 km to the northeast. Antimony was not recovered 
from the ore. Investigations into the possible treatment of 
the sulphide ores are continuing. 

'fin 
Alluvial gold and tin were discovered in Cannibal and 
Granite Creeks, southeast of Maytown, in 1873 and 1874. 
Mining commenced in 1876. In 1879, extended areas were 
opened to the alluvial tin miners and production continued 
untill884. 

James Venture Mulligan discovered alluvial cassiterite in 
the Wild River district during a gold prospecting expedition 
in 1875. As the gold boom in North Queensland eased, 
many prospectors turned from mining gold to mining tin, 
silver and copper (Kerr 1979). Local pastoralist, John 
Atherton, sparked interest in the region's tin deposits when 
he found tin at Tinaroo Creek in 1878. The Tinaroo area 
later became part of the Tinaroo Mineral Field. 

Alluvial cassiterite was mined mainly from Tinaroo, 
Douglas, Black Rock and Deception Creeks and their 
tributaries. Black Rock Creek has been extensively 
reworked in recent times. Small-sc(lle lode mining occurred 
around the turn of the century in scattered locations 
throughout the field. The Glen Atherton and United 
(Robson's) mines were the largest. 

In May 1880, Messrs. Brown, Brandon, Jack and Newell 
returned to the Wild River and discovered a huge deposit 
of lode tin which could be traced for -3 km in outcrop. 
This area was to become known as the Herberton Mineral 
Field. · · 

News of the Great Northern Discovery, as their mine was 
known, brought into existence .the town of Herberton on 
the banks of the Wild River. By December 1880,24 parties 
were working tin deposits within a radius of two miles 
from Herberton. In 1881, tin mineralisation was discovered 
at Watsonville. 

Tin in the Coolgarra area was discovered in 1882 and a 
battery was operating by 1884. Brownville, located to the 
west of Coolgarra, was also being developed around this 
time, but battery facilities were not constructed until1931. 
This battery operated until 1962. · 

In July 1882, Messrs Gibbs, Thompson and McDonald 
discovered several large tin deposits at Gibb's Creek, in 
rough country,~ 16 km. west-southwest ofWatsonville. In 
1884, a battery and smelters were erected at the confluence 
of Gibb 'sand McDonald Creeks, the growing village was 
named lrvinebank, and the mill was named the Loudon 
Mill. During the first year, the Loudon Mill crushed 3900 t 
of ore for 661 t of cassiterite, yielding 445 t of metallic tin 
after smelting. By 1906 a network of tramways had been 
built to connect the major mines in the area to this facility. 
The mill was purchased by the Queensland Government 
in 1919 and operated as the State Treatment Works until 
the mid 1980s. 

Prospecting was widespread during the late 1800s and 
ensuing discoveries of alluvial and lode tin deposits 
initiated rushes to Emu, Smiths, Return, Battle and Nettle 
Creeks. Jn May 1883, the Herberton Deep Lead was 
discovered by J. MacDonald, who found tin-bearing wash 
under basalt at Chinamans Creek (about 3 km south of the 
Herberton Post Office; Cuttler 1972). The Cassowary 
Creek and Bradlaugh Creek Deep Leads, offshoots of the 
Herbertori Deep Lead, were discovered soon after. Probably 
more than 4000 tons of cassiterite concentrates have been 
won from the deep leads. 
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Tin was discovered in the Ord district in the 1880s but 
operations were not viable until a railway line was built to 
the area in 190 I. The two largest deposits worked were 
the Gladstone (4000 t of ore for a yield of 200 t tin 
concentrates) and Gilmore (26 000 t of ore producing 2000 t 
of tin concentrates) mines. Alluvial tin mining in the area 
concentrated on the headwaters of the Tate River, Fulford 
Creek and California Creek. 

In 1884, tin lodes were discovered at Eureka Creek, later 
called Stannary Hills. 

Alluvial cassiterite deposits were found in Wallaby Creek 
and the upper Annan River valley, south of Cooktown, in 
1885. Within a year, alluvial tin was being mined at several 
localities between Mount Amos and Mount Romeo, in the 
Cooktown or Annan RiverTinfield, and lode mining had 
commenced at Mount Amos. By 1887 the main mining 
centres of Rossville, Helenvale, Shipton's Flat, Tabletop, 
Little Tableland, Big Tableland, Mount Leswell, Mount 
Hartley, Mount Amos, Mount Finlayson, Mount Romeo, 
Mount Poverty, and Slaty and Granite Creeks, were 
established. The main centres for lode mining were at 
Mount Amos (Phoenician and Dreadnought mines), Big 
Tableland (Lion 's Den mine), Mount Leswell and 
Collingwood. 

Production reached a peak in I 888, when I 034 t of 
cassiterite concentrates was won by 800 miners. The 
Cooktown Mining Field was gazetted in 1889. Dredging 
was attempted in 1892, but this and later attempts were 
unsuc.cessful. Most of the tin was optained by hydraulic 
sluicing of alluvium, colluvium and decomposed (altered) 
granite. The Annan River Company NL and other 
companies commenced large-scale sluicing operations in 
1905. The largest mines were the Collingwood Face, Daly's 
Face and Home Rule. Water was obtained by elaborate 
systems of water races. Annual production declined 
steadily and by the early 1960s averaged 20 t of cassiterite 
concentrates. 

Alluvial cassiterite was also discovered in the China Can1p 
area (southern extremity of the Cooktown Mining Field) 
in 1885 and at Mount Spurgeon (outside Cooktown Mining 
Field) in 1886. Most of the production from the China 
Camp area occurred between 1908 and 1920. The three 
main mining areas that constitute China Camp - Lode 
Hill, Roaring Meg and Pocket - were all worked by 
sluicing alluvial and eluvial deposits. Alluvium mining 
on Mount Spurgeon was short lived and by 1'909, 
diminishing grades and water shortages had reduced 
operations significantly. 

By 1888, tin mining at lrvinebank was at a low ebb. The 
only highlight was the Vulcan mine, which produced ore 
containing up to 20% cassiterite, compared to the 9.1% 
average for the other mines in the area (Kerr 1979). The 
Vulcan produced more ore than any other lode tin mine in 
Australia - 184 000 t ore yielding 13 961 t cassiterite 
(Mason 1953). It was also the deepest tin mine in Australia, 
worked to a depth of 453 m. 

By I 890, lrvinebank had surpassed Herberton as the main 
lode tin mining centre of the Herberton Mineral Field, a 
position it has maintained ever since. Prospecting in the 
area continued to locate more deposits. The Smiths Creek 
deposit at Nymbool was discovered in 190 I. A battery 
was erected in I 903 but the mine closed in 1909. 

Alluvial cassiterite was discovered on the Mount Windsor 
Tableland in about 1890. Mining was carried out by 
sluicing the large volumes of granitic alluvium in 
tributaries of Piccaninny Creek. Alluvial cassiterite was 
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also found in Campbell and Flaggy Creeks. Mining has 
been sporadic since 1932. The Stephanie Mine, on Lang 
Creek, was worked in the 1960s. 

A collapse of the tin market in 1907 led to a marked 
reduction in wages and conditions provided by companies 
in the Herberton- lrvinebank area, resulting in union
organised strikes in 1907 and 1908. At this time, the 
average grade and output of ore from the Vulcan mine 
dropped to about half that of the previous year. Capital 
outlay on a tramway linking Stannary Hills with Irvinebank 
drained the resources of the main mining companies in 
the area (Irvinebank Mining Company and Stannary Hi lis 
Company). More industrial trouble around I 909 forced 
the temporary closure of the Rocky Bluff Battery at 
Stannary Hills. 

Another market collapse in Europe in 1917 resulted in the 
closure of the Irvine bank battery. In 1919, the Irvinebank 
smelter, battery and tran1way were bought by the State 
government. After World War I, intermittent mining on a 

. small scale continued in the Herberton Tinfield.lmproved 
transport facilities enabled the working of lower grade ore. 
Many of the · old mine dumps, which were estimated to 
average 2% tin, were retreated. In some cases they were 
completely removed. · 

Bucket dredging was begun on Return Creek by Tableland 
Tin Dredging in 1939 and on Battle Creek by Ravenshoe 
Tin Dredging in 1957. The first large-scale alluvial 
stationary washing plants were introduced in 1965. From 
I 939 to December 1978, -32 I 00 t of cassiterite 
concentrates were won by these two companies. 

In the 1960s, world production of tin failed to meet 
demand, and the slow response by producers to increase 
production resulted in a steady price rise (Raggatt 1968). 
ln 1966, three batteries were crushing ore in the tinfield. 
These were the Great Northern Battery at Herberton, the 
State Battery at :Irvinebank and Green's Battery at 
Emu ford. 

The Herberton-lrvinebank area supported numerous 
small-scale tin mines during the buoyant period from 1960 
to 1983, as well as small to medium size operations. In 
the period 1976-1981 , all major tin-bearing creeks in the 
field were worked by machines (predominantly hydraulic 
excavators). The Emuford district was a significant 
producer of alluvial cassiterite - peak production was 
around 600 t concentrates per year (Pol lard 1984 ). 

In the late I 970s and early 1980s, small-scale mining also 
recommenced throughout the Cooktown Tinfield, together 
with alluvial operations at Rossville and Lee Creek. 
Production rose significantly to peak at 250 tin 1981. 

A rapid oversupply of tin on the world market caused a 
price slump around 1983, and as a result mining activity 
throughout the region decreased significantly and remains 
at a low ebb. 

Thngsten and Bismuth 
Wolframite has been produced from two mines in the 
Cooktown Tinfield. A lode discovered at Mount Hartley 
in 1889 yielded 1.2 t ·of wolframite concentrates. The 
Bonny Boy claim at Clearwater (Romeo area) produced 
7 .I t of wolframite concentrates from 1955 to 1957. 

The Wolfram Camp deposits were discovered in 1893 and 
were mined almost continuously until the late 1970s. The 
area was subsequently reworked for eluvial material. 
Limited underground mining has occurred since. The main 



mines worked were the Avoca, Enterprise, Larkin, Forget 
Me Not, Mcintyre, Mulligan, Murphy & Geany, Pepper, 
Tully and Victory. Very coarse wolframite, native bismuth 
and molybdenite occur in vughs in pipe and sheeted vein 
deposits along the contact of the James Creek Granite, 
with adjacent metasedimentary rocks of the Hodgkinson 
Formation. The deposit is renowned in the gemological 
community for the spectacular quartz crystals commonly 
encrusted with native bismuth crystals and rosettes of 
molybdenite. Specimens from this area can be found in 
many museums throughout the world. The total production 
of concentrates from these deposits is approximately 5400 t 
wolframite, 1455 t mixed wolframite and native bismuth, 
135 t molybdenite, and 80 t bismuthinite. 

Bamford Hill, like Wolfram Camp, was first mined in 1893. 
Mining continued until 1981, punctuated by brief periods 
of inactivity. The extensive mineralisation is contained in 
the Bamford Granite, in sheeted veins and pipes, and as 
disseminated ore in endogreisens. 

The mineralised vein swarm forming the Mount Carbine 
deposit was discovered on Carbine Hill in 1883. Small
scale mining commenced in 1894. Initial activity 
concentrated on eluvial and alluvial deposits. The scheelite 
component of the ore was not wanted in the early days 
and miners roasted the ore in charcoal furnaces to break it 
down. Carbine Hill became 'honeycombed ' with 
underground workings, most of which were only two or 
three person operations. 

The lrvinebank Mining Company conducted large-scale 
underground mining of the deposit from 1906 to 1917. In 
191 7, the operation was sold to the Thermoelectric Ore 
Reduction Company, which was also working the Wolfram 
Camp and Bamford Hill tungsten deposits. Operations 
ceased at Mount Carbine in 1919 because of a price 
collapse, due to the end ofWorld War I. SmaJJ war-related 
production peaks occurred from 1937 to ] 942 and J 950 
to 1952. 

Before 1969, lode mining was restricted to individual 
quartz veins and was predominantly underground. R.B. 
Mining (later .a subsidiary company called Queensland 
Wolfram) acquired the leases over the Mount Carbine 
deposit in 1969 and by 1974, had mined 400 000 t eluvial/ 
alluvial scree. Open-cut mining of the main ore zone at 
the southern end of Carbine Hill commenced in 1974. 
About 19 million t rock were extracted from the pit. Mount 
Carbine was one of the largest, lowest-grade operating 
wolframite mines in the world (Wolff 1980). Underground 
mining, with decline access, was initiated in 1986, but, 
due to a depressed tungsten market, all mining operations 
ceased in September 1987. Total production was 
approximately 16 400 t wolframite and scheelite 
concentrates, and at least 7.8 t cassiterite concentrates. 

The Glen deposits located near Emu Creek, north of Mount 
Gamet, were first mined in 1905. Mines in the area include 
Gows, Simpsons, Byrnes or Manaposa, Dredges and 
Toogoods, all of which produced tungsten and bismuth. 
The ores are generally associated with sulphides (mainly 
molybdenite), in flat-lying lodes occupying horizontal 
joints in the Emuford Granite. The - 30 mm thick veins 
have the shape of inverted saucers · and the associated 
gangue is mainly topaz. Production from these mines was 
small, the ores containing up to 30% Bi and 35% W. 

At least 304.8 kg of bismuth concentrates were also 
produced from the Alhambra mine in the CooJgarra area 
in 1908 (Blake 1972). This mine was predominantly a tin 
producer, with bismuth as a by-product. 
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Tungsten was discovered at Dingo Mountain, north of the 
Herbert River gorge, in about 1910. The deposits were 
worked intermittently until the 1970s. The mineralisation 
is in the Dingo Mountain granodiorite (informal name, 
Champion & Heinemann 1994 ), which intrudes 
rhyodacitic ignimbrite (Wallaman Falls Volcanics). 
Considerable unreported production has taken place over 
and above the 30 t of wolframite concentrates recorded 
for the period 191 0-1970 (Morris 1991 ). 

In 1917, scheelite was found in the foothills of the Burton 
Range. This area became known as Lode Hill. The Lode 
Hill group of deposits extend from 2.0 to 5.5 km southeast 
of the Mount Carbine tungsten mine. The total length of 
discontinuous workings is 3.6 krn, but the main area of 
workjngs is 1.5 krn long. A peak annual production of 15.5 
t of scheelite concentrates occurred in 1918. Production 
increased again during the early 1940s when the main open 
cuts were excavated. Minor production from small shafts 
occurred in the early 1950s. 

The Mount Perseverance lodes, located in dense rainforest 
about two kilometres north of the Mossman-Mount Molloy 
road, were discovered in November 1917. The total 
officially recorded wolframite concentrates produced from 
1917 to 1920 was 26.42 t. However, Morton (1938) noted 
that information from local miners indicated approximately 
45 t wolframite and 1.75 t cassiterite concentrates were 
actually produced. Mining recommenced in earnest in 
about 1937. By 1938, the total production (1917-1938) 
was approximately 74 t concentrates. From 1938 to 1950, 
mining continued intermittently. Production for the period 
1951-1974 was conservatively estimated to be 53 t 
wolframite concentrates. 

A total of about 182 t wolframite concentrates with an 
approximate tungstic oxide content of 72% has been 
produced from the area. In addition, about I .75 t cassiterite 
concentrates have been extracted from watercourses in the 
area. 

Scheelite floaters were found in creek beds about 15 km 
south ofPalmerville in the early 1900s. No other tungsten 
discoveries were made in the Palmer River area until 1968, 
when scheelite lodes were discovered at Spring Creek and 
Mount Hurford. The Spring Creek deposit (Keddie's 
Workings) was mined in 1969 and 1970 for a yield of 
5966.7 t of concentrates. 

Base Metals 
The Dianne Copper deposit was probably discovered by 
prospectors in the early 1880s. The lode was mined from 
two shallow shafts and an adit but no production was 
recorded for this early mining period. Mareeba Mining 
and Exploration acquired the deposit in 1979 and 
calculated reserves as 90 000 t supergene ore containing 
24% copper. Production from 1979 to 1983 was 69 820 t 
direct shipping grade ore assaying 18-26% Cu and 359 gl 
tAg (Wallis 1993a). The secondary copper ore was mined 
to a depth of more than 90 m, below which it graded into 
primary massive sulphide ore. Because of a fall in world 
copper prices in 1982 and depletion of reserves, Mareeba 
Mining decided to terminate the operation, leaving 20 000 
t of unrecovered ore. · · · 

Significant quantities of copper ore were mined from the 
Silver Valley area, 9 krn southeast oflrvinebank. The main 
producers were Lancelot, Lanette (342 T), Westward Ho 
(202 T), and Battery ( 199 T). The Lancelot mine, 
discovered in 1893, was one of the largest copper, lead 
and silver workings in the Silver Valley area. This mine 
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closed in 1915. The complexity of the ore and scarcity 
and expense of charcoal for smelting led to the collapse 
of at least four companies. 

In 1883, prospectors discovered rich silver lodes at Mount 
Albion, later called Montalbion. In 1885, spectacularly 
rich discoveries of horn silver ( cerargyrite) assaying 46-
61 kg/t were reported. The establishment of smelters at 
Montalbion in 1886 encouraged the development of other 
silver-lead deposits in the area such as the .Orient Camp 
group (Kerr 1979): By 1895 the ·Montalbion lodes had 
produced 49 258 kg of silver from 39 799 t ore (Blake 
1972). Production had ceased by about 1924. 

The Mount Molloy copper deposit was discovered in 1883 
by Pat (Paddy) Molloy, a teamster, while looking for his 
bullocks. From 1883 to 1902, oxidised ore was mined and 
shipped to Europe for sale. In 1902, the then owners, J. V. 
Mulligan and J. Forsayth, sold the mine to John Moffat 
who formed the Mount Molloy Syndicate. The syndicate 
began mining in 1903. Smelting commenced on 25 
November 1904, producing blister copper that was 90% 
pure. Large-scale mining took place from 1905 to 1910, 
during which time 43 600 t copper ore was treated to extract 
3900 t copper. The average ore grade was 8.7% Cu, and 
production was largely from supergene and oxidised ores. 
Minor amounts of gold were recovered from the oxidised 
zone. In 1908, the rail link to Mareeba was completed but 
the smelter closed down soon after. Operations had ceased 
by 1910, due to depressed copper prices. 

The most valuable individual copper deposit, however, was 
found near Mount Garnet in 1883. The Mount Garnet 
Freehold commenced mining and smelter construction in 
1889. The deposit was worked most intensively from 1898 
to 1904, producing about 4600 t copper and 29 500 
kilograms of silver. Attempts were made between 1915 
and 1917 to re-open the mine as a zinc producer, but failed. 

Base-metal deposits in the Chillagoe-Mungana area had 
been known since 1888. In 1894, a smelter was erected at 
the Calcifer mine, followed by another at the Girofla mine 
in 1896. However, it was not until 190 I, when Moffat and 
his partners established a large smelter at Chillagoe, that 
significant mining activity commenced throughout the 
area. Most of the lodes proved to have only limited 
reserves, and production difficulties severely hampered 
the profitability of the Chillagoe operation. In 1919, the 
struggling smelting venture was taken over by the 
Queensland government. In succeeding years, poor 
management of the smelting operation compounded the 
difficulties of the small miners in the area, and in 1943 
the smelters were finally closed. 

The major copper producers in the Chillagoe-Mungana 
area included the Zillmanton, Shannon and Ruddygore 
mines, the groups of mines around Calcifer, Redcap and 
Mungana (most notably the Girofla and Lady Jane). Some 
of the Mungana lodes are breccia pipe deposits in the 
Chillagoe Formation, but the majority are skarn deposits. 
The Ruddygore is an exception and represents a porphyry 
copper stockwork deposit in the Ruddygore Granodiorite. 
The mines around Mungana accounted for about one-third 
the total production of copper from the field. Supergene 
enrichment was a critical economic factor in the economic 
mining of these deposits - operations commonly ceased 
just below the base of the enriched zone. 

Descriptions of most of the Chillagoe-Mungana mines 
are in Jensen (I 941 a); production figures for many have 
been recorded by de Keyser & Wolff(l964). Total recorded 
copper production from the Almaden-Mungana district 
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was more than 21 000 t copper. Peak production of2204 t 
copper occurred in 1908. 

The Tartana area of mineralisation was discovered in 1899. 
The largest mines were the Tartana Hill~ King Vol and 
Montevideo mines. Production data for this area are 
incomplete. The ore was processed at the Chillagoe State 
Smelters mainly for lead, copper and silver; minor amounts 
of gold were also recovered. · 

Copper was discovered in the OK area during 190 l ; 
production commenced in 1902. The OK mine was the 
largest copper producer for the Chillagoe-Mungana area 
and the first copper mine in Queensland to pay dividends. 
The mine was abandoned prematurely by 1912. The closure 
of operations was the result of falling ore grades and a 
costly lawsuit in J 909. Intermittent attempts to reopen the 
deposit occurred in 1930-31, and between 1937 and 1942. 
The mine is estimated to have produced 80 000 t ore for a 
yield of 7800 t Cu, l 00 kg Ag and 12 kg Au (Australian 
Gold Annual 1996 p 144 ). 

Copper mineralisation was discovered at the St George 
Copper mines, north ofPalmerville, in 1905. Five tonnes 
of 24% copper ore were produced from 1905 to 1907. 

Copper-stained outcrops in the Glenroy area, north of 
Palmerville, were first worked between 1906 and 1907. 
Shallow prospecting shafts were excavated but there is no 
record of any production. · 

Numerous small scattered copper mines occur in a belt 
north and west of Herberton known as the 'Copper Firing 
Line' . Collectively, the lodes produced the most copper in 
the Herberton area. The major mines included the Captain, 
Empress, Anniversary and Yellow Jacket. Blake ( 1972) 
estimated this area produced several thousand t copper 
between 1909 and l 943. The copper occurs in association 
wi~h tin in complex sulphide minerals in shear-related 
vems. 

Several mines in the Emuford area (such as the Mount 
Babinda and those on the Siberia lode) produced copper 
and associated metals. At the Siberia Lode, 6 km east of 
Emuford, copper and silver were mined from several 
subparallel, east-trending, fracture-controlled quartz veins, 
up to 5 km long. Total recorded production from this group 
is more than 366 t copper; 117.5 kg of silver; 28 t lead; 
and 20 gm gold. The first leases were pegged in 1900; the 
main productive years were from 1909-1916. Copper-tin 
lodes near Watsonville (such as the Consolation and the 
United North Australian (UNA) Group produced small 
quantities of copper and associated metals. 

The Wambanu copper mines, in Dells Creek on the 
southwestern rim of the of the Herbert River gorge, were 
first worked in 1909 and then in 1913-1914, 1935-1937 
and 1942. The main mine is called the Wambanu. This 
area now forms part of the Lumholtz National Park. 

The Nightflower mine is south of Big Watson Creek. This 
deposit was discovered in 1923 by two Aborigines, Archer 
and Stewart. (twas later pegged by a syndicate of Chillagoe 
and Mungana interests and the Chillagoe State Smelters, 
to supply ore to the Chillagoe Smelters. The Nightflower 
mine is recorded as producing 305 t lead, 1123 kg silver 
and 624 g gold from 1215 t of ore between 1923 and 1930. 

Production from base metal deposits in the Cairns Region 
had virtually ceased by 1943, when the Chillagoe smelters 
were closed. An exception was the Baal Gammon mine 
(part of the UNA Group) which was worked intermittently 



during the 1970s and early 1980s, bringing its total copper 
production to over 2480 t (as well as 23 485 kg silver). 
Copper is also being produced as a secondary product from 
the Red Dome gold mine near Mungana. 

Antimony 
After gold was discovered in the Hodgkinson Gold Field 
in 1875, antimony ore was found at Woodville (located 
south of Mount Mulligan) and Northcote (located farther 
east). Mining commenced as early as 1877. The first 
recorded production was from the Emily lode in 1881. In 
response to a demand for a reduction works, the Northcote 
Antimony Smelting Company commenced smelting in late 
1883 (Wallis l993a). In 1883, approximately 406 tore 
were smelted and in 1884, 559 t. Financial mismanagement 
and low yields forced the smelter to close by the end of 
1884 (Kirkman 1982). 

The town ofNorthcote existed for no more than ten years, 
from 1877 to 1887. Smelting recommenced at New 
Northcote, farther upstream on Leadingham Creek, near 
the Emily mine, in the 1890s. By 1892 theEmilywasbeing 
worked for gold and the Ethel lode was the main antimony 
producer. 

Intermittent production continued at low levels until the 
late 1960s. Interest in antimony was re-awakened in the 
late 1960s and early 1970s by abnormally high prices. 
Between 1970 and 1973, Queensland Antimony NL carried 
out development work at the Tunnel lode and Black Bess 
mine, and re-opened the main Ethel shaft. In 1991 Nittoc 
International recommenced mining of gold-stibnite ore 
from the Emily, South Emily, East Leadingham, Black Bess 
and Ethel lodes. Gold was extracted from the ore at the 
CIL plant at the Minnie Moxham mine, 3 km to the east. 
The antimony was not extracted during this process. The 
operation ceased in June 1992. 

Total production of antimony metal and concentrates from 
the Northcote area is approximately 900 t. The area was 
the largest antimony producer in Queensland, accounting 
for approximately one third of the state's production (Wallis 
.1993a). 

Woodville is estimated to have produced about 1266 tore 
(probably containing <50% stibnite), with maximum 
production during 1906. In 1907, the. Jackson mine at 
Woodville was reported to be working a lode 0.6 m thick, 
grading 50% antimony at 20 m depth . The annual 
production for 1906-1907 exceeded that of theN orthcote 
area. During 1915 and 191 6 production recommenced in 
the Woodville area and the owner of the nearby Home Rule 
Battery installed a plant to treat low-grade antimony ores. 

Although the Mitchell River orebody (Retina mine) is 
stated to have been worked in I 890 (Anonymous 1906), 
official production records for this deposit commence in 
1905. Production continued at low levels until 1907, when 
the Mitchell River Gold and Antimony Company 
constructed a mill with the capacity to treat 40 t auriferous 
antimony ore per day (ARDM 1907). The mill was 
designed to recover both antimony and gold. The extraction 
process performed well in the laboratory, but the venture 
proved unsuccessful on a larger scale. 

Smaller deposits along the Saint George River were also 
discovered during the 1890s. The main deposits were the 
Saint George, Lincoln and Poppy, which were probably 
opened up before 1892. The Saint George and Lincoln 
workings were reopened in J 971 by Nickelfields of 
Australia NL, when an estimated 60 t of ore were treated 
at a nearby plant (Siemon 1973). The venture ceased 
shortly afterwards because of a shortage of ore. 
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Limited production occurred in the Mitchell River and 
Wood vi lie areas between 1940 and 1952. The escalation 
in the price of antimony in the late 1960s encouraged 
company exploration of the main antimony prospects and 
limited mining was carried out. In addition, sub-economic 
gold resources have been defined at many of the known 
antimony occurrences. The most significantly of these is 
the Tregoora prospect. 

Coal 
Coal deposits have been reported in several Permian units 
of the Cairns Region. The most extensive of these deposits 
and the only one mined is at Mount Mulligan. Coal was 
first discovered at Mount Mulligan in 1907, but production 
did not begin until 1914. Initial operations were at the 
Mount Mulligan State mine. The King Cole mine was 
opened in 1941. 

Three coal seams were worked at the Mount Mulligan 
mine. The No. 3 seam (0.6 m thick) had the most extensive 
workings. The King Cole mine worked only one seam. 
One milLion tonnes of coal was mined from the Mount 
Mulligan area, mainly from the Mount Mulligan mine. 
Peak production was in 1924 when 45 I 09 t were extracted; 
the average annual production was about 20 000 t (CR 
11519). 

The Mount Mulligan mine was the site of Queensland's 
worst mining disasters - in late September· 1921 an 
underground explosion caused the death of76 miners. The 
cause appears to have been careless mining practices and 
poor management. · 

The coal from this area was mainly used locally to fire the 
furnaces of the Chillagoe State Smelters, in. steam 
locomotives, and to generate electricity to power mining 
machinery in the Herberton- Mount Gamet area. These 
markets were lost in 1957 with the development of 
coalfields in the Bowen Basin, the completion of the Tully 
hydro-electric scheme, and the introduction of diesel 
locomotives. Overheating in the state mine also contributed 
to its closure. The King Cole mine had closed two years 
earlier (1955) after a large rock fall. 

Fluorite 
Fluorite is a common accessory mineral in many of the 
ores produced from the Herberton Mineral Field and 
adjacent areas. The Cairns Region was the largest producer 
of fluorite in Australia at one stage. The first major deposit 
discovered in the region was the Mistake, located northwest 
of Emuford, in 1917. This deposit was worked for both 
fluorite and wolfram. The largest deposit was the 
Perseverance near Fluorspar (north of Almaden), which 
yielded 9272 t fluorite. This deposit is notable for being 
the only substantial fluorite lode associated with gold 
mineralisation. 

The most recently worked deposits are in the True Blue
Hard to Find leases, in the Tate River area. These mines 
produced about 1429 t fluorite between 1957 and 1959. 
Although large reserves remain in the deposits, a sudden 
fall in prices halted mining in 1960. 

Total fluorite production from the region is about 32 237 t. 

Iron 
Small iron deposits, locally referred to as ironstone, are 
common in the Chillagoe district. The deposits are mainly 
in limestone lenses of the Chillagoe Formation that have 
been metasomatised by adjacent igneous intrusions.· The 
ores commonly comprise magnetite, haematite and garnet. 
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A few of the larger ironstone deposits have been worked 
to provide flux for the Chillagoe State Smelters. The most 
significant of these was Mount Lucy, a low hill 5 km west 
of Almaden, from which 41 135 t magnetite-haematite
garnet ore were mined early this century. This deposit 
produced nearly 60% of the recorded production from the 
Chillagoe district. 

Molybdenum 
M?lybdenum ~as been derived largely as a by-product of 
mmmg operatiOns for wolfram in the Wolfram Camp and 
Bamford Hill areas. 

Limestone 
The largest deposits of limestone occur in the Chillagoe 
area, south of the Mitchell River around Bellevue and 
between .the ~itchell and Palmer Rivers. Variably 
recrystalhsed limestone and marble occur in a northwest
trendiJ:Ig belt extending for about 30 km north and south 
of Chtllagoe. Large quantities of limestone have been 
extracted from this area for use as flux in the Chillagoe 
State Smelters. More recently, lime has been produced for 
chemical. ~d agricultural purposes (Ootann and Chillagoe 
areas). Ltmtted marble production has also occurred from 
numerous deposits, mainly south of Chillagoe. 

Small limestone lenses in the Hodgkinson Formation in 
the Silver Valley area were worked to provide flux for local 
smelters operating in the early 1900s. 

A dep~sit of recrystallised limestone (ML 32 Birthday) 
was mmed (for agricultural lime) in the Mount Peter area 
from 1960 to I 963. These operations (by North Queensland 
Marble) produced 203 t crushed lime, which was used on 
the surrouncting cane fie lds. 

In the Little Mulgrave River valley agricultural lime has 
been extracted from two deposits, Little Mulgrave No. 1 
(ML 40) and Little Mulgrave No. 2 (ML 40). Between 
1962 and 1971, over 3000 t lime were produced· from these 
deposits for use in agriculture. · 

Manganese 
Mangal!ese ores are widely scattered in the Hodgkinson 
Formatton, along the coastal ranges of the· Cairns Region. 
A comprehensive review of these deposits is contained in 
Jensen ( 1941 b). The deposits are limited and have not 
produced large quantities of ore. The deposits are 
commonly.interlayere~ ~ith chert beds. They are probably 
of syn-sedtme.ntary ongm, the manganese being derived 
fr?m submarme volcanogeni~ exhalations. The main 
mmerals present are psilomelane, pyrolusite, rhodonite and 
rare braunite (Dash & Cranfield I 993). 

In the Innisfail area the largest deposit is at Mount Martin, 
about 3 km northwest of Edmonton. The deposit was 
worked periodically from the 1900s to the 1940s. The 
operat!ons were only on a small scale, producing 
approxtmately 1117 t 40-50% manganese. The Weekend 
Stunt was worked intermittently before 1919. The deposit 
was wor~ed ag~in in the 1940s, but the poor grade of the 
ore and dtscontmuous nature of the lodes made operations 
uneconomical. 

The Mount Beaufort and Victorian mines (both in the 
Cassowary Range, west of Mossman) are recorded as 
producing approximately 60 t manganese ore containing 
15- 50% manganese. . 
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Clay 
Clay was mined from a pit at the Silkwood brickworks 
south of Innisfail, from 1952 to I 975. During this period 
17 100 t clay was extracted and made into bricks for the 
region. 

Silica Sand 
Silica sand has been mined at Cape flattery since 1968. 

Recent Mineral Exploration 
· PD Garrad 

The .results of company exploration in much of the Cairns 
Regwn have been tabulated and described by Lam et al. 
(1988), Lam et al. (1989), Dash et aJ. (1991), Lam et al. 
(1991), Denaro et al. (1992), Garrad (1993) Dash & 
Cranfield (1993), Lam (1993), Lam & Gen~ (1993), 
Culpeper et al. ( 1994), Dash & Morwood ( 1994), Denaro 
et al. ( t994a), Denaro et al. ( 1994b ), Garrad & Rees ( 1995), 
and Morwood & Dash (1996). These references describe 
activities in most of the region except the Mungana 
Chillagoe, Lyndbrook, Bullock Creek and Ravensho~ 
1: I 00 000 sheet areas. 

Exploration activity in the Hodgkinson Province has gone 
through several cycles in response to fluctuations in market 
demand. Most exploration has concentrated on gold, tin 
and tungsten and to a lesser extent, base metal 
mineralisation. 

The gold prospectivity of the region has been revjewed by 
numerous companies, mainly since the 1970s. The most 
i~te~sively explor~d areas are the Chillagoe-Mungana 
dtstnct, the Hodgkinson Gold Field and the Palmer Gold 
Field. Persistent exploration in the Chillagoe district in the 
1980s resulted in the discovery of the Red Dome deposit. 
Several other prospects in this district are being evaluated. 
Exploration in the Hodgkinson Gold Field in the 1980s 
and 1990s has only yielded several small hard rock 
resources in !he Northc<?te district. The oxidised portion 
of these ha~ smce been mmed. Exploration activity defined 
large alluvtal resources in the Palmer River district that 
were also subsequently mined. 

Exploration for bulk-tonnage, low-grade stockwork 
deposits ?f~e slate-belt type in the Hodgkinson Formation 
has had ltmtted success. Mineralisation is in rich shoots of 
limited extent. The small size and absence of associated 
disseminated mineralisation has prevented the definition 
of a mineable resource. 

Tin has been produced in large quantities from the region 
for more than 100 years. Exploration in the 1970s and 
1980~ led to the delineation of several major lode and 
alluvtal prospects. The Herberton Mineral .Field and 
Cooktown district were the focus of most of this 
exploration. The collapse of the tin market in the mid 1980s 
halted development of these prospects. Major deposits 
discovered include the Collingwood, Jeannie River and 
Kings Plains prospects. Large tracts of prospective country 
such as Mount Lewis and Mount Spurgeon are now part 
of the World Heritage listed Tropical Rainforests Reserve. 

Tungsten exploration was carried out throughout the Mount 
Carbine area in the 1970s and 1980s. Small to medium 
sized deposits were defined at Lode Hill, Porn Porn and 
Cumbie Cumbie, but were considered uneconomic. Large 
low-grade resources were also delineated at Mount 
Perseverance and Watershed Grid. Poor commodity prices 
have discouraged further activity. 



Base metal exploration concentrated in areas around the 
centres of historic production such as Mungana-Chillagoe, 
Mount Molloy, OK, Hannabelle and Dianne. Smaller 
scattered occurrences have also been tested. All areas have 
generally yielded only small, low-grade resources 
peripheral to those worked previously. 

The OK mine, south of the Mitchell River, is being 
explored for gold-copper mineralisation. The OK and 
adjacent mines were the main copper producer in the 
Chillagoe district for a brief period in the early part of the 
twentieth century. Drilling of anomalous zones was 
completed in November 1995. 

Coastal areas have been investigated for silica sand and 
heavy minerals associated with both modem and ancient 
beach sediments. This activity has defined large and 
extensive silica sand resources in the Cape Flattery (being 
mined) and Cape Melville regions and a moderate resource 
south east of lnnisfail. The percentage of heavy minerals 
in the deposits is low and of Limited extent. 

The Featherbed Volcanic Cauldron Complex and adjacent 
zones have been explored for uranium by numerous 
companies, mainly before the mid 1970s. Mineralisation 
was detected at Doolans Springs, in the Fishermans 
Waterhole area, and at Pinchgut Pinnacle. These prospects 
are small and sub-economic. 

Nickel exploration has targeted laterites developed over 
mafic to ultramafic bodies in the Cassowary Ranges, 
southwest of Mossman, and in the Gunnawarra area. 
Drilling has indicated that the laterite profile is thin and 
of limited extent. The deposits are uneconomic. 

The region is also considered to contain the primary source 
of the diamonds periodically found in the O'Briens Creek 
Gem field. Reconnaissance geochemistry has so far failed 
to locate any pathfinder elements and no anomalous areas 
have been defined. One 0.166 carat diamond, showing 
marks of vigorous and lengthy transport, has been 
identified from tin-bearing deep leads near Herberton. The 
possible presence of gemstones associated with the basalts 
and pyroclastic deposits of the Atherton Basalt Province 
was tested in the late 1980s. The venture did not locate 
any sapphire-anomalous regions. Sapphires and zircons 
have been found at three separate locations in the Lakeland 
Downs area associated with vents and pyroclastic deposits 
of the Cainozoic McLean Basalt Province. 

JKnnowli'D. Mnnnennlln§atnonn annd 
lR:e§OUllJrCe§ P D Garrad 

Mineralisation in the Cairns Region has been described in 
detail by Dash et al. ( 1988, 1991 ), Lam et al. (1988, 1991 ), 
Culpeperet al. (1990, 1994), Bruvel et al. (1991 ), Denaro 
et al. ( 1992, l994a), Dash & Cranfield ( 1993), Garrad 
(1993), Lam (1993), Lam & Genn (1993), Dash & 
Morwood ( 1994), Denaro & Ewers ( 1995), Garrad & Rees 
( 1995), and Morwood & Dash ( 1996). The information in 
these reports has been summarised, revised, and updated 
to form the basis of the foJiowing section; a more detailed 
account is given in.Garrad & Bultitude (in prep.). Known 
resources are shown in Table 7 .7. The distribution of 
mineral occurrences are shown in Plate 7.2. 

The enrichment of economic minerals to form ore bodies 
has occurred throughout the tectonic history of the region. 
However, most economic deposits are related to 
Carboniferous-Permian deformations and granite 
intrusion. There is a strong ore metal association with the 
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different supersuites, in particular O'Briens Creek 
Supersuite with Sn-W, Ootann Supersuite with W- Mo, 
and Almaden Supersuite with Cu-base metal Au. These 
relationships are more complex in detail. 

Fissures and faults produced during crustal extension were 
pathways for contemporaneous tholeiitic basalt, 
manganiferous exhalative chert (some with anomalous 
gold) and small, volcanogenic massive sulphide lenses. 
The main deposits are the OK, Mount Molloy and Dianne 
copper mines. 

Slate belt type gold-bearing quartz veins were deposited 
during one or more of these deformation events. The 
mineralising fluids were probably generated during 
regional tectonism and channelled to dilational sites within 
shear zones. The main gold fields of this type are the 
Palmer Gold Field (30 t gold, mainly alluvial) and the 
Hodgkinson Gold Field (10 t gold production, mostly lode), 
where mineralisation has been dated as late Carboniferous 
(Morrison 1988). Other major areas with similar gold
bearing veins are the West Norman by, Mareeba and Starcke 
fields, and numerous gold fields in the Innisfail area. 

Tectonism produced regional faulting into which gold
antimony mineralisation was channelled in the Hodgkinson 
Gold Field (Peters et a!. 1990). Antimony was introduced 
into vein deposits at Northcote (the source of 
approximately one third of Queensland's antimony 
production), Cocoa Creek and the Mount Mulligan area. 
Studies indicate that antimony mineralisation in both the 
Hodgkinson Gold Field and the Northcote area was 
probably introduced at a later stage than the gold (Peters 
et al. 1990). 

Dykes, veins, greisens and skarns related to two northwest
trending belts of S-type granites extending from Innisfail 
to Barrow Point contain: tin mineralisation nearCooktown 
(e.g. Collingwood prospect, 4 Mt @ 0.7% Sn), Mount 
Holmes, Mount Lewis, Mount Spurgeon; scheelite in 
skams, of which the Watershed prospect is the largest; and 
tungsten mineralisation in vein swarms at Mount 
Perseverance and Mount Carbine (which has produced 16 
400 t of wolframite and scheelite concentrates and contains 
a remaining resource of 28 Mt @ 0.1% W03 - cutoff 
0.03% W03). The granites were emplaced in the Early
Late Permian. The granites of the Cooktown Supersuite 
are associated in places with extensive tin mineralisation. 

In the Herberton Mineral Field, extensive tin mineralisation 
characterises the O'Briens Creek Supersuite. More than 
1 50 000 t tin concentrates have been produced from 
greisens, breccias, pipes and veins . Alteration 
accompanying this tin mineralisation includes chloritic, 
sericitic, albitic, potassic, greisen and quartz- tourmaline. 
Near Mount Garnet, skarns developed adjacent to 
O'Brien's Creek Supersuite granites contain sub-economic 
fluorite and tin deposits, such as the wrigglite skarn deposit 
at the Gillian prospect. 

At Wolfram Camp and Bamford Hill, coarse-grained 
wolframite-molybdenite- bismuthinite mineralisation 
occurs in vuggy pipes, veins and sheets in closed-system 
endo-greisens formed in cupolas of highly fractionated 
Ootann Supersuite granites (Bievin 1990). 

In the western part of the region, limestone of the Chillagoe 
Formation has been intruded by late Carboniferous 1-type 
Almaden Supersuite granites, creating extensive skams 
locally containing gold, silver, base metals and minor tin 
mineralisation. The Red Dome gold--copper mine is of this 
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type and is the only major gold producer in the region. 
These discontinuous skarn deposits were a major source 
of copper, lead and zinc in Queensland in the early part of 
the twentieth century. 

Nickeliferous, serpentinised, ultra basic bodies near Julatten 
and Gunnawarra are probably fault-emplaced along major 
crustal sutures. Lateritic deposits developed on these 
bodies are sub-economic. · 

Gold 
Palmer River Gold Field -Alluvial Deposits 
The Palmer River and its tributaries contain extensive 
deposits of auriferous alluvium. Three main types of 
Cainozoic alluvium/eluvium have been recognised as being 
associated with present-day drainage systems, as follows. 

I. Recent wash occurring within flow channels and under 
active sand banks. 

2. Older wash lying outside the active flow channels but 
adjacent to recent sand banks. This wash forms 
restricted deposits in the larger drainage systems s,uch 
as the Palmer River. 

3. High-level wash associated with old stream channels, 
situated some distance from the river and forming 
terraces (in places 30-50 m above present river level). 
These deposits are generally shallow, but carry a higher 
gold content than recent river wash. -

Lam eta!. (1991) listed the sources of the gold as: 

1. auriferous quartz veins and lodes (e.g. lodes at 
Maytown and Groganville), 

2. stockworks of auriferous quartz veinlets (e.g. White 
Horse, Kennedy, McGann, Sandy and Fine Gold 
Creeks), 

3. auriferous sulphide lodes (e.g. antimony/quartz lodes 
near Saint George River), 

4. auriferous sedimentary units (e.g. quartzite/chert beds 
at Mount Madden and Mount Bennett), 

5. in-situ precipitation of gold nuggets, and 

6. concentration of gold from reworking of earlier placer 
deposits (e.g. reworking of Mesozoic deposits). 

Gold also occurs in deep lead deposits beneath Cainozoic 
basalt in the Jimmy Ah Chee's Tableland area. 

Palmer River Gold Field - Reef Deposits 
The Maytown area extends from the Palmer River (south 
of the abandoned township of Maytown) north to the 
Conglomerate Range. It contains the greatest concentration 
of Au-bearing quartz veins in the Palmer Gold Field
approximately 160 lodes occur within a II km by 2 km 
north-northwest trending belt. 

The host rocks in the Maytown area are meta-sedimentary 
rocks of the Hodgkinson Formation. They comprise a 
sequence of meta-arenite, phyllite, phyllitic mudstone and 
meta-siltstone intruded by basic dykes. The meta-arenite 
contains weathered pyrite cubes up to -10 mm across. 

The mineralisation is considered to be of the slate-belt 
style, with mineralising fluids generated by devolatilisation 
of the sediment pile during regional metamorphism. These 
fluids scavenged precious metals from the host rocks. They 
were then focused into regional structures where 
precipitation of the gold and associated minerals was 
induced by pressure release at dilational sites or reaction 
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with reductant lithologies. Davis et aL (1996), however, 
considered that the higher metamorphic grade of the 
Maytown area suggests the presence of a subsurface granite 
intrusion which is related to the gold mineralisation. 

Hodgkinson Gold Field 
This gold field included the mining centres ofNorthcote, 
Minnie Moxham, Beaconsfield, Union, Thomborough and 
Kingsborough. Mines around the Kingsborough and 
Thornborough centres are referred to as the ' central 
Hodgkinson Gold Field ' , as this area was the original 
discovery site. 

Mineralisation consists of gold-quartz and gold-stibnite
quartz veins hosted by the Hodgkinson Formation. The 
quartz veins range from a few centimetres to a maximum 
of3 min width and contain only minor amounts of sulphide 
minerals {Amos & de Keyser 1964). A marked coincidence 
of mine occurrences with the dominant northwest trend 
of the major and minor faults in the region indicates a 
structural control on their distribution either parallel or 
trending at a low angle to these regional shear zones. The 
presence of mafic volcanics in the Union mine area may 
have some influence on the presence of mineralisation in· 
this area (Johnston & Hammond I 984). Most gold lodes 
are steeply dipping and cut across the bedding and regional 
foliation. Kinks in the quartz veins were sites of ore 
enrichment. 

The veins are a complex mixture of gouge and inclusion
rich quartz. The quartz is massive, milky-white and 
deformed, with abundant laminations, stylolites and clear 
quartz veinlets . The veins also show evidence of 
incremental quartz deposition. 'Ribbons' or laminations 
of dark grey country rock and associated sulphides within 
the quartz are commonly associated with higher gold 
grades. These laminations may be concentrated on one 
side of the quartz reef. Other gold-bearing vein types 
include massive (buck) quartz, complexly brecciated 
quartz, and fractured quartz. A footwall quartz-stringer 
zone is also present in many of the workings (Johnston & 
Harrunond 1984). 

The laminations are thought to have formed from a crack
seal process as defined by Ramsay ( 1980). Native gold is 
commonly concentrated in this laminated quartz as specks/ 
blebs along the laminations. Mining therefore tended to 
focus on the laminated quartz. Minor sulphides associated 
with the gold include galena, arsenopyrite, pyrite, 
sphalerite, chalcopyrite and stibnite. 

Poorly developed sericitic and argillic alteration z0nes form 
selvedges, a few centimetres wide, adjacent to the veins. 

The gold- quartz and gold- stibnite quartz veins are 
confined to discrete structural zones where they are 
localised in shears and secondary brittle reactivation zones 
along axial planes of folds. These discontinuities are 
associated with larger, commonly regionally significant 
shear and melange zones, which show evidence of multiple 
deformation. The gold mineralisation in the Hodgkinson 
Gold Field, for example, is associated with the Retina, 
Monarch and Kingsborough Faults (central melange zone). 

The source of the gold mineralisation in the Hodgkinson 
Province is uncertain. It may have been: 

1. exhaled from submarine volcanic vents and 
concentrated within nearby mafic volcanics or chert 
of the Hodgkinson Formation and remobilised to the 
present sites, 



2. transported in hydrothermal solutions derived rrom 
plutons ofWhypalla Supersuite, 

3. related to the emplacement of the Featherbed Volcanic 
Group and related high-level intrusives (rhyolites 
presumably associated with this activity crop out along 
the Retina and Kondaparinga Faults), or 

4. derived by the devolatilisation of the sediment pile 
during regional metamorphism and channelled to 
dilational sites in shear zones (Phillips & Powell 1992). 

A comprehensive study of this area was conducted by 
Peters ( 1987b ). His interpretation of the mineralisation 
history is given below. 

The mineralisation cycle commenced with vein growth, 
wall-rock reactions and assimilation, characterised by 
precipitation oflarge amounts of subhedral quartz crystals. 
This stage represents maximum fluid flow during 
mineraJisation and maximum wall-rock interaction. Wall
rock inclusions and laminations may indicate that the 
growth of veins at this stage was by crack-seal processes. 
Sulphide precipitation was not common but disseminated. 
Arsenopyrite and more minor pyrite, galena and gold were 
deposited in partially assimilated wall-rock inclusions and 
on vein margins. Late-stage interstitial quartz-carbonate
pyrite precipitation marked the end of this stage. 

The second and main stage of mineralisation was 
accompanied by movement along shear zones. These 
movements resulted in cracking of existing brittle quartz 
veins and the introduction of shear gouge and fill. Fluids 
migrating along the brittle partings deposited galena, 
sp~al.~rite, arse~opyn~e, pyrite and gold. _Gold occurs al~~g 
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were controlled by fault geometry and movement, together 
with lithology competence contrasts. 

Late-stage mineralisation consisted of precipitation of 
quartz-carbonate vein lets in brittle rractures within quartz 
veins and wall rock. Chloritic alteration accompanied this 
stage, which was barren of economic mineralisation. 

Peters ( 1987b) did not determine the timing of the 
formation of the stibnite-quartz veins present in the 
Hodgkinson Gold Field. However, work by Western 
Mining Corporation and Nittoc International established 
that the stibnite mineralisation postdated the main gold 
mineralisation (Dash & Cranfield 1993). The 
stibnitemineralisation is dealt with in more detail in the 
antimony section. 

Studies ofthe structural, .paragenetic, stable isotopic and 
fluid inclusion characteristics of the gold and gold-stibnite 
veins support a model involving a post-tectonic 
mineralising event for the formation of these ores. Some 
conclusions from these studies are as follows. 

I. A late Carboniferous mineralisation age has been 
obtained from K/ Ar isotopic dating of alteration 
muscovite rrom gold-quartz veins in the Hodgkinson 
Gold Field (Morrison 1988). 

2. Fluid inclusion-studies by ·Peters ( 1987b) indicate no 
evidence of boiling and suggest mesothermal 
temperatures of285-335°C. The inclusions have 7-10 
wt% NaCI, and less than I% C02. 

3. Golding et al. ( 1990) indicated the stable isotope data 
for the Hodgkinson Province are compatible with 
deposition of most gold-quartz and antimony-gold
quartz veins 'from homogeneous, deeply-sourced 
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fluids generated during regional tectonism and 
channelled to dilation sites in shear zones'. 

4. Many of the stibnit~gold-quart.z veins are located on 
domain boundaries that truncate the gold 
mineralisation. The distribution, therefore, of the 
antimony- gold-quartz veins implies they postdate the 
main gold-quartz mineralising event, as postulated by 
de Keyser & Lucas (1968). · 

Phillips & Powell (1992) have proposed a metamorphic 
model for the formation of gold-only deposits similar to 
the Hodgkinson Gold Field. It accounts for all the 
observations listed above. Their model has the gold 
scavenged rrom the country rocks by low salinity, high 
temperature (>200°C) reducing fluids derived from 
devolatilisatioo during regional metamorphism. These 
fluids are enriched in sulphur (due to the presence of pyrite 
in the host rocks) and form ideal gold transporters in a 
A u-S complex. The deposition of the gold is considered 
to occur at temperatures of between 250°C and 400°C and 
can be due to interaction with Fe-rich country rock, a drop 
in temperature, or lower oxygen activity. The distribution 
of the fluids is controlled by major shear zones. 

This metamorphic model also accounts for the presence 
of gold enrichment around selvedges of host rock. The 
fluid interacts with the chlorite (Fe-silicate) present jn the 
wall-rock, causing the gold to precipitate. This wall-rock 
is subsequently incorporated in the vein by repeated t1uid 
injection (the crack-seal process). The Jess common 
presence of disseminated gold within the vein quartz is 
due to decrease in fluid temperature. 

The Mulgrave Gold Field encompasses the Goldsborough 
(Lower Camp) and Walter Hodgson (Upper Camp) regions. 
The gold-bearing quartz reefs mined in this district ·are 
hosted by graphitic schists and meta-arenite of the 
Hodgkinson Formation. These reefs are both concordant 
with and cut the dominant foliation. The mineralised quartz 
veins are consistently associated with graphitic schist. In 
the Chance and Sheila mines (Goldsborough) the gold
bearing quartz vein occurs along the contact between the 
graphitic schist and meta-arenite. 

The reefs in the region consist of ribbon quartz, commonly 
with associated massive white crystalline quartz. Host
rock selvedges within the ribbon quartz are composed of 
graphitic schistose material that is commonly replaced by 
fme pyrite and arsenopyrite. Galena has also been reported. 
The gold occurs as patches of mostly visible coarse grains 
associated with these selvedges within the ribbon quartz. 

The quartz reefs: 

• are commonly localised along the boundary between 
graphitic schist and meta-arenite, 

display ribbon textured quartz, 

• are characterised by graphitic selvedges, and 

• are characterised by rare infill textures in the quartz. 

These features indicate the crack-seal model of ribbon/ 
laminated vein formation (see Ramsay 1980) appears to 
have operated. The lithological control on some of~he reefs 
suggests the graphitic schist may have influenced 
auriferous reefformation. The presence of broad bands of 
massive crystalline quartz displaying infill textures is 
possibly due to increased hydrostatic pressures generating 
favourable sites for crystal growth. The veins appear to 
have formed from metamorphic devolatilisation of the 
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country rock in a similar fashion to the auriferous deposits 
of the Hodgkinson and Palmer Gold Fields. 

RusseJI River Gold Field 
This gold fie ld is located at the head of the Russell Rjver, 
in dense rainforest. A possible northern extension of these 
deposits occurs in the Gadgarra area ( ~ 15 km to the north), 
where there are several smaller deep leads. 

Most deposits in this area are deep leads. The auriferous 
alluvium occurs in Tertiary valleys and is overlain by up 
to 60 m (averl!.ge 15·m) of basalt. The alluvium appears to 
occur at different elevations, suggesting a complex system 
of channels and terraces below the basalt. 

The grade of the alluvium varies significantly, with an 
average of 4.67 g Au and I . 78 kg Sn per cubic metre 
(Hughes 197 1 ). The gold is probably derived from 
weathering of thin, auriferous quartz veins in the 
underlying Hodgkinson Formation in pre-Tertiary times. 
The presence of gold-bearing reefs in the Towalla area 
supports this theory. 

The Tertiary drainage was from west to east implying that 
the most likely source ·of the cassiterite in the alluvium 
was erosion of granites in the Malanda-Peeramon area. 

Russell Extended Gold Field (TowaUa) 
The mineralisation in the Towalla area is identical to that 
in the Mulgrave Gold Fields, with the gold localised in 
ribbon-textured quartz. Pyrite and arsenopyrite are 
associated with both the graphitic selvedges and the 
ribbons. 

Jordan Creek Gold Field 
Although this gold field was principally worked for 
alluviaVeluvial gold, several lode deposits have also been 
mined extensively. The alluvial/eluvial gold is derived from 
the weathering of numerous thin quartz veinlets in the 
deeply decomposed biotite granite (part ·of the Tully 
Granite Complex) of the area. The main workings were 
concentrated about Henrietta and Jordan Creeks 
(tributaries of the North Johnstone River). 

The gold occurs in splay veins, stockworks and thin quartz 
stringers distributed throughout the decomposed granite, 
enabling successful sluicing operations. The reefs generally 
strike northeast and dip 70 degrees to the northwest. They 
are commonly very crooked and cut by faults. Rounded 
aggregates of arsenopyrite and pyrite are present in massive 
white quartz of the reefs. The gold is associated with the 
pyrite and occurs in irregular shoots. Extensive alteration 
of the granite has occurred adjacent to some of the reefs, 
producing auriferous zones up to ~3 metres wide. The 
historic underground workings appear to have concentrated 
on pyrite- arsenopyrite bearing quartz veins, whereas the 
sluicing operations exploited the associated auriferous 
alteration zones. 

The granite hosting the mineralisation in this region is a 
sphene-rich oxidised 1-type (R.J. Bultitude pers. cornm. 
1994), which is a strong indicator for associated gold 
mineralisation (Bievin & Chappell 1992). 

The granite is overlain by basalt of the Atherton Basalt 
Province. Deep lead deposits have been located below these 
basalts, but are uncommon and not extensive. 

Mount Peter Provisional Gold Field 
Three main gold-bearing quartz reef systems have been 
worked in this gold field since 1915: the Talisman , 

278 

Specimen Hill and Mount Peter. The host rocks form part 
of the Hodgkinson Formation and consist of quartzite and 
pelitic schist (a small limestone lens is also located in the 
gold fie ld). The reefs have irregular strikes and are 
commonly anastomose. The gold occurs in widely spaced 
narrow shoots (splay veins) in which it is mainly present 
as <liscrete visible specks of high fineness or associated 
with arsenopyrite (Denmead 1947b). Apart from the 
Talisman, which maintained its size, the lodes were found 
to pinch out at depth. The veins are generally narrow and 
ribbon textured, with abundant host rock fragments 
forming the ribbons. The larger veins contain ribbon 
quartz, stylolites and clear quartz veinlets. These veins 
also show evidence of incremental quartz deposition. The 
ribbon texture may form on both margins of the vein or be 
confined to one side of a larger buck quartz vein. Other 
types of gold-bearing reef are buck quartz, complexly 
brecciated quartz, and fractured quartz. 

The characteristics of the veins and the textures present 
are consistent with the slate-belt model of vein genesis as 
defined by Phillips & Powell (1992). 

Clohesy River Area 
Several north-trending, gold-bearing quartz veins cut 
sedimentary rocks of the Hodgkinson Formation in the 
Clohesy River area. The main deposit is the Waitemata 
(Jannie Jan), which comprises one main quartz vein and 
numerous smaller veins that have not been fully explored. 
Accessory minerals in the veins are pyrite, chalcopyrite, 
malachite, arsenopyrite, covellite (in the Black Bear lease 
area) and bournonite (in the Waitemata mine). 

The main vein at the Waitemata mine is a shear infilling. 
The vein pinches and swells and, at a depth of 13 m in the 
most recent shaft, it bifurcates. The gold occurs as coarse 
specks and very coarse slugs, irregularly distributed 
throughout the vein (average production grade was 18.13 
g!t Au). Petrology of ore samples from the Waitemata mine 
by V. Nettle revealed that the bournonite (CuPbSbS3) 

occurs as fine streaks and clumps, and has a close spatial 
association with free gold. 

Willmott et al. (1988) noted that the Waitemata deposit 
may be granite-related, as it is in the contact aureole of the 
Tinaroo Granite, 5 km to the east. The deposits in this 
area also contain more copper than those in the Hodgkinson 
Gold Field to the northwest. 

West Normanby Gold Field 
The lodes in the West Norman by Gold Field lie within a 
north- northwest-trending shear zone that follows the West · 
Normanby River. They comprise discrete, thin, gold
bearing quartz veins. They are fissure infillings which tend 
to be irregular in thickness, both along strike and down 
dip. The veins follow joints and shears, forming a zigzag 
pattern. Minor spur veins follow the host rock schistosity 
and joints for short distances. 

This area is one of the few locations where lode gold 
mining is being carried out (at the Maddens Mine). The 
Maddens Mine is in the historic West Norman by Gold Field 
(part of the Palmer Gold Field 80 km southwest of 
Cooktown). Gold-bearing veins in this part of the gold 
field are hosted by the Taylors Fault, a major regional 
structure. Veins have been emplaced throughout the history 
of this fault and commonly fill dilational jogs. Graphitic 
laminations have developed within these veins. Davis et 
al. (1996) believe they are the product of dissolution of 
tabular country rock slabs that were tectonically sliced ~nd 
incorporated into the veins. They also noted that the gold 



Plate 7.4. Cape Melvil le Granite. Cape Melville. Cairns Region (fall O.nrald-Jacohs photo). 

Plate 7.5. Mount Mulligan. Cairns Region. The eli IT forming unit is the Pepperpot Sandstone. ( lw1 O.n,·ahl-Jacobs plwtn). 

Plate 7.6. Hinchinbrook Island. Cairns Region. Cairns Region. The mountain is formed by A-type Hinchinbrook Granite::. 
( fa11 Osll'ald-Jcwoh.\ plrmo). 



Plate 7.7. Karst in the Chillagoe Formation, Chillagoe. Cairns Region. (Jan 0Nald-Jacobs photo). 

Plate 7.8. Abandoned smelter site, Chillagoe. Cairns Region. (Jan Oswald-Jacobs photo). 



Plate 7.9. Cape Melville- Granite. Cape Melville. Cairns Reg1on. (/an Omald-Jacoli!J pholo). 

Plate 7.10. Lare Permian Granite. Black Mountain, o;uuth of Cook town. ( fun O.lll'ald-Jaco!J.,· photn). 
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Plate 7.11. Thin-bedded quarvosc arenite. Mulgravc f ormation. Mountain 
Creek. 

Plate 7.13. Pillow basalt. Hodgkinson Formation, :!0 km wel-l of Lakeland 
Drm n,. 

Plate 7.12. Folded Hodgkinson Formalion. Nob Poinl. Cooktnwn. 

Plate 7.14. Broken formation. Hodgkinson Formation. Wc~l Normanby 
Shear Zone. 
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Plate 8.2a. Typic<~] thin-bedded arenite and mudstone 
(turbidite facies), Greenvale Fom1ation. at Lynd Highway 

over Marble Creek, Clarke River Region. 

8.2c. Thin to medium-bedded, fine to medium-grained quart
zose sandstone. Perry Creek Formation. Clarke River 10 km 
up~tream from the Lynd Highway. Clarke River Region. 

8.2b. Volcaniclastic arenite bed , Carriers Well Fonnation, 
near the Greenvale to Pandanus Creek road bridge over 
Dinner Creek. Clarke River Region. 

8.2d. Small duplex structure. Kangaroo Hills Formation. 
Clarke River rail bridge. 

8.2e. Turbidite sequence. Kangaroo Hills Formation. at Lynd 
Highway bridge over Clarke River. Clarke Rive( Region. 



Plate 8.3a. Folded quartz arenite, Kangaroo Hills Formation, 
Mistake Creek. ta tributary of the Burdekin River). Clarke 
River Region. 

Plate 8.3b. Turbidite sequence, Kangaroo Hills Formation, 
Clarke River, Clarke River Region. 

Plate 8.3c. Ripple cross-laminated. line-grained arenite and 
mudstone, Kangaroo Hills Fom1alion, Black Dog Creek. 
Clarke River Region. 

Plate 8.3d. Detail of 8.3 c, Clarke River Region. 

Plate 8Je. Marine mudstone, unit 2, Ruxton Formation, 
Clarke River Group, Blue Range, Clarke River Region. 
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Plate 8.4a. Folded limestone with asphaltic injectate and 
intense calcite veining in the hinge area, Lomandra 
Limestone, Wando Yale Subgroup, Dosey Creek. 

8Ab. Head of Favusites and flatter colonies of Heliolites in 
growth position. Jack Formation. Broken River. 

8.4c. Jad. Formation in Jack Hill\ Gorge. Broken River. 
The gorge j, cut in the uppcrmo~t limeswne nf the Jack 
Fonn::nion. 

8.4d. Polymictic conglomerate. Wando Vale Subgroup. 
Pandanu' Cree~. 



was concentrated in zones of relatively coarse-grained 
quartz adjacent to shear planes; the shearing produced 
numerous microfractures which allowed fluid access and 
consequent gold precipitation. The gold may have been 
introduced with the quartz and subsequently redistributed 
within the reef during defonnation (Davis et al. 1996). 

Recent production from this mine was 23.462 kg Au 
bullion (1994/95) and 3.335 kg Au bullion (1995/96). 

Davis et al. ( 1996) proposed that the gold-bearing quartz 
veins in the West Normanby were emplaceq during 
development of his D4 structures (Early-Late Pennian) in 
the Hodgkinson Province. They also considered that the 
close spatial association between Whypalla Supersuite 
granites and gold mineralisation implied the granites were 
an integral part of the major gold mineralising event in 
the Hodgkinson Province during the Permian, particularly 
in the West Nonnanby Gold Field. 

Kobi Creek and Hilda Creek 
Both these creeks lie in the headwaters of the Daintree 
River. The headwaters ofKobi Creek contain the Enterprise 
mine, which has shed small amounts of gold into the 
drainage system. Limited alluvial mining has occurred. 
Small nuggets of gold for which no reef source has been 
located have also been recovered from Hilda Creek. The 
Enterprise gold mine consists of narrow gold-bearing 
quartz veins hosted by the Hodgkinson Fonnation. The 
lode was reputed to be very rich in gold and the average 
grade of ore mined was 78 g/t. The deposit is a slate-belt 
type, with the quartz veins derived from regional 
metamorphism. 

Jeannie River Prospects 
Numerous chert ridges, some of possible exhalative origin, 
crop out in the Hodgkinson Fonnation between the Howick 
and Jeannie Rivers. The ridges comprise chert and silicified 
metasedimentary rocks. Quartz stockworks and iron and 
manganese-rich gossans are common. The cherts and 
stockwork zones are slightly anomalous in gold and some 
of the cherts are phosphatic. The main prospects in this 
area are the Chert Ridge, Lagoon and Brown Peak. 

Visible gold is reported to occur in chert drill core obtained 
from the Chert Ridge prospect. Rock chip samples returned 
a maximum assay result of 1.52 ppm Au. Petrological 
examination indicated some of the cherts are extensively 
silicified volcanic and sedimentary rocks that fonn large 
boudins in defonned metasedimentary rocks. Epidote and 
chlorite are common secondary minerals and magnetite is 
visible in hand specimen. Quartz veins, inclusions and 
limonite-stained fractures are common. 

Starcke No. 1 Gold Field 
The Starcke No. I Gold Field, also called Cocoa Creek, 
contains north-northwest trending Au-Sb-quartz veins 
hosted by the Hodgkinson Formation. T he gold is 
associated with both the quartz and stibnite. The 
mineralisation is relatively high level (certainly higher than 
that at Maytowp and the West Nonnanby) but does not 
exhibit any significant epithermal characteristics. The 
alluvial gold deposits in this area are derived from these 
reefs. However, the deposits are small and only limited 
production has occurred. 

Starcke No. 2 Gold Field 
This gold field is located in the headwaters of the Starcke 
River, northwest of Cape Flattery. Most of the mining 
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activity was in the area north of the abandoned Munburra 
township. Approximately 117.5 kg of gold has been won 
from shallow alluvial and eluvial deposits at Munburra 
and in the headwaters of Diggings Creek. Recent attempts 
to rework the alluvials have met with little success. Several 
smaller alluvial deposits containing nuggetty gold were 
also worked to the southeast of Munburra. 

Gold-quartz veins occur within steeply dipping, north
trending metasedimentary rocks of the Hodgkinson 
Fonnation. The host rocks are mainly coarse to medium
grained arenite or greywacke and carbonaceous slaty 
mudstone, with interspersed lenses of chert and melange. 

Mineralisation occurs in quartz veins and stockworks 
spatially associated with porphyritic microgranite 
('felsite') dykes and with some east to northeast-trending 
structural control. Almost all historical production came 
from discrete, steeply dipping, lenticular quartz veins 
which contain gold, pyrite, arsenopyrite and minor 
chalcopyrite. Minor stibnite is also present in some veins. 
Total sulphide content is <5%. The veins range from several 
centimetres to 3m in width (generally 200-250 mm) and 
strike northeast and southeast across bedding trends. The 
veins comprise euhedral buck quartz with ribbons and 
angular inclusions of pyritic host rock, which impart a 
brecciated texture to the veins. Reefs.commonly branched. 
Comb and fibre textures have been noted in the thinner 
veins. Distribution of mineralised zones was patchy; ore 
shoots were generally pipe-like and pitched steeply west. 
Historical grades were very rich at the surface (up to 300 
g/t) but decreased notably with depth. The gold was 
commonly fairly coarse and yellow. Silver content ranged 
up to 8 g/t. 

Quartz veinlet stockworking is generally confined to the 
more competent rock types such as arenite, silicified slate, 
chert and microgranite and contains low-grade 
disseminated gold. The stockworking is best developed in 
the microgranite dykes, but may extend for several metres 
from fissure veins and dykes. Individual veinlets are 1- 20 
mm thick and comprise medium to coarse-grained quartz 
with minor sulphides (dominantly pyrite). Minor sericitic 
alteration is associated with the stockworks. 

Gold also occurs in a 50 m wide mylonitic shear zone that 
contains quartz and chert lenticles in an anastomosing, 
dark grey, carbonaceous, slaty matrix. Pyrite is common 
along slickensided surfaces, as discrete grains in quartz 
lenticles and veins, and as coatings on microfractures. 
Extensive exploration in the Mtinburra area has failed to 
delineate any economic deposits. 

Mareeba Gold Field 
The Mareeba Gold Field is 7.2 km eastsoutheast of 
Mareeba. Gold production from this area is comparatively 
small at ·332 kg. Most deposits are hosted by the 
Hodgkinson Fonnation. Almost all of the gold production 
came from the Queen Constance deposit (330.6 kg gold), 
where auriferous quartz veins cut schistose 
metasedimentary rocks of the Hodgkinson F~rmation. 

Red Dome-Mungami Deposits 
The Red Dome mine at Mungana, north of Chillagoe, was 
the largest mine in the region c losing down in 1997. The 
area was originally worked for copper around the turn of 
the century, when it fonned part of the rich Mungana group 
of copper depos.its. Re-evaluation of the site in the early 
1980s established significant gold reserves, estimated at 
the time at 13.8 Mt ore at 2.0 g/t gold, 4.6 g/t silver, 0.46% 
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copper and 1.0% zinc (Torrey et al. 1986). Mining of 
oxidised ore began in mid 1986, with the ore extracted 
from open pit operations. Mining ceased in the open pit 
during 1996, after I 0 years of continuous operation. The 
feasibility of underground access to deeper reserves is 
being evaluated. The total production from the open pit 
was 791 000 ozs Au, 2 735 000 ozs Ag, 22 000 t Cu to 
December 1994 (Barr 1995). 

Niugini Mining has also delineated the Mungana deposit, 
a resource 2.6 km northwest of Red Dome pit. 
Metallurgical studies indicate the open pit resource is only 
marginally economic due to complex metallurgy that 
detracts from the marketability of the gold/copper and lead/ 
zinc concentrates that would be produced from the open 
pit resource (Niugini Mining Annual Report 1995 p23). 

The Mungana Deep prospect is located below the open 
pit resource at the Mungana deposit. Consideration is being 
given to developing a decline into the Mungana Deep 
prospect to investigate the resource in more detail. 

The Griffiths Hill deposit is situated 200 m southeast of 
the current Red Dome open pit and adjacent to the old 
Griffiths open cut. This deposit has been explored in 
conjunction with the Red Dome deposit. The 
mineralisation is similar to that at Red Dome, but with 
more extensive supergene development. 

The Girofla prospect was discovered in late 1995 below 
the old mine workings at Girofla, midway between the 
Red Dome and Mungana deposits. Initial drilling 
intersected 23 m (true thickness) of 0.4% Cu, 8.3% Pb, 
4.5% Zn, and 125 g!t Ag from a depth of 432 m. Follow
up drilling during 1996 failed to repeat this initial 
intersection (Niugini Mining Report for the Quarter Ended 
30 June 1996). The nearby historic Lady Jane, Hookworm 
and Harpers mines are also considered prospective. 

The Mungana group of deposits is hosted by limestone of 
the Silurian- Devonian Chillagoe Formation. The 
formation reflects a complex thrust repetition structural 
history. These thrust faults .are likely to have controlled 
emplacement of the mineralising intrusives and related 
hydrothermal systems. For example, the Mungana group 
of deposits appear to lie along a belt of relatively closely 
spaced thrusts (Fordham 1994). Fordham believes that 
similar deposits can be expected along faults and fault 
intersections throughout the Chillagoe ForriJation, not just 
at its faulted margins. 

Barr ( 1995) described Red Dome as a Cu-Au skarn deposit 
and the Mungana prospect as a Cu- Au-base metal deposit. 
The Mungana deposit is thought to represent a higher
level manifestation of the Red Dome porphyry Au-Cu 
skarn system, with a late hydrothermal brecciation and 
high sulphidation overprint. The mineral paragenesis is 
generally thought to be related to the emplacement of high 
level late Carboniferous fractionated !-type felsic intrusives 
into carbonate host rocks of the Chillagoe Formation. Three 
stages of intrusion are postulated by Barr (1995) and 
Nethery & Barr (1996). The oldest resulted in potassic 
alteration and development of early prograde skarn 
alteration assemblages (low Au-Cu phase). This intrusion 
has been correlated with the 1-type O'Briens Cree~ 
Supersuite (-315- 320 Ma). A higher level oxidised 
intrusive emplaced along the margins of the first intrusion 
resulted in the formation of late prograde and/or early 
retrograde skarn alteration assemblages (moderate Au, 
high Cu- Zn- As phase). This event is correlated with 
fractionated members of the 1-type Almaden and Ootann 
Supersuites (-306 Ma). This second intrusive event is 
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considered to have produced the pre-brecciation skarn and 
related alteration and mineralisation at the Mungana 
deposit. The third and last intrusive episode is thought to 
have produced explosive gas-generated brecciation at the 
Mungana and Red Dome deposits, followed by a high 
sulphidation event (maximum Au phase). This final 
episode has been correlated with localised high level A
type plugs of the Lags Supersuite ( ~290 Ma). The dates 
used by Barr ( 1995) have been obtained from often highly 
altered material and therefore contain a larger degree of 
uncertainty. The intrusive suite associations are therefore 
best fit correlations. 

Nethery et al. (1994) postulated that after the final intrusive 
phase, a retrograde subvolcanic system developed as 
breccia pipes and veins comprising quartz + chlorite + 
pyrite + arsenopyrite + sphalerite + galena + minor 
chalcopyrite + tetrahedrite +chalcocite. Boiling occurred 
in the upper levels of the breccia pipes developed in this 
phase, creating hydrothermal eruption centres (diatremes). 
An advanced argillic alteration assemblage of jasperoidal 
silica + haematite + kaolinite (low Au) developed in the 
diatremes. This final stage was previously interpreted as 
karst collapse (Karjalainen et al. 1987), which occurs to a 
minor extent and is not relevant to mineralisation. 

The intrusive units in the Red Dome area were considered 
by Mackenzie ( 1987b,c) probably to have affinities with 
the Featherbed Volcanic Group. 

Triple Crown and Nymbool (Blacks Creek) Porphyry 
Prospects 
The mineralisation is hosted by the Chillagoe Formation, 
which is intruded by the Hammonds Creek Granodiorite 
I km south of the prospect. Gold mineralisation is 
associated with breccia zones in and around a late-stage 
pod of microgranite (Gallo 1995). The intrusion is located 
at the intersection of northwest trending lineaments with 
a northeast trending regional lineament. Quartz veins host 
the gold mineralisation. They also contain sericite, 
carbonate, chlorite and a variety of sulphide minerals. The 
sulphides include pyrite, sphalerite, galena, chalcopyrite, 
arsenopyrite and rarer species such as wittichenite 
(Cu3BiS3) and matildite (AgBiS2). The gold is contained 
within pyrite and closely associated with sphalerite and 
galena. This deposit is considered uneconomic at current 
gold prices. 

The nearby Nymbool (Blacks Creek) porphyry prospect 
is hosted by a porphyritic granite that forms part of a large 
hydrothermal alteration system. 

Atric Prospect 
This prospect has been investigated by several companies. 
Their combined efforts have defined a six kilometre long 
zone containing twelve gold prospects within a regional 
shear zone termed the Bellevue East Shear. This northwest 
trending shear zone is thought to represent a major thrust 
fault (southwest over northeast). The main prospect within 
the shear zone is theAtric prospect, where anomalous gold 
mineralisation has been delineated over a strike length of 
300m. 

The gold mineralisation is intimately associated with very 
fine-grained arsenopyrite and pyrite hosted ·by 
metasedimentary rocks of the Hodgkinson Formation 
(Birch 1997). Gold anomalous zones appear to correspond 
to anomalous antimony values (commonly <30 ppm). The 
current drilling data indicate the gold is concentrated in 
shoots with lower grade envelopes (Register of Australian 
Mining 1995/96 p 139). T he mineralisation plunges 



shallowly to the southeast within a dilational jog in the 
Bellevue East Shear. Birch ( 1997) considers the deposit 
was formed from remobilisation of gold and sulphides 
present in the metasedimentary rocks, possibly associated 
with mafic volcanism or hot spring activity, to structurally 
favourable sites or lithologies. 

Mount Cameron 
The Mount Cameron prospect north of the Herbert River 
Gorge consists of hydrothermally altered porphyritic 
rhyolite/microgranite and breccias, which form a sub
volcanic centre. An oval-shaped diatreme measuring 600 
m long by 350m wide has intruded both the Glen Gordon 
Volcanics and Carboniferous granites of the undivided 
Ingham Batholith. A zone of porphyry-style, hydrothermal 
alteration 2 km by 3 km has been delineated around Mount 
Cameron. Quartz stockworks in intrusive rhyolite/ 
microgranite and silicified Glen Gordon Volcanics contain 
the gold mineralisation. A polymetallic quartz-sulphide 
vein system appears to be located around the margins of 
the sub-volcanic centre (Marton 1993). Base metal and 
gold mineralisation have been located in hydrothermal 
breccias. The status of the prospect is uncertain. 

Tin 
Several primary tin mineralisation styles are evident in 
the Cairns Region. They include quartz-<:hlorite lodes, 
sheeted quartz-tourmaline lodes and veins, greisen veins, 
greisen alteration zones, and argillic alteration zones. All 
are associated with late Palaeozoic S-type and 1-type 
granites. 

Cannibal Creek Granite Area -AIJuvial Deposits 
At least 2260 t of alluvial cassiterite have been mined from 
both Cannibal, Granite, Nine Mile, Tin and Fiery Creeks. 
The primary source is narrow, quartz-greisen veins 
associated with the Cannibal Creek Granite. Early 
production was mainly from rich deposits of shallow 
aiJuvium along Cannibal and Granite Creeks and their 
tributaries. Both waterworn and crystalline cassiterite, 
ranging from minute grains to slugs of up to 0.5 kg were 
recovered. Cassiterite is also known to occur in Pinnacle 
and Gum Creeks. Exploration by Northern Mining 
Syndicate in 1974 indicated that Tin Creek contained a 
resource of383 000 m3 ofstanniferous wash (with grades 
of 694 glm3 cassiterite) and that Nine Mile Creek contained 
76 500m3 (683 g/m3 cassiterite). 

Cannibal Creek Granite Area -Lode Deposits 
The mineralisation at the Cannibal Creek Tin mine is 
associated with two steeply-dipping quartz lodes that strike 
at 11 oo in the northwestern extremity of the Cannibal Creek 
Granite. The main mineralisation at Cannibal Creek has a 
strike length of 400 m and width of 60 m. This zone 
contains pegmatitic quartz veins which contain minor 
cassiterite, scheelite, chalcopyrite, pyrite and beryl. The 
cassiterite is irregularly distributed, but generally occurs 
as coarse to very coarse-grained crystals on vein margins, 
particularly in muscovite-rich zones. The host rocks 
(Hodgkinson Formation) are sil icified and greisenised 
adjacent to the veins. There is also a later phase of barren 
white quartz with a well-developed comb texture. 
Numerous subparallel mineralised veins ranging from 0.5 
m to 1.5 m in thickness are present up to. 30 m from the 
main lodes. These deposits are related to the nearby 
Cannibal Creek Granite, which also hosts some cassiterite
bearing quartz-greisen veins. 

Cook town Tin field -Alluvial Deposits 
The Cooktown Tinfield has been a major producer of 
alluvial cassiterite which has been recovered mainly from 
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recent stream channel alluvium, eluvial and colluvial 
deposits, older alluvial terraces adjacent to the main 
streams, and perched terraces well above present stream 
levels. Cassiterite has also been obtained from older 
ferruginous gravels such as those at Mount Poverty, Mount 
Hartley and the B ig Tableland, and in deep lead deposits 
below Tertiary basalt flows (e.g. in the Shiptons Flat
Bairds Gully area). Most deposits are sub-economic or 
too small to support large-scale operations. Alluvial and 
colluvial deposits containing up to I Mt of stanniferous 
wash offer potential for sluicing operations by individual 
miners and small syndicates (Denaro & Ewers 1995). 
However, most of the prospective area is now within the 
Wet Tropical Rainforests Reserve. The Annan River, for 
example, is known to contain sub-economic alluvial 
cassiterite deposits from its headwaters to the Helenvale 
area. 

Cooktown Tin field -Lode Deposits 
Several primary tin mineralisation styles are evident in 
the Cooktown Tinfield. These include sheeted quartz
tourmaline lodes and veins, greisen veins, greisen 
alteration zones and argillic alteration zones. Historically, 
the most productive primary deposits were extensive 
greisen and argillic alteration zones on the margins of 
granite intrusions. However, quartz-tourmaline veins and 
lodes were also mined, notably at Mount Amos, Mount 
Leswell and the Big Tableland. 

Tin greisen deposits in the Cooktown Tinfield are 
characterised by zones of vein-controlled greisenisation 
associated with the apical parts of fractionated S-type 
granites of the Cooktown Supersuite. Examples include 
the greisen systems at Mount Poverty and the Collingwood 
prospect. Zones of weathered greisen and associated 
argillic alteration were important sources of cassiterite in 
the early days of the field because they are amenable to 
hydraulic sluicing (e.g. the Collingwood Face, Daly's Face, 
Home Rule). These deposits comprise greisenised and 
argillised granite containing disseminated cassiterite and 
stanniferous quartz-tourmaline veins and zones. The grade 
of mineralisation is erratic, but 0.9 kglm3 was the average 
grade in early workings (Martin 1979). The most 
prospective areas for hard rock greisen deposits are in the 
roof zones of granite cupolas, which are capped by 
Hodgkinson Formation ·rocks. 

All historical production has been from veins in S-type 
granites of the Cooktown Supersuite (mapped as-Finlayson 
Granite on the Cooktown first edition J :250 000 scale 
geological map) and adjacent country rocks. However, the 
development locally (e.g. in the Mount Hartley area) of 
sheeted vein systems in the overlying Hodgkinson 
Formation rocks also offers the potential for significant 
mineralisation. These deposits typically comprise quartz
tourmaline-<:assiterite and tourmaline-<:assiterite veins 
and pipes along or close to granite-country rock contacts. 

The Collingwood tin prospect was discovered by the Shell 
Company of Australia in 1979. It is owned by Acacia 
Resources (50%) and North (50%). Investigations 
delineated a resource of 4.035 Mt at 0.73% Sn (29 6\6 t 
of contained tin). The prospect is a subsurface (50 m below 
the ground surface), granite-hosted, mineralised greisen 
vein system associated with the roof zone of the 
Collingwood Granite. Underground drilling indicated 
probable reserves of 3 106 980 tat 0.9% Sn (27 833 t 
contained Sn) or 2 027 609 tat I% Sn (20 330 t contained 
Sn) (Miezitis & McNaught 1987). The most recently 
published resource figures are an indicated resource of 
2.2 Mt @ l% tin and an inferred resource of 0.9 Mt @ 
0.6% tin (Register of Australian Mining 1996/97 p30 I). 
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The prospect was discovered via a soil tin anomaly 
developed on the overlying Hodgkinson Formation. The 
mineralised zone extends over a strike length of 950 m 
and has a vertical extent of 50- 130 m. Three types of 
endogranitic tin mineralisation have been recognised at 
Collingwood: steep siliceous sheeted veins, albitic veins, 
and flat-lying greisen (Johes et al. 1990). Most of the 
cassiterite is associated with en-echelon zones of siliceous, 
sheeted quartz-tourmaline and greisen veins. Albitic veins 
within the siliceous vein system are generally small but 
some are up to 2m wide and have an irregular distribution. 
They cut the siliceous zone and contain the highest grade 
mineralisation. Flat-lying greisen zones are confined to 
small cupolas and irregularities in the granite/sediment 
contact. Alteration minerals include secondary quartz, 
muscovite (sericite), green biotite and tourmaline. 
Associated minerals include chlorite, fluorite, apatite, 
cassiterite and sulphides (chalcopyrite, bornite, chalcocite, 
pyrite, arsenopyrite, stannite, sphalerite and bismuthinite). 

Oxygen and hydrogen isotope studies of granite and 
greisen from the prospect indicate similar fluids were 
responsible for both the pervasive alteration of the granite 
and the fracture-controlled tin mineralisation (Golding et 
al. 1990). 

Herberton Mineral Field -Lode Deposits 
The Herberton Mineral Field is one of the most intensely 
mineralised areas. of the state. For the purposes of this 
publication, the Herberton Mineral Field is defined by the 
area between Almaden, Dimbulah, Mount Garnet and 
Herberton. Pollard (1984) estimated the total production 
from · the Herberton area to be more than 150 000 t 
cassiterite concentrate from combined alluvial and lode 
sources. 

Tin mineralisation occurs in several highly mineralised 
centres. The main ones are Herberton (including the 
Herberton Hill area), lrvinebank (including areas west of 
the township), Watsonville (including the UNA Group), 
Emuford, Koorboora, Stannary Hills, Brownville, 
Coolgarra, Silver Valley and Ord. 

The cassiterite occurs in a range of colours, but black to 
brown-red varieties predominate. Much of the cassiterite 
is magnetic (Blake 1972). Studies by Greaves et al. ( 1971) 
indicated that the presence of microscopic to sub
microscopic inclusions of magnetite (average diameter 
0.7u), which probably exsolved from the host cassiterite 
is responsible for this magnetism. The most important trace 
elements found in the cassiterite by Greaves et al. ( 1971) 
are indium (which is concentrated in low-temperature 
cassiterite associated with sulphides) and niobium (which 
is concentrated in high-temperature cassiterite associated 
with greisens). 

Stannite (Cu2FeSnS4) occurs in complex sulphide lodes in 
the Silver Valley area (Lancelot), Watsonville area (UNA 
Group, Stewarts T Claim), Copper Firing Line (west of 
Herberton, Isabel), Hales Siding area (Brass Bottle), Orient 
Camp West Group, Comeno mine (8.2 km west of 
lrvinebank), and arsenic-rich tin lodes in the Stannary Hills . 
area. 

The average depth of the lode workings was <20m; only 
27 mines have been recorded as being deeper than I 00 m. 
The largest single mine was the Vulcan, which yielded 13 
916 t cassiterite concentrate (containing approximately 
70% Sn). The main mines, which have been in production 
since the 1960s are the Jumna, Arbouin, UNA Baal 
Gammon, and North Hope. The North Hope is an unmined 
deposit north of the Jumna Mill. 
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The tin mineralisation in the mineral field is genetically 
related to the fractionated !-type granites of the O'Briens 
Creek Supersuite. It is commonly associated with late
stage, finer-grained phases and accompanying 
hydrothermal and metasomatic alteration (e.g. Clarke 
1990; Pollard 1984). The mineralisation occurs mostly in 
veins, pipes and breccias in shear zones and fractures in 
nearby country rocks (mainly Hodgkinson Formation), or 
as veins, pipes and disseminated deposits within granites 
or at contacts with country rocks (Dash et al. 1991 ). 
Laboratory experiments and other studies by Heinrich 
( 1990) indicated saline fluids of magmatic origin are 
involved in the formation of most tin ores occurring in 
veins, breccias and replacement bodies in aluminosilicate 
rocks. Studies by Black et al. ( 1978) indicate the tin 
mineralisation is associated with several periods of granite 
intrusion. 

The tin deposits in the Herberton district have been used 
as an example ofSn veins (Cornish-type lodes) by Cox & 
Singer ( 1992) in their deposit classification scheme. 

Several alteration assemblages are associated with tin 
mineralisation in the Herberton Mineral Field. They are 
summarised as follows. 

I. Quartz-chlorite-cassiterite assemblages account for 
the greatest number of mines and are most common in 
rocks of the Hodgkinson Formation. Chloritisation of 
the shears postdates the main granite intrusion in each 
particular area. For example, chloritic alteration 
associated with tin mineralisation at the Pot Luck mine, 
I km southwest of Herberton, has yielded an age of 
297 Ma, whereas granites in the area have been dated 
at 307 Ma (Black et al. 1978). The chlorite style of 
alteration occurs in a significant number of mines in 
the Stannary Hills, lrvinebank, Bakerville, Herberton, 
Watsonville, Emuford and Hales Siding areas. 

2 . Quartz-tourmaline assemblages are almost entirely 
confined to the Hodgkinson Formation. Mineralisation 
generally occurs as stellate clusters of tourmaline, 
massive crystalline tourmaline, or very fine bands of 
tourmaline, quartz and cassiterite (sometimes called 
'streaky tin' by early miners) in fracture-controlled 
quartz veins or lenses. This type of tin mineralisation 
is prevalent in the lrvinebank and Bakerville areas. 

3. Greisen assemblages are mainly restricted to granites 
of the O'Briens Creek Supersuite, with most of the 
remainder in metasedimentary rocks of the Hodgkinson 
Formation, generally very close to the granite contacts. 
The mineral assemblage consists primarily of quartz, 
sericite/muscovite, fluorite, topaz, cassiterite ± 
wolframite ± monazite ± minor sulphides. The 
cassiterite is mostly fine-grained. Ages obtained by 
Black et al. ( 1978) for greisen alteration associated 
with tin mineralisation, including the Spark let deposit, 
are essentially the same as the ages of the enclosing 
granites, that is, late Carboniferous-Early Permian. The 
mineralisation commonly occurs as pipes, lenses or 
veins, or as disseminated deposits. Some of the linear 
greisen zones can be traced for more than a kilometre. 
Some pipe, lensoidal and vein deposits in greisenised 
granite have a central core of quartz containing 
cassiterite (and also wolframite in some cases), 
surrounded by zones of intense greisenisation 
containing finer-grained cassiterite. Disseminated tin 
deposits are mainly confined to the Emuford area, 
where greisen zones contain fine-grained disseminated 
cassiterite and myriads of tiny cassiterite-bearing quartz 
veinlets. The main greisen deposits occur in the 



Herberton Hill Group, the UNA Group and the 
Stannary Hills Group. 

4. Tin deposits associated with albitisation of granites 
have been recorded in the mineral field by Handley 
( 197 5), Johnston ( 1984), Pollard ( 1984) , Witt 
( 1985, 1987) and Charoy and Pollard ( 1989). This style 
of alteration is essentially 'sodium metasomatism, 
accompanied by hydrothermal leaching of granitic 
quartz to form vuggy albite rocks - [these] vughs 
created by quartz dissolution were filled by 
hydrothermal minerals, including albite, K felspar, and/ 
or muscovite and cassiterite' (Charoy & Pollard 1989 
p 1850). Later fractures (thought to have formed in 
response to fluid over-pressuring) were infilled with a 
similar assemblage of hydrothermal minerals and are 
thought to be formed at least partly contemporaneously 
with vugh infill (Charoy & Pollard 1989). 

5. Tin-bearing lodes in which silicification is the main 
alteration style are characterised by medium to coarse
grained cassiterite and minor associated sulphides in 
fracture-controlled quartz veins, pipes and lenses. The 
quartz is generally coarsely crystalline and vuggy in 
places. Many of these lodes have an overprint of mild 
sericitic, chloritic or tourmaline alteration, or grade 
out into such alteration. They may also grade into 
greiscn-style alteration. A few of the large producers 
have been tentatively placed in this category. They are 
the Extenuate and Grass Humpy mines in the Her'berton 
Hill Group, Stewarts T. claim at Watsonville, and the 
Right Bower mine 9 .2lon westsouthwest of Irvinebank. 

6. Sericitic alteration is used in this publication to describe 
occurrences that are not greisenised but have varying 
amounts qf sericite, locally accompanied by minor 
chlorite. Most occurrences are in rocks of the 
Hodgkinson Formation in the Stannary Hills and 
Watsonville areas. They are characterised by the 
presence of very fine disseminated sericite in the 
enclosing wall rocks. The main producer was the 
Rosalee mine (8.8 km west of Herberton), which 
yielded 23.1 t. 

7. Hydrobiotite alteration has been recorded in the Clyde 
mine, 0.9 km west ofHerberton, in addition to chloritic 
and sericitic alteration (A. Walter pers. comm. 1990). 
Hydrobiotite appears to develop in intermediate zones 
between zones of tourmaline and chlorite alteration. 
Hydrobiotite alteration is probably a variation of the 
more common chloritic alteration (Dash et al. 1991 ). 

8. Calc-silicate type tin mineralisation occurs at the 
Magnum Bonum min~ in the Silver Valley and Mount 
Garnet area. The lode, at the Magnum Bonum mine, is 
hosted by a shear zone which has intersected meta
basalt (Hodgkinson Formation). The mineral 
assemblage is massive tin-rich garnet with magnetite, 
varying amounts of clinopyroxene and thinly layered 
fl uorite 'wrigglite ' , and massive fluoro-vesuvianite 
with fluorite. These are generally low grade deposits. 
The largest is the Gillian (Pinnacle) prospect near 
Mount Gamet [see Gillian (Pirmacle) prospect section 
below). 

Local mineral zonation in the Herberton area has been 
noted by Blake & Smith ( 1970), Taylor & Steveson ( 1972), 
Taylor (J 971 ), and Blake (I 974 ). Mineral zonation is very 
complex on a regional scale in the Herberton Mineral Field 
because mineralisation has developed around several 
juxtaposed plut~ms, both exposed and at shallow depths 
in the subsurface. Another factor that contributed to the 
complexity of the zonation is that the area has been 
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subjected to multiple-mineralising events (Black et al. 
1978). 

Typically, the elemental zonation away from a mineralising 
source is as follows: 

o tungsten, molybdenum, bismuth 
o tin 

copper, and 
o lead, silver. 

Some deposits in the area display a reverse zonation, where 
the upper zone is occupied primarily by cassiterite and 
base-metal sulphides occur below that level (i.e. closer to 
the mineralising source). This has been attributed to a 
secondary effect relating to oxidation of a stannite-base 
metal sulphide orebody above the water table. The starmite 
was oxidised to cassiterite and the base metals carried in 
solution downwards to the water table (Blake & Smith 
1970 197 I; Taylor 1971 ). Black et al. ( 1978) considered 
multiple-mineralising' events could be an alternative 
explanation for this reverse zonation. 

The vast majority of deposits in the Herbert Mineral Field 
are fracture-controlled. The main exceptions are the skarn, 
calc-silicate and some greisen deposits. It is difficult to 
define dominant structures that influenced mineralisation 
in the mineral field, but the northnorthwest structural trend 
that typifies much of the Hodgkinson province is 
significant in many areas, particularly at Stannary Hills, 
Emuford, lrvinebank, Silver Valley and the Copper Firing 
Line. There also appears to be a zone of more easterly
trending structures that extends from the Orient Camp area, 
through Watsonville, to the Herberton Hill group of mines. 

Orebodies formed in dilational zones within larger shear 
zones commonly strike at an angle to the main shear zone. 
Examples are the Ivanhoe, Kitchener and Black Rock zone 
at Stannary Hi lis. Although most mineral deposits are in 
fracture-controlled veins, a centrallensoidal or pipe-like 
body was the only area worked in many mines. Most of 
these lenses and pipes formed in either: 

1. dilational zones where the fracture was refracted across 
rock units of differing competency, such as at the Jumna 
mine, or 

2. in zones of intersecting fractures where intense 
brecciation and increased permeability allowed higher 
influx of mineralising fluids, such as at the Dolly Grey 
mine. 

In addition to the regional northnorthwest structures 
associated with the Hodgkinson Province, other types of 
mineralised fractures include: 

l. those associated with caldera formation in the 
Featherbed Volcanic complex, the Glen Gordon 
Volcanics and Slaughteryard Creek Volcanics, and 

2. those developed during emplacement and cooling of 
the numerous granites in the region. 

Herberton Mineral Field -Alluvial deposits 
The main alluvial deposits are located near Mount Gamet 
in Smiths, Nanyeta (Return), Battle and Nettle Creeks. 

The major deposits of alluvial cassiterite occur in lenses 
of sand and fine to coarse gravel within Cainozoic alluvium 
on the northern margin of the Mount Gamet Basin (Blake 
1972). This basin slopes gently to the southeast and is 
deeply alluviated. Cassiterite rich lenses are scattered 
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throughout the alluvial sequence, which is characterised 
by the development of cemented layers commonly termed 
'false bottoms'. Basalt is also interbedded with the 
alluvium in the eastern part of the basin. The cassiterite 
becomes finer and less abundant to the south. 

The alluvial cassiterite ranges from black to amber, brown, 
ruby and honey coloured. Some is also magnetic. The 
associated heavy minerals include topaz, monazite, zircon, 
ilmenite and iron oxides. Isolated occurrences of spinel, 
garnet, corundum, barite, and beryl have also been 
recorded (Blake 1972). 

Herberton Mineral Field -Deep Lead Deposits 
The Herberton Deep Lead is the largest of these deposits. 
It extends from Herberton to the junction of the Millstream 
with the Wild River, a distance of-37 km. Other examples 
are the Cassowary Creek and Bradlaugh Creek Deep 
Leads, which were palaeo-tributaries of the watercourses 
that form the Herberton Deep Lead. 

The extensive Herberton Deep Lead formed by the infilling 
of the Wild River palaeochannels by basalt lava flows, 
probably of Pleistocene age. The thickness of basalt 
averages-30m. The sequence consists of upper and lower 
basalt flows, separated by a layer of barren sand and gravel 
averaging two metres thick (maximum thickness -6 m.). 
The upper basalt appears to have erupted from a vent at 
the head of Gibley Creek, -I 0 km southeast of Herberton 
(Cuttler 1972). The alluvium at the base of the sequence 
is up to six metres thick, but the tin-bearing wash is 
generally restricted to the basal one to two metres. The 
alluvium ranges from unconsolidated to cemented sand 
containing pebbles, cobbles and boulders of quartz, granite 
and greisen. Small quantities of ilmenite, wolframite, 
topaz, gold and rare diamond accompany the cassiterite 
(Cuttler 1972; Berge et a l. 1899). 

Jeannie River, Saddle HiU, Radio Hill and 
Whitewater Creek Prospects 
The Jeannie River prospect was discovered in 1979 as a 
result of a reconnaissance streamsediment geochemical 
survey. The prospect is characterised by outcropping 
gossanous lodes in silicified sandstone. The mineralised 
zone is marked by stream sediments grading 0.14-l.l% 
Sn, a 1.2 km x 300 m soil anomaly with >250 ppm Sn, 
and a significant, circular magnetic anomaly. The magnetic 
anomaly is caused by a concealed (beneath shallow 
alluvium) swarm of mineralised quartz veins containing 
abundant pyrrhotite, as well as some Sn, Cu, As, Pb and 
Zn mineralisation. 

Complex cassiterite-base metal sulphide-bearing quartz 
veins and vein stockworks occur in four main zones: the 
Jeannie River, Saddle Hill, Radio Hill and Whitewater 
Creek prospects. Only the Jeannie River prospect has been 
tested at depth by diamond drilling. The mineralised veins 
cut metasedimentary rocks of the Hodgkinson Formation 
adjacent to an intrusion of biotite granite and associated 
porphyritic microgranite dykes and pods. The granite has 
been mapped as part of the Early Permian Puckley Granite 
(Lucas 1964; de Keyser & Lucas 1968). 

Microgranite from one of the satellite dykes or pods has 
yielded a zircon fission track age of 234 ± 34 Ma (Late 
Permian to Late Triassic) (Denaro & Ewers 1995). All of 
the deposits are within 6 km of exposed Puck ley granite. 
Mineralisation is probably related to a porphyritic phase 
on the margins of the main pluton. Ore minerals include 
cassiterite, pyrite, pyrrhotite, sphalerite, galena, 
chalcopyrite, arsenopyrite and scheelite, with rare 
tetrahedrite, stannite, bornite and sulphosalts. Gangue 
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minerals include quartz, chlorite, calcite, muscovite, 
siderite, tourmaline and axinite. Wall rock alteration is 
common close to mineralised zones and comprises 

· silicification, sericitisation and propylitic alteration 
(calcite, pyrite/pyrrhotite, epidote, chlorite). Minor 
tourmalinisation has also been noted (Denaro eta!. 1992). 

There are three main lode zones at the Jeannie River 
prospect: the Leet Zone, Discovery Gossan, and Sheahan 
Zone. The Leet Zone is the most important. Drilling to 
506 m has delineated a mineralised zone with a strike 
length of 1300 m, a width ranging from 0.8 to 5.5 m, and 
grades of 0.70-3.87% Sn. The lodes trend southeast in 
highly sheared and boudinaged felspathic arenite, siltstone 
and shale. 

Four main phases of vein formation have been recognised 
as follows (from oldest to youngest): 

I. quartz+ K-felspar +cassiterite, 

2. quartz+ chlorite+ sulphides+ cassiterite, 

3. quartz+ adularia+ prehnite +zeolite+ alunite+ fine 
acicular cassiterite, and 

4. vuggy quartz+ calcite + pyrite. 

There is a metal zonation from an outer lead + zinc-rich 
zone, inwards to a zone enriched in copper+ arsenic + 
tungsten. Tin occurs in both zones, but the best grades are 
in the outer zone. This zonation has been compressed and 
overprinted in major mineralised fractures with all the 
metals occurring together. 

Mount Lewis 
Mount Lewis is located II krn northnorthwest of Mount 
Molloy. Alluvial tin has been known from the Mount Lewis 
area since the turn of the century. Cassiterite occurs as 
euhedral grains disseminated within the S-type Mount 
Carbine Granite and also in numerous quartz and quartz
greisen veinlets that represent the late-stage fluids from 
the cooling mab>ma. Minor wolframite is also common. 
The cassiterite is a pale milky-brown colour, and difficult 
to recognise in hand specimen. 

Most of the mineable resources on the mountain top are in 
eluvial deposits, but cassiterite and wolframite is shedding 
into many of the creeks draining the western side of the 
Mount Carbine tableland. Significant deposits include 
those in Station, Leichhardt, Windmill and Luster Creeks. 
Significant reserves of alluvial cassiterite were delineated 
by Alluvial Gold and Ravenshoe Tin Dredging in the 
Station Creek (currently uneconomic) and Leichhardt 
Creek (see separate heading below) drainage systems. 

Mount Spurgeon 
Mount Spurgeon is located 18 krn west of Mossman. 
Mineralisation is concentrated in large to small tourmaline
rich quartz and quartz- felspar veins hosted by the S-type 
Spurgeon Granite. The granite consists of an outer fine
grained porphyritic zone which grades into a central, more 
even-grained, medium-grained zone. 

Greisen zones developed in the granite also .contain 
irregularly disseminated, fine-grained cassiterite. In some 
places fine-grained cassiterite is present in only slightly 
altered and unaltered granite. 

Most of the tin was won by small-scale mining of alluvial 
and eluvial deposits. Shannessy, Turner and Sandy Creeks 
have been the main tin producers on f\..1;ount Spurgeon. 
Outlying occurrences include the Roots and Platypus 
Creeks that flow into the upper Mossman River. 



In 1935, Zarda Alluvial Tin estimated that a tributary of 
the upper Mossman River had a potential resource of 
250 000 m3 stanniferous alluvium. The wash is more than 
3 m deeP- in places, with an average cassiterite grade of 
3.5 kg/m3

• 

Mount Windsor Tableland 
Alluvial cassiterite was mined from the Mount Windsor 
Tableland area as early as 1890 .. It is derived from 
cassiterite-bearing quartz veins, greisen lodes, aplite and 
pegmatite dykes, and stanniferous granite. Large quantities 
of granitic alluvium have been sluiced along Piccaninny 
Creek and its tributaries. Mining has also been carried out 
along Campbell Creek, Flaggy Creek and the headwaters 
of the West Normanby River. 

West Norman by River 
Westco Mining recognised three main types of cassiterite
bearing alluvium in the headwaters of the West Norman by 
River as follows. 

I. Recent alluvium comprising sandy wash with very 
minor cassiterite. 

2. Reworked, granite-derived sandy wash that is fairly 
clayey. The upper 0.5 m contains the most cassiterite 
but is of very low grade. This alluvium is fairly 
extensive and attains thicknesses of 5 m or more. 

3. Older alluvium comprising granite-derived sandy 
wash, with granite boulders up to several metres in 
diameter, overlain by more recent sandy alluvium. The 
old granite wash is up to 4.5 m thick; the cassiterite 
concentrated in the basal 0.5 m. 

The Stephanie mine is on the southwestern margin of the 
Windsor Tableland. Cassiterite occurs in two subparallel 
quartz veins in a coarse-grained porphyritic granite dyke. 
The dyke strikes northerly and extends for several 
kilometres into the metasedimentary rocks of the 
Hodgkinson Formation. It is probably related to granite 
of the Mount Windsor Batholith which crops out -2 km to 
the east. The quartz veins mined are 0.3-4.0 m wide, strike 
120°, dip 80° southwest, and comprise massive white quartz 
with numerous vughs. Cassiterite occurs as aggregates up 
to I 00 mm long and 1 0 mm wide and as disseminated 
grains. Minor arsenopyrite, scorodite, cassiterite and traces 
of pyrite, chalcopyrite and malachite occur in zones along 
vein margins. Minor cassiterite is also present in 
potassically altered granite enclosing the veins. 

Tina roo Area 
The tin- tungsten mineralisation of the Tinaroo area is 
restricted to the Emerald Creek Microgranite and adjacent· 
marginal zones of the Tinaroo Granite. The microgranite 
has been intruded by the Tinaroo Granite, with fluids from 
the latter producing numerous narrow quartz veins. Most 
mineralisation is associated with quartz, pegmatitic and 
greisen veins. Mancktelow (1982) also noted the presence 
of scheelite in a 0.5- 1 km wide zone around the Tinaroo 
Granite associated with calc-silicate hornfels within the 
Hodgkinson Formation. 

Cassiterite, wolframite and scheelite occur in massive to 
crystalline milky quartz veins that also commonly host 
d issein.iriated pyrite, chalcopyrite, arsenopyrite and 
molybdenum. These veins are up to 1.2 m thick and 
generally trend northeasterly. They cut both the Emerald 
Creek Microgran.ite and the Tinaroo Granite. The tin and 
tungsten-bearing quartz veins are often overprinted and 
cut by quartz- tourmaline veins up to 5 em thick and 
characterised by open-space infillings of coarse radiating 
tourmaline. Small blebs of molybdenite are commonly 
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associated with both the tourmaline veins and coarse infill. 
The overprinting relationships indicate two discrete fluids 
were involved in the formation of the Sn- W- Mo 
mineralisation that characterises the Tinaroo area. 
Importantly, the molybdenum mineralisation appears to 
have been related to a later boron-rich fluid. Supporting 
this hypothesis is the fact that the scheelite from the Tinaroo 
area yields a bright sky-blue fluorescence, indicating a low 
molybdenum content (Greenwood 1943). 

Mancktelow ( 1982) considered the tungsten 
mineralisation, within the contact aureole of Tinaroo 
Granite, to be derived from the Tinaroo Batholith and 
emplaced by broad scale infiltration metasomatism. 

Watercourses draining the Tinaroo area have been 
extensively worked for cassiterite. The disposition of the 
tin workings suggests the cassiterite has been derived 
mainly from weathering of the Emerald Creek 
Microgranite (Willmott et al. 1988). 

Wangetti Area 
Numerous small tin- tungsten- tantalum deposits are 
located in and adjacent to the Wangetti Granite, which is a 
small stock, comprising two zones (Willmott et al. 1988). 
The larger, outer zone comprises white, medium to coarse
grained, even-grained, tourmaline-muscovite adamellite 
with zones ofpegmatitic granite and greisen. Veinlets of 
milky quartz containing some sulphide grains occur in the 
greisens. The inner zone is highly porphyritic, grey, coarse
grained, muscovite- biotite adamellite, containing a few 
sulphide-bearing veinlets. The tin-tungsten- tantalum 
mineralisation appears to be related to the granite of the 
outer zone. 

Two distinct vein systems were mapped by Kinnane ( 1982): 
tin-tantalum-bearing pegmatite veins at the eastern end 
and tin- tungsten-bearing quartz veins in the southwestern 
part of the area. Tn addition, there are zones of greisen
style mineralisation and locally developed eluvial deposits. 

The tin-tantalum-bearing pegmatite veins are consistent 
in their strike vary in thickness. Mineralisation is erratic 
in distribution and ranges from coarse-grained, euhedral 
cassiterite in the vein walls, to irregular aggregates and 
disseminations in the veins proper. The mineralisation 
consists mainJy of black, tantalum-bearing cassiterite, with 
minor wolframite. The wallrock is generally extensively 
altered, and, in some places, contains disseminated 
cassiterite. 

The tin- tungsten-bearing quartz veins contain far more 
erratic mineralisation, consisting of aggregates of 
fine-grained wolframite and cassiterite. Tantalite is also 
present, but is scarcer than in the eastern veins. 

Greisen-style mineralisation in the eastern area, along the 
Cook Highway, is widespread and is generally adjacent to 
pegmatite veins. Cassiterite and wolframite are 
disseminated, the higher grades present in more intensely 
altered zones. Mineralised scree containing some 
cassiterite and wolframite covers much of the eastern and 
southwestern parts of the Wangetti area. Cassiterite is far 
more abundant than wolframite and ranges from very 
fine-grained to angular, pebble-sized fragments. 

Cardwell Area 
Francis Creek is the main tin bearing drainage system, 
but Shipmans Creek, Tin Creek, and Five Mile Creek have 
all been worked for alluvial tin. Tungsten-rich alluvium 
has also been reported from a small tributary of Shipman 
Creek. Sluicing was the main method of mining, with 18 t 
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of cassiterite concentrates mined from Francis Creek 
during World War II (P. Dore pers. comm. 1994). However, 
official records show only 0.45 t of cassiterite concentrates 
have been produced since 1939. The ·cassiterite recovered 
comprised black, grey, wood and ruby varieties. Minor 
amounts of gold were also recovered. 

The cassiterite is derived from greisen zones and stringers 
in the apical part of a granite pluton (undivided Ingham 
Batholith) near contacts with volcanic rocks of the 
Walla man Fa! Is Volcanics. None of the lode occurrences 
are economic. 

Consolidated 
This deposit near Irvinebank is owned by Greenvale 
Mining NL Mining operations by tributers ceased in 1990 
and the mine is for sale. The total production is -1842 t of 
ore, which yielded -252 t cassiterite cone, 660 kg Ag, and 
1.75 t Cu (Dash et al. 1991). 

Gillian (Nymbool, Pinnacle) Prospect MDL 38 
The Gillian prospect (also called Nymbool or Pinnacle 
prospect) is reported in the Register of Australian Mining 
( 1994/95 p 14 7) as containing a resource of 4 Mt @ II% 
fiuorine with significant copper, tin and tungsten 
mineralisation. 

Great interest has been shown in this prospect as a possible 
bulk, low-grade tin deposit. The mineral assemblage is 
massive tin-rich garnet with magnetite and varying 
amounts of clinopyroxene, fluorite and massive fluoro
vesuvianite. This mineralisation-style is unusual and has 
been termed a wrigglite skarn because of the thinly layered 
and contorted appearance of the mineralised rocks. 

Kings Plains Prospect 
The Kings Plains prospect is a former channel of the Annan 
River and was first described by Best ( 1962b ). 
Investigations indicated that the ancestral Annan River is 
at least 50 m deep in places. The alluvium is stanniferous, 
with the best grades concentrated at depths of>30.5 m. 

The Kings Plains deposit was assessed as a dredging 
proposition in 1975, but the grades were too low to be· 
economic. Between 1977 and 1983, Triako Mines NL, in 
a joint venture with Serem (Australia) and Buka Minerals 
NL, investigated the potential of the Kings Plains deposit 
for a dredging or gravel pumping operation. Percussion 
drilling indicated the presence of two stanniferous zones 
in the wash, separated by a layer with very low grades. 
The highest grade intersected was 10m of wash, which 
yielded 267 g/m3 cassiterite. The alluvium deepens to the 
west, with an accompanying lowering in grade. 

Leichhardt Creek Project 
The Leichhardt Creek Project, a dredging operation 12 
km eastsoutheast of Mount Carbine on a tributary of the 
Mitchell River, commenced production in October 1995. 
Operations are planned to produce 600 t per annum of 
40% cassiterite concentrate. The concentrates will be 
transported to a dressing plant at Mount Veteran, north of 
Mount Gamet, for upgrading to a 65- 70% concentrate 
before smelting. Norminco is the major owner and operator 
of this project. 

A series of machinery failures has affected production 
since commissioning. Production to June 1996 is 5.6 t of 
70% tin concentrate (Minerals Gazette June 1996). 
Production rates have steadily increased, but by the end of 
September 1996, the mine had not reached break-even 
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point. The main constraint to improved production is the 
presence of clay lenses in the alluvium. 

Mount Veteran 
The lease over this deposit is held by Norminco. The 
company bas recommissioned the large mining plant 
(originally commissioned in 1984) to treat concentrates 
from their Leichhardt Creek operations (see above). The 
mineralisation at Mount Veteran has been described by 
the former owners of the property as having potentially 
large reserves (Register of Australian Mining 1995/96 
p285), but no precise tonnage figures are available. 

Smith's Creek 
This area has been extensively mined for lode and alluvial 
tin. A group of companies is evaluating the lode tin 
potential. No recent exploration activity has been reported 
other than a modest combined measured, indicated and 
inferred resource of 250 000 t @ 0.9 kg/t (MINMET, 7 
February 1997). The area is held under MDL 39. 

Black Adder Flats 
Black Adder Flats is on Garrawalt Creek, 43 km west
northwest of Ingham, and downstream from areas that have 
been historically worked for alluvial cassiterite. Garrawalt 
Creek and its tributar ies drain areas of mainly 
Carboniferous granite and rhyolite (Wallaman Falls 
Volcanics) that form the Seaview Range. The source of 
the cassiterite is thought to be the contact zone between 
the granitic and volcanic rocks, 24 km to the south, where 
greisenised fractures host cassiterite, wolframite, and 
molybdenite mineralisation. The average grade of the wash 
(0.039 kg Sn/m 3) was well below the economic 
requirements at the time. Alluvial deposits were delineated 
to a maximum depth of 12.8 m; an average thickness of 
7.6 m of wash was estimated. At least two and possibly 
three alluvial terraces are represented. 

Thngsten 
Mount Carbine 
The Mount Carbine deposit consists of sheeted quartz
wolframite-scheelite veins in metasedimentary rocks of 
the Hodgkinson Formation. The Mount Carbine Granite, 
thought to be the source of the mineralising fluids, crops 
out 500 m to the east. The granite is a member of the S
type Whypalla Supersuite (Champion 1991; Bultitude & 
Champion 1992). Holes drilled to depths of up to 500 m 
beneath the pit have not intersected granite. 

The deposit consists of several zones of quartz and quartz
felspar veins in a 2.5 km long north-trending belt, Two 
sets of sheeted vein systems have been identified. The main 
set trends northwest, parallel to the fault truncating the 
ore zone to the southwest. 

Individual quartz veins have a lateral and vertical extent 
of up to -29 m, and range in width from 0.1 to 1.0 m, 
(most are between 0.15 and 0.20 m thick). Production 
stopped in September 1987 because oflow tungsten prices. 
The hydrothermal sheeted vein swarms are considered to 
be genetically related to the adjacent Mount Carbine 
Granite (Murray 1990; McLean 1980). In contrast studies 
by Higgins eta!. (1987) indicated the fluids were sourced 
partly from magmatic and partly from sedimentary rocks. 
De Roo (1988) interpreted the evolution of the 
mineralisation to be as follows. 

I. Fracture dilation, marked by fibrous tourmaline infill 
and associated wall rock alteration. 



2. Subsequent major dilation marked by emplacement of 
veins offibrous quartz-K-felspar- apatite-muscovite
biotite containing wolframite and probably some 
molybdenite and bismuth. 

3. Secondary veins that cut the earlier veins and are 
marginal to them. These contain fluorite, chlorite, 
albite, scheelite, cassiterite, pyrite, sphalerite, 
pyrrhotite, molybdenite, bismuth and carbonates. 
Wolframite in the earlier veins shows some degree of 
replacement by scheelite and sulphides. 

4. Late brittle fractures, many of which are filled with 
post-ore granitic dykes. 

Retrograde chlorite-sericite alteration accompanied the 
replacement stage of mineralisation and post-ore fracturing 
and faulting. fn similar prospects nearby, Mount Carbine
type veins grade into greisen zones and granite dykes, 
supporting the theory of a granitic source for the 
hydrothermal fluids (de Roo 1988). 

Lode Hill 
Scheelite mineralisation in the Lode Hill area, southeast 
of the Mount Carbine deposit, developed where faults cut 
basic igneous dykes. The fluids, probably derived from 
the nearby Mount Carbine Granite, metasomatised the 
calcium-rich minerals in the basic dykes to form a suite of 
calc-silicate minerals and scheelite. Most of the lodes trend 
northwest, parallel to the granite contact, which is generally 
less than 250 m away. 

Mount Perseverance 
Mineralisation in the Mount Perseverance area, I 0 km 
south-southwest of Mossman, is similar to that at Mount 
Carbine. The lode consists of several quartz veins with 
felspar/mica-rich selvedges, within mudstone and fine
grained arenite of the Hodgkinson Formation. The Mount 
Carbine Granite crops out about 2.5 km to the west. The 
quartz veins are randomly oriented and their dip ranges 
from near-horizontal to 70 degrees. The thickness of the 
veins ranges from l 0 to 60 em. The veins are cut by normal 
and reverse faults with minor displacement. Most of the 
faults have been interpreted by Levingston & Carruthers 
( 1953) to pre-date the mineralisation. The quartz is hard 
and glassy, with a bluish tint in places. The margins of the 
veins are defined by yellow muscovite/sericite-rich 
selvedges up to 7.5 em thick, which also contain wolframite 
in places. Seams of this muscovite/sericite also branch out 
from vein margins into the country rocks. The miners 
considered the presence of sericite to be a good indicator 
of mineralisation. 

Ore minerals include wolframite, scheelite, tungstite, 
pyrite, arsenopyrite, chalcopyrite, copper carbonates, and 
rarely, cassiterite. Production of I .75 t of cassiterite 
concentrates was recorded from alluvial workings in 
watercourses in the vicinity. 

Pom Porn 
The Porn Porn deposit, 7.4 km west'-northwest of Mount 
Molloy, comprises fault-controlled, quartz~greisen and 
pegmatite veins in arenite and mudstone of the Hodgkinson 
Formation. It is located only a few hundred metres west of 
the contact with the Mount Carbine Granite. In the south 
(the site of the main workings) the deposit is in a southeast
trending fracture up to 1.2 m wide. The lode consists of a 
quartz core, surrounded by quartz-greisen. A pegmatite 
dyke occurs along at least one margin. 
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The main ore mineral is wolframite, accompanied by 
chalcopyrite, molybdenite, bornite, cassiterite and pyrite. 
Wolframite occurs mainly in the quartz core and pegmatite 
dyke, whereas the chalcopyrite, bornite and pyrite occur 
mainly in the quartz core and the quartz greisen. 
Chalcopyrite is also disseminated in the adjacent wall 
rocks. The molybdenite is fine-grained and occurs on the 
margins of the quartz core and quartz-greisen veins, as 
well as in the adjacent wall rocks. 

Taylor ( 1971) reported significant amounts of scheelite, 
as both discrete crystals and an alteration product of 
wolframite, in the walls of the adit. He also ·observed 
granitic rocks (dykes?) in both the hanging wall and 
footwall of the adit. 

Wolfram Hill 
Wolfram Hill, 18.2 km west of Mareeba, is a contact 
metasomatic deposit at the greisenised contact between 
the Mareeba Granite and metasedimentary rocks of the 
Hodgkinson Formation. Some greisenised acid volcanic 
rocks also crop out in the area. The workings are in schist 
at the northern end of the hill and also in joints in the 
nearby granite. The main ore minerals are wolframite, 
chalcopyrite, arsenopyrite and molybdenite. 

Cumbie Cumbie Deposit 
The deposit is in the headwaters of Spencer Creek, 25.7 
km west-northwest of Mossman. It consists of minor 
tungsten mineralisation associated with a stockwork of 
quartz-muscovite veins near the margin of the Mount 
Carbine Granite. Disseminated blady wolframite grains 
(up to 20 mm long and 5 mm wide) occur throughout the 
quartz and as stringers along vein margins. Scattered 
mineralisation also occurs along the contact of the granite 
with the Hodgkinson Formation. 

Spring Creek- Mount Hurford Area 
The main occurrences are in the Spring Creek area near 
Cannibal and Granite Creeks. The lodes consist of 
subparallel, vertically-dipping composite quartz-greisen 
veins striking ~1 I oo in a l km-long zone. These scheelite
bearing veins cut tourmalinised metasediments of the 
Hodgkinson Formation. Coarse-grained crystals and 
aggregates of scheelite occur on vein margins and within 
muscovite-rich parts of the veins. Scheelite also occurs in 
anastomosing vein lets in the alteration haloes of the lodes 
and as disseminations within the tourrnalinised country 
rocks. 

Watershed Prospect 
Mineralisation at the Watershed tungsten prospect is 
mainly in steep westerly dipping, stratabound lenses of 
calc-silicate rocks ofthe Hodgkinson Formation. The rocks 
are exposed in the hinge zone of a megafold. Scheelite 
occurs as fine to coarse-grained disseminations in the 
rocks, and also as coarse crystals in quartz-calcite greisen 
veins in the calc-silicate rocks and adjacent granite. The 
host rocks are calcareous arenites and conglomerates 
within predominantly arenite units of the Hodgkinson 
Formation. Within the calc-silicate rocks, the scheelite is 
accompanied by minor pyrite, pyrrhotite, arsenopyrite, 
fluorite, sphalerite, chalcopyrite and molybdenite. 
Scheelite-bearing veins are generally less than I 0 em wide 
and contain coarse-grained scheelite, which is generally 
concentrated along vein margins but also occurs within 
muscovite-rich parts of the veins. Vein mineralisation 
comprises much of the higher grade mineralisation in the 
deposit. High-grade disseminated haloes occur adjacent 
to veins. From the deposit model characteristics outlined 
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by Meinert (1993 ), the Watershed Grid deposit is best 
described as a reduced-type tungsten skarn. · 

Herberton Mineral Field 
Tungsten occurs either in association with molybdenum, 
bismuth or tin, or as a sole commodity. Its distribution 
pattern approximates that of tin. In accordance with its 
high temperature of deposition, most tungsten deposits 
occur within granitic host rocks. 

The most common styles of deposit are the greisen vein 
and quartz vein lodes. Wolframite is the dominant tungsten 
mineral and occurs in: 

I. quartz veins, lenses and pipes, commonly with minor 
amounts of sericite, 

2. pegmatite veins, lenses and pipes, 

3. greisen veins and irregular zones (locally with 
cassiterite), 

4 . central quartz cores within greisen. zones, 

5. porphyry molybdenum deposits, and 

6. chloritic lodes (rare). 

The wolframite is generally medium to coarse-grained in 
all but the greisenised granite type of deposit. Jt is 
accompanied by cassiterite in some of these deposits. 
Minor sulphides, particularly molybdenite, can accompany 
wolframite in all of these deposit types. 

The quartz-lode type occurs both in granites of the 
O'Briens Creek Supersuite and in adjacent sedimentary 
rocks of the Hodgkinson Formation. This type commonly 
has clean white quartz gangue with sparse sulphides, such 
as molybdenite, arsenopyrite, bismuthinite and pyrite. Only 
minor sericitic wall rock alteration fringes the quartz veins. 

The pegmatitic and greisen types predominate in granitic 
host rocks. Pollard (1984) noted that at several localities 
in the Emuford district, wolframite (molybdenite) 
mineralisation appears to be associated with relative late 
fine-grained granite and/or pegmatite. The greisen deposits 
commonly have central cores of quartz and fluorite with 
abundant large wolframite crystals. The cores are flanked 
by coarse mica-rich zones that grade into outer zones of 
barren quartz-mica greisen (Bruvel et al. 1991 ). Sulphide 
minerals, topaz and tourmaline are common accessories; 
monazite has also been reported. 

Tungsten-bearing chloritic lodes occur in metasedimentary 
rocks of the Hodgkinson Formation. An example is the 
chloritic lode at the Great Southern tin mine. The lode 
contains scattered crystals of coarse wolframite. Other 
minor chlorite lodes containing wolframite are present in 
the Stannary Hills and Watsonville areas. 

Koorboora 
The Koorboora area is located 12 km east of Almaden at 
the western extremity of the Herberton Mineral Field. The 
main mines are the Shakespeare, Two Jacks, Portia/ 
Shylock, Southwick!Iago, Tennyson, Fairplay and Nevi lie. 
Many of the lodes worked were ferruginous and chloritic, 
with the massive tin and wolfram confined to fault and 
fracture zones. The deposits in this area are very rich, but 
of limited extent. The Shakespeare deposit was one of the 
first worked and the largest producer in the area. It consists 
of several fracture-filled lodes over a width of -200 m 
and length of -400 m. The main area has been open cut 
(25m x 10m x 15m deep). Subhorizontal shear zones are 
exposed on the walls of the pit. Early reports described an 
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intrusive sheet of quartz porphyry below the 10 m level. 
An outcrop of hornblende granodiorite was observed in 
the gully to the east of the main workings. Quartz
tourmaline veins are reported to be widespread (Govey 
1984), and a greisen-style alteration zone forms a capping 
on fine to medium-grained leucogranite, located 400 m to 
the north of the open cut. Abundant topaz is a constituent 
of this quartz-mica greisen. 

Cooktown Tinfield 
Only two occurrences of wolframite are known in the 
Cooktown Tinfield. A wolframite-bearing quartz
tourmaline lode at Mount Hartley, -12 km southeast of 
Helenvale, trends between 135° and I 60° and dips between 
45° and 82° to the southwest. It is up to 1.5 m thick (average 
0.3- 0.6 m) and occurs in fine to medium-grained 
porphyritic biotite to tourmaline granite, close to the 
contact with the Hodgkinson Formation. The wolframite 
is very coarse (to 50 mm) and occurs in bands of blady 
crystals near the vein margins. Arsenopyrite, chalcopyrite, 
pyrite, chalcocite and covellite also occur in the quartz. 
The host granite is silicified, greisenised, tourmalinised 
and foliated. Holes drilled by Dominion Mining N L 
intersected zones up to 1.2 m thick, assaying up to 0.12% 
W, 800 ppm Cu, and 200 ppm Bi (K.innane 1986). 

At the Clearwater tungsten prospect near Romeo Creek, 
II km south of Rossville, wolframite, scheelite and 
cassiterite occur in sheeted quartz-tourmaline and quartz
felspar veins that cut microgranite and granite. 
Silicification and greisenisation occur in the granite 
adjacent to the veins. The veins occur in two main zones, 
which are up to 25 m wide, strike 135°, and dip between 
70° and 80° to the northeast. The Shell Company of 
Australia (Billiton) carried out detailed exploration of the 
prospect. Rock chip samples assayed up to 0.76% Sn and 
1.8% W. Drill ing results indicated an inferred resource of 
2 Mt at 0.1% W to 50 m depth (Truelove 1982). 

Davies Creek Prospect 
This prospect contains scheelite-bearing calc-silicate 
rocks, 300m west of the Tinaroo Batholith (S-type granite), 
the western margin of which probably dips between 30° 
and 50° to the west. This granite was intruded at 2.5 Kbar 
(Rubenach 1994), probably deeper than most mineralising 
systems in the region. Host rocks are phyllite, schist and 
possible mafic volcanic rocks currently mapped as part of 
the Hodgkinson Formation. The mineralised zone in some 
areas appears to be a continuous bed. In others, it is 
discontinuous and pod-like, within a particular 
stratigraphic interval. Scheelite in the deposit is 0.3 mrn 
average-grain size and increases in abundance eastwards. 
Hollingsworth (1974) postulated a further increase in 
intensity of scheelite mineralisation towards the intrusive · 
contact to the east. However he considered the 
mineralisation to be patchy, thin and low grade. 

Dingo Mountain 
Tungsten and molybdenum mineralisation at Dingo 
Mountain, 50 km west- northwest of Cardwell, occurs as 
fine-grained disseminations in large areas of intensely 
sericitised and greisenised granite, where it intrudes 
overlying rhyodacitic rocks of the Glen Gordon Volcanics. 
Most abandoned workings are located along quartz-filled 
fractures in the greisen, where the mineralisation is coarser 
grained and was economic to mine at the time. The 
mineralisation appears to have been related to a later-stage 
phase rather than the main body of granite (Fletcher 1971 ). 

There are numerous anomalous concentrations of 
wolframite associated with small greisen zones between 



Dingo Mountain and Smoko Creek. Potential, although 
low, exists for the discovery of tungsten-bearing and 
molybdenum-bearing endogreisens in apical portions of 
granite plutons concealed by cover rocks. Indicators of 
such mineralisation could include these small greisen 
zones and/or minor vein-style deposits, which may be 
localised in fractures above such endogreisens. 

Wolfram Camp 
The Wolfram Camp molybdenum-tungsten-bismuth field 
is situated 50 km west-southwest of Cairns. The main 
mines worked at Wolfram camp were the Avoca, 
Enterprise, Larkin, Forget Me Not, Mulligan - Mcintyre, 
Murphy & Geany, Pepper, Tully and Victory. 

The Wolfram Camp deposit is located in the roof zone of 
a pluton of fractionated granite (James Creek Granite), 
which has intruded the Hodgkinson Formation and is 
overlain by the Featherbed Volcanic Group (Beapeo 
Rhyolite) to the northwest. The mineralisation is confined 
to greisen zones. The deposit consists of -250 irregular 
branching pipes, plus minor mineralised flat joints and 
irregular segregations in a zone 3.2 km long x 800 m wide 
x 170 m deep along the inclined northern contact of the 
granite (-50° to the north). These pipes are up to 6 m in 
diameter, and are enriched where they intersect small joints 
and faults or barren quartz reefs. The pipes have been 
worked to approximately 200 m depth. 

The mineralised pipes are commonly elliptical in cross 
section with an asymmetric mineral zonation. This 
zonation in inclined pipes from the lower surface upwards 
as follows. 

Narrow dark quartz rim (<5 em thick). 

o Coarse-grained ore, radiating tabular wolframite 
crystals (up to 50 em long) with intergrown 
molybdenite (up to 20 em across), bismuth, 
bismuthinite, pyrite, marcasite, chalcopyrite and 
arsenopyrite replacing along cracks and cleavages. 

Crystalline quartz with common vugs (up to 3 m x 5 
m wide) lined with quartz crystals (up to I m thick 
and 3m long). 

o Upper contact of pipe that commonly has smaU vughs 
lined with arsenopyrite, fluorite and calcite. 

A 286 My K-Ar age (recalculated according to Steiger & 
Jager 1977) for mineralisation was obtained from 
muscovite extracted from an ore-bearing vein at Wolfram 
Camp (Richards et al. 1966). Herret al. ( 1967) calculated 
an age of 230 ± 30 My by the Re- Os method for 
molybdenite from Wolfram Camp. 

The quality. of the quartz crystals in the Enterprise mine 
was such that they were mined for use in radio sets. 
Samples of the ore from this mine were spectacular, and 
specimens are held in museums throughout the western 
world. 

Minor Occurrences 
The. Whufl!bal Wo!ft:am (al~o call~<! Spring Hills) deposit 
consists of several d iscontinuous quartz- wolframite
arsenopyrite-filled shear zones in the margin of the Kelly 
St George Granite, 44 km west- northwest of Mount 
Carbine. The shears are lenticular and dip 30-50° to the 
northeast, paralleling the contact with the Hodgkinson 
Formation. Wolframite occurs as blady crystals up to 20 
mrn x 10 mm, and makes up 0.5- 1% (by volume) of the 
lode. Greisen-style alteration is present mainly along the 
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lode margins and, to a lesser extent, is represented by 
muscovite clusters in the quartz forming the lode. 

The Mount Elephant deposit, 24 km northwest of Mount 
Carbine, consists of scheel ite in greisen and quartz veins 
in granodiorite and pegmatite of the Desailly Granite. The 
veins are subparallel, vertical, and strike between -060° 
and 080°. The veins range from 50 mm up to 250 mm in 
thickness and contain coarse-grained scheelite crystals up 
to 50 mm. The scheelite is concentrated along vein margins 
an~ comprises several percent of individual mineralised 
vems. 

Numerous small-scale wolframite-bearing quartz veins 
occur in granite in the Kirrama area, where there are also 
scattered lenses or irregularly shaped pods of pegmatite. 
The veins and pegmatite zones are concentrated in granite 
adjacent to intrusive contacts with felsic volcanic rocks of 
the Glen Gordon Volcanics. The flat lying to only 
moderately dipping volcanic rocks are topographically 
higher than the nearby granite, implying the mineralised 
veins formed in the roof zones of the pluton. None has 
been of great economic importance but the lodes are 
believed to be the main sources of alluvial cassiterite and 
wolframite in adjacent areas. 

Sparse wolframite occurs in quartz veins and quartz
greisen vein lets in tourmaline-rich granite of the Mount 
Carbine Tableland, on the western slopes ofMount Lewis, 
11.1 km north-northwest of Mount Molloy. The wolframite 
is commonly associated with cassiterite. 

Quartz-cassiterite-wolframite veins have been reported 
in the Howick Island Granite (Yates Supersuite) on Howick 
Island. Wolframite has also been mined from quartz vein 
stockworks in homfelsed Hodgkinson Formation rocks on 
Noble Island. The veins contain up to 5% wolframite and 
arsenopyrite, as well as traces of scheelite. 

Minor wolframite-<Juartz veins occur in granite in the 
headwaters of Gordan and Piccaninny Creeks, on the 
western side of the Mount Windsor Tableland. 

Molybdenum 
Carbonate Creek 
A porphyry molybdenum deposit (Horton 1982), known 
as Carbonate Creek, is located 8 km south of Dimbulah. 
Intrusions of porphyritic microgranite have been passively 
emplaced in this ' area, along ·a fault zone separating 
volcanic rocks of the Featherbed Volcanic Group from 
sedimentary rocks of the Hodgkinson Formation . 
Molybdenite and wolframite occur in flat-lying quartz 
veins, mainly hosted by the Hodgkinson Formation rocks. 

Kir rama Range 
Disseminated molybdenum mineralisation was found by 
Noranda Australia in the Kirrama Range (-26 km west of 
Cardwell), as a result of a search for Climax-type 
mineralisation. The three main prospects are Biok, Yamanie 
and Yuccabine. Yamanie was the most intensively 
investigated. 

At the Yamanie and Yuccabine prospects, windows in the 
flat-lying to moderately dipping Glen Gordon Volcanics 
have exposed the roo(z.orie·s--of plutons of the Ingham 
Batholith. Disseminated and stringer mineralisation 
associated with mild chloritic alteration occurs in both rock 
units near intrusive contacts. Minor concentrations of 
copper ore were also detected at the Yamanie prospect. 

At Biok, molybdenite, pyrite and trace chalcopyrite occur 
in quartz vein lets and along joint faces in an adamellite 
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adjacent to the contact with a younger granodiorite. Similar 
mineralisation exists farther northwest at the Summit Hill 
prospect (also discovered by Noranda). 

Base Metals 
Mount Molloy 
The Mount Molloy copper deposit has been interpreted as 
a Besshi-Kieslager type of volcanogenic massive sulphide 
deposit (Gregory 1980). Mineralisation is hosted by rocks 
of the Hodgkinson Formation, near the faulted western 
boundary of the Molloy beds. 

The deposit comprises two main lenses of stratiform 
mineralisation, reported to be intruded by a body of 
porphyry and underlain by a narrow stockwork zone of 
quartz-sericite- pyrite, which is interpreted to be a feeder 
zone. A third, minor lens has been intersected during 
drilling. The presence of a stockwork zone suggests that 
the deposit formed proximally with regard to the source 
of the ore fluids. One ore lens is dominantly chalcopyrite 
and pyrite in a siliceous gangue,. and the other is 
interlayered sphalerite, chalcopyrite and pyrite in a gangue 
of quartz, phyllosilicates and carbonates. The latter lens 
shows repetitive zonation of copper and zinc. 

Some chert and/or cherty silicification is associated with 
the mineralisation and its strike extension. Sill-like 
intrusive bodies of dolerite are confined to the hanging 
wall sequence, but porphyry dykes cut the footwaiJ 
sequence. A dolerite sill and numerous thinner 
microsyenite sills were also intersected in Departmental 
diamond drilling (GSQ Mossman I), I km to the northeast 
of the mine (Cranfield 1990). 

Grade estimates are 1-3% copper for the chalcopyrite
pyrite lens and 3% copper, I 0% zinc, I 0-30 ppm Ag and 
-200 ppm lead for the copper-zinc ore body. The sulphide 
lenses crop out as massive to banded gossan. The upper 
20-30 m of the orebody is oxidised, and supergene 
enrichment is present to -90 m. 

The orebodies are hosted by carbonaceous and pyritic 
shale. Stratigraphically below this is pyritic, altered, 
greenish basic volcanic breccia, which hosts the stockwork · 
'feeder' zone. 

Copper mineralisation also occurs 1.9 km to the east
southeast. This orebody is confined to the shear zone and 
shows a banded (?anastomosing) texture. There is abundant 
iron-rich gossan in the area. Rare, barren quartz veins are 
also present in the shear zone. 

The deposit is-200 m west of a major, northwest -trending 
fault that marks the eastern boundary of the Molloy beds 
(Cranfield & Hegarty 1989). This deposit is one of the 
following: 

I. a shear-controlled hydrothermal deposit, 

2. a very small volcanogenic massive sulphide lens that 
has been subsequently sheared, or 

3. shear-hosted, remobilised mineralisation from a buried 
volcanogenic massive sulphide lens. 

Considering the proximity to the Mount Molloy Copper 
mine and the absence of any nearby exposed igneous 
intrusions, it is more likely that this occurrence is one of 
the last two possibilities. 

Ki!!gVol 
The King Vol orebody is hosted by the Chillagoe 
Formation. The deposit crops out as a i.idge of 
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manganiferous and limonitic chert/siliceous breccia 
(Culpeper et al. 1990). 

Drilling by Aztec Mining, in a joint venture with Perilya 
Mines N L, has delineated two parallel zones of anomalous 
zinc mineralisation associated with skarn rocks. An 
inferred resource of 350 000 t of 25% Zn, I% Cu and 
25g/t Ag has been identified (Perilya Mines 1993). 

Hannahbelle, Red Hill and Mitchell Surprise 
These three mines are located west of Groganville in an 
approximate north- south alignment. They are considered 
to be Besshi-Kieslager type volcanogenic massive sulphide 
deposits hosted by the Hodgkinson Formation. 

At the Hannahbelle, malachite and cuprite were mined 
from three closely spaced lodes. Channel samples, 
collected in 1943 from the lodes exposed in the walls of 
the ad it, averaged 2.5% Cu, 6.2 gjt Ag and 0.62 g/t Au. 

Red Hill is on a ridge of metasiltstone near the contact 
with a thin lens of chloritised basalt or andesite. A 1.5 m
wide gossanous zone, sampled at a depth of25 m, assayed 
0.7% Cu, 0.6 glt Au and 40.4 g/t Ag. 

The Mitchell Surprise deposit is in a southeast-trending 
sh!'!ar. Mineralisation comprises pyrite, chalcopyrite (after 
.pyrite) and, in places, sphalerite (mainly as exsolved star
shaped grains in chalcopyrite). Diagenetic sulphide
bearing quartz vein lets occur in the sulphide zone and the 
adjacent wall rocks. A 1-m wide, steeply southwest
dipping, oxidised enrichment zone was mined. Four 
channel samples collected in 1943 over a 7.5 m-wide 
gossanous zone in the bottom crosscut averaged 4.37% 
Cu, 46 g/t Ag and <0.6 g/t Au. 

Debrah Prospect 
Copper mineralisation has been found in several places 
adjacent to the Palmer River east of Maytown. The largest 
deposit is the Debrah prospect. The host rocks like those 
at the Dianne mine (see below) comprise mainly chert/ 
quartzite beds/lenses interlayered with basic (spilitic) lava 
flows or sills. The tabular-shaped orebodies are >100m 
long and are capped by ferruginous gossans. The sulphide 
zones contain pyrite partly replaced by chalcopyrite, 
sphalerite and galena (Fe>>Cu>Zn>>Pb and Ag>>Au). 
Past mining has been confined to secondary enrichment 
carbonate zones with grades of20-25% Cu. 

Dianne deposit 
The Dianne deposit is a stratiform Cu- and Zn-rich massive 
sulphide body (Besshi-Kieslager type ofVMS) that forms 
a small, steeply pitching lens in an overturned sequence 
of interbedded shale and greywacke. The tabular orebody. 
is more than 150 m long and is capped by a ferruginous 
gossan. Along strike, the massive sulphides grade into a 
thin pyritic chert layer and locally, stratabound pyrite-rich 
zones. Chalcopyrite and minor sphalerite also occur in the 
.enclosing sericitic shale. Supergene enrichment has 
occurred to approximately I 00 m depth. No stockwork or 
feeder mineralised zone has been identified. Past mining 
concentrated on the supergene enriched zone, which 
contained ores assaying up to 25% Cu. About 18 000 t of 
copper were produced from the deposit. 

Gregory & Robinson (1984) concluded from sulphur. 
isotope studies that the ore fluids were mainly of magmatic 
origin. Decreasing temperature and mixing of the fluid 
with seawater probably initiated precipitation of the ore 
minerals. No stockwork mineralisation is evident, apart 
from minor sulphide-rich veins in chert lenses in the 



footwali. ·The deposit may have formed at a significant 
distance from the source of the ore fluids. 

Whittle (1968) examined the copper ores of the Dianne 
deposit in detail and postulated that the cop.per 
mineralisation was epigenetic. The introduction of ore
bearing solutions was structurally controlled partly by the 
presence of brittle fractures and partly by the presence of 
relatively permeable greywacke. The primary 
mineralisation was of hydrothermal origin, in the form of 
quartz-pyrite-chalcopyrite seams and veinlets. Secondary 
enrichment took place in the upper, more permeable 
weathered greywacke and in shale partings. Secondary ore 
minerals include malachite, azurite, cuprite, digenite and 
native copper. 

Glenroy Creek and St George (Fairlight) Copper 
Mines 
These two groups ( 12 km apart) of copper-mercury 
deposits are located north ofPalmerville. The mineralised 
zones are in narrow, discontinuous lenses of basic volcanics 
and breccias interbedded with silicified sediments of the 
Chillagoe Formation. The main ore minerals are 
chalcopyrite, chalcocite, malachite, native copper and 
ciru1abar, which have three modes of occurrence as follows: 

I. as disseminated grains, 

2. as fracture infillings, and 

3. in quartz and calcite veins. 

Nightflower Deposit 
This deposit was originally mined for silver and lead, but 
gold, antimony and zinc minerals are also present. The 
mineralisation is hosted by the late Carboniferous 
Nightflower Dacite of the Featherbed Volcanic Group. It 
is located on the prominent north- northwest trending 
Nightflower Fault. Stockworks (ranging from <I em to 
-30 m wide) of sulphide-bearing veins grading outward 
into thinner and less mineralised quartz-pyrite veinlets 
have developed marginal to the lode. Accompanying this 
gradation is an outward reduction in base metal content 
(Laing 1990). 

The Nightflower mineralisation consists of pyrite, 
arsenopyrite, argentiferous galena, argentite, sphalerite, 
chalcopyrite, boulangerite, stibnite, cerussite, 
pyromorphite and pyrargyrite (Laing 1990). Stibnite is 
restricted to the main fissure and is almost entirely absent 
from the stockwork veins. It appears to have been deposited 
relatively late, possibly from a discrete fluid phase. 

Laing ( 1990) considered the N ighttlower lode to occupy a 
fissure that acted as a volcanic vent (which generated an 
adjacent breccia) and a conduit for fluids carrying base 
metals. The mineralising fluids may have been generated 
during the magmatism associated with the eruption of the 
nearby Featherbed Volcanic Group. 

Herberton Mineral Field 
The main deposits/centres from which base metals have 
been produced in the Herberton Mineral Field are Mount 
Gamet, United North Australian (UNA), Silver Valley, 
Copper Firing Line, Siberia Lode, Montalbion group, and 
the Orient Camp East and West groups. Most of these 
deposits are in sedimentary rocks of the Hodgkinson 
Formation. 

The main copper minerals are malachite, azurite, 
chalcocite, tenorite, chenevixite, cuprite, chalcopyrite, 
bornite, covellite, and native copper. Supergene enrichment 
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was a critical factor in forming economic deposits, with 
mining generally ceasing at the base of this zone. 

A least I 0 I 10 t copper were produced from the Herberton 
Mineral Field. This figure is very conservative, as the 
production figures for the region have been poorly 
documented, particularly for the Copper Firing Line. 

The United North Australian (UNA) Group includes the 
Easter Monday, Baal Gammon, Big Gossan, Crucible, 
Crucible Adit, Ironclad, North Australian, Shaughraun, 
Wyatts, Easter Sunday, Good Friday, Grand Secret and 
Quartette mines. The deposit consists of irregular pods 
and lenses of semi-massive and massive sulphides (mainly 
pyrite and pyrrhotite) in and adjacent to a greisenised 
porphyritic microgranite sill, (dip 20-30° south; 9-39 m 
thick- average 15 m). The sill intruded meta-arenites of 
the Hodgkinson Formation. The o ld workings focussed 
mainly on fractures containing remobilised base metals. 

The followi!lg history of mineralisation was proposed by 
A. C. Walter (pers. comm. 1990) of Great Northern Mining 
Corporation. The microgranite sill is thought to have been 
emplaced during the last phase of intrusion of granites of 
the O'Briens Creek Supersuite. Late-stage magmatic fluids 
brecciated and altered this sill to form quartz, sericite and 
topaz, and introduced tin minerals. Subsequently, fluids 
associated with the Glen Gordon Volcanics (Silver Valley 
Caldera?) crackle-fractured the porphyry and introduced 
the base metal sulphides. They also remobilised the tin 
minerals. 

The Baal Gammon deposit ~ a porphyry-hosted breccia 
and stockwork system containing copper, silver and tin 
mineralisation. 

Mineralisation in the Silver Valley area is mainly in steeply 
dipping, shear-controlled quartz, quartz-chlorite or greisen 
lodes rich in arsenopyrite and pyrite. There are a few calc
silicate (skarn?) deposits containing traces of silver, but 
production was minor. 

Copper deposits north and west of Herberton form a belt 
known as the Copper Firing Line. Cumulatively, these 
deposits were probably the largest producers of copper in 
the region. Blake ( 1972) estimated this area produced 
several thousand t copper between 1909 and 1943, when 
production ceased because of the closure of the Chillagoe 
Smelters. These deposits are mainly narrow fracture
controlled quartz veins, containing minor silver (in the 
copper minerals) and tin mineralisation. Minor argillic 
alteration has been recorded in some of the mines in this 
area. 

The mineralisation is developed along the contact zone 
between the Saint Patrick Hill Granite and the Hodgkinson 
Formation. The tin mines are concentrated in the granite, 
the copper mines in the nearby granite. contact with 
metasedimentary rocks. This reflects a marked mineral 
zonation. Galena is present in both host rocks. The copper 
mineralisation is confined to narrow, discontinuous, 
steeply dipping, east striking, siliceous gash veins. Most 
mines were worked to only a shallow depth exploiting the 
supergene ore. 

The Siberia Lode (AI Lode), 6 km east ofEmuford, was 
mined for copper and silver. The lode consists of several 
subparallel, east-trending, siliceous, brecciated veins. 
These veins are continuous for at least 2 km and sporadic 
outcrops occur over a distance of 5 k.m. The main mines 
along this structure were the Magpie, Mount Emma, Mount 
Gossan Extended, Mount Gossan West, Mount Vol k (Little 
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Wonder), New Mount Gossan Tunnel, Rainbow, and St. 
Ledger. The first lease was pegged in this area in 1900. 
The main productive years were from 1909 to 1916. 

Kelly (1976) proposed that the Siberia Lode is associated 
with a major fault, which in turn is related to a greisen 
fracture zone farther south. Secondary copper· ore in the 
upper part of the lode grades into complex ore containing 
sulphides of copper, iron, arsenic, lead, and zinc below 
the water table. Ore grades in the secondary enriched zone 
were in the order of 23% Cu, and 180-210 ppm Ag, 
whereas the primary ores contained ~5-U% Cu, and 150-
270 ppm Ag. Many rich parcels of ore, containing from 
25-52% copper, were sent to the Chillagoe Smelters before 
1914. This ore was extracted from the supergene 
enrichment zone slightly above the water table. None of 
the workings extended far below this zone of enrichment. 

The Montalbion lodes were discovered in 1885. By 1895, 
49 258 kg of silver had been recovered from 39 799 t of 
ore (Skertchley 1897). The deposits are in massive arenite 
of the Hodgkinson Formation (Donchak & Bultitude 
1994). The main mines are the Albion, Rio Tinto, Lady 
Jane Nos I and 2 and Barossa Nos I and 2. 

The silver mineralisation is in narrow, steeply dipping, 
lenticular, and pipe shaped quartz veins within shear/ 
breccia zones. The principal ore minerals are argentiferous 
galena, argentiferous tetrahedrite (freibergite), cerussite 
and anglesite. Berge et a!. ( 1899) recorded the presence 
of cinnabar and several unusual zinc minerals (such as 
calamine, goslarite and willemite). Small quantities of 
cobalt ore have also been reported from the Lady Jane 
mine, and stibnite from the West Albion mine. Selenium 
specimens were collected from the Albion mine and 
displayed at the Melbourne Exhibition in 1888. Traces of 
indium have also been detected in some of the ore (Dash 
et al. 1991 ). Most of the ore was derived from the zone of 
secondary enrichme~t that extends to depths of 15-20 m. 
Gold values are also anomalous in the area but have proved 
sub economic to date. 

Mineralisation is associated with east- west and north
south trending shears, possibly related to a nearby large 
silicified fault zone trending 100-140°. The deposit was 
interpreted by Woodward ( 1976) to have formed in an 
epithermal environment, with hydrothermal solutions 
derived from nearby granites of the O'Briens Creek 
Supersuite. 

The Orient Camp East and West groups of workings are 
located 9 km north of Irvinebank in the Featherbed 
Volcanic Group (Bluewater Rhyolite). The silver-lead ores 
of this area were discovered in 1886. Production ceased in 
about 1924. The area probably produced less silver and 
lead than the mines at Montalbion (Blake 1972). 

Mineralisation is in well developed and persistent fissures 
that cut massive rhyolitic ignimbrite. These narrow fracture 
or shear-controlled veins contain argentiferous galena, 
cerussite, and anglesite, sphalerite, pyrite, marmatite, 
cassiterite (minor) and stannite (minor). Sub-economic 
concentrations of indium have also been detected in the 
sulphides from these deposits. Sphalerite is probably the 
main carrier. The ore shoots mined are characterised by 
high Ag and Pb grades down to water table. Below the 
water table there is ' clean ' galena ore associated with 
sphalerite, marmatite and pyrite. 

The Orient Camp mineralisation exhibits many salient 
features of epithermal deposits including the following 
(Cook 1987). 
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l . Major and subsidiary branching veins, and possible 
stockworks. 

2. It is hosted by a major felsic volcanic complex, with 
high-level felsic intrusives nearby. 

3. Vein minerals include sulphosalts, arsenic, precious 
metals and the typical epithermal indicator elements 
Hg, Te, Sb, As and Ba. 

4. Alteration styles include advanced argillic (at East 
Orient), plus widespread sericitic, propylitic and 
ferruginous alteration. 

Typical assay results for hand picked ore from the Orient 
East workings were 1439-1837 glt Ag, trace gold, 40-
45% Pb, I 0-19% Zn. Extensive exploration by Great 
Northern indicated four main and two minor mineralised 
vein systems in a northeast-trending shear zone. Individual 
veins have a strike length of up to 900 m, and an average 
width of 0.6 m. Dips range from 40° to almost vertical, 
but are mostly between 45° and 60° south (Osborne & 
Murdock 1981 ). Pre- and post-mineralisation faulting has 
occurred. 

Porphyry Hill, a copper mine 11.2 km westsouthwest of 
Dimbulah, is considered to be a small porphyry copper 
deposit (Horton 1982). The deposit is formed at the contact 
between rocks of the Featherbed Volcanic Group and an 
intrusive pod of late Ca rboniferous granite and 
microgranodiorite (Solanum Granodiorite). Complex 
sulphide mineralisation occurs mainly in veinlets or as 
disseminations in sheared and altered rocks of the contact 
zone. Secondary copper mineralisation is scattered over 
an area of 1.8 km2

• Soil geochemistry indicates a smaller, 
arcuate copper-anomalous area. 

OK 
The OK group of mines consists of four economically 
significant copper deposits (with minor associated gold 
and silver mineralisation) hosted by the OK Member of 
the Hodgkinson Formation. The lodes comprise several 
lenses of massive .sulphide ore underlain by zones of 
stockwork ore in a sequence of altered basic volcanic rocks. 
The primary massive sulphide ore consists mainly of pyrite, 
chalcopyrite and sphalerite, together with minor 
tetrahedrite, tennantite and quartz-carbonate gangue. The 
ore bodies range from tabular to lenticular and are 
essentially concordant with the enclosing host rocks. About 
80 000 t of ore were mined between 1890 and 1918 for a 
yield of -7800 t Cu, lOO kg Ag, and 12 kg Au (Register of 
Australian Mining 1995/96 p206). 

Fawckner (1975, 1978) described the deposits in detail 
and noted two types of alteration in the stockwork ores: a 
lower chloritic zone that grades upwards into a silicified 
zone. He described the OK deposit as a cupreous pyrite, 
volcanogenic massive sulphide deposit and postulated it 
formed at the site of incipient rifting in an extensional 
basin. Murray (1990) subsequently described the deposit 
as a Besshi-Kieslager type of volcanic-hosted massive. 

Chillagoe Area 
··Numerous mineralised skams produced from the intrusion 
of Permian-Carboniferous granites into the Chillagoe and 
Hodgkinson Formation occur in the Chillagoe area. The 
granites are mainly !-type and intruded at shallow depths 
(Rubenach 1994). · 

The Penzance, Queenslander and Morrison mines are the 
most extensively worked of the Redcap group of mines 
northeast ofMungana. The ores from these mines averaged 
1- 5% Cu and 3 1-155g/t Ag. The Morrison orebody also 
contained up to 22% Pb. 

__ _j 



The mineralisation is developed in large-scale high
temperate skarns. Rubenach & Cartwright (I 994) and 
Paverd (I 97 I) attributed the formation of the endoskarns 
and exoskarns of the Redcap Creek area to the interaction 
of fluids from the Belgravia Granodiorite (Carboniferous) 
with limestone of the Chillagoe Formation. The depth of 
intrusion of the granodiorite was estimated as 3.5 km by 
Rubenach & Cartwright (I994). They have proposed two 
stages of skarn formation as follows. 

Stage 1: Exoskarns consisting of an inner melilite skarn 
zone and an outer massive tilleyite skarn zone 
(formed at above 700°C). Mineral assemblage 
is tilleyite, melilite, wollastonite, monticellite 
and spurrite. 

Stage 2: Vesuvianite-rich and wollastonite-rich skarns 
(formed at around 550-600°C), replacing in 
part the stage I skarns. 

This area has received considerable attention from mineral 
exploration companies due its proximity to the Red Dome 
mineralisation. 

The Zillmanton group is a small collection of mines located 
5.5 km west of Chillagoe. The Zillmanton lode was the 
main producer. Other workings included the Shannon, 
Shannon East, Shannon West, Zi llmanton North, 
Zillmanton Extended and McMillans Lode. The only 
recorded production is for the period 19 I 0-191 I when 
g700 t ore yielded 347 t Cu and 370 kg Ag. 

The mineralisation is hosted by siliceous haematitic garnet 
skarn and is a similar mineralisation style to much of the 
Mungana area. 

The main historic workings in the Mungana group were 
the Girofla and Lady Jane, which were also the outstanding 
producers. Other important mines included the Griffiths, 
Magazine Face and Dorothy. Production figures for 
individual mines in this group are incomplete. lshaq et al. 
(I 9g7) estimated the total production from this group 
before the opening of the Red Dome mine to have been 
367 000 t ore for a yield of g700 t Cu, 35 000 t Pb and 
100 400 kg Ag. 

Operations at Red Dome are southeast of the old Lady 
Jane and Girofla workings. The mineralisation for the Red 
Dome deposit is described in the earlier section Known 
Mineralisation and Resources under the subheading Red 
Dome and Mungana Deposits. It is characteristic of the 
mineralisation in this area. 

Torpy's Crooked Creek (also called Torpy's Lead Mines) 
is -2g km southeast of Chillagoe in a northwest-trending 
lens of conglomerate. Mineralisation is concentrated along 
several fracture planes. One fracture set strikes 125° and 
dips goo S, coincident with the line of workings. Another 
mineralised fracture set strikes 195° and dips goo east. 
Production figures are incomplete, but the total recorded 
production was - 6000 t ore, which yielded 920 t Pb and 
2604 kg Ag (Dash et al. I 9gg). 

An extensive gossan is developed. on· the deposit and 
evidence ofbrecciation and 'rehea1ing' by silica is present. 
Extensive underground mining occurred on four levels 
located at depths of l 0, 21, 3g and 91 metres. The ore body 
has a maximum width of 10.6 m (carrying 30% Pb) in the 
upper levels ofthe workings. It narrows to 3.9 mat the 3g 
m level and to 0.6 m (carrying 22% Pb, 1g% Zn, 55g ppm 
Ag) at the 9 I m level. The zinc content of the ore increased 
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with depth. Very little geological information is available 
for this deposit. 

The Ruddygore mine is 3 km northeast of Chillagoe. The 
deposit is a mesothermal porphyry copper and weak 
porphyry tin deposit hosted by metasomatised Ruddygore 
Granite. Mineralisation is associated with an inner, sericitic 
alteration halo. The main ore minerals were pyrite, 
chalcopyrite, bornite, arsenopyrite, cassiterite and 
tetrahedrite. Mining was principally via extensive 
underground workings and two large open cuts. 

Numerous mines have been worked in the area surrounding 
the Chillagoe township and extending to the southeast for 
-5 km. These mines have exploited skarn mineralisation 
developed in the Chillagoe Formation adjacent to granite 
contacts (mainly Almaden Supersuite granites). The main 
mines in this area are the Chillagoe Consols, Christmas 
Gift, Lyonite Hills, Macrossan, Titree and Wilson's Lease. 

The mineralisation in the Christmas Gift mine typifies the 
style of mineralisation in this area. The iron-garnet 
orebody has developed at the contact between granite and 
calcareous rocks of the Chillagoe Formation. The north
dipping lode varied greatly in composition from siliceous 
ore high in silver to manganiferous or sideritic ore. Some 
ore contained cupriferous garnet rock. The mineralisation 
was commonly patchily developed. The orebody is capped 
by'massive brecciated limonitic and haematitic gossans. 
Rich sphalerite ore containing up to 40% zinc was 
occasionally encountered during mining but was discarded 
due to a lack of demand and smelting facilities. Jensen 
(194la) reported the presence of antimony in a complex 
antimony-lead ore at the Hensey Upper mine. 

The main sulphides present are chalcopyrite, pyrite, galena, 
sphalerite and arsenopyrite, with rare bismuthinite and 
molybdenite. The supergene enriclunent zone was the main 
focus of mining operations. 

Verwoerd & Sargeant (1971) postulated a -600°C 
temperature of formation for the Hensey skarn. Tremolite, 
diopside, garnet, wollastonite, chondrodite, and 
clinozoisite are the dominant skarn mineral assemblage. 

The Calcifer group of mines is g_2 km southeast of 
Chillagoe. The main deposit is the Boomerang, which 
produced 6972 t ore for 57. I 2 kg Ag, I 06.1 t Cu, 2 t Pb. 
As a whole, the group produced -26 450 t of ore for a 
yield of 1555 t Cu, 400 t Pb and 744 kg A g. These deposits, 
like those to the northwest, are principal_ly high
temperature skarns which developed in roof pendants of 
Chillagoe Formation rocks. The presence of irregular 
intrusive contacts and of fractures striking north and 
northwest have influenced the distribution of ore forming 
fluids in the Calcifer area (Rubenacb 1994). The general 
style of mineralisation and mineral assemblage is similar 
to those in the Chillagoe area described above. 

Wambanu Group 
These workings are located on the southwest rim of the 
Herbert River Gorge where Dells and Flaggy Creeks join 
the Herbert River. The mines were first worked in 1909 
and were r.eopen~d several times, between 1913 and 1914, 
1935 and 1937, and in 1942. The area is now part of the 
Lumholtz National Park. 

The Wambanu copper-silver-lead deposits are located in 
the upper part of a mafic granite (tonalite? part of the 
undivided Ingham Batholith), adjacent to intrusive contacts 
with flat-lying to moderately dipping felsic volcanic rocks 
of the Glen Gordon Volcanics. The apical parts of the 
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granite have been pervasively chloritised and partly 
sericitised. The base metal mineralisation is concentrated 
in shear zones developed within this alteration halo. These 
shear zones trend west-northwesterly within the northeast
trending 'corridor' of mineralisation. The main mine 
(Wambanu) and nearby mines in the south are essentially 
copper orebodies, whereas the smaller workings spread 
out to the north and north-northeast are dominated by 
lead-silver mineralisation . The distribution of 
mineralisation implies some form of mineral zonation 
(possibly distance from mineralising fluid source). · 

Inspection of ore material indicated the paragenesis was 
probably: 

1. fracturing and introduction of sulphides (with very little 
quartz), 

2. chloritisation, 

3. brecciation of sulphides and chloritic gangue, and 

4. precipitation of unmineralised quartz in fill. 

Morwood & Dash (1996) noted that similar deposits 
probably exist in areas where the roof zone of the granites 
are concealed by volcanic rocks. 

Selected Minor Occurrences 
The Emerald Hill workings, 5 km southeast of Petford, 
were the largest copper workings in the Petford area. The 
deposit is hosted in a shear zone that cuts Hodgkinson 
Formation rocks -I 00 m from the contact with the Petford 
Granite. The lode is reported to be 0.4--0.45 m wide and 
to have an average copper content of20% (ARDM 1942). 
The shear zone contains blebs and veins of quartz up to 
0.15 m wide. Disseminated chalcopyrite is associated with 
the quartz. 

The Sweet William copper mine is located -5 km northwest 
of Mount Molloy in the Early Permian Mount Carbine 
Granite. The lode comprises north trending quartz veins 
that infill fractures in the marginal zone of the granite. 
The main workings appear to be those on the southern
most of the two main veins. Brecciation is evident in the 
veins as fragments of host rock cemented with in fill quartz, 
wolframite and minor sulpnides. Sericite is the main 
alteration mineral in the enclosing granite, but there is also 
some evidence of an albitic alteration halo. The 
northernmost vein contains visible wolframite and 
molybdenite together with chalcopyrite and arsenopyrite. 
The wolframite and molybdenite were found only in clean 
white vein quartz, whereas copper minerals are in both 
the quartz and greisenised granite host rock. Minor 
concentrations (between 0.1% and 1.0%) of tin have also 
been detected in both veins. 

Aspiring Nos I and 2 is a mineral prospect II km northeast 
of Chillagoe. The prospect was explored by Noranda 
Australia, who defined an inferred resource of 50 million 
t@ 0.1% Cu, 200 ppm Mo and traces of Au and Ag. The 
host rocks are hornblende-biotite granodiorite (Almaden 
Granite) and rhyolite (Featherbed Volcanic Group). 
Mineralisation occurs on the contact of the granodiorite 
with the rhyolite. The mineralisation is concentrated in a 
southwest-striking fracture system where the degree of 
alteration in the host rocks is proportional to the fracture 
frequency. Ore minerals occur as fracture fillings, sparse 
disseminations and in quartz veinlets. 

Mount Garnet 
This deposit lies adjacent to Mount Gamet township. The 
previous workings concentrated on the oxidised and 
supergene copper ores in the upper part of the deposit. 
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The sulphide and zinc-rich parts of the deposit were 
ignored because the smelting techniques of the day were 
unable to treat these ores. 

The deposit is in a near-vertical calc-silicate garnet skarn 
(with a strike length of 800 m and a thickness of 50 m). 
The mineralised zone occurs at the contact between 
Palaeozoic rocks of the Chillagoe Formation (arkose 
sandstone and calc-silicates) and possible Precambrian 
basement to the east (siliceous mylonitic schists) (Hartley 
& Williamson 1995). 

The principal ore minerals are sphalerite, magnetite, and 
pyrrhotite with minor chalcopyrite, and traces of galena 
and pyrite (Hartley & Williamson 1995). These minerals 
occur in a variety of skarn assemblages as fine 
disseminations, irregular patches and bands, or semi
massive and massive ore. Selective replacement of fossils 
(mainly crinoids?) is common. The majority have cores of 
pyrrhotite and rims of sphalerite (Hartley & Williamson 
1995). 

Perilya Mines NL have been exploring this historically 
significant base metal deposit, which is owned by CRA 
Exploration. The company is planning to establish a base 
metal operation centred on the Mount Garnet and King 
Vol deposits. 

Antimony 
Antimony deposits occur in the Northcote area, 
Hodgkinson Gold Field, Mitchell River deposits, Starcke 
Nos I and 2 Gold Fields and at Six Mile Creek. 

Numerous antimony ± gold-bearing quartz veins are 
localised in northwest trending shear zones that cut the 
Hodgkinson Formation in the Hodgkinson Gold Field and 
nearby Mitchell River Region. Buck and ribbon quartz, 
together with local comb quartz, are the main types 
represented (Golding et al. 1990). The quartz veins, 
especially those associated with the higher grade pods of 
stibnite, tend to be discontinuous, with well-developed 
pinch and swell structures. Preferential but erratic 
enrichment is localised in receptive sites, such as dilation 
zones, tension gashes, cross fractures and shear zones that 
cut more competent rock types such as massive arenite. 
The veins are generally steeply dipping and range in length 
from a few tens of metres to -4 km (Garrad 1993). 

Recent oxygen isotope studies by Golding et al. (1990) 
and Peters et al. ( 1990) indicate the antimony-gold-bearing 
quartz veins are characterised by distinctive, mainly heavier 
0 18 values compared to those obtained from the gold
bearing quartz and barren quartz veins. These differences 
may reflect more enriched fluids and/or deposition at lower 
temperatures from fluids of similar oxygen isotopic 
composition (Golding et al. 1990). In either case, the 
differences support separate flow paths or a distinct and 
separate source for the antimony-bearing ore fluids. 

The antimony mineralisation has a marked preference for 
regionally significant shear zones throughout the study 
areas (e.g. see Peters et al. I 990). Jt is generally discrete 
from the main gold mineralisation and ~ot associated with 
melange zones. Surveys of the antimony deposits of the 
Hodgkinson Province (Jensen 1939, 1941 c; Aerial, 
Geological and Geophysical Survey ofNorthern Australia 
I 941) indicate that in general, the massive antimony ore 
contains little gold, whereas arsenical ore has a 
significantly higher gold content. In the Mitchell River 
area, for example, there is generally a positive correlation 
between pyrite and arsenopyrite contents and gold grad.es 



(Reisgys I 986). Mineralogical studies indicate these 
sulphides have been commonly replaced by stibnite 
(Woodcock I 958). The truncation of gold-bearing quartz 
veins in places by stibnite-bearing veins also indicates the 
antimony mineralisation was a later event. 

Hodgkinson Gold Field 
Peters (I987b) and Golding et al. ( 1990) recognised two 
distinct quartz vein associations in the Hodgkinson 
Formation, namely, Au-quartz veins and Au-Sb-quartz 
veins. The Au- Slrquartz veins tend to be located in 
separate domains from the Au-quartz veins, or on 
domainal boundaries truncating the Au-quartz veins. The 
stibnite is commonly altered to cervantite. 

Stable isotope studies by Golding et at. (1990) have 
indicated that although distal magmatic fluids cannot be 
ruled out, it is more probable that these deposits were 
precipitated from deeply sourced metamorphic fluids. 

In the Northcote area, mesothermal quartz veins containing 
antimony and, in most cases, gold, are postulated to have 
been precipitated from upwardly migrating metamorphic 
fl uids generated during regional tectonism and deposited 
in favourable structural sites (Golding et al. 1990). 

The main mines in the Northcote area were the Flottershow, 
Lone Hand, Jacobsen, Tunnel, Craigs, Emily, Emily South, 
East Leadingham, Ethel, Black Bess, Edith and Belfast 
Hill deposits. These lodes occur in a major northwest
trending structural ' corridor'. The main feature of this 
corridor is a large, northwest-trending, west-dipping, brittle 
reverse fault with a slightly oblique sinistral component 
of movement (McConnell 1992). Subsidiary structures 
have a range of orientations from east- west (Craig's Lode) 
to north- south (Black Bess). 

Mineralisation is localised in dilational sites in shear zones. 
The stibnite forms massive pods and lenses in the quartz 
veins. The quartz veins consist mainly of ribbon and buck 
varieties, with fragments of country rock on the margins. 
Minor comb quartz is present locally. Veins characterised 
by milled breccia textures have been reported by 
Nittoc(Kinnane I 985). 

In the Woodville area, stibnite mineralisation is localised 
in lenses that appear to be controlled by the intersection 
of minor and major shears. A gradual reduction in 
antimony content in the quartz veins is observed away from 
the main area of antimony mineralisation to the north, 
through the Home Rule-Dagworth group of mines, to the 
Stuartown mines, where antimony is accessory, and also 
to the southeast (Garth 1971 ). 

Mitchell River Deposits 
The Mitchell River area produced about 389 t antimony 
ore/concentrate (including the 1905-07 production from 
the StGeorge area). Maximum production occurred during 
the price escalation of antimony in the early 1970s. These 
mines are located on the Retina Fault, a major shear zone, 
and related structures. Antimony is also present southeast 
of these mines, where numerou.s small deposits of limited 
economic value occur along the same structure. 

Small deposits of antimony are also present to the 
southwest of the Mitchell River mines. These include the 
Pillidge, Antimony Hill, Jestah and .Current Creek Group 
lodes, as well as the Fence Antimony prospect. These 
deposits are all structurally controlled and may be related 
to dilational structures or shear zones that cut the 
Hodgkinson Formation (Culpeper eta!. 1990). 
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The most significant deposit in the Mitchell River area is 
the Retina lode, where stibnite, with associated gold, is 
concentrated in several lenses over a strike length of-350m. 
The fault gouge associated with the main shear zone 
(Retina Fault) is the host of the antimony and gold 
mineralisation (Garrad 1993). The Retina mine attracted 
significant attention in the 1970s as a moderate-tonnage 
low-grade prospect. 

The eastern (footwall) margin of the shear zone at the 
Retina mine is defined by a prominent 15 em-thick lens 
of pale grey, kaolinitic fault gouge. The shear zone is 
bounded to the east by a zone of intense wallrock alteration. 
This zone is white, very friable, and consists of euhedral 
quartz and felspar grains in a kaolinitic matrix. The country 
rock was probably a felsic dyke. The· mineralised zone 
extends to the north-northwest (Retina North prospect) 
and south- southeast (Retina South prospect). It has an 
overall strike length of -2 km. 

East of the Retina Fault and north of the Mitchell River 
there is a large anomalous gold concentration within a 1.5 
!an-wide deformed zone, bounded to the west by the Retina 
Fault. The main prospect in this zone is the Tregoora 
deposit (also known as the B lack Knight- Rim Fire 
deposit), which is located within a larger gold-anomalous 
zone called the Sleeping Giant. Antimony is associated 
with this large, low-grade gold deposit. The antimony is 
hosted by quartz and occurs within shears and associated 
structures. The age of mineralisation is probably early 
Carboniferous. 

Saint George River Area 
Antimony-bearing quartz lodes associated with northeast
to southeast-trending conjugate fractures occur as 
discontinuous, north-trending, en-echelon mineralised 
lenses in the Hodgkinson Formation near the confluence 
of the Saint George and Mitchell Rivers. There are 16 
occurrences within a 5 km x 2 k:m area. Within the lenses, 
mineralised veins (100--500 mm wide) strike northeast and 
southeast and barren veins (I 00--300 mm wide) strike east. 
Some mineralised veins are lightly iron-stained and 
brecciated on the margins, with strongly slickensided 
surfaces. In places, the veins swell to form large outcrops 
of white ' buck' quartz. Elsewhere they thin out to form 
quartz veinlets, or pinch out completely in the country 
rock. 

The lodes commonly consist of a dominant quartz vein 
containing multiple stibnite-rich lenses, ranging from I 0 mm 
to 50 nun wide, and stockworks. In some lodes, stibnite 
occurs preferentially along the vein margins, and narrow 
zones of anastomosing stibnite veinlets occur within the 
adjacent wallrock. Where oxidised, these veinlets are 
difficult to distinguish from the host rock. Stibnite typically 
forms I 0--30% of the lodes. Selected stibnite samples 
assayed up to 40% antimony. Channel samples indicated 
that antimony and traces of gold are present in both the 
lodes and in the adjacent wall rock. 

Starcke Nos 1 and 2 Gold Fields 
The only antimony mineralisation in the Starcke No. 2 
gold f ield occurs in a SlrAu-quartz vein at the o ld Uncle 
Sandy mine. The. lode is a l 00--300 mrn-wide quartz fissure 
vein in silicified siltstone and mudstone. The vein 
comprises cherty quartz with pyritic host rock inclusions 
to 20 mm across. Stibnite appears to be associated more 
with sheared/brecciated host rock than with quartz and 
may be concentrated on the ve in margins. The only 
recorded production was 9 l of 9% Sb ore and 0.3 kg of 
gold. 
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Cocoa Creek (Starcke No. l Gold Field), 45 km northwest 
of Cooktown, consists of two lodes that are up to 0.8 m 
thick. The lodes consisted entirely of stibnite and quartz 
(plus traces of visible gold). The mineralisation has formed 
at relatively high-levels in the crust but has no epithermal 
signature (Derrick & Ogiennan 1988). 

Six Mile Area -
Antimony mineralisation occurs in gold-bearing quartz 
veins in a north-northeast-trending belt of acid to 
intermediate volcanic and intercalated sedimentary rocks 
of the Normanby Formation in the Six Mile area, 8 krn 
west of Cooktown. The main· mines are the Good Luck, 
Thunderbolt and Mundie King. Stibnite occurs in small, 
discontinuous lenses which grade about 38-60% Sb. Gold 
contents are generally low in the stibnite-rich quartz. 

Current Prospects 
The Black Sparkle deposit located 4.8 km southsoutheast 
of Jrvinebank was evaluated by Allegiance Mining NL 
under option from Great Northern Mining Corp NL. The 
company believed the deposit had a potential resource of 
- 600 000 t of open pit antimony ore (Register of Australian 
Mining 1996/97 p31 0). 

The main prosects in the Northcote area are the Ethel, 
Ethel Extended, Emily, Tunnel, Tunnel Extended, Antimony 
No: 2, and Blac)< Bess. Gold is contained in highly sheared, 
wide zones of quartz vein stockworks that were ignored 
by the early antimony miners. A resource of 230 OOOt @ 
5-6 g!t Au is reported to remain at the Ethel Extended 
prospect. Previous exploration had identified an oxide 
resource of 164 000 t@ J .9 glt Au, a sulphide resource to 
50 m depth of 399 000 t @ 4 glt Au, with an additional 
272 000 t @ 4.7 glt Au to 100m (Register of Australian 
Mining 1996/97 p 170). 

Silica Sand 
Archer Point 
Extensive deposits of white quartzose dune sand occur at 
Archer Point, south ofC.ooktown. The sands occupy a 4 km 
x 3 km area and form a thin veneer on rocks of the 
Hodgkinson Formation. Martin ( 1980) concluded that the 
fineness of the sand and the large variation in some size 
fractions render it unsuitable for use in glass making. The 
average grade is 97.8% Si02, 0.7% Fe20 3, 0.2% Ah03, 

and 0.21% loss on ignition, making the sand chemically 
inferior to that at Cape Flattery. 

Cape Flattery-Cape Bedford Dunefield . 
The Cape Flattery-Cape Bedford dunefield, 60 km north 
ofCooktown, is -55 km long, up to 22 km wide, and covers 
-580 km2

• 

The dunefield developed on a low-lying coastal plain, 5-
lOm above sea-level. It formed because of an abundance 
of quartz sand derived from Palaeozoic granites and 
Mesozoic sandstones and exposure to strong southeasterly 
trade winds. Rising sea levels in Pleistocene interglacial 
periods resulted in erosion of frontal dunes, thereby 
creating a sand source by recycling the existing dunes 
(Cooper & Sawers 1990). The Pleistocene dunes became 
enriched in silica by leaching of the calcareous sand 
component. The higher purity A2 horizon has then been 
formed into dunes and blowouts by the prevailing southeast 
winds. The dunes are more than 7 km long and only 0.5 km 
wide. The apical sand mound can be up to 90 m above the 
surrounding sand plain. 

The dunefield consists mainly of white, active, 
transgressive parabolic and elongate parabolic dunes, and 
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older rounded degraded dunes stabilised by vegetation. 
The active dunes consist predominantly of quartz sand; 
the heavy mineral (mainly ilmenite) content ranges from 
a trace to about 0.75%_ The optimum sources of white 
silica sand at the Cape Flattery Silica mine are the bare 
apical mounds of the active elongate parabolic dunes. The 
grain size distribution is particularly suitable for glass 
manufacture and foundry moulding. Cooper & Sawers 
(1990) reported export quality sand contained 99.82% 
Si02, 0.01% F~03, 0.05% Al20 3, 0.02% Ti02, <0.01 % 
CaO, <0.01% MgO and 0.10% volatiles. 

The Cape Flattery Silica Mine is owned and operated by 
Cape Flattery Silica Miries. The region has proven reserves 
of200 Mt under mining lease (Cooper l Q93). An estimated 
resource of 1000 Mt is present in the area. All production 
is exported for glass manufacturing, foundry purposes and 
the chemical industry. 

Ninian Bay 
Dunes along the western side of Ninian Bay represent a 
silica sand resource that would require beneficiation to 
produce a marketable product. The bulk of the sand 
averages >99.5% Si02, but iron and titanium impurities 
exceed standards for glass manufacturing. There is an 
estimated 24 m maximum thickness of sand in the main 
dune area and 12m in the low dunes. The area is now in 
the Cape Melville National Park. 

Mourilyan Silica Sand 
The Mourilyan silica sand deposit southeast of lnnisfail, 
extends 22 km along the coastal plain. This deposit consists 
of an inner and outer beachridge-barrier complex. The 
inner barrier is of Pleistocene age and, in places, is covered 
by low, degraded, transgressive dunes. Part of the outer 
Holocene barrier is in the lnarlinga Defence Reserve. The 
transgressive dune system contains indicated reserves of 
I 0 739 500 t >99% silica to 0.5 m depth (Cooper I 993). 

Cobalt 
The only cobalt occurrence recorded from the region is 
the Cam bourne lode, 12 km northwest of Chillagoe. The 
mineralisation is related to metasomatic alteration of 
calcareous rocks (including metabasalts) in the Chillagoe 
Formation. The cobalt occurs as cobaltite and minor 
erythrite, associated with chalcopyrite and some 
chalcocite. Grades are low and the deposit is currently sub
economic. 

Heavy Minerals 
Cape Flattery 
Generally, the transgressive dune systems of silica sand 
on the east coast of Far North Queensland contain only 
minor proportions of heavy minerals. Heavy mineral 
content ranges from a trace to 0.75% at Cape Flattery 
(Cooper & Sawers 1990). The main minerals present are 
ilmenite and zircon. 

Princess Charlotte Bay 
Holocene and Pleistocene beach ridges extend along the 
coastline from First Red Rocky Point south and around 
Princess Charlotte Bay to Bathurst Heads. Auger hole 
sampling across beaches and sand banks by Mid East 
Minerals NL generally yielded <0. 1% heavy minerals 
(mainly ilmenite) and minor rutile and zircon (Zimmerman 
1969). Only at the mouth of the Nesbit River was the heavy 
mineral content> 1% in any holes. Here, ilmenite formed 
92% of the concentrates. Minor sampling of coastal 
sediments north of the Pascoe River by Consolidated 
Mining Industries yielded similar results (Hughes 1972). 



Astrik Resources NL collected four samples of shoreline 
·sand bank deposits in the Cape Sidmouth area. Assay 
results. were 2100 ppm Ce, 1100 ppm Y, 360 ppm Nb, 
0.37% Zr and 1.73% Ti (Pyper 1989). There was some 
evidence that economic grades may occur in modern beach 
deposits. 

Palmer River 
The Palmer River downstream of the Yambo Inlier has an 
anomalous radiometric response, which is mainly due to 
K-rich minerals. Jubilate identified several areas with 
anomalous rare earth element mineralisation in 1987. 
llmenite, monazite, zircon and significant xenotime were 
identified in the concentrates. Preliminary concentrate 
samples assayed 0.38-2.45% cerium, 0.19- 1 .. 16% 
lanthanum, 0.07-0.32% thorium and 0.07-0.77% yttrium 
(Garside 1988). Several localities with potential were 
delineated. 

Kennedy River 
Preliminary investigations by Metcalfe Holdings in 1986 
indicated a 30 km long stretch of the river has potential 
for heavy mineral deposits. The alluvium averages 50 m 
in width and 2.5 m in thickness . Heavy mineral 
concentrates c.ontain gold, monazite, xenotime and minor 
rutile and zircon. Monazite and xenotime comprise 57.8-
84.4% of the heavy minerals and the monazite/xenotime 
ratio averages 16.2:1. Subsequent detailed follow-up 
investigations indicated the economic mineralisation is 
confined to the main watercourse with little or no reserves 
present in the terraces (Barron 1990). The reserves 
delineated were considered insufficient to sustain a mining 
operation. 

Ninian Bay 
Currurnbin Minerals drilled hand auger holes to 8 m depth 
in low beach ridges and dunes from Ninian Bay south to 
Saltwater Creek. Results were not encouraging for either 
cassiterite or heavy minerals. Heavy mineral contents were 
generally low (average 0.1 %), with some irregularly 
distributed highervalue.s (up to 0.61 %). The heavy mineral 
concentrates consisted mainly of ilmenite, with minor 
rutile and zircon (Jack 1990). 

Minor deposits 
Investigations of black sands at the mouth of the Johnstone 
River in an area called Coquette Point, were conducted 
during 1958. Sampling indicated the presence of fine tin 
with grades of up to 0.09 kg/t. 

Limestone 
Melody Rocks 
Queensland Metals Corporation holds a mineral 
development licence over the Melody Rocks limestone 
deposit near J(jngs Plains. The limestone forms large lenses 
in the Hodgkinson Formation. It crops out over an -2700 m 
x -700 m area, with vertical exposures of up to 120 m. 
The limestone is pale grey, fine grained and homogeneous. 
The five major lenses comprise approximately 900 000 t/ 
vertical m of limestone at 55% CaO, <1.0% Si02, <0.4% 
MgO, <0.2% Fe20 3 and <0.4% Al20 3. The high quality of 
the 1 iinestorie woiil<r allow-i'fto-be- irfarl<efed,- nocomy·ror
cement manufacture, but also for the chemical and mineral 
processing industries, and agriculture. 

Chillagoe Formation 
The Chillagoe Formation contains numerous lenses of 
variably recrystallised limestone and marble in two main 
areas. The northern ·outcrops form a north-trending belt 
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up to 6 km wide ·that extends between the Mitchell and 
Palmer Rivers. The southern group oflenses, a.northwest
trending belt, crops out north and south of Chillagoe. The 
pale to dark grey massive limestone is interlayered with 
chert and metabasalt. Krosch ( 1990a) estimated that -1500 Mt 
oflimestone are in the northern belt. Parts of this limestone 
country may hold significance to the local aboriginal 
communities and this should be considered in any future 
development. 

The southern belt has been mined in the past for flux in 
the Chillagoe smelters. More recently, lime has been 
produced for chemical and agricultural purposes, and 
marble has been mined as a building stone (see Dimension 

. Stone section below). 

Lime production also occurs at Ootann 12 km south of 
Almaden. This extensive deposit is located in a 5 km2 roof 
pendant of Chillagoe Formation surrounded by 
Carboniferous granites. Massiv~ limestone is burnt for lime 
and coarsely crystalline marble is c~shed for agricultural 
use. 

Fairchance Quarry and Nearby Areas 
Limestone has been extracted from the Fairchance quarry 
near Yalkula, 12 km southeast of Mount Molloy, the White 
Gem quarry near the mouth of the Mow.bray River and 
the Mareeba Lime deposit (test.sampling only) 6.8 km 
east- northeast of Mareeba. 

Pbosph~te 

Starcke River and Barrow Point Areas 
Phosphate minerals are associated with thinly bedded black 
chert and shale of the Hodgkinson Formation in the Starcke 
River, Barrow Point and Round Hill-Jeannie River areas, 
north of Cooktown. The rocks are intensely silicified and 
quartz veined; ferruginous gossans are well developed. 
The cherts contain thin, white lenses rich in apatite. These 
may represent flattened phosphate pellets and balls, which 
formed during deposition of the sequences. These lenses 
rarely constitute more than 25% of outcrops and it is 
unlikely that the deposits would contain more than 5% 
P20 5• Wavellite, strengite, variscite and gorceixite occur 
on joints and weathered surfaces and as veins. 

Gemstones 
Sediments in streams draining the Lakeland Downs area 
contain 'diamond indicator' heavy minerals (zircon, picro
ilmenite, chrome diopside, orthopyroxene, brookite, 
phlogopite, olivine, pyrope garnet, corundum- including 
sapphire and ruby -and chrome spinel). Zircon, garnet 
and sapphire also occur in the weathering products of 
basaltic pyroclastic deposits at Mount McLean, Hoskin's 
Vent and Tom's Hollow, in the Lakeland Downs area. 
Zircon, garnet and rare sapphire occur in the drainage 
system at Bull Hollow (Domagala et al. 1993). Tom's 
Hollow and Bull Hollow represent maars that have been 
infilled largely with .lacustrine sediments. Microprobe 
analyses indicate the spinels and garnets in the pyroclastic 
deposits associated wit~ these structures are kimberlitic 
and that the chrome diopside is probably· kimberlitic. 

Sapphires. hav~ been. recovered from. time to tfme ·during 
alluvial tin mining operations in the ·Cooktown Tinfield 
and from Campbell and Spear Creeks, which are tributaries 
of the Palmer River. 

Diamonds have been recovered from the East and West 
Normanby Rivers and Little Palmer River during alluvial 
gold mining operations. One 0.166 carat diamond, showing 
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marks of vigorous and lengthy transport, has been extracted 
from tin-bearing deep· leads near Herberton. 

Diamonds have been obtained from the alluvium of the 
Russell Deep leads, Little Beatrice River and headwaters 
of the Mulgrave River. These diamonds are small to very 
sma ll (<I carat). The largest one observed .was 
approximately 5 carats (A.D. Robertson pers. comm. 
1994). Exploration has failed to find any diamonds or 
indications ofkimberlitic material. The diamond potential 
of this region has not been fully tested by current models 
of diamond genesis as outline by Barron et al. (1994). 

Coal 
Little River Coal Measures 
The seams are in the Permian Little River Coal Measures 
and are up to 6m thick. However, they are steeply dipping, 
extensively deformed, faulted and slickensided. Rands 
(1893) concluded that the coal is of inferior quality and 
that the steep dip of the seams would make them 
uneconomical to mine. 

Mount Mulligan Coal Measures 
The coal seams are in the Late Permian Mount Mulligan 
Coal Meas ures. The sediments were deposited 
unconformably on the Hodgkinson Formation in a narrow, 
north-trending rift basin. The coal is a high-volatile, low
rank, high-ash variety within the bituminous range (Whitby 
1975). 

Normanby Formation 
The Permian Normanby Formation contains at least 30 m 
of shaly coal in the Little Oakey Creek to Deep Creek 
area, -30 km southwest ofCooktown. In general, the coal 
is of poor quality and has a high ash yield (Wells 1989b). 

Fluorite 
Most of the fluorite lodes in the region occur as prominent 
fissure veins cutting Palaeozoic granites, or to a lesser 
extent, Hodgkinson Formation rocks. The fluorite is 
generally massive and crystalline, and ranges from white 
to purple to green. Quartz-fluorite veins typically display 
multiple stages of brecciation and silica precipitation. 
Fluorite also occurs as a gangue mineral in many greisen 
veins in the Herberton-Mount Garnet area. Significant . 
fluorite reserves have also been identified in some of the 
skarn deposits. 

Iron 
Iron has been mined mainly for use as a flux in the 
Chillagoe and Herberton areas. The largest of these 
deposits is Mount Lucy, 4 km west of Almaden. This 
deposit produced 45 344 t of flux ore for the Chillagoe 
Smelters. The total production from this mine represents 
roughly 58% of the recorded output of flux-ore mines in 
the Chillagoe district. The deposit forms a thin capping 
on Mount Lucy, a low hill. Granite crops out on all sides 
of this hilJ and drill holes have intersected granite at shallow 
depths. The magnetite-haematite rock that was the focus 
of mining is separated from the granite in many places by 
garnet-wollastonite skarn rock. All of the deposits worked 
for flux in the Chillagoe area are skarns. 

Large amounts of magnetite-haematite ores were also 
produced from numerous deposits called the Copper Firing 
Line, near Herberton. These are in narrow fracture
controlled quartz veins. 
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Manganese 
The numerous manganese deposits in the Hodgkinson 
Province are probably of the volcanogenic-sedimentary 
style, mainly because they are commonly associated with 
chert (of exbalite origin?). The manganese was sourced 
from submarine volcanogenic exhalations. Most of these 
stratiform deposits have zones of secondary manganese 
enrichment, which was the focus of the historic mining 
activity. The deposits are all small and low grade. They 
are concentrated in the eastern part of the Hodgkinson 
Formation. 

Uranium 
There has been no mining of uranium minerals in the 
region, but numerous prospects containing radioactive 
minerals have been identified by exploration companies. 
All these prospects are in rocks bordering the main outcrop 
areas of the Featherbed Volcanic Group. The main 
prospects are Doolans Springs, Fishermans Waterhole, 
Graemes Anomaly and Pinchgut Pinnacle. 

Doolans Springs is located on Doolan Creek, a tributary 
of the Walsh River, and contains anomalous uranium 
mineralisation concentrated by natural processes around 
several active and abandoned cold water springs. These 
springs are surrounded by travertine deposits characterised 
by anomalously high radioactivity. The springs are on the 
faulted margin of the Featherbed Volcanic Group. Two 
sources for the uranium mineralisation have been proposed 
(McKay 1983). 

I. Leaching by groundwater of an uraniferous unit within 
the volcanic sequence. 

2. Leaching by ground water of a high-grade uranium-
rich lode. 

Fishermans Waterhole is located on the Walsh River, 13 km 
northeast of Chillagoe. The uranium is restricted to a small 
zone near the surface; no vein mineralisation was identified 
at depth in drill holes. Minor fluorite veinlets (to 2 mm) 
are present in areas of high radioactivity. This deposit is 
not considered to be economically significant because of 
the millimetre size of the fracture infillings that host the 
mineralisation. 

Secondary uranium minerals occur as coatings and cavity 
linings in a narrow shear (mylonite?) zone in sericitised 
micro-leucoadamellite at the Pinchgut Pinnacle prospect, 
12.5 km east of Chillagoe. · 

Uranium was reported from a tungsten mine on the bank 
of Pine Log Creek, 6.6 km northeast of Jrvinebank. 
Torbernite and a uranium-bearing carbonate occur in a 
quartz-biotite-muscovite rich pegmatite lens in a greisen 
zone. This occurrence was reported in 1953, when there 
was an Australia-wide initiative to document all known 
uranium deposits (Australian Atomic Energy Symposium 
1958). Small flakes ofU minerals also occur along joint 
planes in the Peacemaker tin workings, Herberton Mineral 
Field. 

Djmension Stone 
Several small slate quarries or pits have been excavated in 
Hodgkinson Formation rocks between the St George and 
Palmer Rivers. They are worked intermittently due to poor 
access in the wet season. The stone is marketed in the 
Cairns area as random and crazy pavers, and for 
landscaping (Trezise 1990). 
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Marble deposits in the Chillagoe district have been 
extensively quarried in the 1980s and 1990s for use as 
building stone. Marble deposits in this area are mostly 
massive and even grained. The coarse to very coarse
grained, saccharoidal marbles are commonly the coloured 
varieties (cream, gold, pink, silver-blue and blue), whereas 
the white marbles and pale to dark grey and black 1 imestone 
are fine-grained. The stone has low compressive strength, 
inherent weakness along grain boundaries, and low 
abrasion resistance (Spry 1986) which restrict its use to 
building interiors (e.g. as wall cladding). 

Small quantities of rhyodaci tic to rhyolitic ignimbrite are 
obtained intermittently from several small quarries in the 
Featherbed Volcanic Group, northeast of Emuford. The 
stone is used as pavers, flagstones and in retaining walls. 
Small amounis of granite have also been extracted from 
sites west of Mount Gamet for use as facing stone. Several 
other granites in the region are considered prospective for 
this commodity. 

Perlite 
Commercial quantities of perlite were discovered in 1986 
in the Early Permian Volcanics, -50 km northwest of 
Chillagoe. The deposit called the Nychum (or Wrotham) 
deposit is up to -6.5 km long, 3 km wide and 30 m thick. 
It is reasonably homogenous. The perlite has developed in 
a glassy, aphyric rhyolite lava flow. The deposit may contain 
as much as 700 Mt of perlite (Jones 1995). 

Other Commodities 
Concentrations of gallium (up to 16 ppm) have been 
reported in quartz-stibnite veins of the Herberton Mineral 
Field (Dash eta!. 1991 ). 

Rutile occurs as a minor component in a few quartz lodes 
in the tin mining areas around Herberton. The most 
significant occurrence is in the Herberton Hill Group (7963 
31 0764), 2.6 km eastsoutheast of Herberton, on the bank 
ofBradlaugh Creek. At this occurrence, euhedral crystals 
of rutile up to 12 mm long occur in a quartz pegmatite 
vein 150m long and 5 m wide, in coarse granite. 

Cadmium was detected by Great Northern Mining 
Comoration NL in the silver-lead-indium ores of the 

A small mica mine is located in the headwaters of 
Blood wood Creek, 6.4 km east of Emu ford. The mica is 
in the pegmatite core of a quartz greisen in the 'Bloodwood 
Granite'. Books of mica are up to 12 em across. Ten tonnes 
of mica were reportedly produced from this mine in 1958 
(Garrad 1991 ). 

Anomalous concentrations of nickel occur in lateritic soil 
profiles developed in a serpentinised, ultrabasic lens, 8 krn 
northeast of Julatten. This body is thought to have been 
tectonically emplaced. · 

A small amount of kaolinite has been mined from the 
summit area of Mount Lewis. The deposit is probably an 
eluvial/alluvial accumulation of clay from the 
decomposition of the ~?u~t.~a!bine Granit~. 

Bismuth occurs as a minor element in most tungsten
bearing greisen zones but only two occurrences yielded 
> l% B j when assayed. These are: 

I. Zaro No. 2, a tungsten and copper-rich greisen vein, 
J 0. 7 km westsouthwest of Irvinebank; and 
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2. Unnamed 014674, a quartz-greisen rich in topaz, iron 
and tungsten, 8.9 krn westsouthwest oflrvinebank. 

Significant quantities of bismuth have been mined from 
Wolfram Camp and Bamford Hill (see earlier Tungsten 
section). Lesser amounts have been produced from 
complex sulphide ores or tungsten-bismuth ores mined in 
the Herberton Mineral Field (e.g. Vulcan, General Gordon). 
The mines of the Glen group, 13 km southwest of 
Irvinebank in the Herberton Mineral Field, were the main 
producers of bismuth as a by-product. These m.ines worked 
flat-lying greisen lodes containing topaz, wolframite, 
arsenopyrite, bismuthinite, chalcopyrite, fluorite and quartz 
(Blake 1972). The greisens formed along flat-lying joints 
in the granite and are connected via vertical greisen pipes. 

Indium has been detected in numerous workings and 
prospects in the Herberton Mineral Field. It was recorded 
as a significant trace element in cassiterite in the Herberton 
area (Dash eta!. 1991; Greaves et at. 1971) and occurs in 
sub-economic concentrations in the UNA tin-copper
silver mines, the Montalbion silver-lead mines .and the 
Orient Camp silver-lead mines. All higher grade copper
tin-silver mineralisation in the UNA Group contains 
indium at levels of 40--60 g/t (Dash et al. 1991 ). Indium is 
present in some of the Orient Camp West workings in 
concentrations of up to 120 g/t, mainly in· sphalerite, 
stannite, chalcopyrite, cassiterite or sulphosalts of Sn, Pb, 
Cu, or Sb. Jt rarely occurs as discrete minerals such as 
indite (Fe In S4), roquesite (Cu In S2), sakuraiite ([Cu,Agh 
[In,Sn] [Zn,Fe] S4) and dzalindite (In[OH)3). 
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Table 7.2. Summary of predominantly sedimentary rock units, Cairns Region (compiled by RJ Buhitude). 

1·unit Co'!stilu~nt Unfis ~hf{J' ·T~~ness ,'Environment of 
I .Deposition 

Linle River Medium to lhick- Probably Shallow water, Ouvial 
Coal bedded, fine to coarse- <IOOOm: and/or lacusaine 
Measures grained, quan1.ose to difficuh to deposits: arenites 

sublabile, feldspathic, estimate locally display trough 
lithic sandstone, thin to due to the cross-bedding and 
medium-bedded deform- current bedding: 
siltstone, cleaved shale ation locally, the orien tations 
(commonly of the cross-beds 
carbonaceous). indicate reversals in 
mudstone; minor current direction, 
impure coal, siliceous typical of a shallow-
thin-bedded mudstone, water, lraction·current 
impure limestone environment 

Mount Four irregulary Conglomerate, pebbly -450 m Fluvial- lacustrine-
_Mulligan distributed informal sandstone, eslUarine: plant fossils 
Coal subunits delineated lithofeldspathic indicate a sub-tropical 
Measures sandstone. siltstone; or tropical climate: 

minor mudstone, presence of coal seams, 
shale, (carbonaceous) fossil plants, washouts, 
claystone. coal, silty channels. current 
coal, breccia bedding, abrupt lateral 

facies changes, and 
local abundance of 
conglomerate indicate 
the sediments were 
deposited in a mature, 
continental 
environment 

Silver Valley Purplish brown to -90m Siliciclastic sediments 
Conglomerate brown, coarse. probably deposited in 

polymictic an alluvial fan and 
conglomerate, with braided stream system: 
interbedded tuffaceous some of the volcanic 
sandstone lenses: detritus probably 
minor rhyolitic deposited directly on 
ignimbrite, air-falltuff, the alluvial fans as 
laminated to thin· air-fall tuff and 
bedded. carbonaceous pyroclastic now 
sandstone and deposits: the thin-
sihstone bedded to laminated 

sandstone and siltstone 
may represent 
lacustrine dePQsits 

Age and EvUJtnce '-k~ons~.ips_ ---~~ 

~ 

uue Permian (J.F. Rigby Fauhed against the Yambo 
pers. comm. 1995); Metamorphic Group to the 
the finer grained rocks west, and the Mulgrave 
contain abundant plant and Chillagoe Formations 
fossils; Glossopteris to the east: locally cut 
browniana. G. indica, G. by thin quanz viens 
ougustifolia, Verrebraria 
indica. Schhoneura 
australis. Rhacopteris 
sp. have been reponed 

Mid-Late Permian: Unconformably overlies 
sequence contains Hodgkinson Formation 
abundant plant fossil in 
places 

Late Carbonifemus- Unconformably overlies 
Early Permian plant Hodgkinson Formation 
fossils relatively common rocks; faulted against and 
in upper pan of unit overlain, apparently 

conformably, by the Glen 
Gordon Volcanics 

.Distribution :;;;~~ 

Faulted, elongate north ITC.nding 
lens, in a nonh-s1riking 
depression up to -2 km wide 
and >20 km long, adjacent 
to the Palmerville' Faull: 
located north of the Palmer 
River in the area around 
Fairlight homes tead 

Small ( -8 krn1) outlier in the 
Silver Valley, southwest of 
Herbenon 

!iefe_r~r:tes. '""" --
.-~ ... 

Hann ( 1873a,b): 
Jack ( 1882), 
de Keyser & Lucas ( 1968): 
BultilUde & Donchak ( 1992) 

de Keyser & Lucas (1968); 
Rigby in press, 
Oversby et al. in press 

Best ( 1962a); 
de Keyse.r & Lucas ( 1968): 
Blake ( 1972); 
Rigby ( 1973): 
Oversby ( 1985) 
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Unnamed 
(Cs) 

Quad roy 
Conglomerate 

Molloy beds 

Hodgkinson 
Formation 

-· ··~- ·-- ·---- -

Grey to brown, medium 
to very coarse, 
feldspathic arenite 
(commonly pebbly), 
pebble conglomerate, 
conglomeratic arenite 

Massive, coarse. 
polymictic 
conglomerate, with 
clasts up to -2 m, 
conglomeratic 
feldspathic arenite, 
feldspathic arenite; 
minor sedimentary 
breccia 

Green to dark greenish 
grey, laminated to 
thin-bedded, 
rhythmically 
interbedded, fine to 
coarse-grained arenite, 
siltstone, and dark 
green or dark grey to 
black mudstone 

Kitoba Member, OK Labile arenite, mudstone; 
Member, Larramore minor chen, metabasalt, 
Metabasalt Member, conglomerate, 
several informal conglomeratic arenite, 
subunits quartzose arenite, 

siltstone, hematitic 
mudstone, shale, 
ferruginous chert, 
(andalusite-) mica 
schist, phyllite; rare 
limestone, cordieritc-
bearing hornfels; 
calc-silicate rocks, 
talc-carbonate schist 

------·-- ·-- ·-- ··--

-50m Most probably a 
nuviatilc or lacustrine 
deposit 

-100m Proximal fan adjacent 
to an active fault scarp; 
derived mainly from a 
source similar to rocks 
west of the Palmerville 
Fault, with minor input 
from the Hodgkinson 
Province; extensively 
ferruginised clasts 
suggest a non-marine 
or marginal-marine 
environment 

Maximum Well-developed 
exposed rhymthmic layering 
thickness implies the rocks 
of-150m; represent distal marine 
unit is or lacustrine turbidity-
more than current deposits 
235 m 
thick in 
strati -
graphic 
bore-hole 
GSQ 
Mossman 1 

Uncertain; Mainly deep-water 
probably marine (sublittoral or 
several bathyal) turbidity-
thousand current deposits; local 
metres shallowing resulted in 

isolated carbonate 
build-ups; trace fossils 
indicative of relatively 
deep water have been 
found in some fine-
grained arenites and 
mudstones; some 
olistosttome and debris 
now deposits reported 
from scanered local ities 

Late Carboniferous Unconformable on 
Hodgkinson Formation, 
and overlain, probably 
unconformably. by andesite 
of unit Cad and by the 
Wallaroo rhyolite 

Very Late Devonian or, Bounded by the 
more likely, early Palmerville Fault to the 
Carboni ferous locally west and the Mulgrave 
(northwest of Chillagoe) Formation to the east; 
contains clasts of Early contact between Quadroy 
Devonian limestone Conglomerate and 

Mulgrave Formation is 
mainly faulted, with 
discontinuous lenses of 
melange- former 
apparently unconformably 
overlies the Iauer locally 

No fossils found: inferred Faulted against the 
to be Late Devonian or Hodgkinson Formation; 
early Carboniferous eastern outcrops are 

intruded by the Mount 
Formartine Granite of 
probable Early Permian 
age; sequence south of 
Mount Molloy intruded 
subsurface by sills or 
dykes of dolerite and 
microgranite (sensu lata) 

Unit sparsely fossiliferous; Interpreted to' conformably 
corals and conodonts from overlie the Chi llagoe 
rare limestone lenses and Formation (- the contact 
from clasts in conglomerate is faulted in most places); 
indicate age range from intruded by Carboniferous-
Early Devonian (Lochkovian), Permian granites, some of 
or possibly late Silur ian, to which (e.g., the Cannibal 
Late Devonian: radiolaria Creek Granite) have well-
from chert lenses imply a developed metamorphic 
Late Devonian age aureoles 
(Famennian); meandering 
trace fossils (including 
Dicryodora, Helmintlwida, 
and Paleodictyon) of the 
Nereites ichnofacies locally 
common in mudstone and 

·fine-grained areni te 

Small area - 13 lull northwest 
of Wolfram Camp 
(abandoned site) 

Discontinuous, mainly 
fault-bounded lenses, 
adjacent to the Palmerville 
Fault, from the northwest of 
Chillagoe almost to the 
Palmer River 

Unit forms north trending belt 
(-I 0 km1), extending south of 
Mount Molloy area; similar 
rocks of unknown extent 
are also poorly exposed at 
GR 3385 816 15 (Rumula 
I : I 00 000 Sheet area) 

Very eJttensive unit, 
up to -500 km long and 
-150 lull wide in the Cairns-
Cooktown- Palmer River; 
area forms most of the 
northern Tasman Fold Belt 

Mackenzie (1993); 
Mackenzie et a!. ( 1993) 

Fawckner ( 1981 a); 
Shaw et al. (1987); 
Bultitude et al. ( 1993b) 

Cranfield ( 1990) 

de Keyser & Lucas ( 1968); 
Bultitude et al. ( 1990, 1993b, 
1995, 1996) 
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Ta ble 7.2. Summary of predominantly sedimentary rock units, Caims Region (compiled by RJ Bultitudc). (Continued) 

I 
Unit 

Chillagoe 
Formation 

Mountain 
Creek 
Conglomerate 

Constituent{Unils 

Several informal 
lithological subunits 
delineated 

,Lith'Sfo~; • :""" :thickness . ... ~ ~ 

Limestone, chen, 
metabasalt, 
quanzofeldspathic 
arenite; subordinate 
mudstone, siltstone, 
conglomerate, 
conglomeratic 
arenite, limestone 
breccia (mainly 
tectonic); minor calc· 
silicate rocks; rare 
quan zose arenite 

Mainly pebble 10 

boulder conglomerate. 
with subordinate 
interbedded arenite; 
minor basal limestone 
with interbedded 
quanzose arenite and 
conglomerate 

E~vironment of' 
trieposition 

Limestones and some 
chens probably formed 
isolated ramps and 
mounds. possibly on the 
upper pans of fault 
blocks which marked 
the sites of half-grabens 
in an extcnstional basin; 
tidal and shoreline 
facies have not been 
recognised; water 
depths ranged from 
below storm-wave 
base to very shallow 
(above fair-weather 
wave base) during 
deposition of the 
limestones in the 
Mungana area; 
a~sociated radiolarian 
chens and arenites 
were deposited in deep 
water (subliuoral or 
bathyal, below 
storm-wave base) 

Basal limestone 
deposited in shallow 
water; in contrast, 
overlying siliciclastic 
sedi mcnts deposited 
below storm-wave base 
by density currents 

Fossils common in the 
limestones; conodonts 
indicate an early Silurian 
(Liandovery)-Early 
Devonian (Emsian) age 
range 

Fossils from basal 
limestone include tabulate 
corals, crinoids, algae 
(Venniporella sp.), 
gastropods. ostracodes, 
byrozoa, trilobites, 
oncolites. conodonts; 
conodonts have a late 
Ordovician (Richmondian) 
age; a silicic volcanic clast 
from overlying 
conglomeratic part of unit 
has a SHRIMP age of 
455± 5 Ma 

'l&laiio;';hips. , .. ,.::~; 

-~· ... .. '"'-

Generally fault bounded; 
may have originally 
unconformably overlain 
the Mountain Creek 
Conglomerate and older 
units; interpreted to be 
conformably overlain by 
the Hodgkinson Formation; 
locally !?~t by sills? and 
dykes of dolerite; 
apparently conformable 
intervals typical of the 
Chillagoe and 
Hodgkinson Formations 
are preserved in several 
fault slices; transition 
between such intervals 
commonly marked by a 
promi nent conglomeratic 
sequence; unconformably 
overlain by the Featherbed 
Volcanic Group and 
Nanyeta Volcanics 

Faulted against the 
Mulgrave Formation; 
interpreted to be 
significantly younger than 
the Mulgrave Formation 
and separated from it by a 
major unconrormity
clasts or quanz-veincd 
quanzose arenite similar 
to those in the Mulgrave 
Formation are common in 
the Mountain Creek 
Conglomerate 

1Distribution• 
It 

Forms a northwest to nonh 
striking belt. up to - 10 km 
wide: belt essentially 
parallels the nearby 
Palmerville Fault to the west 
and extends (discontinuously) 
more than 150 km. from near 
Mount Gamet in the south 10 

the Kennedy River in the 
nonh 

Forms discontinuous nonh
striking lenses up to -7 km 
long and 300 m wide. 
adjacent to the Palmerville 
Fault in the far nonhwest of 
the Hodgkinson Province; 
mainly in the Mountain 
Creek area. cast of Mount 
Mulgrave 

Bultitude e1 al. ( 1990, 
1993b, 1995, 1996); 
Bemecker (1993) 

Fnwckner (1981a); 
Bultitude et a.l. ( 1990, 
J993b, 1996); 
Bultitudc & Donchak (1992) 
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Van Dyke Greenish-grey to Belts range Probably deposited by 
Litharenite khaki, medium to from turbidity currents in a 

coarse-grained, lithic -400m to deep-water, marine 
arenite (quartz- 1000 min environment 
intermediate greywacke), width, but 
and dark grey shale and accurate 
siltstone; minor thickness 
quartzose arenite, estimates 
hematitic shale, jasper, cou.ld not 
feldspathic arenite, be made 
conglomeratic because of 
feldspathic arenite; extensive 
rare silicic lava imernal 

folding 
and 
faulting 

Mulgrave Several informal Fine-to medium-grained, Unit has a Arenites formed by 
Formation subunits delineated; moderately to poorly maximum rapid deposition 

western part of the sorted, quartzose width of (mainly by density 
formation informally arenite; subordinate -4 km currents) in a deep 
referred to as Palmer interbedded metabasalt. (tectonically marine environment; 
River formation by mudstone, siltstone. thickened), basic lava flows may 
Bultitude & Donchak ~hale, minor haem•tilic but the indicate rifting; 
(1992) shale, chert, jasper, maximum sil iciclastic detritus 

pebbly arenite exposed derived from a mature 
thickness cratonic source of 
may be subdued relief, or from 
<1000 m recycling of detritus 

previously derived from 
such a source 

Undivided Thin to medium- -200m Marine 
Hodgkinson bedded, quartzose 
Province arenite, mudstone: 
rocks minor massive~ 

recysta lli sed limestone, 
chlorite schist 

No diagnostic fossils found; Faulted against and 
may be equivalent to unconformable? on the 
the compositionally Mu!grave Formation 
similar Mountain Creek 
Conglomerate (late 
Ordovician) exposed to the 
north 

No diagnostic fossils Bounded by the Palmerville 
found: older than the Fault or faulted against and 
overlying late Ordovician locally unconformably 
Mountain Creek overlain by Quad roy 
Conglomerate: regarded Conglomerate; 
as most probably early- unconformably overlain 
middle Ordovician locally by the Mountain 

Creek Conglomerate (late 
Ordovician) and the Van 
Dyke Litharcnite, faulted 
against the Chillagoe 
Formation to the cast; cut 
by numerous thin quartz 
veins 

Uncertain; Forms a thin fault-bounded 
Ordovician ?-Devonian? lens enclosed within Yarnbo 

Metamorphic Group. wesl 
of the Palmerville Fault 

Two narrow, discontinuous, 
north-trending belts which 
extend for -20 km adjacent 
to the Palmerville Fault. 
between the Mitchell and 
Palmer Rivers (in the Little 
Mitchell River area) 

Semi-continuous north· 
trending belt adjacent to 
western margin of 
Hodgkinson Province, from 
near Chillagoe to north of 
Palmer River- belt ranges 
from >100m wide in the 
south to >4 km wide 
between the Mitchell and 
Palmer Rivers: several 
smaller belts also tectonically 
interleaved with the Chillagoe 
Formation in the Palmer 
River area 

Forms a north-trending lens. 
up to -200m wide, west of 
the Palmerville Fault, around 
GR 1886 82129 (Maytown 
I: I 00 000 sheet area) 

Fawckner ( 1981 a); 
Bultitude & Donchak (1982); 
Bultitude et al. (1993b, 1996) 

Fawckner (198Ja); 
Bultitude et al. ( 1990, 1992, 
1993b, 1996) 

Bultitude & Donchak (1992): 
Bultitude et al. (1993b, 1996) 
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Table 7.3. Summary of Volcanic Units. Cairns Region (compiled by RJ Bultitude). 
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Nychum 30 informal subunits Aphyric to slightly -250m Volcanic rocks erupted Early Permian Unconformable on rocks Unit mainly occupies area Morgtlll (1974): 
Volcanics delineated on Bellevue porphyritic rhyolite; subaerially, in a 277 ± 4 Ma (U-Pb, of the Hodgkinson and (-290 km2

) nonh and Bailey et al. ( 1982); 
Region map - many rhyolitic ignimbrite: terrestrial environment zircon, SHRIMP) Chillagoe Formations, the nonhwest of Nychum Bultitude & Domagala 
more delineated on the rhyolitic tuff, lapilli Wotan Granodiorite, the homestead, in the area ( 1988); 
photo-scale tuff; volcanic breccia; NightOowcr Dacite. and around Elizabeth Creek Bultitudc et al. ( 1995) 
compilation sheets volcanic conglomerate, lavas of the Wakara 

sandstone and Volcanic Subgroup; cut by 
mudstone; massive to numerous dykes of 
moderately rhyolite to andesite (rare) 
amygdaloidal, 
equigranular or aphyric 
to highly porphyritic 
basalt, andesite and 
dacite; minor obsidian, 
vitrophyre 

Normanby Contains 4 informal Fine to coarse-grained, < 1000m Graben fill- mainly Permian (plant fossils Unconformably overlies or Forms several elongate, de Keyser & Lucas ( 1968); 
Formation subunits quartzose sandstone; terrestrial including Glossopteris spp. faulted against Hodgkinson narrow (up to -2 km wide), Jorgensen ( 1990); 

pebble to cobble and Gangamopteris spp. Formation rocks; fault-controlled belts Bultitude et al. (1991); 
polymictic conglomerate; common) unconformably overlain by extending for -20 km from Donchak et al. (1992); 
aphyric to slightly the Dalcymple Sandstone Kings Plains to the valley Domagala et al. (1993) 
porphyritic rhyolite: (Laura Basin) and by basalt of the East Normanby River; 
rhyolitic ignimbrite; lava nows of the Cainozoic also forms scattered outcrops 
andesite and andesitic McLean Basalt; locally cut -4 km southwest of Dingo 
tuff; subordinate basalt, by dolerite dykes or si lls Hill, in the Mount Barnett 
rhyolitic tuff, lapilli tuff area, and west of Cooktown 
volcanic breccia, 
sandstone, siltstone, and 
mudstone; minor coal, 
carbonaceous mudstone, 
impure limestone 

Slaughter Slightly porphyritic, now >100m SubaeriaVterrestrial Early Pennian? Unit intruded by the Elliptical area (-so km2) Best (1962); 
Yard Creek banded, rhyolitic lava, Watsonville Granite, and is between Herbenon and Branch ( 1966); 
Volcanics and highly porphyritic unconformable on and/or Watsonville Sheraton (1974); 

microgranite and intrudes the Jumna and Sheraton & La bonne ( 1978) 
intrusive rhyolite; Saint Patrick Hill Granites 
minor conglomerate/ and Kalunga Granodiorite 
breccia 
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Walsh Bluff 
Volcanics 

Wakara 
Volcanic 
Subgroup 
(Featherbed 
Volcanic 
Group) 

Djungan 
Volcanic 
Subgroup 
(Featherbed 
Volcanic 
Group) 

Yongala 
Volcanic 
Subgroup 
(Featherbed 
Volcanic 
Group) 

Two informal 
subunits recognised 

Rackarock Rhyolite 
Ticklehim Rhyolite 
Gavin Rhyolite 
Stuarts Rhyolite 
Wollenden Rhyolite 
Numerous un-named 
units 

Lumma Rhyolite 
Lighming Creek 
Rhyolite 
Unit Pdd 
Unit Pdc 
Aroonbeta Rhyolite 
Scruffiem Rhyolite 
UnitPd 

Arringunna Rhyolite 
(with 2 informal 
subunits) 
Combella Rhyolite 
Fisherman Rhyolite 

Buff, greenish grey, or >600?m Subaerial/terrestrial 
dark grey, welded, 
rhyolitic ignimbrite; 
minor rhyolitic lava, 
quartzose sandstone 
(below main, 
uppermost ignimbrite 
sheet), volcanic 
breccia, tuff 

Rhyolitic ignimbrite; - 1500-
minor vitrophyre -2000? m 
volcanic breccia, 
tuff. and slightly 
porphyritic to 
aphanitic rhyolite to 
dacite 

Rhyolitic ignimbrite -2000 m Mainly massive-. 
and minor lava; rare subaerial, pyroclastic 
dacite flow deposits 

Rhyolitic ignimbrite; -2500- Volcanic rocks erupted 
rhyolitic lava; 3000m and deposited 
rhyolitic tuff; subaerially (mainly 
sandstone and as pyroclastic flows) 
siltstone; vitrophyre 

Early Permian? Unconformable on or 
faulted against the Atlanta, 
Sainr Patrick Hill, and Lass 
O'Gowrie Granites and 
Hodgkinson Formation 
rocks; cut by felsic dykes 
of the Parada Dyke Swarm, 
and by the Early Permian 
Watsonville Granite; 
unconformably overlain 
by the Atherton Basalt 

Early Permian 
278 ± Ma (Rb-Sr) 

Early Permian Mainly ring-dyke/fault 
281 ± 2 Ma (Rb-Sr) bounded; apparently 
-280 Ma (Rb-Sr) unconformably overlies 

Fisherman Rhyolite; 
locally overlain by unit 
Pwb1 of the Wakara 
Volcanic Subgroup; 
im .. n,;ded by the Oustle.m 
Microgranite, unit Pm 

Early Permian Mainly ring-fault/dyke 
288± 17 Ma, . bounded; unconformably 
290 ± 12 Ma (Rb-Sr) overlies the James Creek 
284 ± 4 Ma (Rb-Sr) Granite, Rock Hole 

Rhyolite (Boonmoo 
Volcanic Subgroup) and 
units of the Tennyson and 
Timbertop Volcanic 
Subgroups: locally 
unconformably overlain by 
the Sruarts and Wollenden 
Rhyolites (Wakara 
Volcanic Subgroup); and 
by uniL~ of the Djungan 
Volcanic Subgroup; cut by 
the Lags and B ustlem 
Microgranites, St Helena 
Monzogranite, Maneater 
Granodiorite, Little 
Watson Granite, and 
by numerous dykes of 
rhyolite and dacite, as 
well as rare andesite 

Prominent outcrops 
(-230 km2; nonhem end of 
Glen Gordon Cauldron) 
between Atherton and Collins 
Weir (on the Walsh River) 
to the west 

Forms the nonhwest lobe 
of the Featherbed Range 

Forms northeast part 
(-350 krn2

) of the Featherbed 
Range 

Main component of the 
Featherbed Range- a belt of 
rough, hilly to mountainous 
country between Dimbulah 
and Chillagoe 

Branch ( 1966); 
Blake ( 1972); 
Sheraton ( 1974); 
Sheraton & Labonne (1978) 

Mackenzie ( 1993); 
Mackenzie et al. ( 1993) 

Mackenzie ( 1993); 
Mackenzie et al. ( 1993) 

Branch ( 1966); 
Mackenzie (1993): 
Mackenzie et al. ( 1993) 
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Table 7.3. Summary of Volcanic Units , Cairns Region (compiled by RJ Bultjtude). (Continued) 

Timber Top 
Volcanic 
Subgroup 
(Featherbed 
Volcanic 
Group) 

Ja'mtin 
Rhyolite 
(Featherbed 
Volcanic 
Group) 

Wallaroo 
rhyolite 
(Featherbed 
Volcanic 
Group) 

Tennyson 
Volcanic 
Subgroup 
(Featherbed 
Volcanic 
Group) 

Boon moo 
Volcanic 
Subgroup 
(Featherbed 
Volcanic 
Group} 

Breccia Creek 
Rhyolite, Controversy 
Hill Rhyolite, plus 6 
unnamed units 

Contains six informal 
subunits 

Three informal 
subunits recognised 

Lappa Rhyolite 
Allsons Rhyolite, 
(with 3 informal 
subunits) 
Dalnoner Dacite 

Rock Hole Rhyolite 
Theodolite Rhyolite 
Verdure Andesite 
Adder Dacite 
Hopscotch Rhyolite 
Muirson Rhyolite 
Eureka Rhyolite 
Bluewater Rhyolite 
Cummins Rhyolite 
Orient Rhyolite (with 
4 informal subunitS) 
Bedlog Rhyolite 

Rhyolitic ignimbrite 
and lava 

Pink, pinkish-grey, or 
pale to dark grey, 
welded, crystal-poor 
to crystal -rich dacitic 
to rhyolitic ignimbrite 

White, buff, brownish 
grey, or pale grey, non· 
welded to welded, 
lithics-free to -rich, 
crystal-poor to -rich, 
rhyolitic ignimbrite; 
minor slightly 
porphyritic rhyolitic 
lava. rhyolitic tuff, 
volcanic breccia 

Rhyolitic ignimbrite: 
dacitic ignimbrite; 
rhyolitic lava; 
andesite and rhyolitic 
tuff; minor sediments 

Rhyolitic ignimbrite 
with lesser dacitic, 
rhyodaci tic and 
andesitic ignimbrite; 
dacitic and andesitic 
lavas; minor tuffs; 
minor sediment 

280-480 m Subaerial/terrestrial 

-3000m 

-250m 

-403 m 

Unit represents 
sequence of subaerial 
now deposits 

Subaerial/terrestrial 

SubaeriaVterrestrial 

Late Carboniferous to 
Early Permian 

Late Carboniferous 
301 ± I I Ma (Rb-Sr) 

Late Carboniferous 

Late Carboniferous 

-2950 min Mainly subaerial silicic Late Carboniferous 
west and pyroclastic flows 304 ± 4 Ma (Rb-Sr) 
-2000m in 306 ± 3 Ma (Rb-Sr) 
east 

Separated from the 
Djungan Volcanic 
Subgroup by a ring fault· 
dyke system; overlain by 
Late Permian Mount 
Mulligan Coal Measures 

Unconformable on the 
Chillagoe Formation; 
extensively intruded by 
granites of the Almaden 
and Ootann Supersuites 
and by rhyolite dykes 

Overlies andesite (unit 
Cad) and epiclastic 
sedimentary rocks (unit 
Cs) of the Featherbed 
Volcanic Group, either 
conformably or 
disconformably; 
unconformable on 
Hodgkinson Formation 
rocks; intruded by 
rhyolite dykes 

Unconformable on 
Hodgkinson Formation 
rocks; also overlies 
Boonmoo Volcanic 
Subgroup in places; 
overlain locally by 
Fisherman Rhyolite; 
intruded by Lags 
Microgranite, Petford 
Granite, rare rhyoli te 
dykes, and plug of olivine 
basalt (Cainozoic) 

Unconformity with 
Hodgkinson Formation 
well exposed around 
margins; intruded by 
Atlanta, Bamford. Borneo, 
Gibbs, Hales Siding, 
Halpin, Lass O'Gowrie and 
Petford Granites, Retire 
Monzodiorite, Bock and 
Solanum Granodiorites, 
Cottell Rhyolite 

Adjacent to the northern and Mackenzie et al. ( 1993) 
western margins of the Mount 
Mulligan massif 

Northwest-trending 
belt ( -38 km') adjacent to 
western margin of 
Featherbed Caldera; also 
forms a small lens at Chillagoe 

Small area (3 .5 km1) -14 km 
northwest of Wolfram 
Camp (abandoned site) 

Elliptical area (Tennyson 
Caldera) (-50 kmt} -15 km 
southeast of Almaden 

Elliptical area ( -650 km' ) 
between lrvinebank and 
Almanden; forms southeast 
part of the Featherbed 
Range 

Mackenzie ( 1993): 
Mackenzie et al. ( 1993) 

Mackenzie ( 1993); 
Mackenzie et al. ( 1993) 

Mackenzie ( 1993); 
Mackenzie et al. ( 1993) 

Mackenzie ( 1993); 
Mackenzie et al. (1993) 
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Redcap Dacite Consists of four Medium to very dark -3600 m Subaerial pyroclastic Lace Carboniferous 
(Feacherbed mappable subunits grey, welded, flow deposics 
Volcanic (unnamed) moderacely cryslal-poor 
Group) co very cryscal-rich, 

rhyolicic co andcsitic 
ignimbrice 

Doolan Creek Consists of a relacively Grey 10 dark greenish- -200m? Mainly subaerial Lace Carboniferous 
Rhyolice silicic lower part and a grey, and dark grey, pyroclastic flow 
(Featherbed more basic: upper pan, moderacely cryscal-rich deposics 
Volcanic which have been 10 very crystal-rich, 
Group) delineated as informal lilhics-poor, dacitic? co 

subunits rhyolitic ignimbrite: 
excensively 
recryscall iscd 

Beapeo Consists of a relatively Pale to dark grey. -300m Mainly as subaerial, Late Carboniferous 
Rhyolite sil icic lower pan and a lithics-poor to -free, pyroclascic flows 
(Feacherbed more basic upper part moderaccly cryscal-rich 
Volcanic Group) 10 very crystal-rich. 

dacicic to rhyolicic 
ignimbrile 

Boxwood Grey co dark grey, -100m Volcanic rocks erupted Lace Carboniferous 
Volcanics welded, lithics-poor subaerially; che rare -301 Ml! (Rb-Sr) 
(Feacherbed co lilhics-free, sedimems may have 
Volcanic cryscal-rich, dacitic been deposiled in a 
Group) 10 rhyodacitic fluviatile environ men! 

ignimbrite; subordinale 
porphyritic dacice-
rhyoli!e? lava; minor 
medium-ash cryslal luff; 
rare sandscone, 
conglomerate/breccia 

Nighcflower Four unnamed units Dacicic ignimbrile; -300m SubaeriaVcerrestrial Late Carboniferous 
Dacice lesser rhyolicic 308 ± 4 (Rb-Sr) 
(Feacherbed ignimbrice; breccia 
Volcanic 
Group) 

Unic Cad Very dark grey. fine- ? Terrestrial Late Carboniferous 
(Feacherbed grained, slighcly 
Volcanic porphyricic. 
Group) pyroxene-biotite-

hornblende andesile 

Faulted againsc and 
apparenlly unconformable 
on Hodgkinson Formacion 
rocks; in!rllded by che 
Ruddygore and Belgravia 
Granodiorites 

Unconformably overlies 
Hodgkinson Formacion 
rocks; cxcensivcty intruded 
by the Ruddygore 
Granodiorite and 
Bungabilly Granite, as well 
as by dykes and pods of 
rhyolicc and 'diorite' 

Unconformable on 
Hodgkinson Formacion; c:ul 
by !he Worcescer Granice 
and Bullaburra Granodiorice; 
probably also predates the 
James Creek Granile 

Unic crops oul wichin the 
Boxwood Ring Complex 
of Branch (1966 ), and !he 
Boxwood Cauldron of 
Mackenzie et al. ( 1993) 
unconformable on 
Hodgkinson Formacion, 
and cue by !he 
Sunny moun! Granodiorice, 
Indicator Graoice and 
rhyolite dykes 

Overlies che Hodgkinson 
Formacion unconformably 
and is overlain 
unconformably by the 
Nychum Volcanics; in 
fauhed concacc with che 
Wakara and Djungan 
Volcanic Subgroups 

AI leas! partly intrusive 
(into Hodgkinson 
Formation, Wallaroo 
rhyolice, and possibly 
unit Cs) - unic is 
concinuous with a vertical, 
NE-lrending dyke of 
generally coarser grained 
andesite 

Triangular area (-18 km2
) 

- I 0 km northwest of 
Chillagoe 

Two small irregularly shaped 
areas ( -15 km2

) on the 
nonheasl and southwest 
sides of the Doolan 
Creek Ring Complex of 
Branch ( 1966), in the Walsh 
River area. -16 km 
northwest of Chillagoe 

Scattered outcrops ( - 15 ~m2) 

becween Wolfram Camp mine 
and the Little River lo the 
nonhwesc 

Circular area (-30 km2
), 

-20-28 km soucheasl of 
Almaden 

Occupies an area of aboul 
27 kml along Elizabech 
Creek, 1-12 km southeasc 
of Nychum homestead 

Thin lenses -13 km 
nonhwesc of Wolfram Camp 
(abandoned sice) 

Branch ( 1966) ; 
Mackenzie ( 1993); 
Mackenzie ec al. (1993) 

Branch (1966); 
Bulliwde & Domagala 
(1988); 
Mackenzie ( 1993); 
Mackenzie ct al. (1993) 

Mackenzie ( 1993); 
Mackenzie ec al. (1993) 

de Keyser & Wolff ( 1964); 
Branch ( 1966); 
Sheracon & Labonne ( 1978); 
Black (1980); 
Mackenzie ( 1993); 
Mackenzie el al. ( 1993) 

Mackenzie ( 1993) 

Mackenzie ( 1993); 
Mackenzie cc al. ( 1993) 
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Table 7.3. Summary of Volcanic Uni lS, Cairns Region (compiled by RJ Bultitude). (Continued) 

;':;iJJ'ii •r-•:'1 ConSJiliilitt'U:Us~ - ~ ~i7illi""tw1;1':1~ V"t''"~"" 1 'Utr ·::17~,.. 

ilf~rmlff.{"!-~ ,, 
. I 1Ck:1~: 

~ J l Ji .... ' ' ~ -~ ... .u .•i~.~~~ ~ ~ 
:jf-= . 

rQ.if 'QriJw.)ff.' · • . ' •. l ' • -6._~-.11 ....,~,.,~ .. 
UoitCs Grey to brown, medium -50m Most probably a 
(Featherbed to very coarse. nuviatile or lacustrine 
Volcanic fcldspathic arenite deposit 
Group) (commonly pebbly), 

pebble conglomerate, 
conglomeratic arenite 

Glen Gordon Crystal-poor to >300m Volcanic rocks erupted 
Volcanics moderately crystal-rich, in a subaerial 

lithics-poor to lithics· environment 
rich. dacitic to rhyolite 
ignimbrite, and rhyolitic 
to dacitic lava; minor 
high-Si02 andesite, 
tuff, volcanic breccia, 
trachyte?, and volcanic 
conglomerate/breccia, 
sandstone, siltstone. 
and shale 

Wallaman Dacitic to rhyolitic >450m Terrestrial. subaerial 
Falls ignimbrite and lava; volcanics 
Volcanics minor andesite, trachyte, 

tuff, volcanic breccia, 
porphyritic mgrt. 

Obree Point Slightly to highly >250m Terrestrial nows and 
Volcanics porphyritic, dacite lava pyroclastics 

- commonly now 
banded and locally 
autobrecciated; 
subordinate andesite 
lava, boulder 
conglomerate. andesitic 
to dacitic tuff, lapilli 
tuff, volcanic breccia, 
fine-grained to pebbly 
volcaniclastic 
sedimentary rocks 

Volcanic rocks Volcanic brecccia, >lOOm Terrestrial, subaerial 
in the Cape dacitic to andesitic tuff, volcanics 
Tribulation area argillaceous siltstone 

Little Forks Fine-grained. ? Subaerial volcanics 
Volcanics porphyritic rhyolite 

and microgranite 

'!AYe7jndiE .. i%!!.ce, ~~ ~~J!ttilip$r1 ·; ~~ 

t.J'"h .......... : ..... .. ~ ~ .....!'1 L 1 

Late Carboniferous Unconformable on 
Hodgkinson Formation, 
and overlain, probably 
unconformably, by andesite 
of unit Cad and by the 
Wallaroo rhyolite 

Late Carboniferous to Early Unit overlies the 
Permian; siltstone near the Hodgkinson Formation 
junction of Evelyn Creek unconformably and the 
and Wild River contains Silver Valley Conglomerate, 
plant fossils possibly conformably; 

intruded by late 
Carboniferous-Early 

. Permian granites of the 
Tate, Tully and Ingham 
Batholiths; unconformably 
overlain by the 
Cainozoic Athenon Basalt 

Late Carboniferous to Extensively intruded and 
Early Permian recrystallised by late 

Carboniferous- Early 
Permian granites 

?Late Carboniferous- Very poorly exposed 
Early Permian except in coastal 
299 ± 6Ma (U-Pb headlands; assumed ro be 
zircon, SHRIMP) in faulted contract with 

adjacent Hodgkinson 
Formation rocks; intruded 
and homfelsed by the 
Bunk Creek Granite 

?Late Carboniferous to Interpreted to be faulted 
Early Permian against Hodgkinson 

Formation rocks; intruded 
and homfelsed by the 
Nulbullulul Granite 

Uncenain; most probably 
laie Carboniferous or 
Early Permian 

Wiftr.ihulfW. ... , -~ . ~ ~ 
""'4'" ,;LJ. _., "" · ""-·~ ~ .... 

Small area - 13 km 
nonhwest of Wolfram Camp 
(abandoned site) 

Not1h·trending belt in 
southeast of region, in the 
Ravenshoe-Kirrama area 

Scattered outcrops in the 
Abergowrio-Halifax-Kennedy 
area, and on Hinchinbrook 
and Palm Islands. in far 
south of region 

Scattered headlands and 
rocky outcrops in the Obree 
Point -Whalebone Beach 
area, nonh of Cedar Bay; also 
forms a northeast-trending 
belt in the upper reaches of 
Slaty Creek 

Forms ridge extending west 
from Cape Tribulation to 
the Mount Sorrow Tableland; 
full extent unknown 

Small area (-2 km2) near the 
junction of Parrot Creek and 
the Annan River 

fli1AT?fo1f~· ~ '~ iJ 
_'c., •. r:O. :!> · -- ~# ~ 

Mackenzie ( 1993); 
Mackenzie et al. ( 1993) 

Best ( 1962): 
de Keyser ( 1964); 
Branch ( 1966); 
Blake ( 1972); 
Sheraton & Labonne ( 1978); 
unpub. data 

de Keyser et al. ( 1965); 
Branch (1966); 
Champion & Heinemann 
( 1994) 

Donchak et al. (1992) 

Ewart ( 1985); 
Donchak al. ( 1992) 

Jones et al. ( 1990); 
Donchak et al. ( 1992) 
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Claret Creek Ballast Creek Dacite Pale grey dacite, -430m Mainly subaerial Late Carboniferous 
Volcanics The Gorge Rhyolite rhyodacite, breccia; pyroclastic now 

lithics-poor to -rich, deposits 
welded, rhyolitic to 
dacitic ignimbrite; 
minor volcanic 
breccia 

Gurrumba Pale grey, -150m Volcanic rocks erupted Late Carboniferous? 
Volcanics autobrecciated and in a subaerial 

now-banded, slightly environment 
porphyritic rhyolite 
lava; extensively altered 

Nanyeta Cream, buff, pink, red, >150m Volcanic rocks Late Carboniferous 
Volcanics purple, brown, green or deposited in a subaerial 

grey, rhyolitic ignimbrite environment 
and lava; minor dacite, 
andesite, airfall tuff, 
volcanic breccia, 
tuffaceous sedimentary 
rocks 

Pratt Contains al least ten Dark grey, welded, <-205m Volcanic rocks erupted Late Carboniferous 
Volcanics mappable subunits, lithics-poor, very in a subaerial 

only two of which crysta l-rich, rhyolitic environment 
crop out east of the to rhyodacitic 
Palmerville Fault ignimbrite; buff to 

brown, sl. porphyritic 
rhyolite lava; locally 
now banded; minor 
amygdaloidal basalt 

--·-·-·-- --- - - -
- ---·------

Contacts with adjacent 
units extensively faulted; 
unconformable on 
Hodgkinson Formation; cut 
by dykes and pods of 
dacite-rhyolite, by small 
plutons of tonalite-
'granodiorite and granite 
(mainly the Munde.rra 
Granodiorite and Three 
Mile Microgranite), by 
zones of intrusive breccia 
(all pan of the Claret Creek 
Ring Complex), as well as 
by the Opah Granite 

Unconformable on 
Hodgkinson Formation -
the contact is generally 
marked by a zone of fault? 
breccia; cut by gabbro, 
diorite, and granite of the 
Gurrumba·Ring Complex-
referred to as the Gurrumba 
Volcanic Neck by 
Branch ( 1966) 

Unit is unconformable on 
high-grade metamorphic 
rocks of probable 
Proterozoic age and the 
mid Palaeozoic Chillagoe 
and ·Hodgkinson 
Formations; intruded by 
late Carboniferous granites 

Unconformable on 
Chillagoe Formation and 
Quadroy Conglomerate; 
cut by rhyolite dykes 

Semi-<:ircular belt ( -30 km2-

Claret Creek Ring Complex) 
-25 km nonhwest of Mount 
Garnet 

Two small outcrops (3km2
-

Ourrumba Ring Complex) 
near the abandoned township 
ofGurrumba 

Nor1hwcst-II'Cndi ng belt 
( -60 km2), -I 9 km long and 
up to -7 km wide, nonh of 
Mount Gamet 

Scattered outcrops south of 
the Walsh River, in far west 
of region, -25 km 
nonhwest of Chillagoe 

Branch ( 1966); 
Bailey ( 1969. I 977); 
Champion & Heinemann 
(1994) 

Branch (I 966); 
Blake (1972) 

Branch (1966); 
Blake (I 972); 
Sheraton ( 1974) 

Bultitude & Domagala 
( 1988) 
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Table 7.4. Granite Groups of the Cairns Region (compiled by RJ Bultitude) 

Bartle Frere 
Supcrsuite 
!-type 

Bellenden Ker 
Batholith 
(excluding Bartle 
Frere Supersujtc) 
S-type 

Cape Melville 
Supersuite 
1-type 

Cooktown 
Supersuite 
S-type 

Pale grey to white, sl.s to mod. 
porphyritic, hornblende-biotite granite and 
biotite granite; with minor tourmaline 
(locally), traces of ilmenite, allanite, biotite
rich clots (to -2 em) and inclusions 
(to -40 em) of biotite-rich gneiss; minor 
even-grained, fine-medium-grained 
(hornblende-) biotite leucogranite (as dykes 
and small pods) 

Mainly f!lOd. to highly porphyritic biotite 
granite- commonly ext. deformed with a 
well-developed foliation; subordinate 
even-grained to sl. porphyritic (tourmaline-) 
muscovite-biotite granite (with rare garnet 
or altered cordierite? in places) 

Fine to coarse-grained. even-grained to 
highly porphyritic, (hornblende-) biotite 
granite; minor pegmatite pods and lenses, 
biotite-rich schlieren; with small enclaves 
of (corundum-spinel-) biotite gneiss and 
quartz in places 

Cream-white, white-pale grey and pale bluish 
grey, fine co coarse-grained, highly 
porphyritic co even-grained, (altered 
cordierite-tourmaline) biotite-muscovite 
(rare) and muscovite- biotite granite: 
accessory garnet, topaz. sillimante, 
andulusice; plagioclase compositions gen. 
<An20; gneissic enclaves, miarolitic cavities 
and granophyric intergrowths rei. common 
in a few units; tectonic foliation well 
developed in some units 

Bartle Frere Gr. 

Bellenden Ker Gr. + 
several informal units 

AJcanmoui Gr., Cape 
Bowen Gr., Cape Melville 
Gr., Saine Pauls Hill Mgn. 

S ixteen units plus a 
number of informal units 

Early? Permian 

Early Permian 
(Bellenden Ker 
Gr .. 280 ± 4 Ma; 
SHRJMP) 

Early Permian 
(Cape Melville 
Gr., 280 ± 2 Ma7

; 

Rb-Sr) 

Early? - Late 
Permian 

Forms a prominent 
stock centred on 
Mount Bartle Frere, 
at the southern end 
of the Bcllenden Ker 
Batholith 

Forms the rugged 
Bellenden Ker 
Malbon Thompson 
and Graham 
Ranges, and 
Walshs Pyramid, 
between Cairns 
and lnnisfail, as 
well as Fitzroy 
Island 

Alummoui and Cape 
Melville Ranges 

Northeast Hodgk.inson 
Province, from 
Ninian Bay/Lizard 
Island to China 
Camp; (-230 km~) 

Intrudes Hodgkinson Rei. high SiO,, FeO• 
Formation; main Na~O. K,O. Ga, Zr, and 
granite intruded by low Al20), CaO, Ba. and 
dykes and pods of Sr contents compared to 
finer grained Yates Supersuite granites; 
(hornblende-) biotite distinguished from Cape 
leucogranite Melville and Pieter Bone 
(included as part of unit) Supersuites by rei. high 

Intrudes Hodgkinson 
Formation; cut by 
dykes and small pods 
of more felsic, fine 
to medium-grained 
granite (gen. even 
grained or. more 
rarely, sl. 
porphyritic, and 
commonly granophyrie) 

Intrude Hodgkinson 
Formation; 
unconformably 
overlain by Mesozoic 
Laura Basin succession; 
cut by scarce 
microgranite dykes 

Intrude Hodgkinson 
Formation; cut by 
scattered dykes and 
pods of fine to 
medium-grained 
biotite granite, and 
by rare dolerite 
dykes 

Na20, Sr and low K,O. 
Zr contents; FURH6 

Broadly similar to 
Whypalla and , to a lesser 
extent, the Cooktown 
Supersuites
distinguished by rei. high 
K10, V, Pb and low CaO, 
Sr; some units leucocratic, 
fractionated (with up to 
590 ppm Rb) 

Slightly peraluminous; 
have similar major element 
concentrations to the 
Ootann Supersuite 
granites; characteristed by 
lower Al 20 3, MgO, mg8 

CaO, Sr, V, Cr and higher 
K,O, Rb, Zr, Y, La, Ce. Ga 
compared with Yates 
Supersuite granites 

Rei. high K,O, Rb, V, Y 
and low CaO, P20s, Sr. 
Ba, Nb. Ga; commonly 
fractionated; significant 
Sn mineralisation 

de Keyser (1964); 
de Keyser & Lucas ( 1968); 
Bultitude & Champion (1992); 
Champion & Bullitude (1994) 

Willmott et al. (1988); 
Buhitudc & Champion ( 1992); 
Champion & Bullitude ( 1994) 

Lucas ( 1964); 
Lucas & de Keyser ( 1965a): 
Sheraton & Labonne (1978); 
Buhitude & Champion ( 1992); 
Bullitude ( 1993a): 
Champion & Buhitude (1994) 

Lucas & de Keyser ( 1965b); 
Morgan (1965); 
Black (1978); 
Sheraton & Labonne ( 1978); 
Tate (1983); 
Jones et a.l. ( 1990); 
Champion ( 1991 ); 
Bultitude & Champion ( 1992); 
Buhitude (1993b); 
Champion & Bullitude (1994) 
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Emerald Creek White to grey and pale brown, medium- Emerald Creek Uncenain; Early 
Supersuite grained, even-grained to sl. porphyritic, Microgranite Permian or late 
S-type muscovite-biotite granite; truces of garnet (Emerald Creek Suite) Carboniferous? 

(late) present locally; phenocrysts of -320±6Ma 
-·"' --: (in decreasing order of abundance) (SHR1MP) 

plagioclase, K-feldspar, quartz; variably 
deformed (mainly undulose extinction in 
quanz and mica grains, and slightly bent 
mica flakes) and locally foliated 

Mount Alto Medium-grained, sl. to mod. porphyritic , Mount Alto. Gr., Early Permian 
Supersuite (biotite-) garnet-tourmaline-muscovite (Mount Alto Suite) 
S-type granite 

Mount Mainly medium-grained, even-grained, Mount Formartine Gr. Early Permian? 
Formanine muscovite-biotite granite, with scauered (Mount Formanine Suite) 
Supersuite enclaves; ext deformed, recrystallised; gen. 
S-type with a well-developed tectonic (mylonitic) 

foliation 

Pieter Bone White to medium grey, fine to medium- Bunk Creek Gr .• Late Permian 
Supersuite grained, slightly to highly porphyritic Nulbullulul Gr., Thornton 
1-type hornblende-biotite granite, (hornblende-) Gr. 

biotite l!'ranite and biotite Jeuc02ranite: 
extensive derormed in places 

Tinaroo White to pale grey. medium-graine~. sl. to Tinaroo Gr. Early Permian 
Supersuite mod. porphyritic, biotite granite; with· (Tinaroo Suite) -280 Ma (RJ>...Sr) 
S-type euhedral-subhedral feldspar phcnocrysts·to 

-3 em, traces of late garnet; moderately 
well-developed foliation in marginal zones 

Unassigned Granite, granodiorite, porphyritic Mainly informal, Late 
· units microgranite, intrusive rhyolite, quartz dorite, unnamed units Carboniferous to 

diorite?, gabbro, dolerite, serpentinite, Early Permian 
carbonate-talc schist 

·- . ··-- - ---- - ·- ·-·-·--·- - --·--

Irregular. north trending Intrudes Hodgkinson 
pluton, - 15 km Formation rocks; cut 
southeast of by the Tinaroo 
Mareeba (-25 km2

) Granite and dykes of 
· muscovite-biotite 

granite equated with 
the Tinaroo Granite 

Several stocks and Intrudes Hodgk.inson 
pods south and Formation; locally 
southwesi· of cut by NNW-trending 
Mount Carbine intermediate to basic 

dykes, as well as rare 
dykes of aplite, aplitic 
microgranite 

Scaltered elongate Intrudes Hodgkinson 
stocks and dyke-like Formation; cut by 
intrusions, Cairns irregular quanz veins. 
area ( -60 km2

) up to -15 em thick 

I. Area centred on Intrude Hodgk.inson 
Thornton Peak- Formation, Obree 
Mount Pietcr Botte Point Volcanics and 
rNulbullulun lin south) unnamed volcanic rocks 
2. Headwaters of in the Cape Tribulation 
Granite and Slaty area (unit Cv) 
Creeks, north of Cedar 
Bay (in nonh) 

Lamb Range Intrudes high-grade 
southwest of metamorphic rocks 
Cairns (-300 km2) mapped as part of the 

Hodgkinson Formation. 
together with Emerald 
Creek Mgn; CUI by 
numerous dykes of 
fine-grained, biotite 
leucogranite 

Scattered, small pods Intrude mainly · 
and lenses, mainly in Hodgkinson Province · 
west and southwest rocks· 

Rei. high CaO, MgO. 
mg. and low K20, Y, 
Agp9

; F U R M-H 

Rei. high Na20, Sn, Rb, 
Nb, Sc, Mn, Zn, Ga. and 
low CaO, K20, Ba, Ce, 
Pb, Sr. V, Y, K/Rb; highly 
fractionated, with 
>800 ppm Rb and 
-60-200 ppm Sn 

Rei. high Ti02. Rb and 
low CaO, K20, P, Th, 
Zr, Y, La, Ce; F U R H 

Rei. high Si01, FeO*, 
K20, Rb, Th, Y, Zr and 
low Al20 3, CaO, and Sr 
comoared to Yates 
Supersuite granites 

Rei. high CaO, Sr. Ba, Y, 
and low K20, Ga, Rb. V; 
primitive £Nd; 
FFR H 

Bullitude & Champion (1992); 
Champion & Bultitude ( 1994) 

Champion (1991); 
Bultitude & Champion (1992); 
Champion & Bultitude ( 1994) 

Willmott et al. (1988); 
Champion (1991); 
Bultitude & Champion (1992); 
Champion & Bultitude ( 1994) 

Mancktelow (1974, 1982); 
Black ( 1978, 1980); 
Bultitude & Champion ( 1992); 
Champion & Bultitude (1994) 

Cranfield & Hegany (1989); 
Bultitude et al. ( 1993a, 1995); 
Mackenzie et al. (1993); 
Donchak et al. ( 1992); 
Donchak & Bultitude (1994) 
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Table 7.4. Granite Croups of the Cairns Region (compiled by RJ Bultitude) . (Continued) 
~ .. ~..,_~,- . -~~"\ ~ ~ 'c}l*" ·~ •ro~~,.- ~&;\_.";-;,,._..;;_:.--;, • .... .:;, .. ,, I !f -,;w, < --
, §~~?fJI.e7>- ~ •t.'tfi~ "Ciiiuactemiics · J ~ .;J c;o~~ent· !fn!ls "' ~ :.tge -..-~ ·l1 

f '-:t ""' ,-., .... ~~ .. ' ,... •J· ""'j . ~~~ ";"< 
~Ba!lio~ith "'~ I~~~~~.:.. t ' 1.- "':' • --""'--!!:: "' :; .......... ~< '-" ot_.. ~~~: 

Wakooka Medium-grained, mod. porphyritic Wakooka Gr. Early Permian 
Supersuite (muscovite-) biotite granite, with thin 
S-type pegmatitic zones and rare miarolitic 

cavities, rare inclusions of biotite-rich gneiss 
and granite; minor even-grained to sl. 
porphyritic. altered cordierite-tourmaline-
muscovite-biotite granite 

Wangetti Medium-grained. even-grained to highly Wangeni Gr. Early Permian 
Supersuite porphyritic, tourmaline-muscovite granite (Wangetti Suite) (273- 285 Ma 
S· type and (tourmaline-) muscovite- biotite assuming an 

granite; miarolitic cavities common; initial 11Sr,S6Sr 
extensively deformed. with a well-developed ratio in the range 
foliation 0.710-C.7 15) 

Whypalla Mainly medium to coarse-grained highly Fifteen units plus several Mainly Early 
Supersuite porphyritic to equigranular, muscovite- informal Permian 
1-type biotite granite; widespread traces of garnet (282 ± 9 Ma, 

and tourmaline; rare sillimanite, Rb-Sr) 
onhopyroxene. clinopyroxene; plagioclase 
(An.1-Ano) gen. >K-feldspar; enclaves of 
(garnet·) biotite gneiss, 'microdiorite' , 
'microgranite' , quanz, and locally derived 
metasedimentary rocks widespread and 
locally common; well-developed tectOnic 
foliation in places; irregular pods and lenses, 
up to -30 em wide and 60 em long, present 
in some plutons 

Yates Fine to medium-grained, even-grained to Eight units plus I informal Early 
Supersuite highly porphyritic, hornblende-biotite and unit (western group) 
!-type (hornblende·) biotite granodiorite and granite; to Late (eastern 

rare ortho· and cl ina-pyroxene; plagioclase group) Permian 
grains commonly have rei. calcic cores of 
~An.or-An60 and sodic rims of -Anu-AnJs; 
sparse plagioclascs with cores of An.2-An78 

also present in the Hope Vale and Leichhardt 
Pocket Granites; biotite flakes commonly 
show undulose extinction and , more rarely, 
small-scale kinks as a result of deformation 

Bedarra granite Porphyritic biotite granite; minor aplitic Unnamed units Mainly early to 
belt biotite granite, gabbro; dykes of relatively mid Carboniferous 

biotite-rich granite (-330-335 Ma) 

~~ ·-~~~ 
-~-i'h~ - .: .:.J'~ . 

l,k"t~~s~s· ~~~r; 
1<. - . :~ • . -· .-'-",. 1~~-- ~· .. x.. 

Small (-1 km2
) stock Intrudes Hodgkinson 

-5 km west of the Formation 
Altanmoui Range 

Small roughly Intrude Hodgkinson 
concentric plutons or Formation 
zones in the White 
Cliff Point area, 
Cook Highway, north 
of Cairns (~3 km') 

Scattered batholiths Intrude Hodgkinson 
and stocks, eastern Formation; pods and 
Hodgkinson Province dykes of more felsic, 
(-1800km1) fractionated mgn. 

commonly intrude 
the main granite 
intrusions (mainly 
around the margins) 

A western group of Intrude Hodgkinson 
plutons associated Formation: cut by 
with Whypalla and granite dykes; 
Mount Alto unconformably 
Supersuites; and an overlain in places by 
eastern group Mesozoic Laura Basin 
associated with sequence and Cainozoic 
Cooktown Supersuite Piebald Basalt 
(~90 km2) 

Islands forming south- Intrude the Barnard 
east trending belt from Metamorphics 
Dunk Island in north 
to the Brook Islands 
in south 

~~' t '•,'.-l.f ' • -;J; 
. .!M,.! !JJ:f#. ~-!<· ~ 
Cljiii4,cte!4,tits' .- • ~· 

Peraluminous; higher Rb 
and Rb/Sr than Cape 
Melville Supersuite 
granites (1-type); rei. low 
P,Os. K.o. v. Cr and Ni 
and high Na20. Pb. Th, La 
and Ce contents compared 
with Cook town Supersuite 
granites (S-types) 
FF R·SR H 

Rei. high P20 5, Ga, Nb, 
Rb and V, and low K20. 
CaO, Sr, Ba. and Y 
FFR H 

Slightly-mod. peraluminous; 
rel. high CaO, Ba, Sr. Y. 
and low Nb, Rb. V. Sc, 
Mn, Zn, Ga associated 
with Sn mineralisation 
in places 

Metalum.inous-sl. 
peraluminous; 
unfractionated with low-
moderat.e Rb contents and 
Rb/Sr ratios and absence 
of Ba depletion: char. by 
rei. high A I ,OJ, CaO, Sr 
V and low Si01 , K20 , 
Rb, Th, :U, Y, Cu 
compared with the Cape 
Melville Supersuite 
granites 

~~ -~·-- .. ~ ': ~ 
Riferencesp ·~· ~ .1 

'l ..--~!:1'.: .. _; ~~):..~~ ··~ Jd 
Lucas ( 1994 ); 
Bultitude & Champion (1992) ; 
Btiltitude ( 1993); 
Champion & Bultitude (1994) 

Willmott et al. ( 1988); 
Bultitude & Champion (1992); 
Champion & Buhitudc (1994) 

Black (1978); 
Higgins ct al . (1987); 
Bateman (1989); 
Champion (1991 ); 
de Keyser & Lucas ( 1968); 
Bultitude & Champion (1992); 
Champion & Bultitude (1994) 

de Keyser & Lucas ( 1968); 
Champion ( 1991); 
Bultitude & Champion ( 1992); 
Champion & Bultitude ( 1994) 

de Keyser (1964); 
de Keyser et al. ( 1965); 
unpub. data 
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Hinchinbrook Mainly (arfvedsonite-) biotite granite with Hinchinbrook Granite Early Permian 
Granite (part of numerous interstitial and miarolitic cavities; (East Pluton); previously (275 ± 5 Ma, 
Ingham Batholith; minor porphyritic microgranite, pegmatite, mapped as part of unit Cgb Rb-Sr) 
not examined aplite, pyroxene-bearing granite 
during current 
survey) 
A-type 

Palm Islands Porphyritic hornblende-biotite granite, Undivided and unnamed Late 
Batholith (not porphyritic microgranite, pegmatite, granite; previously mapped Carboniferous? 
examined during granodiorite, biotite granite as unnamed unit Cgb 
current survey) 
1-type 

Ingham Hornblende-biotite granite to granodiorite?, Consists of several distinct Late 
Batholith· bioti te granite, (molybdenite-) unnamed and named Carboniferous to 
northern part biotite leucogranite; minor biotite- informal units- most Early Permian 
!-type; minor hornblende granodiorite, diorite, aplitic plutons not delineated; (-275 Ma, 
A-type biotite microgranite previously mapped as uniL~ SHRJMP; 

Cga, Cgb. Cgp (INGHAM) 296 Ma, 298 Ma, 
and unit Pzg (INNISFAIL) 299Ma; K-Ar) 

Tully Batholith Range from quartz gabbro to biotite granite- Tully Granite Complex Late 
1-type; minor mainly hornblende-biotite granite to biotite- Carboniferous to 
A-type? hornblende granodiorite Early Permian 

(286 ±4Ma, 
SHRIMP 
273-302 Ma. 
K-Ar) 

·-·-- ·- ·-·- -· - ··· -
··- ·----.. ·---·-···- ~ . .. . 

Mainly mountainous Hinchinbrook Granite 
country forming post-dates unnamed 
southern half of granodiorite and granite 
Hinchinbrook Island (probably late 

Carboniferous), 
porphyritic mgrt. (ring 
dyke), the Wallaman 
Falls Volcanics, and a 
basic dyke swarm; cut 
by porphyritic mgrt, and 
rare basic dykes 

Palm Islands group Intrudes Wallaman 
Falls Volcanics; cut 
by dolerite dykes 

Northwest-trending belt Intrudes Glen Gordon 
in lngham-K.irrama- and Wallaman Falls 
Koombooloomba area, Volcanics, and unit 
in far south of region; Pz; cut by dolerite dykes 
also includes granites (locally forming small 
of Hinchinbrook, swarms); uncomforrnably 
Garden and Goold overlain by 
Islands (Hinchinbrook Cainozoic Atherton 
Granite described Basalt 
separately); extends 
into adjacent regions 
to west 

Northwest-north- Intrudes Hodgkinson 
trending belt Formation, Glen 
between Tully and Gordon Volcanics; 
Tarzali unconformably 

overlain by Atherton 
Basalt 

Hinchinbrook Granite 
leucocratic (Si01 gen. 
>75%) and highly 
fractionated with A-type 
affinities; unit shows in 
situ fractional 
crystallisation trend of 
overall upward enrichment 
in Rb, Pb, Zn. Zr, Th and 
depletion in Sr; 
F F-U 0-SO H 

Well-defined trend of 
decreasing TiO~o FeO* 
MgO, CaO, P10,, Sr, Zn 
and increasing Ph, Th, 
K10, Rb, U, Nb with 
increasing Si02-Zr, Y, Ce, 
and La vary only slightly 
except for a few samples; 
M-FU-F SR-SO M-H 

Well-defined trend of 
decreasing Ti02, Feo• 
MgO, CaO, P10,, Sr. Ga, 
Zn, and increasing Pb, Th, 
K20, Rb, U, Nb with 
increasing SiO,-Zr, Y, 
Ce, and La vary only 
slightly in most samples; 
M-F U-FR-0 M-H 

de Keyser et al. ( 1965); 
de Keyser ( 1966); 
Ewart (1978); 
Stephenson ( 1990, pers. comm. 
1995) 

de Keyser et al. ( 1965); 
PJ Stephenson, James Cook 
University of North Queensland, 
pers. comm 1995) 

de Keyser (1964); 
de Keyser et al. ( 1965); 
Richards et al. ( 1966). 

de Keyser (1964); 
de Keyser et al. (1965) 
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Table 7.4. Granite Groups of the Cairns Regoon compiled by RJ Bultitude). (Contonued) 

Barnard Felsic S-rype granite: medium-grained, even- Undelineated granites in Early Ordovician Prominent outcrops 
Metamorphics grained to sl. porphyritic (altered cordierite-) the Barnard Metamorphics ( -.485 Ma- felsic along coast from 

AJmaden 
Supersuite 
1-type 

Claret Creek 
Supersuite 
!-type 

Gurrumba 
Ring Complex 
1-type 

muscovite-biotite granite with numerous S-type granite); South Mission Beach 
enclaves (up to -10m; most< I 0 em) of late Ordovician to Tam O'Shanter 
biotite gneiss and quartz; with a well· (-459 Ma- felsic Point, and on Timana 
developed gneissic foliation; plagioclase 1-type granite) lsland (felsic S-type 
compositions in the oligoclase range (SHRlMP) granite); scattered 
( -An,.-Anu); ext. deformed and small outcrops in 
recrystallised, with numerous small inclusions headlands, from 
of biotite gneiss and quartz dispersed Garners Beach to 
throughout the plutons. Felsic /·type granite: Narragon Beach 
minor medium-grained, even-grained biotite (felsic S-and 1-type 
granodiorite-granite?, with a weakly to mod. • granites); small pod 
well-developed foliation Mafic I· type granite: at southern end of 
rare mafic granodiorite-diorite? South Mission Beach 

(felsic l·lype granite) 

Grey, even-grained 10 highly porphyritic 
hornblende-biotite and biotite-hornblende 
granodiorite; minor (hornblende-) biotite 
granite, tonalite, quartz monzodiorite, 
quartz monzonite?, quartz dorite, biotite 
leucogranite, aplite; rare gabbro or quartz 
gabbro; mafic enclaves commonly range up 
to-2m across in the AI mac and Ruddygore 
Granodiorites (most <30 em in diameter) 

Even-grained to prophyritic, biotite 
microgranite and biotite-hornblende granite, 
granodiorite to tonalite; with ovoid dioritic 
inclusions up to -40 em across; intrusive 
rhyolite to dacite; rhyolitic to dacitic? breccia 

Fine to medium-grained quartz diorite, 
diorite, olivine gabbro: fine to coarse-
grained granite, granophyric granite 

> 20 units and 6 suites 
identified 

Ballast Creek Dacite, 
Munderra Gd., The Gorge 
Rhyolite, Three Mile Mgn .. 
Hammonds Creek Gd, 
(part)? 

Three informal subunits 
delineated as result of 
recent GSQ mapping 

Late Major component of 
Carboniferous to the northern Tate 
Early Permian Batholith. Chillagoe 
(-303 Ma- area 
-280 Ma; Rl>-Sr) -600 km2 

Lat.e Semi-circular area 
Carboniferous to -25 km westnorthwest 
Early Permian of Mount Gamet 
(300± 5 Ma, -25 km2 

290 Ma, Rl>-Sr) 

Late Small, in-egular, 
Carboniferous to elliptical area 
Early Permian -19 km northwest of 
(303 Ma; Rl>-Sr) Mount Gamet 

Intrude I. Felsic S-type granites 
me1asedimentary rocks (early Ordovician) with rei. 
of the Barnard . high K20 , K10/Na20; 
Melamorphics; felsic Sr depleted, Y undepicted; 
1-type granite intrudes 2. Felsic !-type granites 
felsic S-type granite (late Ordovician) char. by 
south of South Mission rei. high CaO, Na20, Sr, 
Beach P20 5, and low K20, Th, 

Intrude Hodgkinson 
Province rocks, 
Carboniferous units of 
the Featherbed Volcanic 
Group; also inlnlde and 
are cut by granites of the 
Ootann Supersuite; cut 
by Lags Supersuite mgrt 
and rare plugs of 
Cainozoic basalt/dolerite; 
unconformably overlain 
by Mesozoic Gilbert 
River Foundation 

Intrude Hodgkinson 
Province rocks. granites 
of the 0 ' Briens Creek 
and Ootann Supersuites, 
and Claret Creek 
Volcanics; cut by 
rhyolite dykes 

Intrude Hodgkinson 
Formation, Emuford 
and Opah Granites; 
inferred 10 post-date 
Gurrumba Volcanics 

ASI; Sr depleted, Y 
undepicted 
3. Mafic I· type granites 
with rei. low Si02 contents 
(-62%); 
M-FU R·O M-H 

-56-72% Si02; rei. high 
K 20 , K/(j'lla + K), Rb, 
Rb/Sr, Th, U, and low Ba. 
Sr 

-65-77% Si02; rei. high 
AI20,, CaO, Na,O. Sr, 
and low K20, Rb, Th, U 
compared with the 
granites of the Almaden 
Supersuite 

Black (1978, 1980) 
Black et al. (1978); 
Richards (1981); 
Champion ( I 99 I): 
Champion & Chappell (1992); 
Bultitude et al. (1993b. 1995); 
Mackenzie et al. (1993); 
Champion & Heinemann ( 1994) 

Branch ( 1966); 
Bailey ( 1977); 
Black ( 1980) ; 
Champion & Chappell (1992) 

Branch ( 1966): 
Blake (1972); 
Black (1978, 1980) 
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(a) .... 
Ul 

Lags Highly porphyritic to even-grained (locally) Bustlem Mgrt., Lags MgrL, 
Supersuite mierogranite to microgranodiorite and minor MancaterGd. , Saint Helena 
A-type microdiori te; fine to medium-grained, Monzogranite, unit Pmg, 

e\'en-graincd to sl. porphyritic granodiorite: Yokas Micrograni te 
minor dacite (intrusive) 

0' Briens Creek Leucocratic, porphyritic to even-grained Fifty-nine units plus a 
Supersuite biotite granite and microgranite; locally with number of informal unils 
!-type tourmal ine, topaz, fluorite; miarolitic cavities (5 suites) 

common; pegmatitic lenses and pods 
widespread; extensive areas of alteration and 
greisen development; plagioclase mainly in 
oligoclase-albite range: accessory and 
secondary minerals include zircon, monazite, 
allanite. thorite, opaques, apatite (rare), 
fluorite, topaz, sericite, muscovite, chlorite, 
beryl (rare). phenacite (rare); granophyric 
rocks common in Go Sam Suite 

Ootann Mainly medium to coarse-grained, even- -50 formal and informal 
Supersuite grained to mod. porphyritic biotite granite; units and 5 suites 
1-type subordinate hornblende-biotite granite and identified 

granodiorite; minor leucogranite, microgranite, 
aplite; gen. more felsic than granites of the 
Almaden Supersuite; biotite >hornblende 
(rare or absent); accessory minerals include 
zircon, apatite, magnetite, ilmenite, allanite, 
fluorite. xenotime. monazite, thorite 

Una.~signed Mainly fine to medium-grained (locally Mainly small. unnamed, 
units coarse), even-grained to sl. porphyritic informal units 

granite, granodiorite, diorite, quartz diorite, 
quartz monzonite, granophyric granite, aplitic 
granite, aplite; minor dolerite; pegmatite. 
intrusive rhylolite, dacite? and andesite 

' Abbreviations: 
chat. :=; chancltrisod e.1.1.-= eJlten.s;vc.Jy 
nlgn. = m;crogranitt rd. =-relatively 

gt. ; granite 
sl.=sligh~y 

gen. = genenlly 
gd. = gJ3llodiorite 

mod.:: modc:Jlllc:ly p~. :: pll1i<::uhu-ly 

Early Permian 
(Lags Mgrt. 279 
± 4 Ma, Bustlem 
Mgrt. 280 ± 4 Ma, 
Rb-Sr) 

Late 
Carboniferous 
(-300-315 Ma; 
Rb-Sr) 

Late 
Carboniferous-
Early Permian 
(-316 Ma-
-290 Ma: Rb-Sr) 

Late 
Carboniferous-
Early Permian 

Dykes, lenses and Intrude Hodgkinson Rei. high Ba, Zr: Mackenzie et at. ( 1993); 
stocks associated with Province rocks and moderately high Ce, Y, Bultitude et al. ( 1995) 
the Featherbed Featherbed Volcanic Zn, Ga, and high GalA I 
Volcanic Group Group ratios; unfractionared to 

slightly fractionated 

-2500 km2 Cut by Ootann >70% Si02; contain Johnston ( 1984); 
Supersuite granites, significantly higher Win (1985. 1987, 1988); 
pods and dykes of abundances of HFSE, Johnston & Black ( 1986): 
rhyolite, and locally by HREE, and F than Pollard (1984, 1988); 
numerous quartz veins granites of the Ootann Johnston & Black ( 1986); 
and greisen (alteration) Supersuite; intimately Champion (1991); 
zones associated, in particular Champion & Chappell ( 1992); 

the late-stage, highly Bultitude et al. (1993a, b); 
fractionated microgranites, Champion & Heinemann (1994); 
with extensive Sn Donchak & Bultirude (1994) 
mineralisation 

Major component of Intrude Hodgkinson Generally >70% Black (1978); 
the Tate Batholith, in Province rocks. older Si02; rei. low Sr, Richards (1981); 
southwest part of units of the Featherbed SrfY ratios, and large Bailey ( 1984); 
Hodgkinson Province Volcanic Group. negative Eu!Eu*'0, Blevin ( 1990); 
-5000 krn2 Almaden Supersuite evolved initial 11Srfl'Sr <;:hampion (1991 ): 

granites; also tuncate ratios and eNd values Champion & Chappell ( 1992); 
the Palmerville Fault in Buhitude ct a!. ( 1993b) 
places; locally cut by 
mgn., rhyolite, andesite, 
and rare dolerite dykes, 
as well as porphyritic 
mgrt. of the Lags 
Supersuite 

Scattered pods, Cut Hodgkinson Bultitude et al. ( 1993a,b, l995); 
lenses and stocks Province rocks Champion & Heinemann (1994); 

Donchak & Bultitude ( 1994) 

• Cla.ssifi<::-3tion s.~hemc as llSed by Champion & Heinemann (1994); mafic (M) or (c:bic: (f): scc.ond eflt.ty. frac.tionattd (F) or unfractionated (U): third entry. o.1idation state (SO: strongly oxidi~d. 0 ~ oxidis.c:d, R = rc:duc:ed, SR =strongly reduced): fo\lnh entry. KtO content (h ~high. M =medium. L = Low), 
1 avcr:age or two detc:rminarions. 
' m& = ( !OOMg0/40.32]/]FeM 1.86 + .8998Fe10,f79.85 + Mg0/40.32) 
• Apg = Agpaioic Index= A I (molecular)/(Na + K) (molecular). 

to EuJEu• = EuJ1SmN + Gd,.)/21: N =(hondrite normalised 
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Table 7.5. Deformation and event history or the H odgkmson Provmce comptled by PJT Donchak). 
t9 , .. ....,..~~ 1J;Q-1 
JEv.eri't!.- • , 

~~~-.?~ -.t ... ~ w:•-.,-. ~~ ,..... ~ 
!M~in!F.e$r.es.u.'.o&...: A!. .k ~ 

- Z¥.i ;:!........-._.. • . '""1 
tWf;il;iu.tJoM·· ... J.·r, •• , .: '"" 

~,.....,. .r;;;:,__ .. ~.--
~Ori(tfttJ!io#tft. • 

Deposition Well sorted, line-grained, Mulgrave Formation, along Preserved as linear 
quartz-rich turbitites, with western margin of Hodgkinson northerly-trending 
sporadic jasper, chert, and Basin belts along western 
basalt horizons margin of 

Hodgkinson Basin 

hD, Occasional tight outcrop-scale Occur rarely within Mulgrave Nonh trending 
folds Formation, mainly south of 

Palmer .River 

Deposition Limestone, volcanolithic Moumain Creek Conglomerme. Preserved as 
conglomerate and areni te; Van Dyke l...itharenite form northtrend ing 
minor lenses of quartz-rich lenses within Mulgrave lenses 
arenite Formation 

Deposi tion Limestone. chert, basalt, and Chillagoe Formation along Mainly north to 
si liciclastics (Chillagoe western margin of basin, northnonhwest 
Formation), swamped by line to Hodgkinson Fof!11ation trending 
coarse turbidites with chen and occupies bulk of Hodgkinson 
occasional basalt intervals Basin 
(Hodgkinson Formation) 

hDt Easterly-directed thrusting Occured throughout whole basin 

hD3 Northnonhwest Forms linear belt a few Nonhnorthwest 
t.rending shear zone kilometres wide transccting 

western part of basin (the 
Mitchell Fault and Big Watson 
Fault Zone) 

hD. Folding and cleavage Affected most of basin east of East west shortening 
development Mitchell Fauh!Big Watson associated with 

Fault Zone) north t.rending folds 

hD, Shallow to moderate bedding Affected Mount Madden and Doming 
dips and loca l doming Palmer River area, between 

the Mitchell Fault and the 
Cannibal Creek Granite 

st;i~~~i'r.~~iJ$ei,:~ ~ ,..v ~ . "';),-- ~~ ·~ "' '"i . 'J?ii!Jnffl : ~-~ .u_ • . ~'-'-'";.._,~ uc 

Well bedded 

Concentric to simi lar Axial plane fracture 
upright, steep southeast cleavage 
plunging 

Imbricate thrust slices; Mainly bedding- parallel slaty 
inferred thrust faults; cleavage 
rare tight to isoclinal 
folds 

Transpressional? Strong bedding-parallel slaty and/or 
shear zone with possible spaced solution-seam cleavage and 
flower-structure local mylonitic foliation in north; 
geometry; map-scale disrupted melange fabric in south; 
Z-vergent folds occur mesoscopic Z- vergent folds with 
locally (e.g. south of moderate to steep southerly plunges; 
Hannahbelle mine) locally intense moderate to steep south 

plunging mineral and/or last elongation 
li neations 

Tight to close, often Widespread fracture or slaty cleavage. 
chevron-style map- especially well developed in fold hinge 
scale asymmetric folding areas; widespread mesoscopic close to 
with long eastern limbs tight parasitic folds with moderate to 
and short western limbs steep plunges; local steep down-dip 

clast elongation 

Possibly related to Shallow to moderate bedding dips with 
large-scale doming in locally overturned strata; poorly to 
Mount Madden area intensely developed differentiated 

crenulation cleavage; well developed 
intersection lineation in Mount Madden 
area 

iM'"illtno/Piii1~1 " -t 
_.:.M!~ 

Chlorite grade 

Low greenschist 

Low greenschist 

Low greenschist 

Associated with higher 
metamorphic grades 
(up to biotite grade~ 

~ . 'l;~i - ~ ',lli ~ 
'~pi1 (Jon:.elatjo_nk~"-JJ.i!. 

Early to middle Ordovician; 
probable correlation of Judea 
and Wairuna Formations in 
Broken River Province 

Middle LO early Late 
Ordovician (pre-440 Ma) 

Late Ordovician (-440 Ma) 

Early Silurian- Late 
Devonian 

Late Devonian-early 
Carboniferous 

Early Carboniferous? 

Early to middle 
Carboniferous? 

Early to middle 
Carboniferous? Poorly 
understood - possibly 
produced by forcefu l granite 
intrusion 
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hD6 Mainly shallow to moderate Mainly reslficted to cenue of Shallow to 
south-dipping cleavage basin; best developed west of moderate south-

the Cannibal Creek Granite dipping cleavage; 
related to north-
south compression? 

Early lnlfUsion of mainly 1-type Mainly in southwest of province Plutons fonn 
granite plutons of Oorann, Almaden, irregular bodies 
intrusion and O'Briens Creek or have a northwest 

Supersuires trend 

Felsic Forms extensive irregular areas Mainly in southwest ofprovincc; Felsic volcanics 
dominated or large overlapping caldera includes Featherbed Volcanic occur within large 
volcanism complexes dominated by Group, Nychum Volcanics, elliptical caldera-

rhyolitic ignimbrite and lava, Walsh Bluff Volcanics, and collapse structures 
with subordinate dacite, andesite Glen Gordon Volcanics; or as irreglar bodies; 
and volcanogenic sediments bimodal rift volcanism Nonnanby 

(Nonnanby Formation) in the Formation occurs 
east within narrow north-

northwest to north-
east trending rifts 

01>nn~itinn l=luvi~t i iP fm~roim:al m~r1nP in PrP(P'rvPtl A( n::\rTnw flpfnrnlPrl NnrthnnrthwP~I 

in small rift Lakefield Basin?) well bedded, rift wedges along Palmerville trending 
and larger? sandstone. silL~tone, mudstone, Fault or mesa remnants within 
extensional claystsone, conglomerate, local western half of province; 
basins coal seams includes Lirrle River Coal 

Measures, Lakefield Basin 
(subsurface). Mou111 Mulligan 
Coal Measures/Pepper Por 
Sandstone 

Later 1- and S-type plutons intruded Mainly includes granites of the Occur as northwest 
granite mainly in centre and eastern Yates, Whypal/a, Cooktown, or northnonhwcst 
intrusion half of province Cape Melville and Tlnaroo U"ending belts 

Supersuites intruding eastern 
half of prov ince 

hD1 Major slfUctures; associated Mainly developed in eastern Northnorthwest 
with transpressive? shearing half of province; also well to northwest 

develoJ}ed in northern half of 
MAYTOWN 

---- · ·- ··-
----~ ------ - -·-- ... . . -·--

No map-scale Spaced crenulation and fracture Greenschist 
strucrures except for cleavage; minor small-scale folding 
possible large-scale 
hD~ folds in OK Mine 
area 

Poorly developed 
contact aureoles; 
contact 
metasomatism in 
Chillagoe area 

A(:<:OC':iat~>tl wirh 

transtensional? 
movements along 
Palmerville Fault and 
vertical movements 
along other major 
north-northwest 
trending faults 
({3nsecting the province 

Metamorphic 
aureoles more extensive 
around plutons 

Diffuse linear Intense slaty cleavage development Greenschist 
transpressive? shear in sediments and foliation development 
zones; no map-scale in granites (locally showing S·C 
folds known relationships) in eastern half of basin; 

widespread crenulations and kinks in 
northern half of MAYTOWN 

Middle Carboniferous? 

Late Carboniferous; first of 
a number of intrusive 
episodes continuing into. the 
Early Triassic; in broad terms 
Permian-Carboniferous 
granites show progressive 
younging towards east of 
province 

Late Carboniferous-Early 
Perm.ian 

Mict Pennian-F.suly Tri:.ssic· 
coeval with granite intrusion 
in eastern half of province 
and in pan with hD1 
defonnation 

Early Permian-Early Triassic; 
partly coeval with felsic 
volcanic event , rift deposition 
event, and hD7 deformation 
event; progressive younging 
of plutons towards east of 
province 

Late Permian-Early Triassic; 
produced by plate 
convergence; North 
Queensland equivalent of 
Hunter-Bowen Orogeny; 
probably synonymous with 
D. event of Davis (1994} 
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T bl 7 5 D ~ a e .. e ormauon an d event h' h Hod k. ostory or t e g mson p ' led b PJT D h k) (C rovmce campo y one a ontonue d) 

tll~~ilt~ ~~.JJ •""" ·· ;~ ~ . ~ ~- <n" 
Main/l~eatur.esM~ ...._ ,..,_ ~-~ 

";.."f -~ ~~:· :a.~. f'!i 11ilf!W ~ ... 

D.1stT.i}Jutioii )'._ .£-.V~ ,;_ · '~ \ ~~n~ii"-.~~ ~fyj . ~J,~ i;J_ 3 S le'/Shear.Seme· ....., 

Deposition Fluviatile to marginal marine Developed as shallow sag basin Extensive cover Sag basin? 
quartz sandstone, (Laura Basin) covering north of broad area 
conglomerate, claystone and east of province (mainly 

Dalrymple Sandstone); 
subsidence extended to west to 
form proto-Carpentaria Basin 
(Gilbert River Formation) 

Deposition Fine-grained argillaceous rocks Continuation of sedimentation Extensive cover of 
associated in Carpentaria Basin: includes broad area; small 
with marine Wal/umbilla Formation, Wo/ena remnants preserved 
transgression Claystone, Battle Camp in western part of 

Formation province 

Uplift, Cessation of sedimentation; Affected whole province 
block onset of Coral Sea rifting 
faulting, 
rifting 

Broad Fluviatile sand, gravel and clay Formed. broad basin (Karumba 
downwarping Basin) mainly to the west of the 

province; remnants within the 
province preserved as Bulimba 
Formation 

Basaltic Extensive intraplate flood Mainly affected southern part of Irregularly 
volcanism basalt fields province; includes basalts of distributed 

Athenon, McLean. McBride. 
Piebald and Mcivor River 
Provinces 

r::~ f(~ ·s . ' .W "·' j!l'"'i- -·-:.: 9rTh '"' ~r'W ~~ 
'l{iilujcs~. A"" ~ "-·' ilj:: . n ~- ;;.;-, _ ;~ I M tllni ~JP."h . :-..:. 1 e o . l.fm .._ _..,.. I~:.:· ;"*"" ~- ~~ . : ~ e_and~'Gor:r.e.liilion~ .-1 

Middle-Late Jurassic 

Early Cretaceous 

Late Cretaceous 

Early Terti ary 

Cainozoic 
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CHAPTER SEVEN Cairns Reaion 

Table 7.6. Summary of mineral production, Cairns Region (compiled by PD Garrad). 

GOLD 

Starcke No. I Goldfield 
(Cocoa Creek) 

Starcke No. 2 Goldfield 

Six Mile Creek 

1892-1896 

1890-19]3 

1921, 1939-1948 

Palmer Goldfield (including West 1874-1990 
Normanby Goldfield) 

Hodgkinson Goldfield 

Maytown & Groganville 

Northcote 

Clohesy River area 

Kamerunga 

Red Dome 

Minnie Moxham 

TIN 

1876-1897 

1876-1899, 1945- 1989 

1991-92 

1905--06, 1910-1 I , 
1934-36. 1951, 1983-90 

1920-25, 1932-1935, 
1984-85 

1924-25, 1987-97 

1878- 1902, 1911- 1940, 
1949-1950, 1989- 1990 

. ... ........... 

:~ ~~~fM; ~ 1·: Lo'clfl!9n~ , Pro'ducti~n period, 
., :"" ---~~· .i~a.:i~;~~ -il.cr: • :~~- ~' •<''·: , . .... ~ ~~~-'if-..-t ·~ 

Barrow Point 1939 

Howick Island ? 1921 

Cooktown Tinfield 1885-1992 

Palmer Goldfield (Granite Creek, 1880-84, 1900-1937, 1948, 
Cannibal Creek, Mount Windsor 1958, 1969, 1970 
Tableland) 

Mount Spurgeon 1908-{)9 

Herberton Tinfield 1883-130, 1938-90 

China Camp 1910-20 

Gilmore 1906-75, 1932-37 

Kangaroo Creek 1980-88 

Tate River 1883--03, 1972-81 

TUNGSTEN 
-- 'r ~ a.' 

. ". ~ ~ -t-- r -. "' .. •· 1t11'--< 

~ CQ.ca(ion~-..... .. , Jr.,. .co, .ifi:oilu~tjonip!ri!id ~ 

Howick Island ?1921 

Noble Island 1904-12, 1916 

Cooktown Tin field 1899-02, 19 19, 
1921, 1955-57 

Palmer Goldfield (Spring Creek) 1907 1969-70 

Mount Carbine 1894-87 

Mount Perserverance '' 1917~20; 1928~50 

intermittently, 1951-74 

Wolfram Camp 1893- 80 

Bamford Hill 1893- 50, 1970-74, 1978- 81 

Lode Hill 1917-20, 19;31. 1942-52, 
1985 

1157 34.5 

5964 (457) 314; (2.2) 117.5 

Ill 2 .7 

5300.5 >33 210 

? 8520 1300 

? 4274 

75 145 480 

2453 40.2 

>3800 9.4 

? 17 915 kg Au, 
43 544 kgAg, 
20 800 t Cu 
(production to 
June 1994) 

810 

.. ., -. :-: ,,_ill: - ~ "- ~-~:-~ ~ ._ .,......,. lio i:tiM"" "':lor~ ...--.~· ~.o~ 

I.;qde•tin Wcassi!er:ue • ··i!i1Uv141 ti!.l (t c~siterite • 
·~ t ,. ~ '. ,. ,.cft.fl.ceiitr:}z!es)' :-~ 0 _, ... -t ... 'l' .. ,,. ~-... ~"'"'""''' · conc;_en.tratts),~·. ,. ; • 

0.25 

0.50 

272 13 278 

37.6 2805.5 

-300 

>85 400 >58 700 

-1000 

-153 

401 

>1595 

. 
')'"'e¥ C ~---- tf~ A 

.. "'*"'! Ito'; - _I 4 - ~ - ~ 

.- ;~ J;xJJI.e ~Mtiisren;(l.wtflfrtu/,jte>. • i lr;,u,miigite'n_'rt:s.ch"e..eliJe)t 

0.25 

18.7 

8.3 

0.2 5966.7 

16 645 (7.8 I CST) 

'182 (1.75 t CST) . . 

5400 I W, I 455 t W/Bi, 
80 t Bi, 135 I Mo 

-2000 t W, -20 t Bi. 

53.2 
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BASE METALS 
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StGeorge Copper Mines 1905--07 5t of24% Cu 

Dianne Copper Mine 1980-83 69 820 >18000tCu; !tAg 

Nighttlower 1923-30 I 215 305 t Pb, 1123 kg Ag, 0.6 kg Au 

OK mine (and area) 1902-10, 1937~3 81 544 7808 t Cu, I 02 kg A g. 12 kg Au 

Mount Molloy 1905- 10 43 600 of 8.7% Cu 3900 t -90% pure Cu 

Tanana area (King Vol) 1922- 25 2200 369t Pb. 0.3 t Cu, 257 kg Ag 

Card ross 1898-1939 23 596-23 975 1467-2000 I Cu. 2712.2 kg Ag. 
68.4 kg Au 

UNA 1883-1958 >10 372 >I 543.9 1 CST cone, 
>2480 I Cu, 23 485 kg Ag 

Montalbion -1885-95. 1900-10 39 170 47 492 kg A g. I 038 I Pb, I. I kg Au 

Muldiva -1890-1927 19000 9800 kg Ag, 1150 t Pb, 270 t Cu 

Orient Camp 1886-1924 -6600 -2640 1 Pb, 9100 kg Ag (incomplete) 

Victoria Amalgamated 1887- 1923. >5132 >2169.6 kgAg (production 
up to 1912), >803 t Pb 

Calcifer -.1888-1937 -26 450 -I 555 t Cu, 400 t Pb, 744 kg Ag 

Mount Garnet 1901--03 100000 44151 Cu. 29.5 tAg 

Mungana Group 1888-97, 1901-14, 367 000 87001 Cu, 35 000 I Pb, 100.4t Ag 
1921- 27 

Ruddy gore 1896-1909, 1916, 32 750 1450 t Cu 
1920, 1930 

Chillagoe Conso1s -1903-26 -30 500 (incomplete ore figure) 13 950 kg A g. 6500 t Pb, 400 t Cu 

Maniopota 1905- 26, 1929-30 790 1340 kg Ag, 150 I Pb 

Christmas Gift 1911-27 8500 858.7 kg Ag. 500 t Pb, 85 t Cu 

ANTIMONY 
. -I:!J;a/;o;, ~ •. -·~ . ~- ; .. . ~ i •" . - . .,.-...~r• -~ . ;,~· i"'"~ -...;: ,.- '. - . ............. _ - ., 

!- .• ~ ~ P.'f::Bd..qctjiln'peniid. . -h.ollueiWTJ ... ~. «.~- - -"" 

Six Mile Creek 19~5 7 l -58% Sb ore 

Starcke No. 2 Goldfield 1906 91 of9% Sb ore 

Northcote area 1877-84, 1890-1960s intermittently. 1991- 92 2362 1 metal and cone. 

Retina (Mitchell River area) 1905--07. 1940-52, 1960s 203 1 60% Sb cone. 

Woodville area 1884-1907 1266 t of -50% Sb ore 

COAL 

I Mount Mulligan 1 1907-57 I 000 000 I 

LIMESTONE 
~- .. ~ . -- ~ - ~ 

J1li~.-ft~~ 
. ' - ·,'a;~ 

. . . 
1"'iq~(iti!J.(I~ l~-.·~_.._..._ .--Jt..T ':'"~t:.J ~- .. •l!erio'th •PfoJiu"ctkm', ,.,.. ' ... 

~ . -~ .... - ... ,'\ ~ ' ~' 
,._ -·-·! ...... ~ ::.• . . -

.. 
Fairchance 60 800 I 

Ootann (Crouy Lime) 1972- 81 32 575 t BLIME, 470 l PLIME. 

Liule Mulgrave River 1926. 1961-73 3979 t Early Lime 

White Gem 2160 l 
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MOLYBDENUM 
. 

·. Location ·P.eriod 
.. . 

Molybdenum ConcentraJe (t) . • .. 
Khanum 1913-19 -550 

Bamford Hill 1893- 1950, 1970-74, 1978-81 170 

Wolfram Camp 1893- 1980 135 

FLUORITE 

. Locaiwn· : .. -. ., .: ·iro4!U:!i'on be nod' ·-·: ... 
. 

.l?.luorlte (lf . -· . . 
' '' ' ' · ... .. - ·- ~-

Mistake 1915-21, 1937- 38, 1958, 1972 >1140 

Perserverance (Fluorspar) 191 2-28, 1944-45, 1972 9272 

McCords 1937-42 >2500 

Simpson's -1929-38 -1275 

True Blue 1956--59 2036 

OTHER 

Mount Lucy 1903-14, 1926-42 45 000 t ironstone flux 

O'Briens Creek Gemfield Late 1800s-present day 

SILICA SAND 

:I;o tiiw . ' . .: •' ,. .. · .. c .. . 11. '·· . . 

Cape Flattery Silica Mine 1968-93 16.5 
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Table 7.7. Major known mmera resources m the Cairns Region compiled by PO GatTad) 

Aspiring Nos. I & 2 

Atric 

Baal Gammon (UNA 
group) 

Belfast Hill (Disraeli) 

Black Adder Flats 

Cape Flattery Dune field 

Clearwater (Bonny Boy, 
Bonnie Boy) 
(Romeo Group) 

Collingwood Prospect 

Emily 

Emily South (South 
Emily) 

Ethel 

Ethel Extended (East 
Ethel, Jessie) 

Federation 

Fine Gold Creek 

Gillian Prospect 

322 

Structurally controlled vein and 
disseminated mineralisation 

Mesothermal veins probably sourced 
from upwardly migrating 
metamorphic fluids 

Porphyry-hosted breccia and 
stockwork system 

·~ 

Inferred resource: 50 Mt @ 0.1% Cu. 200 ppm 
Mo. trace Au, Ag 

Total inferred mineral resource: 860 000 t @ 
2.22 g/t Au (cut-off grade of 0.5 g/1 Au to a RL 
depth of 325m) 523 000 1 @ 3.08 g/t Au (cut-off 
grade I g/t Au to 50 m) 

Open pit resource: 3 Mt @ 1.2% Cu, 46 g/t Ag 
and 0.3% Sn. 
II Mt @ 0.25% Sn 

Mineralisation is localised in structural Inferred resource: 244 000 t @ 1.5 g/1 Au in-situ. 
zones that are considered to be Revised to a resource of 700 000 t @ 1.9 g/t Au 
hydrothermal feeders for chlorite or (average grade) in an area of quartz- stibnite 
thiosulphate-bearing fluids, high in an veining 
epithermal system (Mock et a!. 1988) 

Alluvial cassiterite 

Cainozoic silica sand dunes 

Cassiterite and wolframite-bearing 
sheeted vein system in a late 
Palaeozoic granite 

Cassiterite-bearing sheeted quartz
tourmaline and greisen vein system in 
a late Palaeozoic granite 

Epithermal fissure lodes (Jensen 
194lc). Mesothermal veins probably 
sourced from upward ly migrating 
metamorphic fluids 
(Golding et al. 1990) 

Epithermal fissure lodes (Jensen 
1941 ). Mesothermal veins probably 
sourced from upwardly migrating 
metamorphic fluids 
(Golding et al. 1990) 

Epithermal fissure lodes (Jensen 
1941 ). Mesothennal veins probably 
sourced from upwardly migrating 
metamorphic fluids 
(Golding et al. 1990) 

Epithermal fissure lodes (Jensen 
1941). Mesothcrmal veins probably 
sourced from upwardly migrating 
metamorphic fluids 
(Golding et al. 1990) 

Magmatic hydrothermal , related to 
post-tectonic granites 

Alluvial gold 

Wrigglite skarn related to the O'Brien 
Creek Supersuite and hosted by 
Devonian metasedimentary rocks of 
the Hodgkinson Formation. 
Pyrometasomatic contact skarn 

Again revised to an in situ measured resource of 
278 000 t @ I. 9 g/t Au and inferred resource of 
420 000 t @ 1.9 glt Au 

Inferred Resource: 6.1 Mm3 @ 0.039 kg Sn/m3 

Reserves: 200 Mt silica sand 

Inferred resource: 2 Mt@ 0. 1% W, 7.1 t W, 
2.5 t cassiterite 

Indicated resource: 4 .035 Mt@ 0.73% Sn 
Probable reserves: 2.027 Mt @ 1.0% Sn 
Probable reserves: 3.106 Mt @ 0.90% Sn 

Measured resource: 42 000 t @ 4.9 ppm Au 
Measured: 53 400 t @ 3.7 ppm Au. Indicated 
resource: 49 000 t @ 3.3 ppm Au (some of which 
has been mined). Proven remaining reserves: 
21 500 t@ 5.11 ppm Au., >57.67 kg Au/Ag 
bullion, >3.05 t Sb 

Resources: Indicated Main- 45 000 t @ 6 .4 ppm 
Au; Indicated East- 66 472 t @ 3.3 ppm Au 
(some of which has been mined). Remaining 
proven reserves: 18 800 t @ 5.61 ppm Au., 
44.32 kg Au 

Measured reserves: 
Oxide ore - -3100 t@ 3.81 g/t Au; Sulphide ore 
- 40 200 t@ 3.81 g/t Au., >67.6 t Sb, >25.022 kg 
Au (0.630 kg, 1940; 24.392 kg, 1991- 92) 

Proved reserves: 116 000 t@ 6.24 ppm Au; 
Probable reserves: 114 000 t @ 6.24 ppm Au; 
Inferred resource: 68 000 t @ 5-6 g/1 Au 
>1.5 I Sb 

Inferred: 350 000 t @ 1.5% Cu, 0.5% Sn, 60 ppm 
Ag 
Crater anomaly: inferred 150 000 t @ 2.5% Cu. 
0.5% So, 90 ppm Ag 
74.28 t cassiterite cone. 

4.6 MmJ @ 0.6 g/t Au 

1.7 Mt @ 0.9% tin 
1.8 Mt @ 0.69 lb/t 
4 Mt @ II% fluorine 
20-22.5 Mt of0.7-{).9% Sn 

Noranda Austra.lia 
Limited (1974) 

Birch in press 

Register of 
Australian Mining 
( 1996/97); Morrison 
& Beams ( 1995) 

Mock et al. (1988); 
Register of 
Australian Mining 
(1990/91 pl150): 
Register of 
Australian Mining 
( 1991/92 pl09); 
MINMET 

CR 1745 

Cooper (1993) 

CR 11225 

Miezitis & Bain 
(1991); Miezitis & 
McNaught ( 1987) 

McConnell (1992) 

McConnell ( 1992) 

Nittoc International 
(1992) 

Cambrian Resources 
NL(I986); 
Register of 
Australian Mining 
(1992/93 p107) 

Great Northern 
Mining Corporation 
NL, Annual Report 
(1981) 

Register of 
Australian Mining 
(1989/90) 

Register of 
Australian Mining 
(1996/97 p 301); 
MINMET (6/12/96)· 
Register of 
Australian Mining 
(1994/95 p 147); 
Bruvel eta!. (1991) 
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Grasstree United Cassiterite-bearing quartz veins and Inferred resource: I Mt@ 138 g/t cassiterite CR 5054 
(Never Say Die) alteration zones in a late Palaeozoic 
(Grasstree Pocket) granite. Alluvial tin deposit 

Griffiths Hill Skarn Combined measured-indicated and inferred Barr (1994) 
(Mungana area) resource of 753 500 1 @ 2 g/t Au, I% Cu using 

a 0.84% Cu and/or Cu equivalent cutoff [Cu 
equiv.(%) =Au (g/1) x 0.5] has been calculated 

Hodgkinson River Placer deposit derived from erosion Inferred resource: 6 Mm3 @ 0.2~.5 glm3 Au Garrad ( 1993) 
of the Hodgkinson Gold Field 

Horse Creek Alluvial cassiterite Inferred resource: 750 000 m3 @350 gm CR 12563 
cassiterite/m1.(+/-250 000 m1) 

Ironstone Leases Pyrometasomatic contact skarn 7 300 tat 10-11% F(A) (A) CR 14896 
(Razed Highway) Total indicated and inferred ore is 2.496 Mt (B) CR 14897 

@0.32% Sn. II% F(B) 

Jeannie River Prospect Complex cassiterite-sulphide lodes in 6.7 Mt@ -0.8% Sn Lord & Fabray 
Devonian metasediments intruded by (1990) 
Permian granite 

King Vol (Walsh River) Skarn? Inferred resource: 350 000 I @ 25% Zn. J% Cu Register of 
and 25 g/t Ag has been identified Australian Mining 

(1996/97 p267) 

Kings Plains Prospect Cainozoic alluvial tin deposit Inferred resource: 87 Mm3 of alluvium @ CR 2434 
130 glm1 cassiterite, with 77 glm3 cutoff 
(including 42 Mm3 @ 160 g/m3 cassiterite) 
Inferred resource was calculated to be 128 Mm3 

at 119 glm3 cassiterite (dredge to a depth of 
42.7 m) 

Lee Creek Alluvial cassiterite 2.1 Mm3 of alluvium @ 383 g/m1 cassiterite CR 2434 
(0.9 Mm3 of wash@ 759 g/m3 cassiterite) 

Leichhardt Creek Recent alluvial tin deposit Proven/probable resource: 7.536 Mbm1 grading MINMET Register 
0.9 lblbm3 and 73.8 I 8 Mbm1 grading 0.55 Jblbm1 of Australian 
Total resource of -200 Mt of alluvium grading Mining (1996/97 
I 00-500 g!bm\ proven reserves of p301) 
1.14 million bm3 @ 404g!bm3 and probable 
reserves of 478 000 bm1 @ 411 g/bm1 

Melody Rocks Limestone in Devonian > 100 Mt of high to chemical-grade limestone CR 15622 
metasedimentary sequence. 

Minnie Moxham Mesothermal veins probably sourced Indicated resource: 630 000 t @ 8-9.6 g/1 Au. This Register of 
(Lizzie Moxham) from upwardly migrating metamorphic resource has been partly mined by Mount Arthur Australian Mining 

fluids (Golding et al. J 990) Molybdenum NL for 1826 oz (56.8 kg) Au (1990/91 p 158) 
Indicated resource: 58 000 t @ 2.93g/t Au with a MINMET 
further 15 000 t @ 3glt Au (mineable grade) and 
inferred 12 OOOt @ Sg/t Au (underground) 

Mistake Fissure breccia vein deposit Inferred resource: 50 800 t 25% fluorite to ARDM (1972); 
76 m depth. 1140 t CaF1 (1920-21) CR 4280. 

Mount Carbine Hydrothermal sheeted vein system, Inferred resource: 28 Mt@ 0.1% W03, using de Roo (1988) 
genetically related to adjacent granitic 0.03% cutoff (A). 16 400 t wolfram & scheelite 
intrusions (Murray 1990; Mclean cone. > 7.8 t cassiterite cone. 
1980). Auids were a mixture of 
magmatic and that derived from 
metasediments (Higgins et al. 1987) 

Mount Gamet Skarn 2 Mt @ 0.5% Cu. 25 g/t Ag. 9% Zn Morrison & Beams 
(1995) 

Mount Holmes Greisenised roof zone above a shallow Inferred potential resource: 7- 10 Mt@ 0.055% Porphyry ( 1939); 
buried granitic intrusive Sn (0.07% cassiterite) and 0.01% W03 Gold Mines NU 

Resources calculated using existing assay data- Poseidon Expln. 
no new samples taken (1989); CR 22194 

Mount Lucy Skarn developed with Chillagoe 250 000 t of 68.5% iron, 0.57% Ag Dash et at. (1988) 
Formation at the contact of the 
Carboniferous Lucy Adamellite 

Mount Perseverance Early Permian sheeted vein swarm Inferred resource: 13 Mt @ 0.025-0.038% W03 CR 6886 
related to the Mount Carbine Pluton 
hosted by Devonian metasedimentary 
rocks 

3 2 3 
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Mount Perseverance Hydrothermal vein swarm similar to Inferred resource: 13 Mt@ 0.025-{).038% W03 R.B. Mining(l971); 
Group Mount Carbine CR 6886 

Mungana Cu-Au-base metal skarn and breccia I .6 Mt @ 2. I g/t Au, I 06 g/t Ag, I% Cu, 2.3% Pb Gold Gazette 
hosted mineralisation and 2.3% Zn between the surface and 240 m depth. (301111996 pl3); 

(This appears tO include the Mungana Deep QGMJ (Jan 1997) 
resource) 

Mungana Deep Prospect Gold and base metal mineralisation Measured resource: 0.8 Mt @ 2.4 g/t Au, 144 g/t Nethery & Barr 
associated with rhyolite porphyries Ag, 1.6% Cu, 3% Pb, 2.2% Zn (> ISO m level); ( 1996) 
within the early Silurian-Early Indicated resource: 0.4 Mt @ 1.8 g/t Au, 84 g/t 
Devonian Chillagoe Formation. Ag, 0.8% Cu, 2.2% Pb, 3.0%Zn (100-150 m level) 

Indicated resource: 0.4 Mt @ 1.9 g/t Au, 55 g/t Ag, 
0.2% Cu. 1.2% Pb. 1.9% Zn (> ISO m level) 

Mungumby Creek Alluvial cassiterite Indicated resource: 595 125m3 @ 0.20 kg/m3 CR 10851 
(located at the base of cassiterite or 434 760 m3 @ 0.43 kg/m3 

the Big Tableland, 
Cooktown Tinfield) 

Never Can Tell Magmatic hydrothermal related to Probable resource: 15 Mt grading 0.2% Sn Noranda (1968) 
posHectonic granites 

Nychum (Wrotham) Perlite -700 Mt perlite Jones (1995) 

OK Mine Besshi-Kieslager type volcanic- I Mt @ 3% Cu equivalent Register of 
hosted massive sulphide within the Reserves of 400 000 t @ 2-3% copper Ausrralian Mining 
OK Member of the Devonian to 140m ( 1996/97 p233) 
Hodgkinson Formation 

Palmer River Alluvial gold Resources remaining in the Palmer River include: Denaro & Ewers 
139 000 m3 @ 0.41 g/m3 (Spear Creek), (1995) 
254 000 m3 @ 0.20 g/m3 (Blackfellow Creek), 
I 400 000 m3 @ 0.26 g/m3 along the Palmer 
River, 850 000 m3 at 0.8 g/m3 in the upper 
reaches of Doughboy Creek. and 70 000 m3 at 
0.26 g/m3 in the Little Palmer River 

Perseverance Lode Fissure vein. Inferred resource: 30 000 tons of fluorite tO Levingston (1970) 
(Fluorspar Group) 80 mdepth 80 m depth 

Red Dome Cu-Au skarn Proven and probable reserves: 2.2 Mt @ 2.6 g/t Au. AME Mineral 
Measured and indicated resource: 1.6 Mt @ 2.1 g/t Economics, Gold 
Au, I 06 g/t Ag, I% Cu, 2.3% Pb, and 2.3% Zn (1995/96) 

Queensland 
Minerals and 
Energy Review 
(1996-97) 

Reedy Inferred resource: 680 OOOt @ 1.4 g/t Au Queensland 
Minerals and 
Energy Review 
(1996-97) 

Ruddygore Mesothermal porphyry copper and Inferred resource: 10 Mt@ 0.4% Cu Lacy (1980) 
porphyry tin 

Sailor Tin greisen Estimate resource: exceeding 12 Mt averaging CR 14265; 
O. I% tin. 13.5 Mt@ 0.1% Sn Morrison & Beams 

(1995) 

Sandy Creek (Palmer Syntectonic/synmetamorphic Au- Measured-indicated geological resource: 1.5 Mt Register of 
River Gold Field) quartz and Au-Sb-quartz veins in grading -0.4 glt Au remained in the unworked Australian Mining 

Devonian metasedimellls; gold- leases held along Sandy Creek (1993/94 pl33) 
bearing chen-quartzite units 

Shannon Skarn? Inferred resource: 1.01 Mt @ 1.23% Cu, 0.96g/t CR 3725 
Au, 20.2 g/t Ag, 0.53% Zn, 0.07% Sn. 0.08% Bi 

Station Creek Alluvial tin- tungsten deposit Inferred resource: 46 Mm3 @ -180 g Sn/ml Mineral Deposits 
(Mulligan Highway) Probable resource: 30 Mm) @ 120 g Sn/ m3 AP !211M (1973); 

Ravenshoc Tin 
DredgingAP 
1699M (1976-1979) 
(files held in the 
department of 
Mines and Energy) 

Tanana area Skarn/siliceous breccia mineralisation Inferred resource: 927 000 t oxide ore at an average Register of 
developed within the early Silurian- grade of 0.83% Cu at a cut off of 0.25% Cu Australian Mining 
Early Devonian Chillagoe Formation ( 1996/97 p234) 
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Tin Creek (Cannibal Alluvial cassiterite Resource: 383 000 m3 of stanniferous wash Northern Mining 
Creek area) grading 694 g/m1 cassiterite Syndicate ( 1974) 

Titrce (Chillagoe area) Skarn inferred resource: 350 000 t of flux ore @ de Keyser & Wolff 
!%copper ( 1964) 

Tregoora renamed to Late Carboniferous-Early Permian? Indicated resource: 846 082 t @ 2.2 g/t Au (0.5 g/t B HP Gold ( 1989) 
Big A (Sleeping Giant, mesothermal stibnite-gold-quartz cut-off) or 529 942 1 @ 3.1 g/1 Au (I .0 glt Au Regis ter of 
Black Knight, Rim Fire, veins hosted by Devonian cut-off). Sleeping Giant: 460 000 1 @ 3.28 glt Au Australian Mining 
Black Bishop, Rain bird) metasediments to 60 m depth (1988/89 pl63) 

Triple Crown Breccia pipe Inferred, indicated and measured resource: Register of 
0.652 Mt @ 1.42 glt Au Australian Mining 

(1996/97) 

Tunnel (Craig's Tunnel , Epithermal fissure lodes (Jensen 194lc). Indicated resource: 8 100 1@ 8.0% Sb. Measured CR 3830 Dash & 
Wingficlds Tunnel) Mcsothermal veins probably sourced resource: Oxide ore-6900 t @ 4. 70 ppm Au; Cranfield ( 1993) 

from upwardly migrating metamorphic sulphide ore- 29 000 1 @ 4.70 ppm Au (Oxide 
fluids (Golding et al. 1990) ore probably mined out) 

Upper Mossman River Alluvial cassiterite Potential resource of250000 m3 >3m deep in Zarda Alluvial Tin 
places averaging 3.5 kg/mJ cassiterite 

Waterfall Creek to Alluvial cassiterite Inferred resource: 0.95 Mm' of alluvium at an Denaro et al. 
Trevethan Creek average grade of 482 glm' cassiterite. In 1978, (1994a) 

Serem Australia reassessed the deposits and 
calculated overall indicated resources as 2.1 Mm' 
at an average grade of 383 glm'. comprising 
0.9 Mm' of wash at an average grade of 759 glmJ 
cassiterite and 1.2 Mm3 of overburden 

Watershed Prospect Quartz-scheelite veins and 14Mt@ 0.3% W03 Miezitis & 
disseminated schcelite in Devonian McNaught (1987) 
calc-silicate rocks and Permian granite 

West Normanby River Alluvial and eluvial gold depos it Inferred resource: 596 000 1m3 @ 0.4 g/lm3 Au. Register of 
Indicated and inferred resource: 867 000 1m3 Australian Mining 
@ 0.37 gllm' Au (1994/95 pl47); 

Register of 
Australian Mining 
( 1990/91 p 164) 

Wolfram Camp Greisen zones and pipes along the Inferred resource: 2 Mt @ 1.0% W03, 0.5% Mo MlNMET (6/12/96) 
contact of Carboniferous Wolfram and 0 .1 o/o Bi 
Granite with Devonian Hodgkinson 
Formation 

Wolfram Line Intrusive related vein mineralisation Inferred resource: I Mt @ 2% W, (2000 tons CR 5378 
and related eluvial deposits of contain~d W) 

Woodville Late Carboniferous-Early Permian? Inferred/indicated resource: 0.4 Mt @ 1.25 g/t Au MIN MET 
mesothermal s tibnite- gold-quartz for ML 20009 and MLA 201 18 
veins hosted by Devonian 
metasediments 

Zillmanton Contact-pyrometasomatism Inferred resource: 260 OOOt @ 2.7% Cu CR 3725 
(Broken Hill South 1947- CR 99) 

Nole: QGMJ is the QueCJls land Government Mining Journal. CR refers to unpublished repons held by lhe Queensland Depanmenl of Mines and Energy. 
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CHAPTERS 

CLARKE RIVER REGION 

Introduction IW Withnall 

The Clarke River Region occupies about 50 000 km2 of 
the Cairns-Townsville hinterland (Figure 8.1). It is an 
elongate northeast-trending area, bounded by the 
Georgetown Region to the northwest, the Cairns Region 
to the east, and the Charters Towers Region to the south, 
and contains Palaeozoic sedimentary rocks with 
subordinate volcanic rocks and granites. These are overlain 
by scattered remnants of Mesozoic sedimentary rocks and 
Cainozoic basalt, mainly in the southwest. It corresponds 
with the Broken River Embayment ofWhite (1965). The 
geology of the region has been described in more detail 
by Withnall & Lang (1993); Withnall & Grimes (1995) 
and Withnall et al. (1996a). Table 8.1 summarises the 
stratigraphy, and Plate 8.1A shows the geology of the 
region. Plates 8.2, 8.3 and 8.4 show some of the rocks in 
the region. 

Figure 8.1. Location of the Clarke River Region. 

Geological Framework 
The structural units recognised in the Clarke River Region 
as follows. 

1. Proterozoic rocks of the Gray Creek Complex and Halls 
Reward Metamorphics of the Forsayth Subprovince of 
the Etheridge Province crop out in a small area in the 
middle of the region, probably a partly faulted 
antiformal core. 

2. Ordovician to early Carboniferous, mainly sedimentary 
rocks of the Broken River Province, which is made up 
of several subprovinces as follows. 

by IW WITHNALL, SC LANG, JS LAM,]] DRAPER, 

J KNUTSON, KG GRIMES and P WELLMAN 

The Camel Creek Subprovince in the east (Figure 8.2) 
consists of Ordovician to Early Devonian quartz-rich 
and quartz-intermediate turbidites (Crook 1974), 
tholeiitic basalt and calc-alkaline volcanic and 
volcaniclastic rocks. The rocks were multiply deformed 
in the Devonian and contain extensive melange 

The Graveyard Creek Subprovince in the west (Figure 
8.3) is separated from the Camel Creek Subprovince 
by the meridional Gray Creek Fault. The rocks range 
from Ordovician to early Carboniferous. Melange is 
developed only in the Ordovician rocks, which are 
quartz-rich turbidites and mafic to felsic lavas. The 
main folding episode was in the Carboniferous, 
although some hiatuses and slight angular 
unconformities are recognised in the sequence. The 
Silurian rocks include turbidites and shelf deposits, 
whereas shelf deposits, including extensive carbonates, 
formed in the Early and Middle Devonian. In the Late 
Devonian, a pull-apart basin, referred to as the Bundock 
Basin, developed in the southwest of the subprovince, 
and received a thicl~ sequence of fluviatile and some 
shallow marine sediments. 

The Clarke River Basin (Figure 8.4) contains early 
Carboniferous fluviatile and minor shallow marine 
rocks and includes some ignimbrite and other 
volcaniclastic rocks. It developed mainly on the Camel 
Creek Subprovince after the close of the main 
deformation there. 

3. Carboniferous to Permian !-type plutonic rocks 
belonging to the west- northwest-trending, intraplate 
Townsville-Mornington Island Belt (TMIB) intrude the 
Camel Creek Subprovince in the east along its eastern 
boundary. This belt is part of the Kennedy Province 
(North Queensland Volcanic and Plutonic Province of 
Day et al. 1983). Numerous small plutons intrude the 
northern half of the Bundock Basin, and some isolated 
plutons intrude the Camel Creek Subprovince. 

4. Fault-bounded late Carboniferous to Early Permian 
fluvial to lacustrine sedimentary rocks in the area of 
the Clarke River Basin are probably the northernmost 
extensions of the Galilee Basin. 

5. Scattered outliers of the Jurassic to Cretaceous 
sedimentary rocks that occur in the Eromanga Basin, 
which underlies the Carpentaria Lowlands Region to 
the west. 

6. Parts of the extensive sheets basalt and volcanic vents 
of the Miocene to Recent McBride, Nulla and 
Chudleigh Subprovinces that occur in the adjacent 
regions. 

7. Scattered areas of Cainozoic sediments and residual 
deposits. 

The boundary with the provinces of the Georgetown 
Region is marked by the Burdekin River, Halls Reward 
and Teddy Mount Faults. The Clarke River Fault separates 
the Broken River Province from the Cape River Province 
and Pama Province rocks of the Charters Towers Region 
to the south. The eastern margin with the Cairns Region is 
the inferred southeastward projection of the Palmerville 
Fault through the middle of the Ingham Batholith. 
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Geophysical Characteristics 
P Wellman 

When a two degree regional is rcmo,·cd to take into account 
the effect of land altitude. the gravity anomalies have a 
mean value that is near average for the greater reoion. so 
that the upper crustal density is not grossly diffen!"nt from 
that of the surrounding crust. Gravity anomalies within 
the Clarke River Region are lowest near the centre of the 
Clarke River B~sin. This is ~onsistent with the geological 
mappmg showmg a young111g of scdiment towards the 
centre of the basin. and with a model where the sediments 
overlie a d~nser basement, which has a surface subparallel 
~vtth beddtng. 0~ the southern margtn oft he region. there 
ts an mtense gravtty low over the larger area of Wade beds. 
co.nststent with the light sediments havmg a considerable 
thtckness. On the eastern margin of the reg1on, the density 
of the Kang~roo Hills Fot:nation is apparently less that 
that of the adJacent Carbomferous Perm tan granitic rocks. 

Magnettc anomalies witbtn the provmce have a low average 
and arc gene£? fly. smooth. consistent with the rocks havmg 
a low magnettsatton. Strong anomalies are associated w1th 
the ma~ic.-ultramafic rocks of the Gray Creek Complex, 
scrpent1ntte along the Gray Creek Fault, mafic volcanic 
rocks within the Wairuna. Carriers Well and Judea 
Fommttons, and plutons oft he Carboniferoll5 Montgomery 
Range l~neo~s ~omplex and associated rhyolites. 
A.nomaltcs wtthtn the maf1c rocks of the Wairuna 
Fonnation outline the Clarke Rtvcr Orochne. c,·en beneath 
the cover of the Clarke Ri\cr Basin. A more detailed 
interpretation of the geophysacs of the Clarke River Regton 
\\a~ underta!..:en by Stod,ill ( 1989). 

Proterozoic tw Witl111all 

Gray Creek Complex 
The Gray Creek Complex. \\htch was first described in 
de tad by Green ( l 958) and\\ hllc ( 1965 ). crops out to the 
cast of the Halls Reward Fault as an elongate hody 2.0 km 
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long. Although it is surrounded by rocks of the Broken 
Rtver Province, it is regarded as part of the Cape River 
~r?vince, bee a us~ Arn?ld & Rubenach ( 1976) showed that 
11 IS structurally tdentacal to the Boiler Gully Complex, 
and tt has gtven Mesoproterozoac isotopic ages. S1 

hornblende gave ages of Il l ! ± 30 Ma and 1316 ± 40 Ma. 
the latter probably providing a minimum age for the 
complexes (Black et al. 1979). Withnall (in Withnall & 
I ani? .1993) also described the complex and its regional 
s1gnaf1cance. 

Towards its. north em end, .the complex has a. core-zone, up 
to 500 ~ wtde. ofserpenttntte nankcd by clmopyroxenite. 
Wehrltte and metagabbro arc interlayered wi th the 
cltnopyroxcnitc. Accordmg to Arnold & Rubenach ( 1976). 
the layenng and texture ofthe~e rocks andicates a cumulate 
ong.in. agreeing with the suggestion of Green ( 1958) and 
Whttc ( 19~5) that the complex onginated as a layered 
co~1plex wtth a bas~ zo.ne of dunite and wchrlite grading 
up mto cltnopyroxen1te. tn tum ovcrlam by layered gabbro. 
M.et~gabbro and foliated amphibolite fonn the largest area 
w1than ~h~ complex: Arnold & Rubcnach ( 1976) interpreted 
the folaatton as S2 111 the north, but noted a diminution in 
metamorphic grade and strain associated with D, to the 
south. • 

The Gra} Sr~ek C?m~lex has presumably been folded with 
the Ordovac1an- Stlunan rocks that surround it. The main 
part of the complex probably rcprescnb the core of a 
doubly plunging ~nticline. The Gray Creek Complex ism 
faulted contact w1th the Ordovtctan Judea Fonnation. This 
has been interpret.ed as a. thrust con!act by T. Bell (pers. 
comm .. 1982), but tt rna~ stmply be a laultcd unconfonnity. 
Along tts eastern margm. the complex is faulted against 
the Carriers Well Forn1ation and Wairuna Formation along 
the Gray Creek Fault. 

The geochemastry and significance of the Gray Creek 
Complex arc described" ith the Boiler Gully Complex tn 
Chapter 3. 



Ralls Reward Metamorpbics 
Small slices of metapelitic rocks a few hundred metres 
long have been mapped with mafic rocks along the Gray 
Creek Fault. They are similar to the Halls Reward 
Metamorphics associated with the Boiler Gully Complex 
west of the Halls Reward Fault. 

Ordovician IW Wirhna/1 

Wairuna Formation (Camel Creek 
Subprovince) 
Cleaved mudstone and altered basalt are the most abundant 
rock types, but interbeds offine-grained quartzose arenite 
and chert are present and are commonly disrupted to form 
tectonic melange. The geochemistry of the basalts was 
discussed by Withnall (in Withnall & Lang 1993). They 
are tholeiitic, similar in some respects to MORE (Figures 
8.5 ana 8.6), but are enriched in LIL elements. They 
probably formed in a rifting environment, possibly on a 
passive margin or back-arc basin. On multi-element plots, 
they Jack the Nb trough, which is characteristic of 
subduction-related basalts (Figure 8.5). 
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In the north, the Wairuna Formation is faulted against the 
Proterozoic Halls Reward Metamorphics of the 
Georgetown Region along the Burdekin River Fault. 
Farther south, the fault becomes the Gray Creek Fault, and 
separates the Graveyard Creek and Camel Creek 
Subprovinces. The Gray Creek and Burdekin River Faults 
may be thrusts. South of Greenvale township, the Everetts 
Creek Volcanics and Carriers Well Formation crop out 
between the Wairuna Formation and the Gray Creek Fault. 
The relationships between the Wairu.na Formation and the 
Everetts Creek Volcanics and Carriers WelJ Formation are 
uncertain. They may be entirely tectonic, or they could be 
stratigraphic and interfingering at least in part. The contact 
with the Greenvale Formation is probably tectonic, the 
Wairuna Formation having been thrust over the Greenvale 
Formation. 

No fossils are known from the Wairuna Formation. It is 
lithologically similar to the early Ordovician Judea 
Formation, which is characterised by fine-grained 
quartzose arenite. Quartz-rich turbidites similar to the 
Judea and Wairuna Formations and other quartz-rich 
turbidite units in the Broken River Province characterise 
the Ordovician of the Lachlan Fold Belt (Powell in Veevers 
1984 p293). An Ordovician age is therefore considered 
likely for the Wairuna Formation. 

Pelican Range Formation (Camel Creek 
Subprovince) 
The Pelican Range Formation is similar to the Wairuna 
Formation, but quartzose arenite is more abundant. It is 
probably of a similar age. Minor tholeiitic basalt and chert 
occurs in a few places, but are much less common than in 
the Wairuna Formation. The Greenvale and Pelican Range 
Formations form a zone 10-15 km wide of alternating 
north-trending belts. Most of these are probably 
tectonically interleaved as imbricate thrust slices (Withnall 
& Lang 1993), but · in a few places, they appear to 
interfinger. 

Tribute Hills Arenite (Camel Creek 
Subprovince) 
The Tribute Hills Arenite consists predominantly of fine 
to very fine-grained quartzose arenite similar to that in 
the Pelican Range Formation. The main difference is that 
mudstone is subordinate and basalt is unknown. 
Sedimentary structures suggest that the rocks are turbidites . 

The Tribute Hi lis Arenite is probably fault-bounded to the 
north against the Perry Creek Formation, and to the south 
against a thin belt of Pelican Range Formation. No fossils 
have been found in the Tribute Hills Arenite, but like the 
Pelican Range Formation, its quartz-rich nature suggests 
it is Ordovician. 

Everetts Creek Volcanics (Camel Creek 
Subprovince) 
The Everetts Creek Volcanics are mainly lavas, and are 
locally amygdaloidal and pillowed. The primary 
mineralogy ·is mostly alte~~d. WithnaiJ & Lang (1993) 
showed that Na20 is relatively high, suggesting that the 

. . - -F.ELSIC.ROCKS----· --

. o 
X 

Everetts Creek Volcanics a. 
Carrier!I"Well Formation (2) 
Judea Formation (3) 

. - rocfSnave oeen spiliiisea~Tne-Si'O;<:ontentindicates that· 
basalt, andesite and rhyolite are present. Basalt samples 
have tholeiitic and calc-alkaline affinities (Fi'gure 8.6). On 
a multi-element plot (spider diagram), they show the 
characteristic Nb trough of subduction-related basalts 
(Figure 8.5). Volcaniclastic rocks and minor chert· and 
siltstone are interbedded with the lavas. 

Figure 8.5. Multi-element plot (spider diagram) for average 
analyses of Ordovician to Silurian volcanic rocks from the Broken 
Rjver Province. Normalising values from Saunders & Tamey 
(1984). 
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The Everetts Creek Volcanics are probably overlain by and 
grade into the Carriers Well Formation. The relationship 
to the Wairuna Formation to the east is not known. It could 
be stratigraphic (?overlying the Wairuna Formation) or 
faulted. No direct evidence for the age of the unit is 
available, but because ofthe gradational relationships with 
the Carriers Well Formation, it is considered to be late 
Ordovician. 

Carriers Well Formation (Camel Creek 
Subprovince) 
The Carriers Well Formation is the westernmost unit in 
the Camel Creek Subprovince. It is a heterogeneous unit 
containing mafic to intermediate lavas and breccias, 
volcaniclastic arenite, quartzose arenite, oolitic Jimestone 
and chert. Like other units in the Camel Creek 
Subprovince, the Carriers Well Formation is strongly 
disrupted internally and melange is comn1on. Some of 
these disrupte.d assemblages may be solely tectonic, but 
others may be tectonised olistostromes and debris flows. 

Tne Carriers Well Formation is faulted to the west against 
the Gray Creek Complex along the Gray Creek Fault. The 
nature of this fault is uncertain, but it may be a thrust 
(Withnall & Lang 1993). The Everetts Creek Volcanics 
bound the Carriers Wel l Formation to the east, and may 
underlie them. The corals and conodonts indicate a late 
Ordovician (Ashgill) age, similar to the Fork Lagoons Beds 
in the Anakie Inlier (Palmieri 1978 1984; Jell et al. in 
Withnall & Lang 1993). 

Greenvale For mation (Camel Creek 
Subprovince) 
The Greenvale Formation consists of lithic arenite and 
mudstone with subordinate polymictic conglomerate and 
mafic volcanic rocks. The lithic clasts include both 
metamorphic and volcanic rock fragments. Three broad 
intergradational facies can be recognised: thickly bedded 
arenite, alternating arenite/mudstone, and areas of 
predominantly mudstone and siltstone. Similar facies are 
recognised in the Perry Creek and Kangaroo Hills 
Formations. The Greenvale Formation is interpreted as a 
turbidite sequence with.both proximal and distal turbidites 
(corresponding qualitatively to the thickJy bedded arenite 
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facies and alternating arenite/mudstone to mudstone/ 
siltstone facies respectively). The alternating arenite/ 
mudstone facies is probably the most abundant. 

Melange is common in the Greenvale Formation. Most is 
probably of tectonic origin and is associated with a strong 
'scaly' foliation. 

No fossils have been found in the Greenvale Formation. 
The source of the volcanic detyritus was possibly the late 
Ordovician Carriers Well Formation and Everetts Creek 
Volcanics and their equivalents. It could therefore postdate 
these units or have been deposited contemporaneously as 
a fore-arc sequence. The Greenvale Formation could 
therefore be late Ordovician to early Silurian. 

This is supported by the geochemistry of the mafic 
volcanic rocks from the Greenvale Formation. Although 
tholeiitic, they show the characteristic Nb trough of 
subduction-related basalts, which is also a feature of the 
Everetts Creek Volcanics and Carriers Well Formation 
(Figure 8.5). 

J udea F'ormation (Graveyard Creek 
Subprovince) 
The Judea Formation crops out in a narrow strip up to 2 
km wide west of the Gray Creek Complex between 
Greenvale and Tomcat Creek, and in cores of anticlines in 
the Broken River area. The outcrop area is rarely more 
than 1500 m wide except near Greenvale, where it occupies 
the core of a synclinorium. Repetition by small-scale 
folding is common, suggesting that the unit is considerably 
less than I 500 m thick. The upper sedimentary part 
probably comprises about 500 m of this or less. The 
Donaldsons Well Volcanic Member forms the lower part 
of the sequence and consists predominantly of lava. 
CbemicaJ analyses confirm the compositional range from 
tholeiitic basalt to Jow-K rhyolite (Withnall & Lang 1993). 

The upper sedimentary part of the Judea Formation 
consists of quartzose arenite and cleaved mudstone. 
Sedimentary structures indicate a turbiditic origin. An 
important feature of the Judea Formation is early 
deformation characterised by abundant boudinage, local 
mesoscopic isoclinal folds, bedding-parallel faulting and 
cleavage, and commonly a thorough disruption of strata 
to produce melange. 

A tetragraptid reported by Jell et al. (in Withnall & Lang 
I 993), indicates that the sedimentary part of the Judea 
forma~io~ is ~arly Ordovician. 

Tonalites (Graveyard Creek Subprovince) 
The Netherwood Tonalite forms two small plutons in the 
Broken River area. It consists of greenish grey, fine to 
medium-grained, equigranular biotite-hornblende tonalite 
to quartz diorite. The plutons intrude the Judea Formation 
and the eastern one is nonconformably overlain by the 
Graveyard Creek Group. The Netherwood Tonalite is 
therefore early Ordovician to early Silurian . . 

The Saddington Tonalite intrudes the Gray Creek Complex. 
The mapped outcrop pattern and xenoliths suggests that it 
also intrudes the Donaldsons Well Volcanic Member. The 
unit consists mainly of grey, medium-grained, equigranular 
hornblende tonalite, quartz diorite and diorite. A small 
fault-slice of tonalite east of Gray Creek is commonly 
cataclastic, probably related to movement on the nearby 



Gray Creek Fault. The Saddington Tonalite is probably 
similar in age to the Netherwood Tonalite. It may have 
been intruded contemporaneously with the eruption of the 
Donaldsons Well Volcanic Member, because it intrudes 
the volcanic rocks, but is itself intruded by mafic dykes, 
whjch may have been feeders to some of the volcanic rocks. 

Withnall & Lang (1993) presented chemical analyses of 
the tonalites and showed that they plotted in the tonalite 
field on the An-Or-An diagram of Barker (1979) and are 
not trondjhemites as suggested by Arnold & Rubenach 
(1976). They are both I-type granites, and plot in the 
volcanic-arc granite field on the plots of Pearce et al. 
(1984). They show significant differences on spider 
diagrams. The Saddington Tonalite is lower in Sr, Ba, Th, 
Nb, La, Ce and P than the Netherwood Tonalite. The rocks 
are undepleted in Sr and depleted in Y, suggesting that 
they were derived by melting in the eclogite zone. They 
are strongly depleted in Nb. The low-K rhyolites of the 
Judea Formation are most similar to the Netherwood 
Tonalite. They have similar values of HFS, but Nb is 
undepicted and LIL element values are significantly 
different. The rhyolites are quite dissimilar to the 
Saddington Tonalite. 

Silurian-Early Devonian IW Withnall 
Perry Creek Formation (Camel Creek 
Subprovince) 
The Perry Creek Formation forms a belt between the 
Kangaroo Hills Formation and the zone of interleaved 
Greenvale and Pelican Range Formations and Tribute Hills 
Arenite. The contact with the Greenvale Formation is 
abrupt and is probably a fault, and the unit is also probably 
faulted against the Kangaroo Hills Formation. 

The Perry Creek Formation consists predominantly of 
arenite and mudstone, although chert, tholeiitic basalt and 
lenses oflimestone and conglomerate also occur in places. 
Melange is locally present. The limestones are likely to be 
allochthonous because of the turbiditic nature of the 
sequence in which they occur. The largest lens is about 2 
km long and about 350 m thick. The conglomerates 
commonly contain limestone clasts. Like the Greenvale 
and Kangaroo Hills Formations, the Perry Creek Formation 
is interpreted as a sequence of proximal to distal turbidites. 
The arenites are more quartzose and less lithic than those 
in the Greenvale Formation. 

The limestone clasts in conglomerate and the large, 
probably allochthonous limestone blocks contain 
conodonts of late Ordovician to early or middle Silurian 
age (Sloan et al. 1995). Sloan et al. were unable to 
substantiate a tentative earliest Devonian age reported from 
Thatch Creek by B.G. Fordham (pers. comm. quoted in 
Withnall & Lang 1993). Because the limestones are 
probably allochthonous, the depositional age may be 
somewhat younger. However, it is thought likely that the 
larger blocks were derived from limestones being deposited 
almost contemporaneously with the Perry Creek Formation 
on a nearby shelf, and that the formation itself is mainly 
early Silurian. The derivation of limestone clasts from 

· rocks" of a similar age to the Carriers-Well Formation is 
consistent with the presence of volcanic detritus in the 
arenites. 

Although the basalts plot in the MORB field on a Ti-Zr 
plot, they are more enriched than MORB in most elements 
on a multi-element plot (Figures 8.5 and 8.6). They show 
no Nb trough. 

CHAPTER EIGHT Clarke River Reoion 

Kangaroo HiUs Formation (Camel Creek 
Subprovince) 
The Kangaroo Hills Formation forms the eastern half of 
the Camel Creek Subprovince. lt is probably faulted against 
the Perry Creek Formation. The Kangaroo Hills Formation 
is similar in many respects to the Greenvale Formation, 
and some areas previously mapped as Kangaroo Hills 
Formation by White ( 1962a,b, 1965) are now mapped as 
Greenvale Formation and vice versa. The arenites in the 
Kangaroo Hills Formation can be rustinguished by being 
more feldspathic and significantly less lithic, and the 
polymictic conglomerates contain common limestone 
clasts. Lenses of I imestone up to 200m long are interpreted 
as allocthonous blocks. The same three facies associations · 
can be recognised, but the thick-bedded arenite facies is 
commonly associated with polymictic conglomerate. The 
rocks are interpreted as ·a turbidite sequence. Melange is 
also present in the Kangaroo Hills Formation, but is not 
as common as in the Greenvale Formation. 

Limestone clasts in the conglomerates and larger 
allochthonous lenses contain Early Devonian (Lochkovian 
to Pragian) conodonts (B. Fordham pers. comm. 1988; 
Sloan et al. 1995). 

Graveyard Creek Group (Graveyard Creek 
Subprovince) 
The Crooked Creek Conglomerate is the basal unit of the 
Graveyard Creek Group, and unconformably overlies the 
Judea Formation and Gray Creek Complex. Its relationship 
with the Hal.ls Reward Metamorphics and Boiler Gully 
Complex is uncertain and may be faulted, but it could be 
locally stratigraphic and unconformable. The unit is 
conformably overlain by the Quinton Formation. It is at 
least 300 m thick, where it underlies the Quinton Formation 
in the core of the Black Wattle Anticline. l t thins to the 
southeast. 

The Crooked Creek Conglomerate consists mostly of 
polymictic, boulder to pebble conglomerate Some outcrops 
have a predominance of amphibolite and metagabbro 
clasts, presumably derived from the Boiler Gully Complex 
or the Gray Creek Complex, and Withnall & Lang ( 1993) 
describe probable o l istoliths of amphibolite and 
metagabbro at least 30 m across. Elsewhere, the 
conglomerates show a much greater variety of clast type, 
including granites, quartzose arenite (from the Judea 
formation), mafic volcanic rocks, felsic porphyry, quartz 
and schist, as well as amphibolite, metagabbro, and 
serpentinite. In the north, two large limestone lenses up to 
2 km long and 150 m wide may be allochthonous blocks 
(olistoliths) transported down slope from a neighbouring 
shelf Smaller limestone olistoliths as blocks from a few 
metres up to 200 m long occur sporadically elsewhere, 
and in the Quinton Formation up to 500m above the 
Crooked Creek Conglomerate. 

The conglomerate was probably deposited as short headed 
fans adjacent to a faulted margin when subsidence of the 
Graveyard Creek Subprovince was initiated. This is 
suggested by the common lack of mixing of clasts from 
different sources, mainly from the adjacent Georgetown 
Region. Significant relief (such as an active fault scarp) is 
sugge.sted by the ·extremely large blocKs ana olistollths· of 
metamorphic rocks within the conglomerate in places. 
Mass flow processes were probably significant 
depositional mech\lnisms to transport such material. 

The Crooked Creek Conglomerate is probably early 
Silurian, because of the Llandovery fossils in the overlying 
Quinton Formation. 
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The Quinton Formation is predominantly a turbidite 
sequence. lt conformably overlies the Crooked Creek 
Conglomerate and is laterally equivalent to the Poley Cow 
Formation. Continuity of outcrop is broken by a large 
laterite plateau in the center of the area. Just south of the 
laterite plateau, an inferred basement high, on which the 
Poley Cow Formation is very thin or absent, may have 
originally separated the two units. 

In the west, the formation is about 5000 m thick, and is 
dominated by medium to very thick-bedded, coarse to very 
coarse-grained, lithofeldspatbic to feldspathic arenites that 
show characteristics of turbidites. East of the Black Wattle 
Anticline, the arenite-dominated facies passes into a 
thinner, more distal facies. The overall thickness is difficult 
to determine because of complex folding, but it is probably 
of the order of 2000 m or less. 

Thin to medium-bedded calcarenite and calcilutite are 
relatively common in the top half of the sequence in the 
Turtle Creek area in the east. They probably represent 
calcareous turbidites or debris flows from a neighbouring 
shelf, possibly on the postulated palaeo-high to the south. 
A large limestone lens (the Magpie Creek Limestone 
Member), about 5 km long and up to 500 m thick, crops 
out towards the top of the Quinton Formation in the 
headwaters of Turtle and Magpie Creeks. It may be 
allochthonous. 

Quartz-poor arenite containing over 90% felsic volcanic 
clasts was described by Arnold & Henderson (I 976) and 
With nail & Lang (I 993) from the eastern part of the area, 
occurring in an interval up to I 00 m thick about I 00 m 
above the base of the formation. None have been observed 
in the equivalent Poley Cow Formation to the south, or 
west of the Black Wattle Anticline. 

Detailed sedimentological studies of the Quinton 
Formation are yet to be done. However, the most likely 
environment of deposition is a submarine fan system 
adjacent to an actively subsiding faulted margin to the 
Georgetown Region, which was the main provenance. The 
thinning and more distal appearance eastwards are 
consistent with the source being mainly to the west or 
northwest. Continuous more rapid subsidence in the west 
allowed a thicker accumulation of sediments (up to 5 km) 
there and prevented progradation of the proximal facies 
farther east. The Shield Creek Fault coincides 
approximately with the eastern extent of the proximal 
facies, and it or a precursor may have been active during 
deposition. The proximal facies could thus· have been 
deposited in a narrow trough betWeen the Teddy Mount 
and Shield Creek Faults. Shelf deposits, possibly in the 
Georgetown Region beyond the faulted margin, were the 
source of the limestone clasts in the west. Some sediments 
in the east may have been derived from a basement high, 
which is postulated between the Quinton and Poley Cow 
Formations, and which may have been a site of 
non-deposition in the early Silurian. The Lockup Well/ 
Jessey Springs Fault system may also have been a 
long-lived structu re and may coincide with the 
northwestern margin of this high. 

The basal part of the distal facies of the Quinton Formation 
in the east has been well dated as late Llandovery on the 
basis of corals, conodonts, trilobites and graptolites (see 
review by Jell et al. in WithnaJI & Lang 1993; Sloan et al. 
1995). A rich coral fauna in the Magpie Creek Limestone 
Member has yet to be studied in detail, but is possibly of 
Ludlow to Pridoli (late Silurian) age. The formation is 
overlain by the Shield Creek Formation with apparent 
conformity, although a time-break is likely on 
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biostratigraphic evidence (Mawson et al. 1988; Mawson 
& Talent 1989). 

The Poley Cow Formation crops out south of the large 
laterite plateau. It consists of at least 700 m of mudstone 
and arenite, and common large lenses of polymictic pebble 
conglomerate. This distinguishes it from the eastern distal 
facies of the Quinton Formation. The two units are 
equivalent in age . T he Poley Cow Formation 
unconformably overlies the Judea Formation and 
Netherwood Tonalite, and is conformably overlain by the 
Jack Formation. 

The Poley Cow Formation was interpreted by Fielding (in 
Withnall & Lang 1993) as the deposits of coarse-grained 
fan or braid deltas that issued eastwards onto a storm/ 
wave-influenced marine shelf. There was only minimal 
wave reworking of coarse gravels supplied to the fan deltas, 
resulting in thick deposits of often chaotic conglomerates. 
The fans evidently drained an elevated landscape to the 
immediate west of the study area, composed dominantly 
(or locally) of Judea Formation. 

Graptolites from the Poley Cow Formation are late 
Llandovery (Jell et al. in Withnall & Lang 1993). 

The Jack Formation is the uppermost unit of the Graveyard 
Creek Group south ofthe laterite plateau. The unit overlies 
and may interfinger with the Poley Cow Formation, and is 
a mixed carbonate-siliciclastic unit. Limestone (generally 
fine-grained calcilutite and calcarenite in two intervals at 
the base and top), micaceous sandstone, pebbly quartzose 
sandstone and mudstone are the main rock types. 

Fleming (in Withnall, Lang et al. 1988) interpreted the 
depositional system that gave rise to the Jack Formation 
in the Broken River/Diggers Creek area as a near-shore 
shallow-water complex of fans, bars, restricted lagoons 
and marine tongues or bays. The limestones represent 
deposition in restricted, shallow to very shallow lagoons. 
The siliciclastic sequence between the li mestones is 
interpreted as being deposited in a marine bay. 

The carbonates of the Jack Formation are fossiliferous, 
particularly near the base of the upper limestone, where a 
rich coral fauna is preserved. Trilobites indicate a broad 
Ludlow to Pridoli age (Jell et al. in Withnall & Lang 1993). 
The Jack Formation contains Ludlovian conodont faunas 
in the upper limestone at the Broken River crossing, and 
its top is probably Pridolian or Early Devonian (Simpson 
1983). 

Shield Creek Formation (Graveyard Creek 
Subprovince) · 
In the lower part, the formation begins with thick to very 
thick-bedded, cross-stratified, coarse to very 
coarse-grained, feldspathic and locally quartzose arenite 
and minor conglomerate. In the northern part of the outcrop 
area, the sequence fines upward into the Martins Well 
Limestone Member, which consists of bioclastic 
packstones and wackestones, well-bedded muddy 
calcarenite and shale. The member contains a rich rugose 
and tabulate coral fauna. Farther south, a thin, highly 
fossiliferous limestone lens about 40 m thick has been 
named the Arch Creek Limestone Member. The upper part 
of the Shield Creek Formation is coarse-grained, very 
thick-bedded, feldspathic arenite and calcareous mudstone. 

Although no detailed study of the environments of 
deposition has been made, the presence of the coralline 
limestone of the Martins Well Limestone Member, a 



marine fauna in some of the siliciclastic sedimentary rocks 
both above and below the member, and local bimodal 
cross-bedding, indicate shallow marine deposition, at least 
for the northern part of the outcrop area. The environment 
was probably fluviatile in the south. The overall 
environment for the unit was probably coastal plain to inner 
shelf. 

The conodont fauna in the Martins Well Limestone 
Member overlaps the Lochkovian-Pragian stage boundary 
(Early Devonian) (Mawson etal. 1988; Mawson & Talent 
1989), whereas the Graveyard Creek Group (Jack 
Formation) probably just extends into the early 
Lochkovian. This Lochkovian time-break may correlate 
with uplift and deformation in the adjacent Georgetown 
and Charters Towers Regions at around 400 Ma. The thick 
feldspathic arenites in the Shield Creek Formation partly 
record the erosion of a plutonic/metamorphic terrane and 
renewed subsidence allowing a marine transgression. 

Devonian-Early Carbon~feroun§ 
SC Lang, IW Withnall, JJ Draper 

Broken River Group (Graveyard Creek 
Subprovince) 
The Broken River Formation (Table 8.1) was first 
described by White ( 1965), and a more comprehensive 
description was given by Wyatt & Jell (1980). The 
re-mapping of the region resulted in a major revision of 
the stratigraphic nomenclature of the Broken River 
Formation . The formation was upgraded to a group 
containing sixteen str11tigraphic units which were defined 
and described by Lang et al. ( 1989a) and Lang et al. (in 
Withnall & Lang 1993). The lower part, which comprises 
limestone-mudstone-<:onglomerate-arenite lithofacies 
and forms most of the group, is assigned to the Wando 
Vale Subgroup. The upper part, containing arenite
mudstone-conglomerate- limestone lithofacies. is mapped 
as Mytton Formation. The Broken River Group was pfaced 
in a sequence stratigraphic context by Lang & Fielding 
(in Withnall & Lang 1993). 

The calcareous sequences of the Broken River G::-n!J have 
rich tabulate and rugose coral, stromatoporoiQ, brachiopod, 
crinoid, sponge, micro-invertebrate and conodont faunas. 
The extensive collecting for conodonts has provided a good 
biostratigraphic framework. Summaries of the recent 
conodont biostratigraphic work are given in Mawson et 
al. (1985, 1988), Mawson & Talent (1989) and Sloan et 
al. (1995). Figure 8. 7 shows the conodont zones and their 
relationship to the system and stage names. The conodont 
evidence indicates that after an apparent hiatus spanning 
the ·late sulcatus to inversus Zones (Pragian to Emsian), 
sedimentation of the Broken River Group commenced in 
the late inversus Zone (mid Ems ian) and continued almost 
uninterrupted until at least the early asymmetricus Zone 
in the late Givetian to early Frasnian. The main carbonate 
units that accumulated through the Eifelian into the 
Givetian, i.e. the Lomandra, Dosey, Chinaman Creek, Dip 
Creek, Lockup Well and Jessey Springs Limestones, all 
seem to have terminated during the middle varcus Zone. 
In the Dosey Creek- Storm Dam area where this event has 
Q.~l!J)_stl,l.died .. b~s~ •. it fprr~sp_o.J)d;> .wi_t.ll a_f?pi<l. ~b~nge_ to 
deeper and quieter water biofacies. It aligns well with a 
global eustatic rise within the middle varcus Zone. The 
Stanley Limestone Member of the Mytton Formation is 
dated as possibly disparalis or, more probably, 
asymmeiricus Zone, i.e. late Givetian or early Frasnian 
(Mawson & Talent 1989). 

C HAPTER EIGHT Cl a rk e R i v e r R egio n 

In the Pandanus Creek area in the north, the group is 
dominated by carbonates; siliciclastic rocks are present, 
although not to the same extent as they are in the Dosey
Craigie·area in the south. The area was referred to as the 
'Pandanus Carbonate Platform' by Mawson & Talent 
( 1989), who referred to it as 'a carbonate platform in the 
north, now represented by four discrete outcrop tracts of 
carbonates'. These tracts have been given separate names: 
Chinaman Creek, Dip Creek, Lockup Well and Jessey 
Springs Limestones. Sloan et al. (1995) proposed that the 
use of separate names be discontinued, and applied the 
name ' Chinaman Creek Limestone' to all four areas of 
limestone. Faulting along the Shield Creek and Lockup 
Well Faults and Cainozoic co~er dismembered what was 
probably one continuous carbonate sheet. The Chinaman 
Creek Limestone is underlain by the thin, quartzose Tank 
Creek Sandstone, which was deposited in high energy 
conditions. Only the sedimentology of the Dip Creek 
Limestone has been studied in detai I, but the other units 
probably are similar. Law ( 1985) interpreted the Dip Creek 
Limestone as open shallow-water carbonate shelf, lagoonal 
and barrier shoal deposits, mixed or interbedded with 
muddy and locally sandy siliciclastic deposits. 

Whether this area actually represents a geomorphic 
'platform' depends on the interpretation of the Burges area, 
which lies between this area and the Dosey-Craigie area 
to the south. Mawson & Talent ( 1989) considered the 
Burges area as a 'submarine valley' between the two 
platforms. An alternative is that the entire Broken River 
tract was deposited on a semi-continuous platform or 
gently dipping ramp, which contained carbonate 'factories' 
separated by areas of depressed carbonate sedimentation, 
due to a combination of slightly deeper water and abundant 
clastic sediment supply. The Jessey Springs Limestone 
thins dramatically due to a facies change into the adjacent 
Burges Formation, and possibly represents a transition 
from shelf to slope facies. Detailed conodont data support 
a progressive deepening eastwards (Mawson & Talent 
1989). 

In the south, in what has been referred to as the Dosey
Craigie Platform (Lang et al. in Withnall & Lang 1993), a 
much more complex array of facies is represented. The 
basal units, the Bracteata Mudstone and the basal part of 
the Burges Formation are consistent with deposition on a 
shallow muddy shelf. Initially the sequence was deposited 
under very shallow conditions- abundant plant material 
suggest paralic conditions. However, as a marine 
transgression engulfed the area during the late Emsian, 
more open marine conditions developed and eventually 
carbonate deposition was promoted during the highstand 
leading to the deposition of the overlying Lomandra 
Limestone. It forms the lower half of the major limestone 
buildup south of the Broken River. Detailed mapping and 
microfacies analysis by J orgenscn ( 1990), led to the 
recognition of numerous sub-environments within the u.nit. 
Tbe Lomandra Limestone is interpreted as a sequence of 
carbonate shelf deposits, with an offshore trend towards 
the northeast into the slope deposits of the Burges 
Formation. 

The Storm Hill Sandstone is a wedge-like unit that divides 
the Lomandra and Dosey Limestone throughout most of 
the area south of the ·Broken R"iver. the· unit becomes 
thicker towards the southwest. Its general position between 
two major carbonate shelf deposits, and the presence of 
marine fossils, indicates that it was probably mainly a lobe 
of siliciclastic shelf deposits that wedged out to the 
northeast. 
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The Dosey Limestone consists of limestones and 
calcareous quartzose arenites and mudstones, interpreted 
as carbonate shelf deposits in a quiet lagoonal environment. 
Like the Lomandra Limestone, the offshore trend was 
dominantly towards the northeast. In the Storm Dam area, 
where the unit wedges out and is composed of rubbly 
bioclastic material, it may represent stom1 deposits lying 
along the margin between the carbonate shelf and the 
sand-dominated siliciclastic shelf. The Phar Lap Member, 
a thin unit originaJly placed at the top of the Dosey 
Limestone, but now considered to be at the base of the 
Papillio Formation, is a mixed siliciclastic~arbonate tidal 
channel deposit. The change from the quiet lagoonal 
environment of the Dosey Limestone to the high energy 
environment of the Phar Lap Member is thought to reflect 
a period of regression. A subsequent transgression resulted 
in the deposition of the overlying Papillio Mudstone. 

The Papillio Mudstone is the uppermost unit in the Wando 
Vale Subgroup. It is interpreted to have been deposited on 
a muddy shelf that contained an area of carbonate shelf 
(on which the Spanner Limestone Member was deposited) 
and a few minor carbonate banks. The rich fossil fauna 
indicates that the shelf experienced open marine conditions 
protected from current action. The Spanner Limestone 
Memb~r is interpreted as a shoaling upwards carbonate 
sequence. 

Lang et al. (in Withnall & Lang 1993) and Aung (1991) 
recognised four lithofacies within the Burges Formation, 
which is applied to the tract of predominantly 
non-carbonate sediments that occurs between the Dosey
Craigie and Pandanus Platforms. They interpreted the unit 
as a gentle, ramp-like slope environment that rimmed a 
variety of shelf facies, and down which both carbonate 
and terrigenous sediments were deposited by slumping, 
debris flows and turbidity currents. In the middle of the 
formation, the slope deposits (and locally the carbonates) 
were cut by channels during lowstand episodes. A large 
amount of conglomeratic material was transported and 
deposited along the channels, including large boulders of 
pre-lithified limestone. Mawson & Talent (1989) and Sloan 
eta!. ( 1995) interpreted tJ:ie tract as a submarine valley. 

In the Comer Creek area in the southwest, a sequence of 
undifferentiated Wando Vale Subgroup unconformably 
overlies the granite-metamorphic basement. It contains a 
conglomeratic and redbed sequence, interpreted as an 
alluvial fan/fan delta sequence along the basin margin. 
Overlying this are laminated limestones, interpreted as 
algal laminites deposited in the intertidal zone of a tidal 
flat, and mudstones that probably represent subtidal to 
intertidal deposits. In the north, limestone and mudstone 
in fault blocks adjacent to the Teddy Mount Fault are 
tentatively interpreted as shelf deposits accumula~ed 
behind the Pandanus Carbonate Platform. 

The Mytton Formation conformably overlies the Wando 
Vale Subgroup. The lower Mytton Formation is a sequence 
of fine-grained arenites, which are either interbedded with 
mudstone or amalgamated into multistorey units. They are 
interpreted as storm-influenced sandy shelf deposits. The 
composition and well-sorted, fine grain-size suggests that 
the sediments were derived from the recycling of older 
sedimentary rocks (probably Judea or Wairuna Formations. 
Some of the interbedded mudstone-arenite beds may be 
storm-generated turbidites, similar to those described by 
Walker ( I 984), because they are associated with 
hummocky cross-stratified sandy beds, and were probably 
deposited on a shallow shelf. In the upper part of the 
Mytton Formation, the dominance of mudstone containing 
lenticular bedding, bioturbation and rare fossils, and 
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proximity to hummocky cross-stratified beds, indicates a 
relatively shallow muddy shelf environment, possibly 
grading to intertidal in places. The lower part ofthe Sta'!ley 
Limestone Member probably formed from shallow manne, 
high energy oolitic and on col itic carbonate shoals or banks. 
The upper part of the member was probably deposi~ed in 
a carbonate shelf lagoon, and represented a wave res1stant 
structure of massive stromatoporoids and corals. 

Bundock Creek Group (Bundock Basin) 
Late Devonian to Carboniferous sedimentary rocks of the 
Bundock Basin (Atlas Plate I 0) crop out in a roughly 
rectangular area of about I 000 km2 in the headwaters of 
the Einasleigh and Broken Rivers. They were first 
described as the Bundock Creek Formation by White 
(I 965). Lang et al. ( 1989b) raised the formation to group 
status, and Lang (in Withnall & Lang 1993) gave detailed 
descriptions of the constituent units. The Bundock Creek 
Group is about 6000 m thick in the centre of the basin. 
The Bulgeri Formation, the lowermost unit, overlies the 
Broken River Group with a slight angular unconformity 
(a few degrees) to disconformity. In GSQ Clarke River 2, 
the relationship appears aJmost transitional, and is probably 
disconformable (Lang 1985). 

The Bulgeri Formation, which comprises more than haJf 
the thickness of the Group, forms a thick wedge, thinning 
to the north and northeast. The unit is 3660 m in the type 
section along the Broken River, and thins to approximately 
1700 m on the northwestern limb of the Rockfields 
Syncline. The unit is locally absent on the limbs of the 
Dip Creek Syncline, where the Turrets Formation oversteps 
the Bulgeri Formation to overlie the Dip Creek Limestone. 
It thickens again tQ at least 1200 m in the Six Mile Syncline 
in the northeast. 

Drab, coarse, sublabile to labile feldspathic sandstone to 
conglomerate are the dominant rock types of the Bulgeri 
Formation, forming nearly half of the unit. Most of the 
sandstones and conglomerates have been derived· from 
plutonic, metamorphic and sedimentary rock sources, but 
acid to intermediate volcanics become important in the 
upper part of the formation in the Jamieson Member. 
Fine-grained redbeds are characteristic of the Bulgeri 
Formation, and make up about a third of the unit. They are 
typically greyish-red siltstone and very fine sandstone. 

The Stopem Blockem Conglomerate Member is a 
d istinctive unit of sublabile lithic or lithofeldspathic 
sandstone and conglomerate. Several isolated and some 
continuous lenses of slightly reddened, grey calcirudite 
occur in the lower part of the Bulgeri Formation either as 
a basal conglomerate, or at the level of the Stopem 
Blockem Conglomerate, or slightly higher. Most lie in the 
eastern part of the unit, where it unconformably overlies 
the Dip Creek and Chinaman Creek Limestones. 

Numerous intervals containing green, fine-grained, 
volcaniclastic sandstone and siltstone (reworked tuft) are 
known throughout the Bulgeri Formation. They are 
particularly common and best exposed in the Rockfields 
Member. The exact source of the tuffs is unknown, but 
volcanogenic sediments are also common in the Burdekin 
Basin to the east at this time. The nearest known, primary 
volcanics of this age arc in the northern Drummond Basin, 
but the large angular volcanic clasts and accretionary lapilli 
indicate a much closer source, yet to be recognised, in the 
Georgetown or Charter Towers Regions. 

The Bulgeri Formation accumulated during a series of 
regressive and transgressive phases. Lang (1994 and in 
Withnall & Lang 1993) carried out a detailed study of the 



depositional environments and setting of the unit. The 
depositional environments of the various sequences that 
comprise the Bulgeri Formation include coastal plain and 
barrier shoreline depositional systems at the base, followed 
by a major regression resulting in the accumulation of 
thousands of metres of alluvial plain facies . Lang & 
Fielding (in Withnall & Lang 1993) recognised several 
subsidence-driven, tectonic cyclothems in the lower 1500 
m of the Bulgeri Formation. Each cyclothem consists of a 
thick, relatively fine-grained lower part, interpreted as 
syn-tectonic alluvial facies, and a thick, relatively 
coarse-grained upper part, interpreted as .post-tectonic 
alluvial facies. Compositionally distinct, coalescing, axial 
and transverse alluvial drainage systems have been 
recognised (Lang 1993a; and in Withnall & Lang 1993). 

The axial drainage system flowed to the northeast, draining 
the cratonic basement to the south and west, and 
accumulating mainly feldspathic and quartzose 
sedimentary rocks. A lower, fine-grained succession was 
deposited in broad, sandy, low-sinuosity channels and 
semi-permanent floodplain lakes. These rivers drained 
ultimately northward into a retreating coastal plain and 
shallow sea that lay over the Georgetown Region. An upper 
coarse-grained succession was deposited in gravelly and 
sandy braided rivers emanating from south of the Clarke 
River Fault. 

The transverse distributary system deposited mainly iithic, 
coarse-graine~ sedimentary rocks in gravelly braided rivers 
sourced from the uplifted orogenic belt to the east. These 
rivers flowed towards the northwest before coalescing with 
the axial drainage system where they changed to a northerly 
orientation. Uplifted fault blocks ofDevonian limestone 
within the basin locally contributed limestone gravel to 
these rivers. Between the coalescing axial and transverse 
river systems Jay extensive floodplains, which received a 
slow, but composi tionally mixed supply of mainly 
fine-grained sediments. Long periods of weathering 
resulted in the development of reddened palaeosols with 
calcrete horizons. 

The north to northeast flowing trunk streams drained 
towards the Hodgkinson Province, across the Georgetown 
Region, where remnants of the fluviatile rocks are 
preserved. The system was probably joined by streams 
draining eastwards from the central part of the Georgetown 
Region. Lang & Fielding (in Withnall & Lang 1993) and 
Lang (l993a and in Withnall & Lang 19~3) drew an 
analogy between the palaeogeography and fluvial style of 
the lower Bulgeri Formation and the low sinuosity rivers 
of the broad alluvial plains and fans adjoining the Gulf of 
Carpentaria in northeastern Australia today. 

Rocks containing marine fossils or evidence of marine 
influence occur in at least three intervals in the. Bulgeri 
Formation. One near the base in the Rockfields Member 
is probably Frasnian. The others are inferred to be 
Famennian and are higher in the unit, with the uppermost 
in the Jamieson Member. 

The Turrets Formation is mainly lithofeldspathic or 
feldspathic sandstone and siltstone, with lesser mudstone, 
conglomerate.and. reworked-tuff. The_ sandstones_and 
conglomerates have a significant (locally dominant) 
volcaniclastic component. The Turrets Formation was 
deposited in a paralic, fluvio-deltaic setting draining 
mainly from the Georgetown Region, and presumably 
fi I ling a widespread bay system to the south and southeast 
(Lang in Withnall & Lang 1993). It represents a regressive 
phase between the mid Famennian marine transgression 
ofthe upper Bulgeri Formation, and the latest Famennian-
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early Carboniferous transgression of the overlying Teddy 
Mount Formation. 

The Teddy Mount Formation is dominantly labile 
feldspathic to lithofeldspathic, micaceous sandstone and 
mudstone, with minor dirty fossiliferous limestone. The 
sources are dominantly plutonic and metamorphic, but 
there is a substantial volcaniclastic input. The presence of 
plant remains and shallow marine fossils in a 
predominantly sandy and muddy sequence indicates 
accumulation in a shallow marine siliciclastic nearshore 
to shoreline depositional environment. The Teddy Mount 
Formation was deposited at the western end of a shallow 
sea that probably connected with the Clarke River and 
Burdekin Basins to the east. The conodonts suggest a Late 
Devonian (latest Famennian) age for the unit. It may, 
however, range up into the early Carboniferous in places 
(Lang 1985). This is a similar age to the Venetia Formation 
of the Clarke River Basin and the Hardwick Formation of 
the Burdekin Basin (Draper & Lang 1994). 

The Boroston Formation is composed oflithofeldspathic 
sublabile micaceous sandstone and conglomerate. The 
sediments were mostly derived from a metamorphic or 
plutonic source, but a significant volcaniclastic input 
occurs towards the upper part of the formation. The lack 
of fossils other than rare plant fragments, the dominance 
of conglomerates and trough cross-bedded pebbly 
sandstones, and the coarsening upward profile for the lower 
half of the unit, together suggest an alluvial fan origin for 
the Boroston Formation. It is younger than the Teddy 
Mount Formation, and is therefore early Tournaisian or 
younger. 1t is lithologically equivalent to the upper 
non-marine part of the Venetia Formation in the Clarke 
River Basin. 

The Harry Creek Formation consists predominantly of fine 
to coarse-grained, pale gr~en to deep reddish-brown, poorly 
sorted andesitic to rhyolitic volcaniclastic rocks, although 
quartzose sandstones and conglomerates are more common 
in the lower part of the unit. The volcaniclastic rocks range 
from fine-grained sandstone and siltstone to pebbly and 
cobbly conglomerates. The formation is non-marine, and 
seems to represent a generally lower energy environment 
than the relatively high energy alluvial plain depositional 
environment of the underlying Boroston Formation. Lang 
(in Withnall & Lang 1993) suggested that most of the 
fine-grained volcaniclastic rocks were deposited in alluvial 
plain (overbank) or'sballow lacustrine settings. The Harry 
Creek Formation, because of its abundant volcanic 
component, may be late Visean in age corresponding with 
the onset of extensive continental volcanism throughout 
North Queensland at about 330 Ma. On lithological 
grounds, it may correlate with the Lyall Formation of the 
Clarke River Basin, for which palynological evidence 
indicates a Visean age (Playford 1988). 

Clarke River Group (Clarke River Basi11) 
The Clarke River Basin overlies the Camel Creek 
Subprovince with almost all outcrop occurring east of the 
Gray Creek Fault. The main body of outcrop lies in the 
southern part of the Subprovince as far east as Blue Range, 
but with outliers to the north and west, adjacent to and 
east of the Gray .. Creek. Fault..(Figure. 8.4) .. The. original 
extent of the basin is unclear. The basin was first recognised 
during I :250 000 mapping by the BMR-GSQ field party 
in the late 1950s (White 1965). During the 1970s, the basin 
was prospected for uranium by AFMECO. Wyatt & Jell 
( 1980) and Jell & Playford ( 1985) reviewed the geology 
of the basin using data obtained by AFMECO. 

The Clarke River Group has three defined formations: the 

337 



CHA PTER EIGHT Clark e Riv e r Reaion 

Venetia, Ruxton and Lyall Formations (Scott 1985; Scott 
& Withnall 1987; Draper et al. in Withnall & Lang 1993; 
Witlmall et al. 1996a). 

The dominant rock type in the Venetia Formation is coarse 
to very coarse, micaceous lithofeldspathic sandstone with 
minor pebbly sandstone and conglomerate and rare tuff. 
The base of the unit consists of polymictic, pebble to 
boulder conglomerate and breccia derived from the 
underlying Camel Creek Subprovince rocks. The marine 
rocks present immediately above the base of the unit are 
sporadically distributed and comprise mainly fine-grained 
siliciclastic rocks with local impure limestones. 
Sedimentary structures are indicative of a shallow marine 
environment. The thickness of the marine beds is difficult 
to estimate but is unlikely to exceed 20 m. 

The distribution of the sediment types, the broad 
palaeocurrent pattern, and the diffuse nature of the basin 
margins indicate that the Venetia Formation was deposited 
over a much larger area than has been preserved. 
Meandering and braided stream deposits form the bulk of 
the unit. The basal conglomerate represents alluvial fan to 
braided stream deposits generated when the basin was 
initiated by uplift to the southeast, possibly along the Clarke 
River Fault. 

Although the marine rocks crop out only sporadically, the 
widespread distribution of the known occurrences suggests 
that the marine facies were deposited over a large area, 
and are probable correlatives of similar rocks in the Teddy 
Mount and Ruxton Formations. The fauna in the Venetia 
Formation is unlikely to represent marginal marine 
conditions.lt is likely, therefore, that the marine rocks were 
deposited during a widespread marine transgression, also 
recorded in the Burdekin Basin (Lang et al. 1990a,b; 
Draper & Lang 1994). The presence of hummocky 
cross-stratification suggests a she If-like environment with 
the low-angle planar cross-stratification indicating 
shoaling or a beach. The sporadic distribution and thickness 
variations may reflect deposition over an irregular surface 
such as advancing fans and that the marine sediments were 
deposited partly as a distal fan delta deposit. Deposition 
ceased when the alluvial plain prograded over the marine 
sequence and re-established a totally non-marine basin. 

The marine faunas have been studied only cursorily and 
indicate a general Late Devonian to early Carboniferous 
age (Jell et al. in Withnall & Lang 1993). Playford (1988) 
recorded a poorly preserved Toumaisian micro flora from 
GSQ Clarke River 5, including one with an implied late 
Tournaisian age. The data thus indicate that tbe Venetia 
Formation is Tournaisian, although Draper et al. (in 
Withnall & Lang 1993) suggested that it could range down 
into the latest Famennian. 

The rocks in the Blue Range, now known as the Ruxton 
Formation, were first described by Edwards (1977), and 
re-examined and summarised by Draper et al. (in Withnall 
& Lang 1993). They are similar lithologically to the Venetia 
Formation, but marine sediments occur sporadically 
through the sequence rather than just near the base. 
Edwards (1977) identified two brachiopod faunas, for 
which he proposed a range of earliest to late · middle 
Toumaisian. Conodonts from near the base of the unit in 
the southwest indicate a latest Devonian to earliest 
Carboniferous age (B. Fordham pers. comm.). The Ruxton 
Formation thus has a probable age range of latest 
Famennian to late Toumaisian. The Ruxton and Venetia 
Formations are thus lateral equivalenfs, although different 
depositional systems are represented. Edwards (I 977) 
interpreted the Ruxton Formation as having been deposited 
in a deltaic setting 'in which swiftly flowing, 
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predominantly braided streams transporting coarse mature 
sediments prograded rapidly but intermittently out into a 
shallow, gradually transgressing sea' He proposed two 
provenances; one to the northwest and one to the south. 
Draper et al. (in Withnall & Lang 1993) agreed in general 
with his interpretation, although some of the detail was 
modified to include muddy shelf and alluvial fan 
environments. Palaeocurrent data indicate a dominant 
transport direction from the northwest. 

The Lyall Formation crops out in the central and western 
parts of the . Clarke River Basin. The 'lower' Lyall 
Formation (including the Furry Hoop Member) consists 
largely ofvolcanilithic sandstone, conglomerate, siltstone 
and tuff. The vertical sequence of rock types is best 
displayed in GSQ Clarke River 5 (Scott 1988a; Draper et 
al. in Withnall & Lang 1993). The rocks are predominantly 
of meandering stream origin. The presence of redbeds 
containing calcareous nodules suggests the development 
of soils in a semi-arid environment. Fine-grained 
limestones, probably of algal origin, were deposited in 
flood plain lakes. A thick pebbly sequence near the base 
of the member is interpreted as a braided stream deposit 
because of the coarse grain size and the lack of overbank 
deposits. This may represent the progradation of alluvial 
fans into the area. The sequence in the Niall area was 
deposited in braided streams, possibly closely associated 
with alluvial fans. 

The Meath Rhyolite Member consists of at least two 
ignimbrite sheets separated by fluvial sediments in the 
middle of the formation . In the Clarke fuver, east of Craigie 
outstation, several rhyolite domes, volcanic breccia and a 
thin ignimbrite sheet possibly correlate with the Meath 
Rhyolite. Although sporadic tuffs are present below the 
Meath Rhyolite Member, they are much more common 
above it, and it thus represents a marked change in the 
volcanic environment. The sources may be represented by 
the rhyolite domes that intrude the Clarke River Group. 
Rhyolite is widespread throughout the region. The 
Oweenee Rhyolite and Malmesbury Microgranite (Scott 
1988b; Gunther & Withnall 1992) in the adjacent Charters 
Towers Region are of a similar age to the Meath Rhyolite 
Member and possibly form part of the same igneous suite. 
Tuffs in the Harry Creek Formation in the Bundock Basin 
may also be correlatives. 

The 'upper' Lyall Formation consists of coarse volcanilithic 
sandstone, conglomerate, siltstone, tuff and impure 
limestone. The total absence of marine fossils and the 
widespread presence of plant remains indicate an entirely 
terrestrial setting for the Lyall Formation. The extent of 
the original depositional basin is difficult to ascertain. It 
still has elements of redbed formation with calcareous 
nodules representing soil development in semi-arid 
conditions. The lower part has a high proportion of siltstone 
to sandstone, and was deposited in a meandering stream 
system. The proportion of overbank sediments decreases 
upwards, and with the variation in sand size, indicates a 
change to braided stream conditions. A conglomerate 
sequence above this is probably of alluvial fan origin, based 
on the very .coarse, poorly sorted nature of the sediments. 
An overlying coarsening sequence is interpreted as 
lacustrine. The Jake was infilled by the advance of a 
meandering steam system. 

Miospores recovered from GSQ Clarke River 3/4R and 5 
(Playford 1988) and outcrop (Playford 1983, 1986, 1988) 
indicate that the 'upper' Lyall Formation is late Visean: 
Given the thickness of sediment in the Lyall Formation, 
the 'lower' Lyall Formation may be early Visean, although 
further work is required to refine the age. 
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Wade Beds 
Two areas of sedimentary rocks overlying the Clarke River 
Group were named the Wade beds by Draper et al. (in 
Withnall & Lang 1993). The Wade beds are entirely 
non-marine. Plant remains are the only fossils. Overall, 
the sequence consists of interbedded sandstone, siltstone, 
mudstone and some conglomerate·. The high proportion 
of fine-grained sediment and the fining-upward patterns 
suggest deposition in a meandering stream system. 
Well-preserved plant remains and coaly beds attest to a 
humid climate. This contrasts sharply with the early 
Carboniferous Clarke River Group, in which the overbank 
deposits are mainly redbeds, signifying more arid 
conditions. The palaeocurrents and probable depositional 
environment indicate that deposition was widespread and 
not confined to small basins. 

The Wade beds are late Carboniferous or Early Permian, 
based on the presence of the Pseudorhacopteris Flora 
(Rigby 1973), and palynological studies on cuttings from 
AFMECO drilling (Jell & Playford 1985). The Wade beds 
are thus of similar age to sediments in the Galilee Basin 
(Playford 1988), from stratigraphic boreholes west of 
Charters Towers (McKellar 1977, 1980) and in the Marshs 
Creek Formation in the Sybil Graben (Gunther & Withna\l 
1992). 

Cairbol!llnfeJrOUJI§- JEaJrlly JP>eirmfial!ll 
lll!lltrUJI§Jive Roc!k§ IW Withnall 

Unassigned Granites 
A northeast-trending line offive small intrusions of biotite 
granite and granodiorite crops out in the Camel Creek area 
(Withnall in Withnall & Lang 1993). The intrusions are 
all associated with wide contact metamorphic aureoles of 
spotted shales up to 2 km wide, although the intrusions 
which are themselves no more than 3 km wide. Areas of 
spotted shale between the exposed plutons are presumably 
related to other 'blind' intrusions. The Lucy Tableland is 
partly underlain by similar granites (Withnall & Grimes 
1995). 

Arnold (1975) thought that the intrusions were intruded 
pre- or syn-01, although Withnall (in Withnall & Lang 
1993) suggested that they could be syn-02• K/Ar ages for 
the plutons (recalculated from Richards et al. 1966) are 
357 Ma and 322 Ma. The older of the two ages is Late 
Devonian, (using the AGSO time-scale), and the other is 
Visean (although being younger, it could reflect argon 
loss). A Late Devonian age for 0 2 and possibly 0 1 would 
be consistent with the older K/Ar age. The intrusions are 
associated with tungsten mineralisation. Alluvial tin 
deposits near some of the plutons may be related to them, 
but could be shed from deep leads like those at Sandy Flat 
and Ugly Comer. ~f the intrusio!ls are of Late Devonian 
age, they are significantly older than the main 
~arboniferous to Permian tin-tungsten granites in 
northeast Queensland. No geochemical data are available. 

The Dora Granite (Rienks & Gunther in prep.) near 
Kangaroo Hills has not been dated. In showing S-type 
characteristics it is chemically distinct from the 
Carboniferous granites in the adjacent Ingham Batholith. 
It has high P20 5, an alumina saturation index of 1.25, and 
contains abundant tourmaline. It contains lower Ce, Zr, 
Nd and Th than the Carboniferous granites. 
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A small biotite granite pluton intrudes the Kangaroo Hills 
Formation, 7 km east of Christmas Creek homestead, and 
a quartz diorite pluton surrounded by cordierite hornfels 
intrudes the Tribute Hills Arenite, 5 km southwest of 
Fullstop homestead. Between the Ruxton Tin Mine and 
the Burdekin River, the early Carboniferous Ruxton 
Formation is intruded by a body of unnamed, weathered, 
fine to medium-grained, equigranular granodiorite grading 
to porphyritic microgranodiorite. 

Oweenee Supersuite (Ingham Batholith) 
The western part of the Ingham Batholith falls in the Clarke 
River Region from the adjoining Cairns Region (Atlas 
Plate 16). It has only been partly subdivided into formal 
units, mainly in the Mount Fox area (Rienks & Gunther in 
prep.) and in the Cashmere area (Withnall et al. 1986; 
Withnall & Grimes 1995). In the Mount Fox area, the rocks 
are mainly biotite granite, but include some hornblende
biotite diorite to granodiorite. The rocks have not been 
dated, but are probably mostly early Carboniferous. They 
are continuous with granites known to be of this age in 
the adjoining Charters Towers Region (see Chapter 6). 
They have generally similar geochemistry to the Oweenee 
Supersuite and are 'tentatively included in it. They show 
some chemical differences to the unnamed granites th~t 
make up the rest of the batholith to the north, which are 
thought to include late Carboniferous to Permian rocks. 
They are higher in Rb, have lower Ba, Ba/Rb and K!Rb, 
different rare earth enrichment patterns (e.g. lower CeN/ 
Y N)- The most fractionated unit, the White Crystal Granite, 
is host to tin mineralisation. 

The less felsic units (diorite-granodiorite) in the Mount 
Fox area intrude some of the felsic units, and appear to 
include two suites. They could be late Carboniferous or 
Permian, but an early Carboniferous age is not ruled out. 

The granites in the Cashmere area extend into the 
Georgetown Region (Chapter 3). They include biotite and 
hornblende- biotite granites and subordinate hornblende
biotite granodiorite. Withnal1 & Grimes (1995) 
differentiated four formally named units and five informal 
units. No geochemical studies or dating have been done 
on these rocks. 

Montgomery Range Igneous Complex 
The complex was described by Withnall, Lang et al. ( 1988) 
and Lang (in Withnall & Lang 1993). It crops out as an 
irregular belt, approximately 18 km wide, between 
Pandanus Creek and Gregory Springs homesteads. ]t is a 
series of intrusions consisting of a variety of rock types, 
including fine to medium-grained granite (including 
granophyre), microgranite, granodiorite, rhyolite and 
dacite. They occur as stocks, sills and dykes, and intrude 
the Bundock Creek Group. The granitic rocks .are the most 
abundant. The main mafic mineral is biotite, which has 
partly altered to chlorite, but minor hornblende occurs in 
some rocks. Contact metamorphism around the larger 
plutons is locally very extensive. No geochemical or 
isotopic data is available. 

Unassigned Intrusive Rhyolites 
Two main periods.of.rhyolite. intrusion into. the Bundock 
Basin can be recognised. The first occurred before the main 
folding event, and before the main granite emplacement. 
The presence of abundant tuffs in the Harry Creek 
Formation indicates proximity to explosive rhyolite 
extrusion. Intrusions such as that at Teddy Mount were 
probably emplaced into the upper part of the Bundock 
Creek Group around this time. After major northeast
southwest folding (probably in the early Carboniferous) 
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and emplacement of the main granites of the Montgomery 
Range Igneous Complex, minor rhyolite and dacite dykes 
were intruded. 

Mesozoic 1w Withna/1 
Small outliers of fluviatile and possibly minor paralic 
sandstone, tentatively assigned to the Cretaceous Gilbert 
River Formation (Smart et al. 1971, 1980), crop out in the 
western part of the region along the Great Dividing Range. 

Cainozoic 
Sedimentary Sequences and Weathering 
KG Grimes 
The Cainozoic stratigraphy in the Clarke River Region 
comprises small discontinuous areas of sediments of old 
valleys, lakes and broader flood plains, colluvial and 
residual deposits derived from the underlying rocks, as 
well as deep weathering profiles and duricrusts of several 
ages. These are discussed in more detail by Grimes (in 
Withnall & Lang 1993), Withnall & Grimes (1995) and 
Withnall et al. ( 1996a). 

Early to Mid Tertiary Sediments 
The oldest Cainozoic sediments in the area consist of 
fluvial and colluvial sandstones and mudstones with local 
conglomerates. Some small areas of lacustrine clay and 
possible low-grade diatomite are interbedded with fluvial 
sediments and basalts in some areas. The deposits have 
been deeply weathered in most places. Well sorted and 
cross-bedded sandstones occur locally, but the fluvial 
deposits are generally poorly sorted and poorly bedded. 
This might be due in part to the deep weathering, which 
would have obscured the bedding and converted any labile 
grains into a clay matrix. 

The morphostratigraphic setting in some areas indicates 
that there are several ages of deposits. The oldest predate 
the formation of the undulating Featherby Surface, and 
now occur as isolated patches on the higher parts of the 
surface. Younger deposits lie in depressions within the 
surface and probably formed as the surface evolved. Still 
later deposits appear to bury parts of the Featherby Surface, 
and are interbedded with the basalts. No diagnostic fossils 
have been found, and the deposits cannot be assigned a 
reliable date beyond that of 'early to late Tertiary'. 

In the eastern part of the Broken River Province, tin
bearing sediments with associated silcretes occur in a series 
of belts following old drainage lines (Burger 1987). Though 
now dissected, the palaeo-drainage was probably part of 
the Featherby Surface. In places, as at the Ruxton deep 
lead, the old drainage runs in the opposite direction to that 
of the present rivers. The Ruxton deposit underlies a basalt 
dated at 26 Ma and the tin-bearing deposit at Ugly Corner, 
8 k.m west of Camel Creek homestead, is associated with 
two plugs dated at 21 - 22 Ma (Stephenson 1989). 

Deep Weathering Profiles and Duricrusts 
Erosion and local deposition in the late Cretaceous and 
early Tertiary formed an undulating land surface, the 
Featherby Surface of Grimes ( 1979). This surface and the 
underlying rocks were deeply weathered to form thick 
mottled and pallid zones and ferruginous or siliceous 
duricrusts. The weathering profile has been partly or 
wholly stripped from large parts of the area. The Featherby 
Surface and its weathering profile are best preserved on 
the Mesozoic sandstones in the Chudleigh Plateau, and 
adjacent to the Lucy Tableland in the north of the region. 
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The weathering profile is over 50 m thick in places, but 
the base is gradational and irregular. The upper part of the 
profile is generally a thick ferruginised zone, locally 
indurated to form massive ferricrete or undifferentiated 
duricrusts. Silcretes occur locally and are commonly 
associated with Tertiary sediments in palaeo-drainage lines. 
In the Lake Lucy area, silcreted palaeo-valleys have been 
filled by basalt flows dated at 19 Ma and 27 Ma 
(Stephenson 1989). Where the deep weathering profile is 
well preserved and extensive, it is generally concealed 
beneath a thick soil cover. Duricrusts are exposed on 
scarps, as small mesas, and in the floors of palaeo-drainage 
lines. 

Late Tertiary Sediments 
A widespread area ofTertiary sediments occurs in the north 
of the region, around and partly inc luding the Lucy 
Tableland. The sediments consist of high energy, very 
coarse to granule sized sandstones and conglomerates and 
lower energy sandy mudstones, together with minor 
lacustrine kaolinitic claystones and impure diatomite 
(Mockett 1984). Mockett postulated an arid to semi-arid 
climate with high energy streams forming fan-like 
deposits. The lacustrine deposits might be the result of 
basalt damming of the streams. The late Tertiary sediments 
could be up to I 00 m thick, but the thickness is variable 
because of an irregular basal topography and is generally 
less than 60 m. 

The unit appears to have buried the Featherby Surface, 
hills of which protrude the unit in places. The top of the 
late Tertiary deposits is a flat depositional surface, which 
Grimes (1979) correlated with the Campaspe Surface that 
occupies a similar morphostratigraphic position in the 
Gharters Towers area. However, the generally greater 
degree of deep weathering here might indicate an older 
age. To the west of the Burdekin River, the late Tertiary 
sediments underlie basalt flows of the late Pliocene to 
Pleistocene McBride Subprovince. The local flows that 
overlie the sediments have not been dated, but Griffin & 
McDougall ( 1975) reported a K- Ar date of 1.3 Ma from 
similar flows 20 k.m to the west, which indicates a likely 
upper age limit for the sediments. The sum of this evidence 
suggests a late Tertiary age for the unit. 

Late Tertiary Weathering 
In the late Tertiary and possibly into the Pleistocene, deep 
weathering continued, though to a lesser degree, and 
formed nodular ferricretes with poorly developed 
weathering profiles. These occur on the stable land surfaces 
that existed at that time: the Campaspe Surface, the surface 
of the Lucy Tableland, and the undissected remnants of 
the Featherby Surface. The effects of this weathering are 
generally overprinted on the older weathering profiles, and 
are difficult to recognise. However, the nodular ferricrete 
is a distinctive feature of this younger weathering event. 

Late Tertiary to Quaternary Deposits 
Dissected high level alluvial plains and colluvial slopes 
occur in several places in the valleys of the major rivers 
and their tributaries, for example, near the junction of the 
Clarke and Gregory Rivers. The depositional surface of 
these units is correlated with the Campaspe Surface, which 
developed on the Campaspe Formation in the Charters 
Towers area, and the sediments are similar in age to the 
Campaspe Formation. However, it is possible that these 
deposits may have formed at several stages during the late 
Tertiary and early Quaternary. Nodular ferricretes are 
commonly found on these surfaces and the deposits have 
been affected by some deep weathering, though not to the 
same extent as the older Cainozoic units. Quaternary 



alluvial deposits occur along the main drainage lines of 
the area. The characteristics of the deposits tend to reflect 
the local provenance. Thick soil covers are associated with 
the weathering profiles on the Featherby Surface and the 
Campaspe Surfa~e throughout the region. Younger soil 
cover and colluvmm obscures the older rocks in several 
other areas. 

Basaltic rocks J Knutson 

Basaltic .flows from the McBride, Nulla and Chudleigh 
Subp.rovmces of the Eastern Australian Cainozoic Igneous 
Provmce extend from the adjoining Georgetown and 
C~artersT?wers Regions (Chapters 3 and 6) into the Clarke 
Rtver Regton (Atlas Plate 17). Quaternary basaJtjc flows 
~om the Chudleig~ Subprovince flowed down Pages Creek 
mto the Broken Rtver, and flows along the Clarke River 
have been dated at 0.7 Ma and 0.64 Ma (Stephenson 1989· 
Grimes in Withnall & Lang 1993). ' 

Ba~altic fl.ows adjacent to the laterite plateau near Basalt 
Yards defme a north-flowing palaeo-drainage system in 
the centre of the region. These flows have nodular 
fen:lcretes developed on them, but their relationship to the 
mam Featherby Surface is uncertain, and their source is 
unknown (Withnall et al . 1996a). They could be similar in 
age. to the II Ma n~ph~linite near Greenvale (Chapter 3), 
whtch shows a stmtlar degree of weathering and 
geomorphology. 

Two flows dated at 19 Ma and 27 Ma fom1 an isolated 
lava field to the south of the Lucy Tableland and define 
an?ther north-flowing drainage system (Withnall & 
Gnmcs 1995; Stephenson 1989). There is an eruption 
centre at Noname Hill. Farther south, there are basalts at 
Ugly Comer near Camel Creek homestead (dated at about 
2 I Ma), The Kryobs and .near Ruxton, where the youngest 
basalt flow, whtch overlies the Ruxton deep lead, is dated 
at 26 Ma. 

Presumably, t~ese basaltic rocks are similar petrologically 
and geochemtc~l~y to t.hose in the adjoining regions, 
although no spectftc studtes have been carried out on them. 

§1IrUllctumre aumdl1I'ectoJI1lnc§ 1w Withnall 

The first detailed structural studies of the region were by 
Arnold (1975), Arnold & Henderson (1976) and Arnold 
& Rubenach (1976). These were confined to the Camel 
Creek Subpro~ince and adjacent part of the Graveyard 
Creek Subprovmce. A description of the regional structure 
(on which this summary is based) was presented by 
Withnall & Lang (1993). The structure of the Graveyard 
Creek Subprovince is overall much less complex than the 
qaJ!lel Creek Subprovince (Figures 8.2 and 8.3), and the 
tlmmg of deformation events is significantly different. The 
deformation and event history of the Graveyard Creek 
Subprovince is summarised in Table 8.2, and of the Camel 
Creek Subprovince in Table 8.3 

Camel Creek Subprovince 
The structure of the Camel Creek Subprovince is complex 
and still not well understood. The rocks have been folded 
by at least two major events. A feature of the deformation 
is the development of melange in all the ·uri its in the Camel 
Creek Subprovince (ccDm)· The melange was interpreted 
as pre-Dl. by Arnold (1?75), and has been suggested as 
representmg an accretionary wedge in a subduction 
complex (Henders~n 1980, 19?7). Hammond ( 1986), 
however, suggested tt was associated with the formation 
of~ thrust .dupl~x an~ slaty clea':age-related folding, 
enttrely dunng hts D I m the Devoman. It is possible that 
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both pre- and syn-DI melange are present. As described 
below, the melange in the Judea Formation predates the 
Llan.d~verian. basal part of the Graveyard Creek Group, 
and 1t IS posstble that some of the melange in the Camel 
Creek Subprovince is related. 

The relationships between most of the units in the Camel 
Creek Subprovince are probably tectonic although 
interfingering stratigraphic relationships may o~cur locally. 
The western half of the subprovince is dominated by 
wes~ard-younging, a.lternating belts of quartz-rich units 
(Watruna and Pehcan Range Formations) and 
quartz-intermediate units (Greenvale and Perry Creek 
Formations). Large-scale ·fold closures are rare. Farther 
east, in the Kangaroo Hills Formation, younging reversals 
are more common and folds can be mapped out, but the 
same westward asymmetry is evident (Withnall in Withnall 
& Lang 1993). Together with the overall younging 
eastwards from Ordovician to Early Devonian, these 
features suggest that the subprovince is an imbricate stack 
of thrust sheets oversteepened by ramping and/or later 
shortening after thrusting ceased. 

ccD1 is the most pervasive folding event and was related 
to the development of a slaty cleavage and mesoscopic 
folds. Larger-scale folds, however, are not common. The 
predominant younging senses discussed above suggest that 
any major folds are probably asymmetric. 

ccSo and ~abrics related .to ccD1 were reorientated by major, 
open, regtonal folds wtth northeast trending axial planes 
and wavelengths of 1 0-20 km. The largest of these folds 
h~s its axial trace just north of and parallel to the Clarke 
~tver, a~d res~Jts in a bending of trends of the major 
ltthologtcal umts and mesoscopic fabrics from north, 
through southeast, to east- northeast. It is referred to the 
Clarke River Orocline. ccf2 folds also occur at outcrop 
scale an~ are associated with a slaty cleavage locally. Later 
folds wtth easterly trends can be recognised at outcrop 
scale. 

The a~es of ccD1 and cc02 are constrained by the Early 
Oevontan conodont age of the Kangaroo Hills Formation 
and the early Tournaisian age of the unconformably 
overlying basal Clarke River Group. ccD1 has generally 
b~en regard~d a~ Early Devonian, the age of an apparent 
dtsconformtty tn the Graveyard Creek Subprovince 
betwee~ the Graveyard Creek Group and Shield Creek 
Formation (se~ ~bove; and Jell et al. in Withnall & Lang 
I 993), but thts ts by no means certain. ccD2 could be 
Frasnian (Late Devonian) and reflected by the weak 
angular unconformity in the Graveyard Creek Subprovince 
at the base of the Bundock Creek Group. Alternatively it 
is possible that ccD1 and ccD2 are separate phases of the 
one event in the Late Devonian. As discussed later the 
opening of the pull-apart basin in which the Bundock Creek 
Group was deposited may have been synchronous with 
thrusting in the Camel Creek Subprovince and movement 
on the Clarke River Fault. 

Neither ccD1 nor ccD2 had much effect on the Graveyard 
Creek Subprovince. Hammond ( 1986) explained the lack 
of an Early Devonian angular discordance in the Graveyard 
Creek Subprovince by it having ridden 'piggy-back' on 
the overthrust sheet of cratonic rocks above the duplex. In 
turn, the main Carboniferous folding event in the 
Graveyard Creek Subprovince had little effect on the 
Camel Creek Subprovince, because the Clarke Rjver Group 
that overlies the latter is folded only very weakly. 
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Graveyard Creek Subprovince 
The most deformed rocks are in the Judea Fonnation, 
which is characterised by mesoscopic isoclinal folds 
bedding-parallel faulting and cleavage, and commo~ 
melange. These styles of deformation are not evident in 
the unconformably overlying Graveyard Creek Group. 

Apart from the internal disruption, bedding in the Judea 
Formation is generally roughly concordant with that in 
the overlying Graveyard Creek Group. In addition, a gross 
stratigraphic sequence of Donaldsons Well Volcanic 
Member is maintained through most of the outcrop area 
from Dinner Creek to the Broken River. This sequence is 
overlain by quartz-rich turbidites, in turn overlain by 
Graveyar~ Creek Group, without any major regional 
angular discordance. Therefore the early deformation in 
the Judea Formation (jD1)may be related to recumbent 
folds or thrusts. The contact between the Judea Forn1ation 
and the Halls Reward Metamorphics is a mylonite zone, 
and may be a thrust or a reversed listric fault or detachment 
zone. The internal defom1ation within the Judea Formation 
could be related to thrusting along this contact. 

In much of its outcrop area, the Graveyard Creek Group 
has bee~ defor.med by one main deformation that produced 
folds w1th northeast-trending axial planes. This folding is 
of the same generation as that which folded the Broken 
River Group and Bundock Creek Group, because no major 
angular unconformities have been recognised anywhere 
from the Graveyard Creek Group through to the top of the 
Bundock Creek Group. The similar orientation of the fold 
axial planes in the three Groups (Withnall in Withnall & 
Lang 1993) provides further support for the conclusion. 

In the southern part of the area, the folds have relatively 
shallow plunges (up to 30°) both northeast and southwest 
producing an elongate dome-and-basin pattern, somewhat 
disrupted by a set of north-trending faults. Along and 
adjacent to the Broken River itself, the overall plunge is 
about 20° southwest. gcS1 in the Poley Cow Formation 
ranges from a fracture cleavage to a weak slaty cleavage. 
Tn the Black Wattle Anticline, which folds the Graveyard 
Creek Group in the north near Pandanus Creek homestead, 
most outcrops show no slaty cleavage. At best, the anticline 
is extremely .weak. It has a horizontal axis trending 
northeast and IS probably related to the main deformation. 

An earlier deformation was recognised by Arnold & 
Rubenach ( 1976) in the northeast, on the western side of 
the Gray Creek Complex, and along Gray Creek (Arnold 
& Henderson 1976). A slaty cleavage, gcS., with an 
approximate northerly orientation, is overprinted by a weak 
crenulation cleavage,gcS2, which trends northeast. Farther 
west gcS1 becomes vanishingly weak, and gcS2 is a slaty 
cleavage instead of a crenulation cleavage. Because of its 
no~hcastem orientation, gcS2 in these areas is probably 
eqUivalent to gcS 1 farther west and in the south. The earlier 
cleavage is pr~bably related to folds in the east, which 
have apprOXImately north-trending rather than 
northeast-trending axial planes. The folds die out rapidly 
S?uthwards as well as to the west, because no angular 
d1scordance can be demonstrated along the boundaries 
be~een the Gravey~rd Creek Group and the overlying 
Sh1eld Creek FormatiOn and Broken River Group. 

North of the Broken River, folds in the Broken River Group 
and Shield Creek Formation plunge between I 0° and 20° 
southwest. South of the Broken River in the Broken River 
Anticlinorium, the folds are doubly-plunging, generally 
up to 20° northeast or southwest. The overall plunge is 
still about I 0° southwest. Folds in the Broken River Group 
are noticeably tighter, and of smaller wavelength, than 
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those in the overlying Bundock Creek Group, and are 
commonly overturned. The slight difference in the plunge 
of fold axes may reflect the slight angular unconformity 
between the Broken River Group and the Bundock Creek 
Group. Cleavage is moderately to poorly developed in the 
Broken River Group, and is commonly associated with a 
pencil cleavage. 

The Bundock Creek Group, in the southern half of its 
outcrop are~ , is folded into moderately tight, 
dome-and-basm folds that are mainly upright, although in 
the Dip Creek Syncline they are overturned towards the 
northwest. The overall plunge is mainly shallow (about 
5°) to the southwest. Cleavage is generally only weakly 
developed. The strongest cleavage is confined to the 
southeastern limb of the Rockfields Syncline. High angle, 
slaty cleavage is a prominent feature in the drill core from 
GSQ Clarke River I and 2 ( Lang 1986). A weak 
northeast-trending fracture cleavage has been observed in 
the Turrets Formation and Teddy Mount Formation. 

To the north a nd west, among the intrusions of 
Montgomery Range Igneous Complex, the upper units are 
folded in more open, roughly triangular, dome-and-basin 
structures. Lang ( 1985) suggested that the thinning of the 
units and different folding patterns from south to north 
may be due to the presence of a basement ridge. He noted 
that the projected southwestward continuation of the Halls 
Reward Fault beneath the Bundock Creek Group coincides 
with the pronounced northward thinning of units. During 
deformation, the upper units of the Bundock Creek Group 
that were deposited to the north may have been protected 
by the ridge, which reduced the effect of folding. 
Conversely, those sediments deposited in the deep trough, 
now folded into the Rockfields and Boroston Synclines, 
may have undergone more deformation when the 
compressive component of the folding event pushed them 
against the ridge. 

The northeast-trending folds in the Dip Creek, Rockfields 
and Boroston Synclines were deformed by a later north
south oriented compression, resulting in en-echelon, 
east-trending dome-and-basin folds. This probably 
post-dated the main northeast-trending faulting episode, 
because many of those faults are also slightly bent. The 
east- west folding had more effect in the northern part of 
the Bundock Creek Group where gcD1 was weaker. The 
north- northeasterly orientation of the girdle from this area, 
through the poles to gcS0, reflects the superimposition of 
open northeasterly and easterly-trending folds. 

This later folding also locally affected the underlying units. 
Large-scale folds with an easterly orientation are outlined 
by the Martins Well Limestone Member on the limbs of 
the major folds. Open, easterly-trending folds are also 
present at outcrop scale. In addition, some relatively young 
north-trending folds are known from the Graveyard Creek 
Group and Clarke River Group in the Broken River area. 

The main northeast folding in the Graveyard Creek 
Subprovince affects all of the units up to the top of the 
Bundock Creek Group, and is thus probably Visean or 
younger. The folds are truncated by granites of the 
Montgomery Range Igneous Complex (but not the rhyolite 
sills), but the age of these rocks is uncertain. 

The age of the earlier folds in the northeast part of the 
Graveyard Creek Group is problematic. Their proximity 
to the Gray Creek Fault suggests that they could be related 
to movement on that fault, and therefore to the thrusting 
and folding in the Camel Creek Subprovince. The event 
may correlate with the apparent hiatus between the 



Graveyard Creek Group and Shield Creek Formation in 
the Lochkovian. The Lochkovian break also roughly 
corresponds with the radiometric age of approximately 400 
Ma, which is commonly obtained from rocks in the 
Georgetown Region (Black I 973; Black et al. 1979), and 
which has been suggested (mainly on circumstantial 
evidence) as the age of gD4 there (Black et al. 1979; 
Withnall et al. 1980; Withnall 1984). It has also been 
suggested as the age of ccD1 in the adjacent Camel Creek 
Subprovince (Hammond 1986). 

The east- west folding may be related to a continent-wide 
north-south compression event, postulated by Powell et 
al. ( 1985) for the mid Carboniferous, and resulting in the 
Alice Springs Orogeny and mega-kinking in the Lachlan 
Fold Belt. Folds with this orientation also occur in the 

. Georgetown Region (Withnall 1984, 1989b ), Hodgkinson 
Province (Hammond 1986) and Camel Creek Subprovince. 

The dominant trend of faults in the Graveyard Creek 
Subprovince is northeast, parallel to the main fold axes. 
They commonly truncate limbs of the major folds. The 
subparallel Shield Creek and Tank Creek Faults lie along 
the northwestern limb of the Dip Creek Syncline. The faults 
are possibly high-angle thrusts, related to the northwest
dipping overturned folds (Black Wattle Anticline and Dip 
Creek Syncline) in that area. Some strike-slip movement 
may also have occurred to account for the juxtaposition of 
the Bulgeri Formation against the Dip Creek Limestone. 
This overturned fold/high-angle thrust fault couplet style 
occurs throughout the area. It is most commonly observed 
on a small scale in the Broken River Group to the south, 
although the vergence of the folds and thrusts is opposite 
that in the Tank Creek/Shield Creek area. 

The most significant fault within the Graveyard Creek 
Subprovince is the Jessey Springs Fault, which can be 
traced southwest for about 22 km from near Jessey Springs. 
To the northeast, it probably connects with the Lockup 
Well Fault. which can be traced for about 12 km. At the 
southwestern end of the Jessey Springs Fault, the Wando 
Vale Subgroup is juxtaposed against the Mytton Formation. 
The fault is exposed as a shear zone up to I 00 m wide. 
Dolerite dykes were also emplaced along the fault in 
places. Humphries (1990) determined a three-stage history 
involving early sinistral, followed by dextral and late-stage 
normal (west-block -up) movements. He suggested that the 
fault was a primary Reidel shear related to movement on 
the Clarke River Fault. 

The Shield Creekffank Creek Fault system and the Jessey 
Springs/Lockup Well Fault system may have been long
lived structures and have had an influence on 
sedimentation. The Shield Creek!fank Creek Fault system 
coincides with a marked decrease in the thickness of the 
Quinton Formation from west to east, and may thus have 
been the southeastern edge of a major depocentre. The 
Jessey Springs/Lockup Well Fault system may have 
controlled the northwestern edge of a postulated 
palaeo-high on which the Poley Cow Formation thinned 
out. 

Northwest-trending faults appear to be minor normal 
faults, along which dolerite dykes and some thick quartz 
veins have intruded. 

Clarke River Basin 
The C larke River Group is generally only weakly 
deformed, with dips of less than 20° around two roughly 
circular domal structures in the main outcrop area. 
Exceptions are in the central northern part of the main 
outcrop area and in the outliers in the Gray Creek area, 
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where the rocks are folded with northeast to north
northeast axial planes and have dips between 45° and 70°. 
Tight folding with overturning is also evident in the 
southwest of the basin and steep dips occur along the 
western faulted margin. 

The 'Clarke River Flexure', which formed near the 
southeastern margin of the basin and has a northeasterly 
trend, is a monocline that passes along strike into a fault. 
The fault may have been active during deposition of the 
lower Lyall Formation. Dalgarno (1977) pointed out that 
conglomerate beds are common near the flexure, decrease 
in size and wedge out to the north and west. 

Faulting in the Clarke River Basin is mainly vertical. In 
general, the trends of structures within the Clarke River 
Basin may be largely controlled by the configuration of 
the basement rocks as indicated by the general northeast 
to north-northeast trends in the alignment of structures. 
The west em edge of the main outcrop area appears to be 
fault-bounded, possibly along, or near, a southward 
extension of the Gray Creek Fault. The northern edge may 
also be partly fault bounded, as are some of the small 
outliers in the Gray Creek area. 

The main deformation in the basin affects the Visean Lyall 
Formation, but the overlying late Carboniferous or Early 
Permian Wade beds are only very gently folded. Therefore, 
the main folding was in the mid Carboniferous. The Wade 
beds have been faulted subsequent to minor folding. The 
faulting and folding predate the Tertiary basalts and 
laterites, and most likely occurred in the Permian. 

Major Bounding JFaults . 
The Burdekin Fault (or Burdekin River Fault) was named 
by White (I 961 , I 962a,b, I 965) as the eastern margin of 
the 'Georgetown Inlier'. However, Withnall (1989b), 
restricted it to the fault separating the Etheridge Province 
from the Camel Creek Subprovince, because it is probably 
not continuous with the faults separating the Etheridge 
Province from the Graveyard Creek Subprovince. These 
were named the Halls Reward and Teddy Mount Faults 
(Withnall 1989b ). However, the Burdekin Fault may be 
continuous with the Gray Creek Fault (Arnold & Rubenach 
1976; Bell 1980) which separates the Graveyard Creek 
and Camel Creek Subprovinces. Bell (1980) interpreted 
the Burdekin Fault as a continuation of the Palmerville 
Fault, which forms the western margin of the Hodgkinson 
Province and is interpreted as a thrust fault (Hammond 
1986; Shaw et al. 1987). The faults are shown on Figure 
8.2. 

The Burdekin Fault is poorly exposed, mostly overlain by 
Tertiary laterite and Quaternary alluvium and basalt along 
the Burdekin River. Where it can be located, mylonitised 
mica schist of the Halls Reward Metamorphics is 
juxtaposed against boudinaged quartzose arenite and 
mudstone of the Wairuna Formation. Further study is 
needed to determine the type of movement, but it is likely 
that the rocks of the Georgetown Region were thrust over 
the Camel Creek Subprovince. A similar type of movement 
has been suggested for the Gray Creek Fault (see below). 

The-Halls Reward Fault .. extends. for. about 25 .km.- It 
separates the Halls Reward Metamorphics in the Greenvale 
Subprovince from the Judea Formation in the Graveyard 
Creek Subprovince. It is a steeply-dipping mylonite zone 
up to 200 m wide, consisting of phyllonite derived from 
muscovite schist of the Halls Reward·Metamorphics and 
from the Judea ·formation. 
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The Halls Reward Fault is interpreted as a thrust (now 
steepened by folding) with 'east-side-up' movement, along 
which the Judea Formation was thrust over the Halls 
Reward Metamorphics (the opposite sense of movement 
to that suggested for the Burdekin and Gray Creek Faults). 
This is consistent with its position on the western limb of 
a synclinal core of Crooked Creek Conglomerate near the 
southern mapped extent of the fault. Farther south, the 
Halls Reward Fault appears to be overlain by the Graveyard 
Creek Group. Its southward continuation beneath the 
Bundock Creek Group coincides with a pronounced 
northward thinning of units against what Lang ( 1985) 
termed the Pandanus Creek-Gregory Springs Ridge: 

Movement on the Halls Reward Fault predated the 
Graveyard Creek Group and was thus probably of late 
Ordovician or early Silurian age. This is consistent with 
an imprecise Rb-Sr isochron of 429 ± 31 Ma (L.P. Black 
unpub. data), obtained on mylonite from the fault near 
Greenvale, and the presence of mylonite pebbles in the 
Crooked Creek Conglomerate. 

The Teddy Mount Fault is a northeast-trending brittle 
structure whkh can be traced for about 65 km. It is the 
main boundary between the Georgetown Region and the 
Graveyard Creek Subprovince, and was previously 
regarded as an extension of the Burdekin River Fault 
(White 1965). Movement was south-block-down, probably 
mainly in the Carboniferous, post-dating the main folding 
event. It may have been active during deposition of the 
Bundock Creek Group, particularly the upper part. 
However, northward directed palaeocurrents in the lower 
part of the Group, chiefly in the Bulgeri Formation and in 
outliers north of the fault, suggest that it was not a basin
margin fault at this time. 

The Gray Creek Fault forms the boundary between the 
Camel Creek and Gray Creek Subprovinces and may be a 
southward continuation of the Burdekin River Fault (Bell 
1980). Because of the contrasting tectonic history and 
deformation styles across the fault, it is regarded as a 
fundamental discontinuity. It is exposed south of 
Greenvale, where it forms the eastern margin of the Gray 
Creek Complex, and is marked by a zone of mylonitised 
amphibolite up to 200 m wide. The Carriers Well 
Formation on the eastern side of the fault is sheared and 
boudinaged. Farther south, the fault is marked by a series 
of sheared serpentinite lenses that have probably been 
tectonically emplaced along the fault. Similar lenses occur 
in the.Wairuna Formation, probably along subsidiary fauJts, 
up to 4 k.m east of the main fault. The Clarke River Group 
and Wade beds may overlie the southern part of the Gray 
Creek Fault. The western edge of the Clarke River Group 
is more strongly folded, like the Carboniferous rocks in 
the Graveyard Creek Subprovince. 

The type of movement on the Gray Creek Fault is uncertain. 
Because of subhorizontal lineations and shear sense 
indicators, Withnall ( l985c) interpreted it as a dextral 
transcurrent fault. Henderson ( 1987) also regarded it as a 
transcurrent fault. However, Hammond (1986) suggested 
that it was a major thrust, a continuation of the Burdekin 
River FauJt, along which the rocks of the Georgetown 
Region (represented by the Gray Creek Complex) were 
thrust over the Camel Creek Subprovince, with the 
Graveyard Creek Subprovince riding 'piggy-back' on the 
upper thrust sheet. If Hammond's interpretation is correct, 
the fault could be an older, reactivat.ed mylonite zone with 
a lineation formed during an earlier event. Shaw et al. 
(1987) proposed a similar complex history of movement 
on the Palmerville Fault. The timing of movement is 
uncertain. It post-dates the Carriers Well Formation (late 
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Ordovician) and pre-dates the Clarke River Group (early 
Carboniferous). The main movement may have coincided 
with the thrusting and folding of the Camel Creek 
Subprovince ascribed to ccDr, which, as discussed above, 
occurred in the Devonian. · 

Along the southern edge of the Broken River. Province, 
the Clarke River Fault Zone is a composite structure 
consisting of a steeply dipping mylonite zone and a brittle 
fault. The mylonite zone is at least I km wide and can be 
traced for at least 120 km. It is best exposed near Craigie 
outstation as a belt of mylonitised metamorphic rocks 
between the Craigie Tonalite and the Judea Formation. 
Most of the metamorphic rocks can probably be equated 
with the Cape River Metamorphics. The penetrative 
mylonitic foliation is vertical to steeply dipping. Stretching 
lineations commonly plunge shallowly east and west. The 
Craigie Tonalite itself exhibits a foliation sub-parallel to 
the trend of the mylonite zone, and locally contains thin 
mylonites. McLennan ( 1986) determined an overall dextral 
sense of shear. 

Mylonite with a dextral shear sense also occurs in the 
Craigie· Tonalite, adjacent to the Bundock Creek Group, 
35 km farther west in the Gregory River at its junction 
with the Clarke River. Mylonitised schist occurs 70 km 
east of Craigie in a window within Cainozoic and 
Carboniferous cover near Mount George. This mylonite is 
interpreted to be the eastern continuation of the Clarke 
River Fault, and indicates that the overall trend of the zone 
is 080°. The location of any eastern extension is not certain. 
The large early Carboniferous Oweenee Batholith obscures 
the fault to the east. 

A brittle fault zone up to 30m wide crops out adjacent to 
the northern edge of the mylonite zone. However, west of 
the junction of the Clarke and Gregory Rivers, the brittle 
fault diverges to the north and the Bundock Creek Group 
is faulted against unmylonitised granite and metamorphic 
rocks. 

The dextral shear sense is opposite to that inferred by 
authors such as Arnold ( 1975), Harrington ( 1981 ), and 
Henderson ( 1980, 1987). The sinistral movement was 
inferred largely from the apparent eastward displacement 
of the 'Tasman line' or edge ofthe craton. However, if the 
Clarke River Fault was a transform fault or tear fault 
marking the southern limit of a thrust belt, different parts 
could show dextral and sinistral shear sense, with net 
sinistral movement. 

The ages of movement on the Clarke River Fault are not 
known. The final major phase of ductile deformation 
appears to have post-dated the Craigie Tonalite (which has 
a K-Ar age of 406 ± 3 Ma), and may be related to the 
thrusting in the Camel Creek Subprovince. The fault was 
active during the deposition of the Late Devonian Bulgeri 
Formation. The last main phase of movement probably 
occurred before the Visean, because in the Craigie area, 
volcanic and sedimentary rocks equated with the Lyall 
Formation overlie the fault zone. 

Correlations - Intra ·and Inter
regional JW Withnall, SC Lang 

As noted above, the quartzose turbidite units throughout 
the Broken River Group had a similar provenance and may 
all be similar in age, although only the Judea Formation 
has been dated, and is early Ordovician. In the Hodgkinson 
Province, the Mulgrave Formation is also dominantly 
quartzose, and m!ly be a correlative. 



The graptolite in the Judea Formation indicates an early 
Arenig age, which overlaps that of the upper part of the 
Seventy Mile Range Group in the Charters Towers Region 
(Henderson 1983, 1986). The Seventy Mile Range Group 
may correlate with the Balcooma Metavolcanics and Lucky 
Creek Group in the eastern part of the Georgetown Region 
(Chapter 3). If so, the Paddys Creek Phyllite, which is 
predominantly a pelitic unit with some quartzose meta
arenite, could be a correlative of the quartzose turbidite 
units in the Broken River Province. 

The late Ordovician Everetts Creek Volcanics and Carriers 
Well Formation of the Camel Creek Subprovince have no 
correlatives in the Graveyard Creek Subprovince, but they 
probably correlate with the Mountain Creek Conglomerate 
in the Hodgkinson Province (Bultitude et al. 1993b ), and 
also with the Fork Lagoons beds in the Anakie Province 
(Palmieri 1978; Withnall et al. 1995). 

Lang & Fielding (in Withnall & Lang 1993) re-evaluated 
the stratigraphy of the Graveyard Creek Subprovince in 
the light of sequence stratigraphic concepts, recognising 
ten major cycles of sedimentation. Cycles 4-10 are shown 
on Figure 8.7. Cycles I and 2 comprise five sequences in 
the Graveyard Creek Group: Cycle 3 comprises most of 
the Shield Creek Formation and contains only one 
sequence (SC 1 ). Cycles 4 and 5 represent the uppermost 
Shield Creek Formation and the Broken River Group, and 
contain seven sequences labelled BR I to BR7. The 
Bundock Creek Group contains Cycles 6 to I 0, which are 
in turn divided into ten sequences labelled BU l to BU l 0. 

. ;:II conodont GRAVEYARD MA ehron.ozone 
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The main criteria used to distinguish between major cycles 
of sedimentation included (a) regional unconformities, (b) 
abrupt change of facies, (c) gross stratigraphic architecture, 
and (d) time gaps in the stratigraphic record or • condensed 
sequences'. 

Eustatic sea level fluctuations were considered important 
controls for Cycles 1-5, 8 and 9, whereas tectonic controls 
were considered the dominant process controlling relative 
sea I eve I for Cycles 6, 7 and l 0. Important to the 
recognition of both types of cycles was the recognition of 
bounding unconformities and their correlative 
conformities. The relationship between the sequence 
stratigraphy, chronostratigraphy and published sea-level 
curves (Johnson et al. 1985; Ross & Ross 1988) is 
summarised in Figure 8.7. 

The Graveyard. Creek Group (Cycles l and 2) can be 
correlated at least partly with the early Silurian to Early 
Devonian Chillagoe Formation of the Hodgkinson Basin 
to the north. The Poley Cow Formation and at least the 
lower part of the Quinton Formation are late Llandoverian, 
and probably correlate with the Perry Creek Formation in 
the Camel Creek Subprovince. 

Compositionally, the arenites in the Kangaroo Hills 
Formation are most like those in the Quinton Formation 
and Shield Creek Formation, and the sparse conodont data 
support a correlation with the Shield Creek Formation at 
least in part (Sloan et at. 1995; B.G. Fordham pers. comm.). 
The Kangaroo Hills Formation correlates with the 
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Chillagoe Formation and probably in part with the 
Hodgkinson Formation in the Hodgkinson Province. 
However, the Hodgkinson Formation extends to the Late 
Devonian, whereas no rocks younger than Pragian are 
definitely known from the Kangaroo Hills Formation. 

No fossi ls of Wenlock age have been obtained from the 
Graveyard Creek Subprovince. If this break is real, it may 
correspond with uplift related to the intrusion of the Dido 
Tonalite and possibly other batholiths such as the Dumbano 
Granite. The Dido Tonalite has a U-Pb zircon age of 431 
± 15 Ma, and the Dumbano Granite is 421 ± 8 Ma. The 
latter corresponds with a Wenlock break, but 431 Ma may 
predate the Graveyard Creek Group and correspond with 
the unconformity at its base. 

The age of the Shield Creek Formation (Cycle 3) is 
Lochkovian to Pragian. Conodont data suggests significant 
time-breaks between the Martins Well Limestone Member 
and the carbonate units in the underlying Graveyard Creek 
Group and overlying Broken River Group. The lower break 
is Lochkovian and the upper one is late Pragian to early 
Emsian. Correlations of these breaks with events in the 
adjacent Georgetown and C.harters Toweri Regions depend 
partly on the time-scale used. As noted above, radiometric 
ages of approximately 400 Ma are commonly obtained 
from granites and metamorphic rocks in the Etheridge 
Province (Black 1 973; Black et a1. 1979), and this has been 
suggested as the age of gD4 there (Black et al. 1979; 
Withnall 1980a; Withnall 1984). Granites in the Charters 
Towers Region also give similar ages. On the time-scale 
of Fordham ( 1992), 400 Ma corresponds with the 
Lochkovian break, whereas on the AGSO 1994 time-scale 
it corresponds with the later one. The 400 Ma event is 
actually poorly constrained, the isotopic dates ranging from 
about 410 Ma to 390 Ma, making correlation even more 
uncertain. 

The events recorded in the Broken .River Group and 
Bundock Creek Group correlate well with those in the 
Clarke River Group a~d Burdekin Basin. 

Overal l, the lower part of the Broken River Group in Cycle 
4 (Sequences BRJ-3), reasonably coincides with the entire 
series of events in Euro-America from T - R Cycle lb-Ie. 
Therefore, sequence BR3 may correlate with T - R Cycles 
Id and le of Johnson et al. (1985). The main exception is 
the sequence boundary at the base of Sequence BR3, which 
may be controlled by tectonism. It is manifest by the Storm 
Hill Sandstone, which is a wedge of siliciclastics derived 
largely from the Charters-Towers Region. As there is no 
major lowering of sea level between T -R Cycles Ic and 
ld, the Charters Towers Region is inferred to have been 
uplifted in the Eifeli~n (about 380 Ma). This corresponds 
with the age of the Amarra Granite (see Chapter. 6). 

Cycle 5 (Sequences BR4-7) ages are well constrained by 
conodont data (Mawson & Talent 1989) and it spans the 
bulk of the Givetian to the earliest Frasnian. lt correlates 
with the Fanning River Group in the Burdekin Basin 
(Draper & Lang 1994). The overlying regional 
unconformity of the Bundock Creek Group .developed 
sometime in the Frasnian. 

Cycle 6 comprises the lower part of the Bulgeri Formation. 
The Rockfields Member has .many similarities with the 
Vanneck Formation, a probable Frasnian alluvia l
lacustrine succession in the Burdekin Basin (Draper & 
Lang 1994). Both formations contain a series of green 
reworked tuffs, indicating regional acid to intermediate 
volcanism, although the exact location of the source is 
unknown. The succession overlying the Vanneck Formation 
(the Julia Formation) contains non-marine redbeds and 
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conglomerates (Lang et al. 1990a), not dissimilar to those 
of the upper part of Cycle 6 in the Bulgeri Formation. 
This Burdekin Basin succession thus appears to mirror 
events in the Broken River area. The relationship between 
the Bundock and Burdekin Basins is discussed in more 
detail in Chapter 14. 

In the middle of the Bulgeri Formation in Cycle 7 , a brief 
transgressional event, probably in the early Famennian 
(crepida to rhomboidea Zones?) represents a marine 
transgression that has not been recognised previously in 
northeastern Australia. It is interpreted as possibly the 
result of either subsidence-induced transgression and/or a 
global transgression equivalent to the lower part ofT-R 
Cycle lle (Johnson et at. 1985). 

Cycle 8 comprises the uppermost sequence of the Bulgeri 
Formation, and includes all of the Jamieson Member. The 
mudstones contain a poor marine fauna, indicating another 
marine transgression. The age of the transgression is poorly 
constrained, but it is probably mid Famennian and may 
correlate with a global transgressive event in the 
marginifera Zone (Talent 1989). This may relate to the 
transgression represented by the Myrtlevale Formation in 
the nearby Burdekin Basin (Pickett 1981; Draper & Lang 
1994), and may correlate with the upper part ofT - R Cycle 
lie of Johnson et at. (1985). 

Cycle 9 comprises three sequences, BU~8, and is bounded 
by a disconformity at the base of the Turrets Formation. 
Palaeocurrent data indicate a possible change in direction 
of the source area during the deposition of the Turrets 
Formation, reflecting uplift in the Georgetown Province 
to the north. This is consistent with a correlation with the 
LoU )'pop Formation of the Burdekin Basin, which was also 
sourced from the northwest (Lang et al. 1990b; Draper & 
Lang 1994). 

Sequence BU7 includes the uppermost marine-influenced 
part of the Turrets Formation, and the lower 900 m of the 
Teddy Mount Formation in the type section. Conodonts 
suggest a latest Famennian age for Sequence BU7. It may, 
however, range up into the early Carboniferous in places 
(Lang 1985; Jell et al. in Withnall & Lang 1993). This 
implies that the beginning of the Transgression at the base 
of Sequence BU7 may correlate with T - R Cycle Ilfin the 
expansa to praesulcata Zones of the latest Famennian. 
Sequence BU7 correlates with the basal marine of the 
Venetia and Ruxton Formations of the Clarke River Group 
(Draper et al. in Withnall & Lang 1993), and the Hardwick 
Formation of the Burdekin Basin (Gunther et at. 1990; 
Lang et al. 1990b; Draper & Lang 1994). 

Sequence BU8 comprises the upper part of the Teddy 
Mount Formation, and is probably early Tournaisian 
(sulcata to duplicata Zones?), and may correlate with a 
shallowing eustatic sea level trend (Ross & Ross 1988). It 
probably correlates with the upper part of the Hardwick 
Formation in the Burdekin Basin. 

Cycle I 0 comprises two sequences, BU9 (Boroston 
Formation) and BU 10 (Harry Creek Formation), which 
represent the uppermost part of the Bundock Creek Group 
and a return to major tectonic and volcanic influences. 
The Boroston Formation is underlain by a major erosion 
surface that truncates the upper part of the Teddy Mount 
Formation . The sequence comprises coarse-grained, 
quartzose sediments mainly sourced from the Georgetown 
Province, and is correlated with the upper part of the 
Venetia Formation in the Clarke River Basin, and the 
Piccadilly Formation in the Burdekin. Basin. 



The mainly volcaniclastic Harry Creek Formation is 
correlated with the Lyall Formation in the Clarke River 
Basin, and the Glenrock Group .in the Burdekin Basin 
(Hutton eta!. 1990; Draper & Lang 1 994). The dominance 
of volcaniclastic sediments indicates that the basin was 
close to an active volcanic terrain, and therefore probably 
corresponds with the onset of volcanism in the Georgetown 
Region in the Visean. 

Mnrrnes arrnd Mftnnftrrng Hftstoiry Js Lam 

The detai Is of mining history of the region are given by 
Lam (1994a,b,c, 1995a,b, 1996, in prep.), Barker eta!. 
(1996a,b), Withnall & Grimes (1995) and Withnall et al. 
(1996a). 

Until recently, the most important commodjty mined in 
the region was tin. In 1875, alluvial cassiterite was 
discovered at the junction of Prospectors Creek and Oaky 
Creek, both tributaries of the Burdekin River. In the early 
1900s, alluvial mining extended to the south and southwest 
of the Clarke River. Further prospecting work led to the 
discovery of lode tin near Tinvale in 1907 on the 
southeastern margin of the region. Total production to 1944 
was estimated to be more than 400 t of cassiterite from 
l5000tofore(Lam 1995a). 

Although alluvial cassiterite was worked on a small scale 
when the lode tin mining phased out in the 1940s, it was 
not until the 1970s that alluvial tin mining became 
prominent in the area, especially in the Gowrie Creek, 
Clarke River and Blue Range areas. Total production to 
1987 for these deposits was about 3500 t of cassiterite. 
Most of it came from tbe Ruxton and Sandy Flat deposits 
near Blue Range, which MetaJs Exploration NL mined 
intermittently between 1972 and 1987. 

Gold is the main commodity mined, but small alluvial 
occurrences have been known since the 1870s, although 
there is little record of production. Alluvial gold was mined 
around the 1870s near the Broken River at Nuggety Gully, 
Diggers and Gorge Creeks. In 1911, the Phar Lap mine 
was discovered south of the Broken River and produced a 
small amount of lode gold and antimony. Other small 
antimony deposits in fissure veins were discovered about 
1890, near the Broken River and Pandanus Creek. They 
were mined spasmodically between 1936 and 1970, 
producing about 80 t of stibnite concentrate. The Mount 
Dora antimony deposit, just west of the Kangaroo Hills 
Mineral Field in the eastern ·part of the region, was 
discovered about 1893. Minor production, totalling about 
16 t occurred in 1907 and 1955. 

In 1987, a prospector discovered the Golden Ant deposit 
in the Camel Creek area. Golden Ant Mining was formed 
to develop the deposit, which lies-in a. new gold province, 
the Amanda Bel goldfield (Teale et al. 1989). In 1989, 
mining commenced at an annual rate of 500 000 t with a 
head grade of2 g/t gold. Mining ended in 1994 and total 
production was about 2 t of gold. 

The Big Rush gold deposit was discovered by Shell 
Company of Australia in the Gorge Creek area in the late 

__ ..l2.80s. Werrie Gold Ltd conti!!ued develoP.me.!!!_Qf..lh~ . 
deposit and produced 65 kg gold in 1995. The deposit had 
a resource· of 2 million tonnes at a grade of 1.5 glt gold. 
Mining was completed in 1997. 

Small qUantities of tungsten were produced from two mines 
in the Camel Creek area. The Perry Creek scheelite deposit 
was worked in 1944 and again in about 1970. OI)Iy about 
8 t of concentrate was produced altogether. The deposit 
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was drilled by Great Northern Mining in 1981, but the 
results are still confidential. At Wolfram Hill about·20 t of 
hand-picked concentrates were produced between 193 7 
and 1947. 

Recent JExploratioHll Js Lam 

The exploration history of the region is described in detail 
by Lam ( 1994a,b,c, 1995a,b, 1996, in prep.), Barker et al. 
{1996a,b ), Withnall & Grimes (1995) and With nail et al. 
(1996a). · 

From the late 1950s to the 1970s; company exploration 
was mainly for Tertiary deep lead alluvial tin deposits in 
the Clarke ruver, Blue Range and Gowrie Creek areas and 
lode tin deposits in the Tinvale area. 

In the 1960s, exploration for laterite nickel deposits was 
carried out by Metals Exploration NL. While assessing 
the nickel potential in laterite in the Greenvale area, the 
company discovered the Lucknow prospect in laterite on 
the Gray Creek Complex. The small podiform chromite 
deposits in ' the serpentinite along the Gray Creek Fault 
have also been investigated by several companies from 
the late 1950s to the 1980s, but only a small resource has 
been delineated. 

In the late 1970s, exploration concentrated on· sediment
hosted and intrusive-related uranium in the Bundock and 
Clarke River Basins. AFMECO, Minatome Australia/ 
Urangesellschaft Australia and Occidental Minerals 
Corporation were the main explorers in the area. N~erous 
sub-economic sediment-hosted occurrences were 
delineated and minor mineralisation was discovered, 
associated with intensively fractured Carboniferous 
rhyolitic lava at Teddy Mountain. 

Since the early 1980s, extensive exploration for 
mesothennal and epithermal gold deposits has been carried 
out throughout the region, mainly utilising the bulk cyanide 
leach teclmique, but also investigating known alluvial and 
lode deposits such as the small gold-antimony deposits in 
the Broken River area. Notable successes were the Camel 
Creek or Amanda Bel deposits (found ·by traditional 
prospecting methods) in the eastern part of the Camel 
Creek Subprovince; and the Big Rush deposit in the Broken 
River area, found by BCL sampling and follow-up rock 
chip sampling of veins. 

Kirnowllll. MftnnennHsatftorrn annd 
JR.eSOllllirCe§ JS Lam, JW Withna/1 

The Clarke River Region hosts a variety of economic to 
sub-economic deposits, including slate-belt gold and 
antimony veins, sediment-hosted and intrusive-hosted 
uranium, lateritic nickel, podiform chromium, greisen tin 
vein and alluvial tin, gold and gemstones. Massive 
limestone and minor copper occurrences are also present. 
The descriptions herein are necessarily brief and only.a 
few key references are given. Most of the data on these 
deposits are contained in unpublished company reports 
held by the Department of Minerals ·and EQergy. Fuller 
descljp_!ions and da~s.Q_U_!ces are documented by_ L_a!l! 
( 1994a,b,c, 1995a,b, 1996, in prep.), Barker et al. 
( 1996a,b ), Withnall & Grimes ( 1995) and W.ithnall et al. 
( 1996a). The metallogenesis of the region has also been 
discussed by Tate et a!. ( 1990). The distribution of 
significant mineral occurrences is shown in Plate 8.2B. 
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Alluvial Gold 
Historical alluvial gold production is minor. The gold is 
concentrated in placer deposits in Recent and Tertiary 
alluvium. Some of the gold deposits in Recent alluvium 
may have been derived from reworked Tertiary wash. 
Remnants ofTertiary wash extend over a large area in the 
Diggers Creek catchment, but it is generally shallow (<0.3 
m deep) with an average grade of0.75 gjt gold. Extensive 
'buJk testing' for alluvial gold in 1987- 88 confirmed that 
grades of0.20 gjt gold occurred in Recent alluvium in the 
Broken River. Most of the gold grains had a fineness of 
more than 970. Exploration indicated that the Tertiary wash 
occurs over a large area on the northern side of the Broken 
River. The wash is generally shallow but rich patches with 
higher grades are confined to isolated pockets. The better 
deposits were probably removed by the 'bulk testing', but 
the actual production was not recorded. South of the 
Broken River, auriferous Tertiary wash may exist under 
the cover of extensive basalt flows . 

A small alluvial gold occurrence near Gold Hill, southeast 
of Lucky Springs homestead adjacent to Gray Creek, can 
be traced back to auriferous quartz-stringers in the 
serpentinite and silicified serpentinite. 

Lode Gold 
Graveyard Creek Subprovince 
Lode gold deposits consist of structurally controlled 
narrow quartz veins associated with semi-ductile to semi
brittle zones near major fault systems. The veins mainly 
consist of quartz, with minor laminae of wall rock 
inclusions along vein margins and low sulphide content. 
Wall rock alteration in the sedimentary host rocks is subtle 
and generally less than a few centimetres. 

The Jessey Springs-Lockup Well Fault system trends 
northeast and is spatially associated with several economic 
to sub-economic deposits. The Big Rush deposit lies 
adjacent to the fauJt system on the eastern limb of the 
Rock fields Syncline. Gold and minor amoWJts of pyrite, 
arsenopyrite, and traces of chalcopyritc, sphalerite, galena 
and tetrahedrite are associated with shear-related quartz 
veins in the Mytton Formation of the Broken River Group. 
Large quartz blows and veins up to several metres wide as 
well as saddle reefs have been developed in hinge areas of 
small anticline folds. The host rocks are carbonaceous and 
dolomitic sulphide-bearing shale, siltstone and sandstone 
with mild silicification and sericitisation. Oxidation is 
more than 50 m deep in the host rock. Werrie Gold Ltd 
commenced mining the deposit in 1995, and reported a 
reserve of 915 000 t oxidised ore at 2. 1 gjt gold. Mining 
was completed in 1997. 

The sub-economic Sed host deposit lies within the Lockup 
Well Fault zone, a northern extension of the Jessey Springs 
Fault. Gold mineralisation occurs in stockwork quartz veins 
associated with shear zones trending 030° in sandstone, 
and in sericite altered, quartz-veined siltstone. The veins 
are deformed and are poddy, discontinuous and brecciated. 

The small Phar Lap deposit lies to the east of the Jessey 
Springs Fault, in an area of strongly folded sedimentary 
rocks of the Broken River Group. It occurs at the 
intersection of several lineaments (dominated by one 
striking 120°). Gold-antimony mineralisation is associated 

·with quartz breccia veins in the Papillio Mudstone near 
the boundary·of the Dosey Limestone. Other anomalous 
areas investigated by. companies in the Broken River area 
in recent years include the Nuggety Gully, Wally, Drizzle, 
Beccy and Janelle's Hope prospects. Most consist of minor 
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quartz veins and stockworks in siliciclastic sedimentary 
rocks. Antimony-quartz lodes with anomalous gold occur 
at the Janelle's Hope prospect. 

The Gold Hill gold deposit is associated with a belt of 
n·orth-trending serpf?ntinite intruded along the Gray Creek 
Faul t System. The belt extends south, from east of Gray 
Creek to the headwaters of Spring Creek at the Discovery 
gold deposit. Gold mineralisation is apparently associated 
with quartz in carbonate alteration zones in the serpentinite. 
The Discovery prospect consists of a large structurally
controlled talc alteration zone in serpentinite. Gold 
mineralisation occurs in stockwork quartz veins trending 
southeast, obliquely cutting across a northeast-trending 
fault. 

Camel Creek Subprovince 
The name Amanda Bel gold field was first applied by Teale 
et at. (1989) to a I 000 km2 area east of Camel Creek 
homestead. About forty gold deposits (mostly sub
economic) have been discovered in strongly folded 
sediments of the late Silurian to Early Devonian Kangaroo 
Hi lis Formation. Teale et al. ( 1989) described a variety of 
styles of gold deposits associated with three episodes of 
mineralisation, syn-ceD., syn-ccD2 and post-ccDzfccDJ. 
Most of the deposits are similar to the Hodgkinson 
Province slate belt deposits and were considered by Tate 
et at. (I 990) to be of probable 'shallow metamorphic' 
origin, because of the apparent lack of intrusives during 
ccD 1 and ccD2• The exception is the post-ccD2/ccD3 
mineralisation which, on the basis of the concentric zoning 
of clements and simi larities with porphyry-hosted 
mineralisation elsewhere in the Broken River Province, 
was considered by Tate et at. ( 1990) to have been formed 
during intrusive emplacement. 

The most significant deposit was the Golden Ant, which 
was worked by the Camel Creek mine. The syn-0 1 

mineralisation consists of lenses of quartz veins up to one 
metre thick carrying stibnite and minor pyrite, sphalerite, 
boulangerite and gold. The 0 1 mineralisation commonly 
occurs in the hinges of 0 1 folds in carbonaceous shales. 
Wall alteration consists of quartz, sericite, ankerite and 
chJorite along vein margins. Syn-02 mineralisation usually 
consists of groups of narrow quartz veins and stockworks 
and is best developed where the shear zones overprint D, 
quartz lenses. The D2 veins contain arsenopyrite with minor 
pyrite, chalcopyrite and sphalerite. Post-Dz/03 
mineralisation consists of open-space, fill-texture quartz 
veins in brittle sandstone. Discrete quartz veins and stibnite 
veins generally carry less than 0.5 ppm gold. However, 
where the quartz veins overprint the stibnite veins, grades 
of up to 22 ppm gold have been obtained. 

Several small gold prospects are associated with north
northeast striking faults in the Perry Creek Formation and 
Greenvale Formations. They have been discovered since 
the late 1980s by companies using BCL stream sediment 
sampling. They include the Ridge, Mount PickJebottle and 
Gossan Ridge prospects. At Mount PickJebottle, the veins 
are related spatially and temporally to rhyolitic intrusives 
(Tate et al. 1990). Minor gold mineralisation occurs in 
stockwork quartz veins in breccia. The average grade is 
less than I g/t gold. These veins are up to 3 m wide and 
consist of epithermal quartz-carrying minor pyrite, 
arsenopyrite and milled sedimentary rock clasts. Antimony 
is distinctly absent, in contrast to the Amanda Bel goldfield 
to the northeast. Wallrock alteration consists predominantly 
of silicification and quartz veining. 

Several anomalous zones have also been investigated in 



the Clarke River Basin at Storm Hill and Spencer's Ridge 
near Gill Creek in the Venetia Formation. Assays of up to 
3.4 g/t gold were obtained at Storm Hill in a zone of 
silicification and stockwork quartz veining. Percussion 
drilling encountered no major mineralised zone. At 
Spencer's Ridge, a series of narrow antimony-bearing 
quartz breccia veins assayed up to 3.24 g/t gold. They carry 
sulphide minerals (stibnite, arsenopyrite, pyrite, sphalerite) 
in both in clasts and matrix. 

Tate et al. (1990) noted that worldwide,Au-Sb-As deposits 
consistently occur in slate belt settings. The Broken River 
Province has many features in common with such slate 
belts. However, a feature of most of the gold occurrences 
in the Broken River Province, noted by Tate et al., is the 
dominance offine comb and saccharoidal quartz in fissure 
veins, rather than the buck, stylolite and spider veinlet 
textures typical of slate-belt occurrences elsewhere. Tate 
et al. interpreted this as indicating that the veins formed at 
a shallower crustal level than typical slate-belt deposits. 

Tate et at. ( 1990) favoured a metamorphic origin for the 
fluids that produced gold- antimony mineralisation at 
Camel Creek, the Phar Lap and other deposits in the 
Graveyard Creek Subprovince. Their overall model was 
that the fluids were derived from moderate to deep-level 
crustal processes, particularly during metamorphic 
dew~tering during the main northeast-trending folding. 
This fluid leaked to shallow crustal levels in the 
Carboniferous and was focussed along deep-seated 
structures. These structures also were a locus for the 
emplacement of rhyolite intrusions that also established 
their own hydrothermal systems by heating circulating 
ground waters. Input from the deeper seated fluids or 
scavenging from country rocks that may already have 
contained Au- Sb-As mineralisation gave rise to deposits 
in the porphyry and epithermal environments, such as in 
the Clarke River Basin and Sybil Graben. 

Resources 
The Camel Creek deposit is mined out and mining of the 
Big Rush deposit was completed in 1997, but the area is 
stiJJ prospective for more slate-belt type deposits. The 
Camel Creek and Big Rush deposit testify to the potential 
for gold mineralisation associated with silicification and 
quartz vein filled breccias in or adjacent to major fault 
zones. In the Graveyard Creek Subprovince and Bundock 
basin, calcareous sediments offer exploration potential for 
Carlin-style replacement deposits. This is supported by 
the occurrence of cinnabar in alluvial deposits and the Au
S b-As signature of known occurrences. 

Antimony 
As noted above, antimony is widely distributed with low
grade gold mineralisation in the Amanda Bel goldfield 
(Teale et al. 1989). Antimony mineralisation is also 
sporadically distributed through the Graveyard Creek 
Subprovince. The deposits consist of narrow, isolated lodes 
apparently related to regional northeast-striking faults. 
They occur as en-echelon or discontinuous, subparallel, 
di.lation fissure veins crosscutting sedimentary rocks of 
the Graveyard Creek Group, Broken River Group and 
Clar~e. Ri~er Group. Most of_the lodes strik~ _north
northwest to north and are steeply dipping. They crop out 
for a few metres to several tens of metres, and are generally 
less than 0.3 m wide. Apart from narrow zones of clay 
alteration in host rock along vein margins, no other 
alteration has been recognised. The ore consists of buck, 
ribbon and comb quartz, with multiple, anastomosing 
stibnite veinlets and pods surrounded by secondary 
cervantite, valentinite and stibiconite. Traces of gold are 
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present, such as at the Phar Lap and Janelle's Hope 
prospects. Some were described by Morton ( 1944a) and 
also by Lam ( 199?b, in prep.). As noted above, Tate eta!. 
( 1990) suggested a metamorphic fluid source as for the 
Amanda Bel deposits, although a distant igneous source 
such as the Montgomery Range Igneous Complex could 
also be the source of the fluids, or at least the heat source 
for the depos}ts in the Graveyard Creek Subprovince. 

Although past mining has not exhausted all the known 
reserves, the deposits are all small. The antimony lodes 
are auriferou~ and have attracted many companies to 
evaluate their potential as low-grade gold deposits. 

Tin 
Little lode tin occurs in the Clarke River Region, although 
important deposits occur just outside the region in the 
Tinvale area and near Ewan in the Kangaroo Hills Field 
(see Chapter 6). Minor tin occurs with copper in the 
Breccia prospect, which is associated with the 
Montgomery Range Igneous Complex in the Bundock 
Basin (see below). 

Deep lead and alluvial cassiterite deposits were mined in 
the east of the region in a belt extending from Gowrie Creek 
in the south, through Blue Range, to the Black Cow area 
in the north. Two distinct types of stanniferous alluvium 
have been recognised in the area: the Tertiary boulder bed 
deposits and the Quaternary sediments. The Tertiary 
deposits rest on weathered sedimentary rocks. These 
deposits were once covered by silcrete and basalt flows 
and are now preserved as remnants of boulder wash 
overlain by sandy loam. The younger sediments form the 
broad flats below the main level of Tertiary deposits. 
Although cassiterite is present in the younger sediments, 
grades comparable to those of the Tertiary deposits 
generally have not been found. 

The sources of the boulder wash and the cassiterite is 
subject to debate. Some studies favour a palaeo-drainage 
system that transported cassiterite from a single granite 
source, whereas others prefer multiple granite sources. 

Best (1962b) assessed alluvial cassiterite deposits between 
the Palmer and Clarke Rivers and proposed that most of 
them were concentrated in rivers before extrusion of the 
Cainozoic basalt. He postulated that the area, now drained 
by the Burdekin River flowing south and southeast, was 
once drained by an ancient Einasleigh River flowing west 
and northwest. The Clarke River may have flowed 
westwards. The Blue Range area could have been part of 
the ancient west-flowing river systems. Andrew ( 1962) also 
supported the palaeo-channel theory, and noted that the 
lode tin occurrences of the Ewan field (about 30 km 
northeast of Ruxton) could provide a source of cassiterite 
to the Ruxton, Blue Range and Clarke River leads. 

Burger ( 1987) and geologists of Metals Exploration 
suggested that the palaeo-channel system originated in the 
Kangaroo Hills area, draining northwesterly through the 
Black Cow deep lead deposit. lt then turned southerly to 
its confluence with a westerly draining tributary that ran 
through Ruxton and Blue Range. Below the confluence, 
the stream.drained.southerly. The landform . .was drastically 
changed by the extrusion of the late Tertiary Nulla Basalt 
Province. Extensive erosion associated with both the 
Clarke and Burdekin Rivers has left only remnants of 
stranded gravels on topographic highs The Kangaroo Hills 
lode tin deposits could have provided a rich source of 
cassiterite for this ancestral river. The occurrence of 
fine-grained cassiterite at both Blue Range and Ruxton 
may be indicative of a long journey. Grain size analysis 
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showed that from Ruxton to Blue Range, Clarke River and 
Niall, cassiterite progressively diminishes in average grain 
size. 

The Ruxton deposit on the southern side of the Blue Range 
contained wash that was up to 5 m thick, overlain by up to 
40 m of sand, clay and basalt. Exploration by Mt Isa Mines 
and Metals Exploration NL in the early 1960s outlined 
isolated pockets of wash with total reserves of up to 300 
000 kg cassiterite at an average grade of 1.5 kg/m3

. The 
deposit was worked extensively in the 1970s and 1980s 
and most of the high-grade wash was mined out. 

The Sandy Flat deep leads on the southwestern end of the 
Blue Range form a southwest-trending sand plain, 
approximately 3 km long by 0.6 krn wide. Mining showed 
that the basal wash was 1.5 m thick. The average grade of 
the wash was 1.2-1.5 kglm3 cassiterite (Krosch 1982). 

The Gowrie Creek deep leads forms a southeast-trending 
sand plain with an area of 3 km by 0.5 km. In 1982 the 
estimated reserve was 750 000 m3

, with an average grade 
of 0.45 kg/m3 cassiterite. The Clarke River deep lead 
comprises several separate remnants of basal wash under 
a sand plain about 2 krn long by I km wide. Cassiterite in 
the wash is very erratic, but some small-scale mining has 
been carried out. 

Other deep leads in the area include Ugly Corner near 
Camel Creek homestead and Black Cow. Both are partly 
covered by basalt, and have been explored by companies, 
with disappointing results (Lam in prep.). 

Deep lead and alluvial cassiterite deposits were being 
mined in the 1980s. Mining was discontinued when the 
tin price fell , although the richer deposits such as Ruxton 
and Sandy Flat deep leads have probably been largely 
mined out. Lower-grade resources remain in the Gowrie 
Creek, Ugly Comer, Black Cow and Niall areas. 

Tungsten 
Two small tungsten deposits occur in the Camel Creek 
area. The Perry Creek scheelite deposit is hosted by a small 
pluton of biotite granite, about 18 km northwest of Camel 
Creek homestead. The scheelite occurs in a narrow quartz 
veins in a fissure or shear zone about 1- 2 m wide, trending 
east- southeast for 1.2 km. About 7 km south-southwest, 
minor wolfram mineralisation occurs at Wolfram Hill in 
gently dipping quartz veins up ~o 0.5 m wide in homfelsed 
Kangaroo Hills Formation. 

The Perry Creek deposit was assessed by Great Northern 
Mining in 1981, but the results were never released. The 
reserves are unlikely to be significant. 

Uranium 
From 1976 to 1979, UrangesellschaftAustralia!Minatome 
Australia/ AFMECO/Occidental Minerals Corporation 
explored for uranium mineralisation in the Bundock Basin 
and Clarke River Basin. Airborne and ground radiometri'c 
surveys located numerous anomalies and sub-economic 
deposits. 

At the Teddy Mount prospect, secondary uranium minerals 
occur as films, nodules, slabs and veins in joints and 
fractures in intrusive rhyolite as well as in the host 
sedimentary rocks of the Teddy Mount Formation. At 
several prospects in the Bulgeri Formation, spotty 
secondary uranium minerals occur in narrow zones in 
sandstone. 
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In the Clarke River Basin, sporadic, minor secondary 
uranium mineralisation occurs in a lower unit of the Lyall 
formation, extending from the Keppel Creek South Dome 
area to the northeast for over 30 km. Secondary uranium 
minerals are associated with carbonaceous matter and 
interstitial limonite and framboidal pyrite in sandstone and 
conglomerate. 

The known deposits are very small and most are little better 
than anomalies. The Bundock Basin and the Clarke River 
Basin are prospective for sediment-hosted uranium 
mineralisation. The level of past exploration has not been 
extensive. In some cases it was prematurely curtailed due 
to government policy. The redbed unit of the Bulgeri 
Formation, the Teddy Mount Formation and the 
Carboniferous intrusive rhyolite represent the most 
prospective rocks in the region. 

Copper 
Narrow lodes of copper mineralisation occur in homfelsed 
sedimentary rocks of the Teddy Mount Formation, 
Kangaroo Hills Formation and in granites of the 
Montgomery Range Igneous Complex. Some of the lodes 
also carry significant gold and tin. No production has been 
recorded. 

At the Breccia prospect crackle, breccias are associated 
with tourmaline-chlorite-quartz- sericite alteration in 
granite of the Montgomery Range Igneous Complex. 
Individual zones strike for 200 m to I km, and are up to 
60 m wide at depth. Mineralisation includes pyrite, 
arsenopyrite, chalcopyrite and cassiterite. Cuttings assayed 
up to 0.2% tin and 0.3% copper. 

Copper mineralisation in the region consists of minor lode 
occurrences associated with intrusive rhyolite and granite. 
Old workings consist of shallow prospecting pits, 
suggesting that the lodes were sub-economic. Although 
recent company exploration indicated that these lodes have 
no continuity in length and depth, the Montgomery Range 
area is intruded by extensive rhyolites and has the potential 
of hosting a significant deposit at depth. 

Chromium 
Sub-economic chromite deposits are associated with the 
tectonically emplaced serpentinite along the Gray Creek 
Fault. The deposits consist of semi-continuous lenses 
averaging 2- 3 m wide and I 00 m long. Two types of 
chromite have been recognised -'- irregular lenses of 
massive podiform chromite cumulate and disseminated 
chromite aggregates, forming bands conformable with the 
serpentinite foliation and more than 175m long. 

The northern deposit contains approximately 31 500 t of 
massive ore and the southern deposit has about 200 000 t 
of disseminated ore and 20 000 t of massive ore to 30 m. 
The potential of chromite layers at greater depth has not 
been tested adequately. Serpentinite also crops out further 
south at Spring Creek and Craigie Creek, but no chromite 
deposits are known. Krosch (1990c) reported a potential 
of up to 35 000 t of chromium in eluvial deposits. 

Nickel 
Serpentinites of the Gray Creek Complex and Boiler Gully 
Complex have been deeply weathered and a residual 
concentration of nickel has developed in the laterite profile 
(Burger 1979, 1982). Nickel enrichment occurs as complex 
hydrated silicates in flat-lying lenses in lateritised 
serpentinite. Ore grades are unevenly distributed. Metals 
Exploration outlined a few small pockets, totalling 



200 000 t of ore at the Lucknow deposit 4 km south
southwest of Greenvale. About 50 000 t were mined from 
the Lucknow deposit during mining of the Greenvale 
deposit in the late 1980s. 

Other serpentinites occur along the Gray Creek Fault 
system, but they are small and mostly lack laterite profiles. 
Some serpentinites are known under the laterite plateau 
on the divide between the Gray Creek and the Broken 
River. However, the potential for mining is small 
considering the marginal nature of the much larger, mined
out Greenvale deposit and the dismantling of the 
infrastructure associated with the mine. 

Gemstones 
Minor gem-quality peridot and sapphire have been mined 
from a small basaltic cone, 5.5 km southwest of Cheviot 
Hills homestead. Peridot is recovered from the topsoil and 
subsoil horizons to a depth of about 0.4 m as loose, 
subangular, pale yellowish-green to deep green fragments. 
The Chudleigh Park diggings are a popular place for 
fossicking. The restriction of peridot to this one place 
seems unlikely given the large volume of basalt in the 
region. 

Sapphires have beeq found in scattered areas. Although 
the sapphires are gem quality, the stones are small and 
rare. The source of the sapphires is probably nearby basaltic 
cones. Known sapphire occurrences in the Cheviot Hills 
area are confined to an area with spatter cones, comprising 
basanitic basalt, rich in mafic xenoliths and xenocrysts. 
Gemstone quality sapphires were found in the Gorge Creek 
and Diggers Creek area during bulk testing for alluvial 
gold mining in the late I 980s. Small, gem-quality, yellow 
and blue sapphires and zircons were also identified in pan 
concentrate samples collected in the upper reaches of Page 
Creek. The potential of economic sapphire deposits in 
secondary concentrations has not been tested adequately 
by companies and deep lead sapphires may exist in 
palaeochannel systems of the region. 

Limestone 
In the Broken River, limestones of the Jack Formation of 
the Graveyard Creek Group and Dosey Limestone are 
suitable for use as dimension stone. Limestone also occurs 
in the Camel Creek Subprovince i~ the Carriers Well 
Formation southeast of Greenvale and in the Perry Creek 
Formation near Christmas Creek. A quarry was developed 
in the latter to provide ballast during construction of the 
now defunct Greenvale-Yubulu railway. 

The extensive limestone ridges at Chinaman Creek, Dip 
Creek, Magpie Creek and the Broken River areas represent 
a substantial limestone resource. Apart from the Broken 
River deposits, the potential usage of these limestones has 
not been determined. Many of the limestones appear to be 
of high purity and may be suitable for use in the 
manufacture of cement and lime products, but their 
distance from markets precludes such use. 
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Chudleigh Individual Oows not Nephelenite, basanite. Subaerial basalt lavas Mostly between 2.08 Ma Unconformable on Western part of region as Stephenson in Johnson rn 

Basalt formally named alkali basalt, hawaiite as shield volcanoes, and 0.25 Ma: but some as Proterozoic and extensive basalt plains and ( 1989): Withnall & Lang ::>::) 

and mugearite valley-filling Oows and old as 8 Ma Palaeozoic rocks isolated mesas ( 1993) m 
pyroclastic and G) 
composi te cones; long :r 
basalt Oows down -1 
Einasleigh and 

(") 
Copperfield Rivers 
and Page Creek II " ... ,_ 

Gilbert River Undivided in this Clayey quartzose Probably Fluviatile to locally Latest Jurassic to Early Unconformably overlies Scattered outliers in west Smart et al. (1971, 
Formation region sandstone and siltstone: no more estuarine Cretaceous? Palaeozoic rocks of region 1980) ::» 

glauconitic and than 10m 
bioturbated; minor 
conglomerate 

::» 
Wade beds Sublabile to labile Unknown; Meandering Ouviaule Latest Carboniferous 10 Unconformably overlies A roughly rectangular Jell & Playford ( 1985); ex, 

sandstone, siltstone, at least system; locally Early Permian. Plant the Carboniferous Clarke area 16 km long and 10 k.m Withnall & Lang (1993) 
carbonaceous mudstone 84m lacustrine macrofossils and River Group and faulted wide, north from the Q 

" and minor conglomerate intersected palynomorphs against the Silurian C larke River 10 Cattle 
by Graveyard Creek Group Creek. A smaller area of 
AFMECO 23 kml in the upper 
drillholes reaches of Keppel Creek 
in Keppel North 
Creek area 

CLARKE RIVER BASIN 

Clarke River Lyall Formation Green to purple About Alluvial fan and Early Carboniferous Intruded by small The largest area is an east- Jell & Playford ( 1985); 
Group (incl. Furry Hoop volcanilithic sandstone, IOOOm alluvial plain to (Visean); palynomorphs Carboniferous granite trending belt 60 km long by Wyatt & Jell ( 1980); 

and Meath Rhyolite conglomerate, mudstone intersected lacustrine in a plutons and numerous 25 km wide adjacent to the Scott & Withnall (1987): 
Members) (commonly calcareous). inGSQ volcanic terrain rhyoli te plugs. Overlain Clarke River, centred Scott ( 1988a); 

tuffaceous siltstone and Clarke unconformably by the late about 40 km south southeast Playford ( 1988); 
impure limestone. Meath River 3/4R Carboniferous io Early of Greenvale . The main Withnall & Lang (1993) 
Rhyolite Member and and 5 Permian Wade beds and outliers are in the Blue Range 
equivalents- generally Tertiary basalt and area, southeast of Niall 
crystal-rich rhyolitic sediments homestead and about 15 k~ 
ignimbrite, and volcanic south of Greenvale 
rudite and arenite; local 
s herulitic rh olite 



Venetia Formation Quartzose to feldspathic 500 min Alluvial plain and Latest Devonian to early 
sandstone and type alluvial fan to shallow Carboniferous (latest 
conglomerate, siltstone section si liciclastic shel f Famennian to 
and mudstone; local Toumaisian); conodonts 
calcareous sandstone and brachiopods 
and impure limestone; 
m'inor tuffaceous 
siltstone 

Ruxton Formation Quartzose to feldspathic 150m in Alluvial plain and Latest Devonian to early 
sandstone and type alluvial fan to shallow Carboniferous (latest 
conglomerate, siltstone section siliciclastic shel f Famennian to Toumaisian): 
and mudstone: local conodonts and brachiopods 
finegrained calcareous 
sandstone and impure 
limestone 

BUNDOCK BASIN 

Bundock Creek Harry Creek Formation Volcaniclastic sandstone 560 min All uvial plains and Early Carboniferous 
Group conglomerate and type lacustrine in a (Visean)?: superposition 

siltstone (tuff?); minor section volcanic terrain and similarities to Lyall 
coarse-grained sublabile Formation 
to quartzose sandstone 
and conglomerate 

Boroston Formation Quartzose to About Alluvial fans to Early Carboniferous 
lithofeldspathic 850 min alluvial plains (Toumaisian?); 
sandstone, type and lacustrine superposition 
conglomerate and section 
mudstone, and minor 
siltStone and reworked 
tuff 

Unconformably overlies 
the Ordovician to Early 
Devonian rocks of the 
Camel Creek Subprovince 
(Kangaroo Hills, 
Greenvale, Pelican Range 
and Wairuna, and the 
Tribute Hills Arenite}. 
Faulted against the 
Silurian Graveyard Creek 
Group and locally overlies 
the Ordovician Judea Fm.: 
conformably overlain by 
Lyall formation 

Unconformably overlies 
Kangaroo Hills Formation 
and intruded by 
Carboniferous granites and 
rhyolite domes: laterally 
equivalent to the Venetia 
Formation 

Overlies the early to 
middle Broken River 
Group with slight angular 
unconformity to 
disconformity. Faulted 
again~t Proterozoic 
metamorphic rocks and 
early Palaeozoic granites 
of the Georgetown and 
Charters Towers Regions 
along the Teddy Mount 
and Clarke River 
Faults, re~pectively. 

Intruded by the 
Carboniferous or ?Permian 
Montgomery Range 
Igneous Complex 

Crops out in a roughly 
rectangular area of about 
I 000 km1 in the headwaters 
of the Einasleigb and Broken 
Rivers 

Wyan & Jell (1980); 
Lang et al. (1989b); 
Lang ( 1993a.b, 1994); 
Withnall, Lang et al. (1988); 
Witbnall & Lang (1993) 
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Broken River 
Group (upper 
part) 

Turrets Formation 

Bulgeri Formation 
(incl. Rockfields, 
Stopem Blockem 
Conglomerate and 
Jamieson Members) 

Mynon Formation (incl. 
Stanley Lmst Member) 

Feldspathic to 
I ithofeldspathic in type 
sandstone (locally section 
calcareous), mudstone 
and minor dirty 

Feldspalhic to 770 m 
lilhofeldspalhic (locally in type 
volcaniclastic) section 
sandstone, mudstone, 
and lesser cortglc>mc:ratel 
and 

Lithofeldspalhic to 3660 m 
feldspalhic sandstone, in type 
polymictic section 
conglomerate and 
mudstone: redbeds: 
red lilhic sandstone and 
conglomerate and 
minor calcirudite; local 
reworked tuff 

Sublithic sandstone, 
mudstone and minor 
conglomerate; minor 
bioclastic and 
ooli ticloncolitic 
limestone 

Mytton 
Fm up to 
940m 

Alluvial plains to 
deltaic and marginal 
marine 

Distal to proximal 
alluvial plains to 
marginal marine 
and coastal plain 

Quiet muddy to storm 
influenced siliciclastic 
shelf with oolitic 
carbonate shoals and 
buildup 

Toumaisian); conodonts 
and brachiopods 

Late Devonian 
(Famennian); 
superposition 

Late Devonian (Frasnian 
to Famennian): 
brachiopods 

Middle Devonian 
(Givetian); conodonL5 

Apparently conformably 
overlies the Middle 
Devonian Papilio 
Mudstone, and is overlain 
with a slight angular 
unconformity by the Late 
Devonian Bulgeri Fm of 
the Bundock C reek 
Near Pandanus Creek 
homestead, it apparently 
conformably overlies the 
Chinaman Creek 
Limestone 

Sinuous folded belt from 
the hinge of lhe Athenon 
Anticlinorium around the 
hinge of the Broken River 
Anticlinorium near 
'Craigie;·. It also occurs in a 
narrow belt about 10 km 
long west of Pandanus Creek 

Wyau & Jell (1980); 
Lang et al. ( 1989a): 
Withnall, Lang et al. ( 1988); 
Wilhnall & Lang (1993); 
Mawson &Talent (1989); 
Mawson et al. (1988); 
S loan eta!. (1995) 
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Wando Vale Papillio Mudstone (incl Bioclastic calcarenite, 500- Shelf carbonates 
Subgroup (of Spanner Lmst Member) calcirudite and I lOOm (shoals, lagoons and 
Broken River Dosey Limestone calcilutite (commonly buildups), quiet muddy 
Group) Phar L<lp Formation richly fossiliferous), she! f and slope 

Storm Hill Sandstone mudstone. impure deposits with in silu 
Lomandra Limestone sandy limestone, and allochthonous 
Bracteata Mudstone mudstone (commonly Hmestones and 
Burges Formation calcareous and gravelly channels, 
Jessie Springs Limestone fossiliferous), local fan-deltas and 
Lockup Well Limestone lithofcldspathic, marine siliciclastics 
Dip Creek Limestone subfeldspathic and 
Chinaman Creek quartzose sandstone, 
Limestone and polymictic 
Tank Creek Sandstone conglomerate 

Shield Creek Martins Well Lmst Mbr Feldspathic to quartzose SSO min Shallow siliciclastic 
Formation sandstone and minor type shelf with tidal 

conglomerate, siltstone section; channels to carbonate 
and mudstone; local locally too - shelf with lagoons, 
bioclastic calcarenite thin to bioherms and shoals: 
(richly fossiliferous) map possibly fluviatile in 

south. Overall inner 
shelf to coastal plain 

Early to Middle Devonian Generally overlie.~ the 
(Emsian to Givetian); Early Devonian Shield 
corals and conodonts . Creek Fm with possible 

disconformity. West of the 
Six Mile Syncline, may lie 
directly on the Silurian 
Graveyard Creek Group. 
Further west it is faulted 
against the Silurian Dido 
Tonalite of the 
Georgetown Region. In 
the Dosey area, northwest 
of Storm Hill. it 
unconformably overlies 
the Ordov.ician Judea Fm. 
In the southwest, near 
Gregory Springs, _it 
unconformably overlies 
granites and metamorphic 
rocks of the Georgetown 
Region . Conformably 
overlain by the Late 
Devonian Mynon Fm 

_ Early Devonian (late Disconformably(?) 
Lochkovian to Pragian); overlies the Silurian Jack 
corals and conodonts and Quinton Fms, and is 

disconformably(?) 
overlain by the Early to 
Middle Devonian Broken 
River Group 

Sinuous folded belt up to 
3 km wide from near 
Pandanus Creek in the north, 
extending about 50 km to the 
Clarke River in the south. 
A small, partly fault-bounded 
area occurs along Catfish 
Creek northeast of Gregory 
Springs in the southwest 

Crops out as a continuous 
folded belt from near 
Pandanus Creek to the head 
of Magpie Creek, north of a 
large laterite plateau; extends 
south from the plateau to 
Dosey Creek and in several 
synclinal cores between 
Storm Dam and the Broken 
River 

Wyatt & Jell ( 1967, 1980)~ 
Lang et al ( I989a); 
Withnall, Lang et al. ( 1988); 
Withnall & Lang (1993); 
Mawson & Talent ( 1989); 
Mawson et al. (1988); 
Sloan et al. ( 1995) 

Wyall & Jell (19SO); 
Lang et al. ( 1989a); 
Withnall, Lang et al. (1988); 
Withnall & Lang (1993); 
Mawson et al. ( 1988) 
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Table 8.1. Stratigraphy of che Clarke River Region (compiled by I W Withnall). (Continued) 

' u;,u· ' • "· 1~o~~i@enr~niff 
1_~ . ...::. ~ ..... ,._,_,... 

Graveyard Jack Fm 
Creek Group 

' 'iliho/Jgy 
....... !'".~ 

Micaceous, quartzose 
to sublabile sandstone, 
mudstone, limestone 
and quam-pebble 
conglomerate 

, :r_Jtlc~ires},' ifff{if~n_;;t~i ~J · 
.. -.,_ ~- c,LD~i~;i./i.pn, ~"'~ . ,., 

580 m in Restricted marine 
type lagoon and shallow 
section siliciclastic shelf 

- _..., ,.~. , ... ~~, .. r d-. -c ~ ~ ... ..,_ •..:.-"..: 7' ..... ~··~' 

,. ~g.e.,o.no'E!ill,e!'~'!' , R_~f4lio!'s~if!,S 
1--":.=.>i --~ .... ~ 1' ~'cl'\ .: ~- ...~,._ ,--t..; 

Early(?) to late Silurian Unconformably overlies 
(late Llandovery to the Ordovician Judea Fm, 
Pridoli); corals, conodonts, and is disconformably 
graptolites and tri lobites. overlain by the Shield 

Creek Fm and locally the 
Early to Middle Devonian 
Wando Vale Subgroup 

r-------------+-------------~----~------------4---------------~ 

Judea 
Formation 

Poley Cow Fm 

Quinton Fm (inc! 
Magpie Creek 
Limestone Mbr) 

Crooked Creek 
Conglomerate 

Donaldson Well Vole 
Mbr 

Mudstone, 
lithofeldspathic arenite 
and polymictic 
conglomerate 

Litbofeldspathic 
arenite, polymictic 
conglomerate and 
mudstone; minor 
volcaniclastic arenite 
and siltstone; local 
limestone (mainly 
calcilutite and line
grained calcarenite) 

Polymictic pebble to 
boulder conglomerate. 
feldspatholithic arenite 
and minor mudstone; 
local large olistoliths of 
limestone, amphibolite 
and schist 

Quartzose arenite and 
mudstone; aphyric 
tholeiitic basalt and 
keratophyre; local 
melange 

680m in 
type 
section 

About 
5000m 
in type 
section, 
thinning 
to about 
2000m 
in east 

At least 
300m 

Shallow, storm 
dominated shelf and 
shallow marine, 
subaqueous fan delta 

Distal to proximal 
turbidites and 
allochthonous 
limestone blocks 

Debris flows and 
olistostromes and 

underlies proximal turbidites; 
type section subaqueous fan delta 
of Quinton 
Fm 

Complexly Turbidites with marine 
folded, lavas 
<IOOOm 

Early Silurian (late 
Llandovery), conodonts, 
graptolites and trilobites 

Early Silurian (late 
Llandovery). to ?late 
Silurian; corals, conodonts. 
graptolites and trilobites 

Early Silurian 

Early Ordovician; a single 
occurrence of Tetragraptus 

Faulted against the 
Proterozoic Gray Creek 
Complex and Halls Reward 
Metamorphics, and intruded 
by the ?Ordovician 
Netherwood and Saddington 
Tonalites. Unconformably 
overlain by the Silurian 
Graveyard Creek Group and 
locally the Wando Vale 
Subgroup 

Crops out in two main areas. 
The larger (containing the 
Quinton Fm and Crooked 
Creek Cglm), extends from 
Pandanus Creek homestead 
east to Tomcat Creek, and 
from the middle reaches of 
Dinner Creek south to the 
large laterite plateau. The 
other area is a southwest 
trending belt about 25 km 
long and 6 km wide from 
edge of the plateau in the 
headwaters of Back Creek 
to the Oosey Creek area. 
The Poley Cow and Jack 
Fms crop out in this area 

A narrow strip up to 2 km 
wide between Greenvale and 
Tomcat Creek. and also 
occurs in anticlinal cores in 
the Broken River area 

Arnold & Henderson (1976); 
Withnall, Lang et al. (1988); 
Withnall & Lang (1993); 
Sloan et al. (1995) 

Arnold & Henderson (1976); 
Arnold & Rubcnach (1976); 
Withnall (J 989a); 
Withnall, Lang et al. (1988); 
Withnall & Lang (1993) 
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CAMEL C REEK SUBPROVINCE 

Kangaroo Feldspathic to Complexly Proximal to distal ?Silurian to Early 
l-l ills lithofeldspathic arenite deformed; turbidites with local Devonian; Lochkovian 
Formation and mudst.one; local unknown allochthonous limestone conodonts in 

polymictic conglomerate blocks; generally allochthonous limestone 
with limestone clasts; cleaved; local 
minor allochthonous melange zones 
limestone blocks 

Perry Creek Quanzose to Complexly Proximal to distal Late Ordovician 10 early 
Formation lithofeldspathic deformed; quartz-intermediate Silurian; corals and 

sublabile to labile unknown turbidites with local conodonts in 
arenite, mudstone, allochthonous limestone allochthonous limestone 
and minor chert and blocks and minor 
aphyric tholeiitic basall ; submarine tholeiitic 
local melange lava and associated 

chen; generally cleaved; 
local melange zones 

Greenvale Lithofeldspathic arenite, Complexly Proximal to distal quatz- Unfossiliferous but 
Formation mudstone and minor deformed; intermediate rurbidites probably late Ordovician 

polymictic conglomerate; unknown and minor submarine or early Silurian 
local melange and minor tholeiitic lava and 
chert and aphyric associated chert; 

' 
tholeiitic basalt generally cleaved; 

common melange 
zones 

Faulted (thrust?) against 
Ordovician Pelican Range 
Fm and Silurian Perry 
Creek Fm. Intruded by 
unnamed Carboniferous 
granite plu tons and Princess 
Hills Granite. Overlain 
unconformably by the 
mainly Carboniferous 
Clarke River Group, and 
by Tertiary sediments 
and basall 

Faulted (thrust?) against 
Ordovician Pelican Range 
Fm and late Silurian or 
Early Devonian Kangaroo 
Hills Fm; may be overlain 
by latter. Overlain 
unconforrn~bly by the 
mainly Carboniferous 
Clarke River Group 

Probably faulted (thrust) 
against Ordovician 
Wairuna and Pelican Range 
Fms. Overlain 
unconformably by the 
mainly Carboniferous 
Clarke River Group 

The most extensive unit in 
tl1e Camel Creek 
Subprovince, cropping out 
over about 3000 km1 from 
the Lucy Tableland in the 
north to the Clarke and 
Burdekin Rivers, and from 
Perry Creek in the west to 
the Kangaroo Hills area 

El\tends almost 
continuously from the 
headwaters of Cleanskin 
Creek south for 70 km to the 
Clarke River, and then about 
40 km northeast to Mount 
Fullstop Range on the we~t 
edge of the Sybil Graben. It 
crops out east of the Sybil 
Graben as a narrow northeast-
trending belt about 20 km 
long. A small area is 
tentatively assigned to the 
unit on the south edge of the 
Lucy Tableland at the head of 
Camel Creek 

Crops out in two areas. On 
the western limb of the Clarke 
River Orocline, it forms a belt 
60 km long and up to 20 km 
wide between Cleanskin 
Creek and the headwaters of 
Gi ll Creek, and alternates with 
fault slices of Pelican Range 
Fm. On the southern limb it 
forms a belt about I 0 km 
wide, from the headwaters of 
Black Gin Creek for at least 
40 km west-southwest to Niall 

Withnall, Lang et al. (1988); 
Withnall & Lang (1993); 
Withnall & Grimes (1995); 
Sloan et al. ( 1995) 

Withnall , Lang et al. ( 1988); 
Withnall & Lang ( 1993); 
Withnall & Grimes ( 1995); 
Sloan et al. ( 1995) 

Withnall, Lang et al. ( 1988); 
Withnall & Lang ( 1993); 
Withnall & Grimes (1995) 
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Table 8.1. Stratigraphy of the Clarke River Region (compiled by I W With nail). (Continued) 
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Tribute Hills QuartZose arenite and Complexly QuartZ-rich TUrbidites? Unfossiliferous but 
Arenite subordinate mudstone deformed; probably Ordovician 

unknown because of similarities to 
Judea Fm 

Pelican Range Quartzose arenite and Complexly Quartz-rich turbidites Unfossiliferous but 
Formation mudstone; minor chert deformed; and minor submarine probably Ordovician 

and aphyric tholeiitic unknown tholeiitic lava and because of similarities to 
basalt; local melange associated chert; Judea Fm 

generally cleaved; 
common melange 
zones 

Wairuna Mudstone. siltstone Complexly Quartz-rich turbidites Unfossiliferous but 
Formation quartzose arenite. chen deformed; and submarine tholeiitic probably Ordovician 

and jasper; local unknown lava and associated chert because of similarities to 
melange; altered aphyric and jasper; generally Judea Fm 
tholeiitic basalt cleaved; common 

melange zones 

V!litYipiffltJll~ '<'>, "'" 
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Probably faulted (thrust?) 
against Ordovician to 
Silurian Greenvale, 
Pelican Range and 
Perry Creek Fms. Overlain 
unconformably by the 
Clarke River Group 

Probably faulled (thrust?) 
against Ordovician to 
Silurian Wai runa, 
Greenvale, and Perry Creek 
Fms. Overlain 
unconformably by the 
mainly Carboniferous 
Clarke River Group 

Faulted against Proterozoic 
Halls Reward 
Metamorphics along 
Burdekin Fault. Probably 
faulted against ?Ordovician 
Greenvale and Pelican 
Range Fms. Overlain 
unconformably by the 
mainly Carboniferous 
Clarke River Group 
IntrUded by tectonically 
emplaced serpentinite, and 
by Carboniferous Princess 
Hills Granite 
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! ~. .. ~ 
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A narrow belt, about 
40 km long and up to 5 km 
wide, mainly to the south 
of the Clarke River and 
extending as far east as 
Black Gin Creek 

Forms several parallel belts 
alternating with Greenvale Fm 
from near Lake Lucy for about 
70 km to Gill Creek. The 
westernmost belt is up to 
10 km wide, but near the Lynd 
highway and to the south it 
breaks up into several smaller 
belts which alternate with the· 
Greenvale f m. The overall 
belt is up to 18 km wide. On 
the southern limb of the 
Clarke River Orocline, forms 
a narrow belt up to I km wide 
between the Greenvale Fm 
and Tribute Hills Arenite 

Crops out along the western 
edge of the Camel Creek 
Subprovince as a belt 
8-15 km wide, extending for 
about 80 km south from near 
Wairuna homestead to the 
headwaters of Porphyry 
Creek. Small areas south of 
the Clarke River Group and 
adjacent to the Clarke River 
Fault are also assigned to the 
Wairuna Fm 

!" ~' W' . ,.,.. -··'"' '[l'lfere!J$~~ · 
'"'-~ · <oAU""-. .OC L•l 

Withnall, Lang et al. ( 1988); 
Withnall & Lang (1993); 
Withnall & Grimes (1995) 

Withnall, Lang et a!. ( 1988); 
Withnall & Lang (1993); 
Withnall & Grimes ( 1995) 

Withnall, Lang et al. ( 1988); 
Withnall & Lang (1993); 
Withnall & Grimes (1995) 
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Carriers Well Volcaniclastic arenite Complexly Subaqueous Late Ordovician (Ashgill); Faulted against Gray A belt 20 k.m long and I km Withnall, Lang et al. ( 1988); 
Formation and breccia, siltstone, deformed; volcaniclastic mass corals and conodonts Creek Complex along wide south from Greenvale Withnall & Lang {1993); 

mudstone and chen; unknown flows and quartz-poor Gray Creek Fault Possibly and abutting the Gray Creek Withnall &Grimes (1995); 
local quartzose arenite rurbidites; oolitic underlain to E by Everetts Complex. About 5 km farther Palmieri (1978) 
and limestone limestones derived from Creek Volcanics east another belt of si~lar 
(comrnoruy oolitic) shallow marine, rocks 15 k.m long and up to 

carbonate shoals or 2 km wide, is tentatively 
banks, but possibly assigned to the Carriers 
allochthonous; quanz- WeiiFm 
rich turbidites? 

Everetts Creek Basaltic to dacitic lava Complexly Submarine calc-alkaline Ordovician, relationship to Flanks the Ordovician Restricted to a narrow nonh- Withnall, Lang et al. ( 1988); 
Volcanics and volcanic arenite and deformed; lava and subordinate Carriers Well Fm Carriers Well Fm to east, trending belt about l k.m wide Withnall & Lang (1993); 

breccia and minor chen unknown volcaniclastic mass possibly underlying or straddling Gray Creek for Withnall & Grimes ( 1995) 
and siltstone flows faulted against it about 15 km south of 

Greenvale 

Abhrevi.ations ust:d: Cglm =Conglomerate; Fm ~Formation: Lmst =Limestone; Mbr =Member. Mdst =Mudstone; Sdsl = Sal'tdSIOne 
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Table 8.2. Defonna1ion and even! history for the G rave yard c k s b ree u oprov mce and B undock Basin (compiled by JW Withnall). 
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Deposition Quartz-rich turbidites and Judea Fonnation 
tholeiitic basall; some K-poor 
rhyolite (keralophyre) 

jD, Development of melange and Judea Formation Subhorizontal Isoclinal folding and 
stratal disruption thrusting. Judea Formal ion 

appears to have been thrust 
westwards over Halls 
Reward Metamorphics along 
Halls Reward Faull 

Deposition Quartz intermediale 1urbidi1es Graveyard Creek Group 
in north, and muddy 
siliciclaslic and carbonale 
shelf in south. Dominam 
cratonic provenance 

Hiatus No obvious angular discordance 

Deposition Feldspathic sandstone and Shield Creek Formal ion 
mudstone; local limestone. 
Cratonic (granilic) provenance 
Shallow siliciclastic shelf 10 
carbonate shelf; possibly 
Ouvialile in south 

Hiatus No obvious angular discordance 

Deposition Shelf carbonates and siliciclassic Broken River Group 
she) f and slope deposits 

gcD1 Regional tilling and block Slight angular unconfonnity at Folds 1rend north Open to close folds wish 
fauhing and local folding base of Bundock Creek Group; with upright axial wavelenglhs 1- 5 km 

folding in northeast of planes 
Graveyard Creek Group adjacent 
to Gray Creek Faull 

, r - . ~ . ;,~;~~ "l'<· '~- . ~...,..,.,.,.. ..... -~ .... -- ~ 
·F.librics"'. ~ ......... ~"'' :j.~ . ' 1Metam_brplijjm;,:;·~~w ... ~ ....:.~:. 

Melange fabric, Sub-greenschist 
mesoscopic tight to 
isoclinal folds, 
boudinage 

Slaty cleavage in Nil 
Graveyard Creek Group, 
crenu lation cleavage in 
Judea Formation 

~!~~......... """' "l" 

,liige!'and(lion :.'elatWn:L: 

Early Ordovician (early 
Arenig) graptolite (ca 
480 Ma) 

Late Ordovician, pre-
dates Graveyard Creek 
Group (>430 Ma?) 

Silurian (late Llandovery 
10 Pridoli) (430-410 Ma) 

Earliesl Lochkovian 10 
late Lochkovian 
(woschmidti 10 delta 
conodont zones) 
(410-407 Ma) 

Lase Lochkovian to early 
Pragian (pesavis to 
dehiscens conodonl 
zones) (407-404 Ma) 

Pragian 10 early Emsian 
(kindlei 10 early inversus 
conodont zones) 
(404-393 Ma) 

Mid Emsian to ?early 
Frasnian (393-370 Ma) 

Early Frasnian for 
unconformity. Folding 
probably related 10 
unconformily, but 
consuained only 
besween top of 
Graveyard Creek Group 
(Pridoli) and base or 
Clarke River Group 
(earliest Toumaisian) 
and could be rela1ed to 
either of earlier hia1uses 
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Deposition Tectonically innuenced distal Bulgeri and Turrets Formation 
to proximal alluvial plain to 
marginal marine and coastal 
plain deposits. Uplift in the 
Camel Creek Subprovince and 
Chancrs Towers Region 

Deposition Major marine transgression. Teddy Mount Formation 
Marginal marine to shallow 
marine, siliciclastic shelf deposits 

Deposition Tectonically innuenced alluvial Boroston Formation 
fan to alluvial plain and 
lacustrine deposits. Uplift in the 
Georgetown Block 

Deposition Volcaniclastic alluvial plain and Harry Creek Formation 
and intrusion lacustrine deposits; rhyolite sills 

and plugs; some U and possibly 
Au- Sb mineralisation 

gcD2 Regional folding Throughout Graveyard Creek Northeast Close to tight, genera II y 
Subprovince. No affect on upright folds with shallow 
adjacent provinces ( <30°) plunges to southwest 

(locally doubly plunging) 
and wavelengths from 
500 m to 5 km. Open folds 
in northern part of 
Bundock Creek Group 

gcD1 Local regional folds Throughout subprovince, but East Open 
particularly in northern 
Bundock Creek Group 

Intrusion Numerous small high-level fine· Northern Bundock Basin 
grained granite to granodiorite (Montgomery Range 
plutons and rhyolite dykes Igneous Complex) 

gcD4 Local macroscopic folds Southeast part of subprovince North Close to tight, locally 
adjacent to Poley Cow Faull overturned folds 

• Numeric ages art bas.ed on co1Ttla1ions of intcmation.a1 slages with the chronometric $Ca.lc on I he AGSO 1994 Timc:Kale and do noc impJy i.socopic d:1tes 

Slaty cleavage in Nil 
Graveyard Creek Group 
and locally in Broken 
River and Bundock 
Creek Groups. Rare 
mesoscopic folds 

Sporadic outcrop-scale Nil 
folds and rare 
crenulation cleavage 

Rare crenulation 
cleavage in Poley Cow 
Formation. 

Frasnian to Famennian 
(ca 370-360 Ma). Basin 
could have developed as 
a pull-apart during 
movement on Clarke 
River Faull and eastward 
thrusting of Georgetown 
Region over Camel 
Creek Subprovince 
during ccD1 or ccD2 

Late Famennian to early 
Toumaisian 

Toumaisian (353-340 
Ma) 

Visean? 

Mid to late 
Carboniferous 

Mid to late 
Carboniferous; may 
correlate with Alice 
Springs Orogeny and 
mega-kinking event of 
Powell et al. ( 1985). 
Possibly equivalent to 
ccD3 •• hD,, and eD, 

Possibly late 
Carboniferous. Truncate 
gc02 and possibly gcD1 

folds. 

Late Carboniferous? 
(pre-dates Wade beds) 
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Deposition Quartz-rich turbidites and Wairuna Formation. Pelican 
tholeiitic basalt; some K-poor Range Formation, Tribute Hills 
rhyolite (keratophyre) Arenite 

Deposition Mafic to felsic calc-alkaline Everetts Creek Volcanics, 
lavas and volcaniclastics, oolitic Carriers Well Formation and 
limestone. quartz· rich to quartz· probably Greenvale Formation 
intermediate (feldspatholithic) 
turbidites with significant 
volcanic provenance 

Deposition Quartz intermediate Perry Creek Formation 
(lithofeldspathic) turbidites with 
dominant cratonic provenance, 
and subordinate felsic volcanic 
provenance; minor 
tholeiitic basalt 

Deposition Quartz intermediate Kangaroo Hills Formation 
(feldspathic) turbidites with 
dominant cratonic provenance 

ccD,. Development of melange and Widespread in all units, but 
stratal disruption strongest in Wairuna, Pelican 

Range and Greenvale 
Formations 

ceO, Easterly-directed thrusting and Throughout subprovince Probably originally West over east thrusting and 
right folding north-striking tight to isoclinal strongly 

thrusts asymmetric folds with long 
western limbs and shon or 
dismembered eastern limbs. 
Results in dominant 
westward younging 

I~.!T~~·,l't._)~~ JF.dbr:icsF ~ .,__ {'; ;~;, J. ~ ::<. j ~ ' - ~~:;~ 
MelaJrrJirpJilSl!l .... --'" "------ -~1 :J 

Melange fabric. Subgreenschist 
mesoscopic tight to 
isoclinal folds. 
boudinage 

Slaty cleavage in Subgreenschist 
mudstones. spaced 
solution-seam cleavage 
in quartzose arenites; 
melange fabric, 
mesoscopic tight to 
isoclinal folds, 
boudinage 

b~~p;~C~d&n,: 
Early Ordovician? based 
on similarities to Judea 
Formation 

Late Ordovician (Ashgill 
conodonts and corals in 
Carriers Well Formation) 

Late Ordovician(?) to 
early Silurian (Ashgill to 
early Wenlock conodonts 
in limestone clasts) 

Late Silurian to Early 
Devonian (Lochkovian-
Pragian conodonts in 
li mestone clasts) 

Uncertain. Some may 
have developed during 
jD, in the Graveyard 
Creek Subprovince, and 
is overprinted by ceO, . 
However, much probably 
developed during ceO, 

Devonian. Constrained 
by Pragian conodonts in 
Kangaroo Hills 
Formation and 
overlying earliest 
Tournaisian Clarke Ri ver 
Group. Could relate to 
hiatuses or gcD, in 
Graveyard Creek 
Subprovince 
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ccD2 Regional and mesoscopic Clarke River Orocline affected Northeast Close to tight, upright folds, Local slaty cleavage and Devonian. Constrained 
folding. Includes Clarke Rjver whole subprovince, but smaller locally downward facing crenulation cleavage. by Pragian conodonts in 
Orocline scale structures are mainly Mcsoscopic folds Kangaroo Hills 

evident in the eastern half of Formation and overlying 
the subprovince earliest Toumaisian 

Clarke River Group. 
Could relate to gcD1 in 
Graveyard Creek 
Subprovince • 

Mineralisation Syn-tectonic Au-Sb-bearing Camel Creek Goldfield Veins reportedly 
veins syn-ceD, to syn-ccD2 

(Teale et al 1989) 

Intrusion Biotite granite to granodiorite; Northeast trending Produced wide contact aureoles Minimum K-Ar age of 
local W and possibly Sn line of intrusions (Teale et al. 1989) 357 Ma (Famennian). 
mineralisation. Camel Creek Possibly syn-ceD, or 
gold deposits could be related ccD2. 

Deposition Major marine transgression Ruxton and Venetia Formations Latest Famennian to 
followed by deposition in Tournaisian (360-345 
alluvial fan to all uvial plain Ma); equivalent to 
(meandering and braided Teddy Mount and 
stream) environments: Boroston Formations in 
minor tuffs Graveyard Creek 

Subprovince 

Deposition Volcaniclastic alluvial plain and Lyall Formation Visean 
and intrusion lacustrine deposits; rhyolitic 

ignimbrite and rhyolite plugs 
and domes 

Intrusion Granodiorite to granite Small sporadic intrusions; Visean (U-Pb SHRIMP 
Ingham Batholith forms eastern zircon ages of 300-340 
margin of subprovince Ma) to late Carboniferous 

ccD, Mesoscopic folds Sporadic, throughout East Open Sporadic outcrop-scale Nil Mid to late 
subprovince folds and rare Carboniferous; may 

crenulation cleavage correlate with Alice 
Springs Orogeny and 
mega-kinking event of 
Powell et al. (1985). 
Possibly equivalent to 
gcD1 •• hD,, and eO, 

Depos ition Deposition in a meandering Wade beds Late Carboniferous to 
stream system Early Permian 

• Numeric agts an:: bas:Cd on correlations or international stages with the chronomcuic scale on the AGSO 1994 Timescale and do not imply. i.soropic dotes, unless otherwise !ltated 
Prefixes to ddorm:uion evenu arc: j =Judea Fonnation; cc =-Camel Creek Subprovince; gc ~ flO'C-Qrdovician Gravey-ard Creek Subprovince; e =- Etheridge Province: and h = Hodgkinsoa Province. 
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CHAPTER9 

CARPENTARIA LOWLANDS AND GULF 
OF CARPENTARIA REGIONS 

by BA MCCONACHIE,JN DUNSTER, P WELLMAN, TJ DENARO, CF PAIN, MA HABERMEHL and]] DRAPER 

Introduction BA McConachie, JN Dunster 

The Carpentaria Lowlands and Gulf of Carpentaria 
Regions (Figure 9.1; Plate 9.1) are dominated by a broad, 
relatively low relief expanse of little deformed and 
relatively thin Mesozoic and Cainozoic basin cover less 
than 2000 m thick. The major Mesozoic basin is the 
Carpentaria Basin. The Karumba Basin is a large, overlying 
Cainozoic basin. The age, character and deformation 
history of the underlying infrabasins, deformed and 
metamorphosed basins and their associated intrusions (pre
Jurassic crystalline basement) is still poorly understood 
but potential field data such as gravity and magnetics, 
reflection and refraction seismic surveys, and rare deep 
drillholes provide tantalising glimpses. Analogy with, and 
comparison to, the exposed Coen, Georgetown and Mount 
Isa Regions have provided another important basis for 
understanding the geology below the younger basins. 

Figure 9.1. Location of Carpentaria Lowlands Region and Gulf 
of Carpentaria Region. 

The regional seismic coverage is shown on Figure 9.2 and 
the key drillholes are located on Figure 9.3. The regional 
gravity and magnetic coverage is discussed in Chapter 2. 
The stratigraphy of the Cainozoic and Mesozoic basins 
and underlying Palaeozoic infra basins is outlined in Table 
9. 7. Early biostratigraphic studies were ad hoc. The work 
ofFilatoff & Price (1988, 1989a,b,c) was the first attempt 
at a regional palynostratigraphy, mainly for the Carpentaria 
Basin, using both spore-pollen and dinocysts. 

As the distribution of the onshore drilling and seismic data 
shows, work has focussed on specific areas. Whereas these 
areas have often been studied in some detail, there is 
considerable scope for multi-disciplinary regional studies 
to integrate the local data sets. 

Geological Framework 
The oldest rocks within the Carpentaria Lowlands and Gulf 
of Carpentaria Regions are Proterozoic or Neoproterozoic 
to Cambrian in age and are represented by a number of 
metamorphic provinces (Keer Weer, Mount !sa, 
Kowanyama, Croydon, Claraville, Savannah, Etheridge, 
Cape River and Iron Range Provinces). 

During the Devonian-Carboniferous, the Pascoe River 
Basin formed, probably in response to the commencement 
of plate interaction and subduction off eastern Australia. 
The Permian- ?Triassic Olive River Basin, and possibly 
other infrabasins below the Carpentaria Basin in the Gulf 
of Carpentaria Region, appear to be fault related. These 
basins are little deformed and the drillhole information 
indicates that they are clastic- (and possibly volcanic-) 
dominated, similar to the Devonian- Carboniferous rocks 
in adjacent areas. The arc and thrust belt associated with 
Eastern Australian subduction during the Permian (Bowen
Gunnedah- Sydney Basins) probably remained distant from 
northeastern Australia, and although Permian and 
Carboniferous intrusions are common in the adjacent Coen 
and Georgetown Regions, further east in the Cairns and 
Charters Towers Regions, and have been interpreted also 
to exist under the Mesozoic basins, particularly southeast 
of Karumba (Einasleigh Belt, Bourke et al. 1988; 
Townsville-Mornington Island Belt, Wellman et al. 1994; 
and Chapters 2 and 14) most are demonstrably not directly 
subduction related. 

The Carpentaria Basin formed during the Mesozoic. The 
Mesozoic deposits are continuous into the Laura Basin 
and extend north into the Morehead, Money Shoal and 
Papuan Basins and south into the Eromanga Basin. At the 
cessation of deposition, the basins probably covered a much 
greater part of the region than preserved today. 

Palaeolatitudes (Figure 14.16) and the continental extent 
have varied significantly during the preserved basin 
sedimentation within the Carpentaria Lowlands, Gulf of 
Carpentaria and Quinkan Regions. Continental drift 
resulted in continuous palaeogeographic changes in basin 
sedimentation rates and character. Events such as the 
separation of Australia from India and then Antarctica, the 
opening of the Coral Sea and the current collision to the 
north have effected the basins of the region to varying 
degrees. 

Flexural response to Australindian and Pacific plate 
interaction began during the late Mesozoic to early 
Cainozoic. However, the dominant deformational event that 
resulted in the uplift and erosion of Mesozoic rocks over 
features such as the Coen Region was probably the opening 
of the Coral Sea and breakup of Gondwanaland at about 
65 Ma. Deposition over an area similar to the modern Gulf 
of Carpentaria and Carpentaria Lowlands regions resulted 
in the formation of the thin CainozoicKarumba Basin over 
much of the region mostly after about 20 Ma. 
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Figure 9.2. Post 1980 reflection seismic coverage for the sedimentary basins of North Queensland and adjacent areas. Pre 1980 
coverage is sparse and shown in Smart et al. (1980). 

Table 9.1. Seismtc surveys udertaken m the Caq>_entaria Basin. 

Carpentaria Basin 1958 Onshore - isolated probes 
Karumba 1963 Onshore - refraction and reflection 
OP 98 Cape Amhem 1964 Marine reconnaissance 
ATP 104P Marathon 1964 Marine detailed 
Archer River 1965 Onshore- refraction and reflection 
ATP SSP Marathon 1966 Marine reconnaissance 
Gulf of Carpentaria- Kewanee 1973 Marine ·detai led 
NT 32P, Ql8P, Ql7P Shell 1980 Marine detailed 
Q20PWeeks 1980, 1981 Marine detailed 
Ql9P Hematite 1980 Marine detai led 
NT30P, NT31 P Canada Northwest 1980, 1982 Marine detailed 
Savannah Survey 1982 Onshore reconnaissance 
NT29PCiuff 1981 Marine detailed 
Kowanyama - Coma leo 1986 Onshore - refraction 
Carpentaria Basin - Comalco annually 198~1990 Onshore - reflection 
Q21PPRC 1989 
Q22P. Q23P Coma leo 1991, 1992 

The Carpentaria Lowlands and Gulf of Carpentaria 
Regions share a regional plate tectonic setting, dominated 
today by interior cratonic processes. In the extreme north, 
bordering on the Papuan Basin, the modern basins are 
directly influenced by the current orogenesis in Papua New 
Guinea at the northern Australindian Plate boundary. 
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Marine detailed 
Marine detailed 

Geophysical Characteristics 
P Wellman 
The nature and distribution of pre-Jurassic rock types and 
structures beneath the Jurassic to Cainozoic cover is poorly 
known. Most knowledge of the pre-Jurassic basement is 
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Figure 9.3. Key deep drillholes in the Carpentaria Lowlands 
and Gulf of Crupentaria Regions and surrounding ru·eas (modified 
from Blake 1991). 

Table 9.2. Petroleum exploration wells in the Carpentaria Basin. 

Drilllzole Year Total Depth 

ZCL Weipa 1 1957 989 
FBH Wyaaba 1 1957 860 
AAO Karumba 1 - 8 1958 721 
DIO Mornington Island I & 2 !96! 873,9!5 
MWE Norman ton Scout I & 2 1962 243,464 
MWE Burketown 1 * !964 10!3 
CNWDuyken 1 !984 1110 
COM Jackin Creek I 1988 812 
COM Armraynald I !988 638 
COM Beamesbrook 1 * 1988 !393 
COM Siiverleaf I 1988 68! 
COM Rum Bottle I !991 634 
COM Pennefather I !991 720 
COM Jackin Creek 2 1991 802 

* MWE Burketown I and COM Beamesbrook I also intersected the 
underlying northern Mount !sa Province. 

(m) 

from mapping distinctive patterns of the gravity and 
magnetic anomalies to delineate geological/geophysical 
provinces. Chapter 2 describes the data and the geophysical 
provinces are discussed below and in Chapter 14. 

Exposed basement along the margins of the Carpentaria 
Basin consists of various types of igneous, metamorphic 
and sedimentary rocks. These rocks produce a variety of 
geophysical and (palaeo-) topographic expressions. By 
considering the geological and geophysical correlations 

D Nocover 

200 km 

Figure 9.5. Proterozoic metamorphic provinces beneath the 
Carpentaria Lowlands Region. Subdivisions of the Kowanyama 
Province ru·e shown. 
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Figure 9.4. Schematic diagram showing the stacked relationship 
of basins in the Olive River to Dulhunty River ru·ea (from Dunster 
1990). 

observed in these areas (Coen, Cairns, Georgetown and 
Mount Isa Regions), inferences can be made about the 
nature of the basement rocks beneath the sedimentary 
cover, and models of the tectonic framework for the 
onshore Carpentaria Basin developed, e.g Bourke et a!. 
(1988). Thus it appears that most of the area beneath the 
Carpentaria and Karumba basins comprises variably 
deformed and intruded Proterozoic sedimentary and 
metasedimentary rocks and some of Phanerozoic age. 
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Rock types are known m some areas from water bore logs, 
hO\\ever. only a fe\\ I :250 000 map sheets have more Lhan 
20 holes. Rock samples are available from the thv oil and 
stratigraphic drillholes (figure 9.3 ). The few seismic 
refraction profiles gi\ e velocity of the uppermost part of 
the basement. Seismic reflection profiles show some dip
slip faulting of the basement surface and rarely. of 
structures of the uppermost part of the basement. Mappmg 
of basement rock types using only gravity and magnettc 
data is often unreliable Intense or multi phase defomtation 
makes the metasedimentary basins difficult to place in their 
sedimentary context. other than b:r age. In some places, 
infrabasins are recogrusable in seismic sections because 
of lower levels of deformation of the basin-fill. Figure 9.4 
shows the stacked relatiOnships of different aged 
infra basins overlying the basement in the Olive River area. 

D Gra111ty anomaly hrgh- band - lolened fault 

· Margin of metamorphic effects 
Gravrty anomaly hrgh - local hrgh 

• Magneuc anomaly hrgh 

Figure 9.6. Subdivision~ and major geophy\ical feature~ of the 
Keer Weer Province. 
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Rock types arc known m some areas from water bore logs. 
however. only a fev. I :250 000 map shc~ts haw more than 
20 holes. Rock samples are available fi'om the few oil and 
stratigraphic drillholes. The te\\ seismic refraction profiles 
give velocity of the uppermost part of the basement. 
Seismic reflection profiles show some dip-:, lip taulting of 
the ba~ement ~urface and rarelv. structures of the 
uppem1ost part of the bnsement. intense or multiphase 
deformation makes the metasedimentary basins ditTicult 
to place in thetr sedimentary context, other than by age. In 
some places. infrabasins are recognisable in seismic 
sections because of lower levels of deformatiOn of the 
basin-fill. 

The Pre-Jurassic basement of Carpentaria Lowlands and 
Gulf of Carpentaria Regions has been subdi\ ided into the 
following provinces: Mount I sa, Keer Weer, Kowanyam~ 
Croydon. Claraville. Savannah. Etheridge, Iron Range, and 
Cape River. The nature of these provinces and their 
subdivisions within these regions is described below and 
their extent shown in Figure 9.5. 

Mount lsa Province 
The western parts of CROYDON and NORMANTON 
have short-wavelength magnetic character and high gra\'ity 
features consistent with being part of the eastern margin 
of the Mountlsa Geophysical Domain (Wellman !992c). 
A grey-scale image of the magnetic data can be divided 
into three bands of different character that are continuous 
with those to the eastern margin of the Mount I sa 
Geophysical Domain (geophysical Lone F of Wellman 
1992c). The features have an overall north-northeast trend. 

Wellman ( 1992c) shows that the Mount lsa Geophysical 
Domain is less well defined in the north. with cross cutting 
bands (which may be rifls with volcanic fill). and local 
decreases in the magnetic intensity (which may be due to 
later heating). This modification of the Mount Isa 
Geophysical Domain is likely to be due in part to 
Carboniferous-Permian events, because the Townsville
Momington Island Belt of Carboniferous-Pcnnian age 
(Wellman et al. 1994) abuts the northern end oflhe Mount 
[sa Province. A hole, GSQ Norrnanton l, drilled through 
the Carpentaria Basin into the underlying Mount Isa 
Province encountered a granite at 636 m which gave a 
Carboniferous SHRIMP date {LP. Black AGSO pcrs. 
comm. 1994). Thus at least some Carboniferous-Permian 
igneous rocks intrude the Mount lsa Province. 

Keer Weer Province 
Along the eastern margm of the Gulf of Carpentana 1s an 
elongate area of strong gravity and magnetic anomalies 
named the Keer Weer Geophysical Domain (Wellman 
1992a,b ). The domain has a north trend ami is 650 km 
long and 200 km wide (Figure 9.6). Its main features, both 
of which extend along ilS length, are a broad gravity low 
and an almost t.:oincident broad magnetic high. 

The geophysical domain and adjacent area is here divided 
into five north-striking discontinuous bands. 20-50 km 
wide. referred to here as a-e. with a in the east (Figure 
9.6). The bands are ailernatdy gravity highs and gravity 
lows. Bands a, c and c arc gravity highs; band d arc gravity 
lows. The gravity anomalies have amplitude 100- 200 
mm.s -. ln a regional sense, bands b, c and d form the 
broad gravity IQ\.\, with the most negative values in band 
d. The most pos1ti\'e magnetic anomalies ofJ00-1000 nT 
amplitude are in the middle of this negative in band c. 
Individual magnetic anomalies are generally 20 km across. 
For wavelengths of 20-50 km. gravity highs and lows 
generally correlate positively with magnetic anomalies 
reduced to the pole. 
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The great majority of magnetic anomalies are due to 
magnetisation in the direction of the Earth's field. A few 
scattered near circular anomalies 2-5 km in diameter are 
due to reverse magnetisation. These bodies may be of 
Carboniferous-Permian age. 

In the southern part of bands a and c, the gravity and 
magnetic anomalies have greater amplitude. They are more 
elongate, with a north trend. The magnetic highs tend to 
be composite, and consist of sub-parallel north-striking 
highs of both 25 km and 4 km wavelength. These linear 
north-striking anomalies are interpreted to be due to north
striking bedding or, less likely, to north striking faults. In 
the north, the magnetic and gravity features of bands a 
and c have relatively low amplitude. In the southern part 
of bands a and b there are elongate bands, 15- 20 km wide 
and 80-170 km long, with low density and low 
magnetisation. They most likely contain granite or felsic 
volcanics. 

The southern part of the eastern margin of the domain is 
unusual in the low magnetisation of the rocks east of band a, 
the exceptionally strong gravity gradient ( 400-600 mm.s-2) 

along the southern half of the eastern boundary of band a, 
and the strong magnetic and gravity anomalies of bands 
a, band c. These features may indicate that this part ofthe 
Keer Weer Province has been thrust eastwards, with the 
high gravity gradient due to the western dip of the boundary 
of the province at depth, the low magnetisation of the rocks 
east of band a due to thermal effects of overthrusting, and 
the high magnetisation of rocks in bands a and c due to 
the effects of higher deformation and metamorphism. 

There is no direct evidence for the rock types within the 
Keer Weer Province. For an area this size there is likely to 
be a large range of rock types. The material in bands a, c 
and e with relatively high density and magnetisation could 
be metamorphic rock, mafic igneous rock or carbonates, 
but the elongate and circular shape of the anomalies is 
most consistent with a mafic igneous rock source. 

There is no direct information on the age of the rocks 
forming the Keer Weer Province. The province is thought 
to be similar in age to the Mount Jsa Province, formed 
1850-1600 Ma ago in the late Palaeoproterozoic. This 
correlation is based on the province appearing to be 
continuous with the Mount Isa Province, and having similar 
normally-magnetised magnetic anomalies. The main 
difference between the provinces is in free air gravity 
anomalies: the Keer Weer Province is predominantly a low, 
while the Mount lsa Province is predominantly a high. 

Kowanyama Province 
The Kowanyama. Province is basement of generally low 
magnetisation. Because it is mainly without strong 
magnetic character, it is likely that the geology will be 
found to be more complicated than that described here. 
For the purposes of description, the province has been 
subdivided into areas A-E on the basis of the character of 
the gravity and magnetic data (Figure 9.5). Drilling 
information shows that rock types present in the 
Kowanyama Province include granites, metamorphics, and 
Carboniferous-Permian volcanics and granites. On the 
basis of interpretation of the geophysical data, and the 
limited geochronology, this area is thought to have been 
cratonised during the Palaeoproterozoic Barramundi 
Orogeny. 

Area A. Basement rock types have been reported for 44 
water bores (Quarantotto & Brain 1992). About half were 
'granite' and about half were 'metamorphic rock'. None 
were ' limestone'. There is no clear correlation between 

these reported rock types and either gravity or magnetic 
anomalies. In the middle of area A, gravity and magnetic 
anomalies have medium amplitudes, and are northeast
striking with a 1 0-50 km wavelength. These structures 
are thought (Wellman l992a) to be relatively old, and to 
be crosscut by those associated with the margins of the 
Mount lsa Province and Claraville Province. They may be 
of Barramundi Orogeny age. Around the margins of area 
A, gravity anomalies are negative, consistent with the 
crustal density of area A being less than that of Mount I sa 
Province and Claraville Province. Magnetic anomalies are 
generally flat, consistent with these adjacent areas 
reworking the margins of area A. The low gravity anomalies 
of the western margin are consistent with relatively low 
seismic velocities found by Goncharov et al. (1996). 

Area B has a flat magnetic anomaly due to low basement 
magnetisation. Gravity anomalies are variable. This is 
thought to be due to variable density contrast of this area 
to surrounding areas, rather than to density variation within 
area B. The numerous isolated magnetic anomalies on the 
flat regional are thought to be due to post-cratonisation 
bodies. Many may be Carbonjferous-Permian. In the west 
of area B are north-northwest trending dykes, areas of 
irregular negatiye magnetisation that may be volcanic 
rocks, and broad highs, 1-20 k.m in diameter, that may be 
intrusions. 

Area C is defined by a broad magnetic high and gravity 
low, with characteristic circular magnetic anomalies that 
are part of the Townsville--Mornington Island Igneous Belt 
(Wellman et al. 1994; Einasleigh Belt, Bourke et al. 1988). 
Much of the crust is composed of Carboniferous-Permian 
granites and volcanic rocks of low density. Volcanic 
subsidence structures produce local gravity lows, and either 
ovals of low magnetisation, or arcuate bands of strong 
reverse magnetisation outlining an oval. 

Area D is a strip of crust adjacent to the Keer Weer 
Province, 40 km wide and 400 km long, with low gravity, 
and low and smooth reduced-to-pole magnetic character. 
In part, the low gravity and low reduced-to-pole magnetic 
anomalies are due to the dipolar effects of the high upper 
crustal density and magnetisation of the margin of the Keer 
Weer Province. However the uniformity of the anomalies 
within area D, and the steepness of gravity and magnetic 
gradients between areas D and E, are consistent with area 
D also having lower and more consistent density and 
magnetisation relative to area E. The uniformity and large 
radius of curvature of the western margin of area D is 
consistent with it being a fault. Area D is inferred to be 
older than the Keer Weer Province and to have low 
magnetic anomalies, and low and uniform magnetisation 
due to deformation, intrusion and metamorphism 
associated with the evolution of this margin. 

There are two groups of minor magnetic features. Several 
reversed magnetised bodies at about l5°40'S (Atlas Plate 
31) are thought to be Carboniferous-Permian in age. One 
has been dated (sample 92836430: 345 ± 6 Ma). Numerous 
bodies 4-1 5 km in diameter, with near-normal 
magnetisation, and variable orientation, occur between 
I 2°30'S and I3°30'S. These appear to be displaced by a 
?Silurian-Devonian north-striking fault, sci they may be 
of Neoproterozoic age. A gravity high at about I 2°20'S is 
inconsistent with the rest of area D. 

Drillhole GSQ Rutland Plains l encountered dacite at 
I I 14.2 m and granite at 1124.4 m (Derrington 1989). 
Haines & McConachie ( 1986) determined seismic 
refraction velocities of5.6-6.2 km.s- 1 for basement at nine 
sites benveen 14°57'8 and 15°39'8. They interpreted two 
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distinct basement lithologies, probably granitic and 
metamorphic rocks. 

Area E has average magnetisation and variable density. 
Areas of gravity high, a slight magnetic high, and 
associated with small, positive, elongate magnetic features, 
are interpreted as areas of metamorphosed sedimentary 
rock. There are areas of stronger magnetisation near the 
margins compared with the centre of the province. These 
are possibly due to enhancement of magnetisation on 
heating from the west and east. Areas of gravity low and 
slightly negative, smooth magnetic features, are interpreted 
as metamorphosed granitic rock. Oval gravity lows of 
10-30 km diameter, associated with strongly reverse
magnetised arcuate bodies are interpreted as 
Carboniferous- Permian igneous subsidence structures. 
Small reverse magnetised bodies may also be 
Carboniferous- Permian igneous bodies. The northern end 
of the boundary between areas D and E has a linear break 
in the magnetic anomalies, interpreted as a 150 km long 
strike-slip fault. 

Claraville Province 
The ClaravilleProvince is about 100 km wide and 300 km 
long. It consists generally of positive, rough magnetic 
anoma lies and low gravity anomalies (Ciaraville 
Geophysical Domain of Wellman ( 1992a,b ). There is a 
positive correlation between gravity and magnetic 
anomalies. The margins of the Clareville Province are 
reasonably well defined, with surrounding basement 
exhibiting higher gravity and flat, negative magnetic 
anomalies. 

The western margin in MILLUNGERA and JULIA 
CREEK is unusual in having dramatic magnetic anomalies 
interpreted as being due to thrusting. The main feature is 
a broadly curved magnetic gradient, down to the west, with 
15-40 km-wide band of high and uniform magnetisation 
to the east, and a 7- l 2km-wide band oflow magnetisation 
to the west. A gravity gradient of I 00-200 mm.s-2 follows 
the western margin of the band oflow magnetisation. The 
magnetic and gravity gradients are convex to the west, so 
the Claraville Province is thought to be thrust up and 
westwards, with the maximum thrusting at its western 
extremity. The main thrust is interpreted to be along the 
gravity gradient and the western margin of the magnetic 
low and quiet zone. Sub-parallel to this main thrust are 
the main magnetic gradient and minor gradients to the 
east. These gradients are interpreted to mark subparallel 
associated thrusts. 

Five water bores in the northwest half of the area A all 
report granite as the basement rock type (Quarantotto & 
Brain 1992). The texture of the magnetic anomalies is 
consistent with the area being largely intrusives- a close
spaced fracture pattern characteristic of intrusives, and 
bulbous oval features 4-20 km in diameter, which have a 
similar pattern to magnetic granites in areas of exposure 
elsewhere in Australia. In the western part of area A, 
magnetisation is high, density is low, and the rocks appear 
to be intrusives of uniform, high magnetisation. Over the 
remainder of area A, there is generally a correlation of 
magnetisation and density suggesting intrusive rocks, with 
the more magnetic being more mafic. The intrusives' age 
is most likely Proterozoic. 

A prominent magnetic anomaly is that of the Savannah 
Downs prospect (Eeson & Burban 1985) (l9°15'S 
141°38'E). The magnetic anomalies show a low, 23 km in 
diameter and 1200 nT in amplintde, with several high 
ridges to the north and south. Three holes drilled within a 
9 km transect bottomed in biotite-rich granodiorite with 
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3- 5% disseminated magnetite and fluorine contents of 
0.03-0.09%. The structure is in the correct location to be 
the cause of a fluorine plume in the overlying aquifers, 
with a maximum of 30 ppm fluorine. From the nature of 
the magnetic data, the rock type and the presence of high 
fluorine nearby, the structure is interpreted to be a 
Carboniferous- Permian volcanic subsidence structure. 

Iron Range Province 
The western part of the Iron Range Province is an area of 
high gravity anomaly and very irregular magnetisation, 
dominated by igneous rocks · of Carboniferous- Permian 
age. The southeastern part of the area has very high gravity 
anomalies, large bodies with a uniform near-normal 
magnetisation, and a strong northwest trending magnetic 
fabric. It is thought to be composed of Carboniferous
Permian intrusive and extrusive rocks. The remainder of 
the area has gravity anomalies higher than average, but 
with numerous gravity lows I 00 mm.s-2 deep and 
20-30 km in diameter. The gravity lows correspond with 
intense magnetic lows forming arcs, and are attributed to 
Carboniferous- Permian igneous subsidence structures. 
Some of these correspond with local highs in the basement 
surface. The rocks between the subsidence structures have 
high and fairly uniform magnetisation interpreted as partly 
Carboniferous- Permian volcanic and intrusive rocks. 

Croydon Province 
ln the northeast, elongate positive and negative features 
with northwest, north-northwest, north-northeast and 
northeast trends are likely to be dykes of several ages. 

Savannah Province 
The Savannah Province occurs under cover along the 
northeastern margin of the Carpentaria Lowlands Region. 
North of the Gamboola Fault, the average strike of the 
basement structures is north- northwest, and the margin 
of the Coen Inlier is generally north-trending. Savannah 
Province rocks and structures are therefore continuous 
north- northwest from outcrop to under cover. The rocks 
can be mapped under cover using the relationship between 
rock type and gravity and magnetic signatures found within 
the outcropping part of the Savannah Province (Wellman 
1995a). The Silurian-Devonian granites correlate with low 
gravity and low, flat, magnetic features. The metamorphic 
rocks correlate with high gravity and magnetic features 
varying with rock texture. For slates and phyllites, the 
magnetisation generally has a low average, with each 
formation having different magnetisation. For schists, the 
magnetisation is generally high, with narrow lows along 
faults. In EBAGOOLA, under cover, there are large areas 
of low gravity thought to be due to Silurian-Devonian 
granites, either sub-cropping or below the basement 
surface. In HANN RIVER, gravity is generally higher, 
and the magnetic features are banded, so the basement is 
thought to be low to medium-grade metamorphic rocks of 
Holroyd Group, Edward River Metamorphic Group, and 
unnamed unitE u I (Wellman 1995a). 

South of the Gamboola Fault, the basement has similar 
folding and degree of metamorphism to rocks of the 
Holroyd and Edward River Groups, so these rocks are 
likely to be part of the Savannah Province. The magnetic 
features have a different character, with prominent 
magnetic low bands, so the rocks were named the Staaten 
Metamo1phic Group. The following is a summary of the 
interpretation by Wellman (1995b). 

The Staaten Metamorphic Group forms a province 170 km 
long and 70 km wide, of prominent, subparallel elongate 
magnetic anomalies (Figure 9.7). Anomalies have a 
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wavelength of 3--4 km. and amplitudes averaging l 00 nl 
Anomalies arc prominent lows with minor highs. in an 
area ofloVI regional magnetic intensity, and consequent!} 
appear to be due to reverse remanent magnctisation. The 
anomalies form patterns repeated along their long axes. 
suggesting folding rather than faulting. From the 
asymmetry of the folds. the dips are thought to be 50-80". 
and the total thickness of the rocks about 13 km. The group 
has been subdivided into three subgroups. with Pt l and 
Pt3 having low magnetisation. and Pt2 having strong 
reversed magnetisauon. These subgroups have been further 
subdi\ided into units on the basis of smaller differences 
in magnetisation (Figure 9.7). From the planar nature and 
extent of the units the rocks are thought to have been 
sediments and/or lavas. Some units have strong reverse 
magnetisation, so magnetite grains must be smal l. Using 
the continuity and sharpness of the bands. it is inferred 
that metamorphic grade is slate/phylli te in the south and 
southwest, and schist in the north and northwest. Within 
the area of the Staaten Metamorphic Group subcrop. and 
on its western margin, are irregular-shaped and oriented 
areas, commonly l 0- 20 km in diameter. with low density 
and a high and uniform magnetisation . These are 
interpreted to be Silurian- Devonian granites (Figure 9. 7). 

Etheridge Province 
Structures of the outcropping Etheridge Province can be 
traced westward under cover to about l43°E. using 
magnetic and gravity data. The western margin of the 
Forsayth Batholith can be traced l 00 km northwest as a 
series of parallel magnetic lows over the margin of the 
Etheridge Group rocks and a gravity low over the granite. 
The Stockyard Creek Mudstone Member, a 'dark grey to 
black pyritic, carbonaceous mudstone' (Bain eta!. 1985) 
near the top of the Etheridge Group. can also be traced 
I 00 km northwest as it gives thin steeply-dipping positive 
and negative magnetic sources. Rocks cropping out in the 
northeast corner of GILBERTON extend under cover over 
much of the northern half of GILBERTON. They form a 
gravity high due to mafic igneous rocks and calcareous 
sediments, and linear east-trending magnetic highs due to 
magnetisation of the Bernecker Creek Formation. In 
northern RlCIIMOND there is a prominent dome-shaped 
magnetic high or 60 km diameter and 350 nT amplitude. 
correlating with a gra\ ity high that is interpreted as a mafic 
intrusion below the basement surface. 

Cape River Province 
Only a small part of the Carpentaria Lowlands Region is 
underlain by this province which is described in Chapters 
6 and 14. 

Concealed Palaeozoic? or 
Proterozoic? 
Bamaga Basin BA McConaclzie . .fly Dunster 
Basin Setting and Age 
The Bamaga Basin, as defined by Passmore eta!. ( 1993a ). 
is an asymmetrical north-rrending trough underlying the 
offshore Carpentaria Basin (Figure 9.8). [t straddles the 
internntional boundarv, and the extent of the northern 
portion in Papua Nev: Guinea and Indonesian waters is 
unknown. The :.\ustralian portion CO\ers m·er 30 000 km, 
and contains over 1.8 seconds of gently folded and faulted 
sedimentary rocks (Figure 9.8 ). Water depths covering the 
basm today are typically less than 70 m. 

Lithostratigraphy, Biostratigrapb) and 
Environments of Deposition 
The basm has not been drilled to date and the age and 
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composition of the fill are unknown. The basin sequences 
have high seismic velocities. By analogy to surrounding 
basins, Passmore et al. {1993a,b) inferred a like ly 
Palaeozoic, o r possibly Triassic, age. Other workers 
postulated early Palaeozoic or Proterozoic ages based on 
the apparent high seismic velocities. TI1e velocities are 
similar to those observed in the Mount Isa Province or 
possibly early Palal:!ozoic limestones of the Adavale Basin 
of southwest Queensland. 

Seismic Stratigraphy 
Many of the mapped seismic reflectors are steeply dipping 
and terminate against the base-Mesozoic unconformity. 
The base of the basin is poorly imaged and no significant 
acoustic impedance contrast was identified. 

Structure 
Passmore eta!. (I 993a,b) defined the Bamaga Basin as a 
sag basin rather than a series ofhalf-grabens identified by 
previous studies. North trending faults cut the lower flanks 
of the basin and there appear to be several periods of 
faulting. 

'Burketown Depression' 
Several authors (e.g. Smart et aJ. 1980; Thomas et al. 1991; 
Blake 1991) referred to a ·Burket own Depression· which 
was variously interpreted as being an infra-basin to the 
Carpentaria Basin. coincident with the eastern margin of 
the onshore Western Gulf Sub-basin. or a sub-basin of the 
Carpentaria Basin. These interpretations were based on 
gravity data and a single drillhole intersection. MWE 
Burketown I. More recent seismic data (Comalco 86BN
O I and 02) from this area have clearly demonstrated a 
marked angular unconfom1ity between the Mesozoic rocks 
of the Carpentaria Basin and underlying rocks. Thus the 
'Burketown Depression' was not a major depocentre for 
Carpentaria Basin deposition. These o lder rocks are 
confined to small. isolated down-faulted blocks beneath 
the Carpentaria Basin and although they may represent 
separate infrabasins. they are most likely to be outlying 
splinters of the much more widespread Palaeo- to 
Mesoproterozoic Mount £sa Province. The rock velocities, 
compositions and metan1orphic grades are all comparable 
to sequences from the Mount Isa Province. 

Devonian-Carboniferous 
Pascoe River Basin 
Basin Setting and Age 
The Pascoe River Basin includes the Late Devonian to 
early Carboniferous Pascoe River beds and possibly some 
volcanic rocks. The basin covers at least I 000 km~ (Figure 
9.9), overlying granitic and metamorphic rocks equivalent 
Lo those in the Coen Region. Seismic data suggesl a 
maximum of about 600 m of section preserved in small 
grabens north of the Olive River. However, thicknesses 
are typically less than 200 m over much of the area. The 
Pascoe River Basin is unconformably overlain by the 
Permian Olive River Basin and the Mesozoic Carpentaria 
Basin. It pre-dates the Early Penn ian Weymouth Granite, 
dykes of which intrude and metamorphose the Pascoe 
River beds. It is also believed to pre-date the Janet Ranges 
Volcanics. 

Lithostratigraphy. Biostratigraphy and 
Environments of Deposition 
The Pascoe River beds are exposed along the Pascoe River 
as a folded and fau lted sequence of carbonaceous siltsLone. 
shale. tuff and variably tuffaceous sandstone with thin beds 
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Figure 9.9. Areal extent of t11e Pascoe River Basin !after DutNer 
1990). 

of coal. Other outcrops have been mapped in the valleys 
of Garraway, Brown and Hami lton Creeks and on 
Haggerstone Island. Drillhole information enabled the 
Pascoe River beds to be traced a few kilometres west in 
the subsurface to the vicinity of Hann Creek. Rocks 
assigned to the Pascoe River beds were intersected near 
the MacMillan River, but were absent from numerous 
drillholes between then: and outcrop. Fault repetnion 
makes it is impossible to estimate the overall thickness of 
the Pascoe River beds in outcrop. 

Much ofthe early work on the Pascoe River beds focussed 
on coal exploration and various attempts have been made 
to refine the lithostratigraphy (Figure 9.1 0). Work by White 

Zolnal et al. (1965) Trail et al. (1969) 

Weslem Creeks Cherty 
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0 m Sequence cr a: Sandalwood Crossing w <!) 
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0 < Carbonaceous 
0 Dehn Coal Measures 0.. Soltslone/Shale (/) 
<( Coal Sequence 
0.. 

Garraway Creek Formation 

Brown Junction Formation 
Other exposures 

Figure 9.10. Litho,uaugraphy, Pascoe Ri\·er bed~. 

(I 970). Senapati ( 1988) and Dunster t 1990) can be 
summarised as tollow:.. 

The basal Unit I 1s a dominantly well-bedded. medium
gramed labile sand:,tone that forms fining-up sequences 
about 15 m thick. Senapat1 ( 1988) reported a maximum 
exposed thickness of 550 m. lnterlaminated fine-grained 
sandstone. siltstone. carbonaceous shale and anthracite 
coal typically occur near the top of each fining-up cycle. 
This unit was deposited in meandering sandy river channels 
with considerable vegetation. allowing peat to accumulate 
on the flood plains. Late Devonian to early Carboniferous 
('?Tournaisian) plant fossils (lepidodendroid remains 
mcluding, root buttresses of Lepidodendron. Cordaites 
fragments and seeds, '?Rhacopteris, ?Botrychiopsis sp., 
Stigmaria pascoensis) from Unit I provide some age 
control on the Pascoe River beds (Scnapati 1988; Rigby 
1992). Early Carboniferous palynomorphs were recognised 
in several drill hole intersections (Senapati 1988; Table 12-
1 in Wells 1989a). Unit I overlies crystalline basement. 
Drillhole intersections show that Unit l also overlies 
volcanics (including rhyolite flows) of unknown affinities. 

(/) 
0 w m 
a: 
lL 
> a: 
w 
0 

~ 
<( 
0.. 

Unit 2 is typically a massive coarse-grained tuffaceous 
feldspathic sandstone that locally fines-up into laminated 
carbonaceous siltstone. A measured section indicates a 
minimum thickness of I I 0 m. Senapati ( 1988) calculated 
a thickness of greater than 450 m. Intraformational tuffs 
and angular rhyolitic clasts indicate that volcanism was 
contemporaneous with deposition. Senapati ( 1988) 
proposed rapid deposition in a fluvial environment with a 
net source of sediment from the south. Unit 2 conformably 
overlies Unit I and unconformably overlies the Sefton 
Metamorphics. 

Unit 3 tS a dark grey silicified siltstone with minor 
tuffaceous chert. A thickness of >200 m was calculated 
by Senapati (1988). Unit 3 is believed to have been 
deposited in a quiet-water lacustrine environment. It 
conformably overlies Unit 2 in outcrop. Unit 3 is overlain 
by rhyolite flows, volcanic breccias, welded tuff and 
rhyolite assigned to the Janet Ranges Volcanics (Trail et 
al. 1969; Willmott & Powell I 977a). 

T he Relationship Between the Pascoe River Beds and 
Volcan ics 
The ages of, and relationships between. the various 
volcanic units (Chapter 4) and the Pascoe River beds are 
poorly understood. There appears to have been several 
volcanic episodes. The Pascoe River beds overlie and are 
overlain by volcanics. They contain intraformational tuffs. 
suggesting contemporaneous volcanism, but no Devonian 
or Carboniferous volcanic rocks have been recognised. The 
overlying Janet Ranges Volcanics are undated. but assumed 
to be Early Permian because apparently comagmattc 

White (1970) Senapatl (1988) Dunster (1990) 
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Wcvmouth Gtamte has been dated at 2~5 Ma. The al!e or 
extent of the ,-olcanics underlying the Pa..;c('le River -beds 
ts unkno\vn. 

Seismic Stra tigraphy 
The only available SCISmic data is of rair to poor qual ity. 
Although the overall basin package can be resolved and 
mapped ( F1gure 9. 9). only a single mtrabasinal reflector 
was mapped (Dunster 1990: Meane> et al. 1990). 

St r uctu re 
The matn outcrop of the Pascoe Rtver beds along the 
Pascoe R1\er is structurall} complex. Dips of up to 70 . 
fold axes plunging up to 50° to the southeast. and 
slickensides indicating strike-slip movement have been 
mapped. All other outcrops have dips in excess of 10". 
Outcrop relationships suggest that the rocks of the Pascoe 
R1ver Basin were faulted. at least locally. before the 
intrusion of the Weymouth Granite. 

Carboniferous- Triassic 
Olive River Basin 
Basin Setting a nd Age 
The Olive River Basin is defined here as the Permian 
sedimentary rocks restricted to the Olive River area. In 
contrast to the infom1al usage by some previous authors 
(e.g. Wells I989a,b), it excludes the overlying Mesozo1c 
Carpentaria Basin section and the underlying Devonian 
Carboniferous sedimentary sequences and undated 
volcanics. The Ol ive River Basin is entirely concealed. 
The preserved basin extends over an area of at least I 000 
km ' , consisting of at least two preserved depo-centres 
(figure 9.11) with a maximum thickness of about 250m 
m small isolated fault-troughs. Drillhole information 
indtcates that the OliveRi' er Ba!.m unconformably OYerlies 
the Pascoe Ri\·er Basin. metamorphic basement, volcan1cs 
assumed to be Early Pem1ian in age, the Weymouth Granite 
and their equivalents. The Olive River Basin is 
unconformably overlam by the Mesozo1c Carpentana 
Basin. The western basin-margin is clearly erosional and 

143'00 

-- Set5/TIICIM 

-- Faull 

Figure 9.11. Present areal ~:-..tent ot the Oh\'e RI\C.:r Bm.in (from 
Dun,lcr 19'Xll. 
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Pcrnuan ~cdiments mav ha\ e originally extended 
constdembly further west.· 

Lithostratigraphy, Biostratigraph) a nd 
Environments of Deposition 
The Permian rocks are not known to crop out and there is 
a dearth of drillhole information. Con~cquently. there i::. 
no formal nomenclature for the Permian sequence. 
Senapati ( 1988) used gamma logs from stx dnllholes to 
idcntif) and correlate mo interbedded lithological 
assemblages present in the upper Perm1an section. A fine
gramed assemblage of carbonaceous siltstone and coal 1s 
interbedded \\-'ith medium to coarse-grained quartz 
sandstone. The finer-grained assemblage is approximate!} 
20 m thick and typically shows 3 5 m thick fining-up 
cycles. The coarser-gramed quartz sandstone facies are at 
least 30 m thick. Senapati ( 1988) postulated a high 
sinuosity fluvial environment of deposition. Palynological 
C\ idcnce (a P. rcticulcaus assemblage) from several 
drillholes shows that the sequence is of Late Permian age 
(Senapati 1988). Plant macrofossils mclude Sphenopteris 
lobifolia. Glossopteris communis and G/ossopteri\ 
elongcJta (Wells l989a). The lower Ohve Ri\er Basin 
sequence. consisting of pebble to boulder ,·olcaniclastic 
conglomerate. is believed to be geographically restricted 
to isolah.:d pockets unconfom1ably o' erlying volcanics and 
metamorphics. This conglomeratic facies is at least 23 m 
thick in drillholes (Dunster 1990). 

Seismic Stra tigraphy 
Unconformities at the top and bottom of the basin and 
two intra-basin reflectors have been mapped. Drillhole ties 
suggest that the lower Untt A corresponds to the basal 
conglomerate. The middle seismic-stratigraphic package 
is believed to be dominated by the coarser-grained clastics 
and coal-bearing sequences described by Senapati ( 1988). 
The upper-most seismic stratigraphic package. Unit C. is 
also coal-bearing but is probabl> dominated by fine 
grained clastic assemblages. 

Structure 
The th1ckest Permian sedimentary rocks are confined to a 
series of narrow troughs or grabens south of the Olive 
River. Previous interpretations (Scnapati 1988) suggested 
that such features would trend northwest. The concept of 
the 'Telegraph Line Fault' that wall previously thought to 
be a major basement feature coincidmg wtrh the western 
limit of the Oli,·e River Basm (Senapat1 1988) was not 
supported by seismic data. 

Galilee Basin 
The late Carboniferous to Triassic Galilee Basin crops out 
in the southeast Carpentaria Lowlands Region . The 
geology is summarised in Chapter 14. 

Jurassic- Cretaceous 
Carpentaria Basin 
Basin Setting and Age 
The Carpentaria Basin covers 560 000 km2

• is \itiddle 
Jurassic to Early Cretaceous in age. and underlies most of 
the Gulf of Carpentaria and Carpentaria Lowlands (figure 
9.1 2). The thickest section. oOshore. 1s about 1600 m 
( rigure 9. 13 ). There are strong Similarities \\ ith 
surrounding contemporaneous basins including the 
Fromanga. Sural, Money Shoal. Laura, Morehead and 
Papuan Basms. Ln parucular. thc boundary between the 
Carpentaria and Morehead Papuan Basin:. IS poorl> 
defined. The Carpentana Basin 1s bounded in the east by 
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the Bramwell Arch. the 'Coen Inlier' and the Kimba Arch. 
To the southeast. the basm margm 1s defined by the Yambo 
area of the Coen Region and by the Cairns and Georgetown 
Regions. The southern boundary with the Eromanga Basin 
corresponds to a modern hinge line referred to as the 
£uroka Arch. (or narrows) The Jurassic to earliest 
Cretaceous sedimentary section is unifonnly thick across 
this feature, but both basins are narrowest at this line (Bell 
& Associates 1982; McConachie et al. 1990). To the 
southwest. the Carpentaria Basin overlies Cambnan and 
Proterozoic basins. The western margin il, poorly defined 
and should probably be extended to include Cretaceom. 
sedimentary rocks in the Northern Territory (Figure 9. 12). 
Similarly. there are many small outliers of Mesozoic 
sedimentary rocks in the Georgetown Region. The 
Carpentaria Basin overlies the Bamaga. Olive River and 
portions of the Pascoe River Basins as well as un-named 
Triassic sedimentary rocks north of the Euroka Arch, 
metamorphosed sedi"mentary rocks of Proterozoic basins 
and granitic rocks (Figure 9. I 2). 

The basin resulted from a relatively uniform flexural 
intracratonic downwarp. McConachie et al. ( 1990) 
recognised local \ariations in lithology. provenance and 
thicknesses of key units, as well as diachronism, and 
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subdi\iidl!d the Carpentaria Basin into four l>Ub-basins 
<figure 9.12) as follows. The boundaries between the sub
basins are gradational, not sharp structural, boundaries. 

I. The rr't!srern GulfSub-basin includes the western flanks 
of the Carpentaria Basin. mostly ofTshore. and 1s 
typified by ·rugose' pre-Mesozoic palaeotopography 
and 'cry thin to absent basal :.andstones; the section 
being mostly of Cretaceous age. 

2. The Weipu Sub-basin. onshore and offshore around 
Weipa, has a relatively high heat flow of 75 m\Vm 1 

and contains two important depocentres. These are the 
Carpentaria Depression and the Ol ive River area. The 
Middle to Late Jurassic sedimentary section in this sub
basin was sourced from the east. 

3. The Staaten Suh-hasin includes a large proportion of 
western Cape York Peninsula and the Gulf Country west 
to Mornington Island. This sub-basin is charactensed 
by thin, but variable. basal sandstone sourced mainly 
from the eac;t. 

4. In the south. tbe Bvomurra Suh-basin may be 
structurally controlled and is underlain by mid-Triassic 
sedimentary rocks thar are possibly part ofthe Galilee 
Basm ( McConachie et al. I 990 ). 

-- - ----------

Figure 9.12. Prcscnl areal c>.rcnt llf the Carpentaria Ba,in showing sub-ba~in~ and bounding features (alter M~:Cona~:hie et al. 
1990). Alto:matc mtcrpreration-. ot the we~tcm boundar) arc shO\\ n. The more conservative distribution is from Smart et al. r 1980J. 
Cretaccou~ manne facie~ mapped b> Kra~say 1 11}9-lJ extend the tradtltonal extent of the basin. 
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Table 9.2. Fully·cored str.nigraphtc drillholes in the Carpentaria Ba\tn. 

Drill/l(lfr TlJimJ Ba\t uf Carpmtruio Ba,in (nJJ Rl'/t'Tt' llc:t' 

GSQWeipa I 63·U2 583.59 

GSQ Rutlund Plain' I 1127.51 10l!K.26 

GSQ Nom1nnton I 712.95 635.57 

GSQ Dobb) n t• 853.07 586.82 

The different timing of deposition in each sub-basin is 
illustrated by the Gilbert River Formation. which is 
Jurassic-Cretaceous in the Weipa and northern Staaten 
Sub-basins, but Cretaceous elsewhere. 

Figure 9.3 shows the location of key drillholes intersecting 
the Carpentaria Basin. Detailed informati on on the 
lithologies of the formations in the Carpentaria Basin can 
be obtained from the continuously cored and wireline
logged Departmental stratigraphic dri llholes summarised 
in Table 9.3. Exploration wells are listed in Table 9.2. 

A detailed li thostratigraphy and biostratigraphy for the 
Carpentaria Basin is shown in Plate 9.2 and Figure 9.14. 
The biostratigraphy is based on the spore/pollen and 
dinocyst units offilatoff & Price ( 1986 ). These are related 
to dinocyst associations in Figure 9.14. The only offshore 
dri II hole, Duyken I. penetrated to just below the Toolebuc 
Formation equivalent and consequently biostratigraphic 
control of the older part of the basin depends entirely on 
the onshore drillhole data. 

Figure 9.2 shows the modem seismic coverage for the 
Carpentaria Basin. Surveys before 1980 are shown in Smart 
et al. (1 980). A composite of several seismic lines (Plate 
9.5) crosses lhe entire basin east to west. 

0 IOOkm 

- 1.0 -Two way time 
(seconds) 

,INDONESIA 1 
........... / 

' -

Figure 9.13. SLrUcture contour map Hwo-wa> umc) at base of 
the Mesozotc unconformity for the off5hore Carpentaria B::u.m 
(modified after Thoma\ ct al. 199\ ). 
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Burial histories have been modelled fo r the offshore 
Carpentaria Basin, Weipa (McConachie et al. 1989) and 
Olive River (Senapati 1988) areas (Plate 9.4). These 
demonstrate post mid-Cretaceous upltfl of the northern 
Coen Inlier relative to the Weipa area. The age gap 
representing the unconformity between the Carpentaria 
and Karumba Basins increases from west to east between 
Weipa and the Embly Range (about 100 km to the east). 
At Weipa. the Bulimba Formation rests unconformably 
on the Cenomanian Normanton Formation. At the Embly 
Range. the preswned Bu limba Fom1ation (which contains 
pebble conglomerates. in part underlying the lateri te) 
unconformably overl ies the Middle A lbian upper 
Wallumbilla Fonnation. 

Overviews of the Carpentaria Basin by Smart et al. ( 1980), 
Schaap & Brown ( 1990), McConachie et al. ( 1990), Blake 
( 1991) and Dunster & Barlow ( 1992) have been used in 
the compilation of the current work. Our discussion focuses 
on the onshore Weipa and southern and central Staatcn 
Sub-basins that have the besl setsmtc coverage and 
drillhole information. Additional details of the offshore 
Weipa Sub-basin were drawn from Thomas et al. ( 1990) 
and McConachie et al. ( !994) as well as unpublished 
company seismic reports (e.g. Ward 1981 ). 

Carpentaria Basin-Weipa Sub-basin 
(Onshore) 
The onshore Weipa Sub-basin is one of the most intensively 
explored areas of the Carpentaria Basin. The eastern Weipa 
Sub-basin (Olive River area) was a major depocentre. The 
Middle Jurassic to Early Cretaceous sandstone at the base 
of this section thins southwards toward Lhe Staaten Sub
basin. 

Lithostratigraphy, Biostratigraphy and 
Environments of Deposition 
The oldest dated sedimentary rocks in the onshore Weipa 
Sub-basin are earliest Late Jurassic. Deposition possibly 
commenced as early as the Middle Jurassic, however the 
basal section is commonly barren and cannot be dated 
palaeontologically. 

Plate 9.3 shows a gamma-log correlation of eleven 
drillholes through the onshore sequence from the Olive 
River to the Weipa areas. 

In the south of the onshore Weipa Sub-basin, the Garraway 
Sandstone (Senapati 1988) is the lowcm10st unit. lt consists 
of coarse to fine-grained quartz sandstone with a patchy 
kaolinitic and calcite malrix/cement. minor mica and pyrite 
and a variable glauconite content. Minor siltstone. 
claystone. coal and carbonaceous shale are also present. 
The lower third of the formation exhibits facies changes 
associated w1th onlap onto basement highs. Onlap also 
accounts for considerable variations in formation 
thickness. Palynology indicates that the Garraway 
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Sandstone ranges from Middle to Late Jurassic, making it 
a lithostratigraphic and biostratigraphic correlative of the 
Eulo Queen Group in the Staaten Sub-basin. The Garraway 
Sandstone was deposited in a fluvio-lacustrine 
environ.nient dominated by meandering to braided fluvial 
systems. 

The conformably overlying Gilbert River Formation is 
quartz sandstone at the base, becoming increasingly 
glauconitic towards the top. Highly porous and permeable, 
medium to coarse-grained, sandstone typically accounts 
for over 70% of the formation. Few of the subordinate 
siltstone and claystone interbeds are laterally continuous. 
The formation is typically about 45 m thick. The lower 
Gilbert River Formation in the Weipa Sub-basin is older 
than in the southern sub-basins and probably represents a 
marine transgression from north to south. Marginal marine 
conditions prevailed during the deposition of all of the 
Gilbert River Formation in the Weipa Sub-basin. 

The conformably overlying Wallumbilla Formation can be 
mapped as a single lithological entity throughout the 
Carpentaria and Eromanga Basins. In its type section in 
the Eromanga Basin, the Wallumbilla Formation is entirely 
argillaceous, but within the Weipa Sub-basin, the lower 
portion consists of interbedded siltstone and coarse to very 
fine-grained glauconitic sandstone with sporadic 
calcareous and rare pyritic phases. Based on palynological 
studies, this package is of Hauterivian (late Neocomian) 
to early Barremian age, making it older than the basal 
Wallumbilla Formation in the south. This is overlain by 
Aptian to middle Albian siltstone which grades to claystone 
near the top. The Wallumbilla Formation is entirely marine, 
but with varying terrestrial input and is typically about 
250 m thick in the Weipa Sub-basin. 

Facies equivalent to the Toolebuc Formation conformably 
overlie the Wallumbilla Formation. In its type section in 
the Eromanga Basin, the Toolebuc Formation is typified 
by both highly carbonaceous and carbonate facies. In the 
Weipa Sub-basin, the equivalent stratigraphic interval is 
typically about 30 m thick and consists of siltstone 
gradational to and interbedded with claystone and minor 
sandstone. It is markedly less carbonaceous and contains 
less carbonate than in the Eromanga Basin. This Toolebuc 
Formation 'equivalent' in the Weipa Sub-basin is believed 
to be late Albian in age. It was deposited in a slightly less 
reducing and less restricted marine environment than in 
the south. 

The Allaru Mudstone conformably overlies the Toolebuc 
Formation 'equivalent' . As with the Wallumbilla 
Formation, the Allaru Mudstone can be traced from its 
type section in the Eromanga Basin to the onshore Weipa 
Sub-basin . In the Weipa Sub-basin, the formation 
comprises a basal medium-grained glauconitic sandstone 
overlain by siltstone interbedded with, and grading to, fine 
sandstone. The sandstone is commonly glauconitic with a 
patchy calcareous cement. The formation is Albian in age 
and contains a high proportion of anemophilous pollen, 
implying wind and surface-water transport into a nearshore 
marine environment. The Allaru Mudstone is typically 
about 240 m thick in the Weipa Sub-basin. 

The Normanton Formation is a medium to fine-grained 
glauconitic sandstone conformably overlying the Allaru 
Mudstone. Siltstone interbeds and carbonaceous phases 
are locally common. Palynology suggests deposition in 
paralic conditions in the Weipa Sub-basin. 

Collectively, the Wallumbilla Formation, Toolebuc 
Fonnation, Allaru Mudstone and Normanton Formation 
constitute the Rolling Downs Group. 
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Seismic Stratigraphy 
Plate 9.5 shows a composite east-west seismic section 
across the Weipa Sub-basin from the Coen Inlier to the 
Carpentaria Depression. Three major packages are 
delineated. The basal sandstones are shown in yellow, the 
Rolling Downs Group in mauve and the Karumba Basin 
sequence is green. 

Further subdivisions within the Carpentaria Basin are 
possible. A particularly important surface occurs at the 
Toolebuc level, which is overlain by prograding lowstand 
wedges in many areas of the basin. Another important late 
Albian surface overlain by similar progrades was identified 
by McConachie et al. ( 1990). 

Several of the horizons mapped by Comalco within the 
various seismic grids within the basin are shown on Figures 
9.15-17 and in McConachie et al. (1990; their Figure 12). 

Structure 
There are few faults or tectonic folds in the onshore Weipa 
Sub-basin. Almost all the deformation is the result of 
differential compaction over basement highs. 

Carpentaria basin -Weipa Sub-basin 
(Offshore) 
The Carpentaria Depression is a major depocentre where 
the Mesozoic sequence of the Weipa Sub-basin is about 
1600 m thick. It lies offshore from Weipa beneath less 
than 70 m of water and immediately south of the Bamaga 
Basin. (Plate 9.8). 

Lithostratigraphy 
The lithostratigraphy in the offshore Weipa Sub-basin is 
largely inferred by extrapolation from onshore areas. It is 
believed to correspond to the onshore Weipa Sub-basin. 

Sei~mic Stratigraphy 
There are several major offshore seismic surveys and 
multiple generations of processing and reprocessing of this 
data using more powerful algorithms. The locations of 
seismic lines are shown in Figure 9.2. Plate 9.5 shows a 
complete section across the Carpentaria Basin. The extent 
of the Weipa Sub-basin and the location of the Carpentaria 
Depression are indicated. The two major seismic packages 
within the sub-basin are the mid Jurassic to Early 
Cretaceous sandstones and the overlying finer-grained 
rocks of the Rolling Downs Group. Seismic data provide 
some indication of the nature of the lower Carpentaria 
Basin sequence. The high amplitudes of the reflectors in 
this package suggest interdigitation of sandstones and 
shales, and possibly coals. An un-named and unsampled 
basal seismic-stratigraphic package has been recognised. 

Structure 
The origin of the Carpentaria Depression is unknown, but 
it clearly controlled the earliest Carpentaria Basin 
deposition. A failed rift (small scale sag) model, similar 
to the development sequence proposed by Scott & 
Rosendahl ( 1989) for the Red Sea, may be applicable. In 
this model, subsidence producing the Carpentaria 
Depression may have been controlled by a local hot spot 
that failed to link up with others and develop into an 
elongate rift. 

Alternatively, and more likely, the lithospheric flexure 
interpreted to have provided the accommodation for the 
broader Carpentaria Basin may have been more focussed 
in the area of the Carpentaria Depression. Although the 
fault architecture has the appearance of the earliest stages 
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of a faileJ rift. I he north-south faults imaged on seismic 
data appear to be extensional reactivations over pre-existing 
thrust fault planes. suggesting that the blocks moved later 
as antithetic reactivations controlled by regional flexure. 
Basement thrusts have been imaged under each of the 
major offshore faults. suggesting a similar mode of 
formation for each (Plate 9.6). 

Carpentaria Basin - Staaten Sub-basin 
The southern Staaten Sub-basm (Figure 9.12) was the 
subject of extensive seismic exploration (almost I 000 km) 
and petroleum drilling (eight wells). In comparison, the 
lithostratigraphy of the central onshore Staaten Sub-basin 
is kno"'n from only one stratigraphic drill hole. Even less 
is known of the northern Staaten Sub-basin. 

Lithostratigraphy, Biostratigraphy and 
Environments of Deposition 
Plate 9.3b shows a gamma-log correlation of eleven 
selected drillholes from the southern Staaten Sub-basin. 
The oldest unit is the Middle to Late Jurassic Eulo Queen 
Group. Where it outcrops in the Gregory Range type 
locality, the Eulo Queen Group comprises two formations: 
the Hampsread Sandstone and the Loth Formation. The 
Hampstead Sandstone is quartzose, planar and trough 
cross-bedded. with reverse graded conglomerates at the 
base. It contains fossi l wood fragments . The conformably 
overlying Loth Formation consists of medtum to coarse
grained, micaceous clayey quartz sandstone interbedded 
with subordinate fine-grained sandstone. siltstone and 
claystone. Planar and trough crossbeds, npple-drift 
laminae, claystone rip-up clasts and foss il worm tubes and 
wood fragmentS are present. In the absence of drillhole 
data to distinguish the two formations m the subsurface. 
the following discussion treats the Eulo Queen Group as a 
whole. 

Smart et al. ( 1980) and McConachie et al. ( !990) 
postulated that deposition occurred in low sinuosity fluvial 
systems restricted to valleys and troughs throughout the 
southern part of the sub-basin. The Eulo Queen Group is 
believed to be a biostratigraphic and lithostratigraphic 
correlative of the lower Garraway Sandstone in the Weipa 

Sub-basm and the Dalrymple Sandstone in the Laura 
Basin. 

In the soulhem Staalen Sub-basin. the Eulo Queen Group 
IS overlain by the Gilbert River Formation. The Gilbert 
River Formation is typically about 30m thick, ranging up 
to I 00 m. and consists of coarse to very fine-grained 
calcite-cemented quartz sandstone interbedded with 
claystone and thin discontinuous stringers and isolated 
flecks of coal. Outcrop relationships suggest that the 
Gilbert River Formation confom1ably overlies the Eulo 
Queen Group. However, biostratigraphic studies suggest 
a possible time break behveen them. The Gilbert River 
Formation is interpreted to be transitional from non-marine 
to marine in the Staaten Sub-basin, culminating in the 
establishment of deeper marine conditions during the Early 
Cretaceous. 

The Wallumbilla Formation of the Rolling Downs Group 
conformably overlies the Gilbert River Formation. The 
lower part has a varying proportion and thickness of 
sandstone and is early to mid Aptian in age. This is overlain 
by a mid Albian sequence of siltstone and claystone. with 
sporadic sandy phases near the top. Palynology mdicates 
that it was probably deposited in more open-water marine 
conditions than the lower part of the formation. 

The Toolebuc Formation overlies the Wallumbilla 
Forn1ation with apparent lithological conformity in the 
Burketown area, but may be disconformable in the 
Normanton area (McConach ie et al. 1990). Within the 
southern Staaten Sub-basin, the Toolebuc Formation is 
lithologically similar to that in the northern Eromanga 
Basin. There appears 10 be more variation in thickness than 
in either the Weipa Sub-basin or the Eromanga Basin. All 
available biostratigraphic data suggest that the mostly late 
Albian Toolebuc Formation IS isochronous throughout the 
southern Staaten Sub-basin. The environment of deposition 
is believed to be restricted marine with some wind-borne 
terrestrial input. 

The Allaru Mudstone in the Staatcn Sub-basin comprises 
siltstone. claystone and minor fine sandstone. Basal 
sandstones, present in the Weipa Sub-basm, are absent m 
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Figure 9.15. Representative \ebmic \CCtion from the southern Staaten Sub-basin. 
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thl! Staaten Sub-basin. The Allaru Mudstone was deposited 
in conditions ranging from shallow marine to paralic with 
minimum terrestrial influx. 

The overlying Normanton Formation consists of 
glauconitic sandstone and siltstone. It is interpreted as part 
of basin-wide progradattonal deposits representing the 
final phase of Late Cretaceous sedimentation. 

GSQ Rutland Plains I in the Kowanyama area penetrated 
the central onshore Staaten Sub-basin beneath poorly 
consolidated sediments of the Karumba Basin. It 
intersected the Nom1anton Fom1ation, Allaru Mudstone, 
Toolebuc Formation. Wall urn billa Formation, Gilbert River 
Formation and granitic basement at I 088 m. The 
correlation between the Wallumbilla Fom1ation in this 
dri llhole and the Trimble Member (Smart et at. 1980) of 
the Wallumbilla Formation (as mapped in outcrop to the 
east) is yet to be established. The Trimble Member was 
dated as early Albian (Woods 1961 ). compared lO the mid 
Albian age for the upper Wallumbilla Formation (Filatoff 
& Price 1989b ). 

Seismic Stra tigraphy 
Refraction (McConachie 1987a; Haines & McConachie 
1986) and reflection (Kabela Geophysics 1982) seismic 
surveys were w1dertaken in the central onshore Staaten 
Sub-basin and tied to dri ll hole GSQ Rutland Plains l. 

Figure 9.15 shows a representative seismic section from 
the southern Staaten Sub-basin. Z horizon is near the base 
of the Mesozoic sequence. The seismic tie to the top of 
the Eulo Queen Group is not sufficiently constrained by 
drilling, but the basa l-seismic-stratigraphic package. 
which must contain all or part of the Eulo Queen Group, 
laps out to the west between Burketown and Normantoo 
and is absent over several palaeotopographic basement 
htghs. Horizon G represents a time event near the top of 
the Gilbert River Formation and can be traced over all the 
seismic data in the southern Staaten Sub-basin. The parallel 
but laterally discontinuous seismic reflectors visible below 
T correspond to siltstone and claystone of the WallurnbiUa 
Formation. Horizon T is a prominent seismic event within 
the Toolebuc Formation. 

A setsmic section from the central Staaten Sub-basin (Delta 
Downs area. Figure 9.2) is shown in Figure 9.16. ~ote the 
rhin section of basal Mesozmc sandstones between the Z 
and G reflectors and faulting' isible in the basement. 

Structure 
Seismic data from the Delta Downs area show rhat the 
southern Staaten Sub-basin contains several faults and 
broad basement highs. including one coincident with the 
Robertson Structu~e as named by Smart et at. ( 1980). A 
basement horst occurs from Plam Creek to Wemadinga. 
These blocks were uplifted and eroded prior to Mesozoic 
deposition. but there was local (?mid-Triassic) reactivation 
and considerable drape of Mesozoic sedimentary rocks. 

TheT Horizon (Toolebuc Formatton) appears to be broken 
by tensional faults throughout the region. independent of 
basement faulting (Figure 9.16). The origin of the 
discontinuous nature of the Toolebuc reflector may be due 
to differential compaction of the overlying and Wlderlying 
argillaceous units around the brittle limestones that make 
up about 50% of the Toolebuc Formation, or possibly, 
simply variations in the thickness of limestones in the 
original depositional environment. 

Carpentaria Basin - Boomarra Sub-basin 
The Boomarra Sub-basin corresponds approximately to 
the Canobie Depression (Smart ct at. 1980) defined by 
the presence of underlying Triassic redbeds (probably part 
of the Galilee Basin). However, it was not a major 
depocentre for Mesozoic sedimentation as suggested by 
some previous workers. 

Lithostratigraphy, Biostratigraphy a nd 
Environments of Deposition 
The lithostratigraphy of the Boomarra Sub-basin is best 
known from drill hole GSQ Dobbyn l . It penetrated the 
Carpentaria Basin and underlying Mtddle Triassic 
sandstones and siltstones and bottomed in metamorphics 
assigned to the Soldiers Gap Group (Williams & Gunther 
1989). The Carpentaria Basin sequence consists of 3 7 m 
of the Gilbert River Formation overlain by 550 m of the 
Rolling Downs Group. 
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Figure 9.17. Represemative sci~mlc section from the Boomarra Sub-ba~in. shuwing the Boomarra Fault. 

Seismic Stratigraphy 
Figure 9.17 shows a representative seismic line from t~c 
Boomarra area. Horizon Z is near the base-Mesozotc 
unconfom1ity. horizon Tr may be the top of the Triassic 
section. and Horizon T corresponds to the Toolebuc 
Formation. There is little drilling control on the 
interpretation of these seismic horizons. 

Structure 
The most significant structural element is the Boomarra 
Fault, one of a series of north-trending faults that produce 
a series of horsts and grabens. with probably at least 300m 
of vertrcal displacement. Seismic sections across the 
Boomarra Fault (Figure 9.17) also show considerable 
offset. but this is difficult to qll31Hify in the abscn~e ~~f 
well data on the up thrown block and the equivocal se1Sm1c 
correlation across the fault (Dunster & Barlov, 1992). 
Differential drag on the Z toT seismic package o:ugge~;.t-
some growth during the Jurassic to Cretaceous. 

The north- south strucrural grain in basemem to the 
Boomarra Sub-basin is e\ 1dent on both the regional 
magnetics :lJld gravity 1m ages. Tlus north- south s~ctural 
grain can be extrapolated to basement features m the 
onshore southern Staaten Sub-basin and possibly even 
offshore, but this cannot be confirmed because of the 
limited regional data 

Carpentaria Basin --Western Gulf Sub-basin 
Most information on the Western Gulf Sub-basin comes 
from offihore seism1c data and outcrops in the 'lorthern 
Territory and northernmost Cape York Peninsula. 

Lithostratigraph}. Biostratigraph) and 
Environments of Deposition 
The Helby and Albany Pas~ beds which crop out on 
northern Cape York Peninsula are the Western Gulf Sub
bastn eqUivalents of the Gilbert River and (possibly) 
Garraway Sandstone of the Weipa Sub-basin. The poorly 
understood mannc Hclby beds (Powell ct al. 1976) are a 

sequence of Oaser-bedded an~ bioturbated ~ine to m.edium
grained quartz sandstone. w1th a clay matnx and siltstone 
laminae in the upper part. The Helby beds are at least 330 
m thick and contain microplankton ranging in age from 
Middle Jurassic to Early Cretaceous (Helby & Partridge 
1977). suggesting that they span the time equivalent of 
the Garra\;.;Y Sandstone, and Gilbert River Formation. The 
Albany Pass beds are even Jess well u~derstood. They are 
only 12m thick in their reference sectiOn of clayey quartz 
sandstone and granule to pebble conglomerate. A fiuvial 
environment of deposition has been proposed. 

The Mullaman beds crop out along the western margin of 
the Western Gulf Sub-basm. They are a thin (generally 
less than I 00 m) but widespread unit of probable Beriastan 
(Neocomian) to Albian age sandstone. siltstone and 
claystone. In Arnhem Land Northern Territory. some of 
these roch. now assigned to the Walker River and Yirrkala 
Formations, ha\-e bc::cu JatcJ a:. Aptian tu early 
Cenomanian. They represent alluvial/coastal-plain and 
inner-she! f depositional environments (K.rassay 1994b ). 
Storm deposits and possible ice-rafting have also been 
identified in the Mullaman beds (Krassay 1994a; Frakes 
& Krassay 1992). 

Affinities between the Mullaman. Albany Pass and Helby 
beds are unknown, but all three units occupy similar basin
edge settings 

Seismic Stratigraph} 
Setsmic correlation suggests that fine-~rained marine 
rocks of the Rolling Downs Group const1tutc almost the 
enttre stratigraphic section in the offshore Western Gulf 
Sub-basin. This pan of the Carpentaria Basin was probably 
a highland. \\-ith only isolated valley . fills dw:lng the 
deposition of basal Mesozo1c sandstones m tl_le We1pa Sub
basin (McConachie et al. 1990). Reg ronal seismic sectiOns 
shO\\ the c.lepocentre of the Carpentaria Basin migrated 
from tlte Carpentana DepressiOn in the Weipa ~ub-ba.sm 

northwestwards into the Western Gulf Sub-basm dunng 
the Cretaceous. 
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The offshore Western Gulf Sub-basm is sho\\n on the 
western end of a seismic sectton shown in Plat~;! 9.5. Note 
the onlap of the basal sandstones to the west. Consequently. 
on I)' the youngest units of the Carpentaria Basin can be 
expected to crop out in the Northern Territory. Plate 9.5 
also shows a representative north-south seismic section 
in the Western Gulf Sub-basin. Stratigraphic packages are 
more poorly resolved in this sub-basin. but arc similar to 
those in the Weipa Sub-basin. 

Structure 
Setsmtc data suggest thar the Western Gulf Sub-basin fill 
has undergone only mild tectonic deformation: most 
structuring results rrom drape and differential compaction 
over an irregular basement palaeotopography. 

Depth to Base of Mesozoic Sediments 
P Wellman 
Atlas Plate l 0 shows depth to the base of the Mesozoic 
sedimentary section relative to sea level. The map builds 
on the data base of Pinch in ( 1973 ). but includes data 
available since 1973, and shows I 00 m rather than 500 m 
contours. The map was prepared from four types of 
information. ln order of decreasing reliability. they are 
outcrops, drillholes, seismic data and magnetic anomalies. 

Outcrops. The altitude of the base of the Mesozoic 
sedimentary section was determined using geological and 
topographic maps. In GEORGETOWN. an unpublished 
map prepared by JHC Bain and IW Withnall, was used. 

Drillhole information is from the Queensland Water 
Resources data base (Hom et al. 1995) north of 16ns, from 
unpublished Esso Australia uranium exploration data in 
RED RIVER, and fTom Senior et al. ( 1978), Quarantotto 
& Brain ( 1992) and AGSO (unpub.) south of !8°S. 

Seismic data are from McCutchen ( 1969) and United 
Geophysical ( 1969) for the Laura Basin, from Pinchin 
( 1973) for the northeast offshore, fTom Queensland Water 
Resources data base (Hom et al. 1995) for north of !6°S, 
and from McConachie ( l987a) and Barlow & Dunster 
( 1989) in the south. 

Magneric anomalies have been used to estimate depths to 
magnetic basement where there are no other data. Ln parts 
of RED RIVER. the depths calculated by Mutton & 
Cosgrove (1988) were used. Elsewhere the 'half maximum 
width· method was used to calculate the depth of elongate 
anomalies. i.e. depth = 0.285 times the wavelength of the 
anomaly. 

Variation in the present depth of the base of the Mesozoic 
sediments can be attributed variously to topographic relief 
prior to deposition. to fau lting and orwarping during 
sedimentation. and to post depositiOn defonnation. The 
thickness and extent of the pre-Gilbert River Fom1ation 
sediments (Smart & Senior 1980) shows that by the end 
of the Jurassic. relief on tbe base-Mesozoic surface was 
likely to be only a few hundred metres throughout most of 
the region, and 500-700 m in the Laura Basin. The 
Cretaceous fonnations vary 111 thickness by a factor of only 
about two (Smart et al. 1980; McConachie et al. 1990), so 
warping during the Early Cretaceous cannot have been 
more than a few hundred metres. Because of the above. 
most of the 2000 m relief on the basal surface of the 
Mesozoic section must be due to post Early Cretaceou~ 
warping. The amount of the Mesozoic section removed 
by erosion before deposition of the Cainozoic Karumba 
Basin sediments ranges from I 50 m at Duykcn in the 
Central Gulf of Carpentaria, to 250m for Jack in Creek-1 
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nl!llr Weipa. and 700 m at 307RD 12 in the Olive River 
area (McConachie eta!. 1994 ). 

Lplift of the highlands of North Queensland is thought to 
be due to several mechanisms. An upward deflection of 
the margin of the continent. caused by formation of the 
Queensland Trough in the Late Cretaceous and the Coral 
Sea in the Palaeocene to Early Eocene (65- 56 Ma ago), is 
important north of lnnisfail. Uplift due to underplating 
associated with the Pliocene- Pleistocene volcanism is 
dominant for the higher parts of the highlands between 
Cains and 2l 0 S. South of about 19"S. and 300-400 km 
inland. the uplift must be partly Late Cretaceous to mid 
Cainozoic. and partly of unknown origin. 

ln North Queensland there is a westward decrease in post 
Early Cretaceous deformation which is manifest in the 
average dip and wavelength ofthe basal Mesozoic surface. 
The decrease in deformation is due to greater lithospheric 
strength away from the continenta l margin and to 
increasing distance from the cause of the deformation 
along the eastern continental margin. 

A small proportion of the apparent dip on the pre-Mesozoic 
surface is due to post Early Cretaceous fault displacements. 
Faulting m rhe Laura Basin has been mapped by Wellman 
( l995a.b ), in the Carpentaria Basin by Smart et al. ( 1980) 
and AGSO ( 1996 ), and in the Eromanga Basin by AGSO 
(1996). These maps show that the margins of the basins 
have more fault displacement than the interiors of the 
basins. and that the throw of the faults is downwards 
towards the basin centre. 

Major features of the base-Mesozoic surface are discussed 
by Smart et al. ( 1980: Structure and tectonics), but two 
important basement features have not been emphasised 
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previously. In JARDINE RIVER, Carboniferous-Permian 
cauldrons 20-30 k.m diameter stand 300 m above the 
surrounding basement surface, and offshore in HOLROYD 
and RUTLAND PLAINS there is an elongate feature that 
measures 150 by 50 km, and is 300 m above the 
surrounding basement surface that is part of the Keer Weer 
Province. Seismic data show the western margin of the 
high is an abrupt change in basement surface, and that in 
places it is a fault {Hanson & Stainforth 1981). 

Eromanga Basin 
The northern Eromanga Basin is contiguous with the 
southern Carpentaria Basin across the Euroka Arch. The 
upper portion of the lithostratigraphy can be traced between 
the basins and the same formation names are used. Such 
similarities are important because the Eromanga Basin 
contains significant resources of petroleum, mainly 
sourced from pre-Mesozoic rocks that are not widespread 
under the Carpentaria Basin. Most of the Eromanga Basin 
lies to the south of the Carpentaria Lowlands, beyond the 
area dealt with in this book. The Eromanga Basin is 
discussed briefly in Chapter 14. 

Cainozoic 
Karumba Basin BA McConachie, JN Dunster 
Basin Setting 
The Cainozoic Karumba Basin (Figure 9.18) 
unconformably overlies much of the Carpentaria Basin. 
This shallow, and mostly thin basin extends from south of 
Hughenden north onto the Fly Platform in Papua New 
Guinea. The Karumba Basin extends westward to the 
Roper River area of the Northern Territory. It is bounded 
in the northwest by the Wessel Rise and in the southwest 
by high areas of the Mount I sa Province. The maximum 
known thickness onshore in the Carpentaria Lowlands 
Region is 247 m in GSQ Rutland Plains 1; 550 m were 
intersected offshore in CNW Duyken I; seismic data 
suggest that up to 600 mare preserved offshore, northwest 
ofCNW Duyken I. Plate 9.7 illustrates the bathymetry of 
the Gulf of Carpentaria and shows the depositional limits 
of the present day marine units of the Karumba Basin. 

Lithostratigraphy, Biostratigraphy and 
Environments of Deposition 
The Karumba Basin comprises a Cainozoic sequence 
(probably Miocene to Recent) that unconformably overlies 
most of the Carpentaria Basin. A time break from about 
95-15 Ma exists between the deposition of the youngest 
preserved Carpentaria Basin and the oldest dated Karumba 
Basin sequence, the limestones of the Wyaaba beds in GSQ 
Rutland Plains I and Duyken 1. The Bulimba Formation 
occurs below the Wyaaba beds, but seismic data suggest it 
is regionally conformable with the overlying units and the 
major unconformity and time gap occurred before its 
deposition. 

The Karumba Basin has lithostratigraphic and 
biostratigraphic affinities with the Cainozoic section in 
Papua New Guinea, but a very different tectonic history 
(Wang & Stein 1992). The Wyaaba beds are a time 
correlative of the Darai Limestone and almost certainly 
represent a condensed version of part of the thicker 
carbonate platform deposition now spectacularly exposed 
in Papua New Guinea. 

Lithological variations within the Karumba Basin section 
generally correspond with fluvial to marine facies changes 
linked with the various coastlines of the Cainozoic Gulf 
of Carpentaria as they migrated basinwards or Jandwards 
during regressions and transgressions. The stratigraphy of 

the onshore portion of the basin is based on mapped 
outcrops. It has been extended offshore by correlation with 
the section seen in CNW Duyken I. 

The base of the sequence (Bulimba Formation) comprises 
220m of quartz sandstone, siltstone and coal (peat) beds 
that were presumably deposited in a basin-wide fluvial 
environment. The Bulimba Formation is undated but older 
than Early Miocene. Offshore it is overlain by 123 m of 
Miocene to early Pliocene limestone (Wyaaba beds). 
Onshore, it interdigitates with paralic and fluvial deposits, 
suggesting an area of marine deposition slightly greater 
than the modem Gulf of Carpentaria. The unit is probably 
lithostratigraphically equivalent to the Late Oligocene to 
early Late Miocene Darai Limestone of Papua New 
Guinea. The Wyaaba beds intersected in GSQ Rutland 
Plains I were dated at late Early Miocene (about 15 Ma) 
by Palmieri, Appendix 2, in Derrington (1989) . The 
Wyaaba beds are probably not equivalent to the mid
Miocene to Pliocene, lacustrine, Carl Creek and Gregory 
Downs Limestones of the southern Gulf. The Carl Creek 
and Gregory Downs Limestones appear to be locally 
developed due to dissolution and reprecipitation of the 
much older Georgina Basin limestones. The uppermost 
named unit, the semi-consolidated fluvial Claraville beds 
and their marine equivalents, is interpreted as entirely 
marine at CNW Duyken 1, where it comprises 148m of 
siltstone and claystone. The bottom sediments of the 
modern Gulf of Carpentaria are included within this 
section. 

The Weipa beds have been shown to be equivalent to the 
Bulimba Formation by correlation with the basal sequence 
of the Karumba Basin in CNW Duyken l. This confirms 
the lithostratigraphic tie made by Smart et al. ( 1980) to 
the Bulimba Formation in the southwest Cape York 
Peninsula. 

In the Delta Downs area, only the base of the Karumba 
Basin sequence could be imaged on seismic data. It occurs 
more than 70 m below ground surface. 

The Quaternary to present day deltas of western Cape York 
Peninsula were described by Coventry et aJ. (1980). They 
identified older delta deposits north of the Alice River, 
which are in the process of being lateritised, and 
determined a stratigraphic succession for the delta lobes 
of the Cainozoic Gilbert-Mitchell Trough. Smart ( 1976a,b, 
1977) described the beach ridge deposits of western Cape 
York Peninsula as overlying marine sdty clays with· 
longshore currents having redistributed the coastal.sands. 
Rhodes (1982) and Jones & Torgesen (1988) described 
the late Quaternary evolution of Lake Carpentaria into the 
modem Gulf of Carpentaria. McCulloch et al. ( 1989) and 
De Deckker et al. ( 1988) used the Sr isotope variations in 
ostracod valves to differentiate the lacustrine period from 
ca. 36 000-12 000 bp. The modem setting clearly provides 
a useful model for the complex facies relationships 
observed in the Mesozoic and Cainozoic basins of the 
region. 

Three major Tertiary cycles of erosion, deposition and 
weathering were proposed by Grimes ( 1980). The Bulimba 
Cycle consisted of the Bulimba Formation and its 
correlatives, which rest unconformably on the Carpentaria 
Basin section. These were exposed and weathered as the 
Aurukun Surface. The next, the Wyaaba Cycle, is 
composed of the Wyaaba beds and correlatives and 
terminated by the Kendall Surface. The final cycle, the 
Claraville Cycle, is not as well understood, but it was 
considered to contain two terminal surfaces. The Campaspe 
Surface caps an unnamed sequence of alluvial fans and 
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the Holroyd Surface caps the Claraville beds (Grimes 1980; 
Smart et al. 1980). The Armraynald beds in the south are 
also assigned to this cycle. Basaltic volcanism 
accompanied the Wyaaba and Claraville Cycles in some 
areas. These cycles were defined from outcrop and are 
difficult to recognise in drillholes or on offshore seismic 
data. Many unconformities and surfaces observed onshore 
today appear to be of only local significance, occurring 
during relatively continuous marine deposition offshore, 
where the events are correlative conformities. Recent 
regolith studies (Chapter 12) suggest that this three cycle 
history is an over-simplification of more continuous but 
irregular processes of erosion, deposition and weathering. 

Seismic Stratigraphy 
The thickest part of the Karumba Basin, under the Gulf of 
Carpentaria, comprises three almost nat-lying 
unconformity-bounded seismic stratigraphic packages 
containing mostly concordant parallel internal geometries. 
The lower package is slightly less coherent than the middle 
unit, which has gentle hummocky clinoforms on some 
compressed sections (Plate 9 .3). The base of each package 
shows onlap or possibly subtle downlap due to 
progradation from north to south. The lower package 
exhibits pronounced toplap produced by termination of 
strata against the upper bounding surface. This occurs 
mainly as a result of nondeposition (sedimentary 
bypassing) with minor erosion. 

Existing onshore seismic data are unable to resolve the 
internal geometry of the Karumba Basin because the basin 
is commonly thin. Indeed, the base of the Karumba Basin 
sequence can only be recognised on onshore seismic data 
at Delta Downs. In this area there is a marked unconformity 
separating the Carpentaria and Karumba Basins (Figure 
9.16). 

Shallow ]ligh-resolution offshore seismic data show 
numerous reflectors interpreted as exposure surfaces with 
incised riverine or estuarine channels (Edgar 1993, Edgar 
et al. 1994). 

Structure 
The southern Karumba Basin appears to have been quite 
stable, with only minor, but repeated periods of uplift 
around the basin edge. The minor deformation on Cape 
York Peninsula is most obvious around Kowanyama. The 
Gilbert- MitcheU Trough (Doutch 1976) (Figure 9.18) is 
an important downwarp within the onshore Karun1ba Basin 
(Smart et al. 1980) and contains an artesian aquifer. 
However, seismic data suggest that the major depocentre 
for the Karumba Basin is northwest of CNW Duyken I. 
The Papua New Guinea portion of the basin was more 
tectonically active, with major uplift and deformation of 
the Darai Plateau. · 

Volcanics 
Although most of the Sturgeon Subprovince basaltic rocks 
crop out within the southernmost part of the Carpentaria 
Lowlands Region, their source is in the Charters Towers 
Region. They are described in Chapter 6, along with the 
closely associated Nulla S':'bprovince. 

Regolith and Landforms cF Pain 

The sedimentary units making up the Carpentaria and 
Karumba basins have been described above. Some of these 
units are .the bedrock from which the regolith cover has 
formed. Other younger units can be considered to be 
regolith in their own right. The problem of deciding which 
units are bedrock with in situ regolith cover, and which 
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are transported regolith, has no obvious and consistent 
solution. Herein, Bulimba Formation is considered to be 
bedrock because its outcrops are lithified, if only slightly 
in places. Units younger than Bulimba are not lithified in 
outcrop, and so are regarded as transported regolith. 
Nevertheless, some of these transported units have been 
modified since deposition, and these modifications form 
part of the regolith characteristics described in this chapter. 
Although the following section is based on information 
from only the northern half of the region it is thought to 
be generally applicable throughout the region. 

In situ regolith 
Regolith and Landforms on Mesozoic Coarse Sands and 
Conglomerates. 

~ Alluviurn 

~~~ Residual sand 

0 Pallid s:>prolil< 

• Silcrete in alluvium and monied wne 

&] Mottled saprolite 

Q Modtrntely weathered saprolite 

Figure 9.19. (A) Regolith associated with erosional plains on 
moderately weathered saprolite derived from fine sandstone, 
siltstone and claystone of the Rolling Downs Group. (B) Both 
alluvium and underlying saprotite may be cemented by a siticeous 
hardpan. However, the hardpan is usually confined to areas within 
or immediateJy·adjacent to the channels. 

Rocks consisting of coarse sands and conglomerates 
include the Dalrymple Sandstone, the Gi lbert River 
Formation, the Garraway beds and the Helby beds. These 
rocks are generally flat-lying, and form plateaus and mesas, 
often with benches marking the more resistant beds. 
Regolith on gentle slopes usually consists of residual sand 
up to I m thick, on slightly to moderately weathered 
sandstone and conglomerate. Iron nodules are common, 
especially towards the base of the residual sand. Deep 
residual sand is confined to ridge crests and broad 
interfluve areas. Elsewhere on steeper slopes there is a 
thin, stony soil on slightly weathered saprolite. 

Well rounded coarse gravels and pebbles on the surface 
are common where conglomerates are present in the 
bedrock. 

Regolith and Landforms on Cretaceous and Tertiary 
Sandstones 
The Cretaceous Rolling Downs Group and the early to 
mid Tertiary Bulimba Formation comprise the rock units 
considered in this section. Landforms consist primarily of 
erosional plains, and low mesas and gently dipping cuestas 
standing only a few tens of metres above the general level 
of the erosional plain. There are also limited areas of valley 
floors and flood plains. 

The regolith associated with the erosional plain is 
moderately weathered saprolite derived from· fine 
sandstone, siltstone and claystone of the Rolling Downs 
Group (Figure 9.19). In most cases, bedrock structures 
are still preserved within one or two metres of the surface. 
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The soil is t} pically a shullo\\ sandy yellow earth. Locally. 
more than 50 em of residual sand predommantl)' quan7. 
O\crlies the modcmtcly \\Cathcrcd saprolite. A fe,, rc,idual 
mesas. hill., and narrO\\ sinuou~ ndges. such as the Geikic 
Range. have mottled zone and pallid zone material near 
thctr tops. In a few casc.:s these .. mall hills arc capped by 
silcrete developed on quartz gra,cl-nch alluvium. Where 
this allu\ ium is not present. the upper pan of the mottled 
zone is silicified. A IIU\ ium also occurs along' alley floors 
where It 1s confined either to the channels or to low narrow 
llood platn ... Both the allu' tum and underlying saprolite 
may be cemented b) a stltceous hardpan. However. the 
hardpan is u.,ually confined to areas wnhin or immediately 
adjacent to the channels (figure 9.19). 

Residual sand 1s found on rocks ofboth the Rolling Downs 
Group and the Bulimba Formation. There are also areas 
of residual clay. which appear to be confined largely to a 
particularly clay-nch untt in the Cretaceous Rolling Downs 
Group . The c lay m tncrals present {predominantly 
montmorillonite) have expandmg clay lattices. This leads 
to the formation of g1lgai m1cro relief. deep cracking of 
the upper part of the regolith profile. and a self mulching 
layer. The htghly seasonal climate emphasises these 
features. On some locally steep slopes. such as those 
around the Cmbley Range. this material is prone to land 
slidmg 

In the southern part of the Carpentana Lowlands Region 
the Bulimba formation underlie~ a dissected fan surface. 
The fan surface can be traced upstream rnto ,·alleys cut in 
the basement on the non hem edge of the GeorgetO\\ n 
Region. \\here the Bulimba Formation is silicified in places 
and occurs 1n tn\ erted relief. The Torwood channel on RED 
Rl VER sheet is an example of an upstream channel fill. 

Bau).ite 
.\long the \\estern c.:dgc of Carpentaria LO\\ lands Region, 
the regoltth conststs of pisolitic baux1te (up to I 0 m thick 
but mostly 3 5 m) resting on mottled and pallid. often 
kaolin-rich ;rones (Plate 15.5) Residual sand usually 
overlies the bauxtte. The bauxite weathering profile ts best 
developed and deepest along the coast north of the Archer 
R1ver. Elsewhere, bauxite up to a metre thick is found on 
mesas such as the Embley Range. and the plateau surface 
south of the Mcrapah scarp. 

~ \ oun,rr allu\ IUm 0 s.1 .. """ tw.~pm 

D <JI • ('l,n , - 1-.I .., .,.,..,.. bole 

Fi~ure 9.20. Rdauon,htp' hct\\CCn landfoml' and regolith l)pe 

on lhc W}aaha Bed,, 

The bauxite i-. an imponant economic resource Earlier 
geologtcal mups assumetl a coincidence bet\\een bauxite 
and Bulimba f ormauon. JIO\\ever. th1s cannot be sustamed 
because in man} place!> (e.g Andoom) the bauxite 1s 
formetl d1rectly on Rollmg Downs Group lithic glauconttlc 
sandstone. stltstone and claystone. Its location appears to 
coinc1de w1th slightly higher parts of the landscape. 
probably because it develops tn well drained areas. Its 
former distributwn \\as certamly greater. a:. its boundary 
is frequently an eros10nal break or IO\\ scarp. However. it!S 
former distnbution cannot be determined. 

Transported Regolith 
In terms of areal extent. the late Cainozoic fan surface:
and as,ociatctl deposits of the Carpentaria Lowlands 
Rc.:!!ion are dominant. The1r subdi' is ion and evolution ha\C 
been discussed b) Grime-. ( 19.,9). Grimes & Doutch 
( 1978) and ~anson ct al. ( 1991 ). '-an1cd stratigraphic units 
inclutle the \\'vaaba beds and the Clara\ ille beds. and there 
are a nun1bcr ·of other younger, unnamed units. 

Regolith a nd Landforms on t he \\)aaba Beds 
The landforms on the \\;aaba beds cons1st of allu\ ial 
plam:. that an~ slightly dissected b) broad, very shallo" 
valleys They have a very distinctt\'C photo pattern on both 
aerial photographs and on Landsat TM. Relam·e relief 
across the.: fan surfaces ts rarely more than 2- 3 m. The 
regolith is loose sandy aiiU\IUtn. In htgher areas between 
channels, weathc.:nng has produced a sandy sot I. Materials 
in the valley floors tend to be slightly finer that elsewhere 
in the association. There arc a fc\\ shallo\\ depressions. or 
melon holes. which appear to be a result of subsurface 
solution. Channel tleposits along active channels are 
commonly indurated to form a s1ltceous hardpan. The 
acttvc channcb ami floodplains appear ro be slowl} 
aggradtng: there are small valley-dammed Jakes and 
swamp-; where tnbutanc.:s JOin the main channels. Over 
bank depostts occur outside the main channels. At the 
upstream ends ot the fans. islantls of bedrock or older 
allu' ium within thts allunal plain suggest that the allu,ium 
is thin. The rclationshtp between landform and regolith 
type 1s shown in F1gure 9.20. 

Regolith a nd Landforms on the Claraville Beds 
The Claravilh: beds eonstst of sandy fan allu,ium 
constwards of the Wyaaba beds The deposits were derived 
at lea~t m part from slight reworkmg of the Wyaaba beds. 
and also from the basement areas of the Coen and 
Georgetown Reg1ons. The valley-dammed lakes and 
swamps mentioned above formed as a result of aggradation 
of the Clara\llle beds adJacent to the distal parts of the 
Wyaaba fans. The surface of the Claraville beds is largely 
undisscctetl and in places such as the Staaten interfan area 
(Smart et al. 1980). it is covered with thick sandy material 
on a smooth tlat surface. Much of the area covered by the 
Claraville beds IS covered by water during major wet 
seasons. 

Regolith and La ndfor ms on Young Alluvial Deposits 
Allu' ial deposits younger than the Wyaaba and Clara\ tllc 
beds occur in floodplains and chan neb along major ri' e~ 
such as the Holroyd. Mitchell and Gilbert. They are also 
found in the major acme fans of the Gilben and Mitchell 
RI\Crs. As with the older fan allu\lum. the materials are 
sandy. The surface is clearly marked "ith O\'ertlo" 
channels. \\hich arc acti\'e during \\et seasons. Older 
abandoned channels are market! b~ stnUOU:; sandy and \'CI) 

lo\\ ridges. which rtsL only about a metre above the 
surrounding plain~. The overt10\\ channels arc easll} 
recognised on Land ... at image!) because of the different 
and taller \egetation they support. The reason they arc 
slightly higher than the surrountltng areas may be that the 
coar.-.er sand tn the oltl channels compacts less than the 
l'tner matenals underlying the plams. '\anson et al. ( 1991 I 
found that the upper part of this alluvial sequence in the 
Gilbert River is late Quatcrnal) in age. 

Regolith and Landforms on the Coastal \'largins 
Burne et al. ( 1995 l dc.:scnbed the coastal margm of the 
Carpentaria I ow lands Reg1on. It i-. characterised by broad 
lo\\ -lying coastal plains. 
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Table 9.4. Mineral production, Carpentaria Lowlands, Gulf of Carpentaria and Quinkan Regions. 

BAUXITE 
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Weipa Bauxite Mine 1960-1996 233 115 000 
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Wool gar Goldfield 1879-1887 851.66 

Mines and Mining History TJ Denaro 

Bauxite, kaolin and gold have been produced in the 
Carpentaria Lowlands Region (Table 9.2). Bauxite is the 
only commodity currently being mined. 

Bauxite 
The extent and economic potential of bauxite deposits on 
the west coast of Cape York Peninsula were first recognised 
by HJ Evans in )955. In 1957, the Queensland government 
and Commonwealth Aluminium Corporation signed an 
agreement to allow the company to develop the deposits 
and construct the mining town of Weipa. Comalco 
Aluminium was formed in 1960 and the first commercial 
shipment ofbauxite was made in 1963. In 1970, a bauxite 
calcination plant was commissioned. It is the only one of 
its kind in Australia. 

Bauxite mining at Weipa is now confined to the Andoom 
area, 19 km north of Weipa township. About 70% of the 
beneficiated bauxite is sent to the Queensland Alumina 
Refinery at Gladstone; the remainder is exported to 
Europe, USA, Commonwealth oflndependent States (CJS) 
Japan and Korea. A low-iron variety is mined for 
production of calcined bauxite for synthetic corundum feed 
for the abrasives industry. 

Total production from 1960 to 1996 was -233 115 000 t. 

Kaolin 
Kaolin was found shortly after the discovery of the Weipa 
bauxite in I 955. Towards the end of the 1970s, it was 
recognised that the kaolin had potential for use in the paper 
industry as a filler and for coating. A processing plant 
was constructed and the first kaolin mined in 1985 (Schaap 
1990). 

Kaolin was mined by Comalco Aluminium at Weipa until 
November 1996. The kaolin plant has now been placed on 
a care and maintenance basis. Total production from 1986 
to 1996 was -971 200 t. 

Gold and Copper 
Gold was first discovered near the Woolgar River (in the 
south of the Region; Atlas Plate 38) in about 1879 and the 
Wool gar Goldfield was proclaimed in 1882. Total recorded 
production up until 1887 was 833.84 kg of gold bullion, 
27.85 kg of fine gold, 4.78 kg of silver and 0.24 t of copper 
from 31 997.8 t of ore, and 17.82 kg of gold bullion and 
0.28 kg offine gold from alluvium. However, most of the 
alluvial gold production was not recorded and, given that 
mining in the early years of the goldfield was confined to 
alluvials, the actual alluvial gold production would have 
been far in excess of this figure. 
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Recent Exploration History 
The results of company exploration in the Carpentaria 
Lowlands, Gulf of Carpentaria and Quinkan regions have 
been summarised by Culpeper et al. (1992a) and Denaro 
& Shield ( 1993). Exploration summaries on a I: 100 000 
and I :250 000 sheet area basis are given in reports by 
Barker et al. (1996b), Culpeper (1993), Culpeper & 
Burrows ( 1992), Culpeper et al. (1992b ), Denaro (1993), 
Denaro & Morwood ( 1992a), Denaro & Morwood ( 1997), 
Denaro et al. (1993), and Rees & Genn (in prep.). 

Bauxite 
Following recognition of the commercial importance of 
bauxitic laterite on the west coast of Cape York Peninsula 
in 1955, several companies carried out exploration to 
delineate ore bodies. Although several marginal grade 
deposits were found, the best deposits are those now held 
under mining lease by Comalco Aluminium, Alcan South 
Pacific and Aluminium Pechiney Holdings. There has been 
no active bauxite exploration outside of these leases since 
1982. Exploration within ML 703 I .has delineated reserves 
of 75 Mt of bauxite at Ely, some 40 km north of Weipa. 
The project is in the pre-authorisation phase and Alcan 
South Pacific plans to ship 2.5 Mt of washed bauxite per 
year to Queensland Alumina at Gladstone and Aughinish 
Alumina in Ireland. 

Kaolin 
Venture Exploration NL is investigating the mining 
potential of paper-coating grade kaolin deposits on its 
mining lease near the Skardon River. In 1991, the 
Commonwealth government awarded Venture Exploration 
a grant to assist in constructing a pilot processing plant. 
This pilot plant in Cairns has already produced high quality, 
refined kaolin. Venture is planning to produce 50 000 t of 
calcined kaolin and 25 000 t of fluid cracking catalyst 
kaolin per year, but is still trying to secure joint venture 
capital to develop a mine with a projected viable life of 
-15 years. 

Silica Sand 
Since 1967, the Olive River Dunefield has been 
investigated by Metals Exploration NL, ACl Operations, 
T. Essington Breen, White Point and M. Badran. Very large 
reserves of high quality silica sand have been delineated, 
particularly in the Shelburne Bay area. Most recently, 
reserves of8.76 Mt ofhigh quality sand have been proved 
at Conical and Saddle Hills, in the northern part of the 
field, and a firm development proposal formulated by the 
Shelburne Silica Joint Venture. An open-cut mine with an 
expected capacity of up to 2.0 Mtlyear was planned, but 
the project was deferred when Commonwealth government 
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opposed the development on environmental grounds. The 
main deposits are within a Department of Mines and 
Energy Restricted Area. 

Heavy Minerals 
Since 1957, numerous companies have sought economic 
heavy mineral sand deposits in the region. Exploration has 
targeted alluvium in streams draining west to the Gulf of 
Carpentaria, silica sand dunes along the east coast of Cape 
York Peninsula, and present and palaeo-beach and beach 
ridge deposits on the west coast. Heavy mineral 
concentrations containing ilmenite, rutile, zircon, 
monazite, leucoxene and xenotime have been found, but 
grades and volumes have not proved to be economic. 

Gold 
Exploration for alluvial gold along the Palmer, Mitchell , 
Staaten, Walsh, Wenlock and Lynd Rivers and their 
tributaries has failed to establish economic grades. 

The Woolgar Goldfield and surrounding area have been 
explored for lode and alluvial gold deposits since 1973. A 
joint venture between Strategic Minerals Corporation NL 
and Arboyne NL is investigating the potential of numerous 
epithermal quartz vein sets of probable Carboniferous
Permian age in the Sandy Creek area, east of the Woolgar 
Goldfield. A water supply dam was completed in 1995 
and mining engineering and feasibility studies are being 
carried out. 

Uranium 
The Carpentaria Basin was explored for sandstone-hosted 
uranium deposits in the 1970s. No economic uranium 
mineralisation was detected and most of the radiometric 
anomalies investigated were probably due to thorium in 
detrital minerals shedding from basement rocks. 

Central Coast Exploration NL discovered uranium 
mineralisation in the Woolgar Goldfield in 1977. 
Subsequent exploration by several companies delineated 
a number of radiometric anomalies but no economic 
mineralisation was found. 

Oil Shale 
Oil shale in the Toolebuc Formation of the Rolling Downs 
Group was first recognised by Australian Aquitaine 
Petroleum in 1965, during studies of samples from two 
petroleum exploration wells (Day 1"983). Since 1966, 
numerous companies have explored virtually the entire 
outcrop and shallow subcrop belt of the formation in the 
Eromanga and southern Carpentaria Basins. 

Coal 
In the late 1970s to early 1980s, Utah Development 
Company was active in prospecting for coal around the 
margins of the Carpentaria Basin. The general philosophy 
was to explore for coal in basal Jurassic fluviatile sediments 
and in Permian sediments beneath the Mesozoic sequence. 
Extensive drilling in the Olive River and Carpentaria 
Basins by both Utah and Comalco Aluminium failed to 
delineate any economic deposits. 

Known Mineralisation and 
Resources 
Table 9.5 lists, and Atlas Plate 38 shows the distribution 
of, known mineral resources in the Carpentaria Lowlands 
Region. 

Bauxite 
AIUJTtinous (bauxitic) laterite extends, with minor erosional 
gaps, for a distance of 350 km along the western side of 
Cape York Peninsula, from Vrilya Point in the north to the 
Holroyd River in the south (Atlas plate 38). It covers an 
area of approximately II 000 km2, of which at least 520 
km2 contains economic-grade bauxite (Evans 1975). Small 
residuals of aluminous laterite occur beneath a cover of 
dune sand on Turtle Island and east ofthe Escape River on 
the eastern side of Cape York. The aluminous laterites are 
almost entirely restricted to Cainozoic and Cretaceous 
rocks close to the present coastline. Inland, where Jurassic 
and Cretaceous rocks have been lateritised, the profiles 
are ferruginous, sandy, devoid of pisolites, and non
bauxitic. 

In the Weipa Peninsula area, the aluminous laterite is 
developed on the 'Weipa beds', a fluvial or deltaic unit 
overlying the Early Cretaceous, shallow marine Rolling 
Downs Group. The basal unit of the Weipa beds is a coarse 
quartz sandstone, overlain by interbedded siltstone and 
sandstone, now kaolinitic clay and quartz sand. Bauxite 
formed in the upper part of this sequence. North and south 
of the Weipa Peninsula, the aluminous laterites fanned on 
the Rolling Downs Group. Drilling by Comalco has 
indicated that the Weipa beds may be a facies of the Rolling 
Downs Group (Schaap 1990), but the Cretaceous
Cainozoic boundary defined in Duyken-1 has been 
correlated on seismic sections with the Weipa area, where 
it appears to correspond to the base of the Weipa beds. 
Thus the Weipa beds are probably a part of the Bulimba 
Formation. The bauxite is considered to be the result of in 
situ weathering of the Weipa beds and Rolling Downs 
Group during the normal process of lateritisation. 

The typical weathering profile is 20-35m deep and 
boundaries are sharp in Weipa and gradational at Andoom. 
The bauxite layer is a flat to gently dipping surface deposit 
averaging 2.4 m thick, with <I m of overburden. The 
bauxite is strongly pisolitic and generally loose and friable. 
Available alumina is present in two varieties - gibbsite 
(trihydrate) and boehmite (monohydrate). Boehmite-rich 
micro-pisolitic bauxite, locally referred to as 'red soil', 
occurs as surficial deposits up to 4 m thick in several areas 
of Andoom. Silica content at Andoom and Weipa, in the 
form of kaolinite and quartz, is 1% to > 10%. During 
beneficiation, silica present in the bauxite as kaolin, reacts 
with caustic soda, thereby increasing the caustic soda 
consumption and associated costs. There are both low- and 
high-iron varieties of bauxite on Cape York Peninsula. 

Kaolin 
At Weipa, kaolin occurs in the pallid zone of the laterite 
profile. It was mined from areas from which the overlying 
bauxite had been removed. The deposits are discontinuous 
clay lenses approximately 2-3 km long, 300m wide and 
4.5 min average thickness. They overlie a shallow quartz 
sand aquifer, the basal Weipa beds. The top and bottom 
contacts with sandstone and clayey sandstone are sharp. 

Studies of the kaolin and the relationship between the 
claystones and sandstones of the Weipa beds indicate that 
the kaolin was laid down as a clay. The purity of the kaolin 
is probably the result of extensive leaching and alteration 
that occurred during the formation of the laterite profile. 

Extensive areas of kaolin have also been found in the 
Pennefather River- Mapoon area, about 20 km north of 
Weipa (White 1991 ), and potentially economic kaolin. 
deposits occur at Skardon River. 
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Table 9.5. Known mineralisation and resources, Carpentaria Lowlands and Gulf of Carpentaria Regions 
Number Name Type and Age of Deoosit Resources and Reserves 

I Turtle Head Island-Escape River Lateritic bauxite developed on 230 Mt bauxite 
Cretaceous to Tertiary sediments . >30 Mt silica sand 
Heavy mineral-bearing Cainozoic 
beach sands and silica sand dunes 

2 Vrilya Point Lateritic bauxite developed on 100 Mt bauxite @ ~5% total 
Cretaceous to Tertiary sediments. AhOl and 7% reactive silica 
Heavy mineral-bearing Cainozoic 
coastal sands 

3 Skardon River Kaolin in pallid zone of lateritic profile Proved reserves: 8 Mt kaolin 
developed on Cretaceous to Tertiary Measured resource: 31 Mt of clay and 
sediments sand containing 44% clay 

Inferred resource: 22 Mt claystone 
containing 92% clay 
Silica resources confidential 

\ 

4 Ely-A lean South Pacific lease Lateritic bauxite developed on Proved reserves: 75 Mt bauxite 
(ML 7031) Cretaceous to Tertiary sediments Resource: 500 Mt bauxite 

5 Weipa bauxite mine Lateritic bauxite developed on Resources: 3600 Mt bauxite and 
Cretaceous to Tertiary sediments. 36 Mt kaolin 
Kaolin in pallid zone of laterite profile Proved reserves: 230 Mt bauxite (at 

>50% Al20 1) and 11 .2 Mt kaolin 

6 Urquhart Point Rutile and zircon-bearing Cainozoic 
beach ridge deposit 

7 Aurukun-Aiuminium Pechiney Lateritic bauxite developed on Proved reserves: 75 Mt bauxite 
Holdings lease (ML 7032) Cretaceous to Tertiary sediments 

8 Shelburne Bay Cainozoic silica sand dunes Resources: 143 Mt silica sand. 
(Ol ive River Dunefield) Reserves: 40 Mt silica sand 

9 Olive River Basin Permian coal seams 

10 Colmer Point Cainozoic sand dunes 192 Mt silica sand. Heavy mineral 
(palaeo-beach ridge deposits) resources confidential 

II Woolgar Goldfield Woolgar: ?Silurian-Devonian Total 
mesothermal gold-<juartz veins. Proved and probable reserves 
Sandy Creek: ?Carboniferous- Permian 1.092 Mt at 2.29g/t Au 
epithermal gold-quartz vein systems Total resources: 2.172 Mt @ 2.47 g/t 

Au, with a 1.00 g/t Au cutoff 
Individual prospects 
Explorer - Inferred resource: 
202 000 t @ 2.28 g/t with 
0.50 g/1 Au cut off. 
Junior - Inferred resource: 
13 000 I@ 3.7 g/t Au with 
1.0 g/t Au cut off. 
Losl World - Measured resource: 
I 197 654 t@ 1.93 g/t Au; indicated 
resource: 153 426 1 @ 1.95 g/t Au; 
inferred resource: 56 019 t @ 1.40 
g/t Au (Strategic Minerals 
Corporation NL 1995) 

Silica Sand 
Silica sand occurs in sand dunes along the east coast of 
Cape York Peninsula, particularly in the Escape River to 
Olive River area (Atlas Plate 38). 

The field is characterised by active parabolic and elongate 
parabolic dunes aligned parallel to the prevailing southeast 
winds and by older stabilised and lateritised dunes. The 
dunes consist almost entirely of quartz sand; heavy mineral 
content is 0.024-0.206% (mainly ilmenite and zircon). The 
sand meets specifications for foundry moulding and glass 
manufacture. Grainsize range is similar to that of sand 
currently mined at Cape Flattery. 

The Olive River Dunefield extends from Shelburne Bay 
south to the Olive River and inland for 15 km. Of 
Quaternary age, it overlies Jurassic and Cretaceous 
quartzose rocks of the Carpentaria Basin. Theories on the 
genesis of the dunes differ from those for the Cape 
Flattery-Cape Bedford Dunefield in the Cairns Region 
-the Olive River dunes are thought to be much younger. 
Cape Grenville may have acted as an anchor point for the 
progradation of a sand barrier, with the resultant 
accwnulation of the field (Cooper & Sawers 1990). 

3 8 8 

After processing, silica sand forming the palaeo-beach 
ridge system of the Colmer Point heavy minerals deposit 
could be suitable for use in glass making. Inferred 
resources are 192 Mt of contained silica (Cooper 1993). 
Silica sand could also be produced as a by-product during 
processing of the Skardon River kaolin. 
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Gold 
Most gold-bearing veins in the historic Wool gar Goldfield 
are discrete, steeply dipping shear- and fault-hosted bodies, 
with thicknesses ranging from a few centimetres to two 
metres. Sulphides are generally a minor constiruent -
galena and pyrite are the predominant sulphides. 
Carbonates and quartz are the main gangue minerals and 
alteration minerals associated with the veins include 
chlorite, sericite and some carbonate (Tate 1987a). 

The Soapspar deposit comprises a gently dipping, 
discontinuous zone of intensely altered and sheared schist, 
gneiss, migmatite, metaquartzite and metadolerite, with 
minor quartz veins (Tate 1987). Unlike other deposits in 
the Wool gar Goldfield, the ore body contains only a few, 
irregular vein lets, rather than a discrete, continuous vein. 
Gold occurs both within the quartz veinlets and in the 
alteration zone surrounding the veins (Tate 1987). The ore 
consists almost entirely of quartz, sericite, kaolinite and 
haematite. 

Numerous epithermal quartz vein sets of probable 
Carboniferous-Permian age occur in the Sandy Creek area, 
east of the Woolgar Goldfield. A number of these vein 
sets are currently being investigated by a joint venrure 
between Strategic Minerals Corporation NL and Arboyne 
NL They occur along a west to northwest-trending fault 
set. Wallrock alteration is strongly controlled by rock type 
and forms wineglass-shaped haloes around the main 
epithermal veins (Digweed 1990, 1991 ). Gold 
mineralisation (-600 fine) occurs mainly in fine sulphide 
bands in crystalline quartz with a combination of moss, 
crustiform and colloform textures. Associated sulphide 
minerals include pyrite, chalcopyrite, arsenopyrite and 
sphalerite. Veins hosted by dolerite have notably higher 
sulphide contents and better associated gold grades. Gold 
grades are also elevated in crustiform quartz and in 
brecciated veins (Digweed 1991 ). 

Heavy Minerals 
Heavy mineral sands occur extensively throughout Cape 
York Peninsula, but few deposits are of economic interest. 
The main deposit types are beach, beach ridge, dune and 
alluvial placer deposits. The dominant mineral present is 
ilmenite, but rutile, zircon, leucoxene, monazite and 
xenotime also occur. The primary sources of the heavy 
minerals a re Proterozoic metamorphic rocks and 
Palaeozoic gr-anitic -rocks of the· Coen and Yambo -Inliers 
and Hodgkinson Province, and reworked detrital grains 
!Tom Mesozoic and Cainozoic sedimentary sequences. The 
most promising deposits in terms of economic potential 
are near Weipa and Coen. 

A sizeable deposit of moderately high-grade black sand 
occurs in beach ridges near Urquhart Point, opposite 
Weipa. It is unusual in that up to 80% of the concentrates 
consist of rutile and zircon, rather than ilmenite. Another 
deposit with rutile and zircon as the main constituents 
occurs at the mouth of Norman Creek; but it is sub
economic. Heavy minerals also occur in coastal sands at 
Vrilya Point (White 1991 ). 

Uranium 
Secondary uranium mineralisation has been reported from 
the Woolgar area, where it is associated with a 
differentiated two-mica granite at Mowbray and with 
microgabbro and pegmatite at the Perseverance and AF5 
near Crooked Creek (O'Shea 1981, 198~). The 
mineralisation is structurally controlled. It has been 
interpreted as supergene uranium enrichment in an 

oxidised, faulted and porous granite, with the primary 
source related to late-stage magma phases such as 
pegmatites. 

Oil Shale 
The CretaceousToolebuc Formation of the Rolling Downs 
Group is a thin (5-15 m), shallow, marine stratigraphic 
unit that is widespread in the Eromanga and southern 
Carpentaria Basins. It comprises carbonaceous and 
bituminous shale and interbedded bioclastic and micritic 
limestone (Day 1983) and contains inferred oil resources 
totalling 230 000 Mm3 (Ozimic 1981 ). Exploration has 
indicated an average yield of 40 lit. Most of these resources 
are too deeply buried to be economic, given current 
technology. 

Coal 
Permian coal seams occur over a restricted area in the Olive 
River Basin (Wells I989a,b ). The seams are at 98-364 m 
depth and are of coking quality. The known areal extent is 
small, the seams are near-vertical, and the sequence is 
probably affected by faulting. Exploratory drilling to date 
has not delineated any economic deposits. Discontinuous 
coal seams to 0.5 m thick have also been intersected in the 
Mesozoic Garraway Sandstone in this area. 

Petroleum Resources and 
Prospectivity BA McConachie, JN Dunster 

Pascoe and Olive River Basins 
Exploration in these basins was mainly to find source rocks 
that may have charged reservoirs in the overlying 
Carpentaria Basin. Permian sandstones in the Olive River 
Basin were also considered potential reservoirs. However, 
the Permian source rocks were found to be deficient in 
terms of depth, volume, thickness and maturity. Most 
reservoir-quality Permian sandstones have no seal. Source 
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Figure 9.21. Carpentaria Basin gas analyses plotted on diagram 
for detenruning the origin of natural gas. Note that data plot in 
the mixing zone between biogenic and thermogenic gas. 
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Figure 9.22. Methane analyses of gases from anesian waterbores 
in the Carpentaria Basin. 

rocks in the underlying Pascoe River Basin were probably 
over-mature for oil generation before deposition of the 
Permian. The presence of intrusions in the Pascoe.River 
Basin and its structural complexity, mitigate against the 
basin's petroleum prospectivity. 

Carpentaria Basin 
The history of petroleum exploration in the Carpentaria 
Basin was reviewed in Smart et al. (1980), Meaney et al. 
( 1991) and Dunster & Barlow (1992). Seismic exploration 
onshore was discussed in Barlow & Dunster (I 989), 
McConachie et al. (1990) and Meaney et al. (1992) and is 
summarised in Table 9.4. Offshore seismic data is 
described in Meaney ( 1990, I 992a,b ), McConachie ( 1992) 
and Meaney et al. (1993). McConachie ( 1989) and 
McConachie et al. (1994) focussed on the petroleum 
prospectivity of the offshore Carpentaria Basin. Figure 9.2 
shows the location of seismic sections recorded since 1980. 
The wells drilled to date are summarised in Table 9.2 and 
located on Figure 9.3. Onshore petroleum exploration wells 
are discussed in McConachie eta!. (I 989), Dunster ( 1991 , 
1992a,b) and Dunster et al. (1989a,b,c). No significant 
hydrocarbons were intersected and all dri llstem tests 
recovered only water. 

Oil shows reported from the onshore Carpentaria Basin 
(summarised in Passmore et al. 1993b) are from the 
Toolebuc formation. They are unlikely to have charged 
underlying reservoirs that occur below several hundred 
metres of thick Wallumbilla Formation seal rocks. 
Flammable gas emitted from waterbores has been sampled 
and is almost exclusively methane. Isotope data plot on 
the boundary between biogenic and thermogenic (Figure 
9 .21, McConachie 1987b ). Methane distribution indicates 
concentration in the Karumba area (Figure 9.22). Helium 
is anomalously high in many samples, particularly at 
Burketown waterbore and south ofWeipa (Figure 9.23). 

The Carpentaria Basin has a dearth of suitable tectonic 
anticlines for structural petroleum plays. Features resulting 
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from drape over basement and differential compaction are 
oflow amplitude. 

The basal sandstones are widespread throughout much of 
the Carpentaria Basin and, where sufficiently thick, contain 
good quality reservoirs. However, confinement of the Eulo 
Queen Group sandstones to palaeo-topographic 
depressions significantly restricts the petroleum plays 
available in the southern Staaten Sub-basin. The Western 
Gulf Sub-basin probably contains only thin, poor quality, 
potential reservoir rocks. 

Argillaceous formations in the Rolling Down~ Group 
provide an extensive regional seal over almost all the 
Carpentaria Basin. Both the Mesozoic rocks and Permian 
infra-basins have been investigated as potential source 
rocks. However, the onshore Mesozoic rocks are only 
marginally mature and the only likely Permian source rocks 
are overlain by unsealed Mesozoic sandstones. Long 
distance migration from deeper Mesozoic section offshore 
would have to be invoked to produce economic quantities 
of petroleum onshore. Such migration would be impeded 
by the erratic porosity and permeability at the top of the 
conduit, which can be expected to have acted as a thief 
zone. Furthermore, such migration would be opposed by 
the present (and presumably, past) westward hydrodynamic 
drive. 

The prospectivity of the offshore Carpentaria Basin is rated 
more highly. The only well in the offshore Carpentaria, 
CNW Duyken I, drilled a bald basement high and failed 
to intersect reservoir sandstone, so the offshore Carpentaria 
Basin remains prospective but untested. The Mesozoic 
section is likely to be oil-prone. Depending on heat flow, 
underlying sequences may even be gas-prone. McConachie 
et al. (1994) identified several large, subtle structural traps 
(Tringa, Sula, Larus and Sterna) with confirmed closure 
on the Keer Weer Divide. Additionally, on the northwest 
flank of the Carpentaria Depression, stratigraphic lapout 
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in the Carpentaria Basin. 
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has produced very large potential traps. Regional tilting 
since the Late Cretaceous has resulted in subsidence to 
the northwest, so that the traps as mapped today arc 
minimum areas with spill directions to the southeast. The 
Murta, Westralian and Gondwana Systems of Bradshaw 
( 1993) an:: al l potentially viable in the offshore Carpentaria 
Basin. These systems comprise successful producing 
alignments of source. generation, reservoir, migratron, seal, 
entrapment, preservation and timing for Australian 
hydrocarbon-producing basins, many of which can be 
demonstrated to have similar genetic traits. The Westralian 
System as depicted by Matzke et al. ( 1 992) is shown in 
Figure 9.24. 
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Figure 9.24. Westralian petroleum \ystem a.' depicted hy Mauke 
eta!. r 1992). 

Karumba Basin 
The Karumba Basin IS too thm and too shallow to be 
prospective for hydrocarbons within Australia, however, 
the Darai Limestone contains large gas deposits and 
important oil shows in Papua New Guinea. 

Bamaga Basin 
The hydrocarbon prospectivity of the Bamaga Basin is 
discussed by Passmore et al. (I 993a.b), who tdentifted 
some thirty structural leads and possible stratigraphic traps 
within the southern portion of the basin. As the age and 
hthological nature of the.: basin-fill arc unknown, the first 
well in this untested basin will be a high-risk wildcat. 

Groundwater MA Hahermehl. J.l Draper 

North Queensland contams some important groundwater 
resources, including artesian groundwater in the northem 
l::.romanga, Carpentana and Laura Basins and shallow 
groundwater in several coastal sedimentary aquifers. 
Aquifers also occur in the Karumba Basin. Most of the 
aquifers contain large quaOLitics of good qual1ty 
groundwater. Groundwater in the fractured rocks of the 
PalaeoZOIC and Proterozoic metamorphic and igneous 
basement rocks is limited in quantity and variable in 
quality. 

Groundwater is important for pastoral, agricultural, 
domestic, homestead, town and industrial uses in North 
Queensland. Surface water is abundant for only part of 
the year in Cape York Peninsula. with its highly seasonal 

summer rainfall. and many areas in the Peninsula arc 
c.levo1d of surface water during the dry season. In the 
southern part of North Queensland. surface water 1s often 
available during summer, but it is unreliable and unevenly 
distributed. Surface water is generally insufTictent 111 the 
semi-arid southwestern part of North Queensland and 
groundwater is the only reliable <;ource of water in the 
region. 

The hydrogeology of the Great Artesian Basin as a whole 
was summarised by Habcrmeh I ( 1996 ). The groundwater 
resources of the northern Carpentaria Basm were described 
by Horn ct al. ( 1995). The accompanying Atlas (13ain & 
Draper 1997) has three plates <;howing aspects of the 
groundwater in Nonh Queensland. Atlas Plate 35 shows 
the distribution of bores and water quality. Fluoride 
dhmibution IS shown in Atlas Plate 36. and potentiometric 
surface contours in Atl:l.,; Plate 37. 

H~·drogeolog} 

Aquifers are present in the Clematis'Warang. Precipice, 
Boxvale, Hutton, Adori and Hooray Sandstones, and the 
Cadna-owie Formation and the~r equivalents, and in the 
Mackunda and Winton formations in the Eromanga Basin. 
The major confimng beds cons1st of the Rcwan Group, 
Moolayember. Evergreen , Birkhead. Westhourne, 
Wallumbilla and Toolebuc Formations. nnd the1r 
equivalents. and the Allaru Mudstone. and parts of the 
Mackunda and Winton Fonnations. Aqu1fers 1n the 
Eromanga Basi11 are connected to the aquifers in the 
Carpentari a Basin .tcross the Euroka Arch, and 
groundwater movement is din.:cled northwards across the 
Euroka Arch from the northern Eromanga Basin into the 
Carpentaria Basin. 

Aquifers in the Carpentaria Basin arc present mthe Helb) 
Beds. Garraway Sandstone, and the llarnpstcad Sandstone 
and the Loth Formation of the Eulo Queen Group. and the 
Gilbert River Formauon. The main confinmg sequence is 
the Rolling Downs Group, though some minor aquifers 
are present "ithin thl lower parts of the Rolling Downs 
Group. 

Aquifers in the Karumbn Basin occur in the Bulimba 
Fom1ation and in the Wyaaba Beds, though they arc limited 
in their thickness and extent flowing and non-llO\\ ing 
artcs1an waterbores that tap these aquifers are tmportant 
for the water supply of Cape York Peninsula because of 
their shallow depths and the good quantities and qualtty 
of the groundwater The Karumba Basin is the most 
important source of water on western Carl.! York Peninsula 
(Horn et a l. I 995). Confining beds consist of the fine
grained Caino7oic sediments overlying most ofthc aquifers 
in the Karumba Basin. The hydraulic charactenstics of 
the Karumba Basin tquifers are poorly known. except m 
the Weipa area where the water is used for the town supply 
and tn the mme. 

Isotope hydrology stud1es in the northem Eromanga Basin 
and tn the northern part of the Carpcntana Basin show 
similar patterns of continuing recharge from geological to 
modem times, and groundwater movement away from the 
intake beds towards the centre of the bal>in. In North 
Queensland, most groundwater in the Eromanga and 
Carpentaria Basin moves in a westwards direction. 

Natural discharge from the Great Artesian Basin occurs 
as concentrated outtlow from springs, vertical leakage 
through confining beds towards the regional watertablc, 
and subsurface outflow into neighbouring basins. Artificial 
<.ltscharge occurs by means of free or controlled artesian 
flow and pumped abstraction from waterhores drillcc.l 11110 
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the aquifers. Diffuse discharge from the artesian aquifers 
through the confining beds towards the surface occurs in 
the areas where the confining beds are relatively thin, 
pressures are high, and watertables shallow, such as the 
Euroka Arch. 

Springs in the North Queensland part of the Great Artesian 
Basin occur on HUGHENDEN, RICHMOND, JULIA 
CREEK and MILLUNGERA. There are several springs 
on CAPE WEYMOUTH, WEIPA, JARDINE RIVER and 
ORFORD BAY. Several of the springs are related to the 
topography of the recharge areas and occur as the result 
of groundwater overflows from the aquifers. They appear 
as springs where groundwater is 'rejected' from the intake 
beds of the basin. Springs in North Queensland generally 
appear as pools surrounded by vegetation or as outflows 
from rock outcrops into creeks. They commonly occur 
along fault lines. Spring discharges have declined in some 
areas as a result ofwaterbore development during the past 
100 years. 

Water Quality 
Groundwater from the major aquifers (Gilbert River 
Formation, Garraway Sandstone, Helby beds) in the 
Carpentaria Basin is generally good in unconfined aquifers 
and suitable for most purposes. In confined aquifers, water 
quality deteriorates, probably due to mixing with saline 
waters from the Rolling Downs Group. Fluoride values 
are often too high for human consumption. Average 
groundwater analyses for the Carpentaria Basin are given 
in Table 9.6. 

Groundwater quality in the Karurnba Basin is generally 
good, with the Bulimba Formation water suitable for all 
purposes, but the Wyabba beds contain some saline waters. 
An average water analysis for the Karumba Basin is given 
in Table 9.6. 

Table 9.6. Average water analyses, Carpentaria Basin (from Hom et al. 1995). 
I 

~~"rE:~~~ r,l! . ~G91l'a'§ m-~12 fl5li1l ' 9Aiit~ ;"SNr ~~::.or· ,;._._~ ·-! 
~·~,., ~ 'I 
~Nig;.... 

lfC'1< ~-..cyj! 
~iokC.h .... ., ~!i~~" lS:6.!t~ ~m1:: ... j~":.J'' 

Bulimba 214 801* 154* 7.41 158 128* 26 22 158* 190 38* 0.8 0.7 
Formation} 
Wyabba 
beds 

Rolling 8 3800~ 566* 20 277 667* 119* 65* 975* 335 336* 0.07* 2.6* 
Downs 
Group 

Gilbert 26 1340 87* 17 223 258 23* 7.68 276• 267 36* 1.0* 2.6* 
River 
Formation 

Garraway 10 1170 43 17 204 247 14 2.1* 227 245 618 0.3 1.58 
Sandstone 

Helby 7 94 27 6 81 80* 7 42.2 82* 99 2 0.1* 0.7• 
beds 

• md•cates dat~ w1th a skewed d1Str1but10n wnh S1gn1ficant vanance; n =number of analyses; cond =conductivity; hard = hardness: SAR =Sodium Absorption 

Ratio: alk =alkalinity; elements and ions in mg!L. 
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Table 9.7. Stratigraphy of the Carpentaria Lowlands and Gulf of Carpentaria Regions (compiled by BA McConachie). 
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Karumba Basin (onshore) 

Clara ville beds Sih, clay, clayey 70m ?Pliocene lo Regionally unconformable Fluvial 10 paralic Clara ville Plain Smart et al. (1980) 
quartzose sand, gravel approx. Pleistocene on the underlying units 

Wondoola beds Sih, clay, sandy 60m ?Pliocene to Regionally unconformable Auvial1o paralic Wondoola Plain Smart et al. ( 1980) 
clay, gravel approx. Pleistocene on the underlying units 

Armraynald Sill, clay, sandy 25m ?Pliocene to Regionally unconformable Fluvial to paralic Armraynald Plain Sman ct al. (I 980) 
beds clay. gravel approx. Pleistocene on the underlying units 

Wyaaba beds Clayey quartzose sand, <150m Late Miocene to Regiona lly unconformable Fluvial to paralic Onshore Cape York Smart et al. (1980) 
sandstone, conglomerate early Pliocene on the underlying Peninsula, mostly Gilbert 
clay calcareous silt Bulimba Formation Mitchell Trough 

Wyaaba beds - Limestone, calcrete, 140m Late Early to early Regionally unconformable Paralic to shallow marine GALBRAITH and Palmieri, Beeston 
marine facies calcarenite Middle Miocene. on the underlying RUTLAND PLAINS Appendices 2 & 3 in 

Micropalaeontology. Bulimba Formation, Derrington (I 989) 
palynology regionally unconformably 

overlain by fluvial deposits 

Carl Creek and Micritic arenaceous <50m Miocene macrofossils Unconformable on Lacustrine LAWN HlLL, Smart el al. ( 1980) 
Gregory Downs limestone, claystone, Cambrian and CAMOOWEAL areas 
Limestones chert. conglomerate Proterozoic rocks. 

Basaltic Olivine basah, 600 m Late Miocene 10 Unconformable on Subaerial Southeastern most part see Chapter 6 
volcanism olivine nephelinite Pleistocene Cainozoic and older rocks of region 

Bulimba Clayey quartzose <150m Cainozoic (Palaeogene? Regionally conformable A uvial to paralic Onshore and offshore Smart et al. ( I 980) 
Formation sandstone, granule but not dated directly with the overlying units, Karumba Basin 
Weipa beds conglomerate, siltstone from onshore samples major unconformity and 

and claystone time gap at base 

Karumba Basin (offshore) 

Sequence 3 Sih and clay <200m Recent Conformable top w ith Shallow marine Most of Gulf of Carpentaria; McConachie et al. (1994); 
equivalents of ·Biostratigraphy down lap at base Main depocentre to west of Meaney (1992b ); 
the Clara ville Beds in Duyken I Carpentaria Depression Meaney el al. ( I 993); new 

data lhi~ volume 

Sequence 2 Limestone and siiL~Ione <150m Miocene. Conformable top with Shallow marine 
Biostratigraphy in down lap at base 

Sequence I Sandstone, siltstone, <250m ?pre to Middle Regionally conformable Fluvial 10 paralic 
claystone and peat Miocene. with the overlying units, 

Biostratigraphy in some loplap; major 
Duyken I unconformity and lime 

gap at base 
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Table 9.7. Stratigraphy of the Carpentaria Lowlands and Gulf of Carpentaria Regions (compiled by BA McConachie). (Continued) 
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Car pentaria Basin 

Rolling Downs Normanton Formation Glauconitic sandstone <300m Late Albian Conformable on upper Paralic to shallow marine Basin wide McConachie et al. ( 1990); 
Group and siltstone south of Allaru Formation, Smart et al. ( 1980) 

Weipa unconformably overlain 
by the Karumba Basin 

Allaru Mudstone Claystone, siltStone, <700m Late Albian Conformable on Toolebuc, Shallow marine Basin wide McConachie et al. (1990); 
calcareous siltstone, may contains a significant Smart et al. ( 1980) 
glauconitic sandstone include unconfomtity based on 

Normanton seismic data 
Formation 

Toolebuc Formation Highly carbonaceous 30m Earliest late Albian. Confonnable on Restricted marine with Basin wide McConachie et al. ( 1990); 
and carbonate facies. approx. Appears to be Wallumbilla Formation, some wind-borne Smart et al. ( 1980) 
In the Weipa Sub-basin. isochronous conformably overlain by terrestrial input 
the equivalent basin-wide Allaru Mudstone 
stratigraphic interval 
is typically about 30 m 
thick and consistS of 
siltstone gradational to 
and interbedded with 
claystone and minor 
sandstone. It is 
markedly less 
carbonaceous and 
contains less carbonate 

Wallumbilla Formation Claystone and siltstone, <500m Early to mid Aptian Conformably overlies Marginal ncar the base Basin wide McConachie et al. ( 1990); 
g.lauconitic sandstone Gilbert River Formation. grading up to Smart et al. (1980) 
in lower part conformably overlain by open-water marine 

Toolebuc Formation 

Trimble Member Siltstone and limestone. 70m Early Albian Conformable on base, Shallow marine Weipa Sub-basin Woods (1961); Smart et al. 
Glauconitic labile approx. probably unconformably (1980) 
sandstone in lower pan. overlain by the upper 
Basal sandstones, Wallumbilla Formation 
present in the Weipa 
Sub-basin 

Gilbert River Yappar and Coffin Quartz sandstone at the <lOOm Late Jurassic to Conformably overlies Marginal marine Basin wide Powell et al. (1976) ; 
Formation Hill Members base, becoming Aptian. Lower Gilbert older sandstones. Senapati ( 1988): 

increasingly glauconitic River Formation in conformably overlain by McConachie et al. (1990); 
towards the top the Weipa Sub-basin the Wallumbilla Formation Smart eta!. (1980) 

is older than in the 
southern sub-basins 
and probably 
represents a marine 
transgression from 
nonh to south 

n 
:r: 
)> 

'"0 
-1 
m 
;J:;) 

z 
z 
m 

(') 
0 

0 

0 

0 

Q 

" 



Garraway Coarse to fine-grained <lOOm Early to Late Jurassic 
Sandstone quartz sandstone with in the Olive River area. 
nonh a patchy kaolinitic and The oldest dated 

calcite matrix/cement. sedimentary rocks in 
minor mica and pyrite the Weipa area arc 
and a variable earliest Late Jurassic. 
glauconite conlent. Deposition possibly 
Minor siltstone, commenced as early 
claystone. coal and as the Middle Jurassic, 
carbonaceous shale however the basal 

section is commonly 
barren 

Offshore x-z Unknown - <200m Unknown- probable 
horizon seismic presumably basal Garraway Sandstone 
package Garraway Sandstone equivalent 

equivalents 

EuloQucen Loth Formation Medium to coarse- 50-100m Late Jurassic; fossil 
Group grained. micaceous worm tubes and wood 

clayey quartz sandstone fragments, 
interbedded with palynomorphs 
subordinate fine-
grained sandstone, 
siltstone and claystone 

Hampstead Sandstone Quartz, planar and 30-60 m Middle to Late 
trough cross-bedded Jurassic; Fossi I wood 
sandstone with reverse fragments, 
graded conglomerates palynomorphs 
at the base 

Jurassic? Quartzose sandstone <lOOm Age unknown -
Sandstone and conglomerate presumed Jurassic 

Hutton Sandstone 
equivalent 

Offshore Unknown <300m Unknown 
infrabasins 
below z horizon 
seismic 

Unconformably overlies Fluvio-lacustrine 
older rocks ranging from environment dominated 
Proterozoic to by meandering to braided 
Permian- Triassic. fluvial systems. 
Conformably overlain by 
the Gilben River 
Formation 

Unconformably overlies Unknown- presumably 
the Bamaga Basin. fluvio-lacustrine 
Conformably overlain by 
younger rocks of the 
Carpentaria Basin 

Conformable on Low sinuosity fluvial 
Hampstead Sandstone. systems restricted to 
Conformably overlain by valleys and troughs 
Gil ben River Formation 

Restricted to valleys and Low sinuosity 
!toughs. Unconformably fluvial systems 
overlies igneous and 
meta-sedimentary rocks 
except in MILLUNGERA 
Conformably overlain 
by Loth Formation 

Overlies basement, Fluvial 
overlain by Hampstead 
Sandstone 

Unconformably overlies Unknown- presumably 
the Bamaga Basin. fluvio-lacustrine 
Unconformably overlain 
by the Carpentaria Basin 

Weipa Sub-basin particularly 
the Olive River area; 
equivalent unit thick in 
Carpentaria Depression 

Offshore Weipa Sub-basin, 
Carpentaria Depression 

Southern Staaten Sub-basin 

Southern Staaten Sub-basin 

South of southern Staaten 
Sub-basin at edge of 
MILLUNGERA 

Small isolated areas below 
the offshore Weipa Sub-basin 

Powell et al. ( 1976); Senapati 
( 1988); McConachie et a!. 
( 1990) 

McConachie ( 1992); 
Meaney (1992b); 
Meaney et al. ( 1993); new 
data this volume 

Smart et al. ( 1980); 
McConachie et al. (1990); 
Helby and Partridge ( 1977) 

McConachie et al. ( 1994) 
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Table 9.7. Stratigraphy of the Carpentaria Lowlands and Gulf of Carpentaria Regions (compiled by BA McConachie). (Continued) 
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Olive River Basin 

Upper sequence Medium to coarse >20m Palynological evidence The Olive River Basin Fluvial Covers at least 1000 km1, 

seismic unit c quanz sandstone, -a P. reticula/us unconformably overlies consisting of at least two 
carbonaceous siltstone assemblage from the Pascoe River Basin, preserved depo-centres, with 
and coal several drillholes metamorphic basemem, a maximum thickness of 

shows that the volcanics assumed to be about 250 m in small isolated 
sequence is of Late Early Permian in age, the fault-troughs and grabens 
Permian age Weymouth Granite and south of Olive River 

their equivalents 

Lower sequence Basal conglomerate, >50 m Plant macrofossils The Olive River Basin is Fluvial Restricted areas within 
seismic units coarse sandstone include Sphenopteris unconformably overlain troughs and grabens south 
a and b and coal lobifolia. Glossopteris by the Mesozoic of Olive River 

communis and Carpentaria Basin 
Glossopteris elongata 

Galilee Basin 

Redbeds Red siltstones and very <300m Triassic- assemblages Underlain by Palaeo- Fluvial Boomarra Sub-basin may be 
fine sandstones from the are Falcisporites Mesoproterozoic Mount structurally controlled and is 

Boomarra dominated and I sa Basin, overlain by underlain by Middle Triassic 
Seismic referable to Ipswich Carpentaria Basin sedimentary rocks, possibly 
Survey microflora, although pan of the Galilee Basin. 

rare Onslow The Boomarra Sub-basin 
microfloral elements approximately corresponds 
are also present to the Canobie Depression, 

defined by underlying 
Triassic redbeds; GSQ 
Dobbyn l 

Pa.~coe River Basin 

Unit3 Dark grey siltstone and >200m No data The overlying Janet Fluvio-deltaic Pascoe River-Olive 
tuffaceous chert Ranges Volcanics are River area 

undated, but assumed to 
be Early Permian 

Unit2 Coarse tuffaceous 110m to No data The Pascoe River beds Fluvio·deltaic 
feldspathic sandstone >450m overlie and are overlain 
and carbonaceous by volcanics, and contain 
siltstone intrafonnational tuffs 

~-- p.-y. ' ·~ . 
G RifeT:7nces · ' J ~· ......... . ~ 
~· _.'i "~.,.._._!'d'~ 

Senapati ( 1988); Wells 
( 1989a); Dunster ( 1990) 

McConachie et al. (1990); 
Sman et a.l. (1980); Williams 
and Gunther ( 1989) 

White (1970); Senapati 
( 1988); Dunster ( 1990); 
Rigby ( 1992) 
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Unit I Well bedded medium <550m Late Devonian 10 early 
grained labile sandstone, Carboniferous 
siltstone. Carbonaceous Toumaisian? plant 
shale and anthracite coal fossils, lepidodendroid 

remains including root 
buttresses of 
Lepidodendron, 
Cordaites fragments 
and seeds , 
?Rhacapteris, ? 

Borrychiapsis sp-. 
Stigmaria pascaensis. 
early Carboniferous 
palynomorphs 

Bamoga Basin 

Undivided Nor known Unknown, bur velocities >4000 m Palaeozoic or 
commonly exceed Proterozoic velocities 
5000 rn/s are only evidence 

The age of the volcanics Fluvio-del!aic 
underlying the Pascoe 
River beds is unknown 

Unconformably overlain Unknown 
by Carpentaria basin. 
A marked basement 
contrast is not observed 
on seismic sections 

Coherent reflectors occUJ' 
over 30 000 km' in NW Qld, 
PNG and Indonesian waters 

Passmore et al. (1993a,b) 
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Introduction BA McConachie 

The Quinkan Region (Figure 10.1; Plate 10.1) is dominated 
by a low relief expanse of little deformed and relatively 
thin (less than 2000 m) Mesozoic and Cainozoic 
sedimentary basins. The most extensive rocks comprise 
the Mesozoic Laura Basin. The overlying Cainozoic 
Kalpowar Basin is probably related to the Karumba Basin, 
but not physically connected with it across the KimbaArch 
to the southwest. The age, character and deformation 
history of the underlying infrabasins, deformed and 
intruded basins and their associated intrusions (pre-Jurassic 
section) is still poorly understood, but potential field data 
such as gravity and magnetics, and reflection and refraction 
seismic surveys have been combined to define the 
Lakefield Basin. 

Figure 10.1. Location of Quinkan Region. 

Regional gravity and magnetic coverage are discussed in 
Chapter 2. As a result of petroleum exploration, there is 
good regional seismic coverage (Figure 1 0.2). Early 
biostratigraphic studies were ad hoc. The work of APG 
Consultants (1989, 1991) on samples from GSQ Ebagoola 1 
and CON Broken Rope 1 represents the most modern 
understanding of the biostratigraphy for the Laura and 
Lakefield Basins, using both spore-pollen and dinocyst 
assemblages. 

CHAPTER tO 

Q1JINKAN REGION 
by BA MCCONACHIE, P WELLMAN, ]N DUNSTER, 

]R WILFORD, T] DENARO and]] DRAPER 

10 km 

- - Seismic line 

26/N74 

Figure 10.2. Location of seismic lines and boreholes in the 
Quinkan Region. 

As the distribution of the onshore drilling (Figure 1 0.5) 
and seismic data shows, work has focussed on the central 
and northern outcrop area of the Laura Basin. 

Geological Framework 
BA McConachie,]J Draper 

The basement to the Quinkan Region west of the 
Palmerville Fault is the Yambo Subprovince of the 
Proterozoic Etheridge Province. East of the Palmerville 
Fault, rocks of the early to middle Palaeozoic Hodgkinson 
Province are present. 

The Permian-?Triassic Lakefield Basin appears to be fault 
related, but little is understood of its sedimentary 
succession, depositional character or palaeogeography and 
no depositional margins have been recognised to date. 
Granites of the Kennedy Province comprise the basement 
in some areas. 

The Laura Basin, which covers the extent of the Quinkan 
Region, formed during the Mesozoic. It is believed to have 
been continuous with the Carpentaria Basin during much 
of the time of basin fill. At the cessation of deposition, the 
basins probably covered a much greater part of the region 
than preserved today. In particular, they were probably 
connected across the Coen Region. The plate tectonic 
setting of the Mesozoic basins is discussed in Chapter 14. 

. The dominant deformational event that resulted in the uplift 
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ami erosion of Mcsozotc rock!. was probably the opening 
of the Coral S~a and breakup of Gondwanaland about65 Ma. 

Cainozoic deposition occurred in the overlying Kalpowar 
Ba:.in. Recent fluvial and coastal deposition can probably 
be considered the latest phases of sedimentation in the 
Kalpowar Basin. A !though the Kalpowar and Karumba 
Basins contatn similar sedimentar.J sequences due 
primarily to their eustatic overprints. the rise of the Coen 
Region at about 65 Ma resulted in distinct separation of 
the two areas. 

Geophysical Characteristics 
P Wellman 

The exposed basement along the western margin of the 
Laura Bas in consists of various types of igneous, 
metamorphic and sedimentary rocks. These different 
lithologies have produced a variety of geophysical and 
(palaeo-) topographic expressions. By considering the 
geological and geophysical correlations observed in those 
areas where basement rocks are exposed, inferences can 
be made about types of basement rocks beneath the 
sedimentary cover. 

Regional gravity data were originally interpreted to suggest 
that the Coen lnlier was a shallow crustal feature having 
little or no influence on the regional Bouguer anomalies 
(Shirley 1979). Analysis of the gravity and aeromagnetic 
data by Hill ( 1984) suggested the presence of large granitic 
intrusions within the basement. Magnetically active 
features of this type were variously interpreted as basic 
intrusions, flood basalts. comagmatic volcanics with 
cauldron collapse, contact aureoles or roof pendants. 

The basement beneath the Mesozoic and younger basins 
comprises old to young. variably deformed and intruded 
sedimentary and metasedimentary rocks. predominantly 
of pre-Jurassic age. Some areas contain infrabasins 
recognisable because of lower levels of deformation of 
the basin-till. The older sedimentary basins, no\\ composed 
of metasedimentary rocks, arc difficult to place in their 
sedimentary context, other than b) age, due to intense or 
multiphase defom1ation. 

The main knowledge of the pre-Jurassic basement comes 
from mapping distinctive patterns of the gravity and 
magnetic anomalies to delineate geologicaVgeophysical 
provmces. Chapter 2 describes the data and the geophysical 
provinces. 

The distribution of pre-Jurassic rock types beneath the 
Jurassic to Cainozoic cover of sedimentary rocks is poorly 
known. Rod. types are known in some areas only from 
the logs of waterbores and coal exploration holes. Rock 
samples are available only !Tom a few oil exploration and 
stratigraphic drillholes. Seismic refraction profiles give 
velocities of the uppermost part of the basement. Seismic 
reflection profiles show some dip-slip faulting of the 
basement surface and rarely, structures of the uppermost 
part of the basement. 

Ordovician- Devonian 
Hodgkinson Province JJ Draper 

Rocks of the Hodgkinson PrO\ ince underlie rhe Laura 
Basin east of the Palmerville Fault and are exposed 
immediately east and south of the Quinkan Region. Rare 
outcrops of Hodgkinson Formation are present m the 
southeast of the region. The exposed rocks in the adJacent 
Cairns region arc described in Chapter?. The Ordovician, 
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Silunan and Earlv De\onian rocks are n:stncted to the 
\\estemmost part oft he Hodgkinson Province adjacent to 
the Palmer. illc Fault in outcrop. ru1d magnetic patterns 
indicate that these rocks continue in a similar positiOn 
beneath the Laura Basm ( Ftgure 10.3 ). 

·4·. 

Margrn of Laura Bas1n • -

- - - Margrn of Lakefield Bas•n 

- - M8jor taulls of Penman age -o 
--1- Grav11y low 

D Saucer-shaped magnet•c high or low 

• 

Narrow magnetic highs outllmng 
exposed and subcropp1ng 
Chillagoe Follll8tlon 

50km 

. '-· · ... 
'·-.: .,. 

·~· .. \NF 

145 

Permian/Tnassrc 1n 
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Figure 10.3. Extent of the Lakelield Ba:.in (after Wellman 
1995a). Major fault~ are l.he Pal mel"\ illc Fault !PF), and l.he 
Yintjingga Faull Zone (YFZ). Permian 'icdimentary rock\ 
exposed are Norman by FunnaU(m ( NF) and the Little River Coal 
Measures ( LRCM ). 

Permian- Triassic 
Lakefield Basin P Wellman 

Basin Setting and Age 
The Lakefield Basm (Wellman !995al refer:. 10 gently
dipping Permian to ?Triassic sedimentary rocks and 
volcanics underlying the western part of the Laura Basin 
{ Pinchin 1974) (Figure l 0.3 ). The basin overlies 
Proterozoic rocks of the Yambo Subprovince west of the 
Yintjingga Fault Zone and unknown. but probably similar 
basement, east of the fault. The present basin is 70 km 
wide. 200 km long. and up to 10 km thick. Before erosion. 
the basin was like tv to have been of similar size. but about 
12 km thick. · 



The extent of Lakefield Basin is indicated by the following. 

• The presence of Permian rocks at the base of wells 
drilled through the Laura Basin. 

• The extent of the dipping reflections below the Laura 
Basin in seismic reflection data and their extrapolation 
to zero thickness (Figures 10.4 and 1 0.5). 

• The area of low gravity anomaly reflecting thick low
density sedimentary rocks. 

• The area containing 7- 30 km diameter saucer-shaped 
magnetic anomalies due to igneous bodies within 
Lakefield Basin sedimentary rocks (Figure I 0.3). 

Lithostratigraphy, Biostratigraphy and 
Environments of Deposition 
Lakefield Basin rocks are known from four oil exploration 
wells, one stratigraphic hole, one exposure on Bathurst 
Head, and from samples from the base of nine coal 
exploration holes in the Bathurst Ranges area (AtoP 4020, 
Sandalwood Creek). 

The sedimentary rocks in GSQ Ebagoola 1 were described 
by Hawkins & Williams ( 1990) as slightly indurated, cream 
to light green sandstone, dark grey siltstone and minor 
conglomerate. The sandstones are commonly interbedded 
with similarly indurated, green tuffaceous rock. Dips are 
typically 25- 30°. Minor sulphides and rare calcite veins 
were reported in CON Broken Rope 1. The well intersected 
interbedded sandstone, siltstone and shale. The sandstone 
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Figure 10.4. Line drawings of seismic sections through the 
Lakefield Basin. The four upper sections strike east- west and 
the lowest section strikes north-northwest (from Wellman 
1995a). 
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and siltstone are indurated, commonly very cherty, with 
quartz grains overgrown and with no visible porosity. The 
shales are also indurated and extremely carbonaceous, 
generating gas levels above background (Willis 1991 ). The 
high induration and low porosity of the sedimentary rocks, 
together with the presence of volcanic interbeds is 
consistent with the high average root-mean-squared 
seismic velocities of 4.5 km.s-1 at Is two-way-time, and 
5.25 km.s-1 at 2.8 s two-way-time. 

The rocks at the base of these wells are Permian, as shown 
by the presence of Glossopteris indica in CBT Marina 1 
(de Keyser & Lucas 1968); carbonised pollen of Permian? 
age in GSQ Ebagoola 1 (APG Consultants 1989); 
carbonised pollen of mid? Permian age in CON Broken 
Rope 1 (APG Consultants 1991 ); by the lithological 
similarity of the basal unit of GSQ Ebagoola 1 to the 
Normanby Formation (Hawkins & Williams 1990); and 
by the similarity of the granite in CON Lakefield I to 
Carboniferous-Permian granites in North Queensland 
(Hardy 1970). Within a 200 km radius of the Lakefield 
Basin, some sedimentary remnants range in age from 
Permian to Triassic. In GSQ Ebagoola 1, the Laura Basin 
sequence contains reworked miospores of both Permian 
and Triassic age. Thus the eroded off, former upper portion 
of the Lakefield Basin may be as young as Triassic. Rocks 
west of the Yintjingga Fault Zone have not been dated, but 
are presumed to be similar in age to those east of the fault. 
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Figure 10.5. Contours on the base of the Lakefield Basin (from 
Wellman 1995a). 
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Seismic Stratigraphy 
lntrabasmal seismic stratigraphic pacl,ages have not been 
mapped. The major boundaries and the continUity of the 
stronger reflectors within the on-shore part of 
EBAGOOLA can be judged from Figure 10.4. Part ofthe 
seismic section corresponding to the upper cros5-~cction 
for Figure I 0.4 is shown in Figure I 0.6. Distinctive. high 
acoustic impedance contrast seismic reflector:. in the lower 
part of U1e basin ma} correspond to coal seams. 

Structure 
The basin consists of two parts: a wide west-dipping 
sequence east of the Yintj ingga Fault Zone. and a narrow 
east-dipping sequence west of the fault (Figure:. I 0.4. 
10.5). Possible imrabasinal faultc; are less significant than 
the Yintjingga Fault Zone. No major folds affect the 
sequence. East of the fault, bedding is sub-parallel cast
west. and the lower part of the sequence thins to the north. 
West of the fault. the sequence thickens towards the fault. 

In general, the basin layering is not consistent with the 
basin fom1ing as a half graben, although the Palmerville 
Fault forms the eastern margin of the Lakefield Basin. 
and the Yintjingga Fault Zone is near its western margm 
and adjacentto the thickest section (Figure I 0.4 ). The basin 
is thought to have formed by some form of crustal 
extension, with a component of the Laura Basin subsidence 
possibly attributed to thermal sag. The pull-apart model 
of McClay & Dooley ( 1995) fits the obser:ations. with 
the sed1ment being deposited as horizontal layers in a 
rhombic basin controlled by bounding strike-slip faults. 

Granites JJ Draper 

Several granites crop out in the southeast and ea~t of the 
region. These are part ofU1e Yates Supersuite descnbed in 
Chapter 7 (see particularly the Puckley Granite and the 
Leichhardt Pocket Granite). TI1ere is also an unassigned 
gramte north of the outcrop of the named granites. The 
Puckley Granite has an age of276 ± 3 Ma. 

There are also granites in the area of the Lakefield Basin 
interpreted mainly from geophysics. Howe' er. CON 
Lakefield I bottomed in granite with a 4 m weathered 
zone. The granite is assumed to be Permian in age because 
of Similarities to Kennedy Province granites. 

Jurassic-Cretaceous 
Laura Basin BA McCmwchie . .IN Dunster 

Basin Setting and Age 
The Laura Bas in is a l\liddle Jurassic to late Early 
Cretaceous. elongate. intracratonic basin on the eastern 
side of Cape York Peninsula (Figure 9.12). It extends 
offshore into Princess Charlotte Bay, where its northern 
limits are poorly defined. The onshore portion of the basin 
covers approximately 18 000 kmJ and has a maximum 
th1ckness of at least I 000 m. Over 2000 m may be present 
offshore. To the southwest. the Laura Basin is contiguous 
with the Carpentaria Basin across the Kimba Arch. The 
Laura Basin overlies, and is bounded by. outcrop of 
Proterozoic metamorphic and Palaeozoic ib'lleous rocks 
of the Coen Region in the west and southwest. lt also 
overlies the Lakefield Basin. East of the Palmerville Fault, 
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Figure 10.6. Part of \eismic ~ection 89-KS showmg retlecth ity in the Laura antl Lakefield Ba~inl>. The line b 
lot:at<!u on Hgure 10.2. 
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the Laura Basin is underlain by highly deformed 
metasedimentary rocks of the Palaeozoic Hodgkinson 
Province. These are also exposed to the south and east. 
Rocks assigned to the Cainozoic Kalpowar Basin, 
including younger sediments, overlie the northern onshore 
Laura Basin. 

The Laura Basin was the subject of successful coal 
exploration focused mainly in the Bathurst Range (Henry 
& Benade 1982). Petroleum prospectivity was described 
by Willis (1988, 1991) and Wellman (I 995b). Hawkins & 
Williams (\990) reviewed the overall geology and 
economic potential of the basin. The discussion below is 
based mainly on these references. 

Lithostratigraphy, Biostratigraphy and 
Environments of Deposition 
The revisions to the lithostratigraphy of the Laura Basin 
are shown in Plate I 0.1. Recent information has come from 
the DME stratigraphic drillhole GSQ Ebagoola 1 and 
several petroleum exploration wells. 

The basal unit is the Dalrymple Sandstone. In the central 
Laura Basin, this formation consists of quartzose to lithic 
sandstone with subordinate claystone, siltstone, 
conglomerate and tuff. Coal seams up to 3 m thick occur 
near the base of the formation. Possible glauconite has 
been reported from one dri llhole intersection and informal 
members have been defined from drillhole intersections 
(Willis 1991 ). The environment of deposition is interpreted 
as coastal lagoon grading to fluvial near the top of the 
unit (Willis 1991). 

In the Bathurst Range, the Dalrymple Sandstone consists 
of conglomerate, feldspathic to quartz sandstone, siltstone, 
claystone and coal; commonly as a series of fining-up 
sequences. Locally abundant bioturbation, bivalves and 
possible fish remains have been described. The fining-up 
sequences in the lower formation represent transitions from 
high energy fluvial to swampy lower delta plain. Henry & 
Benade ( 1982) postulated a braided fan system close to a 
source area in the northeast. The Dalrymple Sandstone 
ranges in age from Middle to Late Jurassic. It is a 
biostratigraphic and lithostratigraphic equivalent of the 
Loth Formation (Eulo Queen Group) in the southern 
Carpentaria Basin and the Westbourne Formation of the 
Eromanga Basin. 

The contact between tbe Dalrymple Sandstone and the 
overlying Gilbert River Formation (previously Battle Camp 
Sandstone) appears conformable in drillhole sections in 
the central Laura Basin and the Bathurst Range area. It 
may be unconformable in the eastern part of the basin 
(Powell et al. l976).1n the central onshore Laura Basin, 
the Gilbert R.iver Formation is mainly very fine to coarse
grained quartz to sublabile sandstone, with minor siltstone 
and claystone. The sandstones typically have a clay matrix 
and rare carbonate cement; glauconite is most common 
near the top of the formation. Thick units of interbedded 
conglomerate and sandstone occur locally. The base of the 
Gilbert R.iver Formation, intersected in dri I !holes, has been 
dated as latest Jurassic-earliest Cretaceous. On the basis 
of palynological studies, the Gilbert R.iver Formation in 
the central Laura Basin is a biostratigraphic and 
lithostratigraphic correlative of the Gilbert River 
Formation in the Carpentaria Basin. All these facies were 
deposited during the early stages of a marine transgression. 
Lagoonal to marginal marine environments, with high 
terrestrial input and minimal transport, have been 
postulated (Willis 1991 ). Following a mid Neocomian 
hiatus, deposition continued in nearshore to neritic marine 
conditions with moderate to high terrestrial input. 
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At Bathurst Range, the Gilbert R.iver Formation consists 
of quartz to feldspathic clay-rich sandstone that is locally 
glauconitic, oolitic and calcareous, interbedded with minor 
calcareous siltstone, claystone and conglomerate. The 
formation is at least 500 m thick in drillhole intersections 
in the central part of the basin; and is thinner (58- 132 m) 
at Bathurst Range. Outcrops in the Bathurst Range area 
are interpreted to be shallow marine, possibly of estuarine 
or tidal origin. 

It is difficult to distinguish individual formations within 
the Rolling Downs Group (formerly the Battle Camp Shale 
and Wolena Claystone) in the Laura Basin. The basal shale 
of the Rolling Downs Group is a marine sequence of 
variably calcareous and glauconitic shales with minor 
siltstone and conglomerate bands. This is overlain by 
mari ne silty and sandy claystone with calcareous 
concretions. The sedimentology and biostratigraphy 
indicate that shallow marine conditions prevailed during 
the Aptian to early Albian in the Laura Basin. 

Seismic Stratigraphy 
The seismic coverage for the onshore Laura Basin is shown 
in Figure I 0.2. Wellman ( 1995a,b) also discussed seismic 
coverage of the Laura Basin. No published sequence 
stratigraphic interpretations are available for the Laura 
Basin. 

Structure 
There appears to be little tectonic folding. Most folds are 
the result of drape over basement features and differential 
compaction. One possible exception is a major north
trending anticline directly east of the Yintj ingga Fault Zone. 
This feature was the target of several petroleum exploration 
wells. 

Cainozoic JJ Draper, BA McConachie 

Kalpowar Basin 
The Kalpowar Basin as defined here occupies the axial 
part of the Laura Basin and extends under Princess 
Charlotte Bay. It is poorly exposed, with the only reliable 
outcrops in the Fairview Plateau and east of Kalpowar 
homestead. Although difficult to distinguish from 
weathered in situ Cretaceous outcrop, recent fluvial and 
coastal deposition can probably be considered the latest 
phases of sedimentation in the Kalpowar Basin. 

Lithostratigraphy and Environment of Deposition 
T he Fairv iew Gravel (Grimes 1980) compri ses 
conglomerate and clay-cemented sandstone of unknown 
age. It unconformably overlies the Laura Basin sequence 
and is overlain by younger alluvial deposits. It is probably 
equivalent to the Bulimba Formation of the Karumba 
Basin. Forty metres of clay cemented sandstone and 
granule conglomerate were intersected in GSQ Ebagoola 
I and thirty metres of conglomerate and sandstone in CBT 
Marina I. The Fairview Gravel may be the remnant of a 
more extensive fluvial basin which occupied the eroded 
central area of the Laura Basin. Early Tertiary subsidence, 
probably triggered by reactivation of underlying faults, 
was the main control on basin development. 

Recent fluvial and coastal deposits can be considered to 
comprise the latest phases of sedimen.tat ion in the 
Kalpowar Basin. Sediments younger than the Fairview 
Gravel include Tertiary to Quaternary alluvium and alluvial 
fans capped by ferricrete. Some of these form the Brixton 
Formation of de Keyser & Lucas (1968). Quaternary to 
Recent sediments comprise alluvial and colluvial deposits 
and coastal deposits (see Regolith section below). 
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Structure 
The shape of the Kalpowar basin suggests fault control by 
reactivation of underlying faults. The Fairview Gravel may 
be the remnant of a more extensive fluvial basin that 
occupied the eroded central area of the Laura Basin. 

Regolith JR Wilford 

Reconnaissance regolith mapping covering the Quinkan 
Region by AGSO has been incorporated i~to a J: I ~00 000 
regolith-landform map of Cape York Pe~msula (Pa_m et al. 
1995). Regolith-landforms over the QUJnkan Region c~n 
be divided into two major groups: transported regolith 
developed on depositional landforms, and in situ regolith 
developed largely from weathering of the underlying 
bedrock on erosional landforms. 

Transported Regolith 
Transported sediments are associated with tidal and coastal 
processes around the northern _edge and inland ~rom 
Princess Charlotte Bay, and fluvial processes associated 
with rivers systems draining into the basin from the 
surrounding highlands. Sediments along the coast of 
Princess Charlotte Bay include those in cheniers, beach 
ridges, lagoons and tidal flats. C~eniers and coas~l beach 
ridges are of Holocene age, while stranded rehct beach 
ridges up to approximately 20 krn inland are thought to 
have formed in the Pleistocene (Burne et al. 1995). 
Cheniers consist of coarse, shelly material; beach ridges 
are composed of uniform texture sands, typi~ally org~nic 
stained with patches of'coffee' rock. Supra-t1dal and tidal 
flat sediments consist of uniformly mottled saline clays 
and cracking saline grey clays (Biggs & Philip 1995). Ti<!al 
flats and supra-tidal sediments form extensive, low relief 
coastal plains, dissected by numerous tidal creeks. 

Fluvial sediments form extensive alluvial plains, consist 
of active floodplains, stagnant alluvial plains and alluvial 
terraces. River channel deposits have a higher proportion 
of sand-size grains than overbank deposits, which consist 
mostly of silts and clays, typically mottled at depth. Deep 
gradational or uniform textured grey silty soils have 
developed on these sediments (Biggs & Philip 1995). 
Alluvial terrace sediments tend to be more highly 
weathered, with more pronounced mottling and horizon 
differentiation. The Normanby River and its associated 
tributaries is the major river system in the region. The lower 
Norman by River is surrounded by a ":'ide floodpla_in ":'ith 
numerous anastomosing channels thatmterfinger w1th t1dal 
channels near Princess Charlotte Bay. 

In-situ Regolith 
In situ weathered materials have developed on erosional 

plains and rises towards the centre o_flhe Quinkan Regi_on. 
Residual sands consist of predommantly quartz grams. 
They overlie highly to moderately wea~hered ~aprolite on 
sedimentary bedrock of the Laura Basm. Residual sands 
have formed in place by the weathering and removal of 
finer material by solution or suspension in sub-surface 
water flow (Pain et al. 1991 ~-The ~esidual_ s~d~ commonly 
contain iron nodules with dtffuse Iron stammg m the upper 
part of the weathering profile. The proportion of clay-sized 
material in the weathering profile increases with depth. 
The underlying saprolite is typically mottled, highly 
weathered and poorly exposed. Soils con_sist of d~~P 
gradational massive red and yellow earths (B1ggs & Phthp 
1995). In contrast, the southe~ and eastern margins .of 
the Quinkan Region are dommated by landforms w1th 
higher relief, including low hills, hills, escarpments, 
plateaus and mountains. Here the regolith is typically thin 
and stony; consisting mostly of lithosols over slightly to 
moderately weathered sandstones, conglomerates and 
siltstones of the Laura Basin. Rocky scree and talus are 
common on steeper hill slopes. Thin narrow tracts of san?y 
and gravelly alluvium occur along valley floors. Collu~tal 
footslopes occur adjacent to and down slope from h11ls 
and escarpments. Colluvium is variable in composition 
but is typically polymictic and poorly sorted, with coarse 
sand to cobble-size textures. 

Petroleum Resources and 
Prospectivity BA McConachie 
The petroleum prospectivity o_f the Laura ~asin a':'d the 
underlying Permian sequence m the Lakefield Basm has 
been reviewed by Willis (1988), Hawkins & Williams 
(1990), Denaro & Shield (1993) and Wellman (1995a). 
Seismic surveys are summarised in Table I 0.1. 

Petroleum exploration wells in the Laura Basin are listed 
in Table l 0.2. A drill stem test of Lakefield Basin Permian 
sedimentary rocks in CBT Marina 1 recovered flammable 
gas in muddy water. Trace oil staining and fluorescence 
were logged in the Early Cretaceous_ sandstone and. at 
several horizons in Jurassic sandstone m the Laura Basm. 
CON Breeza Plains I and CON Lakefield I encountered 
minor staining and fluorescence in the Dalrymple 
Sandstone, but the target reservoir was wat~r-wet. C_ON 
Broken Rope I recorded shows in the G1lbert R1yer 
Formation, Dalrymple Sandstone and the Permian 
sequence. A drill stem test of the top Dalrymple Sandstone 
recovered only mud, suggesting tight formation. Methane 
levels above background were associated with 
carbonaceous shales in the Permian sequence (Willis 
1991 ). Possible coal seams on the western side of the 
Lakefield Basin, west of the Yintjingga Fault Zone, may 
have potential for coal bed methane. 

nak . hL Table 10.1. Seismic surveys unde en mt e d L k fi ld B aura an a e Je asms. 

Surv.~:ii~~m(.: ;~ J .Year ·. Survev .Tyoe : 

Marina Plains Marathon t963 Onshore- reflection 

Torres and Princess Charlotte Bay t965 Marine reconnaissance 

Offshore Laura Basin 1969 Marine detailed 

Princess Charlone Bay 1969 Marine detailed 

Breeza Plains Crusader 1969 Onshore- reflection 

Marina Plains Satima 1981 Onshore reflection 

Kalpowar Crusader 1989 Onshore reflection 
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T: bl 02 p a e 1 .. etroleum exploration wells in the Laura Basin. Several wells penetrated the underlying L akefield Basin. 

Well Name Year 

CBT Marina I 1962 

CON Breeza Plains I 1970 

CON Lakefield 1970 

CON Broken Rope I 1991 

The Laura Basin contains traces of hydrocarbons on at 
least two stratigraphic levels and shows have been recorded 
in the Lakefield Basin. However, this area has not generally 
been regarded as a potential petroleum province (Willis 
1988). Carbonaceous shales in the Lakefield Basin and 
the basal Laura Basin would be suitable source rocks, 
although the lower sequence may hav~ been overmature 
before Mesozoic deposition. Both the Dalrymple 
Sandstone and Gilbert River Formation contain reservoir
qual ity sandstone. The Rolling Downs Group is a regional 
seal. There is a paucity of anticlinal structures in the 
Mesozoic sequence and the prospectivity onshore, at least, 
must be downgraded by the fact that no significant 
quantities of hydrocarbons have been intersected in the 
wells. Furthermore, the environmentally-sensitive 
Lakefield National Park occupies a considerable area of 
the prospective ground. The petroleum prospectivity of 
the offshore Laura Basin is unknown, but the onshore 
shows and source rock results suggest that the sequences 
underlying Princess Charlotte Bay have oil and gas 
exploration potential. 

Mines and Mining History 
TJDenaro 

Little mining has occurred in the Quinkan Region. Some 
alluvial gold has been produced from streams flowing into 
the Palmer River and in the upper parts of the Mossman 
River. Minor amounts of coal were mined for steam raising. 

Recent Exploration History 
TJ Denaro 

The results of company exploration in the Quinkan Region 
has been summarised by Culpeper et al. (1992a) and 
Denaro & Shield ( 1993). Exploration summaries on a sheet 
area basis are given in reports by Denaro et al. (1992), 
Culpeper- et at. ( 1994); and I)enaro et- al. ( 1·994a;b). 

Gold 
Deep leads in the base of the Dalrymple Sandstone in the 
Conglomerate Range area are an important source of 
alluvial gold in the Palmer River and its tributaries. 

Table 10.3. Known mineralisation and resources Quinkan Region 
' 

Name Type and Age of Deposit 

Mosman River Cainozoic alluvial gold placer deposit 

Laura River Cainozoic alluvial gold placer deposit 

Bathurst Range Jurassic coking coal 

Total Depth (m) 

1167 

987 

930 

927.5 

Exploration has focussed on the Mossman and Laura 
Rivers and Kennedy Creek. 

Uranium 
The Mesozoic sediments in these regions were explored 
for sandstone-hosted uranium deposits in the 1970s. No 
economic uranium mineralisation was detected and most 
of the radiometric anomalies investigated were probably 
due to thorium in detrital minerals shedding from basement 
rocks. 

Coal 
Coal prospecting has occurred throughout the Dalrymple 
Sandstone. In recent years exploration has focussed on 
the Bathurst Range area. 

Known Mineralisation and 
Resources TJ Denaro 

Gold 
Gold-bearing deep-leads at the base of the Dalrymple 
Sandstone in the Conglomerate Range area of the Palmer 
Goldfield were an important source of alluvial gold in the 
Palmer River and its tributaries. Gold also occurs in 
alluvium in streams draining the basement rocks. Known 
resources are shown in Table I 0.3. 

Coal 
The Bathurst Range deposit is amenable to underground 
mining only and, although a coking coal, is being 
investigated for use as a thermal coal. By comparison with 
coals elsewhere in Queensland, sulphur values are 
relatively high (l-1.5%). 

G.r.o und:water JJ Draper 

Hawkins & Williams (I 990) and Blake ( 1991) summarised 
the groundwater of the Laura Basin. The main groundwater 
regime in the Quinkan Region is the Laura Basin. Hom et 
al. (1995) provided the most up-to-date data on the Laura 
Basin. There are also water resources in the Cainozoic 

Resources and Reserves 

232 000 m3 of alluvium @ 

0 .19 g/m1 Au(+ Pt + Pd), 0.1 g!m 3 cutoff 

1.3 Mm1 of alluvium @ 4.2 ppm Au ( + Pt + Pd) 

157 Mt of medium to low volatile bituminous coking 
coal with a moderately high sulphur content 
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sediments, but these are only oflocal value. Surface water 
is present in water holes in the larger drainage systems. 

The sandstones of the Jurassic Dalrymple Sandstone and 
Gilbert River Formation are the principal aquifers in the 
Laura Basin. The Laura Basin appears to be partly in 
hydraulic continuity with the adjacent Carpentaria Basin 
(Hawkins & Williams 1990). Regional rainfa ll and 
recharge patterns are probably similar. Most water bores 
tap aquifers in the Gilbert River Formation. Water bores 
drilled in the southern part of the Laura Basin yield flows 
of28.8 litres/minute from the Gilbert River Formation and 
30.3 litres/minute from the Dalrymple Sandstone. Water 
produced from bores ranges from fresh to saline. Water 
analyses of two drill-stem samples of groundwater 
recovered from the Dalrymple Sandstone intersected in 
CBT Marina I yielded results of 10 800 ppm and 8200 
ppm total dissolved solids. 

Recharge to the aquifers in the Laura Basin occurs mainly 
along the elevated southern and eastern margins of the 
Laura Basin, and groundwater movement is di rected 
northwards. Spring discharge occurs in the Laura Basin 
on the EBAGOOLA, CAPE MELVILLE, HANN RIVER 
and COOK TOWN. 
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KA LPOWAR BASIN (new name) 

Fairview Gravel Conglomerate and clay-cemented 40m+ Teniary Equivalent to Bulimba Fluvial Axial part of the Laura Grimes ( 1980) 
sandstone Formation in the Karumba Basin under Princess 

Basin Charloue Bay. Poorly 
eltposed in the Fairview 
Plateau and east of 
'Kalpownr' 

LAURA BASIN 

Rolling Downs Group Basal shale is a marine sequence of Maximum Aptian to Albian Conformably overlies Shallow marine Eastem side of Cape York Hawkins& 
(formerly the Battle variably calcareous and glauconitic thick'ness of at Palynological swdies Gilbert River Formation. Peninsula. Extends offshore Will iams ( 1990) 
Camp Shale and Wolena shales. with minor siltstone and least 1000 m. Top or unit eroded into Princess Charlotte Bay 
Claystone) conglomerate bands overlain by Over2000 m where its northern limits are 

marine silty and sandy claystone may be present poorly defined 
with calcareous concretions. offsh_ore 

Gilbert River Formation Quartz to feldspathic clay-rich Up to280 m Jurassic- Aptian on the Conformably overlies Lagoonal to marginal marine Powell et al. 
(previously Banle sandstone that is locally glauconitic, basis of palynological Dalrymple Sandstone environments. Following an Early (1976) 
Camp Sandstone) oolitic and calcareous. interbedded studies except in the eastern basin Cretaceous hiatus. deposition 

with minor calcareous siltstone. where the contact may be continued in nearshore to neritic 
claystone and conglomerate unconformable marine conditions 

Dalrymple Sandstone Quartz to lithic feldspathic sandstone Up to 530 m Middle to Late Jurassic. Overlies Lakefield Basin, Braided fan system close to a source Henry & Beo1ade 
with subordinate claystone, siltstone, Bivalves and possible l'ish Yambo Subprovince and area in the nonheast. Coastal lagoon (1982); Willis 
conglomerate and tuff. Coal seams remains Hodgkinson Province grading tO fluvial near the top of (t99 1) 
up to 3 m thick occur near the base the unit 

L AKEFIELD BASIN 

Undefined Sandstone, siltstone and shale, basalt About 12 km Permian- ?Triassic. Underlying the westem part In part Ouvio·dehaic, mostly The preserved basin is Wellman (1995a) 
and other volcanic rocks thick Presence of Permian of the Laura Basin. The unknown 70 km wide, 200 km long, 

macroOoro and microOora; basin overlies Prot.erozoic and up to 10 km thick . 
by the lithological similarity rocks of the Yambo Permian rocks at the base of 
of the basal unit of GSQ Subprovince west of the wells drilled through the 
Ebagoola I to the Normanby Yintjingga Fault Zone, and Laura Basin. Dipping 
Formation; by reworked unknown, but probably reOectors below the Laura 
Triassic microOoras in the similar basement cast of Basin. An area of low 
Laura Basin the fault gravity and containing 

magnetic anomalies due to 
igneous bodies within 
Lakefield Basin 
sedimentary rocks 
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CHAPTER 11 

CORAL SEA REGION 

Introduction 
This chapter describes the geology of the Coral Sea Region 
(Figure 11.1 J. which is the offshore area east of North 
Queensland. The history of this region is similar to that of 
the land part of North Queensland until mid Cretaceous. 
and very different afterwards. After the mid Cretaceous 
there was a multi-phase crustal extension to form the 
present margin of the Australian continent in the Late 
Cretaceous- Paleocene. Thick sedimentary sequences were 
deposited, both during this extension process and later. 
The Cainozoic deposits include the Great Barrier Reef. 

Figure II. I. location of Coral Sea Region. 

The main art!a of interest in this chapter is the eastern 
offshore area wtthin orth Queensland - approximately 
to I u·• and 14!!''c. 1 he main physiographtc elements 
withm this proJect area are the continental she! f( containing 
the Great Barrier Reef): the Queensland Trough and 
Queensland Plateau m the southeast; the Coral Sea Basin 
in the east: and the Papuan and Eastern Plateaus in the 
northeast. separated from the continent by the Bligh. 
Pandora and Moresby Troughs (Figures I 1.2. 11.3 ). 
However. to understand the historv ofrocks in this area. 
the following text discusses all the area of the northeast 
Australian margtn. This chapter is a short summary of 
previous work and contains text from Struckmeyer et al. 
( ll)94 ). 

b) P WELU1AN, HIM STRUCKiUEYER, PA SYMONDS, 

J1E FELLOWS, DL SCOIT and)) DRAPER 

Figure 11.2. Principal bathymetric feature~ of the northea,h!m 
Australia continental margin I modified after Taylor C 1977) and 
Marshall ( 1977) j. Bathymetry in metre!>. 

For details of the offshore database collected from ships 
refer to Mutter & Kamer (1980), Symonds et al. (1984). 
Symonds & Davies ( 1988), Davtes et al. ( 1989). Davies et 
a!. (199 1 ), Pi gram & Symonds ( 1993 ), Scott ( 1993 ). 
Struckmeyer et al. ( 1994 ). and Symonds er al. ( 1996 ). 

Regional Framework 
The main regional physiographic features of the 
northeastern Australtan margin are illustrated in Figure 
I 1.2. The continental shelf is dominated by the Great 
Barrier Reef. It reaches a maximum width of about 350 
km in the southernmost part of the regton at about 22•s . 
The continental slope along the eastern margin of the Great 
Barrier Reef is steep and inctsed by canyons in its northern 
part, but decreases in gradient in the vicinity ofTownsville 
and becomes gentle adjacent to the Marion Plateau. 

The Marion Plateau is the smallest of the marginal plateaus 
in the reg10n and extends as a terrace beyond the conunental 
shelf(Figurc 11.2). Tt deepens from about 200-300 m water 
depth near the Great Barrier Reef. to about 500 m in the 
\ icinity of Marion Reef at its northeastern comer. The 
north- northwest-trending landward margin has a slope of 
moderate gradient, extending southwards to approximate!) 
22"S. The Queensland Plateau is the largest marginal 
plateau of the Australian continental margin. Roughly 
triangular. tl lies at an average \\'ater depth of II 00 m. 
Extensive reef growth occurs on the plateau. particular!> 
along its southern margin. Slopes are generally steep, ,.,jth 
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extensive c_anyoning. Its western margin trends north
nort_hwest, tis northeastern margin facing the Coral Sea 
Basm trends northwest, and its southern margin trends 
east- west. The western and southern margins are both 
bounded by linear bathymetric lows, the Queensland and 
Tow~sville Troughs respe~tively. Both the Queensland and 
Manon Plateaus are constdered to be underlain by eroded 
basement platforms composed of early Palaeozoic rocks 
of the Tasman Fold Belt, with north-northwest trending 
structural lineations (Taylor & Falvey 1977; Mutter & 
Karner 1980; Symonds et al. 1984). 

Th~ To:-vnsv~lle ~rough has a symmetric U-sbaped profile, 
whtch ts mamtamed over most of its length. Water depths 
along the central axis vary from 1100 m to 2000 m 
deepening to the east where the Townsville Trough merge~ 
~o the south~ast into the Cato Trough. To the east-northeast 
tt branches mto a complex north-trending trough system 
which eventually feeds into the southeastern Coral Sea 
Basin. The Queensland Trough trends north-northwest and 
has a relat~vely sm~oth, flat floor, which deepens 
northwards tn a step-hke way, from about II 00 m at its 
junction with the Townsville Trough to about 2800 m at 
its jun~tion with the Osprey Embayment. Both the 
To~nsvtlle and Queensland Troughs are underlain by rift 
basms, referred to here as the Townsville and Queensland 
Basins respectively. 

Two styles of basin development can be identified along 
t~e central pary of the northeast Australian margin. The 
f trst style cons1sts of structurally controlled, intracratonic 
do~nwarps! conta_ining !llainly clastic terrestrial to paralic 
sedtments, mcludmg Mtddle Jurassic to Early Cretaceous 
coal measures (the Laura, Styx and Maryborough Basins), 
that straddle the coast. The second style consists of a series 
of rift basins that lie beneath the Queensland and 
Townsville ~roughs, the western Queensland Plateau and 
the slope adJacent to the eastern Marion Plateau. They are 
thought to be_ related to continental ~argin development, 
and to contam Cretaceous and Teruary sediments. The 
Townsville Basin is generally considered to belong to this 
style, but could be underpinned by pre-rift section related 
to the earlier, intracratonic phase. 

Pre-Mesozoic 
Underlying basement was intersected at ODP Sites 8111 
~25 and 824 on the western Queensland Plateau. Basement 
mtersected· at both these sites consists of deformed 
!lletas~diments. In addition, granodioritic and tonalitic 
mtrustves are intercalated with the metasediments at Site 
824. Feary et al. ( 1993) correlated these basement rocks 
with those of the Devonian Hodgkinson Formation. The 
pres~nce of these rocks on the Queensland Plateau 
con fm:ns that rocks of the Tasman Fold Belt are I ikely to 
underl te both the Queensland and Marion P lateaus. 

Middle Jurassic-Early 
Cretaceous 
The Middle Jurassic to Early Cretaceous age intra-cratonic 
~own-~arps contain conformable clastic rocks deposited 
tn conttnental to paralic depositional environments. 
Sediment is generally about I km thick. Basins of this 
type are: ~apuan Basi_n, Peninsula Troughfforres Shelf, 
Laura Basm, Styx Basm and Maryborough Basin (F igure 
11.3). A basin of this type may also occur beneath the 
Eastern Queensland Plateau. 

C HAPTER ELEVEN Coral Sea Reg i on 

Cretaceous- Cainozoic Rocks 
Rift Basins 
Ri f! basin~ of ?Late Cretaceous and early Tertiary 
sediments lte beneath the rifted margins of the Australian 
Co~tinent and. the adjac~nt plateau (Figure 11 .3). The 
basms are parttcularly thtck m the major troughs - the 
Q~eensland and Townsville Basins, where syn-rift 
th1cknes_s are up to 5 km, an~ sag-phase thickness up to 4 
km. Basm_s _are 70-1 ~0 km w1de. ln the deeper rift-troughs 
the _depositiOnal envtronment of the syn-rift and late-rift 
sedt!llents proba~ly ranges from continental to marginal 
manne and restncted shallow marine. 

The history of a continental shelf is illustrated by a section 
across the Australian continental shelf off Ingham 90 km 
northwest ofTownsville (Symonds et al. 1983). Fi~e II A 
shows a shelf formed by five depositional sequences as 
fo llows. 

I. A represents a thin syn-rift sequence of Late 
Cretaceous-Paleocene age sediments deposited by 
alluvial streams and fans . 

2. B was an on lap-transgressive phase of Paleocene-Late 
Eocene ~ge, formed. during continued thermal cooling 
and s~bs1denc~. Sedtmentary environments range from 
rnargmal-manne fan deltas, through restricted shallow 
marine, to open marine oozes and turbidites. 

3. C resulted from progradational-regressive phases of 
La_te Oligocene (PI ), Late Miocene (P2), and late 
P ltocene. t o early. Pleistocene (P3) age, with 
progradation of fluvtatile and wave-dominated shelf
margin deltaic sedimentation, and regressive phases 
of marine on lap facies. 

4 . D ~s a shelf aggradation/progradation phase of 
Pleistocene age (P4), due to concurrent subsidence and 
deposition. 

5. E is reef development with pro-deltaic sediments on 
the inner shelf of Pleistocene-Recent age. 

Davies et al. ( 199 1) published a section across the 
Queensland Trough (Figure 11.5) showing its structural 
style and t~e structural position of the Ocean Drilling 
Program sttes of Leg 133. They also described the 
sediments. _Complex fau~tin_g beneath the central part of 
the trough ts thought to mdtcate that the extension had a 
s ignificant strike-slip component. The section contains 
basement tilt blocks that are westerly dipping in the 
Queensland Plateau and in the middle of the trough and 
easterly dipping on the margin of the Queensland Plateau. 
The tilt blocks are overlain by about 800 m of tilted syn
rift sedime_nts, and p lanated at the Paleocene 'breakup' 
unconformity when sea floor spreading started to the north. 
A basement high in the east-centre of the trough is a feature 
on other seismic profiles to the north and south. Sediment 
thickness is about 3000 m near the middle of the trough, 
and about 4000 m under the western flank. The late rift
phase sediments are thought to be shallow marine in the 
troughs and marginal marine and continental on the trough
flanks, plateau and shelf. Paleocene to Eocene sediments 
arc shallow ~arine in the trough and shelf-type on the 
trough margms. Post-breakup sagging caused regional 
subsidence after the Middle Eocene. Sediments on the 
p lateau and shelf are mainly shallow marine after the 
Mi~dle Eocene. Sediments in the tro ug h are mainly 
terngcnous and calcareous turbidites in the Middle to Late 
Eo_cene; are absent because of erosion in the Early 
Oltgocene; and are pelagic ooze, turbidites and slump 
deposits since then. 
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Reefs 
Controls on Coral Reef Growth 
Davies eta!. ( 1989) give the following factors controlling 
the evolution of carbonate platforms in northeast Australia. 

Rifting. Rifting and sea-floor spreading are the cause 
of the main physical elements. They have provided 
shallow marine areas suitable for reef growth: large 
shallow areas on the continental margin and plateau, 
and small shallow areas on uplifted comers of fault 
blocks in the areas of block faulting. 
Subsidence. Quantitative subsidence curves derived 
from geo-history analysis are shown in Figure 11.6 for 
Anchor Cay I well at the northern end of the Great 
Barrier Reef, DSDP Site 209 on the northeast margin 
of the Queensland Plateau, and Aquarius l drilled in 
the Capricorn Basin adjacent to the Marion Plateau. 
These subsidence curves show somewhat different 
subsidence histories in detail, but with post-rift thermal 
cooling causing decreasing subsidence to about the 
beginning of the Miocene, and faster subsidence since. 
The carbonate platform's position on the continental 
shelf moves, depending on s ubsidence rate and 
sediment supply (Davies et al. 1989). During rapid 
subsidence the carbonate platform tends to move higher 
on the continental shelf. During slower subsidence the 
platform will be aggradational with low sediment 
supply, and progradational with high sediment supply. 
Effects of plate motion and palaeoclimate. The latitude 
of the northeastern margin of Australia was determined 
for the Cainozoic, using world studies of plate motion, 
hot-spots and palaeomagnetism (Figure 11.7a). Since 
the end of the Eocene, northeast Australia has moved 
almost directly northwards at a nearly constant rate. 

temperatures since the Late Miocene, the northern 
Great Barrier Reef has been continuously within the 
latitude of reef growth, while the southern Great Barrier 
Reef has just moved into the latitude of reef growth. 
The oceanic sur face-water temperature curve for 
northeastern Australia during the Cainozoic is given 
in F igure I I. 7b. The curve shows sea-water 
temperatures suitable for reef growth on the northern 
reef from Paleocene to Middle Eocene and since the 
early Middle Miocene, and temperatures in the 
southern Great Barrier Reef that are marginal for reef 
growth for similar periods (Davies et al. 1989). The 
Great Barrier Reef should therefore thin from north to 
south, and the facies in driJl ·holes should reflect these 
temperature changes. 
Sea level variation. The effect of sea-level variation 
has been established by drilling through reefs, and 
seismic interpretation. The present reefs are composite 
features composed of stacked reef facies, which grew 
as a consequence of successive high sea-level growth 
phases, separated by unconformities representing low 
sea-level erosion. In the Great Barrier Reef area, the 
rising and high sea-level periods had both reefal and 
inner-reef carbonate deposition, with si liciclastic 
sediments restricted to the inner shelf. Falling and low 
sea-level periods have extensive fluvial or shallow
marine siliciclastic deposition, with siliciclastic 
progradation on the present upper slope. 
Collision. A foreland basin was formed south of the 
New Guinea Orogen in the middle Oligocene when 
the Australian Continent collided with an island arc 
complex (Pigram et al. 1989). In the foreland basin, 
from Late Oligocene to Pliocene, extensive thick 
carbonates were deposited in the Papuan Basin and to 
the west, and reefs formed where the foreland basin 
crossed the continental margin on the Torres Shelf. 
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northward movement since the Paleocene. (b) Surface water 
temperature for the northeastern Australian region during the 
Cainozoic. ~howing the periods when temperatures were suitable 
for reef growth (Both after Davies et al. 1989). 

Distribution of Reefs in the Contmental Margin Structure 
The major t:hara~-teristics of the carbonate platforms 
determined from extensive geological and geophysical 
investigations are described by Davies et al. ( 1989) (Figure 
11.8). 

The structure of reefs near the northern end of the Great 
Barrier Reef are illustrated by a section across the Torres 
Shelf to Pandora Trough (Figure 11.8a). The modem reef 
in the east is constructed on a more extensive Miocene 
and Pliocene reef complex as thick as 1.5 km. On the Torres 
Shelf there are Miocene?- Piiocene buried reefs that may 
be the precursors of the modem shelf edge ribbon reefs. 
In this area both seismic and drill-hole data shov-. that reef 
sequences started to develop in the M ioccne. 

The central Great Barrier Reef is illustrated by a section 
Figure 11.8b. Here the Great Barrier Reef is only 25{}-
300 m thick, of Pliocene to Recent age. and is composed 
of reef slices separated by unconfom1ities generated by 
low sea-levels. The reef sits on the uppermost part of a 
thick outer-shelf sequence that is dommatcd by prograding 
fluvio-deltaic and onlapping shelf sediments overlying a 
rift basement (Symonds et al. 1983). 
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The reefs of the Queensland Plateau are shown in Figure 
11.8c. The basement (Proterozoic rocks?) \\as O\ erlain by 
pre-rift and syn-rift sedtments. block faulted dunng rifting, 
and planated during Cretaceous-Oligocene. Most of the 
plateau was overlain first with shallow-water siliciclastic 
sediments, and then with deeper water pelagic sediments. 
Subsidence wru; gradual to the Late Miocene, and rapid 
since then. The Queensland Plateau has been a carbonate 
dominated province since the earliest Miocene. Along the 
western margin of the Queensland Plateau, steep-sided 
pinnacles 1-2 km across rise from depths of as much as 
1200 m to within I 0 m of sea level. Some of these 
pinnacles have developed on the raised comers of fault 
blocks. ln the central part of the plateau. a thick carbonate 
platform sequence formed. Platform growth was in several 
phases. each separated by planation. All the Queensland 
Plateau reefs are of high-energy oceanic type. 

Cainozoic Igneous Rocks 
The Maer Subprovince is the most northerly representative 
of the East Australian Cainozoic Volcanic Province. It 
consists of eight small islands in the northeastern part of 
Torres Strait. scattered across an area of up to I 40 km~ 
(Willmott et at. I 973; Stephenson 1989). Most of the 
islands are Quaternary pyroclastic cones and the largest is 
Maer, one of the Murray Islands. which has been dated at 
3-1 Ma. Maer [sland is composed mainly oftuff. It has a 
total volume of about l km3• and rises to 200m above sea
level. ln one area, the crater rim has been breached by 
basaltic lava flows with a total thickness of over 30 m. 
Cross-bedding and scouring in some of the cone deposits 
may be the result of base-surge type eruptions (Stephenson 
1989). The mafic flows commonly support dense tropical 
forest, whereas the pyroclastic cones are grass covered. 

Rock types mclude lapilli tuff and mildly nephehne- to 
hypersthene-normative alkali, transitional and tholeiitic 
basalts and hawaiite. Mg numbers range from 65 to 60. 
The basaltic lavas are fine grained and vesicular and 
commonly contain abundant olivine, pyroxene and 
plagioclase phenocrysts. In some instances lhc vesicles 
are filled with zeolites. No xenoliths or megacrysts have 
been reported. The tuffaceous rocks consist of lapilli and 
small bombs of basalt, ohvine and pyroxene crystals and 
limestone fragments. set in a fine-grained matrix of altered 
brown glass (Willmott et al. 1973). 

Structure/Tectonic History 
The Townsville Bas in formed part of a complex 
mtracratonic rift system of probable Mesozoic age along 
Australia's northeastern margin. This :.ystt:m formed 
through overall oblique northwest-southeast extension 
which utilised pre-existing Palaeozoic structural trends of 
the Tasman Fold Belt. Comparison with interpreted 
structural trends of the adjacent Queensland Basin suppons 
the suggestion that formation of both basins predated, and 
was independent of the tectonism related to sea floor 
spreading io the Tasman and Coral Sea Basins. The main 
tee tonic event:. are summarised in Table I 1.1. 

During most of the Palaeozoic. the tectonic setting of the 
eastern and northeastern margins of Australia was that of 
a convergent margin. with periods of oblique subduction 
represented by northwest trending. parallel bells of 
volcantc arc, fore-arc basin and subduction complex 
successions (e_g. Harrrngton & Korsch 1985a.b; 
Henderson 1987; Murray et al. 1987: Totterdelt et al. 1991 ). 
Ba'iement underlying the present-day offshore northeastern 
margin is thus likely to comprise an amalgamation of 
Palaeozoic intrusions and lithtfied sediments of probably 
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Table 11 1 Summary of tectonic events in the Coral Sea Region (after Symonds et al 1996) .. 
~i~~ft\li~ ~~~~~~1R\fi'~l.tilmill . _ li.e.asmu.s(l:tiljal ~ · ~ -c-~-· ~ t1. • · . 11 fi _.. - ~. 

L. Triassic-M. Jurassic Accretion/collision related Maryborough Basin; silicic and mafic plutons/volcanics (2 10-230 Ma) 

L Jurassic-E. Cretaceous Rirting-?transtension; acid-intermediate volcanics and intrusives- Graham's Creek Formation 
(120-150 Ma) (13(rl45 Ma); volcanogenic sediment into Surat Basin: ?stan of rifting in Queensland and 

Townsville Basins 

Barremian-Cenomanian (95- 120 Ma) Intracratonic sag-extension; silicic and minor intermediate and mafic pyroclastics, lavas and 
intrusives - Whitsunday Volcanics (mainly 100-120 Ma); distal volcanogenic sediment into 
Surat!Eromanga Basins (Rolling Downs Group) and rapid basin subsidence; rifting in 
Qucenslandffownsville Basins 

Cenomanian (90-100 Ma; -95 Ma) Contraction?-folding, uplift, erosion in Bowen, Surat and Maryborough Basins (90-95 Ma) 

Cenomanian-Campanian (80-95 Ma) ?Extension in Queensland, Townsville and Capricorn Basins 

Campanian-Paleocene (60-80 Ma) Breakup volcanism and sea floor spreading in Coral Sea Basin and Cato Trough (-65 Ma) 

Paleocene-Eocene End sea floor spreading in Coral Sea Basin chron. 24 (-54 Ma); early sag phase deposition in 
continental margin basins; wrench reactivation in Cato Trough 

Late Eocene- Miocene Middle-Late Eocene compression in Capricorn Basin- fault reactivation, uplift and erosion; 
minor Oligocene-Miocene reactivation in Townsville Basin 

mostly fore-arc assemblages (Murray et aL 1987). North
northwest to northwest-trending lineaments, which 
separate distinct gravity provinces on the Queensland and 
Marion Plateaus, parallel those of the Tasman Fold Belt 
onshore and may represent terrane boundaries between 
these old convergent margin belts. A distinct northwesterly 
gravity trend on the eastern Marion Plateau may in fact be 
an old Palaeozoic suture. It appears to be offset to the west 
in the vicinity of the Tregrosse Fault Zone, which is 
interpreted to be a major structural boundary in the younger 
Townsville Basin. There is an indication that gravity trends 
change from north-northwesterly on the Marion Plateau 
and the southeastern Queensland Plateau, to northwesterly 
and west-northwesterly trends on the western Queensland 
Plateau. These two trends correspond to the trends of 
transverse structures in the Townsville and Queensland 
Basins, again indicating that formation of the two basins 
was probably controlled by older basement trends. 

ln the Jurassic to Early Cretaceous, the eastern Australian 
continental margin, incorporating the present marginal 
plateaus, lay adjacent to the Pacific Plate. The overall 
tectonic setting of the margin was still convergent, with 
the continent-ocean-boundary lying to the east of Lord 
Howe, Dampier and Me II ish Rises (e.g. Veevers et al. 1991 ; 
Struckmeyer et al. 1990), which were later detached from 
the Australian continent in the Late Cretaceous to 
Paleocene through the opening of the Tasman Sea/Cato 
Trough by sea floor spreading. The northern Australian 
margin in New Guinea is thought to have been a passive 
margin during the Mesozoic, with a major extensional 
episode occurring in the Late Triassic to Early Jurassic 
(Pigram & Davies 1987; Home et aL 1990; Struckmeyer 
et al. 1990, 1994). It is possible that these two opposing 
margin settings, that is, convergent in the east and passive 
in the north, were connected via a strike-slip fault system 
along the northeastern margin of Australia (Symonds et 
al. 1984), which included possible subsidiary fault systems 
along the site of the present Queensland-Townsville
Capricorn Basin system (Figure 11.3). 

ln the Jurassic to Early Cretaceous, overall northwest
southeast directed, oblique extension occurred along this 
northeastern strike-slip margin and resulted in low- to high
angle normal faulting and block rotation which initiated 
the Townsville and Queensland Basins. Major northwest 
to north-northwest trending transverse structures, which 
compartmentalise the Townsville Basin into distinct 
structural elements, align with lineaments of the onshore 
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Tasman Fold Belt, indicating that extension in the basin 
was accommodated by the utilisation of pre-existing, 
Palaeozoic structural trends. As discussed above, these 
trends are likely to represent major basement terrane 
boundaries. Gravity trends, structure contour maps and 
sediment thickness maps all indicate that at least the earlier 
phases of sedimentation in the Townsvi lle Basin were 
controlled by these major old structural trends. 

The transtensional tectonism in the Townsville Basin was 
accompanied by volcanism and differential uplift in 
adjacent regions. Coarse to fine-grained clastics derived 
from adjacent and intra-basin basement highs, and 
volcanics were deposited in a variety of terrestrial 
environments ranging from alluvial fan deposition along 
steep fault scarps to fluvial and, possibly, lacustrine 
environments in the deeper parts of the basin. In the middle 
to Late Cretaceous, a northeast-southwest directed 
extensional event, which later culminated in breakup and 
opening of the Coral and Tasman Sea Basins, may have 
been superimposed on the older rift system, resulting in 
reactivation and overprinting of the primary basin-forming 
structures, and uplift and differential erosion in the 
Townsville Basin. Some of the tilt blocks were capped 
and buried by the late rift-phase sedimentation. Deposition 
occurred in similar, alluvial, fluvial and fluvio-lacustrine 
environments, but marginal marine environments probably 
existed during this latest rift stage in the deeper, eastern 
part of the basin. 

During the Paleocene to Eocene episode of sea floor 
spreading in the Coral Sea Basin to the north and possibly 
in the Cato Trough to the southeast, wrench movement on 
reactivation faults continued and ?subaerial volcanism 
occurred in the eastern Townsville Basin. Partially 
restricted shallow marine conditions probably existed in 
the basin, with paralic to shallow shelf environments on 
the basin margins. In post Middle Eocene time, slow 
regional subsidence during the post-breakup sag-phase of 
continental margin development resulted in shallow marine 
conditions being established on the Queensland and 
Marion Plateaus, although parts of both of these features 
were probably still emergent until at least the Oligocene. 
During the Middle to Late Eocene, the Townsville Basin 
received neritic to deepwater, high and low energy deposits, 
which probably consisted mainly of terrigenous and 
calcareous turbidites. Minor reactivation events occurred 
in the middle Oligocene to Late Miocene/early Pliocene, 
probably as a result of collisional tectonism along the 
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northern Australian margin. This middle Oligocene event 
was enhanced by a global fall in sea level and is reflected 
by a major regional unconformity. A Late Oligocene sea 
level rise followed, resulting in the gradual flooding of the 
adjacent basement platforms and eventual establishment 
of carbonate platforms and reef growth. Minor volcanic 
activity persisted, probably into the Early Miocene. In post
Early Oligocene times, as the water depth over the plateaus 
increased, pelagic ooze, turbidites and slump deposits, in 
part derived from the flourishing carbonate platforms, 
became the major components of sedimentation in the 
basin. 

Inter-regional Correlations 
Events in the Coral Sea Region can be correlated with 
events elsewhere off eastern Australia and these are 
summarised in Table 11 .2. 

Petroleum Prospectivity 
The resource potential of the Region was discussed by 
Symonds eta!. (I 988) and Falvey et al. ( 1990). Exploration 
is banned in the Great Barrier Reef Marine Park and the 
Torres Shelf Protected Zone, so there has been little 
exploration activity in the region with one important 
exception, the Papuan Basin in Papua New Guinea waters. 

The onshore equivalents to the Jurassic to Cretaceous pre
rift basins which may underlie the younger rift sequences 
and the Queensland Plateau have been prospected with 
little success. As discussed in Chapter 10, the prospectivity 
oft he onshore Laura Basin has proved to be low and much 
of it is covered by the Lakefield National Park. Offshore, 
the potential may be greater due to better source and 
reservoir development, but exploration is precluded by the 
Great Barrier Reef Marine Park. Potential could exist in 
similar sequences in deeper water, but no data are available 
on the occurrence of rocks of this age, let alone their nature 
and extent. 

The rift sequences in the Queensland and Townsville 
Basins have significant potential because of the great 
thickness of sediment (up to 5 km of synrift sediments 
and 4 km of sag phase sediments), potential for source 
rocks, reservoir rocks and suitable traps. Pre-rift basins, if 
present beneath the rifts, would also be suitably mature 
for hydrocarbon generation. Falvey et al. ( 1990) rated these 
basins as ' very high risk/high potential'. Water depths are 
generally over 1000 m, except in a few areas where 500-
1000 m are present (southwest flank of the Townsville 
Basin), so the rift basins can only be considered as long 
term prospects. 

The Papuan Basin in Papua New Guinea waters to the north 
of the area had an initial development similar to the onshore 
and offshore North Queensland basins (pre-rift-rift), but 
developed into a foreland basin in the Oligocene. The 
Pandora gas field (Figure 1!.3) hosted in Miocene reef 
deposits has reserves of 1.5 trillion cubic feet of gas, and 
a feasibility study on a pipeline to Townsville is under 
way. The thick sediments in the Pandora Trough underlying 
the reef play are restricted to Papua New Guinea waters. 
Potential for similar Miocene reefal plays exists in the 
western Townsville Basin. 

CHAPTER ELEVEN Coral Sea Reg i on 
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CHAPTER12 

REGOLITH OF CAPE YORK PENINSULA 

Introduction 
Information on regolith is not usually included in books 
of this kind, mainly because its systematic study and 
mapping is a relatively recent innovation. However, it is 
of fundamental importance for an understanding of the 
geological history of an area, for mineral exploration, and 
for environmental studies. Although regolith covers nearly 
all the basement and sedimentary rocks of North 
Queensland, systematic mapping was carried out mainly 
north of I 6°S, and thus discussion is limited mainly to the 
area north of this line. 

The descriptions of regolith characteristics and distribution 
on specific bedrock types north of !6°S can be extrapolated 
with care to the rest ofNorth Queensland, especially if the 
landforms are similar. For example, regolith on the 
Carpentaria Plains south of l6°S is very similar to that 
described here. Similarly, regolith on granitic rocks in the 
Coen Region is likely to be similar to that on granitic rocks 
in the Georgetown Region. On the other hand, regolith on 
bedrock types and in landscape settings that do not occur 
north of !6°S will be different from anything described 
here. 

There is some published work relevant to regolith studies 
in North Queensland. Galloway et al. (1970) reported on 
land systems of the Mitchell River area. Reconnaissance 
soil maps and reports were produced by fsbell eta!. ( 1968) 
and Isbell ( 1983). Whitehouse ( 1941 ), Twidale ( 1956a,b,c) 
and Watkins (1967) wrote on the geomorphology of the 
southern part of the study area, while Nash (1991) 
considered landform evolution in the Cooktown area. 
Grimes (e.g. 1979, 1980) discusses Jandsurfaces and 
regolith in the area, while Grimes & Doutch (I 978), Jones 
et a!. (1988) and Nanson et a!. ( 1991) consider aspects of 
the late Cainozoic evolution of the Carpentaria Plains. 
However, the regolith-landform mapping reported here is 
the first to be carried out in Queensland. 

The area is divided into regolith-landform units that were 
mapped using a combination of I :80 000 .panchromatic 
aerial photography ( 1970), 1 :50 000 colour aerial 
photography (1990), Landsat TM image data, airborne 
magnetic and gamma-ray spectrometric image data, and 
field work carried out over the period 1990-1994 by the 
Australian Geological Survey Organisation (AGSO). 

The philosophy behind the map (Atlas Plate 27) is first 
presented. The chapter then discusses the regolith north 
of l6°S, first its characteristics, and then in relation to 
landscape position. Significance of the results is briefly 
discussed, and there is a brief glossary at the end. Plates 
12.1 to 12.1 1 illustrate with photographs and images some 
aspects of regolith in North Queensland. 

Regolith 
Definitions of regolith are to be found in various journals 
and books. The word was introduced by Merrill ( 1897) 
and has been in use since. The term comes from the Greek 
rhegos == blanket and lithos = stone. In other words, the 
blanket over the rock. Three similar definitions, which give 
the general idea of what we mean by the term regolith, are 
as follows. 

by CF PAIN, JR WILFORD and JC DOHRENWEND 

I. A general term for the layer or mantle of fragmented 
and unconsolidated rock material, whether residual or 
transported, that nearly everywhere forms the surface 
of the land and overlies or covers bedrock (Chan et al. 
1986). 

2. The mantle of materials, including weathered rocks and 
sediments, altered or formed by land surface processes 
(Speight & Isbell 1990). 

3. The weathered and/or transported material, the upper 
part of which is called soil, overlying or covering 
bedrock (Pain et al. 1991 ). 

Regolith includes rock debris of all kinds, including 
weathered rock in place, alluvium, colluvium, aeolian 
deposits, volcanic ash, and glacial till. It is commonly called 
'soil' by engineers, but here soil is restricted to organically 
influenced regolith which is at the surface. These points 
have been emphasised in earlier work by AGSO (then the 
Bureau of Mineral Resources) (Oilier & Joyce 1986; Chan 
I 988; Chan et al. 1988). 

The underlying zone of rocks formed or altered by deep
seated crustal processes is the bedrock. Regolith and 
bedrock are thus characterised by different processes, rather 
than different materials. Regolith is bedrock that has been 
altered by processes at or near the surface, including 
weathering, erosion, transportation and terrestrial 
sedimentation. This includes induration of regolith by 
cementation to form, for example, duricrusts. Thus some 
regolith is not unconsolidated, but is very hard. 

The Importance of Regolith 
The regolith is important for several reasons, as follows. 

I. It is of intrinsic scientific importance, especially in 
Australia, where more than 80% of the continent is 
covered in thick regolith. Moreover, much of the later 
geological history of the continent is recorded in the 
regolith. 

2. Some regolith materials, such as·bauxite, uraniferous 
calcrete, opal and kaolin, are of economic importance. 
In other cases the regolith hosts economically important 
minerals and materials, such as gold, diamonds, tin, 
groundwater and road gravel. 

3. Over large areas the regolith is a barrier between 
mineral explorers and their targets. A greater 
understanding of the regolith would allow mineral 
explorers to plan better ways to overcome this problem. 

4. The regolith is the parent material for the soils on which 
agricultural and other land uses depend. An 
understanding of the regolith allows a better 
understanding of soil patterns, and also allows better 
prediction of soil characteristics in areas without 
detailed soil information. 

5. The engineering properties of regolith are important 
for many civil works programs, such as road building. 

6. Information about regolith materials can be used to 
estimate erosion hazards and some kinds of land 
degradation. Part of our work involved the production 
of a map of potential soil loss by water erosion (Pain 
& East I 994; Atlas Plate 28). 
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Regolith-landform Mapping 
Regolith-landform units are areas of land possessing 
similar landform and regolith attributes (Pain eta!. 1991 ). 
They are areas of land of any size that can be isolated at 
the scale of mapping. Units are mapped primarily on the 
basis of landforms and then described in terms of the 
relationships between landforms and regolith. Often the 
landforms and regolith will be related both spatially and 
genetically. These relationships can be expressed as 
regolith toposequences, which, like soil catenas, show the 
location of regolith materials associated with particular 
parts of the landscape. The difference between a regolith 
toposequence and a soil catena is that the former is likely 
to be deeper and more complex. 

It is important to note that regolith-landform units are a 
composite of various regolith types and landforms. This 
follows from the fundamental difference between regolith 
and landform classification units, and regolith-landform 
mapping units. The arrangement of regolith materials in a 
classification is based on logical and hierarchical 
relationships between the different kinds of regolith. The 
same is true oflandforms, which are classified separately 
from regolith . However, such arrangement in a 
classification has little in common with the spatial 
arrangement of these materials or landfonns in a landscape. 
The arrangement of regolith-landform units in a landscape 
depends on the geomorphic character and development of 
an area. The difference between classification and mapping 
units is contained in the following definitions. 

Classification units consist of regolith or landform units 
that are defined in terms of various regolith or landform 
characteristics. They are ideal or conceptual units that can 
be precisely defined. 

Mapping units are real regollth-landtorm umts that can be 
conveniently mapped, and their delimitation will therefore 
depend to some extent on the scale of the map. The more 
detailed the scale, the higher the purity of the regolith
landform units. A mapping unit will almost always include 
regolith units that do not belong to the appropriate 
classification unit. These different units occur in areas that 
are too small to appear on the map. An example of this is 
narrow areas of alluvium in floodplains within areas of 
dominantly highly weathered saprolite. 

Regolith-landform units, therefore, do not define areas of 
uniform regolith materials, and regolith-landform maps 
cannot be interpreted in the same way as geology maps. 
The regolith at a particular point in the field will not 
necessarily be that which is shown on the map for the 
surrounding area within that regolith-landform unit. The 
regolith at a particular point may be only a minor regolith 
type, perhaps mentioned in the database but not high! ighted 
as part of the unit description on the map. The same applies 
to landforms. The regolith toposequence concept, 
embodied in the descriptions contained in this chapter, 
allows the map to be used as a guide to the dominant 
regolith types that occur in particular landscape positions 
in each mapping unit. The map should not be used to 
identify a particular regolith type at any given point. This 
also means that to use a regolith-landform map, the user 
must have at least some familiarity with regolith and 
landforms. 

Aerial photographs at a scale of I :80 000 and Landsat TM 
image data printed at l: l 00 000 scale were the main means 
of compiling the regolith landform map. These two data 
sources provided information on landfor:ms and landscape 
patterns. Landsat TJ'v1 image data were used in combination 
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with airborne gamma-ray spectrometric image data to 
assist in defining some regolith-landform units and in 
locating unit boundaries that are not obvious either from 
interpretation of aerial photographs or from field 
observation. However, although this method of map 
compilation is extremely powerful, airborne gamma-ray 
spectrometric image data are only available for 
EBAGOOLA, HANN RIVER, WALSH and RED RIVER. 
The integration of Landsat TM imagery with airborne 
gamma-ray spectrometric imagery, and the interpretation 
of airborne gamma-ray spectrometries for regolith, 
including soils, are presented in Wilford (1992). 

Main Regolith Types 
This section briefly presents information about the main 
regolith types that occur in the area north of I 6°S. The 
regolith types are described, and their relationship to 
landforms and landscape position is noted. Table 12.1 lists 
the majn regolith types, and gives their areas. Table 12.2 
does the same for lhe main landform types. 

Table 12.1. Areas of regolith types north of I 6°S 

Fif/J.r'!fh;~~:J:: ~ \: ~t~-~'t! \'i ~· i'lr:~~a'fff:Ai~f![~ 

Alluvial sediments 30614.3 

Channel deposits 19626.1 

Overbank deposits 1592.4 

Colluvial sediments 218.3 

Scree deposits 34.9 

Sheet flow deposits 52.0 

Fanglomerate 1063.1 

Aeolian sediments 2.5 

Aeolian sand 1572.3 

lacustrine sediments 312.8 

Coastal sediments 227.7 

Beach sediments 1739.9 

Estuarine sediments 4214.5 

Coral 17.0 

Volcanic ash 4.9 

Saprolite 61.9 

Slightly weathered saprolite 10803.8 

Moderately weathered saprolite 25136.3 

Highly weathered saprolite 7967.5 

Very highly weathered saprolite 2637.4 

Completely weathered bedrock 443.0 

Residual sand 15946.5 

Residual clay 891.3 

Soil on bedrock 7398.0 

Residual Material 
Residual material is derived from the weathering of 
bedrock, and remains in place after more mobile 
weathering products have been removed by chemical 
weathering, solution, and movement in soil and ground 
water. There is loss of volume from the weathered mass, 
and there may have been local disturbance, particularly 
by downslope colluvial processes, and bioturbation. 
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Table 12 2 Areas of landfonn types north of I 6°S .. 
lAndform Area (km1) 

Alluvial plain 13384.6 

Flood plain 22612.4 

Meander plain 54.3 

Alluvial terraces 1492.3 

Stagnant alluvial plain 973.3 

Alluvial swamp 275.9 

Beach ridge 874 1.5 

Chenier plain 838.9 

Coral reef 17.0 

Tidal flat 3055.7 

Coastal dunes 1098.8 

Coastal plain 208.2 

Dunefield 457.8 

Erosional plain 24636.0 

Pediment 1431.7 

Rises 22408.0 

Low hills 12729.8 

Hills 6323.7 

Mountains 2994.1 

Escarpments 1539.4 

Badlands 7 .9 

Drainage depressions 2936.4 

Fans 86.7 

Alluvial fans 4955.4 

Colluvial fans 1329.0 

Plateaus 585 1.5 

Volcanic cones 4.8 

Soil on Bedrock 
Soil on bedrock is mapped in areas where fresh or weakly 
weathered bedrock lies within 2m of the surface. Soils on 
other regolith materials such as saprolite were not·mapped 
separately. Material mapped as soi l on bedrock typically 
consists of a shallow lithosol or skeletal soil. Such areas 
are found on sandstone, siltstone and metamorphic 
bedrock, although small areas also occur on granite and 
volcanics. 

This regolith type consists of a skeletal sandy or stony 
soil generally less than 0.5 m thick directly overlying fresh 
or weakly weathered bedrock. Angular blocks of fresh or 
weakly weathered bedrock lie on the surface as well as 
occurring within the soiJ itself. Associated landforms 
include hills, low hills and ridges as well as small areas of 
plateau surface, particularly on sandstone. Steep slopes 
are a common feature of areas with soils on bedrock. 

Residual Sand 
Residual sand, predominantly quartz, is derived from the 
in-place weathering and removal of finer material by 
solution or suspension in sub-surface water (Pain et al. 
1991). Thin residual sand veneers the surface of much of 
the weathered bedrock in the area. However, it is mapped 
as residual sand only where it is more than 0.5 m thick. 

Residual sand commonly contains iron nodules which may 
be scattered throughout the profile; however these nodules 
are typically concentrated in the lower parts. It is found 
over highly weathered saproljte, moderately weathered 
saprolite, and ferricrete and bauxite. 

The development of large areas of residual sand up to or 
exceeding I m in depth derives in part from the activity of 
termjtes and tree fall. The residual sand, being loose, also 
tends to be permeable, especially in its lower levels. 
However, the surface can be quite impermeable, especially 
if there is a high organic matter content in the top few 
centimetres. 

Preliminary research into the interpretation of gamma-ray 
spectrometric imagery for regolith mapping (Wilford 
1992) facilitated the mapping of quartz-rich residual sand 
in EBAGOOLA and HANN RIVER. Quartz-rich residual 
sand more than 0.5 m thick appears as very dark tones 
{low in potassium, thorium and uranium) on RGB
composite gamma-ray spectrometric images. It is easily 
distinguished from areas of brighter tones which typically 
indicate either shallow soils on crystalline bedrock or 
relatively young alluvium derived from these rocks. 

West of the Coen Region on sedimentary bedrock of the 
Carpentaria Basin, residual sand is generally best 
developed on sandy intervals within these shallow marine/ 
fluvial deposits. The residual sand overlies moderately 
weathered saprolite, and the boundary between these two 
regolith types is usually quite distinct. With the exception 
of a few small areas near the Coen Region, residual sand 
in this area lies on erosional plains. 

East of the Coen Region, residual sand overlies moderately 
weathered saprolite on sedimentary bedrock of the Laura 
Basin. The regolith cover in this area is very similar to 
that on the west side of the region. 

Within the Coen Region itself, residual sand is confined 
largely to granitic bedrock where it occurs for the most 
part in two general geomorphic settings: (a) on rises above 
low erosional scarps; and (b) below and some distance 
from these same low scarps. In both settings the residual 
sand overlies saprolite. These areas represent the oldest 
parts of the granitic landscape, and therefore they are 
underlain by the most highly weathered saprolite. Above 
the scarps, the residual sand and saprolite cover remnants 
of the pre-scarp land surface, whereas below the scarps 
they have developed on a time-transgressive surface 
formed as a result of scarp retreat, and thus they are truckest 
on that part of the surface furthermost from the scarp 
(Figure 12.1 ). 

~ Alluvium 

~ Residual sand 

[J Moderdlely weathered saprolite 

~ Granite bedrock 

Figure 12.1. Section showing distribution of residual sand on 
granite, and the nature of the time-transgressive surface. 
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On the western side of the Region, residual sand also 
overlies metamorphic rocks. However, because 
metamorphic rocks rarely weather to sand-sized material, 
this sand may represent the deeply weathered remnants of 
a former cover of Mesozoic sedimentary deposits, most 
of which have been eroded away. 

Residual Clay 
Residual clay is bedrock weathered in place, with losses 
of material mainly by solution. There has been some local 
rearrangement of materials in this regolith type. The clay 
minerals present (predominantly montmori llonite) have 
expanding clay lattices, and lead to the formation of gilgai 
micro relief, deep cracking of the upper part of the regolith 
profile, and a self mulchjng layer. The highly seasonal 
climate emphasises these features. 

Res idual clay appears to be confined largely to a 
particularly clay-rich unit in the Cretaceous Rolling Downs 
Group. For the most part it is found on erosional plains or 
low rises where, apart from the Gilgai relief, it is reasonably 
stable. However, on some locally steep slopes, such as those 
around the Embley Range, this material is prone to land 
sliding. 

A small area of residual clay is developed on basalts on 
COOK TOWN. 

Bauxite and Ferricrete 
A number of low mesas and extensive relict erosional 
plains, particularly on the western side of the area, are 
veneered by a cover of bauxitic nodules over a mottled 
zone of completely weathered saprolite. The regolith 
consists of a few centimetres of residual sand and silt over 
a layer of well developed bauxitic nodules up to l 0 m thick. 
This in turn overlies a mottled zone on saprolite developed 
on sedimentary bedrock. The mapped areas are locally 
bounded by low erosion scarps. Some of these relict 
surfaces include small unmapped areas of moderately 
weathered saprolite, some of which are strongly silicified. 

The bauxite at Weipa and Andoom is well documented 
(e.g. Schaap 1990), and there is no need to describe it 
further here. However, it is worth noting the presence of 
much thinner(<2 m) covers ofbauxite in areas, especially 
inland oft he main deposits. These areas ofthinner bauxite 
are important in HOLROYD and EBAGOOLA, in the 
south, and in isolated mesas and plateaus between the 
major bauxite deposits and the Coen Region. In many cases 
a kaolin layer is present, either under the bauxite or under 
the mottled zone that underlies the bauxite. At Weipa this 
kaolin layer is an economic resource, and it is also an 
important aquifer, supplying water for the township of 
Weipa. Elsewhere, for example on Batavia Downs and 
Merluna stations, springs emerging from a pallid zone 
below bauxite provide a small source of permanent water. 

Ferricrete occurs in a wide variety of landscape positions 
(Pain & Oilier 1992). However, these occurrences tend to 
be very restricted, and are very different from the 
widespread occurrences of ' laterite' that are found 
elsewhere on the Australian continent. 

Saprolite 
Saprolite is defined as moderately to completely weathered 
bedrock which has been weathered in place without volume 
alteration. Primary rock fabric is usually apparent. 
Saprolite is divided into slightly, moderately, hiKhly and 
very highly weathered saprolite on the basis of the degree 
of preservation of rock fabric and the abundance of earth 
material. Detailed definitions are given in Pain et al. ( 199 I). 
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Slightly Weathered Saprolite 
Slightly weathered saprolite is found in only a few places, 
mainly on steep slopes in the Coen Region. One such area 
lies west of the Great Escarpment, above Lockhart River. 
Another large area is on sandstones north ofHeathlands. 
There are also areas of slightly weathered saprolite in the 
steep hill country between Cooktown and Cape Melville. 

Moderately Weathered Saprolite 
Moderately weathered saprolite occurs in three principal 
areas as follows. 

I . In the west, erosional plains developed on gently 
dipping to flat lying strata of the Rolling Downs Group 
are covered by moderately weathered saprolite. This 
regolith consists of a thin layer of residual sand, 
sometimes with iron pisoliths, developed on 
moderately to highly weathered, light grey, fine 
sandstone and siltstone. Total depth of weathering is 
not known, but moderately weathered regolith is 
generally less than 5 m thick before it grades into 
slightly weathered saprolite, which may be as much as 
several tens of metres thick. This slightly weathered 
saprolite is not mapped because it is always covered 
with other regolith materials. Locally, this map unit 
contains areas of deeper residual sand and small areas 
of deep weathering on low hills where silicified mottled 
zones overlie the saprolite. Rounded quartz gravels and 
cobbles veneer the crests of some of these hit Is. These 
latter occurrences probably represent the degraded 
remnants of an older higher landscape. Valley floors 
contain thin alluvial sequences, and siliceous hardpans 
commonly cement both the alluvium and the adjacent 
weathered bedrock. These hardpans are commonly 
known as ' creek rock'. The thickness of the saprolite 
is closely related to lithology. On metamorphic rocks 
and on the sandstones of the Gilbert River Formation 
it is quite thin ( 1-5 m), whereas on the Rolling Downs 
Group it may be relatively thick (>I 0 m). 

2. On metamorphic rocks. this regolith type consists of a 
thin soil formed on moderately to highly weathered 
saprolite developed on rises and low hills. Total regolith 
cover is generally thin, ranging from J-5 m. 

3. Along the Great Escarpment, a thin soil on moderately 
weathered saprolite covers slopes up to 25°. Corestones 
and tors are common. This regolith type also occurs 
along most of the smaller erosional scarps developed 
on granite in the sheet area, but these occurrences are 
generally too small to show at a scale of I :250 000. 

Highly Weathered Saprolite 
Highly weathered saprolite is mapped mainly on granite 
and metamorphic rocks, although some small areas also 
occur on sandstones of the Rolling Downs Group. On 
granite, this regolith type consists of a thin sandy soil over 
weathered granite, with many unweathered mineral grains. 
Corestones and tors are common, especially on lower 
valley slopes. Other regolith types occur locally within 
this map unit. For example, almost all valley floors have a 
narrow belt of shallow alluvium, usually less than I 0 m 
wide and 2 m thick. Valley floor regolith, both alluvium 
and saprolite, is sometimes silicified to form a siliceous 

·hardpan. The predominant landforms are rises. Regolith 
derived from metamorphic rocks consists of a shallow soil 
over moderately to highly weathered saprolite. The 
saprolite normally shows original metamorphic structure 
quite clearly, although the material is soft and primary 
minerals are typically altered to clay. The principal 
landform types are rises and low hills, with steep slopes 
developed on the more resistant quartzites and gentle 
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slopes developed on the less resistant saprolite. Also 
included within this map unit are areas of shallow coarse 
angular to sub-angular alluvium along valley floors and 
thin colluvial mantles on some lower valley slopes. 
Ferruginous induration of the valley floor regolith is 
common. Regolith thicknesses in all areas are generally 
less than I 0 m. 

Very Highly Weathered Saprolite 
Very highly weathered saprolite occurs mainly on granitic 
rocks of the Coen Region, and in the area south of 
Cooktown. This material consists of sand in a clay matrix. 
In some areas, for example north of Coen, quartz veins 
from the original unweathered granite persist through to 
within a few tens of centimetres of the surface. Core stones 
are common, and some tors are also present. 

Completely Weathered Saprolite 
Completely weathered saprolite does not occur at the 
surface anywhere in the area. However, it does underlie 
some surface regolith materials. Two types of completely 
weathered saprolite occur in the area as follows. 

1. Beneath aferruginous mottled layer. A number of small 
areas underlain by metamorphic rocks have a 
ferruginous mottled layer on the surface. Locally, this 
layer is strongly indurated and contains some iron 
nodules and pisoliths. It overlies completely weathered 
saprolite, and the total thickness of the regolith ranges 
from 5.- I 5 m. 

2. Beneath bauxite. Completely weathered saprolite 
underlies bauxite nodules on erosional plains and low 
plateau surfaces in the west and northwest. 

Coastal Deposits 
Coastal sediments occur more or less along the whole coast 
line of the area. However, they are most important along 
the west coast south of Weipa, in the north on both sides 
of the Peninsula, and in bay heads such as Lloyd and 
Princess Charlotte Bays in the east. 

Modern Beach 
The modem beach forms a more or less continuous strip 
of beach sand and the associated foredune along the coast 
of the area. Its composition varies from place to place 
depending on the nature of the sand being brought to the 
coast by rivers. Its form and width also varies depending 
on .. the nature of the areas behind the beach. 

Beach Sediments 
Beach deposits form beach ridges and chenier plains (Plate 
12.4, 12.9) along much of the coast. These deposits are 
primarily sand. They are derived from the alluvium of rivers 
that rise in the hills in the centre of the Peninsula as well 
as to the south of I 6°S. Two ages of beach deposits can be 
distinguished on the basis of location and composition. 
Older beach deposits are characterised by strongly leached 
quartz sands. Soils are deep, sandy and uniform-textured, 
with a grey-brown organic stained A1 horizon. These older 
deposits form a truncated beach strand-line up to 15 km 
inland from the present coast. This strand-line includes 
Pleistocene beach ridges along the west coast of Cape York 
Peninsula (Smart 1976a,b). Younger (Holocene?) beach 
ridges lie within 4 km ofthe shoreline and consist of quartz, 
mica and shelly material. Soils on these younger deposits 
have poor horizon differentiation and are characterised by 
sandy uniform-textured profiles with weak organic stained 
A horizons. 

Gamma-ray spectrometric image data indicates that on 

EBAGOOLA, the younger deposits contain potassium-rich 
minerals, whereas these minerals have been weathered and 
leached from the older deposits. 

Estuarine Sediments 
Estuarine sediments underlie broad flats in several parts 
of the coast, including the Jardine River mouth, the 
southern end of Temple Bay, Lloyd Bay and Princess 
Charlotte Bay. They consist of fine sand, silt, mud and 
minor evaporitic salts forming clay flats and salt pans. 
Three types of estuarine deposits have been mapped. One 
is frequently covered by tides and consists mainly of black 
organic mud. A second is slightly higher in elevation, less 
frequently inundated by tides, and consists of dark grey to 
greyish brown cracking clays, saline alkali soils and black 
organic mud. A third consists of mangrove-covered areas, 
both tidal and supratidal. The largest area of tidal sediments 
lies at the head of Princess Charlotte Bay. 

Cor al Cays 
Coral cays are restricted to islands off the eastern side of 
the peninsula. They consist of coral sand, usually only a 
few metres thick, and often within a metre or so of high 
tide level. 

Coastal Sand Dunes 
Several large areas of coastal dunes occur along the eastern 
side of the peninsula. They are all composed mainly of 
silica sand, and have dune forms aligned with the prevailing 
winds from the southeast. There are several ages of dune, 
ranging from Pleistocene to Holocene, with some dunes 
still active and therefore modem. Some areas of sand dunes 
(e.g. the Olive River Dune Field - Plate 12.3) are large 
enough and have a sufficiently high silica content to be 
economically important. 

Alluvial Sediments 
Alluvial Deposits 
In many areas the difference between channel and over 
bank deposits is not obvious because of a lack of distinct 
channels. In general, the regolith consists of channel 
deposits either at the surface or overlain by finer over bank 
deposits. This fining upwards sequence is typical of 
alluvial deposits in a large number of areas. The alluvium 
is rarely more than a few metres thick. In the southwest, 
alluvium forms large, low angle fans and broad flood 
plains. These areas consist of numerous anastomosing 
channels and-intervening flood·plains·(Piate 12.1 0). Typical· 
regolith is a coarse channel deposit, mainly sand, which is 
overlain in the flood plain areas by fmersediments. Similar, 
although smaller, areas of alluvium surround Princess 
Charlotte Bay in the southeast, forming the down stream 
parts of the Normanby River system. 

Channel deposits occur in both active and abandoned 
stream channels. Some of the main rivers, such as the 
M itchell and the Palmer, have well rounded gravels and 
cobbles in their channels. Channel alluvium is mapped 
along all major west-flowing streams. They are 
predominantly sandy. Gamma-ray spectrometric image 
data indicates that the sand is derived mainly from the 
granitic bedrock of the Coen Region (Wilford 1992). 
Within the Region, deposits within smaller channels are 
generally less than I m thick and bedrock is exposed in 
most channel floors. West of the Region, channel alluvium 
in the main rivers is also relatively thin, although 
thicknesses are not so readily documented. In many places, 
channel deposits are cemented by silica to form a siliceous 
hardpan, locally known as 'creek rock'. This hardpan 
commonly extends into the weathered bedrock adjacent 
the channels. 
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Over bank deposits are deposited outside the perimeter of 
the active channel during flooding . These deposits tend to 
be finer than adjacent channel deposits. They consist of 
fine sandy alluvium a few metres deep, which overlies 
coarser channel deposits. However, because alluvium in 
the area is overwhelmingly dominated by sand-sized 
material, it is often very difficult to make a distinction 
between overbank and channel deposits. 

Alluvial Swamps 
Seasonally flooded alluvial swamps are found along some 
of the major rivers, especially the Archer, Holroyd and 
Coleman. These swamps are formed when sediment 
carried by the trunk stream of the major river is deposited 
in tributary mouths. Thus dammed, the lower parts of the 
blocked tributaries become swamps, and locations of 
sediment deposits from the tributary catchment. 

Alluvial Terrace Deposits 
Areas of older fluvial deposits occur in the upper reaches 
of some of the main rivers, especially the Holroyd and 
Coleman Rivers on the west, and the Kennedy and 
Norman by Rivers, which flow into Princess Charlotte Bay. 
The deposits generally consist of about I m of alluvial 
sand, grading down to well-rounded quartz gravels and 
cobbles. The lower contact is sharp, and the alluvium rests 
on saprolite. 

Dissected Tertiary Fans 
A belt of slightly dissected alluvial fans of Tertiary age 
(coinciding more or less with the Wyaaba Beds) lies 
between the Archer and Mitchell Rivers. These materials, 
consisting mainly of sand, were deposited from rivers on 
low angle fans. They have now been dissected by the main 
rivers that traverse them, and by the broad shallow valleys 
discussed in the next section. 

Broad Shallow Valleys 
Much of the area to the west, especially on the depositional 
surface south of the Archer River, contains a network of 
broad but very shallow valleys. Most of these valleys are 
several hundred metres wide, but often are only I or 2 
metres in relief from divide to valley floor. Regolith 
consists of fine sand and clay, apparently derived from 
the local area. These valleys are most common on the 
Tertiary fans, but also occur elsewhere. 

Shallow Depressions 
Shallow c losed depressions, locally known as 'melon 
holes', are also common on the Tertiary dissected fans 
(Plate 12.8). They range in width from a few tens of metres 
to more than I km. Regolith is very similar to that in the 
broad shallow valleys. These depressions may owe their 
origin, in part at least, to removal of material in solution. 

Colluvial Deposits 
Colluvial deposits, generally less than 5 m thick, occur in 
foots lope locations. They consist mainly of sheet flow 
deposits and fanglomerates overlain by stony soils. Usually 
they are massive, but in places weak bedding suggests sheet 
wash deposition. Near valley floors, these deposits 
typically inter-finger with alluvium. 

Colluvial deposits are mapped only in areas adjacent to 
steeper ridges and hills. These upland areas are the source 
of abundant coarse angular material. Colluvium also occurs 
in small unmapped areas on granite and sandstone bedrock. 
In the latter areas, colluvium is not easily recognised 
because its grain is similar in size to residual sand. 
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Layering of Regolith Materials 
The interpretation of layers of regolith material must take 
into account an understanding of geomorphology and 
weathering. For example, some people talk of the 
stratigraphy of regolith materials as ifhorizons in a regolith 
profile could be treated like strata in a sedimentary 
succession. Regolith studies are not as simple as the study 
of successive sedimentary strata (see Pain & Oilier 1995 
for a fuller account of these problems). 

For layers of sedimentary materials, the simple rules of 
stratigraphy apply. 

I. A weathering profile must be younger than the original 
material that is weathered. 

2. A material overlying a weathering profile must be 
younger than the weathering profile. 

3. lf a weathering profile cuts across several sedimentary 
layers, the profile is younger than the youngest material 
it crosses. 

Within the weathering profile, simple stratigraphic laws 
do not apply. 

I. Weathering profiles with quite different morphologies 
can develop in different parts of the landscape at the 
same time. Thus, a profile consisting of residual sand 
on saproli te developed on gentle slopes on granite is 
the same age as a profile without residual sand on 
steeper slopes elsewhere in the same landscape. 

2. Soil horizons that formed parallel to the present land 
surface are generally younger than the formation of 
that slope. 

3. Soil horizons that parallel the present land surface are 
younger than any deep weathering of the parent 
material. For example, soils formed on the Great 
Escarpment, or on the scarps around the Embley 
Range, are younger than the deep weathering profiles 
on which they are formed. 

4. A deep profile may fonn progressively over a long time, 
as weathering processes work their way down into the 
unweathered parent material. The upper part is 
therefore older than the lower part. 

Treating regolith profiles as stacks of ' strata' is even more 
dubious when it is realised that some materials come in 
laterally. There will also be lateral variations in materials 
of the same age, akin to facies variations in a sedimentary 
layer. Lateral movement and accumulation of the products 
of weathering in low parts of the landscape is the rule rather 
than the exception. 

Geomorphic Processes 
Data on one or more geomorphic processes are usually 
attached to each regolith-landform unit. For sedimentary 
materials, the geomorphic processes responsible for the 
materials and associated landforms are usually clear. 
However, for in situ regolith materials on erosional 
landscapes, the responsible geomorphic processes may not 
be so obvious. Nevertheless, we can make some 
generalisations. 

Alluvial Processes 
Alluvial deposition is responsible for the large fans in the 
southeastern part of the area, the somewhat smaller alluvial 
fans around Princess Charlotte Bay, and the alluvial plains 
of the Lockhart and Nesbit Rivers. Elsewhere, alluvial 
deposition is not very important, and rivers such as the 
Archer and the Wenlock are mainly transportational 
channels, with very little alluvium. 
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Fluvial erosion is most obvious along roads, where gullies 
are started as a result of runoff from the road surfaces and 
associated. disturbed areas. Natural gully erosion appears 
to be restncted to a few valley floor locations. 

Colluvial processes 
Coll.uvial processes occur on most slopes, and are 
dommated by surface wash. Surface wash is most effective 
where ground cover is low, and is probably most active in 
recently burnt areas during the first few rain storms of 
each wet season. Colluvial deposition from surface wash 
is responsible for a few small areas of colluvial fans and 
footslopes . Almost certainly, soil creep is active on many 
of the steeper slopes in the area, but evidence for such 
p~ocesses is difficult to observe. However, lag deposits on 
h1ll slopes so~th ofCoen, for example, are probably derived 
by creep. Ev1dence for soil flows or land sliding is present 
on the slopes of the Embley range, where slabs of sandstor-: 
~av.e been tilted back against the slope, and low ridges 
md1cate the movement of the upper metre or so of the 
regolith. 

Shrink~ng and swelling of soil clays has produced gilgai 
fo rms m some places. 

Sub-surface Solution 
Sub-surface solution and removal of material by water 
movement is important in all landscapes but evidence for 
such processes is hard to find. The melo~ holes that are so 
abundant in parts of the landscape of the study area are 
probably a result of sub-surface solution and removal of 
materials. In addition, the various hard pans and duricrusts 
that are found through the area are clear evidence that at 
least iron and silica are moved in solution from one part 
of the landscape to another. In this regard. both ferricrete 
and si lcrete ~re locally very important parts of the regolith. 
Another obv10us regolith material is the si liceous hardpan 
~r 'creek r~k', which is found in many valley floors both 
m and outs1de the study area (Figures 9.19, 9.20). This 
hardpan i~ a result of partial cementing of material by silica. 
It occurs m valley floors beneath and adjacent to channels. 
The cemented material is mainly alluvium, but in smaller 
chan~e l s . weathered bedrock adjacent to the channel 
alluvJUm IS also cemented. ft can be quite young· we have 
a radiocarbon age of just over I 000 years for char~oal from 
wit~i~ hardpan material. The origin of the hardpan seems 
to he m the movement of silica in solution to the lowest 
parts o~t~e landscape during wet seasons, and precipitation 
of the s1hca as the valley floors dry up during dry seasons. 

Coastal Processes 
Coastal processes are responsible for some important areas 
of coastal regolith materials in the area. Wave-built forms 
and associated tidal flats are important on both sides of 
the peninsula, and wind-blown sand forms important areas 
of dunes, mainly on the east coast. 

Regolith-landform Evolution 
Landform Features 
A number of landform features contain important clues 
for the development oflandforms and regolith in the area. 
Thes~ are discussed bri~fly .before a general outline of 
regolith-landform evolution m the area is presented. 

Scarps 
The most important geomorphic boundary in the area is 
the Great Escarpment (Atlas Plate ), a feature which with 
a few gaps, runs from just south of Cape York all th~ way 
to Victoria (Oilier 1982; Oilier & Stevens 1989). As 

elsewher~, it separates old landforms and regolith on the 
western s1de from younger landforms and regolith on the 
~astern side. On ~ape York Peninsula the Great Escarpment 
IS _up to 200 m h1.g~ . For much of its length it coincides 
With the Great D1v1de. Places where the Great Divide is 
west of the Great Escarpment are often associated with 
evidence for drainage diversion, for example the Stewart 
River west ofCoen. ' 

Els~where, small streams have been captured. A 
particularly good example occurs east of the fonner mining 
settlement of Ebagoola, where a stream flows for about 5 
krn north before abruptly turning and plunging over the 
sca.rp. Th~ former course is clearly marked by a dry valley. 
Thts parttcular capture must have occurred fairly recently 
beca~se the stream has not yet eroded a bedrock channel, 
flowmg instead along joints in the granite. 

West of the Great Escarpment there are smaller less 
continuous scarps. These erosion breaks occur arou~d the 
headwaters of some drainage basins, around low cuestas 
and mesas, and parallel to some streams. Examples are 
the scarp around the Embley Range, the 'jump-up' that 
marks the eastern boundary of the bauxite area east of 
Weipa, and the scarp south of Merapah. In many cases 
these scarps form important boundaries between different 
regolith types, with generally older regolith materials above 
and younger materials below. 

Drainage 
A number of west-flowing streams, including the Archer, 
Holroyd and Coleman Rivers, rise within the Coen Region 
near the Great Escarpment at elevations of about 200-
250 m an~ 0ow in gorges cut through tbe higher 
n:'etamorph1c ndges (up to 400 m elevation) on the western 
5adc vft;.c up:aiids. T:·.c F'd5C.UC Rivca, 4llhe; r.vrthCfii end 
of the Coen Region, also rises close to the Great 
Escarpment on a low relief surface, and then flows through 
a much higher range of hills. This superimposed drainage 
indicates inheritance from a higher surface. 

The Pascoe River is a good example of a river that has 
been disrupted either by capture or, more likely, reversal. 
After flowing northwest for some distance, it turns first to 
the north and then to the east, to flow into the sea north of 
Portland Roads. There is a very clear former river coarse, 
now dry, above the Pascoe River where it turns north. It 
seems clear that the northwesterly-flowing headwaters of 
the Pascoe River once flowed into the Wenlock River. 

Another obvious disruption of drainage is the Stewart 
River. The headwaters of the Stewart were once part of 
the westerly-flowing Holroyd drainage system. Their 
diversion int.o th~ Stewart is indicated by an abrupt change 
of channel d1rect1on near where the Stewart flows in rapids 
over the Great Escarpment. This diversion is also indicated 
by the presenc~ of high level gravels at this bend and by 
low, poorly dramed areas on and west of the Great Divide 
at the present headwaters of the Holroyd River. 

Clear evidence for inversion of relief can be found in a 
number of places in the area. At one extreme this evidence 
consi.sts ?f narrow sinuous ridges with a capping of quartz 
alluv1al stlcrete. On one of these ridges, between Strathburn 
and S~t~haven, the central depression of the palaeo-valley 
floor IS stJ II preserved. At the other extreme, active stream 
cha~nels occupy narrow linear mesas surrounded by 
eros1on breaks. A good example is found west of the 
Strathburn fault scarp, and north of the Coleman River. 

Another is east of Merapah, where an active channel 
tributary to the Archer River becomes separated from the 
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Further upstream it becomes a series of ponds on a narrow 
mesa. Thus one channel moves from normal to inverted. 

Mesozoic Sedimentation and Uplift 
Formation of the Carpentaria and Laura Basins during 
Middle to Late Jurassic and Early Cretaceous time (Smart 
et al. 1980), covered the Palaeozoic and Proterozoic rocks 
of the Coen Region with a veneer of coarse terrestrial to 
fine marine sediment (Blewett eta!. 1992). The emergence 
of these basin sediments in the Late Cretaceous marks the 
beginning of landform and regolith evolution in 
EBAGOOLA. The sediments probably covered most, if 
not all, of the Coen Region (see below), and post-Mesozoic 
erosion subsequently uncovered the basement to form the 
Coen Inlier. 

Post Mesozoic Regional Tectonics and 
Erosion 
The Mesozoic Carpentaria Basin was subsequently cut by 
Tertiary or younger north to northnorthwest-trending 
faults. Uplift of the Region and modest down warping of 
the Carpentaria Basin would appear to be the primary 
driving forces behind regional erosion and aggradation. 

Substantial erosion and surface lowering in the area 
following emergence at the end of the Cretaceous is 
evidenced by the landform features described above. 
Superimposition of drainage reflects an early drainage 
pattern inherited from the post-Palaeozoic cover. This 
inheritance strongly suggests that the Mesozoic cover 
extended over a large part of the Coen Region, if not all of 
it. 

Erosion following emergence left the basement rocks high 
in the landscape, forming the uplands of the Coen Region. 
Initial drainage directions were to the west and northwest 
from a divide east of the present Great Divide. Indeed, it 
is likely that rivers at that time, before continental breakup, 
had their headwaters east oft he present coastline, because 
the continental edge was then much further to the east. 

The breakup of the northeastern part of the Australian 
continent and the opening of the Coral Sea had a profound 
effect on landforms on Cape York Peninsula. Such effects 
are well known from studies of a number of passive 
continental margins (e.g. Oilier 1985), and most have their 
origins in pre-separation rifting. In the study area, 
separation began with tectonism which created rift grabens 
in the troughs east of the present land area (Mutter & 
Karner 1980, see also Oilier & Stevens 1989). Major 
geomorphic affects probably began at this time. Down 
warping to the east of the peninsula formed the present 
Great Divide, which runs from north to south along the 
eastern edge of the Coen Region, as well as to the north 
and south. This down warping had two major results as 
follows. 

I. The head-water streams of the formerly west-flowing 
rivers were reversed, to flow towards the newly formed 
depression and then towards the ocean to the east. The 
Stewart and Pascoe Rivers are good examples of this. 
Some of the sediment supply to the lower reaches of 
major rivers such as the Holroyd was cut off, and this 
may have resulted in some down cutting along their 
valleys. This down-cutting appears to have initiated 
small scarps along some rivers within the Coen Region. 
These scarps have subsequently retreated up to I 0 km 
from their place of initiation. The low scarp between 
Ebagoola and the Holroyd River is a good example. 

2. The new easterly-flowing steams were steeper than 
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those flowing to the west, and increased energy and 
resulting erosion in both the river channels and on 
adjacent hill slopes led to the formation of the Great 
Escarpment. Subsequent retreat of the Great 
Escarpment formed the lowlands to the east, some of 
which are now covered with a thin (I 0 m) layer of 
alluvium. Scarp retreat has also caused river capture 
in a few places. 

West of the Coen Region, on erosional plains formed on 
Mesozoic sediments, there is clear evidence for erosion 
of several tens of metres of material, and inversion of rei ief. 
Valley floor materials, both alluvium and adjacent 
weathered bedrock, were cemented by silica to form 
silcrete. Subsequent erosion has left this very resistant 
silcrete as a cap on the higher parts of the landscape. The 
best examples are between Strathbum and Strathhaven 
homesteads, where long, narrow sinuous ridges with a 
central depression mark former stream courses. These 
remnants have resulted from scarp retreat initiated along 
rivers such as the Coleman and the Holroyd. Further north, 
both west and east of Pretender Creek, plateaus with a 
deep bauxitic weathering profile on Rolling Downs Group 
sediments provide further evidence of the retreat of low 
scarps across the landscape. This picture is continued on 
both sides of the Archer River, near Merapah and Merluna. 

The youngest igneous event recorded in the area was 
extrusion of the Silver Plains Nephelinite (3.72 ± 0.06 Ma 
- Sutherland 1991 ). This small Java mound had very little 
effect except for local drainage diversion. 

Thus there are a wide variety of different kinds of surfaces, 
with different ages and stability. 

Gamma-ray Spectrometric 
Imagery 
Gamma-ray imagery of EBAGOOLA, HANN RJVER, 
WALSH and RED RIVER was useful in mapping regolith 
materials and understanding geomorphological processes. 
A gamma-ray image is a geochemical map showing the 
distribution of radioelements K, Th and U in rocks and 
regolith. Gamma-rays emanating from the surface can be 
separated into primary and secondary sources. Primary 
sources relate to the geochemistry and mineralogy of 
bedrock. Secondary sources relate to changes or 
modification of radioelement distribution due to 
weathering and pedogenesis. The modification of 
radionuclides by weathering and geomorphic processes 
are complex (Wilford et al. 1996). In general, Th and U 
are associated with silt/clay fraction and sesquioxides in 
soils and tend to concentrate in highly weathered profiles 
relative to K. Th and U are typically associated with 
residual clays, oxides and accessory minerals. K is typically 
high in slightly weathered regolith (depending on bedrock 
composition) and low· in highly weathered regolith due to 
leaching. 

In areas of bedrock terrain, gamma-ray responses show 
broad correlations with major geological units (Plate 12.7). 
Variations within these units can correspond to lithological 
variation and d ifferent styles of weathering, which reflect 
underlying lithology, time and geomorphic processes. In 
bedrock terrains, gamma-ray relationships and responses 
are often specific to major lithological types and therefore 
interpretation is best made within these major groups. Once 
the gamma-ray responses and relationships between 
bedrock and regolith materials are understood, gamma
ray data can provide information on regolith properties, 
including mineralogy and chemistry. From this, inferences 
can be made about the style of weathering, degree of 
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leaching, texture, nutrient status, thickness of regolith 
material, and relative geomorphic process rates (Wilford 
1996). 

Radioelement responses over actively eroding landforms 
are likely to be closely correlated to bedrock geochemistry 
and mineralogy. However, in more stable landforms where 
regolith materials are accumulating, radioelement 
responses relate to weathered materials and processes. 
These relationships can then be used to assess the 
denudation balance in the landscapes or the relative rates 
of regolith formation and removal (erosion) (Figure I 2.2). 
This enabled the relative geomorphic activity of land 
surfaces to be assessed. The lack of radioelements in quartz 
can be used in places to indirectly map highly siliceous, 
leached and poorly fertile soils. 

Gamma-ray response 
reflects soil/ regolith materials 

Bedrock weathering 

A 

Regolith erosion 

Gamma-ray response 
reflects mineralogy and 

geochemistry of bedrock 

Time 28124 

Figure 12.2. Relationships between denudation balance and 
gamma-ray response: (a) weathering rates higher than erosional 
rates, resulting in soil/regolith development; (b) weathering and 
erosional rates similar, resulting in thin, less mature soillregolith. 

Gamma-ray responses from transported sediments will 
reflect the bedrock source, texture and style of weathering, 
which is controlled in part by the rates of erosion, transport 
and deposition in the catchment. Interpretation of gamma
ray imagery in depositional landforms is best made within 
major river catchments, since relationships between 
gamma-ray responses and regolith materials are likely to 
change depending on the type of lithologies being eroded 
and the rates of erosion within catchments. 

Regolith-landform Maps in Land 
Evaluation 
As noted in the earlier section Regolith-landform Mapping, 
regolith-landform maps are compiled on the basis of 
landforms, as defined in the data dictionary. Landform 
types are then associated with regolith types, and thus a 
description of the regolith-landform units is built up. This 
procedure means that the regolith-landform map can be 
used as a landform or regolith map. 

Landforms are fundamental to land evaluation because 
they are related to many other facets of the physical 
landscape. We have already noted that regolith distribution 
is directly related to landforms. This does not mean that 
each landform type has a unique assemblage of regolith 
types. It does mean that with careful observation of the 
regolith toposequences in a regolith-landform unit, we can 
predict the kinds of regolith materials that will occur in 
different landscape positions. The same is true of soils, 
which are also closely related to landscape position. 

Another point is that regolith is the parent material for 
soils, so this underlines the close relationship between soil 
and landscape position. Indeed, the age and degree of 
weathering of the soil parent material may account for soil 
differences on a broader scale, including soil fertility 
differences from place to place. 

Some regolith materials are of economic importance. The 
most obvious in the area are bauxite and kaolin. Other 
regolith materials of potential economic value are sands 
and gravels that could be used for concrete aggregate, and 
materials (including sand and gravel) that can be used for 
road building. 

Although we have made no direct observations or 
measurements, engineering properties of the regolith are 
obviously important. With suitable work, the landform
regolith map can be used to predict engineering properties 
of regolith for purposes such as route finding and road 
building . . 

There is some significance for groundwater in the 
distribution and characteristics of the regolith. At Weipa, 
the kaolin layer is an important aquifer, supplying water 
for the township. Elsewhere, for example, on Batavia 
Downs and Merluna stations, springs emerging from a 
pallid zone below bauxite provide a small source of 
permanent water. 

We have listed here only some of the possible uses of 
regolith and landform-regolith information. The potential 
usefulness of landform-regolith information arises from 
the fact that many kinds ofland use are constrained by the 
same qualities of land. This means that the land needs to 
be mapped only once to provide the framework for 
planning many different potential land uses. Examples of 
such uses include agriculture, road construction , 
conservation or tourism. 

Glossary 
This glossary contains definitions of a few of the more 
important words used in this chapter to describe regolith 
materials. It is included because many of the words are 
used in various ways in different publications. The 
definitions listed here are the standardAGSO definitions. 

Bedrock is used to mean the rock from which the regolith 
is derived.lt includes both-basement and sedimentary basin 
rocks. Some confusion may arise in the case of younger 
sedimentary materials. In general , where sediments, 
usually terrestrial, are directly related to present-day 
landforms, they are considered to be regolith rather than 
bedrock. 

Bioturbation refers to disturbance of regolith by the action 
of plants and animals. In North Queensland, the most 
common kinds of bioturbation are caused by termites and 
·!Tee ~fall. 

Corestones are fragments of the original bedrock 
surrounded by weathered material. Sometimes the 
fragments are quite large. The frequency, shape and 
distribution of corestones is important in definitions of 
degree of weathering (see below). Not all weathered 
material contains corestones. 

Gilgai is surface microrelief associated with soils 
containing shrink-swell clays. It consists of mounds and 
depressions showing various degrees of order, sometimes 
separated by a subplanar or slightly undulating surface 
(McDonald et al. 1990). 

427 



CHAPTER TWELVE Reoolilh of Cape York Peninsula 

Pisoliths are spherical nodules with an internal structure 
mainly consisting of concentric skins. 

Mottled zone refers to material, usually strongly weathered, 
in which iron segregation results in the development of 
ferruginous mottles, commonly reddish in colour. Size of 
mottles can range from millimetres to tens of centimetres. 
The latter are sometimes called mega mottles. The mottled 
zone is frequently near the top of a deeply weathered 
regolith profile, lying above the pallid zone. 

Pallid zone refers to the kaolinised zone usually found in 
the lower part of a weathering profile. This zone is 
generally light grey to white in colour, and may or may 
not retain original rock structure. 

Regolith toposequences. Often landforms and regolith 
types will be related both spatially and genetically. These 
relationships can be expressed as regolith toposequences, 
which, like soil catenas, show the location of regolith 
materials associated with particular parts of the landscape. 

Self mulching layers form at the surface from wetting and 
drying of clay materials. They are commonly associated 
with gilgai. 
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CHAPTER13 

APPLIED ISOTOPE GEOCHRONOLOGY 
AND GEOCHEMISTRY 

Geochronology LP Black 

Introduction 
The lure of gold led to the first geological investigations 
of North Queensland (Daintree 1972; Jack 1881 ). The 
search for, and exploitation of, mineral deposits continue 
to this day. However, only relatively recently has isotopic 
dating been utilised in the search for these resources, and 
in the derivation of an integrated geological history for 
the entire region. The pioneering isotopic study was that 
of Richards et al. ( 1966), whose comprehensive body of 
K- Ar and (to a lesser extent) Rb-Sr data is still relevant. 
Subsequent studies initially utilised those isotopic 
methods, and then progressively applied newer ones as 
they became avai I able. 

The large quantity of geqchronological and isotopic 
information available for the area has solved many 
geological problems. However, other issues, some of which 
are of fundamental importance, are yet to be completely 
resolved. These await either the development of new dating 
methods or the discovery of the appropriate rock types to 
best answer outstanding problems with the current 
methods. Therefore, although this article serves as a 
summary of our state of knowledge·on the completion of 
a major phase of the investigation, undoubtedly there will 
continue to be significant advances in our understanding 
of the geochronology of North Queensland. 

Historical Perspective 
Richards et al. (1966) 
In any discussion of North Queensland geochronology it 
is sobering to note the total absence of any isotopic data 
for this region prior to the pivota I investigation ofRichards 
et al. (1966). That study, which provided more than I 00 
K- Ar mineral ages for the Georgetown, Clarke River and 
Cairns Regions, arose from the needs of cooperative 
regional geological mapping by the Bureau of Mineral 
Resources (BMR) and the Geologica l Survey of 
Queensland (GSQ). Participating geochronologists were 
Allan Webb of BMR and John Richards of the Australian 
National University (ANV). 

The Richards et al. ( 1966) study, which concentrated 
mainly on granites, was important in several respects. Its 
most significant contribution was the confirmation of a 
Precambrian stratigraphy for the Georgetown Region, 
through the documentation of igneous rocks that are at 
least 1380 Ma old. An important aspect of this was the 
derivation of Proterozoic ages in the very west of the 
region. Before this it had been asserted (Branch 1966), on 
the basis of ostensibly similar lithologies and volcano
tectonic setti ngs, that the Croydon Volcanics and 
Esmeralda Granite were representatives of very extensive 
late Palaeozoic igneous activity. Even at that early stage 
of investigation, it was recognised that subsequent 
geological events (particularly in the Palaeozoic) had 
produced varied degrees of isotopic resetting, a problem 
that was to plague geochronological studies for many years. 

Although previously there had been minimal evidence for 
it, Richards et al. ( 1966) were able to demonstrate that 
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one such event occurred in the mid Palaeozoic. Devonian 
ages were obtained for the Dido Granodiorite and the 
Dumbano Granite in the southeast of the Georgetown 
Region, and two granite masses in the adjacent Broken 
River Province were deduced to be of the same age. A 
similar age was proposed for the Newcastle Range 
Volcanics, but this was based on an incorrect assumption 
(Black 1978). Although subsequent geochronology (Black 
& McCulloch 1990; Black unpub. SHRlMP analyses) has 
reinforced the importance of mid Palaeozoic igneous and 
metamorphic activity in the Georgetown Region, it has 
indicated that these occurred in the late Silurian rather 
than in the Devonian. Unlike other episodes of felsic 
magmatism in the region, no mid Palaeozoic volcanics 
are preserved. 

A range oflate Palaeozoic igneous activity, comprising at 
least three events (Carboniferous-Permian, Early Permian 
and Late Permian), which progressed to the northeast, was 
documented in the Hodgkinson Province. The oldest of 
those events is aJso well represented in the Georgetown 
Region. 

Cooper et al. (1975) 
Richards et al. ( 1966) dated just one rock, a two-mica 
granodiorite, from the more northerly Coen Region. On 
the basis of its Devonian age this rock was related to the 
mid Palaeozoic granites discussed above. A significant 
advance in the understanding ofthe geochronology of Cape 
York Peninsula awaited the comprehensive K- Ar and Rb
Srstudy ofCooperet al. (1975) in the Coen Region. Once 
again, this was a response to cooperative BMR- GSQ 
regional mapping. 

Metamorphic and igneous rocks were studied in about 
equal proportion. The authors reported a broad dichotomy 
of Devonian and Permian igneous ages, the youngest of 
which came from the north and northeast, a trend similar 
to that recognised in the Cairns Region. Although Cooper 
et al. ( 1975) acknowledged the likelihood of isotopic 
resetting, they preferred to attribute the spread of Devonian 
ages to several real intrusive events. Subsequently, Black 
et al. ( 1992a) showed that resetting was responsible for 
much of the spread in both the Devonian and Permian ages. 

The Coen Region sequences were deduced, on the basis 
of mainly Rb-Sr whole-rock data, to be of Precambrian 
age, leading to at least a general correlation between these 
and the Georgetown Region. However, that evidence for a 
Precambrian origin is not definitive. All but one of the 
Rb-Sr isotopic alignments approximate 400 Ma isochrons, 
which were recognised as dating a major tectonothermal 
event that reached upper-amphibolite facies in the east and 
caused considerable isotopic resetting. Only the data for 
the Holroyd Metamorphics (Coen Region) appear to 
diverge from a 400 Ma trend, and this may well be illusory, 
because the reported -1500 Ma and -1250 Ma ages are 
derived from two each of three geographically widely 
separated samples. These are unlikely to have experienced 
the same isotopic history (especially in terms of initial 
Sr), and are therefore inappropriate to include on a single 
'isochron'. Four analyses from the only single location to 
have a range of Sr isotopic compositions approximate a 
400 Ma alignment, which provides a minimum value for 
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the age of the metamorphics. The evidence of an earlier 
history in these rocks (as deduced from their enrichment 
in radiogenic Sr) need only signify that their sedimentary 
precursors were derived from Precambrian provenances. 
It does not necessarily indicate that those sedimentary 
precursors were deposited during the Precambrian. 

Cooper et al. (1975) also used K-Ar data from dolerite in 
the southern Coen Region to support the proposed 
Proterozoic depositional age for Cape York metamorphics. 
Minerals and whole-rock samples yielded a range of ages, 
from ~800 Ma to -1900 Ma. The significance of those 
ages is lessened by a lack of coherence in the data, and the 
possibility that any excess 40Ar in these low-K phases 
would yield erroneously old ages. Recent 40 ArP 9 Ar 
analyses (S.S. Sun pers. comm. 1995) do not support a 
Precambrian age for the dolerite (see below). 

Black et al. (Various Publications) 
The two studies summarised above established a sound 
framework for further investigations ofNorth Queensland 
geochronology. Much of the subsequent work has been 
done by L.P. Black in collaboration with different 
combinations of coworkers. Over the past three decades 
they have published a score of research articles on the 
region. The most fundamental issues to be addressed have 
been the resolution of precise stratigraphic ages and the 
relative ages of the oldest exposed components in the 
different inliers. Other important topics have included the 
resolution and dating of superposed tectonothermal events, 
and the investigation of genetic relationships between 
spatially associated igneous rocks of vastly different ages. 
Although a comprehensive discussion of those issues is 
beyond the scope of this article, the geologically most 
relevant of these are incorporated into related chapters of 
this synthesis. Some of these issues wi II also be raised in 
the following section, which deals with the ways in which 
the various isotopic techniques have been applied to 
specific geological problems. After all, whereas it is 
commonly relatively easy to produce an isotopic age, it is 
generally much more difficult to assign the appropriate 
geological significance to it. 

Geochronological Methods 
and Strategies 
The evolution of the style of North Queensland 
geochronology is ultimately linked with the progressive 
development of more sophisticated dating procedures and 
their successful integration with other scientific 
techniques. Over the years, emphasis has shifted from K
Ar studies through Rb--Sr and Sm-Nd analysis to U- Pb 
zircon dating. Even the last technique has seen the radical 
change from analyses representing the average age of 
hundreds or even thousands of combined grains to the 
derivation of an age from a chosen part of a single grain. 
Critical aspects of the interpretation of the geological 
significance of the different dating systems are discussed 
immediately below. 

K-Ar (and 40 Arf39 Ar) Dating 
K-Ar dating is based on the branched radioactive decay 
~by K-capture) of a minor isotope ofK, with mass 40, to 
0 Ar. The 1250 million year halflife of the parent isotope, 

coupled with geochemicaJ differences between the parent 
and its small, monatomic, gaseous daughter isotope (with 
low terrestrial abundance) make this a useful technique 
for dating many rocks. 4{)Ar/39Ar dating utilises the same 
decay scheme, but incorporates more sophisticated 
concepts and technology to achieve data that can be 
interpreted more rigorously. 
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Although extensively exploited by Richards et a!. ( 1966) 
and Cooper et al. (1975), this technique has been used 
relatively little in North Queensland during recent years. 
In their interpretations, both those groups of workers took 
into account the likelihood of some post-crystallisation 
40Ar loss, which was commonly forewarned by age 
differences between coexisting minerals. However, there 
was insufficient knowledge of isotopic resetting at that 
time to quantitatively relate these differences to prevailing 
temperatures. Such quantification awaited the development 
and refinement of the blocking/closure temperature 
concepts (Jager et al. 1967; Wagner et al. 1977; Dodson 
& McCielland-Brown 1985). Now, by means of these 
concepts, many of the early data can be used to deduce 
moderately precise temperatures (and deduced depth in 
the crust) for particular times. 

Considering its generally widespread popularity, the 
40 Ar/39 Ar dating technique has been surprisingly under
used in North Queensland. In combination with the 
common practice of step-heating analysis, the technique 
has the ability to resolve certain of the occasional 
ambiguities of K- Ar dating, most notably those arising 
from diffusional loss of Ar. At times, however, both 
techniques can yield erroneous ages due to the uptake of 
extraneous AI. 

Perhaps the major contribution of K-Ar to our 
understanding ofNorth Queensland geology was the early 
recognition by the two study groups listed above of major 
-400 Ma igneous and metamorphic activity in the Coen 
Regions and in the eastern part of the Georgetown Region. 
That early discovery has proven very beneficial for the 
interpretation of the results of those and subsequent studies. 
It showed, in particular, that K-Ar (and Rb--Sr) mica ages 
of 400 Ma or more should be considered mostly only as 
minimum temporal estimates of mineralogical growth and 
host rock age. AJthough some rocks yielding that age might 
have crystallised at that time, others might be considerably 
older. 

In contrast, probably the most useful application of 
40 ArP9 Ar analysis in North Queensland has been the 
identification of spuriously old K-Ar ages in the southern 
Coen Region, as foreshadowed above. The range ofK-Ar 
ages (from about 800 Ma to 1900 Ma) for mafic rocks in 
that area had been interpreted by Cooper et aJ. (1975) as 
an AI-Ioss pattern for rocks that were possibly 2000 Ma 
old. If that were the case, the Yambo area would be 
dramatically older than the Georgetown and northern Coen 
Regions. 4fl Arfl9 Ar dating initiated by S.S Sun (pers. comm. 
1995) now reveals that the discordant array ofK-Ar ages 
results from the incorporation of extraneous 40 Ar into the 
analysed phases (hornblende, plagioclase and whole rock) 
of the dolerite, and that all of those K-Ar ages are far too 
old. Sun, interprets the 40 ArP9 AI data in terms of igneous 
crystallisation of the dolerite at about 400 Ma, which is 
consistent with its essentially igneous texture. Dramatic 
excesses of Ar in plagioclase (e.g. Livingstone eta!. 1967; 
Damon et al. 1967; Dalrymple et al. 1975) and hornblende 
(e.g. Harrison & McDougall 1980; Dallmeyer & Rivers 
1983) are well documented. Indeed, McDougall & 
Harrison (1988) report that excess Ar appears to be a 
relatively common feature of amphibole. 

Rb-Sr Dating 
Rb--Sr dating is based on the beta-decay of 87Rb to 87Sr. 
Although both elements occur only in trace concentrations, 
they are found in most rocks, and their contrasting 
geochemical characteristics (Rb tends to be enriched in 
more felsic rocks, and Sr in more mafic varieties) make 
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them highly suitable for dating (and as isotopic tracers), 
as does the 4.88 x 1010 year half-life of 87Rb. 

In common with K-Ar studies, both whole-rock and 
mineral systems are used for dating. In North Queensland, 
whole-rock studies have been more prominent (and more 
useful) in Rb-Sr dating, whereas mineral dating has 
dominated K-Ar studies. Probably the most elegant feature 
of the Rb-Sr method has been the development of the 
isochron concept (Nicolaysen I 961 ), which subsequently 
has been applied to other isotopic systems. On a 87Rbf6Sr-
87SrJ86Sr diagram, isotopically undisturbed samples that 
are genetically and temporally related define a straight 
line (known as an isochron), the slope of which is 
proportional to age. In some instances it is possible to 
obtain both an original crystallisation age (from whole
rock samples) and that of a subsequent event (from 
minerals) from a small outcrop. Another strength of the 
method is its ability to determine original isotopic 
compositions (from the intersection of the isochron with 
the ordinate), which can yield invaluable information on 
the origin of the rock or its precursor (see below). 

The first comprehensive Rb-Sr study in North Queensland 
was that of Cooper et al. (1975). Their initial whole-rock 
analyses produced distinctly non-linear trends, which were 
ascribed to variations in initial 87Srf86Sr. In an attempt to 
minimise this effect, their later sampling for any given 
unit mostly involved collection from a ' tightly restricted' 
outcrop. At that time there was continuing general debate 
on whether whole-rock systems could be isotopically reset 
by processes other than wholesale melting. The Cooper et 
al. (1975) study added to the inexorably accumulating 
opinion (e.g. Compston et at. 1966; Priem et al. 1973) 
that gross isotopic redistribution could occur during 
secondary events, because it was clear that the mid 
Palaeozoic tectonothermal activity had been sufficiently 
intense to virtually totally reset many pre-existing Rb-Sr 
isochrons at about 400 Ma. 

Black et al. ( 1979) further developed this approach. For 
the Georgetown Region they were able to demonstrate a 
correlation between whole-rock isochron ages for suites 
of samples collected from about 1 m3 of rock (the 
approximate volume of a blast site), and the latest local 
penetrative fabric developed on that scale. From that 
relationship they deduced that the first three significant 
tectonothermal events in the Georgetown Region 
proceeded at I 570 ± 20 Ma, 14 70 ± 20 Ma and 970 ± 30 
Ma. The conclusion that pervasive deformation was more 
important than metamorphic grade in resetting the 
isochrons accords with the contention of Chopin & 
Maluski ( 1980) that metamorphic recrystallisation alone 
tends to fill in pore systems, thereby reducing fluid 
mobility and substantially inhibiting isotopic movement. 
It is important to note that the reset isochrons do not 
necessarily imply that fluid (and isotopic) migration 
exceeded the scale of sampling (I m). Roddick & 
Compston ( J 977) have argued elegantly that resetting of 
isochrons merely implies that the scale of migration is 
greater than the chemically representative volume of a 
rock. Therefore, although regionally collected whole-rock 
samples might approximate a metamorphic isochron, there 
is no necessity (and it is indeed impossible) that all points 
in between have been in physical contact(and equilibrated) 
with the same fluid. 

The assignment of absolute ages to the tectonothermal 
events created a framework that was used extensively for 
subsequent modelling of the evolution of the Georgetown 
Region, and established that the Etheridge Formation is at 
least 15 70 ± 20 Ma old. For many years none of the 

accumulating evidence contradicted the ages assigned to 
these events, though no further evidence was found to 
support the age assigned to the youngest event. However, 
relatively recent U-Pb zircon dating (see below) has now 
shown at least part of this assigned chronology to be 
incorrect. 

Sm-Nd Dating 
Sm-Nd datin,R is based on the decay, by alpha-particle 
emission, of 1 Sm to 143Nd. The long half-life of the decay 
process (I .06 x 1011 years), and similar geochemical 
properties of these trace elements produce only small 
variations in isotopic composition over geological time, 
and this necessitates particularly precise isotopic 
measurement. Because parent and daughter isotopes are 
relatively inert (both are lanthanides), the Sm-Nd system 
is less prone to disturbance than the Rb-Sr system. 
Consequently, it was originally thought that these elements 
were not significantly fractionated during weathering, 
sedimentation, diagenesis, metamorphism (e.g. Taylor 
1964; Haskin et al. 1966; Green et al. 1969), or even 
intracrustal melting (McCulloch & Chappell 1982). More 
recent work has shown that fractionation can occur at high 
metamorphic grades (McCulloch & Black 1984; Black& 
McCulloch 1987), particularly when accompanied by 
deformation, and during intracrustal melting (Black et al. 
1992c ). Nevertheless, the system still proves to be most 
useful. ln North Queensland it has not yet been effective 
for direct dating, but has been extensively utilised as an 
isotopic tracer (see below), primarily to obtain comparative 
genetic information on different rock suites. When used 
in this way it is common to discuss variation in isotopic 
composition in terms of differences from the conceptual 
compositions of either contemporaneous unfractionated 
(CHUR) or depleted mantle (OM). However, it is not 
necessary to adopt such terminology for the arguments 
used below. 

U-Pb Zircon Dating 
U-Th-Pb Systematics 
U-Th-Pb dating is based on three complex radioactive 
decay schemes involving the emission of both alpha- and 
beta-particles, and the production of 41 nuclides of ten 
elements. The three stable nuclides e06Pb, from 238U; 107Pb, 
from 235U; and 208Pb, from 232Th) form the end products of 
their respective decay scheme. For a combination of 
reasons, including the fact that it is commonly the easiest 
of the three systems to be disturbed by secondary 
processes, Th-Pb dating is not as widely used as the two 
U-Pb systems. It will be discussed no further here, for it 
has played no significant role in North Queensland 
geochronology. Conversely, U-Pb dating has proven to be· 
exceptionally useful. Much of its advantage arises from 
having two linked decay schemes with chemically 
identical, but isotopically distinct, end-members. This 
provides an extra way of resolving complex isotopic 
behaviour, particularly in terms of quantifying the 
relatively common phenomenon of Pb loss. And it also 
creates an additional means of dating, namely the 207Pb/ 
206Pb method. Wetherill (1956) developed a graphical 
representation of the U- Pb system which is still widely 
used (Figure 13.1). It has the respective daughter/parent 
isotopes on each axis, 207Pb/235U as abscissa and 206Pbf38U 
as ordinate. Known as the concordia diagram, it depicts a 
curved trajectory (concordia curve) that rerrresents the 
locus of points with identical 206Pbf38U, 20 Pbf35U and 
207Pb/206Pb ages. The curvature reflects the different half 
lives of the parent isotopes \4468 million years for 238U, 
and 704 million years for 35U). All systems with no 
inherited Pb, and which have remained closed to Pb and 
U movement, lie on the temporally appropriate point of 
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the concordia curve. ln addition, it is often possible to 
estimate the original composition of analyses that have 
been displaced from the curve due to geological 
disturbance. Tera & Wasserburg ( 1972) have developed 
an alternative concordia diagram, with 238U/206Pb as the 
abscissa and 207Pb/206Pb as the ordinate. Although generally 
popular, it has been used little, if at all, in North Queensland 
studies. 

.. 
,.. ........... mjte10t)'f«Pb aou ... oM.a 

(lln1Pbi D Pb ~c tcmai.M Wldlanc,td from iu 01\litlaJ v&IUt) 

Figure 13.1. Generalised 207Pb/mU- 206Pb/238U concordia 
diagram (after Wetherill 1956). The curve, known as the 
concordia, represents the time-dependent locus of individual 
systems wilh idenlical 107PbflSU, 206PbJU8U and 107Pb/206Pb ages. 
Undisturbed isotopic systems with no initial Pb plot on the 
temporally appropnate part of Lhe curve. Allhough most disturbed 
systems faU below concordia, it is often possible to estimate their 
original age by model-dependent extrapolation, two examples 
of which are shown for an (arbitrary) initial 3770 Ma system. 
The advent of SHRIMP has allowed the analysis of specific, 
more pristine, parts of grains. This has lead to the production of 
a higher proportion of concordant analyses (represented by the 
filled circle in Lhis example) than had been obtained from earlier 
methods of U- Pb zircon analysis. 

Zircon in Geological Dating 
~here are many reasons why zircon has proven to be the 
smgularly most useful of the dozen or so minerals used 
for U- Pb dating. First, although it is only an accessory 
mineral, it occurs in a wide range of rock types. Second, it 
contains sufficiently high concentrations of U to produce 
measurable changes in Pb isotopic composition over small 
intervals of geological time. Third, its lattice effectively 
excludes the incorporation of extraneous (usually 
common) Pb which might otherwise mask radiogenic Pb 
inc~ements. Fourth, the physical (low elemental diffusivity, 
reststance to abrasion) and chemical (low solubility) 
properties of its mineralogical lattice render zircon 
relatively resistant to the loss of both its parent and daughter 
isotopes. Last, even single crystals of zircon are often 
composed of layers that grew during different geological 
events, thereby providing a means of dating each of those 
events. 

Initially (up to a decade or two ago), U-Pb zircon dating 
involved the analysis of hundreds or even thousands of 
grains, due to the insensitivity of the analytical techniques 
available at that time. The first zircon dating in the 
Georgetown Region (see Published SHRiMP Dating -
Georgetown Region below) was undertaken by this 
multi grain approach, but was not published until well after 
these analyses had been made (Black & McCulloch 1990). 
Technological innovation, much of which was conceived 
by Krogh ( 1973, 1982, et al. 1982) led to the ability to 
analyse progressively smaller samples, even down to the 
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scale of a single grain. This resulted in analysis of a better 
quality of zircon, and lessened the chances of grains of 
different age or origin inadvertently being analysed 
together. 

The quest for diminishing analytical volumes, and its 
associated advantages, has perhaps neared its ultimate limit 
with the development of the Sensitive High Resolution 
Ion-MicroProbe (SHRlMP, Compston et al. I982, 1984). 
With the aid of this instrument it is routinely possible to 
an~lyse volumes of about 30 llJ1l across and 1-2 llJ1l deep. 
Thts drastically reduces the possibility of analysing more 
than one generation of zircon, and consequently obtaining 
meaningless mixed ages. It also considerably enhances the 
prospects of analysing prime quality zircon that preserves 
its original isotopic characteristics, through the avoidance 
of cracked or radiation-damaged (metamict) areas 
(metamictisation in zircon results from a-recoil damage 
to the lattice during the radioactive decay ofU (and Th) to 
Pb) . 

To achieve analytical integrity there is a continuing need 
to adequately document potential analytical sites within 
the zircon grains. Until recently, such documentation in 
our laboratory was accomplished by paired normal-light 
photomicrographs taken under (a) transmitted light and 
(b) reflected light with Normaski interference contrast. Any 
internal complexities are more easily seen in the former, 
whereas the reflected light images more readily show if 
those complexities actually crop out on the surface to be 
analysed. 

Cathodoluminescence and Backscattered Electron 
Imaging 
Although normal optical documentation is often perfectly 
adequate, there are times when it does not reveal internal 
boundaries between different zircon growth phases. 
Inadvertent analysis across such boundaries either yields 
misleading age information (if undetected) or results in 
the rejection of the offending data (if detected). In recent 
years. the identification of such phase boundaries has been 
greatly improved by the supplementation of the plain light 
photographs with cathodoluminescence (CL) images 
derived from scanning electron microscopy. Zircon has a 
natural CL that is inhibited by several factors. The most 
relevant of these inhibiting factors for U-Pb dating is high 
total trace-element content (Sommerauer 1974; Vavra 
1990), which is usually associated with relatively high U 
and associated radiation damage. 

Vavra ( 1990) has extensively studied the rwo fundamental 
types of zoning in zircon. Growth zoning results from the 
incorporation of different concentrations of trace elements 
in successive growth stages. Sector zoning can be found 
within a single growth stage. It is caused by the preferential 
affinity of trace elements for different crystal faces. Sectors 
relating to the 110 prism consistently have high CL (and 
low trace elements), in contrast with those associated with 
the steep pyramid 211 , which have high trace-element 
contents and reduced CL. Although Vavra (1990) attributes 
sector zoning to relatively rapid (igneous) growth, Watson 
& Liang ( 1995) have recently proposed that it can also 
occur in minerals of regional metamorphic origin. The 
recent study of granulites in the Swiss Alps by Vavra et al. 
( 1996) provides a possible solution to this paradox. They 
demonstrate that sector-zoned zircon has indeed formed 
during regional metamorphism, but most probably from 
partial melts formed during that event. 

Backscattered electron (BSE) images from the electron 
microscope are sometimes used as a substitute for, or as a 
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supplement to, CL study. The technique identifies 
differences in average atomic number; the higher this is, 
the brighter is the image. It generally produces similar 
patterns to CL, except that the sequence of brightness is 
reversed. The brightest regions primarily document areas 
that are enriched in Hf(and U). 

Relating Zircon Growth to Geological Events 
Although some rocks (e.g. young volcanics) have simple 
histories that are often quite easy to relate to zircon 
formation, many others have experienced a series of events, 
a number of which might have resulted in new zircon 
growth, recrystallisation and/or isotopic resetting. It is 
therefore important not only to distinguish different 
generations of zircon growth, but to ascerta-in as. 
confidently as possible the processes by which these 
formed. Only then can one expect to correctly assign the 
zircon ages to particular geological events. 

Most zircon is of either igneous or metamorphic origin, 
and there are generally reliable morphological criteria for 
distinguishing between these two varieties. An additional, 
rare variant, of hydrothermal origin, has also been 
observed. This is apparently of varied morphology. Claoue
Long et al. (I 990) report euhedral form (which they 
attribute to growth in open space), whereas Rubin et al. 
( 1989) document subhedral to anhedral, commonly 
corroded, hydrothermal zircon. 

Igneous zircon, especially that in felsic rocks, is 
characterised by euhedral zonation (commonly with sector 
zoning) that is mostly mirrored by external grain 
boundaries. According to Vavra ( 1990), the relative growth 
rate of zircon crystal faces is recorded by their style of 
zoning. Widely spaced zones, some of which can be 
interrupted by smooth dissolution surfaces (indicative of 
temporary zircon undersaturation), are considered to 
indicate growth from a melt with low zircon 
supersaturation. Conversely, narrowly-spaced, 
uninterrupted oscillatory zoning is interpreted as resulting 
from crystallisation from a melt with high zircon
supersaturation. Cavities elongated parallel to the c-axis 
are indicative of the same process (Kirkpatrick 1981 ). 
Igneous-type zoning is often clearly delineated by CL. 
However, the contrast between the different zones becomes 
progressively diminished as radiation damage accumulates 
until ultimately, (notably old, high-U zircon) grains that 
have suffered a sufficiently large radiation dose lose all of 
theirCL. 

Hanchar & Miller ( 1993) summarise the genetic 
significance attributed to various zircon structures, and 
especially to different core-rim relationships in igneous 
grains. Distinct anhedral cores that are enclosed by zoned 
zircon are considered to represent zircon that was inherited 
by the host magma. Cores that are truncated at high angle 
are fracture surfaces that formed during either sedimentary 
transport or cataclasis. Low-angle truncation may result 
from either sedimentary abrasion, or igneous or 
metamorphic resorption. Embayments in cores probably 
formed by igneous resorption. 

Most zircon that has grown in a metamorphic environment 
is not obviously zoned. lf present at all, zones are not of 
the fine oscillatory type, and are rounded rather than 
euhedral (Hanchar & Miller 1993; Vavra et al. 1996). This 
general lack of zoning suggests that parent fluids were 
free-ranging, unlike the more stagnant magmatic fluids 
(Williams et al. 1996). In common with many other 
researchers, those authors also believe that very high-grade 
metamorphic zircon (such as that formed at granulite . 
facies) is generally characterised by markedly higher U 

and lower Th!U than most zircon of igneous derivation. 
However, it is also acknowledged that late-stage partial 
melts such as pegmatites and leucogranites can also be 
highly enriched in U with respect to Th (Zeitler & 
Chamberlain 1991 ). 

Metamorphic zircon can take several forms. In high-grade 
amphibolite-facies rocks of the Arunta Complex (Central 
Australia), Williams eta!. ( 1996) record its occurrence as 
thin, structureless, weakly luminescent overgrowths that 
give many of the grains their rounded shapes. Black et al. 
(1986) document a range offorms in granulite facies rocks 
from the Napier Complex of Enderby Land (Antarctica). 
Irregular rims formed at high granulite grade often contain 
ghost zoning, which indicates that most of this phase is 
metamorphically recrystallised igneous zircon, with which 
it shares common U, Th and Th/U characteristics. 
Subsequent, lower-grade granulite metamorphism 
produced a very different type of metamorphic zircon, 
which formed entire, optically homogeneous, multifaceted 
grains. These have significantly higher ThiU than the other 
zircons in this rock, suggesting that they represent new 
crystallisation, probably during incipient partial melting, 
and are not an in-situ replacement of pre-existing zircon. 
Their high ThiU ratios(> 1.2) defy the commonly held view 
(noted above) that newly crystallised granulite-facies 
zircon is characterised by very low Th!U. 

Fine-scale surficial pitting and frosting of zircon is 
diagnostic of sedimentary cycling. Unfortunately, 
metamorphic resorption removes these textures at 
moderate to high grades, leaving no diagnostic features of 
previous sedimentary origin. The nature of zone truncation 
(see above, and below) is probably the most reliable 
indicator of the origin of such zircon. 

Conventional Multigrain Dating - North Queensland 
There is only one published account of conventional 
multigrain U- Pb zircon dating in North Queensland. ln 
it, Black & McCulloch ( 1990) used the technique to test 
the authenticity of isotopically less robust Rb-Sr ages that 
had been derived for the crystallisation of certain igneous 
rocks. These ages were then used for Rb-Sr and Sm- Nd 
modelling of the isotopic evolution of those rocks (see 
below). Whereas several of the Proterozoic rocks yielded 
near concordant linear arrays which projected to realistic 
upper concordia intercept ages for their crystallisation, 
several others, and all four of the analysed mid Palaeozoic 
granites, showed clear evidence of inherited components. 
This problem makes the derivation of precise ages hard 
enough, but when accompanied by post-crystallisation loss 
of radiogenic Pb (a reasonably common occurrence, for 
which there is unequivocal evidence in some of these 
samples), the task becomes exceedingly difficult. 
Fortunately, it was at this time that SHRIMP became 
available for routine analysis, and it was no longer 
necessary to analyse a large number of grains 
simultaneously, many of which might (or might not) have 
experienced different histories. 

Published SHRIMP Dating - Georgetown Region 
There can be no doubt that this instrument currently 
represents the premier geological dating technique for this 
and most other terranes. As outlined above, the refined 
scale of analysis simultaneously eliminates most of the 
problems plaguing conventional U-Pb zircon dating, and 
allows new insights into the complexities of isotopic 
systems. 

Therefore, it was natural for Black & Withnall ( 1993) to 
reanalyse some of the most ambiguous samples of the 
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pr~vious study during their SIIIUMP investigatiOn of the 
ages ofProt~rozo1c telsic igneous rocks in the Georgetown 
Region. Even though CL documentation was not practised 
in the Research School or Earth Sciences- AGSO 
laborat01y at that time. the nonnaltransmittcd and reflected 
light images were sufficient to ensure that all but one of 
the analysed rocks yielded reliable crystallisation ages. 
The exception was the Forest Home Trondhjemite. the 
composition or which was apparently unsuitable for the 
~rystallisallon ofz1rcon; 11 is likely that all of the Lircon in 
that rock was inherited from older rocks. By combining 
the crystallisauon ages of the other rocks with their 
established structural relationships. it was possible to prove 
that the second major deformation (e02- eM2) to have 
affected the region occurred as early as 1554 ± 1 0 Ma. 
This is about 80 Ma older than apparently intl!rnally 
consistent Rb-Sr total-rock isochron estimates (which were 
supported by the ~"Ar/

19 Ar data of McNaughton 1979) for 
this event (sel! abon!). 

Published SHRIMP Dating- Cnen Region 
The only published account of SJ fRTMP analyses for the 
Coen Region is that of Black .::tal. ( 1992a). Although it 
also was completed belore CL was used for our sample 
documentation. nonna I photomicroscopy prO\ cd adequate 
for discrimination between magmatic and inherited 
components for analytical site selection. The study sought 
to refine the established geochronological framework for 
the region by means of a technically rather simple 
approach. the dating of a wide spectrum or granite types. 
More complicated rock types (in particular. the various 
grades of metasediment) \vould await the succeeding phase 
or study. when CL was available). 

The Black et al. ( 1992a) study distinguished two episodes 
of' magmatic activ1ty, at about 406 Ma (Silurian Devonl:ln) 
and 2R4 Ma (Permian). These broadly corresponded with 
ages previously reported by Cooperet nl. ( 1975). However. 
they were significantly less scattered and on average 
slightly older, indicating that, in contrast to the relatively 
robust U Pb system, K-Ar and Rb-Sr systematics were 
significantly affected by post-crystallisational events. 
Pronounced mainly Proterozoic. inheritance was identiried 
in many rocks. The failure to find direct evidence of 
Proterozoic 1gncous acrivity limited the youngest poss1ble 
age of rhe stratigraphic sequence in the Cocn Region to 
slightly more than 400 Ma. Although this was dramat1cally 
younger than the 1550 Ma younger lim it available for 
Georgetown Region metasediments, ir did not necessarily 
exdude the two regions being stratigraph ic equi\'alents. 

Isolation of Magmatic and Inherited Ages in Granites 
The judicious selection of within-grain analytical sites 
made possible by SHRIMP has allowed the unravelling of 
magmatic from inherited zircon components (Figure 13.2) 
for the middle PalaeoLoic granites 111 the Georgetown 
Region. It was not possible to do this by conventional U
Pb analysis (Black & McCulloch 1990). which yielded 
geo logically meaningless ages between that of the 
inheritance and that of magmatic crystallisation. The 
unpublished SIIRIMP data reveal that these granites are 
not direct correlatives of middle Palaeozoic granites in 
the Coen Region. but are about 20 Ma older. 
Approximately 1560 Ma-old zircon dominates the 
inherited component :t.'i illustrated by the data for the White 
Springs Granodiorite (Figure 13.3 ). 
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Figure 13.2. (a ) T'runsmillcd light photomicrograph showing I he 
multifaceted. euhedml1ir!:lln that is lypicaltlf the White Spring~ 
Granodiorite (and ntlll: r mid Palacnmk granite\ in the 
Georgewwn Rcg•onl. !b) Catlwuuluminescencc CCLI 1mage \ll 
the same cryslal showing the pre~cncc of both (mhcritedl core" 
and cognate nvergr<m th~ fnm1 the gmnudioritc magma. Buth 
phases cxhihit lhe O$Cillatory zonmg charactcri~tic of ig.nt:ou' 
nrcon. The age difference between 1hc~e two compunenh 
exceeds I 000 Ma. moM o the core~ ha\ing CT) st<~ll isccJ ut ahuul 
1560 Ma. and the rim\ at about-+:!0 Ma 
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Figure 13.3. Probability tlistribu11on d iagram showing a lll..u'ked 
age bimodalil) hetwccn cUrt!\ (all hultlllc CI'Y'Ialliscd at ahm11 
I 'if!O Ma) and -420 Ma ~ognalc mcrgrowch, in 11rcu11 J'rnmthc 
Whtte Spring!> Granodiorite. 
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Studies of Metasedimentary Rocks 
A dearth of mterbedded felsic igneous rock~ make~ it 
difficult to Jate the main sequences in the Coen and 
Georgetown Regions. Some attentwn must necessarily 
focus on the documentation of z1rcon ages in the 
metaSediments in order to pro\ ide likely maximum ages 
for deposition. This also pro\ ides im aluable information 
on the ages(S) of the source rocks from\\ hich the sediments 
were derived. 

The primary dtsunguishmg feature of z1rcon that has 
experienced sedimentary transportation is fine surficial 
pits. which often give the grain~ a frosted appearance. 
However, the absence of such pitting does not necessarily 
exclude a sedimentary origin, because the zircons might 
nor have spent long enough in an environment capable of 
developing 5UCh textures. And. as noted above. pitting is 
removed at moderate metamorphic grades. Ln the author's 
experience it is rare. except at very high grades. for whole 
grains of zircon to have fom1ed during metamorphism. 
Such zircon is far more likely to be represented by thin 
overgrowths. Therefore. it i:. frequently possible to deduce 
a maximum age for sedimentary deposition from unpitted 
zircon. But there is far less risk in using pitted grains. 

Currently in North Queensland there are only two 
metasedimentary rocks that contain convincing examples 
of isotopically dated, pitted zircon (Figure 13.4). Both 
rocks are low-grade metasediments (a slate and a 
metaconglomerate) from the Coen Region. Pro\ iding that 
there has been no significant post-crystallisation loss of 
radiogenic Pb (and the chances of this are minimised by 
the analysis of clear, uncracked zircon), grains of this type 
yield maximum age~ for the time of sedimentary 
deposition. In these specific instances they constrain the 
depositional ages of the Astrea Fonnation (part of the 
Holroyd Group) and the Sefton Metamorphics to be less 
than about 1580 Ma ( 1560 ± 22 Ma) and I 150 Ma . 
respecrively. 

Similar reasoning can be used to deduce older limits for 
the age of other metasedimental) rocks. though without 
the confidence offered by the presence of pitted zircon. 

Figure 13...1. Trnn,mitteu light photomicrogruph 'howmg. the 
fine-~cale pitting thut ,, utagno,tic of tletritaJ lircon gratn,. 

Although comparisons of the age patterns from different 
rocks can be made \\ nh the conventional Wetherill ( 1956) 
concordia plot. 11 tends to obscure dctai I where data points 
are concentrated. A di!Terent type of diagram has pro,en 
su1table for overcoming this difficulty. The probability 
distribution plot is somewhat analogous to a histogram. 
with the 1mponant exception 1hat1t can account for a range 
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Figure 13.5. The generally different detrital ztrcon components 
in metasedimentary rock\ from the (a) Coen and (b l Georgetown 
R..:gion!> are ubplayed on pmbabilit) distribution iliagrams. The 
vustly uiiTerent age pattern<. reveal that the Coen ~equencc i' the 
younger. and was dcri\'ed in large pan either from the reworking 
of rock' from the Georgcttmn Region or their t..:mporal 
eyuivalents. Major (Archaean and Palaeoproterozoicl detrital 
zircon components in Lhe Georgetown Region are almo~l 
unrecognisable in the Coen Regron meta!Oeur ments becau~e the~ 
have been tlr.unatically diluted by fmt genemlion C 1550 1\la-
1700 \1a) Geurgetuwn Region Zircon (or its equi\ alent). 

of uncertainties for different obsenations. Each analysis 
contributes an equal area of Normal Distribution. the 
precise form of which i~ governed b} the indiv1dual 
analytical precision. Relati\ely precise analyses produce 
more pronounced peaks. which have a more profound 
effect on tht! weighting of the o\·erall population. It is 
important to note that the ordinate is merely a measure of 
relative frequency. and has no significance in absolute 
terms. The concept is illustrated by figure 13.5. which 
compares the zircon age distribution of representative 
metasedimentary units from the Coen Metamorphks and 
Holroyd Metamorphics (Coen Region) with that in rocks 
from the Robertson River Subgroup (Georgetmvn Region). 
TL demonstrates the preferential presence of detrital 
Archaean zircon and older Proterozoic zircon m the 
GeorgetO\'-n Region. Thi:.. together with an abundance of 
-1550 Ma detrital zircons in the Coen sequence. is 
consistent with it being younger and derived in {possibl) 
large) part from the degradation of GeorgetO\\ n Region 
rocks. with probable additional components from the 
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Yambo and Dargalong areas (see beiO\\ ). The small tail 
(Figure 13.5) of youngest ages for both of the regiOns 
represents either in situ metamorphic zircon or grains lhat 
have been significantly reset by such events. The youngest 
significant detrital age concentration (at about 1750 Ma) 
for the Georgetown Region closely predates the oldest part 
of that sequence. If an analogous situation applies for the 
northern and southern Coen Regions. the sequences there 
would have been deposited soon after about 1550 Ma and 
1640 Ma. respectively. 

Many, if not most (metai sedimentary rocks are derived 
from a range of provenances that are mirrored in the 
complex zircon age patterns presented above. These 
contrast with the commonly simpler. and often dominantly 
unimodal. zircon age arrays of igneous rocks and their 
metamorphosed derivatives (orthogneisses). There is, 
however. an important exception to this generalisation. as 
illustrated unmediately belm\. 

Isotopic Complexity in Felsic Ortbogoeisses 
As might be expected, isotopic heterogeneity is relatively 
common in orthogneisses derived from igneous rocks that 
were themselves formed by the melting of sedimentary 
precursors. For example, a crenulated, mylonitic granite 
(from the Yambo Subprovince), known as the Annie Creek 
Schist. contains zircon of many different ages. These grains 
are composed (Figure 13.6a) of an outer poorly 
luminescent rim surrounding an even less luminescent 
mantle which. in about 50% of cases, encloses a (strongly 
luminescent) core. The highly metamict state of the mantles 
renders them unsuitable for dating. and even makes it 
difficult to ascertain the nature of any internal structure. 
However. local vestiges of euhedral zoning and occasional 
euhedral margins (Figure 13.6b) indicate that thjs phase 
ts of igneous origin. Zoning is both indistinct and 
uncommon in the surrounding rims. but where present. it 
has the rounded form of metamorphic zircon. Therefore. 
the mantles represent zircon that crystalliseo from the 
granite, and the rims formed during subsequent 
metamorphism. In common with most granites, some 
cogenetic zircon grew around pre-existing zircon. ln other 
cases it was self nucleating. 

The luminescent cores are generally well rounded. 
Common euhedral zonation is often cut at a sharp angle 
by core boundaries, which probably indicates breakage 
(and abrasion) during sedimentary transportation. The 
relatively high proportion of cores (-50%) is consistent 
with the S-type origin of this rock. So too is the diversity 
of core ages, which range from about 1600 Ma to 2700 
Ma, with prominent groupings at about I 640 Ma. 1800-
1900 Ma and 2300 Ma (Figure 13.7). The youngest of 
these. at I 642 ± 7 Ma, is defined by 15 cores. This imposes 
an older limit for both the emplacement oftht: granite and 
the depositional age of the sedimentary sequence in which 
the :zircons, which now constitute lhe cores. once resided. 
From lhese observations it can be concluded that at least 
part of the Yambo sedimentary sequence was deposited 
between 1579 ± 4 Ma (the ag~: given by most of the 
metamorphic rim analyses, the magmatic zircon being 
impossible to date precisely) and 1642 Ma ago. It is 
reasonable to further deduce that the precursor of the Annie 
Creek Schist was emplaced at about lhe same time (I 578 
± 4 Ma) as that of the 1-type Arkara Gneiss (note the 
morphologically simpler zircons and isotopic array in 
Figures 13 .8 and 13. 9). This is consistent with the S-typc 
precursor of the Annie Creek Schist being an anatectic 
magma created during the onset of tbe 1579 ± 4 Ma 
metamorphism. 
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Figure 13.6. !a) CL image of rircon from the myloniuc granite 
known as the Annie Creek Schist. Coen Region. Much of lhe 
revealed complex it} il> also readily apparent in transmitted and 
nonnal rellected-light microphotographs. Many of lhe grains 
consist of three discrete generations of zircon. The oldest of lhese 
j, wongly lumines<:cnt. and generally has lhe uscillatory zoning 
that is diagnostic of igneous growlh. The pictured core is likely 
to be of detrital origin. It has lhe rounded fonn typically produced 
by sedimentary processe~. The high-angle truncation of the 
loning probably originated rrom brittle fracture in the same 
regime. Immediately su rrounding the cores is a layer of 
essentially non-luminescent. very-high U. metamict 7ircon. This 
is interpreted as the zi rcon that crystallised from the igneous 
precursor of the mylonite. The weakJy luminescent exterior of 
the gmins b of metamorphic origin (see text). (b) Back-scattered 
electron image showing that some of tJ1e mctamict mantles have 
(at least partly) euhedral boundaries. and preserve prismatic 
euhedml lOnation. feature~ that are indicative of an igneous 
uri gin. 

mctamorph ic: 
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Figure 13.7. ProbabJllly distribution d1agram showmg tbe 
relative proportiuns of diffell!nt Lircon components in mylonitic 
meta-granite (Annie Creek Schist). The major peak at about I 5RO 
Ma. and the minor cyoungen peak to its left represent in \itu 
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Fig. 13.7 I continued) metamorphic grm\ th. Cugnate magmatic 
1in:on in !hi' rod, j, pre,umed ru ha\e gro\\n onl~ 'honly 
beforehand. but it j, too metamict to date directly. The trequcnc~ 
and large age-spread of the inheritance 1 repre,cnted b~ the -16-W 
'via and older grains It\ consi~tent with geochcmtcal c\ 1dence in 
indicating !hat the tgneous precursor of th1' rock "a' dcnved 
from the melting of a c,edimenllll") ~t,urce. 

Figure 13.8. CL image of zircons in lhe Arkara Gneiss !Coco 
Region), which are generally of re latively s1mple form. in keeping 
with the 1-type origin of the precursor of thi~ orthogneiss. Mo't 
grams are euhedral to subhedral. elongated and toned. Some 
contain discordant core:.. which are predominant!) about 
1640 Ma old (see Figure 9). Thin rims of metamorphic lircon 
commonly O\'erlay re<;orbed surface~ on strong!) zoned 1ircon. 

(Arknra Gneis~) 

inhcrit.m.:e 
15 analy,e> 1 

lt>:IH 

21l7Pbf11111ph age c \ Ia) 

Figure 13.9. Relatively s1mplc age speclrum for the Arkara 
Gnei>!.. whose orthogneissic precursor ,.,a, it,df derived from 
an igneous source. Both cognate igneou~ nrcon and encltl\ing 
metamorphic nms crystallised over a 'hon lime mterval about 
151:10 Ma ago. Although ill!> not uncommon tor !-type granite~ 
(ortheirderivari,·esJ tocomain inherited zircon, this c~lmponcnt 
i~ generally les) common. ami ha' a smaller range of ages. !han 
that inS-type granites land gnets'e~ denved lherefroml. In th1~ 
Instance. only a single inherited cnmponent. about 60 mtlhon 
years older than !he cognate igneou' 7ircon. ha' been JetcLt<:d. 
This inherited zircon i' the same age a,, the mo't comml)n, and 
youngcst. mherited component in the ,\nnie Creek schist I an S
t)-pe granite deri\ativc). 

The Role of Mafic Rocks in U-Pb Zircon Dating 
In an attempt to circum,ent the difficulties imposed by 
the dearth (or even absence) ofmterbedded fdsic \Oicamcs 

in the Etheridge Group of' the Georgctm\.n Region. recent 
attention has been directed to the mnftc igneous roch. 
The acceSSOI) mineral baddeleyite czrO~ ) has been w.ed 
succcssfulh elsewhere to date such rocks (e.g. Da' 1dson 
& \.an Dreeman 1988; LeCheminant & Heaman 1989 ), 
but ll has not yet been tdentified in 'forth Queensland 
rocks. 

Z1rcon CLrSiO,} rarely precipitates from mafic magmas. 
due to their IO\\ SiO" levels. Some workers in other regwm. 
(e.g. Black ct at. 1991; Lanyon et at. 1993) have 
circumvented thif> difficulty by dating zircon from 
cogenet1c, relatively SiO~-rich. late felsic differentiates of 
the mafic magma:>. As no suitable late-stage fels ic 
differentiates ha\'e been disC(l\ ered in the Georgetown 
Region, attention has necessarily focussed on those fc\v 
mafic rocks that were found to contain .zircon. That zircon 
could be of several potential origins (Davidson & van 
Breemen 1988; Black eta!. 1991: Heaman& Parrish 199L 
Lanyon et at. 1993). It might have been inherited from 
older rocks. bave crystallised from the mafic magma itself. 
or have grown during subsequent metamorphism. 

The three mafic rocks from which zircon was recovered 
yield invaluable infom1ation on the Proterozoic evolution 
of the Georgetown Region. The first sample is a 
leucogabbro from near Iron hurst. where the metamorphic 
grade is moderate. The zircon in this rock is dominated by 
relatively large. euhcdrnl, elongated grains. with simple 
first-order prismatic and pyramidal faces. Regular. fine
scale oscillatory zoning is readily evident in CL images 
(figure 13.1 0}. which also reveal an absence of cores or 
overgrowths. This simple morphology is mirrored by 
isotopic composition (Figure 13.11 ). with all of the 
analysed grains defining a simple population '\.ith a mean 
age of 1655 ± 2 ~1a. An unquestionable tgneous origin 
and lack of morphological or isotopic evidence of 
modification e1ther in the magma or during subsequent 
metamorphism ensure that this age temporally defines the 
crystallisation of the leucogabbro. 

An amphiboute near Einasleigh. 80 km to the southeast. 
records a considerably more complicated history. Although 
still gt:nerally elongated most of its constituent zircon is 
no longer euhedral (figure 13. 12). The stronger (upper 

Figure 13.10. CL image showing the <.implc igneous form of 
zircon from Jeucogabbro near lwnhurst cGeorgeLown Region). 
Rele\ant feature\ include wcll-de\cloped. euhcdral pri'>matlc 
face~. o'ci lla10~ l<.mmg and ktd. of core,. 
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Figure 13.11. Probabilit} distribution diagmm showing that the 
l>imple igneous fonn of tircon in the leucogabhm at lronhur\t i-. 
matched by a -.implc age spectrum. 

amphibolite) metamorphism recorded in the fabnc and 
mmera logy of this rock has modified original igneous 
morphology by a combination of resorption and the 
crystallisation of new zircon. Relict igneous zoning persists 
in places (Figure 13.13 ), but is no longer sharply defmed 
commonly being slight!} wavy. Some grains consist almost 
entirely of this phase. In others it is preserved only as 
anhedral cores that are surrounded by up to three successive 
layers of zircon (as identified by CL). The oldest and 
youngest of these layers have strong CL. and are clearly 
of metamorphic origin. The volumetrically dominant 
generation of intermediate-aged overgrowth is moderately 
to poorly lwninescent. Although commonly homogeneous, 
this zircon locally contains poorly-defined oscillatory 
zoning. which makes it more likely to have crystall ised 
from an igneous melt than a metamorph ic fluid. 
Nevertheless. either of those possibilities is most likely to 
haYe arisen as a consequence of htgh-grade (probably 
upper amphibolite) regional metamorphism. during which 
partial melts would have developed locally. As would be 
expected trom the increased morphological heterogeneity 
of the .mcon in the amphibolite, the age spectn•m is also 
more complex than that for the leucogabbro. The igneous 
cores and the second generation overgrowths (the 

Figure 13.11. Transmilled light photomicrograph of zircon in 
the amphiholite from the Ein~leigh Metamorphicl>. Although 
tenninalton!> have heen di~tincll~ rounded by metamorphism. 
many gratns preserve the1r onginal. elongated igm:ous form. 
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Figure 13.13. CL trnage illustrating the very complex nature of 
the zircon in the amphiboli1e from the Einasleigh Metamorphtc~. 
The largest grain is composed of four growth zones. The poor! y 
luminescent inner core (I) represents igneou~ ;ircon that 
crystallised from the igneous precur~or of the amphibolite. 
Immediately surrounding this is a thin layer (2) of strongly 
luminescent metamorphic zircon. This bin tum overgrown by 
moderately- I t) poorly- lumine~ccn t 7ireon (3). which locally 
preserve~ fai nt o~cillatory zoning. (The grain w the n ght yields 
<1 better ~:xample of ~uch zoningl. At the exterior of lhe grain i~ 
a se~.:ond layer 14) of -.trongly luminescent meuunorphic zircon. 
All four zircon generations are ol Proterozoic uge (see text) . 

volumetrkally dominant phase, with poor CL) yield an 
age distribution with two pronounced maxima (Figure 
13.14). The older of these (1674 ± 2 Ma) represents 15 
analyses of zoned zircon. The younger. at 1553 ± 3 Ma, 
represents 15 analyses of lhe essentially homogeneous 
phase. The mafic igneous precursor of the amphiboli te 
therefore crystallised at 1674 Ma. and was extensively 
affected by a 1553 Ma tectonothermal event (Black et al. 
in prep.). Peaks between these values (Figure 13.14) 
represent four analyses that were inadvertently sited on 
both phases (a lesson to be learnt. even for the wary). which 

(Amphibolite) 

.. 
..... 

. ::::::::. ~ 155J:t1 \1a 

.§ :-:·,·:·.. Sec~•nd gcnerativn nt 

.C :·:.::.. metamorphic tlr~·on 

! '------···i~li\>1:\· .... ' . 
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Figure I 3.14. Prnbahility distribution diagmm demonstrating 
the age di fference between the igneous cores and the second 
generation of overgrowths in the Einasleigh Metamorphics 
:unphibolitc. Tht: peak.-. of intennediate age retlect inUU\'Crtent 
-.iting of the ion-he<~m acros~ boundaries between the two phase~ 
(sec text). 
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Plate 12.1. Wetland'> on the west coast. near Aurul..un. Thi~ i!> a \ 'Cry gently !> loping meander plain \\ith an oxbow lake in lhe 
foreground. (Jan o~wald-JacobJ phOto). 

Plate 12.2. "v1eandef!\ of lhe ~Orman River. about 10 km from lhe Gulf of Carpcntan.t. Mangrm e.-. mark lhe tidal channeb 
draining bare LidaJ nat.sthat are CO\~n:d during ..,pring tide~. (fall 0.Hra/d-./acoh~ p/wto). 



Plate 12.3. Silica sand dune~ at Shelburne Bay. on the eaM coa~t of Cape Yorl.. Peninsula. Most of the dune~ are ~tabifi,ed. 
and only a fe,, ~mall bare area~. where the vegetation has been breechetl. are actively er{lding. Wmer level-. in the lake~ ri'e 
and fall '~ ith the \ea~onal '~ater table. ( !an Osll'ald-Jacobs phow}. 

Plate 12A. Cape Keer Weer. wc't C(laM of Cape Yorl.. Penmsula. The ..:Ua\tul barrier \ystcm here inc..lutle~ chenier plain' -the 
'anti ritlge .. :md imcrwning nat\ that are \ i\ible in the c.Ji,tanc:e. (fall 0\11(//d-Jacnb.l plwltJ}. 
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Plate 12.5. A typical landscape 1n the Hodgkml>on Provmce. Catrn" Re!!ton. TI1e ea!>tly e roded nature of the ~edi mentuT) rocks 
and the gl!ncmlly higher relief re~uh in a lundscapo: ol htll" with naml\\ --~tl> :md narrow 'aile) llt><l~"'>. ( hm 0.111 ald-Jacol1.t rTwto) 

Plate 12.6. Small Plct'l<lCCOc cr.l!cr or maar in the ~kBriJe B~Nlh ncar I nJarn. Georgclll\\ n Rcgtnn. ( hm 0\\nJfJ.Jacvhs phowJ. 



. 
Plate 12.7a.Three band gamma-my speclometric image of EBAGOOLA. Coen Region. In general. sediments are blues 
and gret:ns. granites are red, dark are~ are covered with residual sand. lighter arell'> ha\·e lel>s regolith <:O\er. Bauxite 
plat.:au~ are found nt F and recent :.cdimc!ntation is showing bright colours at B. 

Plate 12.7b. 30 perspective view llf gamma·m) ,pectometric image uraped over a digital c! lcvation model. A: exposed 
granitic saprolite C: highly leached residual quan7 sand~. From Wilford et al. ( 1997)- 'ee that paper for more detailed 
de,criptions of the~e im:1ges. 



Plate 12.8. Landsat TM image of an area of Wyabba bed.' between the Archer and Holroyd River~ on the we\tem margin of lhe 
Wcip3 ploteau. Carpentaria Lowlands Region. The broad. <;hallow \'3lley~ and melon holes are typical of lhe surface form of the 
Wyabba beds. Scale approx. 1:100 000. Image ha' been high p3ss tilrcred, contrast '!retched. and colour-balanced Cred: bands 
5- 7. green: baods 5-4. blue: hands 3- 1) to enhance lithologic and regolith differences. 



Plate 12.9. (. na.,tal landform' lit the mouth ut the \1itchell Ri\'cr. 1 hl· lutt: Ph:i,tnccnc 'horclinc ( 120 ()(){)years BPl bat the tnp 
right cnrncr. J l oh~~:cnl' 'hnrclmc' 'hu\\ up,,, \ubpar.Jih:l uarJ..cr lcuturc' 1'\oth north and "1uth ol the riVL'r. Image ha.\ been Jugh 
pa'' liltcrcd wntm't 'trc:tl'hcd, anJ culour-balam.:cu cred. band~ 5 4: green: bamh '\ 7 hluc: h:mu 2) ll> cnh.mcc rcguhth :mc.J 
coa,ral cn\ll·onmcm;d Jiftcrcncc' ''hilc mainta.imng rclauvel~ naturJ!Iouking l·olou". \egctatton 'hm" a' \unou~ grecn,, 
inter tic.JaJ ch.tnncJs <lflU tlat<; arc shac.Jcs of !!rc). \\ater is blue anU lire ,C,IfS Url' rcu 

I 



Plate 12.10. l\trtchell Rrver ~ubaerial delta. The river and Its a.:ti\e tributanc!> -.,ho\\ a:. dark line~. Recent!) .rbandoned channel-., 
arc: '' idcr Jar!.., green linear feature,. \1eamlering j, mn'l cnmple\ rn the tidal reache" of each dbtribuUtf) Scale appro~. 1.225 000 
Same image prucco;o,ing as l'or Plate 12.9 



Plate 12.11. The Alice River. separating Wyabba bed~ (Plate 12.8) to the north from modem flood plain dcpo:.it.s to the ~outh. 
Thi!. 11ood plain join~ that of the Palmer River in Ult! southwest. and i~ completely inundated during some wet seru,om •. Scale 
approx. I :270 000. Same image proc..:ssing a~ for Plate 12.!!. 
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is always a possibility when there is limited room for 
analysis. 

Very restricted volumes and low-U make it difficult to 
obtain prec1se ages for the strongly luminescent 
metamorphic z1rcon. Also. their similar appearance 
generally ensures that it is only possible to ascertain which 
generation of zircon they represent when both are present 
in the same grain. Despite these difficulties. Black et al. 
(in prep.) were able to deduce that the earlier generation 
crystallised at 1656 ± 22 Ma, and the latter probably 
sometime between about 1500 Ma and 1550 Ma (the age 
with 1 sigma error limits for the analysed grain is 1516 ± 
20 Ma). The age of the high-U overgrowths corresponds 
with that derived by Black & Witbnall ( 1993) for the 
second oldest tectonothermal event (eD2-eM~) to be 
recognised in tbe Georgetown Region. Because this dates 
the second generation of metamorphic zircon in the 
amphibolite, it is tempting to equate the other two ages 
derived for metamorphic zircon in the amphibolite with 
the preceding and following tectonothermal events. On 
that basis, eD1-t>M1 and eD3-eM3, might be construed to 
have occurred at 1656 ± 22 Ma and about 1520 Ma. 
respectively. However. even though the younger age might 
well represent eD3-eM3, the older age predates reasonable 
estimates of the end of sedimentation in the Etheridge 
Group (about 1600 Ma). all of which has been affected by 
that tectonothermal event. [l is therefore probable that 
eithcrthere was an earlier (previously unidentified) episode 
of folding. the evidence for which was has been obscured 
by high-grade metamorphism and isoclinal folding during 
eD1-eM 1 and eD2-eM!. or the 1656 ± 22 Ma event was 
not associated with Sif,'Dificant deformation. 

The third mafic rock was collected about l5 km further 
east, in an area that was subjected to still higher (granulite 
facies) metamorphic conditions. Virtually all oft he zircon 
in this mafic granulite occurs as clear, homogeneous. 
roughly equant, multifaceted grains (Figure l3.15). CL 
images reveal that some of these have small. discordant. 
anhedral. poorly luminescent cores (Figure 13.16). 
However. most grains are composed entirely of sector
zoned zircon. which is indicative of derivation from a melt 
(Vavra 1990, et al. 1996 ). Individual ages for the sector
zoned zircon confom1 to a simple 1553 ± 3 Ma population. 
irrespective of whether or not lhey are derived from central 
zones with poor CL or enclosing, more strongly 
luminescent L.ircon. Thjs uates lhe crystallisation of the! 
melt from which the zircon grew. Th!U (less than 0.1 for 
more than 90% of the analyses) is unusually low for zircon 
that has crystallised from a sizeable magma. but is typical 
of zircon that has grown from small partial melts (Turner 
et al.. in press). It is therefore concluded that 1553 ± 3 Ma 
temporally documents a high-grade metamorphic event 
during which there was incipient partial melting of the 
mafic granuli te. Because this age is indistinguishable from 
other estimates of eD1, which occurred under granulite
facies conditions in this region. it presumably provides 
another estimate for the timing of that event 

Brietly. the crystallisation ages obtamed for all three of 
the mafic rocks yield mmtmunl temporal estimates for the 
deposition of the local succession. The samples document 
the progressive effects of increasing metamorph1sm 
towards the east of the inlier. Cognate igneous zircon has 
also been successfully used to obtain a crystallisation age 
for mafic granulite in the Yambo Inlier ( L. P. Black unpub. 
analyses). 

Overprinting of Zircon Ages 
Zircon is generally considered to have a very high 

Figure 13.15. Transmitted light photomicrograph ~ho\.\ing a 
typically clear. apparently homogeneou~. generally equant. 
multifaceted zircon grain from the mafic granulite in the 
Einru;le1gh MeLamorphics. 

Figure 13.16. {a) CL imaging shows tha11he same grain tfrom 
the mafic granulite! depicted in Figure 13.15 is composed of a 
relatively poorly luminesc.:nt centre and a brighter relatively 
concordant e>.terior. The age' of the two area~ are not 
distingUishable from e<~ch other. which should indicate that they 
gre\\ during the same event. The sector zoning in both i~ 

indicative of igneou~ groMh (VaHa 1990: et al. 1996). which 
wa' pre,umabl} caused by localiseJ mdting during high-gmde 
metamorphism. The small. poorl) luminescent. anhedral core in 
the grain to the left probably grew during an earlier event. 
(b ) Conlinuou;, lir-tree zonation indicates that the two .,ector
zoned prube~ are essentially contemporaneous. According to 
Va, ra et al.! l 996J. these unu:;uul structure~ are common m zircon 
overgrowths fonned at gnmulitc facie\. The anhedral. poorl)' 
luminescent core in the grain to the left i-. pos'libly ~ignilicantl) 
older. 
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retentivity for Pb at temperatures even in excess of750°C 
(Heaman & Parrish 1991 ), prO\ iding there is negligible 
accumulated radiation or structural damage to its latt1ce. 
ln contrast. such damage can lead to Pb loss during a wide 
range of conditions. which include geological disturbances 
as minor as weathering. Metamict lattices are particularly 
prone to lose (or exchange) Pb through interaction with 
fluids. 

The previous section docwnented some North Queensland 
examples of newly grown zircon during Proterozoic high
grade metamorphism. Two different fom1s of zircon 
crystallised during those events . Zircon grown from 
metamorphic fluids was distinguished by rounded margins 
and where zoning was present, it was indistinct and non
planar. Zircon grown from local partial melts was 
characterised by numerous euhedral facets, and either 
sector zoning or oscillatory, prismatic zoning. 

Leucogneiss from the Newberry Mctamorphics (Coen 
Region) records an example where (mid Palaeozoic) 
metamorphism primarily resulted in the isotopic resetting 
of pre-existing zircon rather than the growth of new zircon. 
Virtually all of the zircon in this rock is poorly lwninescent. 
It is of igneous origin, because it preserves traces of 
euhedral, oscillatory zonation (most noticeable in 
transmitted light) which is, however, absent in more heavily 
recrystallised parts of the grains. The isotopic analyses of 
this poorly luminescent zircon component define an 
extended I inear trend between about 1560 Ma and 420 
Ma (Figure J3.17), showing that there was a wide range 
of (sometimes profound) isotopic resetting at the latter 
time. The metamictisation and consequent isotopic 
resetting were considerably enhanced by high U 
concentrations (generally 2000-4000 ppm). Th/U ratios 
are extremely low, being mostly less than 0.0 l. 

Some of the zircon grains in this leucogneiss have narrow, 
moderate- to strongly-luminescent rims (figure 13. 18), 
only two of which were sufficiently broad to be analysed. 
These, together with an equant, multifaceted grain 
(containing a tiny core) that is similarly luminescent, 
preserve taint prismatic zoning that indicates an igneous 
o rigin , presumably from partial melting during 
metamorphism. Concordant ages of about 400 Ma for these 
rims are indistinguishable from those of the highly reset, 
poorly luminescent zircon. Therefore. in this area. 400 Ma 
was a time of both new zircon growth and (more 
importantly) isotopic resetting within that mineral. ... .----------------------, 

(New ben)' Metnrnorph•c Group) 

!fJ7 1_\'\ 

""' l "" <:_ ___ ._ ___ ._ ___ .L.,_ ___ .L.,_ __ __, 

Figure 13.17. ~07PbJ2"U-lMpbfmU concordia diagram 
illustrating the profound effects or IOld Palaeozoic isotopic 
resetting on Mesoprotero70ic 7ircon in the Newbe1 r) 
Metamorphlcs (Coen Region). Only lhree of the thirteen analyses 
at the .H)() Ma locus of concordia (highlighted by U1e arrow) 
represent new tircon growth. The others represent 1560 Ma 
zircon that was isotopically reset during the Silurian-Dcvonian. 
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Recognition of PartiaJ Melting 
as a Cause of Zircon Growtb 
In common \\ ith other studies, the most crucial aspect of 
zircon chronometry during this project has been the linking 
of the derived ages with appropriate geological events. The 
preceding sections have described ho\\ this is commonly 
achieved. But the links are not always readily apparent. as 
the following example shows. 

As already stated, the major geochronological objective 
of the North Queensland project has been to determine 

Figure 13 .. 18. CL image for zircon from the Newberry 
Metamorphics. Faint euhedral. prismatic zoning indicates that 
the moderately-to srrongly-lumine!-cent400 Ma rim is of igneous 
ongin. It probably crystallised from a partial melt during 
metamorphism at that time. Although modestly common in this 
rock, no olherzircon that fom1ed as a re1.ponse to mid Palaeozoic 
metamorphism has yet been identified ebewhere in North 
Queensland. 
The poorly luminescent core is typical of most of the zircon in 
this felsic gneiss. it. too. is of igneous ongm (the oscillatory 
zoning i~ best seen in Lransmined Light), having crystallised 1560 
Ma ago. Some parts of these cores maintain their original isotopic 
composition, whereas others lost virtually al l of their accumulated 
radiogenic Pb about 420 Ma ago. Sti II others experienced a varied 
degree of partial resetting at that time. 

Figure 13.19. CL photomicrograph of zircon from leucogneis~ 
m the Georgewwn Region. Faint igneous-type oscillatory 
;onalion •~ vi:.ihle 10 hoth cores and nml.. The latter crystallised 
at about 1560 Ma. as a result oflocaliscd parual melting. whereas 
the predominantly 1700 Ma cores define the original 
crystalli~ation age of thi~ rock. 
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the depositional ages of each of the main sedimentary 
sequences. One of the approaches that has been used is 
the dating of apparently conformable leucogneiss bodies 
with in the Einasleigh Metamorphics. Two such 
leucogneisses from widely separated localities yielded 
zircon with similar morphology and essentially bimodal 
age populations. The generally subhedral to euhedral 
zircon is composed of clearly defined cores and 
overgrowths (Figure 13 .19). The shape of the cores varies 
from euhedral to anhedral, with some grains being deeply 
embayed. Most, if not all, d isplay euhedral zonation. 
Similar zonation appears to characterise the bulk of the 
overgrowths (as seen in transmitted light), although it is 
mostly not obvious in their poorly luminescent images. 
Rare grains have small rims of structureless (presumed 
metamorphic) zircon, but these were too small to date. 

The cores and overgrowths are distinguishable by their 
Th/U ratios. Core ratios of0.3 to 1.3 are typical of igneous 
zircon. With one exception, Th!U in the overgrowths ranges 
downwards from the lower end of that range to about 0.08. 
The lack of extremely low values in the lower group is 
consistent with the morphological evidence in supporting 
an igneous origin for both phases, with the overgrowths 
having formed in a relatively more U-enriched 
environment. 

A lack of thin-section evidence for partial melting 
prompted the original conclusion that the younger zoned 
phase (about 1560 Ma) either records the crystallisation 
age of the leucogneiss precursor (if it was an igneous rock) 
or represents an older limit for deposition (if it was of 
sedimentary derivation). Based on the conformable nature 
of the leucogneisses and their relatively constant 
stratigraphic level it was reasonable to further deduce that 
the depositional age of the Einasleigh Metamorphics was 
about 1560 Ma. Recently acquired information (derived 
from the mafic rocks discussed above, and granitic 
gneisses that are not discussed here) now indicates that 
this estimate is much too young. There is considerable 
mesoscopic evidence of partial melting in the vicinity of 
the two relevant leucogneiss localities. lt is therefore 
concluded that the absence of microscopic evidence for 
thjs relates to its heterogeneous development. By its very 
nature, partial melting is a heterogeneous process, and it 
is therefore probably more prudent to assess its presence 
by mesoscopic rather than microscopic observations. 

The Use of Sr, Nd and Pb as Isotopic Tracers 
As indicated above, an important application of the isotopic 
dating systems is the information they can provide on initial 
isotopic compositions, which thereby limits possible ranges 
of source rocks. Sr, Nd and Pb isotopes have all been used 
for this purpose in North Queensland. 

The frrst exercise of this kind was three decades ago. It 
derived the Pb and Sr isotopic compositions of different 
representatives of_ the Carboniferous-Permian igneous 
rocks from both s•des of the northeast boundary of the 
Georgetown Inlier (Black & Rkhards 1972a,b), and then 
compared the nature of the Pb in these rocks with that in 
nearby (tin, tungsten, silver, lead, zinc, molybdenum and/ 
or copper) mjneral deposits (Black & Richards 1972c). 
The data opposed a previous hypothesis (Branch 1967) of 
two widespread and fundamentally different late 
Palaeozoic felsic magma types, because all of the analysed 
rocks had similar ages and ranges of isotopic composition. 
The study did, however, support the notion that the ore 
lead was largely derived from the Carboruferous-Permian 
magmas, but that this was mjxed with readily leachable 
country-rock Pb. 

A later Sr-isotopic study, of the Coolgarra Batholith 
(Johnston & Black 1986), just to the northeast of the 
Georgetown Inlier, indicated a slightly more complex 
situation. One granite suite (Nettle), which is primarily 
associated with tungsten mineralisation, has similar initial 
87Sri'6Sr (-Q. 711) to most of the Carboniferous-Permian 
rocks. However, the Go Sam Suite, with prominent 
associated tin mineralisation, has high and varied initial 
87Sri'6Sr (0.727-0.744), which is interpreted as resulting 
from modification of an original (magmatic) value near 
0. 7 I I by extensive hydrothermal interaction with country 
rock. 

Subsequent studies (some of which were summarised in 
Black I 980) continued to demonstrate the widespread 
presence of Carboniferous-Permian igneous rocks with 
initial 87Sr/86Sr of - 0.711 in the Georgetown Region and 
its immediate environs. Part of the study of Black & · 
McCulloc h ( 1990) was designed to investigate the 
geological significance of that value. It also sought to 
identify any common factors in the origin of the three 
profound magmatic episodes (at about 1550 Ma, 400 Ma 
and 300 Ma) in the region. This was achieved largely 
through the extrapolation of present-day Nd isotopic 
compositions backwards in time to their appropriate values 
at the time of each of the three episodes. 

The study demonstrated tha~" with few exceptions, the 
general homogeneity in 81Srr Sr of the Carboniferous
Permian rocks (most of which are ofl-type) is coupled to 
a similar homogeneity in 143Nd/144Nd (-0.51186). In 
combination with geochemjcal data, these features exclude 
the processes of felsic- mafic hybridism and restite 
unmixing as contributing significantly in the formation 
of these rocks. Compositional variation apparently resulted 
from different degrees of partial melting (and probable 
fractional crystallisation) of extensive, relative ly 
homogeneous source rocks. The data are consistent with 
the latter being similar to the - 400 Ma Dido Granodiorite 
(which also includes tonalitic variants). Similar Sr isotopic 
compositions, but a tendency to more enriched Nd, indicate 
that either a more primitive or a younger crustal component 
was at least partly involved in the formation of A-type 
Carboniferous- Permian magmas. 

The isotopic data severely limjt the number of feasible 
magma generation models. The most appealing of these 
involves successive underplating (or emplacement into the 
lower crust) of new crustal material during each of the 
identified igneous events. Although such underplating 
would have provided a major heat source for the production 
of the felsic magmas, the newly accreted crust did not 
necessarily melt and mobilise the preceding crustal 
addition. Often an older one would be activated, sometimes 
after remaining dormant for over a billion years. Other 
implications of the model are given in Black & McCulloch 
(1990). Sm-Nd data are consistent with Early Permian 
and -400 Ma granites in the Coen Region being derived 
from similar source material to their approximate temporal 
counterparts in and adjacent to the Georgetown Region 
(Black et al. 1992a). 

One of the most difficult tasks of North Queensland 
geology has been to constrain the ages of the sequences in 
each of the inliers. Elsewhere in this volume the Sm-Nd 
data of S.S. Sun have been directed to this purpose. 
Although essentially, they indicate the average age of 
crustal components and not times of deposition, these data 
can sometimes be useful in broadly defining the 
comparative ages of different sequences. 
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The study of common Pb, which is Pb that has developed 
in environments with U/Pb and Th/Pb roughly similar to 
those of average crustal rocks, can also be directed at this 
and other petrogenetic and metallogenetic £roblems. This 
~e of Pb is not nearly as enriched in 2 6Pb, 207Pb and 
2 Pb with respect to the non radiogenic 204Pb as the 
radiogenic Pb used for zircon dating (see above). Due to 
continuing radioactive decay of U and Th, the total 
reservoir of common Pb becomes more radiogenic with 
time. However, on smaller scales, this effect is mostly 
obscured by other processes, most notably mixing. The 
simplest systems to interpret are usually those with high 
concentrations of Pb. Therefore much of the early theory 
was derived from big mineral deposits, and particularly 
stratabound ore bodies of volcanogenic massive sulphides. 
The Pb in these approximates an evolutionary curve from 
which model ages of reasonable merit could be determined. 
These features were thought to indicate that this type of 
Pb originated by single-stage evolution within the mantle 
(Stanton & Russell 1959), but there is now overwhelming 
evidence that the mantle is distinctly heterogeneous. Two 
revised interpretations of the curved array, by Stacey & 
Kramers ( 1975) and by Cumming & Richards ( 1975), have 
met with broad acceptance. The former authors propose 
that Pb in the massive sulphide deposits developed in two 
stages, with the change from a low U/Pb and Th!Pb system 
to one with higher values occurring at about 3700 Ma. 
The Cumming & Richards ( 1975) model proposes that Ul 
Pb and Th/Pb in the source of these ore deposits increase 
linearly with time. The source would be dominated by 
crustal Pb, but a mantle component would also be present. 
An adaptation of their model is being used for the 
interpretation of the significance of common Pb in North 
Queensland. 

There are relatively few common Pb analyses for the 
Georgetown and Coen Regions, and none of these (which 
are made available by G Carr) has been published. The 
restricted quantity of data have led to them commonly 
being assessed in a more regional framework, particularly 
with the more abundant data from the Mt Isa Region, for 
which a refined model has been proposed by Sun et at. 
(1994). Those authors used the U- Pb zircon age ( 1653 ± 
7 Ma) of volcanic rocks at Mount Isa as a temporal 
calibration point on the Cumming & Richards (1975) 
growth curve for the isotopic composition oftbe spatially 
associated, and probably genetically related, Pb-Zn 
deposits. Using this model it is possible to deduce ages 
for other stratabound deposits in the region. These 
calibrated Pb model ages agree with the known ages of 
dated deposits, and produce geologically consistent ages 
for deposits that are not directly dated. 

The Sun et at. ( 1994) common Pb growth curve calibration 
has a lso been used to deduce the ages of more distant 
massive sulphide deposits in the Georgetown Region. As 
the Railway Flat deposit is probably stratabound, its model 
age (of about 1670 Ma) could also represent that of the 
stratigraphic sequence of which it is part (more 
heterogeneous Pb from the Mount Misery deposit yields 
younger model ages ofbetween 1570 Ma and 1630 Ma). 
It is encouraging that this estimate is close to that derived 
above from SHRIMP dating for the age of the Einasleigh 
Metamorpbics. H owever, Sun et al. ( 1994) have 
forewarned that their calibration is not universally 
appl icable, and is particularly inappropriate for 
Phanerozoic samples. They also advise that data with a 
wide range of ages or from different terranes should not 
be fitted to a single growth curve. Although the Railway 
Flat common Pb does yield a similar isochron age to the 
Mount lsa deposits, it is relatively depleted in 207Pb, 
indicating at least partial development in an environment 
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with significantly lower U/Pb (S.S. Sun pers. comm. 1995). 
Nevertheless, in spite of these concerns, the SHRJMP ages 
reported above for the Einasleigh Metamorphics do 
suggest a common link with parts of the Mount lsa Inlier, 
and do provide the first zircon age control to establish a 
common Pb growth curve calibration for the Georgetown 
Region. 

Conclusions 
This review has shown some ways in which isotopic dating 
systems can be directed towards solving problems either 
on a local or regional scale in geologically complex 
terranes, using North Queensland examples. Detailed 
studies of this kind require the integration of different 
isotopic techniques, in conjunction with other field and 
laboratory observations. It is inevitable that as other 
methods become available and suitable rock types are 
found, and/or attention is focussed on different problems, 
the North Queensland results will continue to be refined. 
Some models will survive the renewed scrutiny. It is 
probable that others will not. However, the results presented 
in this and other articles discussed above, which have 
contributed to the derivation of the comprehensive 
syntheses presented in this volume, provide a firm basis 
for future studies. 

Lead Isotope Ratios of Magmatic 
and Hydrothermal Activity 
GR Carr, SS Sun 

Introduction 
The general theory and application of Pb isotopes is 
discussed above by Black. The following contribution 
describes the Pb isotope signatures of hydrothermally 
derived mineralisation and associated magmatic rocks 
from the various provinces of North Queensland. These 
data have been gathered over many years as a results of 
collaborative and contract research between CSIRO and 
many mineral exploration companies, and with James 
Cook University (in particular Gregg Morrison) and the 
Australian Geological Survey Organisation (in particular 
John Bain). The principal motive for this work has been to 
develop relatively unambiguous Pb isotope signatures of 
each of the many metallogenic events represented in the 
region so that they may be used predictively in mineral 
exploration. A key element of such research is to relate 
the hydrothermal signatures to magmatic events to help 
constrain the age of the mineralisation and the likely source 
of the metals. 

Georgetown Region 
Proterozoic (Etheridge Province) 
Magmatic Signature 
Lead isotope data obtained on potassium feldspar separated 
from five felsic intrusive samples show a wide range of 
compositions (Figure 13 .20). The high 206PbJ204Pb ratios 
of most data result from the addition of radiogenic Pb since 
the Proterozoic. On the 207Pb/204Pb versus 206PbP04Pb 
diagram these data plot on an isochron (MSWD = 7.9) 
indicating an age of 1555 ± 35 Ma. The lowest 206PbJ204Pb 
analyses are considered to approximate the Proterozoic 
initial ratio and indicate a model age of- I 5 10 Ma (Figure 
13.2 1) based on the CSIRO- AGSO model (Sun et a l. 
1994). This age is 45 Ma younger than the crystallisation 
age of the §Janite, but must be considered a minimum, as 
the initial 2 PbP04Pb ratio may well prove to be lower with 
more comprehensive analysis. 
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Figure 13.20. Lead isotope ratio plots of Proterozoic Granites 
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whole rock and sequential leach on potassium feldspar. The 
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Figure 13.21. Lead isotope ratio plots showing the lowest 
206Pb/204Pb data for the Proterozoic granites in comparison to 
Proterozoic mineralisation in the Georgetown Region, the model 
age isochrons of Sun et al. 1994 and mineralisation from other 
Australian Proterozoic terrains. 

Hydrothermal Signatures 
Sulphide mineralisation with Pb isotope ratios indicative 
of Proterozoic hydrothermal activity is associated with the 
Einasleigh Metamorphics. These data have a wide range 
of206Pbfl""Pb ratios, the lowest represented by the relatively 
homogeneous population from Rai lway Flat (Figure 
13.21 ). In other Proterozoic terrains in northern Australia 
the major examples of mineralisation, for example, HYC 
in the Macarthur Basin, Mount lsa in the Leichhardt River 
Fault Trough and Century in the Lawn Hill Platform, have 
homogeneous isotopic signatures with the lowest 206Pb/ 
204Pb ratios in the terrains (Figure 13.21). The CSIRO
AGSO Proterozoic model was developed using these 
signatures. The model ages so defined are consistent with 
the independently determined ages ofthe host sequences. 
Principally for this reason, these model ages are interpreted 
to indicate the activity of very large hydrothermal cells 
and resultant ore formation at the time of basin formation. 
Using this analogy, the Railway Flat mineralisation is 
interpreted to represent the earliest hydrothermal event in 
the Georgetown Region at about 1670 Ma. This model 
age compares closely with the most recent zircon U- Pb 
age of 1680-1700 Ma for granites in the higher grade parts 
of the Einasleigh Metarnorphics. 

However, in contrast to the shale hosted deoosits1 the 
Georgetown mineralisation has relatively lower '2°7Pb/z04Pb 
ratios and thus plot below the CSIRO- AGSO growth 
curve. This is indicative of the derivation ofPb from source 
rocks with a significantly greater mantle component, 
typ ical of 'Broken Hill Style' mineralisation in the 
Willyama and Mount Isa Eastern Fold Belt, and associated 
with rift and intraplate MORB-Iike tholeiites. Because 
these data plot below the CSIRO-AGSO shale hosted 
growth curve, the model ages calculated are highly 
dependent on the slope of the isochrons (Figure 13.21). 
For greater confidence in the model ages so deftned, further 
testing of the validity of these isochrons to Broken Hill 
style mineralisation is required. 

Other mineralisation with higher 206Pbf 04Pb ratios may 
represent e ither younger epigenetic styles or may be 
associated with smaller hydrothermal cells in the waxing 
or waning phases of the major syn-basin formation event. 

Proterozoic (Croydon Province) 
There are only very limited data available on hydrothennal 
mineralisation in the Croydon Province and no data 
available on the magmatic activity. Galena associated with 
tin mineralisation at the Comet 212 mine has a Proterozoic 
initial ratio and a CSIRO-AGSO model age of 1550 Ma, 
consistent with the 1558 ± 4 Ma U-Pb zircon age of the 
Esmeralda Granite (Figure 13.22). Gold mineralisation at 
Homeward Bow1~ Ci~ of London and Glencoe has a very 
wide range of 20 Pb/ 04Pb ratios between 17.15- 18.96 
(highest ratio from City of London deposit not plotted in 
Figure 13.22). These data lie on a 'frozen isochron' 
consistent with formation of the mineralisation in the 
Lower Palaeozoic from source rocks 1550 Ma in a~e . In 
~neral, these are similar in their 206PbJ204Pb and 07Pb/ 

Pb ratios to the Devonian deposits in the Etheridge 
Province, but significantly lower in their 208Pbf04Pb ratios. 
This suggests derivation from sources with generally 
normal Th/U ratios but widely vari'able U/Pb ratios, unlike 
the Etheridge Province where the high 208Pbf04Pb ratios 
indicate a source with high Th/U ratios. 

The wide range in isotopic ratios both within and between 
deposits in the Croydon Au deposits contrasts with the 
homogeneous ratios in the large deposits of the North 
Queensland region (e.g Charters Towers, Kidston, Mt 
Leyshon). Such heterogeneity would suggest that there 
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Figure 13.22. Lead isotope ratio plot ofPillaeozoic mineralisation 
in the Etheridge Province, Proterozoic and Palaeozoic 
mineralisation in the Croydon Province and Palaeozoic granites 
from the Cape York Peninsula. The average crustal growth curve 
of Cumming & Richards (1975) (dashed lines) is also shown. 
Solid line in the 207Pbf04Pb versus 106Pbf04Pb diagram is a 1550-
400 Ma isochron and dotted line in the 208Pbf04Pb versus 106Pb/ 
204Pb diagram is a regression through data from Proterozoic 
Georgetown Region granites (See Figure 13.20). 

were no very large hydrothermal cells responsible for and 
active over the period of mineralisation formation. 

Palaeozoic (Pama and Kennedy Provinces) 

Carr et al. ( 1988) reported on the Pb isotope ratios of 
Devonian (Pama Province) and Carboniferous (Kennedy 
Province) mineralisation from across the Georgetown 
Region. They showed that there was a very broad range of 
Pb isotope ratios for this mineralisation and concluded that 
Pb in both the Devonian granite-related vein mineralisation 
and the Carboniferous high level intrusion-related 
mineralisation (e.g. J(jdston) was derived from Proterozoic 
crust depleted in U relative to Pb and Th resulting in 
retarded evolution of uranogenic 206Pb and io7Pb. Such U 
depletion is commonly equated with high grade 
metamorphism where U partitions preferentially with 
respect to Th into a metamorphic fluid phase. The Pb 
isotopic ratios characteristic of this source have low 206Pb/ 
204Pb ratios relative to normal Palaeozoic crust and high 
208Pbf04Pb ratios relative to an average crustal growth 
curve. Thus these data give anomalously young model ages 
based on models such as the Lachlan Fold Belt model of 
Carr et a!. ( 1995) (Fig\Jre 13.22). Lead in the Devonian 
granites has similar isotopic characteristics (Figure J 3.22). 
Despite this, the Pb isotope ratio fields for the Devonian 
vein mineralisation and the more prospective 
Carboniferous intrusion-related mineralisation are distinct, 
and thus an objective means of discrimination. 

The data for Devonian granite and sulphide mineralisation 
lie on a well constrained isochron on the 2Q7Pbf04Pb versus 
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206Pb/204Pb diagram which also indicates a source age (i.e. 
age of last large-scale homogenisation of Pb prior to 
Devonian metallogenic event) of approximately 1550 Ma, 
consistent with the metamorphism of the Einasleigh 
Metamorphics (Carr et al. 1988). The least radiogenic Pb 
from the Einasleigh Metamorphics plots within the field 
for the mineralisation, and these ratios are unlikely to have 
changed significantly since the Devonian thermal event. 

Based on this source age, it is possible to calculate the U/ 
Pb and U/Th ratios of the source rocks for each of the 
Devonian vein deposits studied, as well as for the magmatic 
units. These ratios show a systematic increase in U/Pb and 
decrease in Th/U from north to south. This variation is 
interpreted to represent mixing between a normal 
Palaeozoic crustal end member with relatively high U/Pb 
ratios (>8) and low Th/U ratios of <4, and a U depleted 
high-grade metamorphosed source with U/Pb of <3 and 
Th/U of> I 0. This interpretation would require the source 
rocks in the north of the region, near the town of 
Georgetown, to have a large U-depleted component, 
presumably, high-grade Einasleigh Metamorphics. This 
model is discussed further in reference to results for the 
Hodgkinson Province. 

Exploration Implications 
The Georgetown Region has undergone a complex history 
of hydrothermal events, each of which has left a Pb isotopic 
imprint. These imprints, or signatures, can be used to 
discriminate the events in exploration samples. The most 
significant signatures are as follows. 

I. In the Proterozoic, the lowest 206Pbf204Pb signature is 
considered to be the most pr()spective for major 
hydrothermal mineralisation. This signature, 
represented by samples from Railway Flat and.Mount 
Misery, gives a CSIRO-AGSO model age which is 
probably consistent with the age of the host 
metasedimentary and metavolcanic rocks. Other 
Proterozoic signatures are considered to relate to 
younger, metamorphic or magmatic hydrothermal 
events. 

2. In the Palaeozoic, major hydrothermal activity was 
associated with magmatic activity in the Silurian
Devonian and in the Permian-Carboniferous. Pb 
isotope signatures for these events are distinctly 
retarded in 206Pb/204Pb ratios relative to normal 
Palaeozoic crustal Pb due to U depletion in the source 
rocks in the Proterozoic. However, the Devonian and 
more prospective Carboniferous events can be readily 
discriminated from their Pb isotope signatures. 

Cairns Region 
The broad range of mineralisation styles in the Hodgkinson 
Province is mirrored by the range ofPb isotope signatures. 
While much of this isotopic variation can be attributed to 
mixing ofPb from at least two tectonically distinct source 
rock environments, the available data do not allow 
discrimination of different metallogenic events or styles 
of mineralisation within those events. 

An earlier study of this region by Black & Richards 
( 1972b,c) concluded that the isotopic variation resulted 
from mixing of uniform Pb from the Carboniferous
Permian magmas with country rock Pb probably of 
Precambrian origin. The Pb isotopic compositions of the 
Elizabeth Creek Granite and the Featherbed Volcanics were 
shown be very similar to the majority of the mineralisation 
in the region (Figure 13.23), with 206PbP04Pb ratios of about 
18.6 and plotting on or close to the average crustal growth 
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Figure 13.23. Lead isotope ratio diagrams of data from 
hydrothermal mineralisation and magmatic units in the 
Hodgkinson Province. The Triple Crown data and all data 
represented by 95% confidence ellipses are from the CSIRO 
database. Other data are from Black & Richards ( 1972). The 
dashed line is the growth curve of Cumming & Richards (1975). 

curves. Other mineralisation has lower 206Pb/204Pb ratios 
but similar or higher 208Pb/204Pb ratios. The Black and 
Richards (1972) results can be expanded, based on some 
more detailed work in the Red Dome and Triple Crown 
areas and in comparison to the large data set from the 
adjacent Etheridge Province. 

The Red Dome and Triple Crown mineralisation have very 
distinctively different isotopic compositions (Figure 
13.23). Triple Crown has homogeneous isotopic ratios 
which are similar to the major cluster of data of Black and 
Richards (1972) plotting close to the average crustal 
Growth Curve. The broad range in 207 Pbf 04Pb of the Black 
& Richards ( 1972b,c) data and the displacement of 207Pb/ 
204Pb ratios in comparison to Triple Crown are attributable 
to differences in analytical fractionation between the two 
laboratories, and possibly to differences in fractionation 
correction. In contrast, Red Dome has homogeneous Pb 
isotope ratios with significantly higher 208Pb/204Pb and 
lower 206Pb/204Pb. The Cumming & Richards ( 1975) crustal 
model age of the Red Dome mineralisation is anomalously 
high at 390 Ma, and of the Triple Crown mineralisation 
anomalously low at 120 Ma. 

A model to explain the variation in Pb isotope ratios in 
the Hodgkinson Province is presented in Figure 13.24. Two 
principal Pb reservoirs can be defined as follows. 

Reservoir 1. Characterised by a high U/Pb ratio (Jl = II), 
thus giving anomalously young m_odel ages relative to 
average crust and a normal crustal Th/U ratio of- 4. 
Typified by mineralisation associated with the Featherbed 
Volcanics such as in the Herberton and Emuford
Irvinebank-Stannary Hills areas. The source ofPb in the 
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Figure 13.24. Lead isotope ratio plots comparing the Hodgkinson 
and Etheridge Province data. Th/U ratios and !l values are 
calculated based on a source age of 1550 Ma, with initial ratios 
those of the Etheridge Proterozoic granites (see Figures 13.20 
and l3.2l).ln the 208Pb/204Pb versus 206Pb/204Pb diagram, mixing 
lines are shown between the two proposed reservoirs: Reservoir 
1 is represented by the Triple Crown mineralisation and Reservoir 
2 by the shaded area between Th/U ratios of approximately 10 
and 6, represented by the Etheridge Province mineralisation. 
Shaded 95% confidence ellipses are of Permian mineralisation 
from Eastern Australia (D = Drake, New England Fold Belt, 
NSW; C =Permian vein mineralisation, New England Fold Belt, 
NSW; Mt C = Mt Chalmers, New England Fold Belt, Qld). The 
dashed line is the growth curve of Cumming & Richards ( 1975). 

hydrothermal phases is very similar to that in the 
Featherbed Volcanics and Elizabeth Creek Granite. 

Reservoir 2. Characterised by very variable U!Pb ratios 
(Jl = 6-9) and high Th/U ratios (6-8). Typified by the Red 
Dome deposit and other mineralisation adjacent to the 
Palmerville Fault and similar to Devonian magmatic rocks, 
Proterozoic metamorphic rocks and Devonian and 
Carboniferous mineralisation in the Etheridge Province. 

Apparent mixing berween these two reservoirs is shown 
in Figure 13.24 and is exempl ified by variation in the four 
analyses from Mungana, as well as from the Redcap, 
Chillagoe, Ootann, Almaden and Mt Garnet data presented 
by Black & Richards (1972b,c). The ultimate source of 
Pb in Reservoir 1 is ambiguous. The high U/Pb ratio is 
characteristic of older cratonic areas and thus may 
represent re-entrainment of Etheridge Province Pb by 
remelting during the Permian thermal event. Evidence for 
this is that on the 207Pb/204Pb versus 206Pb/204Pb diagram 
(Figure 13.24) the Triple Crown and Red Dome 
mineralisation are colinear with the Etheridge Province 
mineralisation and the initial ratio of the Etheridge 
Province Proterozoic granites. Within analytical precision, 
they lie close to isochrons representing Pb evolution 
between the Proterozoic (1550 Ma) and Palaeozoic (about 
300-400 Ma). This is consistent with, though not uniquely 
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explained by, a common, though chemically 
heterogeneous, protolith for both the reservoirs -
chemical heterogeneity resulting from significant 
fractionation ofU, Th and Pb during the Proterozoic. Such 
a simple explanation does not, however, explain the Nd 
ToM ages, which are considerably younger for the 
Featherbed Volcanics (1560-1267 Ma) than for the 
Etheridge Province Proterozoic granites (2520-2120 Ma) 
or Palaeozoic granites and volcanics ( 1720-2520 Ma). It 
would appear there is another younger component, which 
nevertheless has high U/Pb systematics. 

It is interesting to observe that Reservoir 1 also is consistent 
with the crustal end member of a crust-mantle mixing 
line for Permian mineralisation in eastern Australia (Figure 
13.24). This mixing line is distinctly different to crust
mantle mixing in the Lachlan Fold Belt and suggests a 
markedly different tectonic environment. 

Charters Towers Region 
Volcanic-Hosted Massive Sulphide Mineralisation 
(Thala nga Province) 
VHMS mineralisation from both northern (Georgetown 
Region) and southern (Charters Towers Region) Thalanga 
Province show a similar, limited range of Pb isotopic 
compositions. In Figure 13.25 the total data are shown as 
95% confidence el lipses. They plot very close to the 
average crustal growth cur ve of Cumming & Richards 
(1975) and also to the Lachlan Fold Belt crustal curve of 
Carr e t al., ( 199 5). Based on these curves, the 
mineralisation has model ages that are about 50 Ma 
younger than the Cambrian-Ordovician age of the host 
volcanic and meta-volcanic rocks and very similar to the 
Silurian VHMS mineralisation of the Lachlan Fold Belt 
(LFB) (see Carr et al. 1995). However, as will be shown 
below, the granites within these provinces have Pb isotopic 
compositions which are consistent with the LFB model. 
This would suggest there is another component to the Pb 
source of the VHMS mineralisation which is not present 
in the granites or the associated vein mineralisation. A 
less likely alternative is that the mineralisation is epigenetic 
and related to the granite phase of magmatism rather than 
the volcanics. There are not data available on the initial 
Pb isotope rat ios of the volcanics. In the context of an 
exploration discriminator, the VHMS systems show subtle, 
but measurable differences to the veins systems. 

Silurian-Devonian Gra nites and Associated 
Minera lisation (Pama Province) 
The range of initial ratios of granites is indicative of a 
range in age as well as variable mantle and crustal 
components. The granites can be divided into two groups 
(Figure 13 .25). Group I ~ranites from near Charters Towers 
and Mt Leyshon have 20 Pb/204Pb ratios close to the crustal 
growth curve and least radiogenic Pb which probably 
closely approximates initial ratios with Cumming & 
Richards (J 975) of between 380 and 420 Ma. Gro~ 2 
granites from the Ravenswood area have lower 207Pb/2 Pb 
ratios indicative of a larger mantle component and also 
have lower 206Pbf04Pb ratios.lt is not possible to determine 
the Cumming & Richards (1975) model ages because we 
do not know the isotope ratios of the more mantle-like 
mixing component and thus cannot estimate the slope of 
the isochrons. 

There is a close correlation between these two populations 
and Pb isotope data on galena from lower Palaeozoic veins. 
Vein systems from the Ravenswood area have similar Pb 
isotope rat ios to the lowest 206Pbf204Pb data from the 
Ravenswood Granodiorite in the area. Simi larly, the 
Charters Towers gold veins have similar 206Pbf04Pb and 
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Figure 13.25. Lead isotope ratio diagram showing data from 
granitic rocks in the Charters Towers Region in comparison to 
data from Palaeozoic vein mineralisation. The results are from 
sequential leach analyses of potassium feldspar. The lowest 
206PbfG'Pb data for each rock unit are considered to approximate 
the unit's initial ratio. The dashed line is the growth curve of 
Cumming & Richards (1975). 

207PbP04Pb ratios to the granites from the Charters Towers 
area (Group I). These similarities suggest a temporal 
relationship between granite genesis and hydrothermal 
activity, although we do not necessarily suggest the Pb is 
derived directly from the granites. The difference in 208Pb/ 
204Pb ratio between the Charters Towers veins and the 
Charters Towers granites suggest more complex sources 
in this area. 

Carboniferous-Permian Mineralisation 
(Kennedy Proviuce) 
The isotopic composition of the Carboniferous-Permian 
mineralisation has been discussed by Carr et al. 1988. 
There is a narrow range of ratios which have model ages 
(both Cumming& Richards (1975) and Lachlan Fold Belt, 
Carr et al. 1995) consistent with the age of the host rocks 
(Figure 13.26). The small isotopic range may reflect age 
differences of the order of 10-15 Ma (with Mt Leyshon 
oldest and Mt Success/Wellington Springs youngest) or it 
may reflect slight differences in source rock ratios. 
Deposits of this age are readily distinguished from the 
Lower Palaeozoic veins and from the VHMS 
mineralisation. 
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CHAPTER14 

REVIEW OF GEOLOGICAL .PROVINCES 
AND BASINS OF NORTH Q!JEENSLAND 

by JW WITHNALL, ]] DRAPER, DE MACKE.NZIE, J KNUTSON, RS BLEWEIT, LJ HUTTON, 

RJ BULTITUDE, P WELLMAN, BA MCCONACHI E,JHC BAIN, PJT DONCHAK, 
SC LANG,] DOMAGALA, PA SYMONDS and IP RIENKS 

Introduction 
In Chapter I the ter:ms 'geologi~al regi_on' a~d 'geolo~ical 
province' were defmed and thetr relattonshtps explamed. 
In Chapters 3- 1 I, the geology of the regi~ns and o~ the 
geological provinces as they relate to p~rttcular re~tons 
were discussed. Plate 14.1 shows the regtons overlam on 
the geology. This chapter looks at. the provinces and ba~ins 
in their entirety, summarises thetr geology and examm~s 

their relationships. The distribution of the metamorphic 
provinces is shown in Plate 14.2, the igneous provinces in 
Plate 14.4 and the sedimentary basins in Plate 14.1 0. 

Proterozoic Metamorphic. 
Provinces 
Of the seven Proterozoic Metamorphic Provinces -
Kowanyama, Claraville, Keer Weer, Mount I sa, Etheridge, 
Savannah, and Croydon - only the last three crop out 
within the area covered by the North Queensland map. 
The following descriptions of the first four provinces relate 
entirely to their geophysical properties. 

Kowanyama Province P Wellman 

The Kowanyama Province (Plate 14.2) consists of a band 
of low magnetisation crust about 1200 k:m long and I 00-
200 km wide, with a northerly strike. It is thought to have 
cratonised during the Barramundi Orogeny 1 880-185~ ~a 
ago. The Province is thought to be the oldest crust wtthtn 
North Queensland. It is crosscut by the Mount lsa and 
Keer Weer Provinces' crustal rifts in the west, ?onlapped 
by material of the Savannah and Etheridge Provinces in 
the east truncated by the West Thomson Orogen to the 
south, a~d overlain by Carboniferous- Permian_ rocks in 
the north. The province is inferred to be mamly non
magnetic granites and metamorphics; there are only a fe~ 
areas where anomalies can be attributed to magnetic 
granites, or magnetic volcanics .. Drilling in the south 
intersected granite and metamorph1~ basement. The degree 
of deformation and metamorphtc grade can only be 
inferred from the magnetic anomalies. In the northwest of 
the province, the magnetic anomalies reflect prim.ary 
variations in rock magnetisation, so these areas are poss1bly 
little deformed, and of greenschist grade. Elsewhere there 
are few magnetic anomalies attributed to local structure, 
so the rocks are likely to be strongly deformed and of 
amphibolite grade. A 20-40 km wide band along the 
western margin of the province has been deformed and 
metamorphosed by ? 1880-1520 Ma events of the Mount 
I sa and Keer Weer Provinces. 

Claraville Province 
The Claraville Province differs from the Kowanyama 
Province in its gravity and magnetic anomalies. It is 
thought to be an area of medium-~agnetisation granites, 
with possible primary magnetiC texture, and low 
metamorphic grade. These granites may be younger ~an 
the Kowanyama Province, and of Mount I sa or Ethendge 
Province age. 

Mount lsa Province 
The Mount !sa Province is a complex multi-stage crustal 
rift, 800 km long and 150-250 km wide, with_ a north _tren_d. 
The oldest rocks forming basement to the nft, and tts nft 
margins, were metamorphosed during the Barr~mondi 
Orogeny (1880-1850 Ma). There were three pen~s ?f 
crustal rifting, at 1870, 1790 and 1678_M~, res':lltmg •.n 
volcanism, sedimentation and some gramte mtruswn. Th!s 
was followed by the major deformation and metamorphic 
event, the 1620- 1540 Ma Isan Orogeny, and by 
emplacement of fractionated granites along the east~m 
margin of the province about 1500 Ma ago. Gravtty, 
magnetic and seismic refraction data show a magnetic 
upper crust, and a thick, dense crust with a velocity profile 
consistent with underplating/intrusion of dense matenal 
within and at the base of the crust. 

Only a small part of the Mount I sa Province is wi~ N?rth · 
Queensland. This part has relatively low m~gnet1~at10n, 
possibly due to low-grade metamorphism 10 the 
Carboniferous- Permian. It contains circular magnetic 
structures and high heat flow, thought to be due to 
fractionated granites similar to those along the eastern 
margin to the south. 

Keer Weer Province . 
The Keer Weer· Province is a band of strong gravity and 
magnetic anomalies along_the eastern margin of the qutf 
of Carpentaria. The band IS 650 km long, 200 km ~1de, 

trending north, and co-linear with th~ Mount_Isa Provmce. 
The province is interpreted as a m_aJ~r, multistage crustal 
rift, of similar type and probably stmJ tar age to the Mo~t 
Isa Province. The wide range of type of magneti c 
anomalies, and range in relations between gravity ~nd 
magnetic anomalies, is consistent with there being a wt~e 
range of rock types in the province, including non-magn~tlc 
granites, folded sedimentary rocks, and volcaf! tC~ . 

Subdivisions within the province, and structures w1thm 
the subdivisions, trend northerly. 

The southeastern margin of the province has relatively high 
amplitude gravity and magnetic anomalies that are more 
elongate north-south, stronger boundary anomalies, and 
stronger metamorphic effects in the adjacent ~and of~e 
Kowanyama Province. These fea~s are c~nststent_ w1th 
this part of the Keer We~r P_rovm~e bemg of h1gher 
metamorphic grade (?amph1boltte factes), more defof!Tled, 
and thrust eastwards over the Kowanyama Provmce. 
Elsewhere, magnetic ~igh anomal_ies show no o_bvious 
evidence of deformation or heatmg. The provmce IS 

thought to be a rift crosscutting older crust to the west and 
east Ito abut or grade into the Mount lsa Province to the 
south, and to be truncated to the north by a province under 
the Arafura Sea. 

Etheridge Province 
IW Withna/1, RS 8/eweu, JHC Bain 
Extent/Distribution 
The Etheridge Province is one of the largest exposed 
geological provinces in North Queensland. It crops out 
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over most of the Georgetown Region and the eastern part 
of the Coen Region, extending from Woolgar in the south 
to Lockhart River in the north. Although the rocks in the 
northern (from about Chillagoe northwards) and southern 
parts may have been deposited roughly synchronously, 
zircon dating and other studies suggest somewhat different 
structural and metamorphic histories. Therefore, the 
northern part has been separated out from the rest of the 
province and is designated as the Yambo Subprovince; the 
southern part is referred to as the Forsayth Subprovince 
(Plate 14.2). 

Principal Geological Components 
The Etheridge Province consists oflate Palaeoproterozoic 
metasedimentary (and minor metavolcanic) sequences that 
were deformed, metamorphosed, and intruded by granitic 
bodies in the early Mesoproterozoic. 

The main component in the Forsayth Subprovince is the 
Etheridge Group. In the west, it consists predominantly of 
greenschist facies, pelitic and subordinate fine-grained 
psammitic rocks. The sequence also contains a unit of 
tholeiitic basalt, and is intruded by sills of dolerite that is 
chemically similar to the basalt. The rocks grade eastwards 
into schist, quartzite, paragneiss and rare orthogneiss, 
amphibolite and mafic granulite. The rocks contain 
extensive late Mesoproterozoic granitic bodies (from 
batholiths to outcrop scale), that were emplaced 
synchronously with metamorphism and deformation at 
-1550 Ma. Recently, some older granites ( orthogneisses ), 
which are - 1680-1700 Ma, have been recognised intruding 
the older, high-grade part of the sequence (Black et a!. in 
press), but their full extent is unknown. 

The Langlovale Group unconformably overlies the 
Etheridge Group in the western part of the Georgetown 
Region. It contains mainly fluviatile sandstone, marine 
mudstone and minor sandstone intervals with some 
characteristics of pro-deltaic turbidites. 1t may actually be 
equivaJent in age to the Savannah Province rocks (Plate 
14.2), but because of its small extent, at this stage it is 
retained within the Etheridge Province. 

Along the southeastern margin of the Forsayth 
Subprovince, the Halls Reward Metarnorphics, consisting 
of pelitic schist, and containing the mafic/ultramafic Boiler 
Gully Complex, is tentatively assigned to the Etheridge 
Province. Withnall et al. (1996a) assigned the rocks to the 
Cape River Province, but the rocks in the latter appear to 
be younger (possibly mainly Neoproterozoic or Cambrian 
- see below). The Gray Creek Complex, which occurs 
just beyond the margin of the Georgetown Region, entirely 
surrounded by rocks of the Broken River Province is 
probably also part of the Etheridge Province. l t may be 
basement to the Broken River Province, or a tectonically 
emplaced slice. 

The Yambo Subprovince consists of high-grade 
metasedimentary and meta-igneous rocks including pelitic 
and psammitic schist, quartzite, ortho- and paragneiss, 
amphibolite, and mafic granulite and rare marble and calc
silicate rock. The orthogneiss is both Sand 1-type. lt occurs 
in higher proportions than in other Proterozoic provinces 
of North Queensland. Most of the orthogneiss was 
emplaced during tectonothermal events between 1585 Ma 
and 157 5 Ma. Apart from small outcrop-scale bodies, 
extensive areas of granitic rocks of -1550 Ma are not 
known from the subprovince. 

Age 
The oldest dated rocks come from the Etheridge Group in 
the Forsayth Subprovince. Recently, these have been 
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determined as late Palaeoproterozoic, probably between 
about 1700 and younger than 1650 Ma (possibly as young 
as 1600 Ma). This is based on SHRIMP U- Pb ages on 
zircon from a metagabbro sill (-1650 Ma) in the Lane 
Creek Formation in the middle of the group, and from 
amphibolite (~ 1670 Ma) and leucogneiss and deformed 
granitic rocks ( -1690 Ma) in the Einasleigh Metamorphics 
(Black et al. in press). Peak metamorphism appears to have 
been at about 1550 Ma, at which time extensive S-type 
granites were generated and emplaced (Black & Withnall 
1993; Black et al. in press). 

Metasediments in the Yambo Subprovince were probably 
deposited some time after about I 640 Ma. This 
interpretation is based on the large number of broken and 
rounded (detrital inheritance) zircon cores in the S-type 
granites that intrude, and are presumably derived from the 
Yambo Subprovince metasediments. The sediments were 
deformed, metamorphosed and intruded by felsic and 
mafic magma at around 1585 Ma and again at 1575 Ma. 

The Langlovale Group in the western part of the 
Georgetown Province is thought to have been deposited 
unconformably on the Etheridge Group, post eD1, but 
probably pre eD2 and certainly before the Croydon 
Volcanics were emplaced. It is therefore older than 1550 
Ma, but because of the uncertainty in the age of eD" an 
older limit cannot be placed. 

The age of the Halls Reward Metamorphics is uncertain, 
but they are likely to be Mesoproterozoic or older, because 
of the Ai'9/Ar40 ages (up to 1313 Ma) obtained from the 
Boiler Gully and Gray Creek Complexes (Black et al. 
1979). 

Geophysical Characteristics 
In the Etheridge Group, magnetic anomalies are relatively 
flat in the area of medium to high metamorphic grade, 
except for numerous, elongate magnetic highs that are due 
to high irregular magnetisation of2-IO km wide bands of 
a calc- silicate gneiss within the Einasleigh Metamorphics. 
In the low grade metamorphic rocks there is reverse 
magnetisation of three rock types: those Etheridge Group 
rocks adjacent to the western margin of the Proterozoic 
Forsayth Batholith, Stockyard Creek Mudstone Member 
and some similar overlying formations, and metadolerite. 
In the low-grade metamorphic rocks of the southeast, 
positive magnetisation is associated with Dead Horse 
Metabasalt and Bemecker Creek Formation. ln the Yambo 
Subprovince, magnetic anomalies have medium 
amplitudes, with linear depressions due to faults/fractures. 
Over the Newberry Metamorphic Group segmented linear 
highs are attributed to bedding. 

Tectonic Environment and Setting 
The Etheridge Group was probably deposited mainly in 
shallow water on a shelf or in an epicontinental sea. The 
mafic rocks (basalt lavas and dolerite sills) are 
geochemically similar to modem ocean-floor or island-arc 
tholeiites. However, except for their low potassium, they 
are also similar to some continental tholeiites. Withnall 
( 1985a) suggested that their emplacement could be related 
to extension of the ductile, late Palaeoproterozoic crust 
and formation of the epicontinental sea in which the 
Etheridge Group was deposited. 

The tectonic environment and depositional setting of the 
Yambo Subprovince is poorly understood due to the 
uniformly high metamorphic grade and intensity of 
deformation. Up to ? I 0 km of mostly fine-grained clastic 
sediment was deposited some time after about 1640 Ma, 
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possibly synchronously with the upper part of the Etheridge 
Group. Some mafic intrusives were emplaced at around 
1585 Ma, probably reflecting an underplating event. lt is 
unclear whether earlier (syndepositional) intrusions 
occurred as is the case in the Etheridge and SavaiUlah 
Provinces. 

If the Halls Reward Metamorphics are equivalent in age 
to the Etheridge Group, the presence of mafic/ultramafic 
complexes within them may have important implications 
for tectonic models. However, their exact relationships and 
origin need more study. It is possible that they may, in 
part, represent oceanic crust that formed during the 
extension and rifting prior to, or early in, the deposition of 
the Etheridge Group. Alternatively, if no actual ocean basin 
formed, the rocks may simply represent the emplacement 
of voluminous tholeiitic magma into the crust above a 
plume. This magma could have differentiated in situ into 
layered sills. Any ocean basin that formed may have closed 
again, because in our current models for the Hodgkinson 
and Broken River Provinces, we suggest that they are 
underlain by continental crust. However, a former 
Palaeoproterozoic suture could have been reactivated 
during the Palaeozoic extension that is postulated to have 
formed the Hodgkinson and Broken River Provinces. The 
suture could have controlled the location of the Burdekin 
and Palmerville Faults. 

Regional Variations 
In the Forsayth Subprovince, there is a general eastward 
increase in metamorphic grade from lower greenschist in 
the west to granulite facies in the Einasleigh- Mount 
Surprise area (Atlas Plate 12). Grade appears to decrease 
again to the south and east, although it is still in the 
amphibolite facies. The increase in metamorphic grade is 
also accompanied by a general increase in the intensity of 
deformation, particularly 0 2• The eastward increase is 
attributed to regional, westward tilting and uplift of the 
eastern part of the region to expose the deeper parts of the 
metamorphic pile. This uplift possibly accompanied the 
emplacement of the granites of the Pama Province during 
the Silurian to Early Devonian. 

The Yambo Subprovince is generally poorly exposed and 
the significance of regional variations may be an artefact 
of exposure. There seems to be a general decrease in the 
amount of orthogneiss towards the north, with the greatest 
proportion exposed in the Yambo Metamorphic Group and 
Darga long Metamorphics. Marble and calc-silicate rocks 
are exposed east of Coen in the northern part of the 
subprovince. They are largely absent to the south. 

Geochemistry/Petrogenesis 
The geochemical aspects are discussed below under the 
heading Provenance of Metamorphic Units (px) Chemical 
index of alteration (CIA) values indicate that the Yambo 
Metamorphic Group and Dargalong Metamorphics 
metasediments were derived from minimally weathered 
granitic sources and deposited rapidly. On the other hand, 
the Etheridge Group and the McDevitt Metamorphics CIA 
values indicate a more weathered granitic source and 
slower deposition. 

1-type metagranites are particularly common in the Yambo 
Subprovince, where they represent a significant part of 
the metamorphic sequence. Geochernically they are mostly 
granodiorites, and have broadly similar trace element 
patterns to the Barramundi association Kalkadoon 
Granodiorite (Wyborn 1988). Most samples are Sr
depleted andY-undepleted, suggesting plagioclase-bearing 
source regions (Wyborn et al. 1992). One exception is a 

meta-granodiorite from the Yambo Inlier, which has REE 
patterns indicating either garnet in the source or garnet 
fractionation. 

Withnall ( 1985a) showed that the Cobbold Metadolerite 
and Dead Horse Metabasalt, as well as amphibolite and 
mafic granulite in the Einasleigh Metamorphics, are 
geochemically similar, although the metadolerite is 
generally less fractionated than the metabasalt. The mafic 
rocks of the Einasleigh Metamorphics overlap the fields 
of both the metabasalts and metadolerites. The 
geochemistry of the mafic rocks in the Einasleigh 
Metamorphics was first reported by McNaughton & 
Wilson ( 1983). Si02 values for all the mafic rocks range 
from 46% to 53%, and average about 48% The metabasalts 
are mostly quartz-normative, whereas the metadolerites 
are olivine-normative. Both are hypersthene-normative 
indicating tholeiitic or subalkaline affinities. Iron
enrichment trends on FMA diagrams are also characteristic 
of tholeiitic rocks. The rocks are low-K tholeiites depleted 
in incompatible elements and similar to modern mid-ocean 
ridge basalts (Figure 3.12). 

The peraluminous S-type granites of the Forsayth 
Supersuite (FSS) have the largest range of silica values 
(less than64% to 77%) among the Proterozoic granites of 
the region. All major elements other than K20 and Na20 
have negative correlations with Si02• The Na02 (<3% for 
mafic members), and K20 contents (mostly >4%) are 
consistent with the supracrustal origin ofthe supersuite. 
CaO levels are lower than the average high-Ca granite of 
Turekian & Wedepohl (1961 ), and marginally lower than 
Proterozoic 1-type granites. P20 5 is present in moderate 
amounts (up to 0.04%) at low Si02 levels, decreasing to 
very low levels with high Si02 contents. ASI values range 
from 1.02 to 1.20, normative C up to 2.5%, and mg 
numbers range from 0.25 to 0.5 (generally decreasing with 
increasing Si02). The granites lie on or above the biotite
plagioclase tie-line on the modified ACF plot. Th and U 
levels are high in all FSS granites (average 35 ppm and 
6 ppm respectively), and are much higher than in the 
average high-Ca granite. The FSS granites have initial ENd 

values of -2.9 and -4.3 (Black & McCulloch 1990) and 
initial 87Sr/86Sr of 0. 7075-0.713 (Black & Holmes unpub. 
ms). Depleted mantle model ages are about 2000 Ma. 

Holmes (cited in Withnall, Bain et al. 1988) suggested 
that the FSS granites formed by anatexis of Etheridge 
Group metasediments, driven or augmented by addition 
of more mafic , mantle-derived melt. However, the 
comparable ranges of87SrJ86Sr present in FSS granites and 
the metasediments of the Etheridge Group, the elevated 
K20, Th and U in the mafic granites, and the trends ofRb, 
Sr, La and Ce with increasing Si02, together suggest that 
there has been very little input of mantle derived melt 
(Champion 1991 ). The scatter in the avai table geochemical 
data and the number of individual suites makes it 
impossible to determine whether the observed chemical 
variations resulted from restite-unmixing, varying degrees 
of partial melting, crystal fractionation, or combinations 
thereof. However, several features such as the migmatitic 
granites and common metasedimentary enclaves, the high 
La, Ce and Zr at low Si02, the occurrence of relatively 
mafic granites (for S-types), and the linear trends of 
elements, suggest that restite-wunixing is at least partly 
responsible for the observed geochemical variation. If this 
process were dominant, then the trace element data would 
indicate that the chemistry of the most mafic granites 
should approximate that of the source. Biotite gneiss, 
together with some calc-silicate gneiss, abundant in the 
Einasleigh Metamorphics, would have been suitable source 
rocks for the FSS granites, and are thought to be their 
most likely protolith. 
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Etheridge Group metasedimentary rocks have initial ENd 
values of -6.6 to -0.3 (at 1670 Ma). These compare with 
- 5.1 for a metasediment in the McDevitt Metamorphics, 
and -l.O to - 1.2 for metasediments in the Dargalong 
Metamorphics. These contrast with values of - 5.9 to +4.4 
(at 1670 Ma) for Georgetown Region meta-igneous rocks 
- including the Cobbold Metadolerite and associated 
granophyric rocks (Black & McCulloch 1984), and +3.7 
(at 1670 Ma) for an amphibolite from the McDevitt 
Metamorphics. 

Depleted mantle model ages (ToM) for the Etheridge Group 
metasediments range from 2125 Ma (from the Townley 
Fonnation, near the top of the sequence) to 2582 Ma (for 
a hornblende gneiss from the Einasleigh Metamorphics 
near the bottom of the Etheridge Group sequence). These 
compare with a value of 2533 Ma for a McDevitt 
metasediment, and 2223- 2241 Ma for Dargalong 
metasedimentary rocks. 

Overall, ToM ages for the lower part of the Etheridge Group 
and for the McDevitt Metamorphics are 200-300 Ma older 
than those determined for other Proterozoic 
metasedimentary rocks of North Queensland. This 
indicates that the source rocks for the lower part of the 
Etheridge Group included a greater proportion of an older 
component than the remainder of the North Queensland 
metamorphic units. Additionally, the source rocks for the 
lower part of the Etheridge Group at least, included an 
Archaean component. 

Inherited zircon populations identified by U- Pb 
(SHRIMP) geochronology give further infonnation on the 
age of the source rocks of the metasedimentary sequences. 
The zircon population of the Etheridge Group covers a 
wide range of inheritance ages. These indicate population 
concentrations at 1850-1995 Ma and 2400-2700 Ma. The 
oldest inherited zircons give U- Pb ages of 2900 Ma and 
3436 Ma. 

Metamorphic History 
Isotopic s tudies have shown that the peak of 
metamorphism, granite emplacement and defonnation in 
the Forsayth Subprovince was in the Mesoproterozoic at 
about 1550-1555 Ma (Black & Withnall 1993; Black et 
al. in press; Chapter 3 , this volume). This appears to 
coincides with eD2• As noted above, the grade ranged from 
lower greenschist to granulite facies. Regional 
metamorphism also accompanied eD1, and appears to be 
roughly coincident in area with that during e02,_although 
the maximum grade was probably lower than during eD2, 

when most of the migmatisation and granite genesis 
occurred. As noted below, the age of eD1 is uncertain, 
although it may have occurred at about 1560e - 1565 Ma, 
when there was a significant melting event, recorded by 
SHRJMP zircon dates from gneisses in the Einasleigh 
Metamorphics. Recent SHRIMP dating of zircon phases 
in amphibolites and orthogneisses in the Einasleigh 
Metamorphics by Black et al. (in press) has produced a 
series of other dates that range from 1585 Ma back to 1677 
Ma. However, the regional significance of these dates 
remains uncertain, although they presumably reflect 
metamorphic or metasomatic events in the deeper parts of 
the metasedimentary pi le. A younger age of 1533 Ma was 
also obtained for a metamorphic zircon phase. 

In the greenschist to middle amphibolite rocks-of the 
Robertson River area, syn-eD2 isograd reactions and zonal 
sequences are intern1ediate in pressure between the classic 
Buchan (low-pressure) and Barrovian (medium-pressure) 
facies series (Rubenach & Bell 1983; Bell & Rubenach 
1983). In other parts of the region, particularly adjacent 
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to the Forsayth Batholith, the mineral assemblages are more 
suggestive of a Buchan type of metamorphism. This may 
be partly due to modification of the regional geothennal 
gradient by emplacement of the batholith during eD2• Bell 
& Rubenach (I 983) equated a temperature rise during eD2. 

based on the sequential growth of porphyroblasts, to 
emplacement of the Forsayth Batholith. 

Mundondo ( 1994) estimated peak metamorphic conditions 
in the highest grade rocks ofthe Einasleigh Metamorphics 
at 750°C and 6.5 Kbars. He interpreted the breakdown of 
cordierite into sillimanite + biotite + garnet intergrowths 
in metapelites and garnet corona textures in metabasic 
rocks as indicating an increase in pressure or near isobaric 
conditions during cooling, pointing to an anti-clockwise 
P-T- t path. 

Minor retrogression of the prograde metamorphic 
assemblages occurred late or post-e02. Mundondo (1994) 
interpreted that at least some of the mineralisation in the 
Einasleigh area was associated with retrograde skarns 
formed between eD2 and eD3• A more extensive 
retrogression evident in part of the area was postulated by 
Black et al. ( 1979) to have occurred during the late Silurian 
or Early Devonian (ca. 400 Ma) when most of the region's 
gold deposits (which are clustered around the western 
margin of the retrogressed zone) are thought to have 
fonned. 

The Halls Reward Metamorphics and the mafic/ultramafic 
complexes were metamorphosed in the amphibolite facies. 
The mineral chemistry in the mafic rocks indicates 
metamorphism at shallow crustal levels, rather than the 
high pressures and deep crustal levels nonnally associated 
with ophiolites (Rubenach 1982). 

Metamorphic grade in the Yambo Subprovince is mostly 
upper amphibolite facies. Sillimanite is the most common 
aluminosilicate; it fonns discrete tabular grains, and also 
tabular crystals after andalusite, implying a prograde 
metamorphic sequence. The presence of mafic granulites 
indicates higher PT conditions, and the apparent absence 
of primary muscovite indicates that these rocks 
equilibrated above the second sillimanite isograd. 
Preliminary investigations suggest that the mafic granulites 
crystallised under P- T conditions of -770°C and 875 MPa. 
Embayed garnets (some with kyanite inclusions) in these 
mafic granulites appear out of equilibrium, indicate a 
clockwise P- T - t path. The climax granulite metamorphism 
occurred during yM 2 at about 1575 Ma. A melting 
(metamorphic) event at around 1563 Main the Newberry 
Metamorphic Group may be related to that in the Forsayth 
Subprovince. A further upper amphibolite metamorphic 
event and associated melting (y~) is interpreted to have 
occurred around 1550 Ma. 

Structure/Deformation History 
The Etheridge Group was deformed by at least two major 
folding events in the Proterozoic, both of which were 
associated with metamorphism. In the western and 
southern parts of the area, e01 is characterised by tight, 
upright to overturned folds, with wavelengths of 1- 10 km, 
and a strong axial plane foliation, ranging from a slaty 
cleavage to a schistosity. eD2 fonned generally north
trending, upright folds with much shorter wavelengths (1-
2 km) and common small-scale folds . In the eastern half 
of the area, the folding was very tight to isoclinal and 
associated with an axial plane foliation, ranging from a 
differentiated crcnulation cleavage to a strong layer
differentiated schistosity which obliterates eS 1• 

Deformation intensity diminishes westwards, with the 
folds becoming more open and associated with simple non-
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differentiated crenulations. In the far western part of the 
Etheridge Group there is little obvious eF2 folding, 
although the steep to moderate westerly dips in the 
Langlovale Group are attributed to this event. 

As discussed in Chapter 3, work by Davis ( 1986a,b, 1995, 
1996) revealed that the deformation is more complex in 
detail than that outlined above. The eD2 event recognised 
by our studies appears to be composite, incorporating three 
discrete events. Davis ( 1995) suggested that elsewhere in 
the Robertson Rjver area, the event interpreted by us as 
eD2 is actually his D4 which has, through reactivation of 
pre-existing foliations, obliterated rus D2 and D3 structures. 
Because the regional significance of his structures is not 
known, for simplicity, all structures formed post-eD, and 
before our regional eD3 event are assigned to a single event, 
eDz. 

eD1 and eD2 were previously dated by Rl>-Sr at about 1570 
± 20 Ma and 1470 ± 20 Ma respectively (Black et al. 1979). 
However, as outlined above, SHRIMP dating (Black & 
Withnall 1993; Black et al. in press) suggests that eD2 
occurred at about 1550-1555 Ma. The eD1 event could 
correspond with a melting event dated witrun gneisses in 
the Einasleigh Metamorphics at about 1560-1565 Ma 
(Black unpub. data). This is within the error limits of the 
age assigned to eD1 by Black eta!. (1979), although the 
rigour of the method used to obtain that age is now in 
doubt. Alternatively, the eD1 event could relate to one of a 
plethora of events seemingly indicated by post-magmatic 
zircon ages in orthogneisses and amphibolite, and 
documented from the Einasleigh Metarnorphics in the 
Einasleigh-Mount Surprise area by Black et al. (in press). 

At least four additional episodes of folding took place. 
eD3 in the Etheridge Group was dated at about 967 Ma 
(Black et al. 1979), but this may reflect partially reset eD2 
ages, and eD3 could be an early Palaeozoic event, perhaps 
related to thrusting. eF3 folds have easterly-trending axial 
planes and are mainly open, although in the Robertson 
River area, in the central part of the Georgetown Region, 
they are tight and overturned, with axial planes dipping 
shallowly to the north. 

eD4 produced open to moderately tight north-trending folds 
in the eastern part of the Forsayth Subprovince. Black et 
al. ( 1979) correlated it with a clustering of reset isotopic 
ages at 'about 400 Ma' (late Silurian or Early Devonian), 
but the evidence is circumstantial and it could be older. 
eD5 produced very open east-tending fo lds and 
crenulations. It could correlate with open folds in the 
Broken River Province (Withnall & Lang 1993). eD6 is 
mainly represented by crenulations. 

Six regional deformation events have been recognised in 
the Yambo Subprovince, but they do not appear to correlate 
directly to those outl ined above in the Forsayth 
Subprovince. Deformation was strongly partitioned into 
low and high-strain zones. Most regions show a single 
penetrative foliation and/or lineation. 

The first deformation (yD 1) probably occurred around 
- 1585 Ma and was associated with the intrusion ofS-type 
granite and minor mafic magmas. 

The second deformation (yD2) developed the dominant 
fabric and folds of the province around -1575 Ma. The 
fabrics trend northeast, but in many cases the primary 
schistosity has been sheared into parallelism, with later 
mylonitic foliations, and are now north-south oriented. 
yD2 is interpreted to be associated with the emplacement 
of the 1575 Ma 1-type granites (although the final 
emplacement position transects yD2 structures). 

The third deformation (yD3) occurred sometime after 
1575 Ma, and was a period of widespread shearing with 
the development of spectacular mylonites The numerous 
kinematic indicators are all consistent with west to 
northwest-directed thrusting with a significant component 
of sinistral shear. 

The fourth deformation (yD4) was a period of widespread 
folding about north-northeast and northeast axes, possibly 
around 1550 Ma. Deformation was associated with further 
melting, and leucosome is abundant in areas of yD4 
deformation. 

The fifth deformation (yD5) resulted in minor folding about 
generally east-west oriented axes. 

The sixth deformation (yD6) occurred after 400 Ma, and 
is seen by intense chlorite and sericite alteration and 
mylonitic fabrics adjacent to the Palmerville Fault. 

Intra-province Relationships 
The three metamorphic groups that form the Yambo 
Subprovince are distinguished primarily on their 
geographical separation. The Newberry and Yambo 
Metamorphic Groups are separated by a faulted contact 
which is concealed beneath the Laura Basin. It is unclear 
whether the three groups represent separate depositional 
basins but the Sm-Nd data for each group indicate that 
their source areas are generally younger in the north. 

The deformational and metamorphic chronology appear 
to be consistent across the subprovince. However, there 
appears to be a younger magmatic event (-1563 Ma) in 
the Newberry Metamorphic Group that is absent from the 
Dargalong Metamorphics or the Yambo Metamorphic 
Group. It may correlate with a melting event of similar 
age in the Etheridge Group. 

At the southern margin of the Yambo Subprovince, the 
Dargalong Metamorphics pass into to the older McDevitt 
Metamorphics of the Forsayth Subprovince. The nature of 
the boundary is uncertain, and to an extent is arbitrary, 
with a belt of intervening Mesoproterozoic and Silurian 
granites used as a boundary of convenience. An enigmatic 
feature of this area is the higher metamorphic (granulite) 
grade of the younger Yambo Subprovince rocks compared 
to the greenschist grade of the upper part of the Etheridge 
Group. The absence of the 1585-1575 Ma tectonothermal 
events characteristic of the Yambo Subprovince in the 
Forsayth Subprovince is also enigmatic, especially as the 
former appears to be more deformed. Both provinces were 
subjected to a rugh temperature-low pressure.metarnorphic 
event at around 1550 Ma (yD4 and eD2). 

Inter-province Relationships 
The Yambo Subprovince provided 1585 Ma detrital zircons 
into the Savannah Province sometime before about 
1550 Ma, when regional folding duringsD1 occurred. Trus 
suggests that rugher levels of the Yambo Subprovince were 
exposed and eroded between these dates. It is unJ ikely that 
deep levels could bave been unroofed and then depressed 
to PT conditions where melting could occur during tbe 
1550 Ma yD4 event. The Savannah Province may therefore 
have been unconformably deposited on the Yambo 
Subprovince, the boundary now occupied by the Silurian
Devonian Pama Province. 

The Etheridge Province was probably a source area for 
some of the detritus of the clastic sediments of the 
Hodgkinson and Broken River Provinces that are faulted 
against it to the east. The major bounding faults, the 
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Palmerville and Burdekin . River Faults, have been 
interpreted as thrusts, at least in part, with the Etheridge 
Province having been thrust eastwards. The Etheridge 
Province is intruded by the Silurian-Devonian Pama 
Province, but it is unlikely that it provided much of the 
source material for the S-type melts in the Yambo 
Subprovince (see Pama Province). The Etheridge Province 
is also intruded by granites and overlain by volcanic rocks 
of the late Palaeozoic Kennedy Province. 

To the west, the Etheridge Province is faulted against the 
felsic volcanic rocks and comagmatic granites of the 
Mesoproterozoic ( -1"550 Ma) Croydon Province. However, 
it is assumed to underlie the Croydon Province, because 
of the voluminous graphitic metasedimentary enclaves in 
the volcanic rocks and granites. · 

Savannah Province RS Blewett 

Extent/Distribution 
The Savannah Province (Plate 14.2) is an elongate belt 
extending 500 km and is about I 00 km wide. The Savannah 
Province co.nsists of the Holroyd Group, Coen 
Metamorphic Group, Edward River Metamorphic Group, 
and the concealed Staaten Metamorphic Group. The 
principal rock types are fine- to medium-grained clastic 

·metasediments (slate, phyllite, schist, gneiss, quartzite) and 
lesser metadolerite and amphibolite. 

The Savannah Province is intruded by the Palaeozoic Pama 
Province to the east and the Palaeozoic Kennedy Province 
to the north and south. The Savannah Province on laps? or 
unconformably overlies the Kowanyama Province to the 
west and is faulted ag~inst tlw Kowanyama Province to 
the southwest. 

Principal Geological Components 
The Savannah Province consists oflow-grade to high-grade 
mostly fine- to medium-grained clastic metasediments 
intruded by metadolerite and amphibolite. The rock types 
include slate, phyllite, schist and gneiss interbedded with 
massive quartzite. The rocks generally have a well 
developed ·foliation defined by micaceous and alumino
silicate minerals. Carbonate is rare or absent from the 

· Savannah Province. 

The four metamorphic groups that form the province are 
defined on their geochemical, geophysical and lithological 
characteristics, as well as their geographical location. 

The metamorphic grade increases from a low area exposed 
in south EBAGOOLA towards the granites of the Pama 
Province. The Holroyd Group has the most complete 
stratigraphy, with thirteen formations totalling about 10 
km ofbasin fill. The province is characterised by a number 
of macroscale north-trending tight to isoclinal fold trains 
that have been transected by a subsequent metamorphic 
(climax) overprint. 

Age 
The Savannah Province sediments were deposited between 
1585? and 1550 Ma. Some of the source material probably 
was derived fro!11 the Yambo Su~province. The mafic 
intrusives into the lowest part of the sequence were intruded 
before the first phase of deformation. A single granitic 
gneiss has been dated at about 1433 Ma, an age not 
repeated elsewhere in North Queensland, so its 
significance is uncertain. 
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Geophysical Characteristics 
Magnetic anomalies over the Savannah Province vary in 
character. For the Holroyd Group and the Coen and Edward 
River Metamorphic Groups, the average magnetisation 
increases eastward. This increase roughly correlates with 
the increase in metamorphic texture category. For slates 
and phyllites the magnetisation primarily reflects bedding, 
while for schists the magnetisation is high, except for 
linears of low magnetisation along faults. In the Staaten 
Metamorphic Group the magnetisation is thought to reflect 
bedding, and the decrease in continuity and crispness of 
the anomalies to the north and northwest is thought to 
reflect increase in metamorphic grade. 

Tectonic Environment and Setting 
No ·systematic study of the sedimentology has been 
conducted, but the sediments appear to be largely shallow 
water deposits laid down in an intracontinental setting. 
The chemistry of the metadolerite sills intruding the lowest 
part of the Holroyd Group suggest high-temperature 
MORB-type magmas, perhaps indicative of a rifting 
environment. There is a general decrease in the amount of 
medium- to coarser-grained quartzite (psarnmite) relative 
to more pelitic lithologies to the west, perhaps reflecting a 
westerly source region. However, the 1585 Ma detrital 
zircons in the lower parts of the sequence are from 
rocksexposed to the east (in the Yambo Subprovince). 

The relatively large volume of sediment requires sustained 
subsidence and/or rifting to maintain the depocentre. It is 
noteworthy that only the lowest part of the sequence 
contains significant volumes of mafic intrusives. 

Regional Variations 
The variation in the lithology of the metamorphic rocks is 
generally a function of proximity to the Cape York 
Peninsula Batholith. The Coen Metamorphic Group is 
mostly mid- to upper-amphibolite grade, whereas the 
Holroyd Group and Edward River Metamorphic Group 
range from sub-greenschist to upper amphibolite grade. 

Geochemistry/Petrogenesis 
The geochemistry of these rocks is compared with those 
of the Etheridge and Iron Range Provinces under the 
heading Provenance of Metamorphic Units, see below. CIA 
values for the metasediments indicate derivation of the 
Coen Metamorphic Group and Holroyd Group from a 
primarily granitic source, although the Holroyd Group 
reflects greater weathering and perhaps recycling of 
sediment. 

The Sm-Nd data indicate an overlapping age of source 
material between the Holroyd Group and the Coen 
Metamorphic Group. The Coen Metamorphic Group is 
generally younger. No data exist for the Edward River 
Metamorphic Group. The ages may simply reflect less 
mixing with older components to the east for the deposition 
of the Coen Metamorphic Group, rather than a different 
source region or a different basin setting. 

Metamorphic History 
Metasediments of the Savannah Province typically consist 
of quartzite, slate, phyllite, schist and gneiss. Garnet 
porphyroblasts are widespread, whereas andalusite and, 
in particular, sillimanite, are largely restricted to the rocks 
near the Pama Province. Scattered outcrops of amphibolite
and chlorite-rich metabasite are common. Overall the 
metamorphic grade increases from sub-greenschist facies 
in the western part of the Holroyd Group, through the 
greenschist facies (biotite and andalusite and garnet 



CHAP TE R FOURTEEN Rev ie w of Geol o oi c al Ba si n s and Pr ovi n c e s 

grades) to upper amphibolite facies (sillimanite grade) in 
the central-north and southern areas. 

The Coen Metamorphic Group metamorphism reached a 
higher grade than that in the Holroyd Group. Sillimanite 
rather than andalusite is the stable aluminosil icate 
polymorph. There is no evidence for the former presence 
of any andalusite porphyroblasts. The presence of 
muscovite-quartz indicates these rocks are still below the 
second si ll imanite isograd, which takes place at 
temperatures of about 600-650°C at a minimum 2-3 kb. 

The mineral assemblages for the Savannah Province 
indicate a low to moderate-pressure, moderate to high
temperature peak metamorphism, which occurred with sD3 
aro~d 407 Ma as a regional aureole to the Pama Province. 

Structure/Deformation History 
Six penetrative, regional deformation events have been 
recognised in the Savannah Province. In contrast with the 
Proterozoic climax of the Yambo Subprovince, the climax 
(s03) event is associated with a prograde low-P bigh-T 
metamorphism and largely S-type magmatism at about 
407 Ma. 

The first deformation (s01) structures are well developed 
in the lower-grade, least deformed units in the west of the 
province, where tight to isoclinal folds and slaty cleavage 
occur. 

The second deformation (s02) structures are dominated 
by gently to sub-horizontally north- northwest-plunging, 
isoclinal folds with an axial planar schistosity. Macroscopic 
fold trains over I 00 km long developed and are 
characteristic of the province. The folded package is now 
approximately 250 Jan long in a meridional direction. 
Compression was probably coaxial and with shortening 
of about 300%, a decollement must exist at deeper 
structural levels. s02 deformation may have occurred at 
about 1550 Ma, and correlate with e0 2 of the Etheridge 
Group and y0 4 of the Yambo Subprovince. 

The. third event (s03) includes deformation and 
metamorphism associated with a thermal anomaly that 
generated the Silurian-Devonian Pama Province. The main 
fabric of the province, especially in the higher grade areas, 
is a composite of sS2 and sS3 fabrics. 

The founh deformation (s0 4) was associated with steeply 
dipping, northwesterly-trending shear zones. Most 
kinematic indicators suggest that sinistral shear was 
dominant during the late Palaeozoic s0 4 event. 

The fifth (s05) and sixth deformation (s06) events were 
minor in the Savannah Province. 

Intra-province Relationships 
The four metamorphic groups that make up the Savannah 
Province are distinguished by their geophysical, 
geochemical and, to some extent, their lithological 
characteristics, as well as their geographical position. The 
Edward River Metamorphic Group is faulted against the 
Holroyd Group by the Cattle Swamp Shear Zone and 
against the Staaten Metamorphic Group by the Gam boola 
Fault. The style of north-trending macroscopic folds is 
common to these three groups. The Coen Metamorphic 
Group occurs as an isolated 'enclave' in the Cape York 
Peninsula Batholith, so its relationship to the rest of the 
province is uncertain. The Coen Metamorphic Group is 
also more deformed and is of uniformly high metamorphic 
grade compared to the variability of the Holroyd Group in 

particular. The Coen Metamorphic Group also contains 
abundant shear zones and does not show the macroscale 
sF2 folds characteristic of the other three groups. 

Although there is a change in metamorphic grade across 
the province, this is consistent with a prograde zoning of 
the sM3 isograds. The structural chronology is consistent 
across the province, and the intensity of deformation also 
generally increases to the east. 

Inter-province Relationships 
The Savannah Province onlaps? and is in part faulted 
against the Kowanyama Province to the west. To the east, 
north and south, it is intruded by the Palaeozoic Pama and 
Kennedy Provinces. Much of the Cape York Peninsula 
Batholith of the Pama Province was derived from melting 
of the Savannah Province. 

The Savannah Province was deposited after the 
metamorphic climax in the Yambo Subprovince, and 
contains detrital zircon probably derived from erosion of 
this latter province. The Savannah Province may share an 
event at 1550 Ma with the Etheridge andYambo Provinces. 
This deformation and associated low-grade metamorphic 
event may reflect a high level or more distal position 
compared to the deeper or more proximal higher grade 
events in the other two provinces. 

Croydon Province DE Mackenzie 

Extent/Distribution 
The Croydon Province makes up the western extremity of 
the Georgetown Region (]'late 14.2). It crops out over an 
area of about 6000 km , from its boundary with the 
Etheridge Province (at about 142°58 ' E), to the west ( 142° 
II 'E), north (17°56'S) and south (19°4'S), where it is 
overlain by the Carpentaria Basin. Data from drillholes to 
thy west of the outcrop area, combined with interpretation 
of aeromagnetic anomalies, indicate that the province 
extends further west beneath the Carpentaria Basin to 141 o 

50'E, northward to 17° 20'S, and southward to 19° 28'S, 
and occupies a total of about 20 000 km2

• 
\ 

The southeast portion of the boundary between the 
Croydon Province and the Etheridge Province, and 
boundaries with the Claraville and Kowanyama Provinces 
to the west, and the Kennedy Province (Townsville
Mornington Island Belt - TMIB) to the north, are 
concealed beneath the Carpentaria Basin. They are defuted 
on geophysical criteria, as described below. 

Principal Geological Components 
Exposed rocks of the Croydon Province are the rhyolitic 
to dacitic ignimbrites, rhyolites and rare andesites of the 
Croydon Volcanic Group, the granites of the Esmeralda 
Supersuite, and the shallow-water quartzose, mainly 
arenaceous sedimentary rocks of the lnorunie Group (see 
Chapter 3). These rocks are intruded and overlain locally 
by Ear ly Permian mafic to felsic rocks of the Kennedy 
Province (see Chapter 3), and overlain by outl iers of 
Jurassic-Cretaceous sandy sedimentary rocks of the 
Eromanga Basin (Eulo Queen Group, Gilbert River 
Formation and Wallurnbilla Formation). 

Age 
The Croydon Volcanic Group probably post-dates e02 in 
the Etheridge Group, which is interpreted as having 
occurred at about 1550- 1555 Ma (see Chapter 3). 
Conventional U- Pb zircon dating of the uppermost 
ignimbrite unit by Black & McCulloch ( 1990) gave an 
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age of 1552 ± 2 Ma; a SHRIMP ion-microprobe age of 
1548 ± 18 Ma was reported by Black & Withnall ( 1993; 
AGSO OZCHRON database). The age of the Group is 
therefore about 1550 Ma. The Esmeralda Granite has been 
dated at I 558 ± 4 Ma (Black & McCulloch 1990), an age 
that is indistinguishable from that of the Croydon Volcanic 
Group. 

The lnorunie Group overlies the Croydon Volcanic Group 
unconformably, and is devoid offossil material. Its age is 
therefore most likely Mesoproterozoic, Neoproterozoic or 
possibly early Palaeozoic, but the only unequivocal upper 
age limit is imposed by the Early Permian dolerite and 
granodiorite that intrude it. 

Geophysical Characteristics 
The distribution of outcropping volcanic and granitic rocks 
of the Croydon Volcanic Group and Esmeralda Supersuite 
is consistent with their representing the east- northeast 
sector of a symmetrical, elliptical igneous centre about 
130 km in diameter. Magnetic anomalies are generally very 
smooth, indicating that the surface or near-surface rocks 
have low magnetisation. However, two adjacent long
wavelength magnetic highs 50 km in diameter, one of 
which corresponds with a gravity high of 50- 60 km 
diameter and 120 mm.s-2 amplitude, coincide with the 
central outcropping part of the province. These anomalies 
are interpreted to indicate that centre of the igneous 
complex is underlain by a comagmatic mafic (cumulate
enriched?) igneous intrusion. 

Surrounding the central magnetic highs, the province is 
characterised by magnetic anomalies of relatively uniform 
low amplitude and short wavelength, and by an absence 
of medium-amp! itude magnetic anomalies. The concealed 
southeastern boundary with the Etheridge Province is 
placed at an abrupt change to variable, generally relatively 
lower magnetic intensities with east- west trends. This 
change coincides with a steep positive gravity gradient. 
The boundary with the Claraville Province to the west is 
placed at a change to more magnetic rocks with a 
suggestion of a north-northwest grain. The boundary with 
the Kowanyama Province is placed along the eastern side 
of a low, north -trending magnetic ' ridge' (and 
corresponding slight gravity trough). On the western side 
of the ridge the magnetic anomaly pattern is less uniform. 
The northern boundary of the Croydon Province is taken 
as the southern margin of the TMIB. 

Tectonic Environment and Setting 
The Croydon Volcanic Group was emplaced in a subaerial, 
intra-continental (cratonic) environment, and intruded by 
the Esmeralda Supersuite, probably as result of 
underplating by mantle-derived mafic magma. Magmatism 
was preceded and accompanied by local? crustal extension 
at least sufficient to cause and accommodate cauldron 
collapse of a 6000 krn2

, kilometres-thick volcanic pile. The 
Inomnie Group was deposited in a terrestrial, fluviatile 
environment on an erosion surface of gentle relief 
developed on the Croydon Volcanic Group. 

Regional Variations 
The northern part of the exposed Croydon Province (north 
of about 18° 20'S) is significantly more deformed than 
the rest. Apart from the relatively intense folding and 
faulting in the Croydon Tabletop area, this area contains 
the Inorunie Group ' basin', and most of the known Early 
Permian igneous rocks. No significant variations in 
composition or metamorphic grade across the Province 
have been observed. 
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The aeromagnetic data (Wellman, Chapter 3) indicate that 
two elliptical bodies of relatively magnetic rock underlie 
the central and southern parts of the exposed Croydon 
Province. These bodies may be composed of intrusive rock 
that is relatively mafic compared to the bulk of the 
Esmeralda Supersuite, and comparable to the more mafic 
(granodioritic) portions of the Nonda Granite (see Chapter 
3). 

Geochemistry/Petrogenesis 
The Croydon Volcanic Group and Esmeralda Supersuite 
are of S-type chemical character (peraluminous, ASI 
increasing with Si02 ; high K20 and KINa), but also have 
some A-type characteristics, such as high Fe,0181• high Zr, 
LREE, Ga and Zn, and low Sr. The Esmeralda Supersuite 
is compared in Table 14.1 with the Mesoproterozoic 
granites of the Forsayth Supersuite (see Chapter 3; 
Champion 1991) and the Sybella Batholith, Mount I sa 
Block (Wyborn et al. 1988). The average Esmeralda 
Supersuite granite has some chemical similarities to both 
the S-type Forsayth Supersuite and the I-type Sybella 
Batholith granites (e.g. high KINa, high Ba and Rb), but 
is higher in Si02• Rb, Pb, Y, Zn and Ga, and lower in MgO, 
CaO, Na20, Sr and Th than either. It is also higher in Fe,0,.1• 

K20, KINa, Zr, La and Ce, lower in Al20 3, and much poorer 
· in Sr than the Forsayth Supersuite. The Sybella granites 
are also higher in Ti02 and Fe.oca~ and lower in Si02. Contents 
ofMgO, CaO, Sr, Y, La, Zn and Ga are similar to those of 
the average A-type Silurian- Devonian granites of the 
Lachlan Fold Belt. 

A-type characteristics are more pronounced in the volcanic 
rocks than in the granites, with the exception of the Nonda 
Granite, part of the Olsens Granite, and possibly the 
Macartneys Granite. Figure 14 .I illustrates some of the 
significant differences between the intrusive and eruptive 
rocks. The latter are generally richer in Ti02, Fe,010h K20, 
K/Rb, Ba, Zr, Nb, Y, La, Ce and Zn, and poorer in Al20 3, 

Na20 , Rb and Sr at a given Si02 content than the former. 
Some of the differences may be due in part to processes 
such as alteration (particularly in the eruptive rocks), but 
most must be due to differences in source composition 
and/or degree of partial melting. 

Branch ( 1966) suggested that the Croydon Volcanic Group 
and Esmeralda Supersuite (along with the Carboniferous
Permian igneous rocks of the Georgetown Region) were 
derived by partial melting of mafic lower-crustal rocks. 
Sheraton & Labonne ( 1978) interpreted the Esmeralda 
Supersuite and Croydon Volcanic Group to be products of 
partial melting of K-rich, siliceous and carbonaceous 
sedimentary rocks resembling the higher-grade 
metamorphic equivalents of the upper Etheridge Group 
(Candlow Formation, etc.). Both the granites and the 
volcanics have very high initial 87Sr,t86Sr ratios of about 
0. 73 (Black 1973), indicating derivation from old, evolved 
crustal rocks. eNd values of - 1.9 and - 2.4 for the volcanics 
and granites, respectively, were interpreted by Black & 
McCulloch ( 1990) as possibly indicating a mixed felsic 
(crustal) and mafic (mantle-derived) source. Analyses of 
samples from the Candlow and Heliman Formations and 
the Stockyard Creek Mudstone (Withnall 1984) show that 
these rocks have compositions that are too low in Ti02, Sr 
and Zn, for example, and too low in eNd (-6.6 to -Q.3) to 
be the source of the magmas. The observed close 
association in parts of the Esmeralda Supersuite between 
the presence of abundant enclaves derived from the 
Candlow Formation, Langdon River Mudstone, etc. and 
the presence of abundant graphite, strongly suggests that 
upper Etheridge Group rocks are the most likely source of 
some, if not all, of the graphite in the Croydon Volcanic · 
Group and Esmeralda Supersuite. However, there are also 
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Table 14.1. Average composition of the Esmeralda Supersuite compared with the average Forsayth Supersuite $-type granite 
(Champion 1991), the average 'main phase' of the 1-type Sybella Batholith (Wyborn et aL 1988), average Lachlan Fold BeltS-, 
A- and !-type granites (Chappell 1991, cited in Champion 1991 ), and the average low-Ca granite ofTurek.ian & Wedepohl ( 1961 ). 
* = no data. FeO' = total Fe as FeO 

Average Average Sybella Lachlan Lachlan Lachlan Low-Ca 
Esmeralda Forsayrh Barholirh, S-rype A-rype 1-rype granire 
Supersuite Supersuire Mount/sa 

Si01 72.43 70.61 70.46 70.44 73.39 68.95 74.23 

Ti01 0.33 0.35 0.62 0.47 0.30 0.43 0.20 
AI 203 13.00 14.42 13.04 14.07 12.88 14.31 13.6 : 
Fe20 3 1.05 0.49 1.39 0.56 0.90 1.06 • 
FeO 2.07 2.13 2.70 2.80 1.66 2.35 • 
feO' 3.01 2.56 3.95 3.42 2.66 3.53 1.83 
MnO 0.07 0.04 0.06 0.06 0.06 0.06 0 .05 
MgO 0.28 1.00 0.69 1.37 0.30 1.53 0 .27 
CaO 1.26 2.06 2.11 1.97 1.07 3.28 0 .71 
Na20 2.38 2.76 2.52 2.43 3.39 3.12 3.48 
K20 5.09 4.84 5.07 4.01 4.61 3.39 5.06 
P20s 0.14 0.19 0.17 0.15 0.08 0.12 0.14 
Trace 
elements 
{ppm) 
Ba 736 728 855 465 545 525 840 
Rb 286 271 241 222 188 155 170 
Sr 73 204 118 118 
Pb 52 35 30 27 
Th 28 35 35 18 
u 9 7 8 4 
Zr 260 188 360 
Nb * 14 27 
y 69 22 50 
La 53 53 94 
Ce 114 112 166 
Nd * * 54 
Ni 4 9 5 
Zn 88 53 52 

Ga 2J 18 17 

carbonaceous rocks in lower, higher-grade parts of the 
Etheridge Group that are more likely to have been in the 
source region of the magmas. These rocks include 
compositions (e.g. Sheraton & Labonne 1978; Withnall 
1984) that are more compatible (higher Sr, Zr, and, in the 
metabasic rocks, Ti02 ) with the observed igneous rock 
compositions. eNd in the metabasic rocks is - 5.9 to +4.4. 

The slight difference in Nd isotopic composition between 
the eruptive and intrusive rocks, along with the 
compositional differences noted above, could therefore be 
explained by: 

• a slightly greater degree of partial melting, and possibly 
a higher metamorphic grade and more mafic 
composition, of the source for the eruptive rocks than 
the source of the bulk of the granites; and/or 

164 
12 
32 
28 
63 

* 
13 
62 

17 

• a sl ightly greater amount of mantle component 
involvement in the source(s) and 'parent magmas' of 
the eruptive rocks. · 

Both of these conditions could have applied if, for example, 
the Croydon Volcanic Group (and Nonda Granite, etc.) 
magmas were derived from lower Etheridge Group rocks. 
These hypotheses have yet to be rigorously tested. 

Structure and Deformation History 
The Croydon Volcanic Group and Esmeralda Supersuite 
are contained within a cauldron subsidence structure that 
may be up to 130 km long and 90 km wide. Along the 
eastern and northeastern margins, against rocks of the 
Etheridge Province, dips steepen and they are juxtaposed 
by faults that are primarily of contemporaneous, cauldron-

97 247 100 
27 19 19 
24 18 17 
5 4 3 
325 147 175 
26 II 21 
71 28 40 
55 30 55 
131 64 92 

• * 37 
2 9 5 
95 49 39 

22 16 17 

collapse origin. However, there may have been later 
reactivation of some or all of these faults. For example, 
there is evidence of movement as late as post Jurassic on 
the Robertson Fault, which is probably linked with the 
northeastern bounding fault of the Croydon cauldron (to 
form the 'Robertson Structure' of Smart et al. 1980). The 
complex folding and normal faulting in the northwestern 
part of the Croydon Volcanic Group probably took place 
during cauldron collapse and/or comagmatic granite 
emplacement. However, the large-amplitude, gentle north
south-trending folds in the central part of the outcrop area 
may be related to the eD2 event in the Etheridge Province. 
Major north-northeasterly-trending fracture systems in this 
area predate the Inorunie Group, but their precise timing 
is unknown. 

The lnorunie Group occupies a basin-like depression that 
may have been partly the result of weak folding associated 
with eD3 in the Etheridge Province. It is also cut by west
northwesterly-trending faults associated, and 
approximately contemporaneous, with Early Permian 
intrusive and volcanic rocks (see Chapter 3). 

There is evidence of minor northward tilting, which 
probably occurred in the Tertiary or Quaternary, in the 
central part of the outcropping Croydon Province (see 
Chapter 3). 

Intra-province Relationships 
The Croydon Volcanic Group has been intruded, to 
relatively high crustal levels (<3 km), by comagmatic 
granitic rocks of the Esmeralda Supersuite. Geophysical 
evidence outlined above indicates that granitic rocks 
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Figure 14.1. Selected major and trace-elements versus Si02 in 
the Croydon Volcanic Group and Esmeralda Supersuite. Shows 
predominantly linear compositional variations and differences 
between the volcanics and most of the granites. 

underlie most, if not all, ofthe exposed Croydon Volcanic 
Group. Given that the geophysical character (except the 
central magnetic highs) extends to the province margins, 
the intrusive rocks may extend for many kilometres beneath 
cover to the west and north. Volcanic rocks and granite 
similar to the Croydon Volcanic Group and Esmeralda 
Supersuite (e.g. containing graphite), have been intersected 
in bores and drillholes up to 35 km to the west and 
southwest of the outcrop area. 

The Inorunie Group is a remnant of an originally more 
extensive sheet (or sheets) of fluviatile sedimentary rocks 
that were deposited after moderate, variable amounts 
(probably 1-3 km) of erosion of the Croydon Volcanic 
Group had occurred. 
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Inter-Province Relationships 
The boundary between the Croydon and Etheridge 
Provinces is probably a faulted one, although there is some 
local evidence of an unconformity between the Croydon 
Volcanic Group and the Langlovale Group (see Chapter 
3). There is also indirect evidence that rocks of the 
Etheridge Province underlie the Croydon Province: 

• the metasedimentary enclaves, interpreted as being 
derived from the upper Etheridge Group that is present 
in the Esmeralda Supersuite; 

• the abundant graphite of organic origin (and 
isotopically similar to that in carbonaceous rocks of 
the Etheridge Group) present in rocks of both the 
Croydon Volcanic Group and the Esmeralda Supersuite. 

Whatever the exact nature of the contact, there is a 
significant time gap between the two. Boundaries between 
the Croydon, Claraville and Kowanyama Provinces are 
based on geophysical criteria, as described above. The 
Claraville Province may be similar in age and geology to 
the Etheridge Province, and may be linked with the latter 
beneath the Croydon Province. The Kowanyama Province 
is interpreted as being older than the Etheridge Province, 
and may be either faulted against or overlain by the latter. 
To the north, the Croydon Province is truncated and 
geophysically ' obscured ' by the TMIB of the 
Carboniferous-Permian Kennedy Province . 

Neoproterozoic or Early 
Palaeozoic Provinces 
Iron Range Province RS Blewett 

Extent/distribution 
The Iron Range Province is exposed over about 450 km2 

in the northern region. No contacts with other metamorphic 
provinces are exposed and the Parna Province and Kennedy 
Province intrude the group. It extends under cover in the 
northern part of Cape York Peninsula and Torres Strait 
(Plate 14.2). 

Principal Geological Components 
The Iron Range Province has only one mapped unit, the 
Sefton Mctamorphics, which is composed of a variety of 
rock types, including fine-grained muscovite-quartz schist 
and quartzite, together with slate/phyllite, quartz-haematite 
schist, magnetite quartzite, greenstone, schistose I imestone, 
marble and calc-silicate rock. The thickness of the Sefton 
Metamorphics is unknown. Teluk (1984) subdivided the 
Iron Range area into three informal formations with a 
number of members, giving a total of up to 2000 m of 
sediment. 

Age 
The age of the Iron Range Province has been interpreted 
as younger than detrital zircons dated at about I 130 Ma. 
Small outcrops of recrystallised limestone yielded a sponge 
spicule and another fragment of organic matter, suggesting 
that some of the rocks called Sefton Metamorphics may 
be Palaeozoic. 

The age of the source region is about 2050 Ma, much 
younger than the source areas of the nearby metamorphic 
provinces. 

Geophysical Characteristics 
Geophysical data is limited to 1500 m flight-line spaced 
regional magnetic and gamma-ray data sets, and a few 
small exploration programs. Two iron-rich bands, and the 
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greenstone band, give linear magnetic anomalies of 300-
600 nT. Anomaly maps show that the bands are no more 
extensive under cover than the surface mapping indicates. 

Regional Varia tions 
It is difficult to reconcile the differences in the province 
in terms of environment, as the outcrops are relatively small 
and isolated from one another. There are four main regions: 
the Mount Carter area, a north-trending belt between the 
Pascoe River and the Iron Range airstrip, headlands of 
Temple Bay, and isolated outcrops in the Bowden area. 

The Mount Carter area contains mostly clastic rocks with 
phyllite, schist. and quartzite. Grainsize increases to the 
southeast, where andalusite porphyroblasts occur. The Iron 
Range area contains the greatest range in lithology, with 
scrust (haematite-rich), schistose conglomerate, graprute 
phyllite quartzite, calc-silicate, marble and greenstone. The 
Temple Bay area contains schist and quartzite with 
interbedded schistose limestone and calc-silicate rock. The 
Bowden area contains phyllite, schist and quartzite. 

Geochemistry/Petrogenesis 
The Sefton Metamorphics contrast markedly with the other 
Proterozoic metamorphic groups of North Queensland. 
l n the Iron Range area they are characterised by 
predominantly low-grade, finely laminated, strongly 
deformed iron and carbonate-rich carbonaceous 
metasedimentary rocks. Some samples are strongly 
enriched in FeO(rotal)• MgO (up to 10.79%), and CaO (up 
to J 2.24%), and consequently depleted in Si02 and Ah03. 

The calc- silicate rocks of the Sefton Metamorphics 
contrast with those of the Etheridge Group in having a 
dominance of Ca-Mg carbonate minerals rather than 
calcite. 

Tectonic Environment and Setting 
Little is known about the setting of the tectonic 
environment of the Iron Range Province. The mixed fine
grained clastic and carbonate rocks with intrusions? of 
mafic rocks suggest a marine setting associated with 
rifting. 

Metamorphic History 
Metamorphic grade ranges from sub-greenschist to lower 
?amphibolite. Contact metamorphic (andalusite-bearing) 
rocks are reported close to the margins of Permian granites 
(Trail et at. 1969). Mostly, however, ·the Sefton 
Metamorphics are characterised by sub-greenschist to 
greenschist-grade metamorphism. The timing of the 
metamorphic event(s) is uncJear. 

Structure/Defor mation History 
Four phases of deformation have been defined in the Sefton 
Metamorphics, with iD 1 and iD2 as the main events. The 
first deformation (iD1) formed the main fabric, as an axial 
planar foliation associated with iF1 isoclinal folds that were 
probably oriented east- west and dipped steeply before 
subsequent refolding. The second deformation (i0 2) was 
a greenschist event, with north to north- northwesterly 
oriented, upright tight to isoclinal folding on meso and 
macroscopic scales, associated with an axial planar 
cleavage to crenulation cleavage and schistosity. The third 
deformation (iD3) and fourth deformation (i04) produced 
minor folds and kinks. No new penetrative fabric 
developed. 

Intra-province Rela tionships 
The Iron Range Province is made up of one metamorphic 
group. It is unclear what the cause or significance was 

with respect to the changes in rock types between the four 
main areas of exposure. Previous work subdivided the areas 
mainly on a geographical basis, and these were later 
abandoned for a single metamorphic group. 

Inter-province Relationships 
The Iron Range Province is not in direct contact with the 
adjacent metamorphic provinces, such as the Savannah 
Province, Kowanyama Province or Etheridge Province. The 
uniformly young Sm- Nd model age for the source area 
probably eliminates these adjacent provinces as source 
area(s). The abundance of carbonate in the Iron Range 
Province is unique to the Coen Region. Only parts of the 
Forsayth Subprovince have such large volumes of 
carbonate (calc-silicates). In the Iron Range area there is 
abundant metamorphosed ironstone (now haematite
quartz schist). The only other unit in North Queensland 
that contains significant amounts of ironstone is the 
Argentine Metamorphics in the Cape River Province. 

The timing of the deformation and metamorphism is 
uncertain. The second event iD2 may be related to the 
generation and intrusion of the Pama Province and 
correlate with sD3• 

The ' Grenville-type ' age is important in Rodinian 
reconstructions, with Iron Range Province representing 
the most northeasterly exposed rocks of this age in 
Australia. More work is needed on the Iron Range 
Province. 

-· Cape River Province IW Withna/1, LJ Hutton 

Extent/Distribution 
The Cape River Province (Plate 14.2) is restricted to the 
Charters Towers Region, where it forms several widely 
spaced outcrop areas, each given separate stratigraphic 
names. The westernmost area contains the Cape River 
Metamorphics, and extends in a northwest-trending belt, 
about I 00 km long and 30 km wide, from Pentland to 
Cargoon homestead. Between Cargoon and the Clarke 
River Fault, which separates the province from the Broken 
River Province, numerous large metamorphic screens 
between plutons in the Reedy Springs Batholith are also 
assigned to the Cape River Metamorphics. In the centre 
of the region around Charters Towers itself, the Charters 
Towers Metamorphics crop out as several large screens 
within the Ravenswood Batholith. In the northeast of the 
region, the Running River Metamorphics crop out along 
the valley of the Running River as a large screen 50 km 
long between the Oweenee and Ingham Batholiths. It is 
partly faulted against rocks of the Broken River Province. 
The Argentine Metamorphics crop out as discontinuous 
areas overlain by Burdekin Basin sediments over about 
1000 km2, mainly in the Star River valley. 

Principal Geological Components 
As noted above, the Cape River Province comprises four 
geographically separate areas of metamorphic units, 
arbitrarily named the Cape River, Running River, Argentine 
and Charters Towers Metamorphics. Variably deformed 
granites, which were probably emplaced during the 
metamorphism and deformation that give the province its 
character, are discussed below as part o f the Macros san 
Province. lt is likely that the metamorphic units fonned a 
single terrane before being dismembered by g ranite 
emplacement in the Palaeozoic and being overlain by 
younger basins. 

Age 
The ages of the rocks in the province are still uncertain, 
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but recent isotopic dating has provided some constraints. 
Late Mesoproterozoic SHRIMP U-Pb ages of 1145 ± 
21 Ma determined on detrital zircons in a meta-arenite 
give a maximum age for the Cape River Metamorphics 
(M. Fanning, unpub. report to GSQ 1996). SHRIMP U
Pb zircon ages ranging from 469 ± 12 Ma to 493 ± I 0 Ma 
have been obtained on magmatic zircon in granites in the 
Cape River area assigned to the Fat Hen Creek Complex, 
providing a minimum Late Cambrian or early Ordovician 
age. However, it is possible that some rocks in the Cape 
River Metamorphics - particularly those in the area of 
the Reedy Springs Batholith, and possibly those in enclaves 
in the Fat Hen Creek Complex - are older, and may be 
late Mesoproterozoic or even late Palaeoproterozoic and 
related to the rocks of the Etheridge Province. Inherited 

8o<in! and Provinc e! 

zircons in the Reedy Springs Batholith are between 1532 
± 23 Ma and 1554 ± 7 Ma, whereas those in the Fat Hen 
Creek Complex, Lolworth Batholith and some of the 
Ravenswood Batholith are around l L 00--1 200 Ma. This 
suggests that there may be a fundamental change, at least 
in the basement, across the Cape River Province. 

The age of the Argentine and Running River Metamorphics 
has not been determined, but they are Jithologically and 
structurally similar to the Cape River Metamorphics. The 
Argentine Metamorphics as mapped have a higher-grade, 
migmatitic core area, which could be older, although in 
places the contact with the lower-grade rocks appears to 
be gradational. 

Table 14.2. Zircon ages, ENd and Nd two-stage model ages for some granites in the Georgetown and Charters Towers Regions. 

Subprovince or Unit K-Ar; Rb-$r ENdr, T o.u (2-stage Zircon 
Batholith 

.. 
(Ma) mode_f.ag.e) (Ma) cryslallisat!o_n age . 

(inherited zircons) 

Croydon Croydon Volcanics - 1.9 2193 1548± 18 Ma 
Province 

Esmeralda Granite -2.4 2230 1558 ±4 Ma 

Forsayth Subprovince Forsayth Granite -3.1 2282 1550±6 Ma 

Mistletoe Granite -4.5 2384 1544±7 Ma 

Lighthouse Granite -4.7 2402 1561 ± 10 Ma 

Pama Province WhiteSprings 404-407 -1 5.9 2305 424±11 Ma 
Granodiorite (1550--1600) 

Robin Hood Granite >407 -15.8 2307 

Dum.bano Granite 390-400 - 16.2 2336 421 ±8 Ma 
( 1550--1600) 

Dido Tonalite 395--400 -5.5 1528 431 ±7 Ma 

Reedy Springs WM9 - 15.1 2147 410±6 Ma 
Batholith ( 1500; 2000) 

CPI9a - 14.9 2208 410±6Ma 
(1553 ± 7; 530?) 

WM40 - 14.0 2145 410±6 Ma 

Lolwonh Davey Creek Granite 400 ± 12 
B'atholith 408±7 

Unnam.ed dyke 404 ± 12 
408± 7 ' 

Amarra Granite -11.5 1951 382±5 Ma 
-9.9 1835 H 500; 2300) 
- 10.5 1876 

Hodgon Granodiorite -3.1 13 19 414 ± 5 Ma 
(800) 

Ravenswood Chippendale 411 ±2 -2.0 1236 
Batholith Granodiorite 

West Rishton 411 ±2 -0.7 1137 
Granodiorite 

Rishton Tonalite 415± 2 -0.9 1159 

Deane Granodiorite 411 ±2 -0.4 1120 
409±2 -1,9 1230 

Schreibers 490±6 Ma 
Granodiorite (900?; 1100) 

Columbia Creek 464±5 Ma 
Com.plex (600; 1840) 
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The age of the Charters Towers Metamorphics is 
constrained by the Middle Cambrian SHRIMP U- Pb 
zircon date of 508 ± 7 Ma (M. Fanning, ANU, unpub. data 
1995) for the Bucklands Hill Diorite which intrudes the 
metamorphic rocks. 

Geophysical Characteristics 
The metamorphic rocks generally show low magnetic 
responses in the regional airborne magnetic data, with the 
exception of the ironstone-rich intervals within the 
Argentine Metamorphics. 

Regional Variations 
All of the units consist predominantly of psammo-pelitic 
metamorphic rocks and subordinate mafic rocks, but the 
proportions of these and some other minor rock types 
differ. In the Cape River Metamorphics, amphibolite is 
not common, and is restricted to the eastern part of the 
outcrop area. It is most abundant near Cornelia homestead. 
Amphibolite is most abundant in the Argentine and 
Running River Metamorphics, where two types are 
recognised: layered fine-grained amphibolite, referred to 
as para-amphibolite by Withnall & McLennan ( 1991), but 
which is probably tectonised basalt; and coarser, more 
massive ortho-amphibolite. Serpentirute and pyroxenite are 
also present in the Argentine Metamorphics. Banded iron 
formation also occurs in the Argentine Metamorphics, and 
minor occurrences are known from the Cape River 
Metamorphics. The Cape River Metamorphics contain 
abundant white quartzite beds and these are uncommon 
in the other units. 

An interesting feature of the granites that intrude the 
province is the systematic variation in Sm-Nd model ages 
and inherited zircons from northwest to southeast. Table 
14.2 shows the variation ofNd-model ages and variation 
in zircon ages across the province. The Reedy Springs 
Batholith in the northwest of the province has zircon ages 
and Nd model ages similar to those in the adjacent Forsayth 
Subprovince of the Etheridge Province (Georgetown 
Region). Zircons from granites in the Reedy Springs 
Batholith, in particular, indicate a crust-producing event 
at -1550 Ma, a characteristic age of granites and 
metamorphism in the Georgetown Region. These data 
indicate that the 'Georgetown-type' crust extends further 
to the southeast than previously recognised, forming the 
protolith for granites in the Reedy Springs Batholith, which 
lies to the southeast of the Broken River Province. This 
conclusion is also supported by the geochemistry of the 
respective granites (Hutton, Rienks et al. 1996). 

Granites in the Ravenswood Batholith in the southeast of 
the province, however, have different chemistry. Most have 
model ages between 1100 and 1300 Ma, and no ~1550 
Ma inherited zircons. This suggests a different source to 
Georgetown/Reedy Springs (Hutton, Rienks et al. 1996). 
In the Thalanga Province to the south of the Cape River 
Province, Sm- Nd model ages indicate a range from the 
II 00-1300 Ma characteristic of the Ravenswood Batholith, 
to more crustally evolved signatures, indicating a mixture 
between 'Ravenswood-type' magmatic ·values and older 
crust (Uemoto et al. 1992; Stolz 1995). This indicates a 
fundamental change in the age of the basement of the 
province. It is not known whether this is reflected in the 
age of the exposed rocks as well (i.e. the possible older 
components of the Cape River Metamorphics and 
Argentine Metamorphics). Thus the edge of the 
Palaeoproterozoic craton may lie beneath the Cape River 
Province, to the east of the so-called Tasman Line. 

Geochemistry/Petrogenesis 
As described in Chapter6, the orthoamphibolites (massive, 
coarse-grained amphibolites) from both the high-grade 
Argentine Metamorphics and Running River 
Metamorphics showed characteristics of mid-ocean ridge 
basalts (MORB) and low-K tholeiites. New data from the 
Cape River Metamorphics (Rienks & Withnall 1996a; 
Withnall et al. 1997) show that the amphibolites there are 
similar to the orthoamphibolites in the Running River and 
Argentine Metamorphics. The multi-element plot (Figure 
6.2) shows a relatively un-enriched pattern for the high
field-strength elements (HFSE) similar to MORB. 
However, the metabasalt from the Running River 
Metamorphics and the so-called para-amphibolites from 
the Argentine Metamorphics are enriched in the HFSE 
compared to the ortho-amphibolites (Figure 6.2) and some 
are nepheline normative. The enriched pattern is similar 
to that of alkali basalts and suggests that two separate suites 
may be present. Withnall et al. ( 1995) found that the mafic 
rocks in the Anakie Metamorphic Group of the Anakie 
Inlier to the south showed a similar divergence in 
geochemical affinities. They suggested that the mafic rocks 
there may have been generated during extension associated 
with the breakup of the Neoproterozoic supercontinent 
Rodinia. 

Withnall et at. (1997) and Rienks & Withnall (1996a) 
discussed the geochemistry of the meta-sedimentary rocks 
of the Cape River Metamorphics in comparison with the 
Einasleigh Metamorphics in the Etheridge Province. In 
the diagrams of Roser & Korsch ( 1988) that employ major 
element functions to discriminate provenance, the two 
metamorphic packages showed significant differences. The 
Cape River Metamorphics data plot predominantly in the 
field indicating a quartzose-sedimentary source, whereas 
the Einasleigh Metamorphics data are scattered across the 
fields for quartzose- sedimentary, felsic igneous and 
intermediate igneous sources. This may indicate that the 
Einasleigh Metamorphics were derived from a diverse 
source region, containing a variety of intermediate-felsic 
igneous sources, whereas the Cape River Metamorphics 
may have been derived mainly from rocks that had already 
undergone a phase of sedimentary recycling. Given this, 
because the Cape River Metamorphics are relatively 
immature in terms of their Si02/AI20 3 values, the source 
is not likely to have been recycled many times nor to have 
been transported large distances. The petrographic 
evidence is more consistent with granitic rocks being an 
important provenance, at least for the coarse-grained quartz 
and less abundant feldspar and composite quartz-feldspar 
grains. In any case, the geochemistry is consistent with 
the isotopic evidence that not only are the Cape River 
Metamorphics significantly younger than the Einasleigh 
Metamorphics, but their provenance was also younger. A 
Sm-Nd two-stage model age for the sample of Cape River 
Metamorphics that contained the 1150 Ma zircon is about 
1949 Ma (M. Fanning, unpub. report to GSQ 1996). This 
compares with ages of about 2500 Ma for the Einasleigh 
Metamorphics, indicating that the provenance for the Cape 
River Metamorphics may have consisted of a mixture of 
material derived from the Etheridge Group mixed with 
younger material, or an entirely different source. 

Tectonic Environment and Setting 
The metamorphism and strong deformation, which has 
produced intense, pervasive foliations even in the less 
pelitic rock types, has obliterated most sedimentary 
structures other than gross stratification. Thus it is difficult 
to reach conclusions about the sedimentary regime in 
which the rocks were deposited. The abundant quartzite 
and feldspathic meta-arenite in the Cape River 
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Metamorphics suggests multiple provenances. Although 
no zircon dates are available for the quartzite, it may have 
been derived from a stable, cratonic source, possibly the 
Etheridge Province, whereas the more immature arenites 
were derived from a less stable, cratonic source dominated 
by rocks formed at about 1150 Ma. The coarse grain size 
of the arenites indicates a relatively proximal source. The 
geochemistry of the mafic rocks is consistent with them 
forming in an extensional, intraplate setting. It is possible 
that the Cape River Province formed on a passive margin 
during the breakup of the Neoproterozoic supercontinent 
Rodinia. The absence of an obvious, nearby, 1150 Ma 
source for the sediments could be explained by it being 
rifted away as part of Laurentia. 

Structure/Deformation History 
The structure of the Cape River Province is poorly 
understood and requires much more study. As described 
in Chapter 6, the main fabric ~ithin t~e rock~ i~ crS2, 
generally manifest as a spaced, differentiated foliatiOn. In 
some rocks, the quartzose domains preserve the earlier 
c rS 1 foliation, which also appears to have been a 
differentiated foliation. In the Cape River Metamorphics, 
the cr$2 foliation dips overall to the southwest, but appears 
to shallow to a horizontal net dip in the southwest of the 
outcrop area (Withnall ct al. 1997). Shallow dips also occur 
in the Argentine Metamorphics (Withnall & McLennan 
1991 ). This suggests that crS2 was originally sub-horizontal 
and related to recumbent folds or possibly thrusts. The 
foliation was folded into open folds by at least one later 
event. An crS3 foliation , generally represented by a 
crenulation cleavage, which is locally weakly 
differentiated, is evident in many of the rocks. The overall 
dip is about 70° northeast. 

The ages of these events is still uncertain, but it is possible 
that crD2 correlates with the main deformation in the 
Anakie Province to the south, which also produced a flat
lying fabric at about 500 Ma. The melting event that 
produced granite dated at 493 ± I 0 Ma in the Fat Hen 
Creek Complex could be synchronous with crD2 and its 
accompanying metamorphism. No major structures that 
could be related to the earlier crS1 fabric are known. It is 
possible that crS1 and crS2 were produced during the same 
event. Hammond ( 1986) suggested that the intrafolial folds 
and other relics of an earlier fabric within the differentiated 
layering could be explained by the progressive refolding 
processes that operate during mylooitisation. Hammond 
observed asymmetric feldspar porphyroclasts in some of 
the granitic rocks in the Fat Hen Creek Complex that 
indicated an east-over-west shear sense. He observed a 
similar orientation and shear sense in the Argentine 
Metamorphics, and considered that the units represent a 
very thick, shallowly dipping zone of low strain-rate 
mylonites. He considered that such a zone could only have 
developed where very large-scale crustal translations took 
place. cr03 may have occurred at about 465 Ma, and 
correlate with the defom1ation of the Thalanga Province 
rocks. The youngest granites dated in the Fat Hen Creek 
Complex were generated by a melting event at about this 
time and are variably deformed. S-type granites of this 
age also intrude the Charters Towers Metamorphics in the 
Ravenswood Batholith. 

Metamorphic History 
Biotite defines crS., crS2 and crS3, in the Cape River 
Metamorphics, indicating that metamorphism 
accompanied the three deformation events. The peak 
metamorphic event probably accompanied crD2• The grade 
of metamorphism in the Cape River Metamorphics during 
crD2 ranged from upper greenschist or lower amphibolite 
to upper amphibolite, the latter accompanied by 
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migmatisation and probably the generation of at least part 
of the Fat H en C reek Complex . In the Argentine 
Metamorphics, upper greenschist to lower amphibolite 
facies rocks also appear to pass into migmatites and 
gneisses. The Running River Metamorphics were probably 
mainly middle to upper amphibolite facies, but were 
overprinted by contact metamorphism in the early 
Carbonife rous. Similarly the Charters Towers 
Metamorphics have also been overprinted by homfelsing 
by the surrounding Ravenswood Batholith. As noted above, 
the deformation and accompanying regional 
metamorphism may have spanned the interval from about 
500 Ma to 460 Ma. 

Intra-prov)nce Relationships 
The relationships between the various metamorphic units 
are unknown, but they are probably part of the one terrane. 
As noted, parts of the Cape River Metamorphics and 
Argentine Metamorphics may be older. No boundary 
between potentially older and younger rocks in the Cape 
River Metamorphics has been mapped, as it is obscured 
by granites of the Fat Hen Creek Complex and Reedy 
Springs Batho lith. In the Argentine Metamorphics, a 
boundary between lower-grade and higher-grade, 
potentially older rocks, has been mapped, but its nature is 
uncertain. It appears to be transitional in places. 

Inter-province Relationships 
The Cape River Province is intruded by granites of the 
Ordovician Macrossan, Silurian-Oevonian Pama and 
Carboniferous- Permian Kennedy Provinces. It is overlain 
by sedimentary and volcanic rocks of the Burdekin Basin, 
and various Cainozoic deposits, including basalt. These 
younger provinces have dismembered the Cape River 
Province and obscured its relationships with the Thalanga 
Province, with which it is closest in age. The Cape River 
Metamorphics and rocks of the Thalanga Province are 
separated by a 15 Jan-wide belt of Cainozoic deposits. The 
nature of the contact is thus uncertain. The metamorphic 
grade in the Cape River Metamorphics increases eastwards 
towards the contact, whereas the Thalanga Province rocks 
are mainly metamorphosed in the greenschist facies. The 
isotopic ages for the Thalanga Province indicate that its 
deposition overlapped the metamorphism of the Cape 
River Metamorphics. The increase in grade also suggests 
that progress ively deeper parts of the Cape River 
Metamorphics are exposed towards tbe contact. Strong, 
mylonitic fabrics arc present in the Seventy Mile Range 
Group in rocks assigned to the Mount Windsor Volcanics 
to the southwest and northwest of Homestead, and these 
may be related to thrusting. The contact with the Cape 
River Metamorphics is likely to be tectonic. It may also 
be a thrust that may have formed in the mid Ordovician, 
possibly during cr03 in the Cape River Metamorphics and 
thD1 or th02 in the Thalanga Province. 

Barnard Province RJ Bultirude. PJT Donchak, 

J Domagala, J Knutson, P Wellman 

Extent/Distribution 
The Barnard Province crops out along the coast and on 
several islands in the lnnisfail area, in a belt between Tam 
O'Shanter Point and High Island (Plate 14.2). 

Geophysical Characteristics 
There are no major gravity or magnetic anomalies on the 
western margin of the Barnard Province with the 
Hodgkinson Province. The data imply that the crust across 
the boundary is simi lar in density and magnetic 
susceptibility. 
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Principal Geological Components 
The Barnard Metamorphics consist predominantly of 
phyllite, meta-arenite, quartzite, 'greenstone', schist and 
gneiss (see Chapter 7). The epidote-rich ' greenstone' lenses 
and layers may represent several discrete rock types, 
including metamorphosed hyaloclastite deposits, basic tuff, 
tuffaceous sedimentary rocks and thin basic Java flows. 
Other rock types recorded include migmatite, amphibolite 
(rare), metagabbro, metamorphosed ultramafic rocks 
(mainly serpentinite), and talc schist. A minor component 
of the province is the Babalangee Amphibolite, which crops 
out east ofBabinda. 

Ordovician granites that intrude metasedimentary rocks 
of the Barnard Metamorphics are described as part of the 
inter-regional Macrossan Province. 

Regional Variations 
The main regional variations are in metamorphic grade, 
as outlined below. 

Age 
Structural studies and the results of recent SHRIMP dating 
of two granites in the Barnard Metamorphics indicate the 
enclosing supracrustal rocks are older than early 
Ordovician, that is, the Barnard Metamorphics are 
significantly older than the adjacent Hodgkinson 
Forn1ation (most probably Devonian) and are probably 
significantly older than all the units in the Hodgkinson 
Province. It is likely that they correlate with the rocks of 
the Cape River Province (see above) and the Anakie 
Province (Withnall et al. 1995, 1996b ). 

The Babalangee Amphibo li te yielded a K-Ar age 
(corrected) of 642 Ma (Richards et al. 1966). The 
.significance of this age is uncertain. Richards et al. ( 1966) 
postulated the age was likely to be anomalously old 
because of the probable presence of extraneous argon. lt 
was not regarded as significant by other workers (e.g. de 
Keyser 1965). 

Tectonic Environment and Setting 
The available data are consistent with the interpretation 
of the Barnard Metamorphics as an uplifted basement 
assemblage on the southeastern margin of the Hodgkinson 
Province. The presence of anomalously high-grade rocks 
in the north and northeast implies the unit may consist of 
several discrete fault blocks. There is no evidence of large
scale strike-slip displacement on the Russeli- Mulgrave 
Shear Zone since at least the Early Permian. Granite of 
probable Early Permian age forming the Malbon 
Thompson Range (east of the shear zone) is similar 
mineralogically, texturally and chemically to Early Permian 
granite forming the Bellenden Ker Range (west of the shear 
zone). Instead, an east-block-up sense of shear is indicated 
at many localities west of the shear zone by kinematic 
indicators such as the orientations of porphyroclasts, 
stretching lineations, and S-C planes. The presence of 
metasedimentary rocks lithologically similar to the 
Hodgkinson Formation farther to the east (offshore), in 
the western part of the Queensland Plateau (Feary et a\. 
1993) also supports the hypothesis that movements on the 
shear zone have been mainJy vertical. 

Geochemistry/Petrogenesis 
Whole rock chemical data for the Barnard Metamorphics 
indicate a wide range of compositions from metabasite to 
quartzite, although much of the unit consists of relatively 
low-grade (greenschist facies) meta-arenite, phyllite, and 
biotite schist. The majority of samples analysed have Si02 

values between 60% and 75% and Al20 3 contents between 
12% and 20%. Ignoring metabasites and rocks with greater 
than 85% Si02, the average Si02 and Al20 3 contents are 
66.39% and 15.92% respectively. 

Chemical indices of alteration (CIA) for clastic rocks 
average 65 for the Barnard Metamorphics. These values 
indicate there was onJy limited weathering of the source 
rocks and derived sediments during transportation and the 
subsequent deposition. 

The average chemical composition of the clastic rocks of 
the Barnard Metamorphics is similar to that of average 
post-Archaean shale (Taylor & McLennan 1985) and, to a 
lesser degree, to that of the Sefton Metamorphics in the 
northern part ofthe Coen Region. Trace element ratios in 
particular (e.g. Th!Sc, Th/Co, Cr!fh and La!Sc) are similar 
to those for average post-Archaean shale and the Sefton 
Metamorphics. They reflect significant differences in 
average source rock compositions to those of the majority 
of the Proterozoic metamorphic units of the Coen, Yambo 
and Etheridge Regions. These differences are illustrated 
on La-Th-Sc and Th-Hf-Co triangular plots, where Th, 
Hf and La abundances largely reflect contributions from 
felsic source rocks, whereas Sc and Co abundances give 
an indication of the input from mafic source rocks (Bhatia 
& Crook 1986; Wronkiewicz& Condie 1989, 1990). Most 
of the Barnard Metamorphics plot in the field for 
Phanerozoic shales (Taylor & McLennan 1985) but in 
contrast to most of the North Queensland Proterozoic 
metamorphic rocks, trend towards mafic rather than felsic 
compositions. 

Bhatia & Crook ( 1986) used trace element abundances in 
greywackes from several eastern Australian Palaeozoic 
turbidite sequences to determine the provenance and 
tectonic setting of various suites. Using discriminators such 
as Th, U, Ba, Rb, Pb and Zr contents, and Zr!fh, Ni!Co 
and V/Ni ratios, most of the clastic rocks of the Barnard 
Metamorphics plot in the 'active continental margin 
(Andean type)' of Bhatia & Crook. Average values in the 
Barnard Metamorphics for Nb, Y, La and Ce tend to be 
higher that those listed for ' active continental margin' 
deposits, but are closer than to deposits of other tectonic 
settings. In contrast, values for Sc, V, Cr, Co, Ni, Cu and 
Zn are higher and correlate more closely with average 
values for island arc settings. 

It is concluded, therefore, that both felsic and mafic rocks 
were important contributors to the clastic sediments that 
make up the major part of the protolith for the Barnard 
Metamorphics. 

Metamorphic History 
The Barnard Metamorphics consist mainly of low-grade 
(greensch.ist facies) meta-arenite, phyllite and biotite schist 
(e.g. between Bramston Beach and Mourilyan Harbour), 
but high- (mainly middle to upper amphibolite) grade 
zones are present locally, commonly, but not exclusively, 
where there is a high proportion of Ordovician granite. 

lnterlayered mafic hornblende granulite (locally containing 
olivine) and cordieritc-sillimanite-bearing biotite gneiss 
crop out at the southern end of the Malbon Thompson 
Range. They are the highest-grade rocks in the Barnard 
Metamorphics and are separated from the lower grade part 
ofthe formation by extensive areas of alluvium and Early 
Permian granite. Consequently, the relationship between 
the two assemblages is unknown. The former may represent 
significantly older basement rocks that originated at a 
much greater depth in the crust. 
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Relatively high (upper amphibolite)-grade metamorphic 
rocks are also extensively developed in the Fran.kJand 
Islands. Granitic rocks form only a very minor component 
of the assemblage, implying the high-grade rocks may 
represent part of a regional metamorphic ?elt rath~r than 
a metamorphic aureole. The data are conSIStent wtth, but 
not necessari ly indicative of, the Frankland Islands, and 
also represent significantly older basement than the lower 
grade rocks of the formation. 

Structure/Deformation History 
The Barnard Metamorphics are multiply and complexly 
deformed. We have recognised three major, regional 
deformation events. Several other, possibly local, events 
have also been reported (Richards 1977; Jones 1978; 
Hammond et al. 1986), but are not discussed here. 

The first deformation (bD 1) produced a finely 
differentiated mylonitic fabric in the upper greenschist and 
higher-grade rocks (Hammond et al. 1986) and a bed
parallel slaty cleavage (bS1) in the lower- (greenschist) 
grade rocks. The well-developed gneissic layering in the 
high-grade rocks is also thought to have been produced 
during this deformation. 

The second major deformation event (b~2) to aff~ct the 
unit extensively transposed the bS 1 fabnc, prod~cmg an 
intense crenulation or schistosity. The S-type gramtes have 
a pervasive bS2 foliation. They are either pre- or syntec~o~ic 
intrusions, implying a maximum age of late Ordov1c1an 
(-460 Ma) for bD2• The isotopic data also in~i~ate bD, 
occurred either during or before the late Ordov1c1an. 

The third major deformation (bD3) to affect the unit 
produced widespread mesoscopic folds .and a s~eeply 
dipping to subvertical bS~ cleavage, part1cularl>: m. the 
lower-grade rocks. It is partacu_larly well developed m hig~
strain zones. ln contrast, bS3 IS only weakly developed m 
the relatively coarse-grained, high-grade gneissi~ roc~s of 
the Mission Beach area and Frankland Islands. It IS defmed 
by local new platy mineral (mainly mica) growth. 

The bS3 fo liation trends in a northwesterly direction north 
of the Barnard Islands, essentially parallel to what has been 
interpreted, mainly from geophysical d~ta, a~ a. major 
northwest-trending shear zone/basement d1scontmu1ty. The 
postulated shear zone separates the high-grade rocks of 
the Frankland Islands and adjacent mainland to the west 
from lower grade rocks to the south and southwest. Farther 
south, bS3 trends are more northerly, more or less parallel 
to the Russeii- Mulgrave Shear Zone. 

The b03 deformation was a relatively young event, 
producing a pervasive, steeply dipping, northwesterly
striking slaty c leavage in the adjacent H~dgkinson 
Formation and intensely deforming Early Perm1an ( -280-
285 Ma) g~nites of the Bellenden Ker Batholith. An eas.t
block-up sense of shear is inferred from kinematic 
indicators. Intensely tectonised granite in the Bramston 
Point area has a similar deformation fabric, but the 
orientations of the stretching lineation imply a significant 
sinistral shear component that may be related to the 
presence of a postulated major northwesterly-striking shear 
zone. 

The Babalangee Amphibolite ha~ also be~n affect~d by 
bD3• The fabric ranges from mass1ve to sch1stose. It IS cut 
by northwesterly-trending shear. zones and is c~mmonly 
extensively deformed and vanably recrystalhsed and 
retrogressed. 
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Intra-province Relationships 
As noted above, the high-grade metamorphic rocks in the 
Malbon Thompson Range and Frankland Islands n:aay 
represent significantly older bas~ment rocks wh1ch 
originated at a much greater depth m the crust than the 
lower-grade rocks of the Ba~ar~ t-1etamorphics. In ~s 
respect, the Barnard Province IS s1m1lar to the Cape R.iv~r 
Province where areas ofhigher-grnde rocks ofuncertam 
significa'nce are present. Furthermore, the Cape River 
Metamorphics also contain quartz-rich metasedimentary 
rocks of probable late Proterozoic or early Palaeozo~c age 
which may correlate with similar low-grade rocks m the 
Barnard Metamorphics. The massive, relatively uniform 
character of the Babalangee Amphibolite away from shear 
zones implies that it probably represents a basic intrusion 
(or several basic intrusions) emp~aced into the ~amard 
Metamorphics before the last maJOr metamorph1c event 
to affect the unit. 

Inter-province Relationships 
The Barnard Province is separated from the younger 
Ordovician to Devonian Hodgkinson Province by a major 
shear zone (the Russell-ty{ulgrave Shear Zone ofWillmott 
et at. 1988-essentially equivalent to the Etty Bay Shear 
Zone of de Keyser & Lucas 1968). It is int':'lded by early 
Ordovician S-type and 1-type gran1tes and. by 
Carboniferous-Permian granites of the Kennedy Provmce. 

Provenance of Proterozoic 
Metamorphic Rocks 
J Knutson 

Geochemical Controls of Sedimentary and 
Metamorphic Rocks 
As noted by Taylor & McLennan ( 1985), sedimentary 
processes can effectively produce representative samples 
of the exposed upper crust source rocks. Thus the 
geochemical composition of terrigenous sediments can. be 
used to assess the provenance of the source matenal. 
However, the use of geochemical trends !n assessing the 
provenance of sedimentary (and metased~mentary) r~cks 
is complicated by possible changes dunng weathenng, 
transport, sedimentation and diagenesis, and also the 
subsequent metamorphism. 

The main effects of these processes have been documented 
by Taylor & McLennan ( 1985), and wh~n identifi~d can 
give further information on the geologacal evolutt~n of 
sediments and their precursors. For example Nesbitt & 
Young ( 1982) formulated a chemical index of alteration: 

(CIA= [AI20 3 / (Ah03 + CaO + Na20 + K20)) x 100) 

that allows an assessment of source rock or subsequent 
weathering. Thus it is a reasonable assumption that rocks 
with low CIA values are derived from sources that have 
undergone minimum weathering. From ~his it can. be 
interpreted that as there has been only mmor chem1cal 
weathering relative to mechanical erosion, the source area 
was likely to be tectonically active and close. 

Sedimentary processes, including transport and deposi~i?n, 
are other major controls on the geochemical compos1t10n 
of sedimentary rocks. Sedime~tary fractio.nation is l~rgely 
controlled by grain size, wh1ch .m tum IS a funct1<?n of 
source rock erosion type (chem1cal versus mechamcal), 
transportadon and sedimentary .environment. Coar~e
grained sediments tend to be dommated by quartz, wh1ch 
has very low rare-earth element (REE) values (McLennan 
1989; Cullers & Stone 1991 ). In quartz-rich sedime~ts ~e 
effect of quartz dilution results in an overall depletion an 
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all elements other than silica. The effects of sedimentary 
fractionation are illustrated in plots of Si02 versus Al20 3 
(Plate 14.3), where the linear arrays typical of sedimentary 
rocks reflect varying inputs of quartz- and clay-rich 
precursors (Argast & Donnelly 1987; Slack & Stevens 
1994). As noted by Cullers ( 1995), the mineralogy and 
geochemistry of near-source arkosic sandstones are more 
variable than associated shales and siltstones. Generally, 
fine-grained sediments such as mudstones and siltstones 
more closely represent homogenised samples of their 
source material. 

Studies on the controls of major- and trace-element 
distribution in sedimentary and metasedimentary rocks 
have identified that source-rock composition is most 
accurately reflected by those elements that are largely 
immobile and refractory, such as REE (e.g. La, Ce), the 
high-field strength elements (HFSE- Y, Zr, Ti, Nb, Ta, 
Th, Sc), Cr and Co (Taylor & McLennan 1985; Bhatia 
1985; Cullers et al. 1988, Cullers 1995). The possible 
mobility of elements during diagenesis and metamorphism 
is a major concern in interpreting the chemistry of 
metasedimentary and meta-igneous rocks. Although it is 
generally recognised that the elements mentioned above 
are relatively immobile during diagenesis and 
metamorphism, at least up to granulite facies (Taylor & 
McLennan 1985; McLennan 1989), Grauch (1989), in a 
review of REE in metamorphic rocks, cautioned that the 
question of REE mobility during metamorphism is yet to 
be fully resolved and needs further investigation. 

Ideally, in attempting to determine the provenance of a 
sedimentary sequence, fine-grained material would be 
preferentially sampled. In the present study this has been 
complicated by the primary sedimentary textures having 
been mostly reconstituted by medium- to high-temperature 
metamorphism, up to granulite grade in some areas. 

Summary of Main Geochemical Characteristics 
Chemical index of alteration (CIA) values for the North 
Queensland Proterozoic metasedimentary rocks indicate 
some variation in source-rock weathering and/or 
subsequent weathering during sediment transportation. The 
relatively low CIA values of the Yambo, and Coen 
Metamorphic Groups and the Dargalong Metamorphics 
metasediments are consistent with minimal weathering of 
granitic or metagranitic source rocks and rapid deposition. 
In contrast, higher CIA values in the Etheridge Group, 
McDevitt Metamorphics and Holroyd Group indicate a 
greater degree of source weathering (or derivation from 
second-cycle rocks), and/or slower deposition. This could 
be interpreted as reflecting deposition during a less 
tectonically active period. Equally, it may reflect more 
distal sedimentation, or both. The greater number of 
samples available from the Etheridge Group show that 
there are significant fluctuations in CIA values throughout 
the sequence, indicating some major difference in source 
material and/or sedimentary environment through time. 

Some degree of weathering of the source rocks of the North 
Queensland metasedimentary rocks is also indicated by 
the positive correlations between Al20 3 versus K20 and 
Ah03 versusTi02 (Plate 14.3), resulting from the retention 
of these elements during the weathering process (Feng & 
Kerrich 1990). 

Similarly, plots of MgO versus Si02, Ti02 versus Al20 3 
and V versus Al20 3 clearly reflect the contrasting trends 
of the meta-igneous and metasedimentary rocks of the 
various metamorphic units. In addition, the overall higher 
mafic component of the Sefton Metamorphics is clearly 
demonstrated by the presence of significantly higher MgO, 

Ti02 (as well as FeO(ootaJ), Cr, Ni and Sc) contents, indicating 
a greater proportion of mafic rocks in its source. 

Different trends for metasedimentary and meta-igneous 
rocks are also evident in REE spidergrams. Plots for 
metasedimentary rocks, particularly those from the Sefton 
Metamorphics and Coen Metamorphic Group, closely 
resemble those of post-Archaean average Australian Shale 
(Taylor & McLennan 1985). They contrast with plots for 
the meta-igneous rocks, which reflect igneous and possibly 
metasomatic processes (see Chapter 4). 

The 1-type Proterozoic ( -1585 Ma) metagranites are 
particularly common in the Yambo Subprovince, where 
they represent a significant part of the metamorphic 
sequence. Geochemically they are mostly granodiorites, 
and have broadly similar trace element patterns to the 
Kalkadoon Granodiorite at Mount lsa (Figure 4.6; Wyborn 
1988). Most samples are Sr-depleted and Y-undepleted, 
suggesting plagioclase-bearing source regions (Wyborn 
et al. 1992). One exception is a meta-granodiorite from 
the Yambo Inlier, which has REE patterns indicating either 
garnet in the source or garnet fractionation. 

The metasedimentary sequences of North Queensland are 
dominated by quartzo-feldspathic rocks with geochemical 
characteristics indicating their derivation from 
predominantly felsic source terrains. This is illustrated in 
Th- Hf-Co and La- Th- Sc (Plate 14.3) triangular diagrams 
which show, with the exception of Iron Range Province 
Sefton Metamorphics and the Barnard Province Barnard 
Metamorphics, that all units trend towards average granite 
compositions (and in particular A-type granite - Slack 
& Stevens 1994) and away from those for tonalite and 
basalt (Wronkiewicz & Condie 1989). This is further 
confirmed inAI20 3- CaO + Na20 - K30 diagrams, where 
plots for metagranitic rocks fall towards an average tonalite 
composition (Wronkiewicz & Condie 1989) whereas those 
for metasediments are more closely aligned with an 
average granite composition (Plate 14.3). 

The importance of granitic source rocks is also indicated 
when primordial mantle-normalised spider diagrams for 
Australian Proterozoic granitic rocks (Wyborn et al. 1987; 
Zhao & McCulloch 1995) are compared with those for 
the North Queensland metasediments. Trace element 
trends, such as high Rb, Zr, La, Ce, Th and U, are similar 
to those of the 1880- 1840 Ma igneous suite that was 
emplaced in the latter part of the Barramundi Orogeny, 
represented in the Mount Isa area by the Kalkadoon 
Granodiorite and Leichhardt Volcanics (Wyborn 1988). 
This is consistent with these or similar rocks being an 
important source for the Proterozoic metasedimentary 
rocks of North Queensland. 

Supporting this are similar neodymium model ages (ToM) 
for the Etheridge Group, the McDevitt Metamorphics and 
the Mount lsa Barramundi association granitic rocks, as 
well as the presence of 1800-1900 Ma inherited zircons 
in these Proterozoic metasedimentary rocks and the 
Palaeozoic S-type granites examined during this study. 

The meta-igneous and metasedimentary rocks plot across 
the 1-type and S-type unfractionated granite and A-type 
granite fields on Fe0c1o1a1fMgO versus Zr- Nb-Ce- Y 
diagrams (Whalen et al. 1987). The metagranitic rocks 
are granodioritic to tonalitic in composition and largely 
unfractionated, and have many of the chemical 
characteristics of the anorogenic granites of the Mount 
lsa Inlier (Wyborn & Page 1983). With the exception of 
the Sefton Metamorphics, the metasediments are largely 
concentrated in the Zr-Nb-Ce-Y-enriched granite field, 
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although most likely. th1s IS at least partly the result of 
sedimentary fractionation processes However. it ma} also 
reflect the dommancc of Palaeopwterozoic anorogcmc 
granite as source rocks. 

Apart from the Ethendge and the Iron Range Provmces. 
calc silicate and graphitic rocks are rare or absent in the 
ProterozoiC '\onh Queensland metasedimentary 
sequences. The abundance of calcite-rich calc- silicate 
rocks in the Forsayth SubprO\ ince of the Etheridge 
Province is similar to parts of the \ltount lsa lnlier. as is 
the presence of possible evaporitic units now represented 
by scapolite-bearing assemblages. In contrast. the calc
silicate rocks in the Iron Range Province are typified by 
dolomite-rich assemblages. Possible evaporitic sequences 
have not been observed. 

Although amphibolites and metadolerites make up an 
important part of the stratigraphic sequence throughout 

orth Queensland, such rocks have been only minor 
contributors to the sedimentary pile. With the exception 
of the Croydon Volcanic!> (-1500 Ma) and some possible 
tuffaceous units in the Etheridge Group, felsic volcanic 
rocks have not been positively identified in any of the 
ProteroLoic metasedimentary units m 'Jorth Queensland. 
However. such rocks may have contributed as source rocks 
for the Palal!oproterozoic sediments. 

The Proterozoic North Queensland amphibolite:.. 
mctadolerites and metabasalts arc geochcmically similar 
to the intraplate tholeiitic rocks of Greenland. Baffin Island 
and U1e Karoo basalts and dolerites ( Withnall 1985a). Such 
composi Lions are derived from large-scaJe melting at high 
temperatures (-1400"C) and pressures (-15- 25 kb) in an 
intraplate setting, where their presence is commonly 
attributed to the upwelling of deep mantle plumes, with 
associated thinning of the lithosphere. continental rifting. 
and the underplating of mafic material. These mafic meta
igneous rocks form dykes. sills and/or flows associated 
with thick sequences of largely shallow-water sediments 
which arc consistent with an extensional tectonic regime. 
They are characterised by lmv Ti02• Al203, Zr, Nb. Th, Sr 
and Ba contents. In a study of the mafic Proterozoic rocks 
of the Georgetown Region, Withnall ( 1985a) noted U1ey 
had geochemical similarities to some Proterozoic mafic 
rock suites from the Mount Isa and Pine Creek areas. 

Sm-Nd Isotope Characteristics 
Neodymium depleted mantle model ages (TDM) allow an 
assessment of the average crustal residence time of source 
material of any particular sample. It i!> based on the 
assumption that the major chemical fractionation of Sm 
and 1 d occurs during differentiation of material from the 
depleted mantle and its incorporation into the crust (e.g. 
McCulloch 1987: Jahn & Condie 1995). For sedimentary 
rocks and crustally-derived igneous rocks, the initial ENd 
(ENd,) value at the geological age of the sample (T g) is 
likely to be the re:.ult of mixing material derived from 
different sources, and thus gives an estimate of average 
source age rather than age of deposition. 

In calculallng '\Jd T1l" we have followed the accepted 
practice (.lahn & Condie 1995) of assuming mantle 
depletion began at 4 .56 Ga. followed by a linear increase 
of iniual ENd value to -I 0 for the present-day depleted 
upper mantle [ 143 NcL 144Nd = 0.51316 relati\ e to a CHUR 
(Chondri tic Unifom1 Reservoir) value of 0.512653]. For 
Proterozoic rocks with l47Sm 14-1-Nd = 0.11 (common 
for felsic rocks). T 0 ,1 thus calculated is generally 200 Ma 
older than the T D\1 calculated following IvlcCulloch { 1987 ), 
which assumes mantle depletion began at2.75 Ga. 
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Calculated initial ENd; values are based on U- Pb zircon 
dates, and estimates from dates for similar rocks in the 
region, as well as~eological inferences. For samples with 
'normal' 147Sm/1 Nd (009-0.12) an error of 100 Ma in 
age estimate will result in a - 1.0 ENd unit shift, that is, -4 
at 1850 Ma becomes -5 at 1750 Ma, parallel to the linear 
Archaean crust evolution. The error does not affect our 
main conclusions. 

A two-stage model age calculation has been carried out to 
more accurately accommodate samples with large 
deviation of 147Sm/144/Nd <0.09 and > 0.13. For the first 
stage, the Nd isotope evolution trajectory of the measured 
147Sm/144Nd is calculated to the geological age of the 
sample. For the second stage (from the geological age to 
ToM) the commonly observed value of 0.11 is assigned. 
This apgroach is especially successful for granites in which 
high Sm/144Nd ratios result from extensive crystal 
fractionation of LRE-enriched minerals from cogenetic 
~ranites with similar initial ENd values and normal 147Sm/ 

44Nd ( -0. 11 ). In all instances T DM values discussed here 
have been calculated using a two-stage model. 

Sm-Nd isotopic data used in conjunction with geological 
and chronological constraints provide information critical 
to petrogenetic and crustal evolutionary models. Limited 
data indicate varying source-rock ages throughout North 
Queensland, although firm conclusions are tenuous due 
to the limited number of samples. 

Metasediment T DM ages range from 2582-2547 Ma for the 
Etheridge Group; 2541 Ma for the McDevitt 
Metamorphics; 2436-2232 Ma for the Holroyd Group; and 
2226-2054 Ma for the Sefton Metamorphics. Meta
granitic ToM ages range 2344--2136 Ma for the Yambo 
Metamorphic Group, 2109 for the Newberry Metamorphic 
Group, and 2288-2061 for the Coen Metamorphic Group 
(Figure 14.2). Predicably the meta-granitic rocks mostly 
have lower values than the metasedimentary rocks. It is 
noted, however, that the Holroyd Group and Sefton 
Metamorphics metasedimentary rocks have significantly 
lower T DM ages than the Etheridge Group and McDevitt 
Metamorphics metasedimentary rocks, indicating they are 
derived from some younger material. Holroyd Group 
metasedimentary rocks have intermediate values to the 
Yambo, Coen and Newberry Metamorphic Groups meta
granitic rocks, whereas the Sefton Metamorphics 
metasedimentary rocks have a largely similar range to the 
Holroyd Group (Figure 14.3). Overall the North 
Queensland ToM ages are similar to other north Australian 
Palaeoproterozoic rocks (Black & McCulloch 1984; 
McCulloch 1987), and are consistent with varying inputs 
ofNeoarchaean, Palaeoproterozoic and younger material. 

The range in T DM ages for the Etheridge Group is only 
35 Ma, a consistent with their being mature, well 
homogenised sediments and/or derived from sources with 
a limited age range. This contrasts with ranges of208 Ma 
for the Yambo Metamorphic Group metagranitic rocks 
(both l-types and S-types), 227 Ma for the Coen 
Metamorphic Group metagranites (probably !-type), 
204 Ma for the Holroyd Group metasediments and 172 Ma 
for the Sefton Metamorphics metasediments. The general 
trend of an increase in the range ofT DM ages in younger 
rocks is consistent with trends observed by Jahn & Condie 
(1995) in the Kaapvaal Craton pelites. 

The Cobbold Metadolerite in the Etheridge Province has 
eNd; values as low as-5.9, significantly lower than values 
of about +2 to +5 that are typical of mantle-derived basalt. 
These values contrast with ENdi values of+ 3.2 to +4.8 for 
other metabasites (amphibolite, mafic granulite and 

dolerite) in the Etheridge Group, Yambo Metamorphic 
Group and McDevitt Metamorphics. The range off oM ages 
for the Etheridge Group Cobbold Metadolerite gives an 
insight into the Etheridge Province lower crustal rocks. 
Depleted model ages range from 1815 Ma to 2594 Ma, 
with the youngest ToM age being associated with the least 
evolved chemical compositions. This indicates that in some 
instances the Cobbold Metadolerite has been strongly 
contaminated by crustal material with an average T DM of 
greater than 2594 Ma. Similar material could have been 
the source for the Etheridge Group metasediments with 
T DM 2582-2547 Ma, and points to the possible presence 
of Neoarchaean basement to the Georgetown Region. 
Alternatively, the Palaeoproterozoic basement of the 
Georgetown Region has received a major contribution from 
neighbouring Archaean terrain(s), probably through crustal 
recycling. Such material could also have been a source of 
the metasediments throughout North Queensland, along 
with increasing additions of younger rocks to the north 
and east. 

To acquire ToM ages of >2500 Ma, the Etheridge Group 
and McDevitt Metamorphics metasedimentary rocks 
require sources of this age or older. At present no such 
rocks outcrop in the area, suggesting sources some distance 
away (e.g. Mount Isa), or a local source which no longer 
crops out. Younger T DM ages in the metasediments of the 
Holroyd Group, Coen Metamorphic Group and Sefton 
Metamorphics allow the possibi I ity of the Etheridge Group 
and McDevitt Metamorphics metasediments as well as 
Georgetown Region Palaeoproterozoic granitic rocks being 
potential sources for these units. 

Metamorphic (and igneous) ToM trends a llow an 
assessment of variations in crustal and mantle sources 
throughout North Queensland. There are significant intra
and inter-regional variations in chemical and isotopic 
compositions, indicating there is considerable 
heterogeneity in the source rocks for both granitic and 
metasedimentary rocks. It is apparent that increasingly 
young material is being sourced to the north and, in 
particular, to the east (Figure 14.4). This trend is well
illustrated by the Carboniferous-Permian Kennedy 
Province igneous rocks, which show a largely consistent 
decrease in ToM from values of up to 1948 in the west 
(Galloway Volcanics) to as young as 1019 (Bartle Frere 
granite) in the east. 

The northward decrease in T DM is also reflected in 
inheritance zircon U-Pb (SHRlMP) trends. Excluding rare, 
possibly tuffaceous, units in the Etheridge Group, there is 
an apparent northward decrease in minimum inheritance 
ages (in metasedimentary, metagranitic and granitic rocks) 
from the Etheridge Group(-1770-2700 Ma), Yambo 
Metamorphic Group(-1640-2700 Ma), Newberry 
Metamorphic Group(- 1600-2700 Ma), Holroyd 
Group(-1590-3300 Ma), Coen Metamorphic Group 
(-1200-2600 Ma), to Sefton Metamorphics(-1150-
2700 Ma). A comparison of age patterns of the zircon 
inheritance indicates that the metamorphic units studied 
in North Queensland contain elements that could have been 
derived from the Mount lsa Inlier, or a similar sequence. 
Inheritance ages of approximately 1600-1650 Ma, 1700-
1770 Ma and 1850-1900 Ma all correspond closely to the 
major Proterozoic tectonostratigraphic cycles of the Mount 
Jsa Inlier and the associated intrusion of granitic batholiths. 

In summary, the Proterozoic metasedimentary rocks of 
North Queensland have older Nd ToM model ages than 
coexisting metagranite. This can be interpreted in terms 
of crustal growth by lateral accretion of material that has 
undergone a large amount of recycling or magma 
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underplating. For the Forsayth SubprO\ ince, Black & 
McCulloch ( 1990) proposed. based on data available at 
that time, a model of successive magmatiC underplating 
of a composite older crust at 1550, 420 and 300 Ma. 
Extensive sedimentary rocks of approximately 1600 Ma 
were derived from exposed highlands of about 2000-
2500 Ma crust. However. no specific model was proposed 
as to how thts predominantly Palaeoprotero.!Oic c':lst was 
formed in the first place. Magmatic underplatmg and 
foldmg at 1550 Ma ~le\·ated tempe~tures suff!cientl} to 
generateS-type gramtes from the sedimentary p1le. Coe\al 
1-type magmas formed deepe~ m the crust from a mlxt.ure 
of the underplated matenal and the pre-ex1sttng 
(dominantly Proterozoic) crust. The y~unging T t>~1 trend 
observed m Proterozoic and Palaeozotc metasediments. 
and S-type and 1-type granites in North Queensland. ts 
consistent with this model. 

On the basis of inherited nrcon age populations in the 
Proterozoic North Queensland metasediments in eastern 
t'-iorth Queensland there ts l1ttle e\ tdence that a large pan 
of the pre-existing crust formed dunn~ the 1850 Ma 
Barramundi Orogeny. whtch was such an Important event 
in the neighbouring Mount lsa lnhcr and ot_her parts ?f 
northern Australia and whtch may have been tmportant tn 
western 1 orth Queensland (sec Kowanyama Prormcl! 
above). 

Summary of Metamorphism in the 
Proterozoic Rocks J Knur.wm 
The Georgetovm and Coen Regions have broadly similar 
styles or metamorphism 111 which the pelitic rocks preserve 
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exc\!llent C\ idence vf )ow pressure. prograde 
metamorphism of andalusite s1llimanih! t)pe. H_owe\·er. 
compared \\.'ith the Coen Reg1on. the metamorphic rocJ...s 
of the Georgetown Regwn arc charactensed by an 
abundance of calcareous units (With nail 19841. 

Metamorphic grade in the Coen Region ranges from low
pressure type metamorphism in the b1otitc grade of the 
greenschist facies through to the hornblende granulite 
subfacics of the granulite facies. Then! arc overall trend:; 
;nd1cat1ng that ;tletamorphic grade mcrea~es from the 
southwest to northeast, from the llolroyd Group through 
the Coen Metamorphic Group to the granulite rocks of 
the \.ewbcrry Metamorphic Group. "!"he highest ~rades 
arc mostly adjacent to the Palaeo?otc (ape York _Pem.nsula 
13atholith ( CYPB) (see Chapter 4 ). MetamorphiC mmcral 
assemblages mdicate the Coen Me!,amorphtc. <;iroup 
attained temperatures of up to 650 ( and mtmmum 
pressures of 2- 3 kb. The 1sograd'i defining _met_am.orp~ic 
facies do not necessarily parallel the batholtth, mdtcatmg 
the maJor control was a regional rather than a contact 
thermal event. The scarcity ofhomfels suggests th~ CX'PB 
was emplaced into a high temperature amph1bohte 
grcmuhte facies terrain. 

S1mtlarly. regional trend.s suggest the metamorp~ic rocks 
do not represenr a contmuous prograde sequence tntruded 
by the CYPB. P- T - t paths indicate that the Holroyd Group 
and Coco Metamorphic Group metamorphic rocks evohed 
separately from those of the Newberry Metamorphic 
Group. The presence of corroded garnet~ surro~nded _ by 
plagioclase in the latter arc consistent wtth uphft dunng 
metamorphism (clockwise P T t path - where the 
pressure max imum are attatned before th_e thermal 
maximum). Clochvise P T - t paths hnve been mterpreted 
as tndicating that the metamorphism is a direct 
consequence of deformation and typ1cal of area_s where 
plate convergence and collision hav? produced a th1ck crust 
and moderate to high pressures \\ 1th a them1al overpnnt 
(Cngland & Thompson 1984: Collins & Vernon 1991). 

In contrast the Holroyd Group shows reasonable evidence 
of having cooled into the kyanite stability field to! lo,~ing 

lower pressure peak metamorphism 111 the andalus1t~ f1eld 
(anticlockwise P T- t path where thermal maxJJnum 
was attained before the pressure maxtmum). There are a 
number of Interpretations for anttclock\\ ise P- T -t paths 
associated '' ith high-temperature, low-pressure 
metamorphism. Lttx et al. ( 1986) and \1iller & Gans ~ 1989) 
sugge~ted that such conditions are consistent wnh the 
production of granite magmas tn response to crustal 
th1ckenmg. and subsequent ad\'ectivc heat transfer to 
higher crustal levels dunng granite emplacement. In 
contra.st. Bohlen ( 1987) suggested that anticlockwise P 
T t paths could indicate the ad?itton of ~n?erp lated 
magma at the base of the crust or mto pre-extstmg crust. 

A combination of the above models can also be used to 
explain an anticlock\\ ise r 1 1 path. ~nd could be a 
possible model fo~ ~onh Queensla~d as 1t also allows f~r 
the dose juxtapoSition of a clock wtse P- T - t path. ln thts 
model lower crustal granitic melts. initiated by the infl_ux 
of hot mantle-deri\ed magma tnto the lowercrust. nse 
into the upper crust. Denser material. i~ the\ ICtnltx of the 
rismg granite sinks to replace nand 1l1s thiS matenal_that 
cxhibit~ an anticloch\ ise P T t path At the same t1me. 
matenal immediately adjacent to the rising granite may 
be dragged upwards and would exhibit a clockwise P- T
t path (Warren & Ellis 1996). 

The George tO\\ n Region is also characterised by 
metamorphic grades ranging from grcensch1Sl 10 the 
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southeast to granulite facies in the northeast. Granulite 
facies rocks are present in a belt to the northeast and 
southeast of Einasleigh where the highest grade pelitic 
rocks are characterised by the assemblage garnet
cordierite-sillimanite-K feldspar. Recent work by 
Mundondo ( 1994) reports that the grade drops off very 
rapidly to the east of this area. Mafic rocks range up to 
hornblende granulite and orthopyroxene+ clinopyroxene 
granulite facies. 

The present study has not positively identified whether 
metamorphism in the Georgetown Region underwent a 
clockwise or anticlockwise P-T -t path, due to either the 
absence of diagnostic relic inclusions or later retrograde 
overprinting features (e.g. anda lusite to sillimanite 
prograde metamorphism overprinted by higher pressure, 
lower temperature kyanite-bearing shear zones). A regional 
temperature variation of over 200°C can be inferred (ca. 
500-700°C) based on the presence of lower grade slates 
with chloritoid and chlorite-muscovite through to 
migmatites at hjghest grade. This temperature increase 
appears to be at pressures of no more than 3 kb, and 
probably closer to 2 kb, indicating anomalously high heat 
flow during regional metamorphjsm (based on PH

2
o = Ptoad). 

There is only limited evidence of contact metamorphism 
associated with grarute intrusion. Narrow contact aureoles, 
mostly of fine-grained andalusite hornfels, are found 
adjacent to some of the Georgetown Region Proterozoic 
granites. They have not been observed adjacent to the 
Silurian-Devonian granites, consistent with their intrusion 
during a period of higher heat flow or at deeper crustal 
levels where the thermal difference was not great (Withnall 
1984). In contrast, contact aureoles up to 500 m wide are 
associated with the high-level late Palaeozoic Kennedy 
Province (TMIB) intrusive rocks. 

Early to Mid Palaeozoic 
Metamorphic Provinces 
Thalanga Province LJ Hutton, IW Wirhnall 

Extent/Distribution 
Late Cambrian to early Ordovician volcanics and 
volcanogenic sediments assigned to the Thalanga Province 
occur in two belts. The main belt occurs to the south of the 
Ravenswood Batholith where more than 12 km of east
west-trending meta-sedimentary rocks, felsic and mafic 
to intermediate volcanics make up the Seventy Mile Range 
Group. Early Palaeozoic meta-igneous and 
metasedimentary rocks that occur in the eastern part of 
the Georgetown Region, the Balcooma Metavolcanics and 
Lucky Creek Metamorphic Group (Withnall 1989b; 
Withnall et al. 199 I, 1996a; Withnall & Grimes I 995; 
Huston 1990) are also regarded as part of the Thalanga 
Province. The distribution of the Thalanga Province is 
shown in Plate 14.2. 

No extensions crop out to the north, but isotopic evidence 
suggests that some granites in the Hodgkinson Province 
were melted from early Palaeozoic volcanic rocks 
(Bultitude & Champion 1993; see also Chapter 7). These 
may have been a continuation of the Thalanga Province. 

Principal Geological Components 
The Seventy Mile Range Group (Henderson 1983; I 986; 
Beams & Hartley 1990; Berry et al. 1992) comprises a 
sequence of Late Cambrian to early Ordovician litruc and 
volcanilithic sandstone, siltstone, acid and basic to 
intermediate pyroclastic deposits and flows which crops 
out in an east-west belt across the southern margin of the 

Ravenswood Batholith. More than 14 km of sedimentary 
and volcanic rocks crop out in the sequence (Henderson 
1986). Four formations are defined from the Seventy Mile 
Range Group: a basal fine- to medium-grained meta
sedimentary sequence (Puddler Creek Formation) overlain 
by felsic volcanics (Mount Windsor Volcanics), basic to 
intermediate volcanics and epiclastic sediments (Trooper 
Creek Formation) capped by a fine- to medium-grained 
sandstone and shale sequence (Rollston Range Formation). 
Volcanic units comprise a series of overlapping volcanic 
centres, each with its own facies distribution, making for 
complex lithological associations. The volcanics were 
subaqueous, as evidenced by the presence ofhyaloclastite 
and quench-fragmented deposits (Stolz 1995). Similarly, 
the sedimentary rocks are considered to be deposited in 
deep water (Henderson 1986). 

The Balcooma Metavolcanics are a sequence of rhyolitic 
metavolcanics (volcaniclastics and possibly lava), 
metasediments (mica schist and quartzite), and minor 
mafic volcaniclastics and lava. Metadolerite sills and the 
Ringwood Park Microgranite, which may be comagmatic 
with some of the rhyoJite, intrude the sequence. These rocks 
are considered equivalent to the Seventy Mile Range 
Group. 

To the east, the Balcooma Metavolcanics are separated by 
the Silurian Dido Tonalite from the Lucky Metamorphic 
Group that contains, from west to east, Lugano 
Metamorphics, Eland Metavolcanics and Paddys Creek 
Phyllite. The Lugano Metamorphics consist of biotite 
leucogneiss, quartzite, amphibolite, and minor marble. The 
leucogneiss and quartzite may have been feldspathic 
arenite, shale and tuff. Some of the amphibolite was clearly 
basaltic Java, but some is strongly layered and may have 
been para-amphibolite or mafic tuff. The unit was intruded 
by the strongly deformed Cockie Springs Tonalite. The 
Eland Metavolcanics are a sequence of metamorphosed 
andesitic to basaltic volcaniclastic rocks, but also include 
minor marble and metachert. The Paddys Creek Phyllite 
is predominantly phyllite and commonly has a mylonitic 
foliation. It is faulted against the Halls Reward 
Metamo rphics along the Nickel Mine Fault. The 
relationships between each of these units is uncertain, 
although the Paddys Creek Phyllite interfingers with and 
may overlie the Eland Metavolcanics. 

Age 
Henderson ( 1983, 1986) described graptolite and trilobite 
faunas from the Seventy Mile Range Group. The upper 
formations (Trooper Creek Formation and Rollston Range 
Formation) are early Ordovician (Lancefieldian to 
Chewtonian). The Puddler Creek Formation is reported to 
conformably underlie the Mount Windsor Volcanics, but 
its age is uncertain (see below). A U-Pb SHRIMP date of 
479 ± 5 Ma on the Mount Windsor Volcanics from 
Thalanga (unpublished data),_although conflicting slightly 
with the palaeontological evidence, indicates that they too 
are early Ordovician (Chewtonian to Bendigonian). 

U- Pb SHRJMP dating of zircon from the Balcooma 
Metavolcanics has frielded two ages: a 206Pb/238U age of 
4 71 ± 4 Ma, and a 20 Pbf206Pb age of 507 ± 22 Ma (Withnall 
et al. 199 I). The younger age is in reasonable accord with 
a correlation with the Seventy Mile Range Group. 

The Lucky Creek Metamorphic Group has not been dated. 
It has been assigned its tentative early Palaeozoic age on 
the basis oflithological similarities of the protoliths of the 
Eland Metavolcanics to parts of the Seventy Mile Range 
Group and some units within the Broken River Province. 
Thus it could be early Ordovician like the Seventy Mile 

469 



C H A PTER FOUR T EEN Review of G coloaicol Basins and Provinces 

Range Group, or late Ordovician like the Carriers Well 
Formation in the Broken River Province. It is possible that 
the Lugano Metamorphics are Proterozoic. They show 
some lithological similarities to parts of the Einasleigh 
Metamorphics in the Etheridge Province, and metamorphic 
rocks in the Cape River Province. 

Geophysical Characteristics 
Throughout much of its length, the Seventy Mile Range 
Group is co-incident with a gravity ridge, the Cape River 
Gravity Ridge of Murray et a!. ( 1989). This gravity ridge 
may simply reflect density contrast between the volcanics 
and metamorphics and the granites of the Batholith, or 
may represent a wedge of denser material underlying the 
Seventy Mile Range Group. 

Tectonic Environment and Setting 
The Seventy Mile Range Group is considered to have been 
formed in a back-arc extensional setting related to a Late 
Cambrian to early Ordovician west dipping subduction 
zone (Henderson 1986; Berry et al. 1992; Stolz 1995). This 
interpretation requires rotation of the entir.e belt through 
about 90° to its present orientation. The cause of this 
rotation is problematical. Henderson ( 1986) suggests that 
the rotation is caused by intrusion of the Ravenswood 
Batholith, while Stolz ( 1995) suggests that originally, the 
arc may have been oriented southwest-northeast, parallel 
to the Diamantina River Lineament, which is postulated 
to be the edge of the craton in the Cambrian. 

Recent studies in th.e Anakie Inlier to the south of the 
Seventy Mile Range Group (Withnall et al. 1995) have 
indicated that the Anakie Metamorphic Group may be 
Neoproterozoic to Early Cambrian. 0 2 muscovite in the 
Anakie Metamorphic Group has yielded several K -Ar ages 
of -500 Ma, probably forming during the Delamerian 
Orogeny (Withnall et al. 1996b ). These data suggest that 
the Anakie Metamorphic Group is older than the Seventy 
Mile Range Group and that continental crust existed to 
the south during the formation of the latter. Any subduction 
zone oriented southwest-northeast would therefore be 
between two continental blocks. Similarly, any rotation 
must have taken place in an intra-continental setting, an 
unlikely scenario given the low metamorphic grade and 
mild deformation in the Seventy Mile Range Group. 
Perhaps the rotation took place due to faulting, with 
movement occurring along "faults that bound the Lolworth
Ravenswood Batholiths and causing minimal internal 
disruption. Alternatively, the Seventy Mile Range Group 
may have formed at the site of an older intra-continental 
rift that closed in the Late Cambrian, resulting in subduction 
of intra-rift oceanic crust and creation of a back-arc basin. 
The rocks in the Balcooma-Lucky Creek belt may 
represent a northern extension of the subduction zone. 

Regional Variations 
As discussed below, the rocks in the eastern part of the 
Georgetown Region are more strongly deformed and 
metamorphosed than the Seventy Mile Range Group. 

Geochemistry/Petrogenesis 
Stolz (1995) recognised two major chemical groups in the 
Seventy Mile Range Group: (a) probable intraplate basalt 
to andesite in the upper Puddler Creek Formation; and (b) 
basalt to rhyolite in the Mount Windsor Volcanics, Trooper 
Creek Formation, and dykes in the lower Seventy Mile 
Range Group, all of which are all regarded as subduction 
related. 

Andesite in the Puddler Creek Formation is characterised 
by high Ti02, P20 5, Nb, Zr and Th, which are typical of 
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intraplate volcanics (Stolz 1995). They plot as 
trachyandesite on the Zr!Ti02 versus Nb/Y plot, despite 
having low alkali contents. Basaltic rocks from theAnakie 
Metamorphic Group in the Anakie Province and the 
Argentine Metamorphics in the Cape River Province also 
have similar enrichment (Withnall et at. 1995; Withnall & 
McLennan 1991) and are probably intraplate magmas. The 
similar chemistry of the mafic volcanics, as well as similar 
rock types in the Puddler Creek Formation and late 
Neoproterozoic to Early Cambrian Anakie Metamorphic 
Group, raises the possibility that the Puddler Creek 
Formation is a correlative of the Anakie Metamorphic 
Group. This would require the Puddler Creek Formation 
to be Early Cambrian or older and possibly correlative 
with the Cape River Metamorphics, rather than Late 
Cambrian or early Ordovician ; it might thus be 
unconformable with the overlying Mount Windsor 
Volcanics. However, Henderson ( 1986), Berry et al. (1992) 
and Stolz ( 1995) all regard the Mount Windsor Volcanics 
as conformable on the Puddler Creek Formation. 

ENd,c for volcanics in the Seventy Mile Range Group range 
from 3.76 for basalt in the Trooper Creek Formation to -
12.75 for rhyolite in the Mount Windsor Volcanics. The 
value for the Mount Windsor Volcanics was regarded by 
Stolz (1995) to indicate partial melting of Precambrian 
crust, while the positive value for the basalt indicates a 
young source for the mafic end members. Stolz ( 1995) 
interpreted the range of values, particularly in the Trooper 
Creek Formation, as possibly due to assimilation of 
Georgetown Province crust and primitive mafic magma. 

Only reconnaissance studies have been done in the 
Balcooma Metavolcanics and Lucky Creek Metamorphic 
Group (Withnall 1989b), and no isotopic data is available. 
Meta- rhyolites from the Balcooma Metavolcanics have 
undergone post-crystallisation alteration, including 
silicification. Si02 ranges from 72.5% to 83.7%, with 
alumina saturation indices from 0.99 to 1.59. 
Orthoamphibolites in the Lugano Metarnorphics are quartz 
normative low-K tholeiites and relatively unfractionated. 
The biotite leucogneisses contain 71.8- 77.0% Si02 and 
have alumina saturation indices from 1.00 to 1.22. The 
basalts and andesites in the Eland Metavolcanics appear 
to show calc-alkaline affinities. 

Metamorphic History 
Metamorphic grade in the Seventy Mile Range Group is 
mainly regional greenschist facies to sub-greenschist 
prehnite-pumpellyite facies (Berry et al. 1992; Beams & 
Hartley 1990). Locally, the greenschist facies is overprinted 
by cordierite-biotite-actinolite grade hornfelsing (Berry 
et al. 1992), and in places such hornfels is associated with 
tourmaline-bearing pegmatite and granite (S-type?). 

The Balcooma Metavolcanics were metamorphosed in the 
lower to middle amphibolite facies coincident with the 
local thD 1 and thD2 events. The Lugano Metamorphics 
are the highest grade unit in the Lucky Creek Metamorphic 
Group (upper greenschist to lower amphibolite facies). The 
Eland Metavolcanics and Paddys Creek Phyllite were 
metamorphosed in the greenschist facies during the 
development of the pervasive mylonitic foliation (see 
below). 

Structure/Deformation History 
Three major deformations are recognised in the Seventy 
Mile Range Group (Berry et at. 1992). The dominant thS2 

foliations indicate that the outcrop of the Seventy Mile 
Range Group represents the south-facing limb of an thF2 
fold. thD1 folds are only locally recognised and record older 
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faulting. thS3 foliations are also developed only locally and 
are parallel to northeast and east-northeast faults that cut 
the Seventy Mile Range Group. The ages of thD., thD2, 
and thD3 are not known precisely. Berry et al. ( 1992) relate 
thD2 to movement on the Alex Hill Shear Zone which is 
probably late Ordovician to early Silurian (Hutton, ~enks 
et al. 1994a). Alternatively, it may be related to crD1 rn the 
Cape River Metamorphics, which is postulated above to 
be about 460 Ma. In the extreme west of the belt, northwest 
of Homestead, and near Alpha Gully on the Flinders 
Highway, felsic volcanic rocks (possibly part _o_fthe ~~unt 
Windsor Volcanics) have an intense, mylomuc fohatto~. 
There appears to be some repetition of the sequence m 
this area, and these mylonites may be related to thrusts. 

The Balcooma Metavolcanics mainly dip steeply, and 
throughout most of the area have a single, steep, non
domainal schistosity, taken to be thS1 thSrJS. vergence 
relationships and rare sedimentary younging are c~msistent 
with the area being on the western overturned hm~ ~fa 
major thF 1 anticline (Withnall 1989b ). A secon~ fohat10n 
(a partly differentiated crenulation cleavage) 1s local~y 
present, and around the Balcooma prosp~ct the mam 
foli ation, thS,, and bedding both have relatively shal_low 
dips and are defonned by at least three later generatiOns 
of folds (Huston & Taylor 1990; Huston 1990). 

As described in Chapter 3 and by Withnall (1989b ), a 
relatively pervasive shallowly dipping mylonitic foliation 
occurs through the Eland Metavolcanics, P~ddys _Creek 
Phyllite, and parts of the Lu~a.no Metamoll.'htcs. W~thnall 
(I 989b) interpreted the ongmally flat-lymg fabnc and 
stretching lineations as being related to large-scale west
over-east thrusting. Later folds trend northeast to north
northeast with shallow plunges. 

The ages of defonnation in the Balcooma Metavolcanics 
and Lucky Creek Metamorphic Group are not certain. 
Withnall ( 1989b) suggested that the thrusti~g and possib~y 
the folding in the Balcooma Metavolcamcs occurred m 
the late Ordovician or early Silur ian, before 
commencement of deposition of the Graveyard Creek 
Group in the Broken River Province. The later northeast 
to north-northeast folding may have occurred during ccD. 
in the Camel Creek Subprovince, possibly in the Early 
Devonian (ca. 400 Ma), and at the same time as foldi_ng 
with similar orientations in the Einasleigh Metamorphtcs 
and Halls Reward Metamorphics. 

Intra-province Relationships 
The rocks of the Thalanga Province in the Charters Towers 
Region are interpreted as a simple confonnable sequence, 
the Seventy Mile Range Group, that_youngs so~thwards, 
although as discussed above, there ts some evtdence of 
repetition by thrusting in the western part of the belt. 

The rocks in the eastern part of the Georgetown Region 
have been correlated in a general way with the Seventy 
Mile Range Group, but because of the large uncertainl)l 
in the one reliable isotopic age, and the lack of foss1l 
control, it is not possible to make direct correlation between 

· individual units. Relationships within the belt are also 
uncertain. The Balcooma Metavolcanics are separated 
from the Lucky Creek Metamorphic Group by the Siluri~ 

Dido Tonalite . Within the Lucky Creek Metamorph1c 
Group, the nature of the mapped boundaries between the 
units is uncertain, pa rticularly bet~een the El~nd 
Metavolcanics and Lugano Metamorph1cs. A thrust IS a 
possibility and the latter unit could be much older (see 
above). The Paddys Creek Phyllite and Eland 
Metavolcanics appear to interfinger, the former appearing 
to structurally overlie the latter. 

Inter-province Relationships 
In the Charters Towers Region, the Thalanga Province lies 
within the Cape River Province, but because of granite 
emp lacement and extensive Cainozoic cover, the 
boundaries are nowhere known to be exposed and the 
relationship is not known. Mylonitic rocks are known from 
the Homestead area (Withnall et al. 1980a; Hammond 
1986), and it is possible that the contact is a large-scale 
thrust or transcurrent fault. Hammond postulated large
scale transport of terranes within the region. If such 
transport has occurred, tectonic models and reconstructions 
based on the present disposition of ~ock units ~d structures 
within the Thalanga and Cape River Provmces may be 
futile. 

In the Georgetown Region, the Balcooma Metavolcanics 
are bounded on the west, against Proterozoic metamorphics 
of the Etheridge Province, by the Balcooma Mylonite Zone 
(Withnall J989b ). This zone is interpreted t~ be cause~ by 
west over east thrusting of the older Ethendge Provmce 
crust over the younger Balcooma Metavolcanics. The 
pervasive, originally flat-lying myl?nitic f?liation in the 
Lucky Creek Metamorphic Group ts also mterpreted as 
thrust related. On the east, these rocks are faulted (possibly 
thrust) against the Proterozoic Halls Reward 
Metamorphics, which are tentatively regarded as part of 
the Etheridge Province. Withnall ( J989b) pos~lllated that 
the rocks here assigned to the Thalanga Provmce were a 
window exposed from beneath a folded overthrust sheet 
of Etheridge Province rocks, and may have been an 
allochthonous terrane that docked with the Etheridge 
Province by being underthrust in the late Ordovician. 

In both the Georgetown and Charters Towers Regions, the 
Thalanga Province rocks are intruded by Silurian granites 
of the Pama Province. 

Hodgkinson Province RJ Bultitude. 

J Domagala, J Knutson, P Wellman 

Extent/Distribution 
The Hodgkinson Province (Plate 14.2) is the most 
extensive element in the Cairns Region. It fonns a belt 
-500 km long from south of Innisfail to Cape Melville 
and from the coast up to -150 km inland. The province 
extends out to sea for an unknown distance. 

Principal Geological Components a nd Age 
The main fonnations in the Hodgkinson Province are, from 
west to east, the Late Devonian? Quadroy C?nglomerate, 
the early Ordovician? Mulgrave Format1on, the late 
Ordovician (Ashgill) Mount~in Cre~k Conglome~te, !he 
late Ordovician Van Dyke Lttharentte, the early S1lunan 
to Early Devonian Chillagoe Fonnation, the latest Silurian? 
to Late Devonian Hodgkinson Fonnation, and the Late 
Devonian or early Carboniferous Molloy beds. The u";its 
consist mainly of turbiditic sedimentary rocks, w1th 
generally subordinate interlayered lime~tone, c~ert and 
basic volcanic rocks. Limestone and baste volcamc rocks 
are abundant in parts of the Chillagoe Fonnation. The 
rocks, apart from the limestones and radiolarian c~erts, 
are poorly fossiliferous orunfossi~iferou~. The.Hod~son 

Formation is the most extens1ve umt. The untts are 
described in Chapter 7, and also in more detail by Bultirude 
et al. ( 1993b, 1995, 1996a). 

Geophysical Characteristics 
The Hodgkinson Province has gravity anomalies lower 
than the provinces to the west and southwest (see Cha~ter 
7). This may be attributable to low upper-crustal density, 
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due to the generally low metamorphic grade. However, 
there is no major contrast in physical properties, or 
evidence of significant thrusting. Geophysical anomalies 
and rock types are consistent with the 'sedimentary 
basement type' of Wellman (Chapter 2). Over most of the 
province the magnetic anomalies have an absolute and 
relatively low mean value, and short-wavelength anomalies 
of relatively small amplitude. These are attributed to 
generally low magnetisation of most of the sediments and 
granites in the Hodgkinson Province. In the west, the 4-7 
km wide Chillagoe Formation has exceptionally high 
magnetisation in places due to the presence of high
amplitude bands, presumably related to basalts. 

Tectonic Environment and Setting 
Most previous workers (e.g. Arnold 1975; Cooper et al. 
1975; Henderson 1980) interpreted the Hodgkinson 
Province succession as having accumulated in a fore-arc 
accretionary prism setting located to the east of an active 
continental magmatic arc. In at least some of these 
interpretations the Chillagoe Formation was regarded as a 
fore-arc basin sequence and the Hodgkinson Formation 
as an accretionary prism/subduction complex. White 
( 1978) also accepted this model in principle, but postulated 
that most of the Chillagoe Formation represents an island
arc sequence. Henderson (1987) subsequently modified 
his earlier model and rationalised the formation of the 
Hodgkinson Province in terms of oblique subduction and 
strike-slip faulting. 

The Hodgkinson Province succession, especially the 
Hodgkinson Formation, does show many features that are 
typical of accretionary prisms or subduction complexes, 
in particular: 

• the abundance of relatively deep-water turbidite 
deposits in the Hodgkinson Formation with intercalated 
lenses of submarine basalt and chert; 

• the imbricate stacking of steeply dipping thrust slices, 
internally younging towards the craton but overall 
younging away from it (at least as far as the central 
part of the province); and 

• the widespread distribution of melange zones. 

Nevertheless, not all of the features of the province can be 
readily rationalised by subduction. Fawckner (I 981 a) 
postulated that the tholeiitic rather than calc- alkaline 
character of the widespread basic lavas, and the overall 
scarcity of contemporaneous or penecontemporaneous 
intermediate to silicic volcanic detritus, indicated a model 
involving the development of a rifted continental margin 
rather than a fore-arc/accretionary prism complex (i.e. 
overall extension rather than compression). 

Hammond (1986) proposed an intracontinental thrust 
(foreland basin) model for the Hodgkinson Province. This 
model involved shedding of intraformational and basement 
detritus from a series of eastward-advancing thrust sheets 
into an adjacent basin created by crustal downwarping 
ahead of a propagating thrust front. The sedimentary pile 
was successively overridden by the advancing thrust 
sheet(s), resulting in deformation of the incompletely 
dewatered sediments to produce local zones of melange. 
This model is not favoured because it implies overall 
regional compressio~, A compressional model is difficult 
to reconcile with the lenses of basalt scattered throughout 
the Hodgkinson Province succession. Furthermore, the 
distribution of the youngest rocks in the central parts of 
the province with older rocks farther to the northeast (see 
below) is not typical of a foreland basin sequence. 
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The results of recent investigations of the Hodgkinson 
Province favour an extensional rather than a compressional 
regime for the evolution of the Hodgkinson Province. 
Whether a rifted continental margin as suggested by 
Fawckner ( 1981 a) is a more appropriate setting than a back
arc basin depends essentially on whether the relatively 
abundant volcanic detritus in the northeastern part of the 
province, as well as minor amounts elsewhere, was derived 
from a nearby contemporaneous magmatic arc or from an 
older volcanic sequence. There is as much evidence 
currently available in support of a rifted continental margin 
model for the Hodglcinson Province as there is for a back
arc basin setting. 

Some of the reasons for favouring an extensional 
environment are listed below, and are discussed in more 
detail in Chapter 7. 

The Silurian- Devonian sedimentary rocks that make up 
most of the province are, on the whole, notably poor in 
volcanic detritus (i .e. there is little evidence of a 
contemporaneous volcanic arc). Furthermore, any volcanic 
detritus present in rocks of this age, particularly in the 
western part of the province, may have had the same source 
as the abundant volcanic debris in the late Ordovician 
rocks. 

Volcanic detritus is relatively abundant in some arenites 
in the northeastern part of the province (especially in the 
Cooktown area, e.g. Donchak et al. 1992; Domagala eta!. 
1993). The episodic influx of intermediate to silicic 
volcanic detritus in this part of the province may indicate 
the presence of a nearby contemporaneous magmatic arc 
further to the northeast. However, results of recent U- Pb 
ion microprobe (SHRlMP) dating of zircons from a dacite? 
clast from the northeastern part of the province indicate 
the source of the clast is of late Ordovician age. The 
presence of conglomeratic rocks implies a relatively 
proximal source, possibly to the northeast. 

Rare shards in mudstone that crops out on COOKTOWN 
could be interpreted as supporting the contemporaneous 
volcanism (i.e. back-arc) model. Nevertheless, their fine 
grain size and scarcity are more consistent with a very 
distal volcanic source. 

Field relationships imply that many of the basic volcanics 
were erupted more or less at the same time as the adjacent 
sediments were deposited. That is, the basic volcanics do 
not represent fault slivers of underlying oceanic crust. 
Basalt is relatively abundant in the Chillagoe Formation 
in the north, where it locally makes up 50% of the unit. 

The Hodgkinson Formation in the far northeast of the 
province contains rocks that are significantly older than 
those in the central parts of the province - a feature 
inconsistent with the progressive trenchward younging of 
accretionary prism rocks in normal subduction models. 
Early Devonian and possibly late Silurian ages have been 
obtained from reportedly in situ limestones of the 
Hodgkinson Formation southwest ofCooktown (Donchak 
eta!. 1992; Domagala et al. 1993). 

Most of the late Silurian- Early Devonian granites exposed 
west of the Palmerville Fault in the Coen Region do not 
have the chemical characteristics of rocks representing the 
root zones of a continental magmatic arc, as suggested by 
Henderson (1987). Volcanic arc sequences are typically 
dominated by calc-alkaline 1-type igneous rocks of 
intermediate (tonal itic-granodioritic) composition, 
whereas most of the middle Palaeozoic granites in the Coen 
Region are felsic S-types. 
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Regional Bouguer anomalies indicate continental crust, 
with similar characteristics to those of the metamorphic 
basement west of the Palmerville Fault, extends east of 
the fault beneath the Hodgkinson Province. The negljgible 
difference in the regional gravity across the fault is also 
consistent with the hypothesis that the fault is a relatively 
shallow feature, confined to the upper crust (Fraser et al. 
1977). Furthermore, current models for the petrogenesis 
of the late Carboniferous grarutes that crop out extensively 
in the western part of the Hodgkinson Province require 
the involvement of a long-lived and isotopically 
homogeneous crustal protolith that most probably 
underplated the crust in the early Mesoproterozoic 
(-1550 Ma; e.g. Champion 1991; Champion & Chappell 
1992). . 

The presence of numerous S-type Permian granites, many 
with inclusions of high-grade metasedimentary rocks, in 
the central and eastern parts of the Hodgkinson Province 
(Bultitude 1993; Bultitude & Champion 1993) implies the 
province was underlain by cratonic (continental) crust of 
significant thickness by the late Palaeozoic. These 
inclusions contrast markedly with the enclosing low-grade 
metasedimentary rocks of the Hodgkjnson Formation. The 
chemical and isotopic characteristics of these S-type 
granites indicate they were derived from supracrustal rocks 
that are Jess marure and isotopically more ptirrutive than 
the exposed metasedimentary rocks of the enclosing 
Hodgkinson Formation (Champion 1991; Champion & 
Bultitude 1994). The analysed Hodgkinson Province 
metasedimentary rocks are too poor in AI, Ca and P, to 
name a few elements, and too isotopically evolved to have 
been the sole source of the granites. The inference, 
therefore, is that older, less mature metasedimentary rocks 
with a volcanic (arc?) provenance, rather than oceanic 
crust, underlie the Hodgkinson Formation. 

In addition, volcanic rocks of the Cainozoic Atherton and 
McLean Basalt Subprovinces contain scarce inclusions of 
schist and lower-crust mafic granulites and felsic gneiss 
locally containing abundant garnet and with a very well
developed mineralogical layering (Stephenson 1989; 
Domagala et al. 1993). 

The Barnard Province is older than early Ordovician and, 
therefore, significantly older than the nearby Hodgkinson 
Province succession. The Barnard Metamorphics are 
tectonically juxtaposed against the Hodgkinson Formation 
along the Russell-Mulgrave Shear Zone and may represent 
uplifted supracrustal basement rocks on the southeastern 
margin of the Hodgkinson Province. 

The oldest of the Ordovician uruts in the west, the Mulgrave 
Formation, was probably deposited in a deep, rift basin, 
possibly reflected by the presence of tholeiitic mafic lavas. 
Sediments were derived from either a mature landmass of 
low relief, or recycled from sediments previously derived 
from such a source. Environments of deposition for the 
Mountain Creek Conglomerate and Van Dyke Litharenite 
ranged from shallow water to deep marine. The sediments 
were derived from a penecontemporaneous, proximal, 
intermediate to felsic volcanic (arc-related?) source. 

Geochemistry/Petrogenesis 
Plots of greywacke geochemkal analyses in the Ordovician 
Mulgrave Formation (Domagala in prep.) indicate a 
'Quartzose Sedimentary' provenance (fields after Roser 
& Korsch 1988) with deposition in a 'Passive Margin' 
tectonic setting (fields after Roser & Korsch 1986; Bhatia 
1983). The Silurian to Early Devonian Chillagoe Formation 
geochemical provenance plots of greywackes after Roser 
& Korsch ( 1988) indicate a mainly 'Quartzose 

Sedimentary' with minor 'Felsic and Intermediate Igneous' 
provenance. Tectonic setting plots after Bhatia ( 1983) 
indicate mainly 'Passive Margin' with some 'Active 
Continental Island-arc' with similar plots after Roser & 
Korsch (1986) also indicating mainly ' Passive Margin ' 
(Domagala in prep.). 

Provenance plots of geochemical analyses of Hodgkinson 
Formation greywackes indicate a 'Quartzose Sedimentary' 
and 'Felsic Igneous' provenance (after Roser & Korsch 
1988), whereas tectonic setting plots after Roser & Korsch 
(1986) indicate mainly ' Passive Margin' and 'Active 
Continental Margin', and plots after Bhatia ( 1983) indicate 
a mix of'Passive Margin', 'Active Continental Margin ', 
and 'Continental Island-arc' (Domagala in prep.). The 
samples which plot in the more felsic part of the Felsic 
provenance field and in the Continentallsland-arc tectonic 
setting field commonly contain a relatively higher 
proportion of volcanic lithics and are most common in 
the east near Cooktown. The scattered distribution of these 
samples implies that the sampled beds were deposited 
intermittently amongst the more typical (background) 
Hodgkjnson Formation greywackes and may reflect a dual 
provenance. The more felsic sediments may have been 
derived from the source of the Mountain Creek 
Conglomerate clasts ( 455 ± 5 Ma), or alternatively from a 
source of contemporaneous volcanism, possibly to the east. 
The source of the background greywacke, however, is 
almost certainly from the craton to the west. This is based 
on the presence of zircons no younger than 400 Ma 
(preliminary result ofU- Pb microprobe - SHRIMP age; 
Bultitude et al. 1996a) in the matrix of a conglomerate 
southwest ofCooktown. The nearest known source of rocks 
of this age is the Cape York Peninsula Batholith (Willmott 
et at. 1973; Black et al. 1992a; Mackenzie & Knutson 
1992) to the west. As the youngest known rocks in the 
Hodgkinson Formation are Late Devonian (Famennian 
-355 Ma), the 53 My time difference is ample for 
unroofing of the Cape York Batholith, erosion, 
transportation and deposition of zircons as well as other 
detritus in the basin. The same conglomerate (southwest 
of Cooktown) which produced the -408 Ma matrix age 
returned a clast age of -460 Ma. Trus clast may have been 
derived from the source of the Mountain Creek 
Conglomerate clasts (-455 Ma) or the Macrossan 
Province. 

Analysed samples of the greywackes and mudstones from 
the Hodgkinson Formation have Si02 contents ranging 
from 58% to 91% and average Si02 and Al20 3 contents of 
77.42% and 10.49%, respectively (rocks with >85% Si02 
omitted). Average values for all elements compare closely 
with those determined for Hodgkinson Formation 
greywackes by Bhatia ( 1985). Chemical indices of 
alteration (CIA; Nesbitt & Young 1982) average -58 for 
the Hodgkinson Formation. This value indjcates that there 
has been only minor weathering of the source rocks, and 
the derived sediments during transportation and subsequent 
deposition. 

The chemical characteristics of the clastic rocks of the 
Hodgkinson Formation indicate a mainly granitic or 
metagranitic provenance. In this regard, they are similar 
trend to most Proterozoic metamorphic units in North 
Queensland. This is particularly evident on a La- Th-Sc 
triangular diagram where the majority of the Hodgkinson 
Formation rocks are displaced away from the field for 
average post-Archaean shale towards more felsic 
compositions. 

Chemical data imply felsic rocks were the main sources 
of the Hodgkinson Formation sediments. Additional data 
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point to the Cape York Peninsula Batholith as a possible 
major source for at least some of the Hodgkinson 
Formation sediments. For example, plots of La-Th-Sc and 
Alz03-Ca0 + Na20-K20 for the Hodgkinson Formation 
and the Cape York Peninsula Batholith largely overlap as 
do primitive mantle normalised spidergrams (Figure 14.5). 
Any variations in these trends can be attributed to relatively 
minor inputs into the Hodgkinson Formation from more 
mafic sources, to minor weathering of the source rocks, 
and to sedimentation processes such as the concentration 
of heavy minerals such as zircon by winnowing. 
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Figure 14.5. A geochemical comparison of metasedimentary rocks of 
the Hodgkinson Formation with Pama Province granites of the Cape 
York Peninsula Batholith. 

Limited Sm-Nd data for the Hodgkinson Formation 
indicate initial eNd values of -10.8 and -14.2 and ToM 
ages of 1903 Ma and 2161 Ma (Champion 1991). These 
values compare closely with initial eNd values for the Cape 
York Peninsula Batholith of -11.7 to -14.7 and ToM ages 
of 1977 Ma to 2200 Ma. They are also not greatly 
dissimilar to initial eNd and ToM values for 
quartzofeldspathic rocks in the Co en and Newberry 
Metamorphic Groups -namely, -13.4 to -15.2 and 
2061 Ma to 2288 Ma respectively. However, limited zircon 
U-Pb (SHRIMP) geochronology on a Hodgkinson 
Formation conglomerate indicates that whereas zircons in 
the igneous clasts give an age of 460 Ma, most of those in 
the matrix have similar ages to the Silurian-Devonian 
granites of the Cape York Peninsula Batholith of about 
400 Ma. The subhedral to euhedral form of these zircons 
also implies their derivation from an igneous source 
(Bultitude et al. 1996a). 

Structure/Deformation History 
The Hodgkinson Province has been affected by several 
significant deformational events, ofboth regional and local 
extent (Donchak et al. 1992; Bultitude et al. 1993b, 1995, 
1996a). There is no general agreement regarding the 
structural and tectonic evolution of the Hodgkinson 
Province, and many problems remain unresolved. The 
following interpretation of the deformational history, for 
example, differs from that presented by Donchak in 
Chapter 7. The first and most significant deformation to 
affect the entire province was hD 1• However, before this 
event, the oldest units, in the western part of the province, 
had been affected by at least one, and possibly two, major 
deformational events. The early Ordovician? Mulgrave 
Formation, in particular, was uplifted, folded and intruded 
by numerous thin quartz veins, probably in the middle 
Ordovician. The now tectonically juxtaposed, late 
Ordovician Mountain Creek Conglomerate contains 
numerous clasts of quartz-veined quartzose arenite derived 
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from erosion of the Mulgrave Formation. Deposition of 
the Mountain Creek Conglomerate and its probable 
correlative, the Van Dyke Litharenite, was possibly halted 
by tectonism in the late Ordovician or very early Silurian, 
at about the time the Ordovician-Silurian Nundah 
Granodiorite and other similar age plutons were emplaced. 
Withnall & Lang (1993) also postulated a late Ordovician
early Silurian deformation in the Broken River Province, 
farther south. 

The main deformation (hD 1) was a major shortening event 
that resulted in extensive disruption of the succession by 
numerous thrust faults. Most of the thrust slices young 
internally to the west. The event is thought to have involved 
the thrusting ofPrecambrian rocks west of the Palmerville 
Fault eastwards or northeastwards over the younger 
Palaeozoic rocks (Fawckner 1981a; Shaw et al. 1987). This 
model implies the Palmerville Fault originally dipped 
shallowly to the west and probably still does so at depth, 
despite the steep, commonly easterly, dips at the surface. 
The steep dips are postulated to have resulted mainly from 
subsequent movements on the fault. A conflicting 
interpretation has recently been proposed by Blewett & 
Wellman ( 1994) who postulated that thrusting was 
westward directed, implying that the Hodgkinson Province 
succession was thrust onto the basement rocks west of the 
Palmerville Fault. Extensive repetition of the sequence by 
hD 1 thrusting has been demonstrated in the Chillagoe 
Formation using conodonts to determine the ages of 
limestone lenses (Fordham 1990; Bultitude et al. 1993b). 

Farther eastwards, away from the Palmerville Fault, the 
number of thrust faults appears to decrease and the crustal 
shortening was accommodated mainly by folding. The 
presence of gently plunging, medium to hirge-scale, hF 1 

folds is generally indicated by younging reversals. The 
fabric associated with hD1 is mainly a poorly to moderately 
well-developed slaty cleavage (which is generally parallel 
or subparallel to bedding), although melange zones 
developed along some lithological contacts. 

Subsequent deformational events included localised 
intense shearing (hD2) in the central-west of the province. 
Significant vertical extension is thought to have been 
associated with the shearing (Bultitude & Donchak 1992). 
The Big Watson Shear Zone, a zone up to ~5 km wide, 
characterised by disrupted beds and extensive development 
of melange zones, and the Mitchell River Fault Zone, are 
part of this belt. The deformation produced a well
developed slaty and/or spaced, solution-seam cleavage 
essentially parallel to bedding, and local mylonitic fabrics 
in metabasalt and chert (particularly in the Palmer River 
area). 

The hD3 deformation was a regional folding event that 
affected mainly the central and eastern parts of the 
province. It was characterised by the development of 
numerous widespread, upright, medium and large-scale 
folds. The folds are northerly-trending, steeply plunging, 
and open to tight. The hS3 axial plane cleavage is the 
dominant structural fabric in these rocks. It ranges from a 
differentiated crenulation cleavage to a slaty cleavage. 
Intense shearing and dissolution along cleavage planes may 
have produced many of the widespread melange zones in 
the central and eastern parts of the sheet area (Donchak et 
al. 1992). The deformation pre-dated the late 
Carboniferous- Permian igneous activity, and therefore 
most probably occurred in the early or mid Carboniferous. 

The hD4 event (D3 of Davis 1993, 1994) affected much of 
the eastern and central parts of the province, as well as the 
Palmer River area farther west (Bultitude et al. 1993b, 
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1996a). Davis (1993, 1994) reported hD4(his D3) fabrics 
in rocks exposed around the Cannibal Creek Granite, in 
the area between the Cannibal Creek Granite and the 
margin of the Mount Madden Dome, and in the aureoles 
of other plutons. The hD4 event is characterised by the 
deve lopment of a poo r ly to intense ly deve loped 
differentiated crenuJation cleavage (Bultitude et al. 1993b ). 
The hS2 fabric was re-used to produce a composite hS2 I 
hS4 cleavage, especially in the vicinity of the Cannibal 
Creek Granite. The variably dipping shallow orientation 
of the hS4 differentiated crenulation cleavage in zones of 
subsequent low strain implies hD4 produced a foliation 
which fonned subhorizontally (Davis 1993, 1994). Davis 
( 1994) reported that hS4 strike trends around all the plutons 
in the South Palmer River area are characterised by 
extensive zones where their orientations are subparallel to 
pluton margins. He also noted that some strike trends 
terminate against the granites. Davis (1994) interpreted 
these features to have resulted from updoming of the 
originally subhorizontal hS4 around the rigid granites 
during subsequent deformation, combined with intrusion 
through hS4 surfaces by the plutons during emplacement. 
Davis ( 1993, 1994) interpreted the event to have been 
synchronous with the emplacement of an older pluton of 
the Cannibal Creek Granite. Although as yet undated, this 
unit is most probably late Carboniferous-Early Permian. 

The intensity and style of hD5 differ markedly across the 
province. This event caused major modification and 
reorientation of pre-existing structures and fabrics in the 
aureole of the Cannibal Creek Granite (Davis 1993, 1994; 
Davis & Forde 1994). Davis also noted that the event was 
responsible for progressive rotation of fabrics formed 
during previous deformations into steep orientations. For 
example, in the aureole of the Cannibal Creek Granite, 
the originally shallow, composite foliation (hSJhS4) was 
rotated into paral lelism with the pluton margin, the 
progressive shearing being preferentially partitioned 
against the rigid pluton in the latter stages of deformation. 
hD5 crenulations are well-developed for ~2-3 km east of 
the Cannibal Granite, beyond which they show a transition 
into a slaty cleavage (Davis 1994). North-northwesterly
trending hD5 structures have also been reported northwest 
of the Cannibal Creek Granite. They are well-developed 
in the central and eastern parts of the Hodgkinson Province, 
well away from the influence of any exposed granite 
plutons (Davis 1994). Davis interpreted the emplacement 
of the main phase of the Cannibal Creek Granite, as well 
as the Nangee and Kelly St George Granites, to have 
occurred during our hD5 (in the Permian). This event also 
may have produced the large dome (Mount Madden Dome) 
west of the Cannibal Creek Granite. 

Subsequently, the eastern and central parts of the sheet 
area were affected by another major orogeny (hD6) , 

probably in the very Late Permian- Early Triassic. This 
orogeny probably formed part of the Hunter- Bowen 
Orogeny, which extensively deformed much of the New 
England Orogen further south at that time. It produced 
north- northwesterly to northwesterly-striking shear zones, 
mainly in the eastern part of the province, and was 
accompanied by the formation of a well-developed slaty 
cleavage. The hD~ structures have similar orientations to 
pre-existing structures in the province. The northwesterly
trending foliation commonJy represents a composite fabric 
formed by reuse of older fabrics. 

hD6 exiensively deformed Late Permian (Black 1978; 
Bultitude & Champion 1992) granites of the Cooktown 
Supersuite. hD6 also resulted in extensive deformation and 
partial recrystallisation of many of the late Palaeozoic 
granites in the eastern and central parts of the region. Some 

of these granites have yielded reset K-Ar ages of -250 Ma 
(Bultitude & Champion 1992). The orogeny also produced 
the Russell- Mulgrave Shear Zone (Willmott et al. 1988; 
Figure 3), which is a major discontinuity on the southern 
margin of the Hodgkinson Province, south of Cairns. 

The Hodgkinson Formation south of the Cannibal Creek 
Granite is cut by several prominent northwest-trending 
faults (e.g. the Kondaparinga, Hurricane and Retina 
Faults). Several episodes of mainly vertical movement have 
occurred along these faults, which probably mark major 
discontinuities in the crust underlying the Hodgkinson 
Province succession. Some of these faults (e.g. the Retina 
and Hurricane Faults) merge with cauldron-margin faults 
bounding the Featherbed Volcanic Group. 

Although there is evidence of movement on the Palmerville 
Fault as late as the Tertiary, the main movements on it and 
related faults were pre-late Carboniferous; none of the 
faults significantly displaces the Featherbed Volcanic 
Group or the Nychum Volcanics. Mackenzie 0993), 
however, pointed out that the tectonic development ofthe 
western part of the Hodgkinson Province, in particular 
development of the system of faults subparallel to the 
Palmerville Fault, had a significant effect on the structural 
evolution of the Featherbed Volcanic Group. 

Metamorphic History 
The Hodgkinson Province has mostly undergone only mild 
(sub-greenschist facies) metamorphism. However, the 
Hodgkinson Formation has been intruded by numerous 
late Palaeozoic granite plutons most of which have 
produced contact metamorphic aureoles up to -2 km wide. 
Extensively recrystallised and anomalously high grade 
(greenschist facies) rocks also crop out in the structural 
dome (Mount Madden Dome) southwest of the abandoned 
Cannibal Creek tin mine and in the Maytown area. They 
may indicate the presence of granite at relatively shallow 
depths. 

Most of the rocks in the eastern part of the province have 
also been metamorphosed, even in areas where there are 
no exposed granites nearby. One belt of relatively high
grade (up to biotite-grade) rocks was delineated by de 
Keyser & Lucas ( 1968) as the Barron River Metamorphics 
(equivalent to the Hodgkinson Formation). The relatively 
high grade is attributed to regionaiJy elevated temperatures 
associated with the emplacement of numerous granite 
plutons. 

Other scattered areas of anomalously high metamorphic 
grade described by Bultitude et al. ( 1996a) may also 
indicate the presence of granite plutons in the subsurface. 

Intra-province Relationships 
As mapped, the constituent rock units form distinct, mainly 
fault-bounded belts, each of which is also extensively 
disrupted internally by numerous thrust faults that trend 
parallel or subparallel to the strike of the beds. 

The Mountain Creek Conglomerate is interpreted to be 
significantly younger than the Mulgrave Formation 
because it contains abundant quartz-veined quartzose 
arenite clasts sirni lar to arenites in the MuJgrave Formation. 
in places, the Chillagoe Formation is interpreted to be 
conformably overlain by the Hodgkinson Formation. 

Another noteworthy feature is the distribution of the units 
in the western part of the Hodgkinson Province, parallel 
to the Palmerville Fault. Beds in the southern part of the 
province strike in a northwesterly direction, whereas those 

· in the northern part have a northerlY. strike. No examples 
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have been found of beds cut at moderate to high angles by 
the northwesterly-trending part of the Palmerville Fault 
- which could be expected if the fault consisted of two 
discrete segments (a north-striking part truncated by a 
northwesterly-striking part). 

Inter-province Relationships 
The Hodgkinson Province is separated from the coeval 
Broken River Province to the south by Carboniferous
Permian igneous rocks of the Kennedy Province and the 
northwesterly-trending part of the Palmerville Fault. The 
fault also defines the boundary with the relatively high
grade metamorphic rocks and associated intrusive rocks 
of the Etheridge Province. Volcanic and plutonic rocks of 
the Kennedy Province are scattered throughout the 
Hodgkinson Province, forming part of the Townsville
Mornington Island Belt in the south and southwest, and 
the Daintree Subprovince in the east. In the north and, to a 
much lesser extent, in the west the province is overlain by 
Mesozoic sedimentary rocks of the Laura and Carpentaria 
Basins, respectively. In the southeast, the pre-Ordovician 
Barnard Metamorphics are faulted against the Hodgkinson 
Formation along the Russell-Mulgrave Shear Zone. 

Broken River Province IW Withnall 

Extent/Distribution 
The triangular-shaped Broken River Province has a total 
area of about 7000 km2 and occupies almost all the Clarke 
River Region (Plate 14.2). It is bound on the west (north 
and south of Greenvale) by the Burdekin River, Halls 
Reward and Teddy Mount Faults, which separate it from 
the Etheridge Province. Its southern margin is the Clarke 
River Fault, which separates it from the Cape River 
Province, but is partly obscured by Tertiary-Quaternary 
basalt cover of the Nulla Basalt Subprovince. In the east, 
granites of the Kennedy Province (Ingham Batholith) form 
the margin. 

Principal Geological Components and Age 
Arnold & Henderson (1976) divided the Broken River 
Province into the Camel Creek Subprovince and Graveyard 
Creek Subprovince, the boundary being the Gray Creek 
Fault. Both consist of Ordovician to Devonian marine 
sedimentary rocks with subordinate, mainly mafic volcanic 
rocks. 

The Camel Creek Subprovince, to the east, is the largest, 
covering about 5500 km2

• It is deformed in a more 
complexly way than the Graveyard Creek Subprovince and 

. is overlain by the Late Devonian to Carboniferous Clarke 
River Basin, which contains mostly continental 
sedimentary rocks and subordinate felsic volcanic rocks. 
Equivalent rocks in the Graveyard Creek Subprovince were 
deposited in the Bundock Basin. These younger basins, 
including the Early to Middle Devonian shelfal succession 
in the Graveyard Creek Subprovince, are described 
separately, with the less deformed Devonian and younger, 
less deformed basinal rocks. 

The Can;~el Creek Subprovince consists of alternating, 
fault-bounded packages of quartz-rich and quartz
intermediate turbidites (Crook 1974). 

The quartz-rich turbidite units, the Wairuna and Pelican 
Range Formations and Tribute Hills Arenite are 
unfossiliferous, and their age is uncertain. By comparison 
with the Judea Formation in the Graveyard Creek 
Subprovince and other quartz-rich turbidite units in eastern 
Australia, however, they are inferred to be early 
Ordovician. They contain some tholeiitic basalt. 
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In the west, the package of mafic to felsic, submarine lavas 
and volcaniclastics inter layered with oolitic limestone and 
quartzose turbidites, the Carriers Well Formation and 
Everetts Creek Volcanics, are late Ordovician (Ashgill). 
The Greenvale Formation, which consists of quartz
intermediate (lithic to litho-feldspathic) turbidites, is 
unfossiliferous, but may also be late Ordovician. 

The Perry Creek Formation, which consists of quartz-rich 
to quartz-intermediate (litho-feldspathic) turbidites, 
contains common allochthonous limestone ranging from 
clasts to olistoliths up to 2 km long. Conodonts in them 
are late Ordovician to early or middle Silurian (Sloan et 
al. 1995). It is thought likely that the larger blocks were 
derived from limestones deposited on a nearby shelf, 
almost contemporaneously with the Perry Creek 
Formation, and that the formation itself is mainly early 
Silurian. The derivation of limestone clasts from rocks of 
a similar age to the Carriers Well Formation is consistent 
with the presence of volcanic detritus in the arenites. 

The Kangaroo Hills Formation forms the eastern half of 
the Camel Creek Subprovince. The turbidites in the 
Kangaroo Hills Formation can be distinguished as more 
feldspathic and significantly less lithic. The polymictic 
conglomerates contain common limestone clasts. 
Allochthonous blocks of limestone up to 200 m long are 
present. Limestone clasts in the conglomerates and larger 
al lochthonous lenses contain Early Devonian (Lochkovian 
to Pragian) conodonts (B. Fordham pers. comm. 1988; 
Sloan et al. 1995). In addition, the unit probably includes 
late Silurian rocks. 

In the Graveyard Creek Subprovince. the oldest rocks are 
the Judea Formation, a sequence of quartz-rich turbidites 
similar to the Wairuna Formation . The subprovince 
contains a basal unit of the tholeiitic basalts and quartz 
keratophyre named the Donaldsons Well Volcanic Member. 
A single graptolite found in the unit indicates an early 
Ordovician (Arenig-Chewtonian or Bendigonian) age. 

The Judea Formation is overlain by the Graveyard Creek 
Group. In the north, the basal Crooked Creek 
Conglomerate and overlying Quinton Formation form a 
succession about 6 km thick, which is inferred to have 
been deposited adjacent to an active faulted margin to the 
Etheridge Province. The feldspathic arenites are consistent 
with a plutonic/metamorphic source, but some 
volcaniclastic rocks are known near the base of the 
succession. Limestone olistoliths are known near the base, 
and one large unit, the Magpie Limestone Member, which 
is about 5 km long, may also be allochthonous. Late 
Llandovery limestones and graptolites are known from the 
base of the Quinton Formation, but the age of the upper 
part is unknown. The Quinton Formation thins rapidly to 
the east and south, towards an inferred basement high. 

South of this high, a much thinner succession was 
deposited. The Poley Cow Formation is <I km thick, and 
consists of mudstone, lithofeldspathic arenite and 
conglomerate. The Poley Cow Formation was interpreted 
by Fielding ( 1993) as the deposits of coarse-grained fan 
or braid deltas that issued eastwards onto a storm/ 
wave-influenced marine shelf. Late Llandovery graptolites 
are known from near the base of the unit. It is overlain by 
the Jack Formation, a mixed silicic lastic-carbonate 
sequence of Ludlow to Pridoli age. 

Geophysical Characteristics 
The gravity anomalies have a mean value that is near 
average for the greater region, so that the upper crustal 
density is not grossly different from that of the surrounding 
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crust. On the eastern margin of the region, the density of 
the Kangaroo Hills Formation is apparently less that that 
of the adjacent Carboniferous-Pe-rmian granitic rocks. 

Magnetic anomalies within the province have a low average 
and are gene~J ly. smooth, consistent with the rocks having 
a low magnet1sahon. Strong anomalies are associated with 
the ma0~-ultramafic rocks of the Gray Creek Complex, 
serpenttrute along the Gray Creek Fault, and mafic volcanic 
rocks within the Wairuna Formation. 

Geochemistry 
~l~hou~h the vo~canic suites are altered to various degrees, 
1t IS still poSSible, by use of the immobile element 
disc~mination diagrams, to make suggestions about the 
poss1ble tectonic settings of the igneous rocks in the Broken 
River Province (see Withnall in Withnall & Lang 1993, 
pp 229-235). 

The basalts in the Ordovician Wairuna Greenvale and 
Pelican Range Formations, and the Silu;ian Perry Creek 
Formation, have affinities with modem tholeiitic basalts 
formed in ri~in~ environments such as mid-ocean ridge, 
back-arc basm, Intra-cratonic or rifted continental margin 
settings. The important common factor between these 
different settings is.the.rifting environme~t, suggesting that 
a ~onve~gent ~argm (1.e. a fore-arc basm or accretionary 
pnsm) IS unhkely. The enrichment in K, Rb, Ba and Th 
may be. due to contamination by continental crust or by 
generatiOn from mantle material that had been modified 
previously, p~rhaps in a former subduction setting, for 
example, dunng the Late Cambrian or early Ordovician. 
The Greenvale Formation basalts, although similar in many 
respects. to the basalts in the Wairuna and Pelican Range 
Form at1ons, show Nb-depletion characteristic of 
subduction relate~ basalts. These b;salts crop out along 
the southern margm of the Camel Creek Subprovince and 
may be related to the Everetts Creek Volcanics, which crop 
out on the western margin. 

The early Ordovician Donaldsons Well Volcanic Member 
of the Judea Formation is more difficult to interpret. 
Although some of the rocks have similarities to ocean
floo.r basalts (or at least basalts formed in a rifting 
environment), the andesites and dacites are more 
suggestive of an arc environment. The tonalites which 
intru~e the :-otcanics •. appear to be more like granites 
~ssoc1ated WJ!h volcan1c arcs than plagiogranites formed 
m an ocean-ndge environment. Perhaps the Donaldsons 
Well Volcanic Member formed in a back-arc environment 
but ~lose enough to the arc so that lavas generated in both 
environments were emplaced together. 

The late Ordovician Everetts Creek Volcanics and Carriers 
Well Formation, however, are more likely to have formed 
i~ a .vol~~nic arc envirorunent. Although some basalts with 
S1mllant1es to ocean-floor basalts are present, the majority 
of the rocks show calc-alkaline affinities and range from 
basalt. tiyough andesite to dacite and rhyolite. The field 
assoc1at1~ns (e.g .. the abundan_t volcaniclastic rocks) are 
also consistent With an arc env1ronment. However, just as 
there appear to be two suites of volcanic rocks the 
volcaniclastic sedimentary rocks in the Carriers 'well 
Fonnation are interbedded with quartzose sediments like 
th~s.e in the Judea and Wairuna Formations, sugge;ting 
m1xmg of ro.cks from the ar(i with those deposited in a 
back-arc env1ronment, adjacent to a passive margin. 

Tectonic Environment and Setting 
The various tectonic models to explain the geology of the 
Broken River Province were reviewed by Withnall & Lang 

~ 1 993) and Withnall et al. (1996a). Arnold (1975) 
Interpreted the quartzose turbidite units (quartz-rich 
'flysch' of Crook 1974) as indicating a stable cratonic 
source and a p~ssive margin. Arnold (in Arnold & 
Fawckner 198~) mtcrprcted the assemblage in the Camel 
Cr~ek S_ubprovmce as an accretionary prism consisting of 
an tmbncate stack of thrust sheets. These sheets comprised 
packets of both the quartz-intermediate 'flysch', derived 
from the arc and its cratonic basement, and quartz-rich 
'flysch' from the earlier passive-margin stage. 

Henderson (1987) published a modification of Arnold's 
model. He rationalised the formation of the Broken River 
Prov~nce in te~s of oblique subduction and strike-slip 
faultmg. He still regarded the Camel Creek Subprovince 
as a subduction complex and suggested that the Graveyard 
Creek Subprovince was a fore-arc basin assemblage. 

Fawckner ( 198 1 a and in Arnold & Fawckner 1980) 
prop~sed a model ~or the ~odgkinson Province, suggesting 
that 1t was a margmal basm fonned by rifting and crustal 
extension, a~er ~n initial period of magmatic activity 
before the Sdunan. He emphasised the voluminous 
thol~iitic bas~lts in the we.stem part of the Hodgkinson 
Provmce, whach together wath the lack of volcanic detritus 
throughout the sequence, are not easily accommodated in 
an arc-tre~ch model: If, as is likely, the Hodgkinson and 
Broken R1ver. P~ovmces ~ere ~nee continuous, they 
~ro?ably had s1mllar tectoruc settmgs, although details of 
t1mmg of deformation and depositional history are 
somewhat different. 

Apart from lacking good evidence for an active volcanic 
arc, the structure of the Camel Creek Subprovince does 
resemble an accretionary prism. Features consistent with 
such a model are the abundant melange and the imbricate 
thrust slices, which steepen westwards and have an internal 
westward younging, but overall eastward younging. 
Hammond ( 1986), however, put forward an alternative 
interpre~ation of.the melange.and younging relationships. 
Accordmg to h1m, a large mtracratonic thrust duplex 
formed when the 'Georgetown Block' was thrust eastward 
over the .camel Creek Subprovince in the Early Devonian. 
He cons1dered that the first folding event, which produced 
the slaty cle~vage, was part of this event. Thrusting along 
overturned hmbs of the folds resulted in the predominant 
westward younging direction. The melange zones were 
suggested as representing thrust faults. 

GSQ workers in the Hodgkinson Province have favoured 
an extensional model (see above, and also Bultitude et al. 
1990, 1993b), suggesting that it was an intracratonic rift 
fonned along the lines postulated for extensional basins 
by Lister et al. ( 1986). The basin was bounded to the west 
by the Etheridge Province. The Barnard Metamorphics to 
the east may represent the eastern cratonic block. If there 
was a subducting plate margin and associated arc the lack 
of volcanic detritus in the Hodgkinson Provin~e would 
place it well to the east of the present coastline. Bultitude 
et al. (1995) s!ill favour an extensional setting, but in a 
back-arc bas1n en~i ronl!lent, citing the increasing 
abundance ofvolcamc detntus to the northeast as evidence 
that a contemporaneous arc lay there, rather than to the 
west. 

Withnall et al. (I ?87, 1988b) and Withnall & Lang (1990, 
1993) adapted th1s extensional model to the Broken River 
Proyince, although Withnall et al. ( 1996a) proposed that 
peno~s of convergence were interspersed with the 
extensiOn. 

The Early Ordovician quartz-rich turbidites with abundant 
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tholeiitic basalt could represent a passive, extensional 
phase. Quartz-rich sediment was derived by recycling 
quartz-rich metasediments from the Georgetown Region, 
which may have been a denuded stable craton at this time. 

The Late Ordovician Carriers Well Formation and Everetts 
Creek Volcanics contain calc-alkaline basaltic to rhyolitic 
lavas and volcaniclastic rocks, and may represent another 
phase of arc-type magmatism, although as preserved, they 
have a limited areal extent. The Late Ordovician clasts 
identified in the Hodgkinson Province suggest an original 
greater extent. Quartz-rich sediments are also present in 
the Carriers Well Formation, suggesting that sediments 
were derived from the craton as well as the arc. Volcanic 
rocks with both calc-alkaline and ocean-floor tholeiitic 
geochemical affinities are present. It is possible that the 
Carriers Well Formation and Everetts Creek Volcanics were 
deposited in a back-arc setting, but adjacent to the arc, so 
that rocks characteristic of both settings are mixed. Tectonic 
processes could also have produced some of the 
juxtaposition of the different rock suites. 

This pattern of mixed provenance continues to the east in 
the Camel Creek Subprovince. The Greenvale Formation 
(dominated by lithic arenite with a significant volcanic 
component as well as metamorphic basement material) 
and the quartz-rich Pelican Range Formation appear to 
interfinger locally, although generally they appear to be 
juxtaposed as thrust packages. If the Late Ordovician 
volcanics are subduction-related, it is possible that the 
extensive melange in these probable Ordovician rocks to 
the east was produced in a subduction complex rather than 
all being related to terminal deformation in the Devonian, 
as suggested by Hammond (1986). 

The Late Ordovician to Silurian Perry Creek Formation 
of the Camel Creek Subprovince is relatively quartz-rich, 
indicating that the most significant input was from the 
craton, although some volcanic detritus is still evident. 
The Silurian to Early Devonian Kangaroo Hills Formation 
is more feldspathic and contains significantly less volcanic 
detritus, the main provenance being a plutonic/ 
metamorphic terrain. The waning proportion of volcanic 
detritus can be explained by the Ordovician volcanic rocks 
having been largely eroded away by the Late Silurian, so 
that it is not necessary to invoke an active volcanic arc in 
the Silurian. Tholeiitic basalts occur in the Perry Creek 
Formation, but they are not as common as in the Ordovician 
units. Although they are more consistent with an 
extensional setting than an accretionary prism, 'it could be 
argued that, because of their small size, they represent 
off-scrapings of oceanic crust. However, this is a less likely 
origin for the much more voluminous Silurian tholeiitic 
basalts in the Hodgkinson Province (Bultitude et al. 1990, 
1993b, 1995). If an arc existed at this time, it may have 
migrated farther east ( cf. Karig 1972), so that the Perry 
Creek Formation was deposited in a back-arc setting 
similar to that suggested for the Late Ordovician rocks. 

In the Silurian, the Graveyard Creek Subprovince was the 
site of a small, rapidly subsiding basin (possibly a 
pull-apart) along the edge ofthe Hodgkinson-Camel Creek 
extensional basin. Diamictites, olistostromes and dramatic 
thickness changes suggest active faulting along its 
northwestern margin and in a narrow zone within the basin 
adjacent to that margin. In the south, little or no active 
faulting is evident along the margin with the Charters 
Towers Region, and a relatively thin sequence of shallow 
marine siliciclastics and limestone was deposited there. 
Although there is evidence for extensive plutonism in the 
Georgetown Block in the early Silurian, there is no 
evidence for extensive or long-Jived contemporaneous 
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volcanism in the sedimentary record of the Broken River 
Province, as might be expected in a fore-arc basin. 

The characteristics of the rocks in the Broken River 
Province in the Silurian to Early Devonian are consistent 
with a wide extensional basin, which was initiated in the 
late Ordovician or early Silurian, possibly by back-arc 
spreading. 

Structure/Deformation History 
The structure of the Camel Creek Subprovince is complex 
and still not well understood. The rocks have been folded 
by at least two major events. A feature of the deformation 
is the melange, which is developed in all of the units in 
the Camel Creek Subprovince, as well as the Judea 
Formation in the Graveyard Creek Subprovince. It is 
particularly well developed in the Wairuna, Pelican Range, 
and Greenvale Formations. 

The relationships between most of the units in the Camel 
Creek Subprovince are probably tectonic. The western half 
of the subprovince is dominated by westward-younging, 
alternating belts of quartz-rich (Wairuna and Pelican Range 
Formations) and quartz-intermediate units (Greenvale and 
Perry Creek Formations). Large-scale fold closures are 
rare. Farther east, in the Kangaroo Hills Formation, 
younging reversals are more common and folds can be 
mapped out, but the same westward asymmetry is evident 
(Withnall, in Withnall & Lang 1993, Figure 7). Together 
with the overall younging eastwards from Ordovician to 
Early Devonian, these features suggest that the subprovince 
is an imbricate stack of thrust sheets oversteepened by 
ramping and/or later shortening. The melange was 
interpreted as representing an accretionary wedge in a 
subduction complex (Henderson 1980, 1987), but 
Hammond ( 1986) suggested that the melange was 
associated with the formation of a thrust duplex and slaty 
cleavage-related folding entirely during ccD 1 in the 
Devonian. 

ccD1 is the most pervasive folding event and was related 
to the development of a slaty cleavage and mesoscopic 
folds. Larger-scale folds, however, are not common. The 
predominant younging senses discussed above suggest that 
any major folds are probably asymmetric. The asymmetry 
could be due to superimposition of the folds on strata which 
were already dipping steeply west due to thrust imbrication. 
Alternatively, if both folding and thrusting were 
synchronous as Hammond ( 1986) proposed, the shorter, 
overturned, eastern limbs of the folds may have been 
dismembered along thrust planes. 

ccD1 structures were reorientated by major, open, regional 
ccF2 folds with northeast-trending axial planes and 
wavelengths of I 0-20 km. ccF2 folds also occur at outcrop 
scale and are also associated with a slaty cleavage locaJiy. 
Later folds with easterly trends can be recognised at 
outcrop scale. 

The ages of ccD1 and ccD2 are constrained by the Early 
Devonian conodont age of the Kangaroo Hills Formation 
and the latest Devonian or early Tournaisian age of the 
unconformably overlying basal Clarke River Group. ccD1 
has generally been regarded as Early Devonian, the age of 
an apparent disconformity in the Graveyard Creek 
Subprovince, and the reset isotopic mineral ages of rocks 
in the Etheridge Provjnce. ccD2 could be Frasnian and 
reflected by a weak angular unconformity in the Graveyard 
Creek Subprovince at the base of the Bundock Creek 
Group. Alternatively, it is possible that ccD1 and ccD2 are 
separate phases of the one event in the Late Devonian. As 
discussed later, the opening of the pull-apart basin, in 
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which the Bundock Creek Group was deposited, may have 
been synchronous with thrusting in the Camel Creek 
Subprovince and movement on the Clarke River Fault. 

Neither ccD1 nor ccD2 in the Camel Creek Subprovince 
had much effect on the Graveyard Creek Subprovince. In 
turn, the main Carboniferous folding event in the 
Graveyard Creek Subprovince had little effect on the 
Camel Creek Subprovince, because the Clarke River Group 
that overlies the latter is only very weakly folded. 

The most deformed rocks in the Graveyard Creek 
Subprovince are in the Judea Formation, which is 
characterised by mesoscopic isoclinal folds, bedding
paral lel faulting and cleavage, and common melange. 
These styles of deformation are not evident in the 
unconformably overlying Graveyard Creek Group. This 
early deformation in the Judea Formation may be related 
to recumbent folds or thrusts, and could be related to 
thrusting along the contact with the Halls Reward 
Metamorphics. 

In much of its outcrop area, the Graveyard Creek Group 
has been deformed by one main deformation which 
produced folds with northeast-trending axial planes. This 
folding is of the same generation as that which folded the 
Broken River Group and Bundock Creek Group. An earlier 
deformation associated with a slaty cleavage was 
recognised by Arnold & Rubenach ( 197 6) in the northeast 
on the western side of the Gray Creek Complex, and along 
Gray Creek (Arnold & Henderson 1976). The earlier folds 
have approximately north-trendi ng rather than 
northeast-trending axial planes. 

Folds in the Broken River Group are noticeably tighter, 
and of smaller wavelength, than those in the overlying 
Bundock Creek Group. They plunge, generally up to 20° 
northeast or southwest, and are commonly overturned. The 
s light difference in the plunge of fold axes may reflect the 
slight angular unconformity between the Broken River 
Group and the Bundock Creek Group. 

The Bundock Creek Group, in the southern half of its 
outcrop area, is folded into moderately tight, 
dome-and-basin folds, which are mainly upright, and 
plunge shallowly to the southwest. Cleavage is generally 
only weakly developed. To the north and west, among the 
intrusions of Montgomery Range Igneous Complex, the 
upper units are folded in more open, roughly triangular, 
dome-and-basin structures. 

The main northeast folding in the Graveyard Creek 
Subprovince affects all of the units up to the top of the 
Bundock Creek Group, and is thus probably Visean or 
younger. The folds are truncated by granites of the 
Montgomery Range Igneous Complex (but not the rhyolite 
sills), but the age of these rocks is uncertain. 

The age of the earlier folds in the northeast part of the 
Graveyard Creek Group is problematic. Their proximity 
to the Gray Creek Fault suggests that they could be related 
to movement on that fault, and therefore to the thrusting 
and folding in the Camel Creek Subprovince. The event 
may correlate with the apparent hiatus between the 
Graveyard Creek Group and Shield Creek Formation in 
the Lochkovian. The Lochkovian break also corresponds 
roughly with the radiometric age of approximately 400 
Ma which is commonly obtained from older rocks in the 
Georgetown Region (Black 1973; Black et al. 1979), and 
which has been suggested (mainly on circumstantial 
evidence) as the age of eD4 there (Black et al. 1979; 
Withnall et al. 1980a; Withnall 1984). 

Weak east- west fold ing throughout the Broken River 
Province may be related to a continent-wide north- south 
compression event, postulated by Powell et al. ( 1985) for 
the mid Carboniferous, and resulting in the Alice Springs 
Orogeny and mega-kinking in the Lachlan Fold Belt. Folds 
with this orientation also occur in the Georgetown Region 
(Withnall 1984, l989b) and Hodgkinson Province 
(Hammond 1986). 

Intra-province Relationships 
As noted above, fossil evidence is scanty in the Camel 
Creek Subprovince, particularly in the older rocks, but the 
early Ordovician Judea Formation may correlate with the 
other quartz-rich turbidite units in the Broken River 
Province, namely the Wairuna and Pelican Range 
Formations and the Tribute Hills Arenite. The Perry Creek 
Formation probably correlates with, and may be the 
offshore equivalent of, the Poley Cow Formation and at 
least part of the Quinton Formation. The Kangaroo Hills 
Formation may correlate in part with the Quinton 
Formation and possibly the Shield Creek Formation. 

Inter-province Relationships 
If, as is likely, the Hodgkinson and Broken River Provinces 
were once continuous, they probably had similar tectonic 
settings, although details of timing of deformation and 
depositional history are somewhat different. No Ordovician 
calc-alkaline volcanics are preserved in the Hodgkinson 
Province, although Ordovician quartz-rich 'flysch' and 
tholeiitic basalts (similar to the Judea and Wairuna 
Formations) are known along the western edge in the 
Mulgrave Formation (Bultitude et al. 1990). A late 
Ordovician U- Pb zircon date on a felsic volcanic clast 
from the late Ordovician Mountain Creek Conglomerate, 
indicates a nearby volcanic source of this age. The 
Mountain Creek Conglomerate is broadly equivalent to 
the Carriers Well Formation. The Chillagoe Formation is 
early Silurian to Early Devonian, and is thus a correlative 
of the Graveyard Creek Group, Perry Creek Formation 
and possibly parts of the Kangaroo Hills Formation. In 
the Hodgkinson Province, deposition of the Hodgkinson 
Formation continued from Early Devonian into the Late 
Devonian. In contrast, the youngest fossils known in the 
Camel Creek Subprovince are Early Devonian in the 
Kangaroo Hills Formation. Although the younger limit of 
these rocks is not known precisely, they were deformed at 
least twice before the end of the Devonian. 

Inter-regional Igneous Provinces 
Macrossan Province u Hutton. RJ Bultitude, 
/W Withnall 

Extent/Distribution 
Ordovician plutonic rocks in North Queensland are 
assigned to the Macrossan Province (Plate 14.4). They are 
principally found in the Ravenswood Batholith in the 
Charters Towers Region (Hutton & Crouch 1993a; Hutton, 
Rienks et al. 1994a; Rienks et al. 1995), and also as S
type and hornblende-bearing granites of the Fat Hen 
Complex adjacent to the Lolworth Batholith (Hutton eta!. 
1995; M. Fanning, u npub. SHRIMP data). Recently, 
Ordovician granites have been found in the Barnard 
Province (Bultitude et al. 1996b ) , extending their 
distribution in North Queensland. Felsic and dacitic 
volcanic clasts from conglomerate in the Hodgkinson 
Province (Bultitude et al. l996a) have also yielded mid 
Ordovician ages, possibly extending the distribution of 
Early to mid Ordovician felsic magmatism. However no 
primary volcanics of this age have been identified in the 
Hodgkinson Province. 
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Principal Geological Components and Age 
Early Ordovician !~type Granites 
Two known Late Cambrian to early Ordovician I-type 
granites occur in the Ravenswood Batholith: the Schreibers 
Granodiorite and the Sunburst Granodiorite. The Sunburst 
Granodiorite is a melanocratic hornblende-biotite 
granodiorite to tonalite near Charters Towers. It is typically 
a high-K calc-alkaline granite (Hutton & Crouch 1993a). 
Peters ( 1987a) suggested it may be derived from the 
mantle, (i.e. M-type ). However, the high-K nature and large 
negative t::Nd,c (--9.07) indicate a crustal sourced£ossibly 
related to underplating. It has yielded a 2 Pb/238U 
(SHRIMP) age of 482 ± 8 Ma. 

The Schreibers Granodiorite, in the southwest part of the 
Ravenswood Batholith (Hutton & Crouch 1993a; Hutton, 
Rienks et al. 1994a), is aJso a medium- to high-K calc
alkaline granite. As with the Sunburst Granodiorite, the 
Schreibers is more Fe and Ca rich than other Ordovician 
~ranites in the Ravenswood Batholith. It has yielded a 

6Pbf38U (SHRIMP) age of 490 ± 6 Ma (Hutton, Rienks 
et al. 1994a). As with the Sunburst Granodiorite, the 
Schreibers Granodiorite has KINa -1, a feature that 
suggests derivation from partial melting of crustal rocks 
rather than from mantle material. 

Early Ordovician S~Type Granites 
Early to mid Ordovician S-type granites occur within 
basement units in the Charters Towers and Cairns Regions. 
In most cases these granites lie adjacent to areas of medium 
to high grade metamorphism and migmatisation. 

The Fat Hen Creek Complex comprises muscovite, 
cordierite/muscovite and hornblende-bearing granites 
occurring in a northwest-trending discontinuous band 
within the Cape River Metamorphics, from Pentland in 
the southeast to the Flinders River southwest ofCargoon, 
a distance of about I 00 km. The age and affinities of 
granites in the complex are unclear. Four magmatic suites 
are defined (Hutton in prep.; Chapter 6, this volume), but 
some show regional variations, probably due to variations 
in source-rock chemistry. One, the Clearview Suite, occurs 
on the southwestern side of the belt between Pentland and 
Gorge Creek. The Clearview Suite is Early to mid 
Ordovician (469 ± 12 Ma), and is interpreted to represent 
the resulting partial melt from a high-grade metamorphic 
event in the Cape River Metamorphics at that time. 
Hornblende-bearing granites from the Gorge Creek and 
Scrubby Creek suites have also yielded ages of 493 ± 
J 0 Ma and 455 ± 10 Ma respectively, reinforcing the 
presence of an early to mid Ordovician event. Magmatic 
zircons from a sample in the Gorge Creek Suite have 
yielded an age of 1105 ± 15 Ma with complex zircons 
from the same sample yielding an age of 1238 ± 38 Ma. 
The significance of these ages is unclear at this stage. 

Upper amphibolite grade gneiss, migmatite and S-type (?) 
granite crops out as the Columbia Creek Complex, north 
of Charters Towers in the Ravenswood Batholith. This 
granite has yielded a 206Pb/238U SHRIMP crystallisation 
age of 464 ± 5 Ma with inherited zircon population at 
-600 Ma and 1840 Ma. In the eastern Ravenswood 
Batholith, the Two Creek Granodiorite (Rienks et al. 1995) 
has similar geochemistry and setting to the Columbia 
Creek Complex and may be part of the same event. The 
Charters Towers Metamorphics adjacent to the Columbia 
Creek Complex contain rare sillimanite but no garnet, an 
assemblage typical of high temperature-low pressure 
metamorphism. This type of metamorphism is 
characteristic of intrusion of mantle-derived magmas into 
the mid-crust causing partial melting. The resultant granite 
crops out north and east of Charters Towers. 
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Similar S-type granites are described by Withnall & 
McLennan ( 1991) from the northern part of the Argentine 
Metamorphics. Higher grade metamorphism and 
migmatisation also occurs in the Argentine Metamorphics, 
suggesting a possible correlation. 

Felsic S-type granite with meta-sedimentary xenoliths 
occur in the Barnard Province east of Tully. This granite 
has yielded a 206Pb/238U (SHRJMP) age of 486 ± I 0 Ma 
(Bultitude et al. 1996b ), statistically the same age as the 1-
type granites in the Ravenswood Batholith. Although I and 
S-type granites of this age are present, all are probably 
derived from deep to mid-crustal anatexis, and are thus 
included in the same event. 

Comparatively high K20 contents and K20/Na20 ratios 
distinguish the fel sic S-type granites of the Barnard 
Province from Ordovician S-type granites in the 
Ravenswood Batholith (e.g. Rienks 1991 ; Hutton & 
Crouch I 993b) and possibly also in the northern part of 
the Charters Towers region (Withnall & McLennan 1991 ). 

Mid Ordovician /-type Granites and Mafic Intrusives 
Mid Ordovician I-type granites make up much of the 
Ravenswood Batholith, particularly in the west, comprising 
mainly hornblende-biotite and biotite granite to 
granodiorite. Most granites are strained, deformed and 
recrystallised, reflecting regional late Ordovician to early 
Silurian metamorphism and deformation. 

Mid Ordovician 1-type granites are commonly associated 
with mafic rocks, which range from large coalesced bodies 
up to several kilometres in diameter, to mixed magmas 
with mafic pillows. Larger bodies have cumulate layers 
with abundant coarse hornblende crystals. Probable 
Ordovician mafic rocks range from gabbro to diorite and 
comprise mainly plagioclase and hornblende. Some 
hornblende results from the alteration of pyroxene grains. 
The age of these rocks is uncertain but some features, such 
as the presence of trails of mafic pillows in some granites, 
indicate some coeval intrusion. 

Geophysical Characteristics 
In the Ravenswood Batholith, Ordovician granites crop 
out as plutons and screens between Silurian to Devonian 
granites. As the Ordovician granites typically have 
magnetic susceptibilities an order of magnitude below the 
adjacent Silurian to Devonian granites, the aeromagnetic 
response of the batholith is characterised more by Silurian 
to Devonian granites than Ordovician granites. Positive 
magnetic anomalies are more extensive in the eastern 
Ravenswood Batholith, consistent with an overall increase 
in the mean susceptibility of plutons from west to east 
(Hutton, Rienks et al. 1994a). The easterly increase in 
magnetisation correlates with an increase in the percentage 
of Silurian to Devonian plutons. Ordovician gabbroic 
rocks, which are commonly intermingled with the 
Ordovician granites, show a ran§e of magnetic 
susceptibilities from zero to 3000 x 10- SI units. 

As the Ordovician granites are more felsic, they commonly 
show higher overall radiometric response compared to the 
Silurian to Devonian granites. This trend is overprinted 
by the high Th response of some well-defined Silurian to 
Devonian plutons such as the Broughton River 
Granodiorite and Deane Granodiorite (Hutton eta f. 1994a). 
Potassium-rich Ordovician plutons occur in the eastern part 
of the batholith. 



CHAPTER FOURTEEN Re v i ew o f G e ol o aic a l Ba si ns and Pr ov in ces 

High gravity readings over much of the batholith are 
interpreted as being due to denser, more mafic material 
underlying the granites at shallow to moderate depths 
(Stockill & Hutton 1992). The age of this mafic underplate 
is unknown but many mafic rocks in the batholith are 
assigned an Ordovician age (Hutton, Rienks et al. 1994a). 

Geochemistry 
All mid Ordovician granites in the Ravenswood Batholith 
are medium to high-K, (Hutton, Rienks et al. 1994a). Early 
to mid Ordovician I-type granites are subdivided into seven 
supersuites/suites (Hutton, Rienks et al. l994a). The two 
major supersuites, the Lavery Creek and Hogsflesh 
Supersuites, are best discriminated on the K20 versus Si02 

plot (Figure 14.6) . The other supersuites/suites are 
discriminated in a series of Harker plots (Figure 14.7). 

The age of the Schreibers Granodiorite overlaps recently 
acquired ages for the Mount Windsor Volcanics (H. 
Paulick, oral presentation, 1996), suggesting coeval 
magmatism. However, the geochemistry of the two units 
do not overlap (see Hutton, Rienks et al 1994a, Figure 
16). The Schreibers Granodiorite is enriched in Ca at a 
given FeO(Total) with respect to the Mount Windsor 
Volcanics, indicating a lack of comagmatism. The Mount 
Windsor Volcanics and the Schreibers Granodiorite occur 
adjacent to each other in southern CHARTERS TOWERS. 

Suites/supersuites with higher K20 values occur north of 
the latitude of Charters Towers and Ravenswood, 
suggesting a possible change in protoliths across this zone. 
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Mid Ordovician felsic I-type granites also occur in the 
Barnard Province (Bultitude et al. 1996b ), and are 
strikingly similar to Ordovician I-type granites of the 
Ravenswood Batholith in the Charters Towers Region. All 
the analysed granites in the Barnard Province are 
characterised by Sr-depleted, Y-undepleted signatures 
similar to those shown by the Ordovician granites of the 
Ravenswood Batholith (Hutton & Crouch 1993b ). Such 
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signatures are generally attributed to the presence of 
residual plagioclase in the source regions of the magmas. 

Isotopic Sig11atures 
Only limited isotopic data are available for granites in the 
Macrossan Province. Early to mid Ordovician ?S-type 
granites near Charters Towers and south of Ravenswood 
have Sr87/Sr86 initial ratios of 0.7106 and 0.7095, 
compatible with their derivation from crustal sources. An 
Ordovician 1-type granite, the Pocket Dam Granite, has 
an initial ratio of 0. 7074, also indicating derivation from 
an evolved source. This contrasts with the Pama Province 
granites in the Ravenswood Batholith. They have SrB7/Sr86 

initial ratios ranging from 0.7039 to 0.7068, indicating 
more primitive sources. 

Limited Nd-Sm isotopic data for granites in the province 
indicate evolved crustal sources. The Sunburst 
Granodiorite has eNd of - 9.07 and a two-stage model age 
of 1829 Ma. The Fenian Granite has eNd of - II (Mount 
Leyshon Granite ofUemoto et al 1992). and a model age 
of 1839 Ma. An !-type granite in the Barnard Province 
yielded a eNd of -6.1, also indicating a crustal source. 

Structure/Deformation History 
Ordovician granites in the Ravenswood and adjacent 
Lolworth Batholiths are commonly strained and 
recrystallised. In contrast, adjacent Silurian to Devonian 
granites are not strained or recrystallised, indicating that 
the major structuraVmetamorphic event occurred in the 
late Ordovician. 

Most mid Ordovician g ranites are strained and 
recrystallised with intense, discrete high-strain zones, 
typical of deformation of granites at greenschist facies or 
lower (Gapais 1989). Some granites, however, such as the 
Mingela Granodiorite, show pervasive ductile shear and 
are interpreted as being syntectonically emplaced (Hutton, 
Rienks e t al. 1994a; Gapais 1989). The Mingela 
Granodiorite was emplaced into the Alex Hill Shear Zone, 
a zone of east- west sinistral shearing of probable late 
Ordovician to early Silurian age. 

Mid Ordovician granites in the Ravenswood Batholith 
contain structures from several different deformations. In 
the northeast of the Batholith, east-west foliations are 
related to probable late Ordovician to early Silurian sinistral 
faulting along the Alex Hill Shear Zone. Overprinting the 
east- west foliations to the north of Charters Towers are 
steep to vertical, northwesterly-striking foliations parallel 
to the foliations in the Charters Towers Metamorphics. 
South of Charters Towers, steeply dipping, east to northeast 
foliations with strongly developed down-dip lineations may 
record an episode of southwest over northeast thrusting. 
All three structural events occurred between the mid 
Ordovician and mid Silurian. Post mid Silurian faulting 
cuts both the Macrossan and Pama Province rocks in the 
Ravenswood Batholith and is seen as major lineaments on 
aeromagnetic images. 

Tectonic Environment and Setting 
Hutton, Rienks et al. (1994a) described five magmatic 
supersuites/suites from the mid Ordovician granites in the 
Ravenswood Batholith (not including the Sunburst Suite 
and the Schreibers Suite, which are Late Cambrian to early 
Ordovician) with most granites falling in two supersuites: 
the Hogsflesh Supersuite and the Lavery Creek Supersuite. 
The boundary between the two supersuites corresponds 
to an east- west zone between Charters Towers and 
Ravenswood (broadly coincident with the Mosgardies 
Shear Zone). The Mosgardies Shear Zone (and the contact 
between the two supersuites) is interpreted to be the surface 
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expression of a deep crustal terrane change. Gold 
mineralisation at Charters Towers and Ravenswood both 
lie along the contact zone (Hutton et al. 1994a; Hutton et 
al. 1994b). 

All mid Ordovician granites in the Ravenswood Batholith 
are medium to high-K (Hutton, Rienks et al. 1994a), with 
K20/Na20 ranging from 0.6 to 1.5 (Hutton & Crouch 
1993a), suggesting probable crustal rather than mantle 
protoliths. The mafic rocks, on the other hand, are low to 
medium-K and have tholeiitic signatures (Hutton, Rienks 
et al. 1994a ), suggesting a possible mantle proto lith. These 
data are consistent with the intrusion of mantle-derived 
mafic magma into tbe crust, causing partial melting of 
crustal rocks as a mechanism for the generation of mid 
Ordovician igneous rocks in the Ravenswood Batholith. 
Tholeiitic mafic rocks intermixed with mid Ordovician 
granites may be remnants of the mafic underplate. 
Localisation of mid Ordovician granites in the Ravenswood 
Batholith support a local model rather than a region-wide 
tectonic event. 

Intra Province Relations 
eNd2so for felsic !-type granites in the Barnard Province is 
--6.1 (Bultitude et al. 1996b ), indicating a crustal source. 
The marked compositional similarity between the felsic 
I-type granites of the Barnard Province and granites of 
similar age in the Charters Towers Region imply the 
presence of a widespread infracrustal proto I ith of relative 
uniform composition. 

It is possible that the mid Ordovician granites in the 
Barnard Province were originally adjacent to the 
Ravenswood Batholith, being laterally displaced during 
Permian movement along the Russell-Mulgrave Shear 
Zone, which marks the western margin of the Barnard 
Province (Bultitude et al. 1996b ). 

Bultitude et al. ( 1996 b) noted an isotopic and geochemical 
similarity between Ordovician I-type and S-type granites 
in the Barnard Province and some Permian J-type and S
type granites intruding the eastern Hodgkinson Province. 
Although these two groups of granites are formed during 
different magmatic events, they are probably derived from 
similar protoliths. 

Inter Province Relations 
Rare Ordovician felsic granites are documented intruding 
the Thomson Fold Belt south of Charters Towers. Murray 
( 1994) reported two-mica granites from petroleum wells 
[AMX Toobrac I, and LOL LOL I (Cieeve)] drilled into 
the Thomson Fold Belt sequence on LONGREACH and 
MANEROO, with K- Ar ages of 446 ± 2 Ma and 434 ± 9 
Ma. He interprets these granites as post-orogenic, produced 
by the melting of a thickened crust following 
compressional folding. Both granites are intruded into 
deformed rocks which have undergone greenschist facies 
metamorphism. 

A syntectonic granite intruding schist in the core of an 
anticline south of the Anakie Inlier is reported to be mid 
Ordovician yielding ages of 452 Ma, 453 Ma and 460 Ma 
(Webb 1969b; Murray 1986). 

Pama Province U Hutton, J Knutson. JHC Bain, 
DE Mackenzie, JP Rienks, RJ Bultitude, P Wellman 
Extent/Distribution 
The. Pama Province is defined as all Silurian-Devonian 
granitic rocks in North Queensland. It extends as a 
discontinuous belt from the Coen Region in Cape York, 
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southwards to the Georgetown and Charters Towers 
Regions(Plate 14.4). 

Principal Geological Components 
Pama Province granitic rocks make up a large part of the 
Cape York Peninsula Batholith (CYPB) in the Coen 
Region, the Nundah, Tate, Robin Hood, Copperfield, White 
Springs, Glenmore, Dumbano and Dido Batholiths in the 
Georgetown Region, and the Ravenswood, Lolworth and 
Reedy Springs Batholiths in the Charters Towers Region. 

Age 
Pama Province granitic rocks in the CYPB range in age 
from 400 Ma to 407 Ma; those in the Georgetown Region 
range from 420 Ma to 431 Ma; and those in the Reedy 
Springs, Lolworth and Ravenswood Batholiths in the 
Charters Towers Region range from 382 Ma to 425 Ma. 

While all of the Silurian to Devonian granites in North 
Queensland are included in the Pama Province, there are 
significant differences in age and characteristics from north 
to south within the Province. Although some areas have 
only sparse age data, four time slices can be identified as 
follows. 

425-435 Ma. These granites include the older !-type 
granites in the Georgetown Region (i.e. Dido Batholith) 
as well as the Blackman Gap Supersuite in the Tate 
Batholith and the Nundah Batholith. These granites 
commonly have ages (with their uncertainties) indicating 
that they may have been emplaced in the late Ordovician. 

405-425 Ma. Granites in this time slice include those in 
the Lolworth and Ravenswood Batholiths in the eastern 
part of the Charters Towers Region as well as the White 
Springs Suite and Dumbano Granite from the Georgetown 
Region. 

400-410 Ma. This time slice includes granites in the CYPB 
as well as those in the Reedy Springs Batholith in the 
western Charters Towers Region. Ages are determined 
mainly from U/Pb dating but, in the Reedy Springs 
Batholith, several K-Ar ages give the same age as U/Pb 
dating. 

380-400 Ma. Granites in the Lolworth Batholith fall into 
this time slice, although only limited age data is currently 
known. The ages are determined from both U/Pb and K
Ar dating, with the U/Pb dates giving the younger ages 
(Hutton et al. 1995). . 

Geophysical Characteristics 
380-400 Ma Granites 
The Lolworth Batholith is characterised by a low 
aeromagnetic and a uniform high K response. Both of these 
characteristics contrast with the older, oxidised 1-type 
granites in the Ravenswood Batholith. The Lolworth 
Batholith is coincident with a well constrained east- west 
g ravity low with steep gradients, particularly on the 
northern margin. High resolution aeromagnetics are not 
available over the Lolworth Batholith but the batholith 
appears to be coincident with an aeromagnetic low. 

400-410 Granites 
Field observation of magnetic and in particular, gravity 
features, shows that in the CYPB the mainly S-type 
intrusions form a batholith with a sheet-like form, 
extending 440 km north- south, 100 km wide, commonly 
6 km thick, and an average dip westwards of about 7°. ln 
the Staaten area in the south, I-type intrusions are steep 
sided with no significant joining of intrusions at depth. 

In EBAGOOLNHANN RIVER the tops of the granitic 
rocks are exposed to the west, the steep sides ofthe granite 
are exposed in the middle of the sheet, and the base exposed 
in the east 

Granitic rocks can be subdivided into two types- mainly 
S-type in the north, and magnetic ?1-type over the Staaten 
Province. The two granite types overly the Palaeo
Mesoproterozoic basement provinces, and share their 
boundaries. 

The western boundary of the Silurian-Devonian granitic 
rocks appears to be controlled by the extent of Silurian
Devonian heating/deformation. The boundary is generally 
within rocks of schist texture, and is about 20 km west of 
the western boundary of crust that has been magnetised 
due, it is thought, to heating. 

Extensive dykes swarms occur in EBAGOOLA and 
HANN RIVER. The dykes form three swarms, each a 
geographical group with a different strike, magnetisation 
and inferred age. 

The Reedy Springs Batholith has aeromagnetic 
characteristics similar to the Ravenswood Batholith but 
appears to be part of a region of high magnetic response 
extending west and northwest into the southern 
Georgetown Region. 

410-425 Ma Gra11ites 
Complex positive and negative magnetic anomalies are 
associated with granites in the Lolworth and Ravenswood 
Batholiths in contrast with the non-magnetic character of 
sediments in surrounding sedimentary basins. Both 
positive and negative anomalies are associated with the 
Ravenswood Batholith. 

On radiometric images, the Ravenswood Batholith is 
heterogeneous, typical of a batholith with many different 
granite plutons. Some plutons in the Ravenswood Batholith 
are characterised by high Th responses. This contrasts with 
the Lolworth Batholith which is dominantly potassic and 
homogeneous in colour and texture on radiometric images 
(Plate 6.2b). 

Pama Province granitic rocks in the Ravenswood Batholith 
generally occupy areas of higher gravity, possibly 
suggesting sheet-like intrusions (Stockill & Hutton 1991 ). 
Several plutons, (Broughton River Granodiorite, Deane 
Granodiorite) are coincident with well defined gravity lows 
and are interpreted as diapiric plutons in an otherwise 
sheet-like batholith. Aeromagnetic and gravity signatures 
over the outcropping part of the Ravenswood Batholith 
continue under Cainozoic cover north of the Lolworth 
Batholith, with a signature not typical ofthe outcropping 
basalt. These data suggest that the granitic rocks of the 
Ravenswood Batholith may be more extensive than those 
currently outcropping, forming a west-northwest-trending 
belt, about I 00 km wide, bounded in the north by the 
Clarke River Fault and in the south by the Cape River 
Metamorphics, and intruded by younger granitic rocks in 
the Lolworth Batholith. 

425-435 Ma Granites 
Latest Ordovician to early Silurian granites in the 
Georgetown Region, including those in the Tate and 
Nundah Batholiths, are principally weakly magnetic or 
non-magnetic 1-types. The main exception to this is the 
D ido Batholith, which has a high magnetic signature 
similar to granites in the Ravenswood Batholith in the 
Charters Towers Region to the south. 
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Geochemistry 
The granitic rocks are classified as granite, granodiorite, 
tonalite and minor trondhjemite, using the Ab-An-Or 
plutonic rock classification of Barker (1979). The Pama 
Province rocks of the CYPB comprise mostly S-type 
muscovite-biotite and biotite granite and leucogranite, and 
I-type hornblende-biotite and biotite granodiorite. The 
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Fig 14.8. Chemical classification (after Barker 1979) of the Pama 
Province granites. A = tonalite, B = trondhjemite, C = 
granodiorite, D = granite. 
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Fig 14.9. Ti02, K20 and Na20 versus Si02 in Pama Province 
granites. 
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Georgetown Region is dominated by I-type granitic rocks 
that include hornblende-biotite tonalite, biotite 
granodiorite, biotite-muscovite granodiorite and 
leucogranite. In the western part of the Charters Towers 
Region many of the granitic rocks of the Reedy Springs 
Batholith are oxidised I-type granodiorites and 
peraluminous granites; in the Lolworth Batholith, 
muscovite-biotite granite (Amarra Suite) is intruded by 
layered leucogranite, and pegmatite and aplite sheets and 
dykes (Grasstree Suite). In the eastern part of the Charters 
Towers Region the Ravenswood Batholith comprises 
mainly oxidised I-type biotite-hornblende granodiorite, 
tonalite and minor granite (Figure 14.8). 

Major-element trends for Pama Province granitic rocks 
for all regions of North Queensland show mostly similar 
trends, although minor deviations are apparent in some 
elements. The presence of significant volumes of both I
type and S-type granitic rocks in parts of the CYPB 
accounts for at least some of the scatter of plots on variation 
diagrams. The scatter shown by the more highly 
fractionated granites (Grasstree Suite) of the Lolworth 
Batholith in some of the variations diagrams is likely to 
reflect varying degrees of auto-metasomatism during the 
final stages of crystallisation. The I-type granitic rocks of 
the Georgetown Region and the Ravenswood and Reedy 
Springs Batholiths generally show less scatter on variation 
diagrams. 

There is a tendency for the CYPB (Coen Region) to have 
higherTi02 and K20, and lower Na20 than the majority of 
Pama Province granitic rocks (Figure 14.9). Granitic rocks 
with less than 70% Si02 from the CYPB, the Lolworth 
Batholith and from the Georgetown Region generally have 
higher Ab03 contents than those from the Ravenswood 
and Reedy Springs Batholith in the Charters Towers 
Region. The Ravenswood Batholith granitic racks are 
relatively CaO-enriched, and there is a tendency towards 
enrichment in K20 in the CYPB relative to the other 
granitic rocks being discussed. Trace element trends more 
effectively differentiate between the granitic rocks of the 
difference regions (Figure 14.1 0). The strongly fractionated 
Grasstree Suite of the Lolworth Batholith is characterised 
by extremely low Sr, Ba, Ce, La, Zr, Nd, Sc and V contents, 
and enrichment in Rb, Nb, Y and U. 

The relative importance of partial melting versus crystal 
fractionation is difficult to evaluate. Plots on variation 
diagrams generally show either a degree of scatter or the 
predominantly straight line trends identified as being 
characteristic of crystallisation processes dominated by 
the removal from the melt of the solid residual fraction 
(restite) derived from the source (White & Chappell1977, 
Chappell et al. 1987). It is only in the granitic rocks of the 
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Fig 14.11. Alumina saturation index (ASI), Rb and Cu versus 
Si02 in Pama Province granites showing evidence of fractional 
crystallisation processes in rocks with greater than 72% Si02 

Georgetown and Reedy Springs areas that a strong decrease 
in Sr, and lesser decreases in Cr and V, suggest that there 
may have been some degree of crystal fractionation. In 
the other areas, the curved trends characteristic of fractional 
crystallisation processes (mainly of feldspar) are generally 
only apparent in some of the more evolved rocks, such as 
those of the Ebagoola Suite in the CYPB and the Grasstree 
Suite in the Lolworth Batholith, mostly with greater than 
72% Si02 (Figure 14.11). The Lolworth Batholith, in 
particular, shows evidence of strong crystal fractionation, 
including evidence of quartz fractionation in samples with 
>75% Si02 (Figure 14.11). ASI decreases sharply with 
increasing Si02 in the Grasstree Suite, possibly due to 
muscovite fractionation. 

Geochemical characteristics of the Blue Mountains 
Supersuite in the Coen Region show some similarities to 
A-type granites (Loiselle & Wones 1979, Collins et al. 
1982, White & Chappell1983). They have high Ga (as do 
the Kin tore and Flyspeck Supersuites ), Ce and relatively 
high Zr, although in most cases Zr is distinctly lower than 
is typical of A-type granites. However, other elemental 
values used to distinguish A- from !-type granitic rocks 
such as high Si02, Y, Zn and Nb, and low Ab03, CaO, and 
MgO are more typical ofl-type granitic rocks, especially 
in the less evolved rocks where A-type characteristics are 
generally most pronounced. Thus the A -type characteristics 
apparent in some granitic rocks are likely to result from 
crystal fractionation processes in some of the more evolved 
!-type granitic rocks. The Grasstree Suite in the Lolworth 

Batholith has high (1 OOO*Ga)/ Al ranging from 2.2 to 3 .6. 
Other elements indicative of A-type granitic rocks , 
however, (i.e. Zr, Nb and Ce) are low. 

A major difference between the Coen Region and the 
Georgetown and Charters Towers Regions is the 
dominance of non-magnetic S-type granitic rocks in the 
Co en Region compared with the predominance of wealdy 
to strongly magnetic !-type granitic rocks in the 
Georgetown and Charters Towers Regions. The Flyspeck 
and Kintore Supersuites of the Pama Province in the Coen 
Region are reduced, and have very low magnetic 
susceptibility. These properties are normal for S-type 
granitic rocks (e.g. the Kintore Supersuite ), but unusual 
for I -types (e.g. the Flyspeck Supersuite ), and reflect 
reduced source compositions (e.g. Chappell & White 
1984). In contrast, geochemical trends and the pinkish
grey colour of feldspar in some of the !-type Blue 
Mountains Supersuite of the Coen Region indicate this 
unit is more oxidised than the coeval Kintore and Flyspeck 
Supersuites. 

Sm-Nd Isotopic Characteristics 
Nd isotope data, along with U-Pb zircon geochronology, 
provide a valuable insight into the likely protoliths for the 
Pama Province rocks, and highlight any differences in 
source material through space and time. Calculated 
depleted mantle model ages (ToM) for the Silurian
Devonian S-type granitic rocks in the Coen Region range 
from 1977 Ma to 2200 Ma. ToM ages for the coeval !-type 
granitic rocks in the same area are slightly younger, with 
a range of 183 7-2088 Ma. These compare with 
considerably younger values of 1372-1637 Ma for the 
Carboniferous-Permian !-type granitic rocks in the Coen 
Region. 

Calculated depleted mantle model ages for the Coen 
Region S-type Kintore Supersuite (1977- 2200 Ma) are 
mostly lower than in the Holroyd Group (2232-2436 Ma), 
but largely similar to those for the Coen Metamorphic 
Group (2061-2288 Ma), indicating the Coen Metamorphic 
Group rocks in particular could have been source material. 
Distinctly lower ToM values for the Co en Region Flyspeck 
and Blue Mountains Supersuite !-type granitic rocks 
(1959- 2088 Ma and 1852-1965 Ma respectively) suggest 
the involvement of a younger source component. Blue 
Mountains Supersuite granitic rocks with the oldest ToM 
ages have geochemical and lithological characteristics 
intermediate between !-type and S-type granitic rocks, 
implying derivation from a mixed source. 

From the limited data for the !-type granitic rocks in the 
Georgetown Region it is apparent that at least two very 
different protoliths have been sourced. ToM ages for the 
granitic rocks of the White Springs Supersuite ( 410-425 
Ma granites) range from 2305 Ma to 2569 Ma consistent 
with derivation from largely Palaeoproterozoic igneous 
crust with a major contribution from Archaean source 
rocks. In contrast, the one value from the Dido Supersuite 
(425-435 Ma granites) gives a significantly lower age of 
1528 Ma, strongly suggesting the granodiorites of the Dido 
Supersuite were derived from the partial melting of 
substantially younger (<1550 Ma) mafic igneous crustal 
material (Black & McCulloch 1990). 

Pama Province granitic rocks of the Charters Towers 
Region are characterised by a large range of ToM ages, 
reflecting marked changes in source protolith from west 
to east. In the western part of the region, the Reedy Springs 
Batholith ( 400-410 Ma granites) has ToM ages ranging 
from 2145 Ma to 2227 Ma, intermediate to the values for 
the Georgetown and Coen Regions. To the east the granitic 
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rocks of the Lolworth Batholi th (380-400 Ma granites) 
have ToM ages of 1835- 1951 Ma, only marginally younger 
than the Coen Region I-type granitic rocks. There is a 
marked decrease in ToM age in the Ravenswood Batholith 
(41 0-425 Ma granites) where, in the southeasterly area of 
the Charters Towers Region, values range from 1120 Ma 
to 1230 Ma (Hutton, Rienks et al. 1996). These trends 
indicate that the protolith for much of the Ravenswood 
Batholith was markedly younger than that for the Lolworth 
and Reedy Springs Batholiths in the western part of the 
Charters Towers Region, and that for the Pama Province 
granitic rocks in the Georgetown and Coen Regions. 

Sm- Nd isotope data indicate a variable Precambrian 
component for all North Queensland Silurian-Devonian 
granitic melts. This is supported by zircon U- Pb 
geochronology, which documents zircon inheritance 
populations reflecting simi Jar trends to those observed for 
depleted mantle model ages. That is, there is evidence of a 
younger source component to the north and to the east 
(Figure 14.4). As would be expected, inherited zircons are 
much more abundant in S-type granitic rocks compared 
with 1-type granitic rocks (Black et al. 1992a). 

Inherited zircon populations, Sm-Nd isotopic signatures 
and major and trace element geochemistry suggest the 
granitic rocks in the Reedy Springs Batholith in the western 
Charters Towers Region were derived from similar crust 
to that in the Georgetown Region, and different to sources 
for the Ravenswood Batholith in the eastern Charters 
Towers Region. 

Structure/Deformation History 
The change from magmatic fabrics to solid-state fabrics 
suggests that shear zones were important in facilitating 
the emplacement of the felsic magma (Mackenzie & 
Knutson 1992) in the Coen Region, but not further south. 
In the CYPB, a number of shear zones are transected by 
the granites, while other shear zones were reactivated and 
overprin t the batholith (Blewett 1992). Shearing 
(predominantly sinistral) occurred before and after the 
emplacement of the batholith, and is likely to have assisted 
emplacement. 

In the Georgetown Region, many of the Silurian granites 
are unfoliated, but all are strained, with quartz grains 
showing various degrees of recrystallisation to aggregates 
of subgrains. The unfoliated granites include the Robin 
Hood, White Springs and Puppy Camp Granodiorites, 
whereas the Dumbano, McKinnons Creek and Beverly 
Hills Granites are locally weakly foliated. The Dido 
Tonalite, Mount Webster Granodiorite and eastern ' tonalite 
phase' of the Oak River Granodiorite are locally strongly 
fo liated (Withnall 1989a; Warnick 1989). Foliations trend 
generally north to northeast, and have previously been 
inferred to be related to the eD4 event at approximately 
400 Ma. However, the age of these granites is now known 
to be 425 Ma and older, and it is possible that they were 
affected by the deformation that produced the mylonite 
zones and thrusting prior to the deposition of the Graveyard 
Creek Group in the Broken River Province in the early 
Silurian. 

The Reedy Springs Batholith is situated at a change in the 
trend of the exposures of the Parna Province, from northerly 
in Cape York, to easterly in the Townsville hinterland. 
Internal fabrics show this trend change also, changing from 
easterly in the south, to dominantly northwesterly in the 
north. The northern margin is presently defined by the 
Clarke River Fault/Mylonite Zone, and was probably 
truncated by this structure during crD3 in the Cape River 
Metamorphics. 
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Primary and tectonic foliations in the Reedy Springs 
Batholith and tectonic foliations in the Cape River 
Metamorphics are concordant, indicating pre- and syn
tectonic plutonism. However, within the plutonic rocks, 
the fabric in most areas is better characterised as a flat
lying lineation. Microstructural observations of plutons 
near the centre of the batholith indicate they are more 
strongly deformed, and thus possibly were emplaced earlier 
unless strain was heterogeneous. 

The Connolly Lineament (Tenison Woods & Rienks 1992) 
is a major aeromagnetic feature in the Ravenswood 
Batholith. It is interpreted as an active fault during 
emplacement of some mid Silurian to Middle Devonian 
granites. Tenison Woods & Rienks ( 1992) report vertical 
igneous and tectonic foliations in granites along this 
lineament. Hutton, Rienks et al. ( l994a) interpret the 
Connolly Lineament to be, at least partly, a zone of 
accommodation between an area of extension to the north 
and a less extended area to the south. The Connolly 
Lineament is similar to structures associated with the thS3 
cleavage of Berry et al. ( 1992) and is interpreted to be 
part of that event. This interpretation supports the 
contention of Berry et at. (I 992) that the thS3 cleavage
forming event is Silurian to Devonian and can be correlated 
with some 'postorogenic' granites. 

Several mid Silurian to Middle Devonian granites occur 
in north to northeasterly-trending grabens in the southern 
part of the Ravenswood Batholith. The age of the granites 
are not known precisely, but all have the characteristics of 
the mid Silurian to Middle Devonian granites. The grabens 
may record an episode of northwest- southeast extension. 
The Molly Darling Granodiorite (Rienks et al. 1994), 
however, appears to be intruded into a graben with a 
direction of maximum extension that may be either north
south or east-west, and not northwest. This indicates that 
the extension was not strongly directional and may be due 
to uplift of the batholith in the mid Silurian to Middle 
Devonian. 

Some of the mid Silurian to Middle Devonian granites 
appear to have been intruded into active shear zones. These 
plutons are characterised by the presence of igneous 
foliations parallel to their long axis and parallel to a similar 
but stronger foliation in the basement rocks. Such foliations 
are best developed near the margins of these plutons. 

Tectonic Environment and Setting 
Granites of the Pama Province can be subdivided into four 
types based on age, granite type and intrusive setting. These 
are: 

I. late Ordovician to early Silurian (425-435 Ma) 
regional aureole granites; 

2. early Silurian to late Silurian ( 425-410 Ma) oxidised 
!-type granites; 

3. Early Devonian ( 400-410 Ma) regional aureole 
granites; and 

4. Early Devonian (380-400 Ma) high level fluid-rich 
granites. 

Late Ordovician to Early Silurian Regional A ureole 
Granites 
Peraluminous I-type granites, closely associated with 
medium- to high-grade regional metamorphism and 
migmatisation (regional aureole granites) of late 
Ordovician to early Silurian age occur in the Tate Batholith 
(Blackman Gap Complex) and in the Nundah Batholith. 
These granites are similar to many in the CYPB but are 
20-30 My older, and thus included in an earlier 
metamorphic/magmatic event. 
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Early Silurian to Late Silurian Oxidised 1-Type High 
Level Granites 
In contrast to granitic rocks of the CYPB, those of the 
Georgetown and Charters Towers Regions largely form 
isolated and equidimensional outcrops. They form bands 
I 00 km wide and occupy about 20% of the band. 

In some plutons (i.e. Broughton River Granodiorite and 
Deane Granodiorite), gravity lows are restricted to the 
~xtent .of the ?utcrop. This gravity anomaly pattern is 
mconststen.t wtth these plutons being the highest parts of 
a large contmuous batholith, but consistent with them being 
separate bodies in three dimensions. 

In the R~ven.swood ~atholith and Georgetown Region, mid 
to late Stlunan granttes are derived from crustal sources 
b~ing generated above the eclogite transition (Hutto~ 
Rienks ct al. 1994a). They were intruded to mid- upper 
~ru~tal leve l s. Metamorphism associated with the granites 
tS dtfficult to gauge as most are intruded into a granitic 
ba.s~ment. Ho~ever, contact metamorphism appears to be 
mmtmal, makmg these granites analogous to granites in 
the Lachlan Fold Belt and contrasting with the setting of 
granites in the CYPB. 

Hutton et al. ( 1990) noted that the western part of the 
Ravenswood Batholith appears to represent deeper crustal 
levels than the possible roof zones exposed to lhe east. 
The Reedy ~prings Batholith is intruded at even deeper 
levels. In thts respect the Ravenswood Batholith shows 
some similarity to the CYPB in the Coen Region. Field 
relat~onships ~~d geochemical data suggest the Pama 
Provmce gramttc rocks in the Georgetown Region were 
generated and emplaced at some depth in a thickened 
cru.stal environment during a compressional regime 
(W1thnall et al. 1980a, 1988a; Champion 1991 ). 

Early Devonian Regional Aureole Granites 
In the terminology of White et al. (1974) and White & 
Chappell (1983) the 400-410 Ma granitic rocks are 
regional aureole in character. That is, they have cooled 
mostly alo!'g with associated high-grade regional 
metamorphic rocks, and perhaps formed largely from 
them. In this respect they contrast with most of the Lachlan 
Fold Belt S-type and all !-type granitic rocks of similar 
age, as well as the Carboniferous-Permian granitic rocks 
of North Queensland, which typically have narrow contact 
aureoles and are subvolcanic in some cases. 

The 400-41 0 Ma granitic rocks in the Pama Province were 
emplaced into areas of regional metamorphic rocks that 
reach upper amphibolite to granulite facies (see Chapters 
3, 4 and 6). In most instances they do not have well defined 
cont~ct aur~oles and ~he prese~ce, in places, of pegmatite/ 
gramte vetned gne1ss, grantte/ pegmatite containing 
abundant rafts of gneiss, nebulous-veined/layered 
migmatites, and evidence of tectonic strain during granite 
emplac.ement, ~II indicate syn-metamorphic magma 
~eneratton . Reg1onal aureole 400-41 0 Ma granites occur 
m the CYPB and in the Reedy Springs Batholith at the 
western end of the Charters Towers Region. 

In the Coen Region, regional gravity variations indicate 
the eastern part of the CYPB to the south ofCoen extends 
to a depth of about 6 km, whereas on its western side it 
extends to depths between 8 and II km (Mackenzie & 
Knutson ( 1992). The lack of geophysical data for the 
northern part of the Coen Region precludes direct analysis 
of emplacement relationships for the granitic rocks in this 
area. Geophysical data and geochemical evidence 
supporting the role of restite removal in the compositional 
evolution of the granitic rocks, suggest that the CYPB 

grades at depths of 6-11 km into mixtures, similar in 
density to the metamorphic country rocks, where the restite 
ranges ~om crystals and polygranular aggregates to blocks 
of schlieren up to several kilometres across. With 
increasing abundance and size of these blocks/schlieren 
the ~ix gr~des with increasing depth into migmatite, 
gram te-ve1ned metamorphics and finally, massive 
metamorphic rocks. 

Early Devonian High Level Fluid-Rich Granites 
The I-type and S-type granitic rocks in the Lolworth 
Batholith appear to be intruded at higher crustal levels 
than the regional aureole granites in the CYPB, and are 
probably removed from their source rocks. The flu id-rich 
nature of these melts is suggested by the presence of 
abundant pegmatite/aplite veins in the batholith. 

Source-rock Determinations 
The classification of granitic rocks into !-types and S-types 
using petrographic a nd geochemica l criteria reflects 
variations in source-rock provenance and geological 
history (Chappell & White 1974, 1984). The Pama 
Province granitic rocks are largely of crustal derivation. 
Nd isotope data indicate source rocks with long crustal 
residenc~ times. U- Pb zircon (SHRIMP) age dating and 
Sm- Nd 1sotope studies indicate the S-type granitic rocks 
were largely derived from a Proterozoic or older 
metasedimentary protolith. Similarly the depleted mantle 
model ages and inherited zircon geochronology indicate 
that the 1-type granitic rocks were derived largely from 
Proterozoic meta-igneous source rocks. 37Srf86Sr ratios for 
Pama Province granitic rocks in the Coen Region range 
from 0.7126 to 0.7234 for 1-type granitic rocks, and 0.7186 
to 0.7657 for S-type granitic rocks. In both instances this 
indicates that a large component of old crustal material is 
involved (Cooper et al. 1975). Values for the I-type granitic 
rocks of the Georgetown Region range from 0.7073 to 
0.7357. Significantly lower values of0.7039 to 0.7051 for 
the J-type granitic rocks of the Ravenswood Batholith in 
the Charters Towers Region reflect a greater input from a 
younger mantle-derived crustal source than is evident in 
the Coen and Georgetown Regions (Champion 1991· 
Hutton, Rienks et al. 1996). ' 

These tr~nds are consistent with the generaJiy observed 
mcrease m ENd values and decrease in ToM ages in Pama 
Province granitic rocks from west to east and south to 
north, suggesting there is a decrease in the amount of 
evolved Proterozoic ' Georgetown • -type crustal material 
in these directions. The youngest ToM ages are in the 
Ravenswood Batholith, which is well to the east of the 
remainder of the Pam a Province (Figure 14. 12). In addition 
to this trend, older ToM ages in Devonian and Pennian 
granitic rocks intersected in drillholes in the Normanton, 
Rutland Plains and Weipa areas also indicate a possible 
westward increase in the proportion of old Proterozoic 
crustal material in the granite source. 

Isotopic and chemical trends indicate that the CYPB 
granitic rocks were derived from the partial melting of 
old source rocks from above the gabbro/eclogite transition 
zone, with feldspar a residual phase in the source (Green 
& ~ngwoo~ ~ 968). Isotopic data indicate the Georgetown 
Regton gramt1c rocks were also derived from an old crustal 
protolith. However, geochemical characteristics such as 
relatively high Sr and low Y indicate this source was 
generally at a deeper level in the crust, in the garnet stability 
field, with pressures and temperatures of at least 12 kb ( ~ 
40 km) a nd 700°C respectively (Spear 1993). Reedy 
Springs 1-type granitic rocks also have features consistent 
with the source being in the garnet stability field and 
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Fig 1-'.12. Sm-Nd data tn Pama Province granit~. Show~ gen
eral decrease tn depleted model agel. CToMl of \OUrce material 
from the Georgetown Region (except for the Dibo Batholtth) to 
the Reedy Spring~. Cape York PeninJ>ula and Lolwonh Balholtths 
through to the Ra\'en~wood Batholith. 

possibly represent a continuation of Georgetown r-rype 
magmatism. As wtth the CYPB, most granitic rocks from 
the Ravenswood and Lolworth Batholiths were also derived 
largely from above the gabbro/eclogite transition zone. but 
in the case of the Ravenswood Batholith the source rocks. 
on average, were significantly younger. 

features such as the presence of large rafts of country rock. 
m leucocrauc granite units of the Kintore Supcrsuite, plus 
the common occurrence of graphic intergrowth and 
porphyritic textures in the granitic rocks. and the presence 
of abundant zones of pegmatite and apl ite. suggest these 
Jeucogranitic rocks crystall ised from an undercooled melt 
in the batholith roof zone (London 1992). Additionally, 
the sim ilari t y in ENd values, and other chem ical 
characteristics of the S-type granitic rocks to the Coen 
Metamorphic Group (which were largely derived from 
granitic sources), suggests compositionally similar 
metamorphic rocks would be a suitable proto lith for these 
grani t ic rocks. This is supported by U- Pb zircon 
(SHRIMP) age dating indicating that zircons from both 
the S-type granitic rocks and metamorphic rocks have a 
similar inheritance distribution. 

U· Pb zircon (SHRIMP) geochronology indicates that both 
the Silurian-Devonian (and Carboniferous-Permian) 
magmatic episodes of the CYPB were relatively short lived 
(Black et al. 1992a). Tn contrast. geochronological data 
indicate that Georgetown and Charters Towers Regions 
mostly extended over a period of about 25 Ma and 50 Ma 
respectively. although limited data from the Reedy Springs 
Batholi th in the Charters Towers Region indicates it may 
ha\ e formed during a short-lived 4 l 0-403 Ma event. 

Geochemical trends indicate that the composttion of the 
Pama Pro•mce 1-rype and S-rype granitic rocks \\-as largely 
controlled by restite removal rather than fractional 
crystallisation. This implies that there was either little 
movement of the magmas from their source or that they 
moved en ma.ue Thai the latter has occurred ro some 
degree IS suggested by the presence of both anticlockw1se 
and clockwise PT - t metamorphic paths in the associated 
metamorphic rocks. Such paths cou ld be expected as 
marginal synclines move downwards to compensate for 
the lateral movement of magma. and metamorphic rocks 
adjacent to the focus of granite upwellings are dragged 
up\\ards (Chappell et al. 1987: Warren & Ellis 1996). 

The depth of emplacement of the Pama Provmce granitic 
rocks is constrained by the metamorphic assemblages in 
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the host rocks. This \\as mostly bclo\\ the kyanite-
.;;illimanlte-andalusitc invariant point. suggesting pressures 
of about 3.5 kb (..-10 km). Temperatures in the source 
regions were likely to ha\e been in the range 750-800T. 
E\ idence of melting (migmatites) tn the rocks adjacent to 
some of the granitic rocks of the Coen. Georgetown and 
western Charters Towers Regions suggests these rocks 
reached temperatures of about 600-Q50''C. Some basement 
rocks in the Ravenswood Batholith only attained upper 
greenschist to lower amphibolite grade, suggesting 
emplacement at lower temperatures and possibly higher 
crustal levels. 

Intra-province Relationships 
Oxidised 1- type dominantly metaluminous to marginally 
peraluminous plutons were intruded into the Ravenswood 
and Dido Batholiths and less oxidised plutons into other 
batholiths in the Georgetown Region between about 406 
Ma and 430 Ma. r n the Georgetown Region, these plutons 
are believed to be derived from partial melting of a mafic 
underplate intruded about 1550 Ma (Black & McCulloch 
1990). In the Ravenswood Batholith, 1-rypc granites of 
th is age range are derived from partial melting of a 
substantially younger mafic underplate of uncertain age. 
In both cases. the magmas were derived from partial 
melting at moderate to deep crustal levels and were 
emplaced mto the middle to upper crust. often with only 
minor hornfels in g. The Ravenswood Batholith lies well to 
the ca!.t of other elements of the Pam a Province. 

Contrasting with these oxidised !-type plutons, reduced 
to mildly oxtdised S-type and I-type granites, associated 
with medium- to high-grade regional metamorphism and 
migmatisation (regional aureole &>ranites) occur in a north
south belt extending over 800 km from the Reedy Springs 
Batholith lO the northern end of the CYPB. This belt 
defines the western margin of the Pama Province. Granites 
in the CYPB and Reedy Springs Batholith are younger 
than the oxidised 1-rype granites, being intruded in a limited 
time span between 400 Ma and 41 0 Ma. These regional 
aureole granites were emplaced at mid-crustal levels, 
deeper than the upper crustal emplacement for the oxidised 
1-type plutons. The d ifference in emplacement levels 
between the two groups implies greater uplift in the west. 
coincident with the belt of regional aureole granites. than 
occurs in the east. 

J nter-province Relationships 
Murray ( 1994) reported granites in basement cores from 
petroleum bores intersecting the Thomson Fold Belt (see 
Chapter 2 for relationship of the Thomson Fold Belt to 
North Queensland). The granites are isolated bodies 
intruding low-grade metasediments. In the northern 
Thomson Fold Belt they are mainly pink.leucocratic biotite 
granites some with graphic textures. A grc) biotite 
musco,·ite granite \\'(lS intersected in one well and an altered 
porphyriti;homblende biotite granite in another. Ages (K
Ar. Rb- Sr) range from 446 Ma to 405 Ma. Murray 
fa,oured a post-orogenic genesis. with magma derived 
from melting of a thickened crust following compressional 
folding and low grade metamorphism of the 
metasediments. The relationship of these rocks to the 
Macrossan and Pama PrO\ ince:. is not knO\\ n. 

Kennedy Province DE Macken::ie. P Wellman 

ExtenUDistribution 
The term ·Kennedy Pro" ince · refers to Early Carboniferous 
(ca. 340 Ma) to Early Permian (ca. 270 MaJ igneous rocks 
that extend throughout North Queensland, from tts 
:.outheastern extremity south of Bov,:en. north -
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northwestward through Cape York Peninsula and across 
Torres Strait, and northwestward to near Croydon (Plate 
14.4). Most of these igneous rocks are concentrated in two 
belts, the Townsville-Mornington Island Belt (TMIB) and 
the Badu-Weymouth Belt. 

The TMIB (originally Townsville- Mornington Island 
Igneous Belt: Wellman 1992; Wellman et at. 1994; 
Mackenzie et al. I 995) is the larger of the two. It extends 
parallel to the coast from near Home Hill, southeast of 
Townsville, to the Atherton area, then west to the limit of 
pre-Mesozoic exposure north of Georgetown. Concealed 
rocks of the same geophysical character and presumed age 
as the exposed volcanic and intrusive rocks extend at least 
300 km further west-northwest to the coast of the Gulf of 
Carpentaria. At the point where the TMIB intersects the 
Keer Weer geophysical domain, it abruptly loses its 
geophysical identity (see below). However, granite ofEarly 
Permian age has been intersected by diamond drilling on 
Momington Island, a further 200 km to the west. 

The Badu- Weymouth Belt extends from the Mount 
Carter-Cape Weymouth area in eastern Cape York 
Peninsula to Badu Island in southern Torres Strait (Plate 
14.5), and into Papua New Guinea. Exploration drillholes 
in the Daru region of southwestern Papua New Guinea 
bave bottomed in volcanic and granitic rocks (Davies 
1990), and granite dated by K-Arat 300 Ma crops out to 
the west ofDaru (Richards & Willmott 1970; Davies 1990). 

Bodies interpreted to be of igneous rocks similar in age 
and type to those of the TMlB and Badu- Weymouth Belt 
are scattered sporadically beneath rocks oft he Carpentaria 
and Karumba Basins throughout Cape York Peninsula and 
into the Gulf of Carpentaria, and up to 130 km northwest, 
west and southwest of Croydon (Wellman et al. 1994; 
AGSO unpub. data). BMR Norrnanton No. I drillhole, 
about 60 km south of the TMIB, bottomed in granite that 
was dated as late Carboniferous (Wellman et at. 1994; 
AGSO GEOCHRON database, unpub. data). 

Previously, the Kennedy Province was referred to variously 
as the 'Coastal Ranges Igneous Province' (Stephenson & 
Griffin 1 976a~ Henderson 1980), the ' North Queensland 
volcanic and plutonic province' (Day et at. 1983), and a 
variation of the latter name, the 'North Queensland Igneous 
Province' (used by various BMRIAGSO authors). 

Principal Geological Components 
The major geological components of the Kennedy Province 
are illustrated in Plate 14.5. The TMIB (Wellman et al. 
1994; Mackenzie et at. I 994) contains the major proportion 
of the igneous rocks (probably about 80% by volume). It 
includes major batholiths (Ingham, Tully, Bellenden Ker, 
Tinaroo, Koolgarra, Herberton and Tate) and several major 
volcanic 'fields', including the Glen Gordon composite 
cauldron (Chapter 7), the Featherbed Cauldron Complex, 
the Scardons and Galloway composite cauldrons, and the 

Table 14.3. Subprovinces of the Kennedy Province. 

northern part of the Newcastle Range composite cauldron 
(Chapter 3). 

The Kennedy Province can be subdivided into several 
subprovinces, the boundaries of which largely reflect the 
underlying/enclosing basement provinces, as outlined 
below. The nature of the rocks in these subprovinces also 
reflects to some extent (i.e. some chemical characteristics) 
the compositions of nearby Silurian-Devon ian intrusive 
rocks, reflecting in tum some corrunonality of source. 

The northern part of the province may be divided into three 
parts on the basis of the nature of the igneous rocks, their 
spatial relationship to the TM IB (Plate 14.5), and 
geophysical character. The Daintree Subprovince is 
geologically and geophysically distinct from the adjacent 
TMIB in that it consists almost entirely of non-magnetic 
granitic rocks. The Lakefield Subprovince is approximately 
coincident with the Permian Lakefield Basin (Chapter 9) 
and abuts the northwestern margin of the Daintree 
Subprovince. It does not crop out, but contains a number 
of magnetic anomalies interpreted as granitic intrusions 
(Wellman 1995a). The southeastern margin of the Jardine 
Subprovince adjoins the Lakefield Subprovince, but the 
southernmost significant outcrops are separated from the 
remainder of the Kennedy Province by a 200-km wide 
interval (the Coen and Yambo 'lnliers') almost devoid of 
Carboniferous- Permian igneous rocks. 

All subprovinces, and the corresponding ' basement' 
geological province, part province, or combination of 
provinces are listed in Table 14.3. 

Age 
The oldest rocks of the Kennedy Province are probably 
latest Devonian to early Carboniferous, but the oldest dated 
rocks are those of the Bagstowe- Lochaber ring complex 
and Glenmore Batholith: the Lochaber Granite has been 
dated by the SHRlMP zircon method at 340.3 ± 3.8 Ma 
(Fanning 1996). Volcanic and intrusive rocks in the 
Charters Towers Region, including volcanic units of the 
Glenrock Group, the Paluma and Watershed North 
Rhyolites, the Saint Giles Volcanics, and the Oweenee 
Supersuite, are of similar (Visean) age; SHRIMP dating 
gave ages of 33 7 ± 7 Ma and 330 ± 4 Ma for granites in 
the Oweenee Supersuite (Fanning in Gunther & Withnall 
1995). 

Volcanic and intrusive rocks dated at, or estimated to be, 
between 330 Ma and 310-3 I 5 Ma old are distributed 
widely throughout North Queensland, especially to the 
west and southwest of the TMIB. Granites on Dunk and 
North Islands, just outside the eastern margin of the TMIB, 
have been dated at about 330-335 Ma (Bultitude et al. 
Chapter 7, this volume). The TMIB itself consists almost 
entirely of rocks between 315 Ma and 280 Ma old, 
although the Mitchell River Volcanics, on the northern 
extremity of the TMlB adjacent to the Palmerville Fault, 

Igneous Subprovince Co"esponding Basemem Province 

Jardine 
Lakefield (concealed) 
Daintree 
Herberton 
Tate 
Kidston 
Kangaroo Hills 
Paluma 
Connors 

Nonhem Savannah Province; Iron Range Province 
Lakefield Basin 
Hodgkinson Provincc(nonhem) 
Hodgkinson Province(southem) 
(Nonheastem Forsayth Subprovince), Etheridge Province 
(Main pan of Forsayth Subprovince), Etheridge Province 
Broken River Province 
Cape River Province; Thalanga Province 
Drummond Basin; nonhem New England Province 
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are probably Late Permian (Rigby J 993; Chapter4). There 
are minor volumes of Early Permian (about 280 Ma) 
igneous rocks in the Georgetown Region, mainly 
distributed along the Robertson Fault and related fracture 
systems (Chapter 3). 

Igneous rocks of the Kennedy Province to the east and 
north of the TMIB are mainly younger than 300 Ma. 
Granites closest to che TMIB (Whypalla Supersuite) are 
275-285 Ma old. The youngesc granites, the Trevethan and 
Nulbullulul Granites, at abouc 260 Ma, are in the Cape 
Tribulation area, to the northeast of the Whypalla 
Supersuite granites; the Cooktown Supersuite, farther to 
the north, is about 275 Ma old (Chapter 4). However, there 
is no simple northeastward younging trend. The Altanmoui 
and Cape Melville Granites, sti ll farther to the norch, 
yielded Rb-Sr whole-rock ages of about 277 Ma to 280 Ma 
(Bultitude & Champion I 992), and the Obree Point 
Volcanics near Cedar Bay have been dated at 299 ± 6 Ma 
(Bultitude & Fanning, Chapter 7, this volume). 

Geophysical Characteristics 
The form of the outcropping and subcropping rocks of 
the Kennedy Province changes with distance west from 
the continental margin. The change is at about 130 krn 
from the continental margin in the Badu-Weymouth Belt, 
and 250 krn from it in the TMIB. This change is attributed 
to both changes in the style of magmatism, and in depth 
of erosion. In the east the igneous rocks appear to be 
thicker, with irregular margins that are tectonically 
controlled. A significant depth of erosion is indicated by 
the extent of exposed intrusive rocks (of both l-type and 
S-type) and by the common depression-filling form of the 
volcanics. About 2 km of erosion is known to have occWTed 
in the Lakefield Basin to expose intrusive rocks at its buried 
upper surface. In the west, the igneous rocks are centred 
on scattered, rounded subsidence structures, with only thin 
deposits outside these structures. Only minimal erosion 
could have occurred, because the structures are within 
500 m of the Permian land surface. The deeper erosion in 
the east occurred both in the Pern1ian-Jurassic period (to 
expose granites since covered by the Laura Basin), and in 
the 80-60 Ma period, as a consequence of uplift during 
the formation of a new continental margin. 

With the exception of the Mount Isa and Keer Weer 
Provinces along the western margin of the North 
Queensland area, the most magnetic rocks within the North 
Queensland area are of Carboniferous-Permian age. These 
volcanic rocks dominate the magnetic map because of their 
great volume, because they are close to the Earth's surface, 
and because they have not been significantly 
metamorphosed. 

Townsvi/le-Mornington Island Belt 
The TMIB is a major band of Carboniferous-Permian 
igneous activity (Wellman eta!. 1994) continuous to the 
southeast, with the belt of Carboniferous-Permian 
volcanism within the New England Orogen. The belt is a 
west- northwest-trending band, II 00 krn long and I 00 km 
wide in the east and 70 km wide in the west. Within the 
exposed part of the belt, generally over 70% of the rocks 
are Carbonjferous-Permian I-type and A-type granites and 
volcanics; the remainder are Proterozoic and early 
Palaeozoic metamorphic and granitic rocks. The igneous 
belt coincides with a prominent regional magnetic high, 
of 200 nT amplitude, within which 'circular' areas of 
negative and/or low magnetisation represent cauldron
collapse structures filled with non-magnetic volcanic 
rocks, intruded by reverse-magnetised granitic rocks, or 
both. Much of this positive magnetic anomaly a lso 
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coincides with a gravity low, which is especially 
pronounced in the western, concealed part of the belt. The 
gravity anomaly contrast between the belt and the 
sWTounding basement is near zero east of I44°E, -200 
mm.s-2 west of 144°E to the Keer Weer Province, and 
positive west ofKeer Weer Province. The Newcastle Range 
Volcanic Group is also underlain by a gravity low, but its 
trough-like fortn loses its identity to the south and for this 
and other reasons outlined below, it is not regarded as part 
oftheTMIB. 

The location of the TMIB appears to be controlled by zones 
of weakness in the underlying crust, as the belt follows 
boundaries between basement provinces. These boundaries 
are the Palmerville Fault, and the southeast end of its 
splinter the Gamboola Fault, a boundary between northern 
and southern parts of the Kowanyama Province, the 
boundary between Mount Isa and Keer Weer Provinces, 
and the boundary along the southern margin of the Gulf 
of Carpentaria. The belt has a gap over the Keer Weer 
Province, possibly because the igneous rocks could not 
rise through that rather different crust. 

The Carboniferous-Permian rocks of the TMIB change 
their fortn along the belt. East of 146.5°S the rocks are 
irregular-in-plan bodies of intrusives and volcanics, 
between 146.5 and 144°E they are mainly ovate, discrete 
intrusions with subordinate ovate volcanic/intrusive 
subsidence structures, while west of 144°E about 50% of 
the area is ovate subsidence structure, and the intervening 
part has irregular high magnetisation and is thought to be 
mainly Carboniferous-Permian volcanics. This change in 
form possibly reflects the decrease, away from the 
continental margin, in tectonic activity reflected in 
structural control of the original bodies and their later 
deformation. 

The mechanism of formation of space in the crust for the 
TMIB to occupy is not known. It is unlikely to be a crustal 
rift, as no rift-bounding faults or other rift structures are 
known, and there are no known structures in the Gulf of 
Carpentaria to accommodate the rotation of the North 
Queensland lithosphere by the rift. 

Badu-Weymouth Belt 
This part of the Kennedy Province is exposed as intrusions 
and volcanics in a 200 krn by 50 km area at the nortllern 
end of the Coen Inlier, and as scattered small exposures 
over a 150 km by 70 krn area crossing Torres Strait (the 
Cape York-Oriomo Ridge). We interpret the magnetic 
anomalies to indicate that that band has a very much greater 
extent sub-surface: a width of200 krn, and an extent north
south of at least 400 krn. The extent further north under 
the Fly River plain of Papua New Guinea is unknown. 

The eastern part of the province consists of a broad area 
of irregular positive magnetic anomalies extending from 
the continental shelf about 130 km west. Where exposed 
in the Coen Inlier the causative rocks are magnetic granites 
and minor associated volcanics, some welded. The 70 km 
wide western part of the province has a magnetic anomaly 
with an average value near zero, irregular in pattern, but 
with arcuate low anomalies l 0-40 kn1 in diameter. On the 
basis of exposures in Torres Strait, and relations elsewhere 
in the Kennedy Province, the causative rocks are granites 
and volcanics (some welded ignimbrites), with subsidence 
structures corresponding to the arcuate low anomalies. 
These rocks are thought to be at a higher structural level 
and ~ess deformed that those of the eastern part of the 
provmce. 
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Abrupt boundaries, interpreted as faults, occur along the 
western margin of the western band, and the western 
boundary of the eastern band both against the Kowanyama 
Province and the western band. 

Rock magnetism 
Considerable palaeomagnetic work has been carried ·out 
(Kiootwijk et al. J 993, pers. comm. April 1996). ?"he 
Featherbed Volcanic Group, Lizzie Creek Volcantcs/ 
Carrnilla Beds, Silver Hills Volcanics, and Newcastle 
Range Volcanic Group had prin:tary remanent 
magnetisation. The Bulgonunna Volcamc Group, Star of 
Hope Volcanics, and Lower Devonian Dotswood Group 
have strong, steep and r.eversed ~v~rprinti~g. Th!s 
overprinting, in common wtth overpnntmg of thts type m 
active zones elsewhere in Australia, is thought to be due 
to hydrothermal solutions of late Carboniferous-Early 
Permian age. 

Tectonic Environment and Setting 
Most previous models for the tectonic setting and origin 
of the rocks of the Kennedy Province have involved 
subduction (e.g. Henderson 1980; B~iley et al. /982). 
However, major caldera-related volcamc ftelds elsewhere 
in the world are clearly in extensional settings. Examples 
include the southwestern USA (extension over a subducted 
spreading ridge; (e.g. Eaton 1982; Price & Henry 198~; 
Aldrich eta!. 1986; Price eta!. 1986); the Taupo Volcamc 
Field (e.g. Cole 1979), northern Turkey, parts of the_ Andes 
(back-arc extension in continental crust; e.g. Francts et al. 
1978; Noble et al. 1979), and probably the Lachlan Fold 
Belt of New South Wales. Mackenzie & Oversby (1983), 
Oversby ( 1983), and Overs by & . Mac.kenzie (1995), 
working in the Georgetown. Regwn, .mterpre.ted the 
Carboniferous and Early Perm1an volcamcs there m terms 
of east-west (Carboniferous) and subsequent (Early 
Permian) northeast- southwest extension. Veevers et al. 
( 1994) proposed that the entire eastern Australian Early 
Permian magmatic belt was related to a large-scale heat 
anomaly and dextral transtension a't the southern margin 
of Pangea during anticlockwise rotation. 

Any model for the tectonic setting of the Kennedy Provi~ce 
must explain the following crucial features and propert1es 
of the province: 

• the wide range of ages (330-270 Ma) of the component 
rocks; 

• the overall widespread, diffuse, rather than linear 
distribution of older volcanic centres; 

• the age distribution of components of the proyince, 
that is, youngest rocks in the TMIB and Damtree 
Subprovince, older to the west, north and (probably) 
east; . 

• the great concentration of relative.ly young (308-
280 Ma) intrusive rocks and volcamc centres m the 
TMIB; 

• the form, orientation and shape of the TMIB (the 
orientation of its western portion almost orthogonal to 
the eastern coast, the continental margin and the general 
north-northeasterly structural 'grain') and its probable 
extension into the Gulf of Carpentaria; 

• the overwhelming preponderance in the Kennedy 
Province of rocks derived from old, evolved crust, and 

the lack of demonstrably magmatic arc-related igneous 
rocks or of any significant volume of rocks with clear 
mantle geochemical or isotopic signatures (see below); 

the widespread evidence of extensional structures (rifts, 
etc.) in parts of the Province (e.g. Oversby & 
Mackenzie 1995), and 

• 

lack of evidence oflate Carboniferous- Early Permian 
compressional tectonism; 

clear evidence of extensional tectonism during the 
Carboniferous and Early Permian in the Bowen Basin, 
to the south of the Kennedy Province (e.g. Day et al. 
1983); 

the relationship of the province to apparently 
contemporaneous activity on major fracture systems 
such as rhe Palmerville Fault, and on second-order 
major fracture sets oriented north- south (Delaney 
Fault, etc.) and northwest-southeast (Robertson Fault, 
etc.) (Plate 14.6). 

The model must also take into account evidence that 
igneous rocks of late Carboniferous-Early Permian age 
in the northern New England Fold Belt (eastern central 
Queensland) are related to extensional tectonics 
(Allen et al. in press; Holcombe et al. in press). 

We propose, therefore, that the ~enn.edy Provin?e is 
essentially the result of crustal meltmg man extenston~l 

(or transtensional), possibly b~ck-arc, ~ecton1c 

environment. Figure 14.13 illustrates dJagrammatJcally the 
proposed model. 

The wide spread of magmatism in both spac~ and time 
indicates broad-scale heterogeneous thermal mput, or a 
series of inputs, over a period of about 70 mill~on years. 
At about 3 1 0 Ma before present, this thermal mput and 
the resultant magma generation became focussed i~to a 
relatively narrow, elongate zone .(the_ TMIB) ~1th a 
significant secondary concentration tn the Damtree 
Subprovince and minor 'leakage' to the southwest of the 
TMIB. 

Initial , widespread, scattered magmati sm ~o~ld be 
explained by equally widespread but u~evenly d1stnbut7d 
underplating by mantle-derived maf1c magma. Parttal 
melting caused by heat input fro!11 unde.rplated I!lagma 
emplaced into the lower crust IS cons1stent wtth the 
appearance in most volcanic sequences of ~he Kefl:"edy 
Province of very small volumes of basaltic to (h•ghly 
contaminated) andesitic rocks and the sporadic appea~ance 
of minor diorite to gabbro that appear to be genetically 
unrelated to the more felsic rocks (see below). These small 
volumes of mafic to intermediate rocks may represent 
minor ' leakage' of the underplated material. Underplating, 
heat input and magmatism may have become focussed as 
a result of crustal thinning and incipient failure along a 
relatively narrow belt (which became the TMIB) that 
formed in response to east- west (or east-northeast to west
southwest) extension. 

Plate-tectonic reconstructions (e.g. Veevers et al. 1994; 
Veevers & Tewari 1995) place the North Queensland region 
at least I 000 km from a plate margin in the late 
Carboniferous. However, it is possible that the region could 
have been affected by back-arc extension and upper 
mantle-derived magmatism. For example, the effects of 
back-arc tensional stress and magmatism extend almost 
twice that distance from the Japan arc across the Japan 
Sea to mainland China. 

The geometry and p~oposed mec.hani~m of the belt of 
crustal failure are Illustrated 1n F1gure 14 . 13. Its 
southeastern portion, subparallel to the present coastline, 
appears to have been controlled by sinistral transtensiOnal 
movement on the Palmerville Fault system. Its western 
segment may have been controlled by similar movement 
on the Robertson Fault and its northwestward under-cover 
extension, the Robertson Structure of Smart et al. ( 1980). 
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Figure 14.13. Generalised and interpreted structure of the 
Townsville-Mornington Island Belt. (A) compared with possi
ble analogues. (B) Result of a pull apart basin expeliment by 
McClay & Dooley (1995)- solid lines= active fault strands; 
PDZ = principal displacement zone; pull apart bounding faults 
labelled l-4. (C) Interpretation from a Landsat TM image of a 
pull apart basin in the Argentinian Andes (mirror image after 
McClay & Dooley 1995)- heavy lines =main faults; 'teeth' 
on downthrown side. (D) Theoretical fracture pattern in a large 
dilational fault jog (Sibson 1987)- parallel lines are extensional 
fractures; normal faults dashed, with ticks on downthrown side. 

The central, broadest part of the belt includes the north
trending, graben-like Newcastle Range composite 
cauldron, prominent north-trending faults, several easterly
trending faults including the Fiery Creek Fault Zone
Dagworth Fault system (Overs by & Mackenzie 1995), and 
north-south alignments of Carboniferous-Permian 
volcanic centres. The Fiery Creek-Dagworth fault system 
is an array of north-side-down normal faults that almost 
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exactly coincides with the southern margin of the TMIB 
interpreted from geophysical and other non-structural data. 
This central part also contains, unlike other parts of the 
TMIB, relatively large areas of ' basement' 
(Palaeoproterozoic to Silurian), including a large block to 
the west of the Featherbed Cauldron complex (Figure 
14.13). 

Some aspects of this interpretation of the structural setting 
of the TMIB have parallels in complex rift systems such 
as the Arabian Gulf-Dead Sea-Jordan valley system, and 
others are similar to features of pull-apart basins associated 
with transtensional faults (e .g. Harding et al. 1985; 
Sylvester 1988; McClay & Dooley 1995), or dilational 
jogs in strike-slip faults (e.g. Sibson 1987; Figure 14.13). 

The Badu-Weymouth Belt is similar in geological (where 
exposed) and geophysical character to the TMIB, and is 
therefore likely to be of similar origin. However, the 
geological extent and tectonic framework of the Badu
Weymouth Belt extend well beyond the scope of the studies 
that are summarised here, and the existing data are 
insufficient to support a detailed genetic model. 

Regional Variations 
The Kennedy Province can be divided into subprovinces 
which coincide largely or entirely with the pre
Carboniferous basement province(s), or 'terranes' (cf. 
Chappell et al. 1988) that the rocks overlie or intrude, 
namely Kidston (Etheridge and Croydon Provinces), 
Kangaroo Hills (Broken River Province), Paluma (Cape 
River Province) and Connors (Drummond Province). The 
Jardine Subprovince, however, overlies parts of the Yambo, 
Savannah, Iron Range and Torres Strait Provinces. As 
discussed above, the part of the Kennedy Province that 
coincides with the Hodgkinson Province has been 
subdivided into Herberton and Daintree Subprovinces to 
reflect a change across a northwest- southeast line that 
separates an almost entirely granitic terrain containing S
type rocks to the northeast from a volcanic-plutonic terrain 
devoid of S-type rocks to the southwest. 

There is some evidence to suggest that significant chemical 
changes occur across the southern margin of the TMIB 
within the Kidston Subprovince, and the part of the Kidston 
Subprovince within the TMIB is tentatively termed the 
Tate Subprovince (Plate 14.5; see below). 

Gross Petrological and Metallogenic Differences 
between Subprovinces 
The Jardine Subprovince consists ofl-type extrusive and 
intrusive rocks in about equal proportions. No exposed 
cauldron-collapse structures have been identified, although 
their presence beneath Mesozoic-Cainozoic cover and in 
Torres Strait has been interpreted from airborne 
geophysical data (Chapter 5). A wide range of 
compositions, from andesitic/dioritic to rhyolitic/granitic, 
is represented, with a moderate bias towards felsic 
compositions. 

Mineralisation associated with the Carboniferous-Permian 
rocks is very sparse. It is mainly gold, or gold+ base metals, 
with less important tin, tungsten and, in Torres Strait, 
copper. 

The Daintree Subprovince consists almost entirely of 
intrusive rocks: eruptive rocks are rarely preserved, and 
there is little evidence that they were ever present. The 
intrusive rocks show widespread evidence of deformation 
parallel to the regional strike. This subprovince is the only 
part ofthe Kennedy Province dominated by S-type rocks, 
although 1-type rocks are important in its most 
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northeasterly part, the Cape Melville area (Champion 
1991; Champion & Bultitude 1994). 

It is possible to divide the rocks of the Daintree 
Subprovince into three groups: 1-type rocks of the Cape 
Melville and Yates Supersuites, S-type rocks of the 
Cooktown area (Cooktown and Mount Formartine 
Supersuites - the 'Cooktown group'), and a southwestern 
'Mount Molloy group' (Whypalla, Emerald Creek, Mount 
Alto, Tinaroo, and Wangetti Supersuites; minor presence 
of Yates Supersuite). Rocks of the Cooktown group are 
distinguished from those of the Mount Molloy group by 
their porphyritic texture and the common presence of 
cordierite and other aluminosilicate minerals. They also 
have a smaller, more felsic compositional range than those 
of the Mount Molloy area. Mineralisation associated with 
the Cooktown area and more northerly granites is 
predominantly tin, whereas tungsten is more important in 
the Mount Molloy area. 

The Herberton Subprovince is predominantly felsic, with 
intrusive rocks more abundant (about 60-70% by area) 
than eruptive rocks. The eruptive rocks are mostly, if not 
entirely associated with caldera-collapse structures, but 
few of these are well preserved because of post
emplacement tectonism and erosion (Chapter 6): the largest 
and best-preserved subsidence structure is the Featherbed 
Cauldron Complex (Mackenzie 1987c, \988b, 1993). 
Intrusive bodies range widely in size, but most are large 
(>>I 00 km~, and in addition to those actually in contact 
with volcanic sequences, many show evidence of shallow 
emplacement levels and some appear to have had 
subhorizontal roofs. 

The Herberton Subprovince, in common with the K.idston 
Subprovince, contains both 1-type and A-type rocks, 
although A-type rocks are much less voluminous in the 
latter. 1-type rocks in the Hodgkinson Subprovince range 
in composition from gabbro and andesite to highly felsic 
(including highly fractionated) granite and rhyolite. The 
A-type rocks are predominantly felsic and eruptive; only 
about I 0% by volume of the identified A-type rocks are 
intrusive, but large volumes may lie concealed beneath 
thick piles of A-type volcanic rocks. 

Mineralisation in the Herberton Subprovince is dominated 
by tin and tungsten. However, there is a wide range of 
other economically exploited elements present, including 
gold, copper, lead, zinc, silver, antimony, molybdenum, 
bismuth, fluorine, mercury and uranium. Most of this 
mineralisation is associated with the 1-type rocks; the most 
important tin deposits are related to highly fractionated!
type granites (Johnston 1984; Witt 1985, 1987 1988; 
Pollard 1984; Champion 1991 ). Only relatively minor gold 
±fluorite, tin and uranium mineralisation is associated, or 
thought to be associated, with the A-type rocks. 

The Kidston Subprovince coincides with the Etheridge 
Province (Plate 14.5)- the Palaeo to Mesoproterozoic 
and Silurian rocks that represent the oldest 'basement' to 
any of the subprovinces of the Kennedy Province. The 
Carboniferous- Permian igneous rocks are approximately 
60% intrusive, 40% eruptive. 

The style of magmatism in the Kidston Subprovince 
(exclusive of the Tate Subprovince) is much more dispersed 
and conspicuously fault-controlled than in the Herberton 
and Tate Subprovinces. The Newcastle Range Volcanic 
Group and the Bagstowe-Lochaber ring complex are large, 
composite cauldron collapse-related structures similar to 
those in the TMIB. However, the distribution of the older, 
1-type rocks of the Newcastle Range Volcanic Group is 

strongly constrained by north-south fractures almost 
perpendicular to the trend of the partly overlapping TMIB. 
The Bagstowe-Lochaber complex is bounded to the 
northwest and southeast by major fracture systems 
(Gilberton and Werrington Faults). Both complexes are 
relatively isolated . The remainder of the Kidston 
Subprovince is made up of strongly bimodal volcanic rocks 
and small, high-level intrusive bodies. 

Most rocks of the Kids ton Subprovince are significantly 
older than those of the Tate and Hodgkinson Subprovinces, 
but the age distribution is strongly bimodal. Ages of rocks 
from the Bagstowe- Lochaber ring complex and the 
Newcastle Range Volcanic Group (excluding the 
Namarrong Volcanic Subgroup) range from 340 Ma 
(Fanning 1996) to about 325 Ma (Black & McCulloch 
1990). Ages of small-volume eruptive and intrusive rocks 
in the west and south of the subprovince (Gongora and 
A wring Granodiorites, Mount Little Volcanic Group, Agate 
Creek Volcanic Group) are Early Permian (about 280 Ma). 

Like those of the Herberton Subprovince, the rocks of the 
Kidston Subprovince range widely in composition, from 
diorite and andesite to granite and rhyolite, but strongly 
fractionated rocks are rare. Both 1-type and A-type rocks 
are present. 

Unlike the Herberton Subprovince, the A-type rocks also 
have a wide compositional range, from dacite/granodiorite 
and andesite to granite/rhyolite. In comparison to the 
Herberton Subprovince, A-type intrusive rocks are much 
more common than the eruptive rocks. A characteristic 
that appears to be restricted to the A-type rocks is the 
abundance of glassy rocks, both lavas and ignimbrites. A
type rocks also crop out only in the northeast of the Kidston 
Subprovince, where it is overlapped by the TMIB. 
Furthermore, I-type rocks in this part of the Kidston 
Subprovince show some slight but significant systematic 
differences to those to the southwest (e.g. higher Ca/Sr1

, 

higher Sr, lower Zr). For these reasons this part of the 
Kidston Subprovince is referred to here as the Tate 
Subprovince (Plate 14.5; see below). 

Mineral occurrences of Carboniferous- Permian age in the 
K.idston Subprovince are sparse, but include important 
gold-molybdenum and gold-lead-zinc deposits (K.idston 
and Croydon, respectively), along with small porphyry
type copper-molybdenum ± gold deposits and minor 
copper and uranium± molybdenum + fluorite deposits. 

The Tate Subprovince contains the largest proportion (by 
area) of caldera-collapse structures, and of eruptive rocks, 
of any of the subprovinces. It includes large volumes of 
felsic 1-type granite - Elizabeth Creek Granite sensu 
s tricto (Plate J4.7a) and numerous other bodies of similar 
granite that were collectively referred to as ' Elizabeth 
Creek Granite' by White et al. (1965), Branch (1966) and 
Sheraton & Labonne ( 1974, 1978). It also includes, relative 
to the neighbouring Hodgkinson Subprovince, and to the 
Kidston Subprovince proper, a large component of 
intermediate-composition (dacitic to andesitic) eruptive 
rocks. Isotopic ages for the Tate Subprovince range from 
about 320 Ma (Black 1978) to 280 Ma (AGSO unpub. 
data). Mineralisation of Carboniferous- Permian age in the 
Tate Subprovince is predominantly tin and tungsten, with 
lesser gold, minor copper, antimony, uranium ± 
molybdenum + fluorite , and significant quantities of topaz 
and aquamarine. 

1 Ca/Sr; (CaO x 7147)/Sr 
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The Kangaroo Hills Subprovince consists mainly of 
granitic or rhyolitic rocks, with minor quantities of 
intermediate-composition rocks. Intrusive rocks dominate 
most of the subprovince, but volcanic rocks, mainly 
ignimbrites, are important near its eastern margin. 
Mineralisation associated with rocks of the subprovince 
includes relatively minor gold, antimony, tin and tungsten. 

The Pa/uma Subprovince contains 1-type igneous rocks 
with a wide compositional range, but which are 
unfractionated and significantly more mafic and primitive 
(e.g. high Fe, Mg, CaO, Na20, and Sr; low K20, Rb, Zr 
andY) than rocks of the l(jdston, Tate, Hodgkinson and 
Daintree Stibprovinces. Intrusive rocks are predominant, 
and include sub-volcanic rhyolitic pipes and breccia pipes. 
Caldera-collapse structures are recognised only in the 
extreme southeast of the subprovince. Mineralisation 
genetically linked to the Carboniferous- Permian 
magmatism is sporadic: gold deposits (including Mount 
Leyshon, Mount Wright and Mount Success) are the most 
common, copper ± gold and molybdenum deposits much 
less so, and tin and tungsten deposits are rare. 

The Connors Subprovince consists of about 50% volcanic 
(mainly ignimbrites) and 50% intrusive rocks, which range 
from diorite/andesite to granite/ rhyolite, with an apparent 
compositional gap between 55% and 63% Si0 2• They are 
geochemically similar in most respects to rocks of the 
Paluma Subprovince, but are slightly richer in K20 , Ba, 
Rb an<;! Zr, and poorer in CaO and Sr. Mineralisation is 
sporadic, minor, and includes gold, silver, bismuth and 
copper. 

Whole-rock Geochemical Variation between 
S ubprovinces, and Subprovince Characteristics 
There are numerous systematic differences in whole-rock 
major and trace-element composition between the various 
subprovinces of the Kennedy Province. The most 
significant of these are (see Plate 14.8, 14.9) as follows. 

The contents ofSr and Sr*2 are significantly higher in 
the Paluma (most notably), Kidston and Connors 
Subprovinces than in the Jardine, Daintree, Herberton, 
Tate, and Kangaroo Hills Subprovinces. 

Ca/Sr ratios are distinctly higher, and Rb contents (also 
Rb/Sr ratios) higher on average, in the Herberton, 
Kangaroo Hills and Daintree Subprovinces than in the 
Jardine, Tate, Kidston, Paluma and Connors 
Subprovinces. 

• Ba is higher in the Tate (most notably) and l(jdston? 
Subprovinces, and lower in the Daintree Subprovince 
than in the others. 

La, Ce, Nd, Zr andY are conspicuously elevated in the 
Hodgkinson and Tate A-types relative to all other rocks. 

The principal distinguishing geochemical characteristics 
of the various subprovinces are outlined below. Differences 
in major and trace-element composition are illustrated in 
Plates 14.8 and 14.9 . 

Rocks of the Jardine Subprovince are mainly characterised 
by relatively low K/Rb, moderate to low K20, Ba and Sr, 
and moderately high Zr contents (Kidston Subprovince!
type rocks are used as a reference population). There is 
considerable scatter in most geochemical plots, but many 
(e.g. Rb-Si02) show a straight-line trend for the majority 
of samples. There is some evidence of fractionation, 
particularly an enrichment in Rb and strong depletion of 

1 Sr/Sr• = Sr/(5.77Nd + 7.74Ce) 
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Ba and Sr (Plate 14.9). Rocks from the southern part of 
the subprovince (south of the Sir Will iam Thompson 
Range) have higher K20, Ba, Rb and Sr, and lower Ca/Sr, 
Rb/Sr and Th than rocks to the north. 

Rocks of the Daintree Subprovince as a whole are very 
rich in Rb, rich in P20 5• high in Ca/Sr and KI(K + Na), and 
low in Sr/Sr*, Th and Zr. However, they are relatively low 
in Ba, and moderately low in K/Rb (similar to the 
Herberton 1-type and Kangaroo Hills rocks), Sr andY. 
There is evidence of intense fractional crystallisation, 
notably in the S-type rocks, involving mainly enrichment 
of K20 and Rb, and severe depletion of Ba, Sr and Zr 
(Plate I4.9). 

Rocks of the Cape Melville and Yates Supersuites show 
the least evidence of fractionation, are highest in K/Rb, 
Ba and Sr, and lowest in K20 and Zr of the three groups of 
the Daintree Subprovince. Those of the 'Cooktown area' 
are, conversely, lowest in K/Rb, Ba and Sr, and highest in 
K20 and Zr. 'Cooktown area' rocks are a little lower on 
average in CaO, Ba, Sr andY, but higher in Ti02• K20, Rb, 
U, V and Cr than those of the 'Mount Molloy area' (cf. 
Champion & Bultitude I994; Champion I99I). 

The main geochemical characteristics of the Herberton 
Subprovince 1-type rocks are: 

a very wide compositional range ( 44-80% Si02) ; 

evidence of extensive fractional crystallisation, with 
extreme enrichment in elements such as Rb, La, Ce, Y 
(see Plate 14.8) and Sn, and depletion in elements such 
as Ba, Sr, Th and Zr (Plate 14.9); 

• depletion in Si02 due to K-feldspar and quartz removal 
in extreme fractionation; 

• very high Ca/Sr, Th and, along with the Daintree 
Subprovince, very high Rb; 

relatively high LREE and Y, independent of 
fractionation; 

relatively low K/Rb (similar to Daintree and Kangaroo 
Hills); and 

extensive tin, tin- tungsten, tin- molybdenum- bismuth, 
antimony and gold, copper and gold, and lead-zinc
silver mineralisation. 

Fractional crystallisation is extensive and, especially in 
rocks of the Go Sam Suite, O'Briens Creek Supersuite, 
commonly extreme. 

The Herberton Subprovince A-type rocks have a more 
restricted compositional range (67- 77% Si02 ). They are 
higher in Fe1013" K20, Ba, Zr, LREE, Y, Zn and Ga than the 
Herberton 1-type rocks of similar Si02 content, and lower 
in Ca/Sr, Rb, Sr and Sr/Sr(Plate I4.9). They show little or 
no evidence of fractional crystallisation (Plates I 4.8, I 4.9). 

/-type rocks of the Tate Subprovince are slightly lower on 
average in Ca/Sr, Rb, Th andY than those of the Herberton 
Subprovince, and slightly higher in P20 5, K!Rb, Sr, Sr/ 
Sr*. They differ from those of the Kidston Subprovince in 
being on average higher in Ca/Sr, slightly lower in Sr and 
Zr, lower in Nb, and slightly higher in P20 5 (Plates 14.8, 
14.9). They also show more evidence of fractional 
crystallisation, but not the extremes observed in the I-type 
rocks of the Herberton Subprovince. The Tate Subprovince 
A-type rocks are broadly similar to those of the Herberton 
Subprovince, but are significantly higher in K/Rb, Sr and 
especially Ba, higher on average in Sr/Sr*, slightly higher 
in P20 s, and slightly lower on average in K20 , Rb, Th, La, 
Ce, Nd, Zr andY, and Ca/Sr. 



CHAPTER FOURTEEN Review of Ge o loai c al Basin s and Prov ince s 

l-type rocks of the Kidston Subprovince are richer on 
average in Ba than 1-type rocks in any other subprovince 
except the Tate. They are richer in Sr, poorer in Rb andY, 
slightly poorer in K20, and slightly richer in Zr than 1-
type rocks of the Herberton Subprovince, and have lower 
Ca/Sr and Rb/Sr, and slightly higher K!Rb. The main 
differences with the Tate Subprovince 1-type rocks are 
lower Ca/Sr and Sr, and higher Zr. The A-type rocks have 
higher P 20s, K!Rb, Sr, and Zr than most other rocks of the 
Kennedy Province, but are relatively poor in Rb; they are 
higher in K/Rb and lower in Rb, Sr and Zr than the Tate 
Subprovince A-types (Plate 14.8). There is little evidence 
of significant amounts of fractional crystallisation across 
the subprovince as a whole (Plate 14.9). 

The Kangaroo Hills Subprovince contains 1-type igneous 
rocks that are geochemically similar, in many respects, to 
those of the Herberton Subprovince, but have a narrower 
compositional range. However, they are intermediate 
between the Herberton and Kidston Subprovince rocks in 
average Ca/Sr and Rb, similar in Th content to rocks of 
the Kidston Subprovince. They are also slightly richer in 
average K20 and U contents, poorer in average Ti02 than 
rocks of the other subprovinces, and poorer in average Zr 
than rocks of all but the Herberton Subprovince (Plate 
14.8). As in the Herberton 1-types, there .is considerable 
evidence of fractional crystallisation in rapidly increasing 
Ca/Sr, Rb, Rb/Sr andY, and decreasing K/Rb, Ba, Sr, Sr/ 
Sr* and Zr with increasing Si02 (Plates 14.8, 14.9). 

The Paluma Subprovince consists of rocks covering a wide 
compositional range, but with a relatively high proportion 
of more mafic composition. They are conspicuously richer 
in Sr and poorer in K20, Rb, Pb, Th and U, richer in Fe10"'1• 

MgO, CaO and P20s. higher K/Rb and Sr/Sr*, and lower 
in K/(K + Na) and Rb/Sr than rocks from the other 
subprovinces (Plate 14.8). Geochemical variations (e.g. 
of increasing K20, Rb, decreasing Ba, Sr with increasing 
Si02: Plates 14.8, 14.9) are straight-line trends on Harker 
diagrams, reflecting the dominance of processes such as 
batch melting, restite unmixing or magma mixing over 
fractional crystallisation. However, Rb/Sr shows a small 
increase at lower Ca/Sr (above about 73% Si02, Plate 14.9), 
suggesting that some fractionation of plagioclase probably 
occurred in the most silicic rocks. 

Rocks of the Connors Subprovince range almost as widely 
in composition as those of the Paluma Subprovince, but 
are slightly less mafic on average. The Connors 
Subprovince contains a substantially greater proportion 
of rocks with higher Si02 , particularly over 73%. Connors 
Subprovince rocks are also distinguished geochemically 
from those of the adjacent PaJuma Subprovince by lower 
average Ca/Sr (lowest of all subprovinces), K/Rb, Sr and 
Sr/Sr*, and by higher K20, Rb, Th and slightly higher Zr 
andY (Plate 14.8). However, Nb is lower on average than 
in rocks of any other subprovince, and Sr and Sr/Sr* are 
higher on average, and K20 lower, than in any subprovince 
other than Paluma. 

Nd Isotopic Characteristics 
Isotopic signatures of rocks of the Kennedy Province show 
marked changes as the province crosses from one 
'basement' province to another. 

ENd ratios are significantly lower, and two-stage model 
ages significantly higher in the Jardine Subprovince 
than in the Daintree Subprovince to the south. 

Within the Jardine Subprovince, there is an apparent 
change, corresponding with subtle changes in major 
and trace-element composition (above), from lower 
ENd and older model ages in the Pascoe River region 

to higher ENd and younger model ages south of the Sir 
William Thompson Range. A similar pattern is noted 
in the Silurian rocks of the Cape York Peninsula 
Batholith (Chapter 4). 

Within the Daintree Subprovince, ENd values decrease 
and model ages increase from northeast to southwest 
(Table 14.4). The highest ENd values (about - 3.3) are 
in the Yates Supersuite (1-type rocks); they decrease 
northward to an average of about -5 in the Cape 
Melville area (1-type Melville Supersuite) and also 
southward to an average of-3.8 (Cooktown Supersuite, 
Cooktown area). Values decrease further to an average 
of - 6.0 southwestward (Mount Carbine, Hann, 
Windsor, Cannibal Creek and Bakers Blue Granites: 
Champion & Bultitude 1994). 

• There is a slight decrease in average ENd and an 
increase in average model age across the southwestern 
boundary of the Daintree Subprovince (the 
'Thornborough line'). However, eNd and model ages 
of A-type rocks in the featherbed Volcanic Group 
(Chapter 3) are comparable to those ofS-type granites 
in the Cooktown-Cairns belt (Chapter 6). 

There is a dramatic increase in both ENd and model 
age across the Palmerville Fault into the Kidston 
Subprovince ( cf. Champion & Chappell 1992): ENd is 
lower, with no overlap, and Nd model ages are greater, 
with very slight statistical overlap. 

• ENd values for most Carboniferous-Permian rocks in 
the Charters Towers Region (Paluma Subprovince) are 
around zero to -3, with some more fractionated and/ 
or felsic rocks tending to more negative values (P. 
Blevin pers. conun. 1996). However, at the time of 
writing, no other Nd-isotopic data from the Paluma 
and Kangaroo Hills Subprovinces were available for 
publication. 

• The small amount of data available from the northern 
Drummond Basin and adjacent northern New England 
Fold Belt (Connors Subprovince) indicate that rocks 
from either side of the Millaroo Fault Zone (Oversby 
et al. in prep.) are isotopically indistinguishable from 
one another (Allen & Chappell 1996). Both groups 
have much more primitive, or juvenile, isotopic 
signatures, with ENd values generally much higher than 
those of any Carboniferous- Permian igneous rocks to 
the north, and model ages significantly younger. 

Sr Isotopic Characteristics 
Data from the Daintree, Herberton , and Kidston 
Subprovinces show a wide range of initial 87Sr/86Sr values 
(from 0.706 and below to about 0.704). The highest values 
are from altered and/or strongly fractionated rocks, such 
as in the Go Sam Suite of the O'Briens Creek Supersuite 
(Johnston & Black 1986). However, no systematic 
difference in 87Sr/86Sr between these subprovinces is 
apparent. Rb-Sr analyses of rocks from the eastern part 
of the Kangaroo Hills Subprovince by Webb U 969a) 
produced a 300 ± 7 Ma isochron with an initial 8 Srf86Sr 
value of 0. 7059. A single whole-rock-biotite Rb- Sr 
determination on the Bogie Creek Granite (Paloma 
Subprovince) produced an initial 87SrJ86Sr of 0.7047 (at 
the calculated age of311 ± 3 Ma; AMDEL 1988; R.ienks 
et al. J 995). Values of87Srf86Sr of about 0. 704-0.705 appear 
to be representative of most Carboniferous- Permian rocks 
in the region, although some more fractionated and/or 
felsic rocks tend to higher values (P. Blevin 2ers. conun. 
1996). Webb & McDougall ( 1968) obtained from 
isochrons initial 87Sr/86Sr values of 0.7049 ± 0.0005 for 
the Bulgonunna Volcanic Group, 0.7045 ± 0.0008 for the 
granites intruding it, and values of 0. 7047 ± 0.0009 and 
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0. 7058 ± 0.0015 for granites and dykes of the Urannah 
Complex (Connors Subprovince). 

Geocbemistry/Petrogenesis 
The main geochemical characteristics of the rocks of the 
Kennedy Province are listed in the various tables 
summarising the components of the province, and are 
discussed in the immediately preceding sections, along 
with the main geochemical differences between the various 
subprovinces of the Kennedy Province. This section deals 
with source composition, origin and evolution of the 
Carboniferous-Permian magmas. 

Jardine Subprovince 
The I-type chemistry, Nd-isotopic signatures and Sm-Nd 
model ages of rocks from the Jardine Subprovince indicate 
that they were derived from moderately evolved igneous 
crustal source rocks of Proterozoic age, isotopically similar 
to those of the Herberton Subprovince (see below). Close 
examination of the geochemical and isotopic data, as 
discussed above, shows that rocks in the Pascoe River 
Region may have been derived from a slightly younger, 
less-evolved source than that which generated rocks of 
the Jardine Subprovince south of the Sir William 
Thompson Range. The relatively cohesive, 'straight-line' 
chem ical trends of rocks from the northern Jardine 
Subprovince indicate either various degrees of partial 
melting of a relatively uniform source, mixing of mafic 
and felsic magma, or both. In rocks with Si02 contents 
greater than about 73%, parameters such as Ca/Sr, Ba, 
Rb, Sr, Zr, Rb/Sr and K/Rb (Plate 14.9) show that fractional 
crystallisation and hydrothermal alteration and/or 
metasomatism become important. These are the rocks 
associated with mineralisation. 

Daintree Subprovince 
The Daintree Subprovince is unique in the Kennedy 
Province in that it contains a major proportion (about 80%) 
ofS-type rocks, and an insignificant proportion of volcanic 
rocks. Nd isotopic signatures (ENd) are more primitive 
(higher) and model ages younger than in any of the nearby 
subprovinces (Jardine, Herbcrton, Tate, Kidston). Values 

Basins ancl Provinces 

of ENd arc lower, or more evolved, and model ages older 
in the 'Mount Molloy' and Cape Melville areas than in 
the Cooktown area. 

Sm-Nd isotopic data (Table 14.4) indicate that the source 
of the S-type rocks of the southern Daintree Subprovince 
(Cooktown and 'Mount Molloy' areas) contains a major 
component of relatively juvenile, sediment-dominated 
material. This component is slightly less important in the 
Mount Molloy area rocks than in the Cooktown area rocks. 
Rocks of the exposed Hodgkinson Formation have Nd
isotopic signatures that are mostly much more evolved 
(about - 12 to - 15), and model ages that are much older 
(about 1.8-2.0 Ga: Champion 1991; Higgins et al. 1987) 
than the S-type granites, and so could not have been their 
sole source (Champion & Bultitude 1994). Champion & 
Bultitude also point out that the Hodgkinson Formation is 
too poor in Al20 3, CaO, P20 5• Sr and several other 
components to be the dominant source of the S-types. A 
combination of mantle-derived mafic material and typical 
Hodgkinson Formation sediments can be ruled out as the 
source on the grounds that the amount of mantle-derived 
magma with ENd about zero (30-50%) required to produce 
granite ENd values (about - 3 to -5) in combination with 
the Hodgkinson Formation (ENd about-12) is inconsistent 
with the Ni and Cr contents of the granites. It is also 
inconsistent with the lower CaO and Sr contents of the 
Cooktown granites (higher eNd) relative to the 'Mount 
Molloy' granites (lower ENd; cf. Champion & Chappell 
1992). 

Champion & Bultitude (1994) point out that inunature, 
relatively calcium-rich sedimentary rocks with a large 
volcaniclastic (volcanic arc-derived?) component, similar 
to those that crop out in the easternmost Hodgkinson 
Province, are a more likely source for the S-type granites. 
A sample of such immature lithic greywacke from the 
eastern Hodgkinson Province has an ENd of -4.9 and a 
model age of 1.4 Ga (Champion J 991 ). Such material 
could be a major source component of the Daintree 
Subprovince rocks, along with more primitive, juvenile 
material (in the source of the Cook town Supergroup) or 
older, more evolved material in the case of the 'Mount 

Table 14.4. Summary ofNd isotopic data for the Kennedy Province. 
.,,..~ ·····- ·' - .. ' - d!iil Cog•> (range)'[average) T~M (~"sJage mode/age) (J,fa) SfibJtr;f)vi..tll:.e. 

-~'·" '· ~ •.. , .•· .. .c. . . 
Jardine -5.1 to -9.0 [-6.8] 1372-1677 (av. 1491) 

Norlh; -5.1 to -9.0 [-7.lj North: 1372- 1677 (av. 1533) 
Soulh: -3.6 to -8.4 [-6.0] South: 1267-1456 (av. 1377) 

Daintrce -2.4 to -6.6 [-4.5] 1019-1490 (av. 1330) 
Melville (I); -4.3 to -6.0 [-5. 1] Melville: 1193-128 1 (av. 1243) 
Cookrown (S, 1): -2.4 to -5.5 [-4.4] Cook/own: 1174-1414 (av. 1320) 
Molloy (S): -2.1 to -6.6 [-5.4] Molloy: 11 57-1490 (av. 1403) 

Herberton -3.5 to 8.4 L-6.51 1267-1634 (av.l489) 
1-rypes: -1.4 to -8.41- 7.71 /-types: 1546-1634 (av. 1574 
A-types: -3.5 to -4.1 [-3.8] A-rypes: 1267-1315 (av. 1291) 

Tate -8.4 to -12.5 (-9.9] 1633-1948 (av. 1751) 
l·types:-8.6to-12.5 [- 10.1] 1-rypes: 1653-1948 (av. 1762 
A-rypes: -8.4 to - 11.7 [-9.6] A-rypes: 1633-1882 (av. 1727) 

Kidston -8.9 10 - 12.7 [-10.51 1673-1961 (av. 1792) 

Kangaroo Hills NO DATA 

Paluma NO DATA 

Connors <t'l· Drummond) -2.6 to -0.9[-0.31 934-1198 (av.l026) 

Connors (N. New England Fold Belt) -5.3 to 2.8 [-0.3] 791-1401 (av. 1020) 

Data sources: Black & McCulloch (1990); Champion (1991); Champion & Chappell (1992); Champion & Bultitude (l994); Allen & 
Chappell (1996); AGSO (unpublished). 
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Molloy area' rocks (principally Whypalla Supergroup). 
This is consistent with the observation of Champion & 
Bultitude ( 1994) that ENd increases slightly eastward 
across the Daintree Subprovince. However, Champion & 
Bu1titude (1994) interpret the main compositional and 
isotopic differences between the Cooktown Supersuite and 
Whypalla Supersuite (the predominant component of the 
'Mount Molloy area') to be due to a greater proportion of 
pelitic material in the source of the Cooktown Supersuite. 

The 1-type rocks of the Daintree Subprovince (Cape 
Melville and Yates Supersuites) were interpreted by 
Champion & Bultitude ( 1994) to have a significant crustal 
source component because of their high K20, Rb

6 
Th, U 

and Rb/Sr, low Sr, and moderately evolved 87Srf8 Sr and 
eNd values. They point out that the Yates Supersuite has 
consistently more evolved ENd than the Cape Melville 
Supersuite despite being richer in MgO, CaO, V and Cr, 
and having a higher mg number. This implies that a juvenile 
mantle component cannot be a significant component of 
the source. Champion & Bultitude ( t 994) propose an 
andesitic source that could be the primary, unreworked 
igneous equivalent of the immature volcaniclastic 
sediments proposed as the main source component of the 
Daintree S-type rocks. 

It has been argued that the northern Hodgkinson Province 
was under compressional stress during emplacement of at 
least some of the granites (Davis 1993; I 994), and the 
geophysical data show that the crust in the region is 
composed mainly of sedimentary rocks and 'non-magnetic' 
[S-type) granite (Wellman, Chapter 2, this volume) -
similar to those exposed at the surface. The relative 
abundance ofS-type granites in the Daintree Subprovince 
and the apparent absence of eruptive rocks in cauldron
subsidence structures are consistent with a compressional 
stress regime and depths of erosion generally deeper than 
in the TMIB farther to the west and southwest. In the case 
oft he Canniba.l Creek Granite, depth of emplacement (and 
hence erosion) is estimated at about 7-10 km (Bateman 
1985a); depth of erosion for the Cooktown Supersuite 
granites, which commonly contain miarolitic cavities, is 
less than 6-7 km (Champion & Bultitude 1994; Bultitude 
et al. Chapter 7, this volume) and may be less than 3 km 
( cf. Burnham 1979; Cerny 1982). 

Chemical variation in all granites of the Daintree 
Subprovince is controlled predominantly by fractional 
crystallisation processes, as illustrated by the strong 
enrichment in Rb seen in Plate 14.9. In a plotofBa versus 
Ca!Sr (Plate 14.9), samples from the Daintree Subprovince, 
along with those from the Herbert9n and Tate 
Subprovinces, show parabolic trends of decreasing Ba and 
rapidly increasing Ca/Sr: this is due primarily to K-feldspar 
fractionation (Ewart et al. 1985; London 1987). The effects 
of fractional crystallisation are particularly strongly 
expressed in some-ofthe highly specialised and mineralised 
granites of the Cooktown Supersuite (Cooktown area). 

Herberton Subprovince 
The l-type granites of the Herberton Subprovince were 
part of a detailed study of granite petrology, geochemistry, 
isotope systematics and petrogenesis by Champion and 
co-workers (Champion 1991; Champion & Chappell 1992; 
Champion et al. 1990a,b ). This study concluded that the 
granites (and therefore by inference the comagmatic 1-type 
volcanic rocks) are of crustal origin, but not derived from 
rocks whose composition resembles any of those exposed 
within the Hodgkinson Province/Herberton Subprovince. 
The source was interpreted to be isotopically 
homogeneous, but not chemically homogeneous, long
lived, and of infracrustal, or igneous, geochemical aspect. 

The most feasible model for such a source is large-volume 
mafic igneous rocks emplaced ('underplated') into, or at 
the base of, the lower crust during the Mesoproterozoic 
(between about 1630 and 1550 Ma). Champion& Chappell 
(1992) suggested that granitic rocks of the Ootann and 
O'Briens Creek Supersuites may have been derived by a 
two-stage process wherein intermediate-composition rocks 
of the Almaden and Claret Creek Supersuites generated 
by initial partial melting of underplated material were 
subsequently remelted. However, they also point out that 
at least some of the fels ic granites (O'Briens Creek 
Supersuite) are older than the Almaden and Claret Creek 
Supersuite rocks. An alternative model, difficult to 
evaluate, is that the more felsic granites were produced 
directly from underplated material of andesitic-dacitic 
(rather than basaltic) composition. 

Black & McCulloch ( 1990) suggested that the 
Carboniferous-Permian !-type rocks of the Etheridge and 
Hodgkinson Provinces were derived from a source similar 
in composition and history to the Silurian Dido Tonalite 
(Chapter 3; Pama Province, above), which was itself 
derived from underplated material of Proterozoic age. This 
model was based on a combination of Sr and Nd isotopic 
data and ion-probe zircon dating. It differs from the first 
alternative of Champion & Chappell ( 1992) in that it 
proposes remelting of Silurian rather than Carboniferous 
rocks, thereby overcoming the problem of the relative ages 
of the felsic and the intermediate, potential source, rocks. 
However, it does not address the more mafic rocks of the 
Almaden and Claret Creek Supersuites, which are unlikely 
to have been derived from a source of tonalitic 
composition. Furthermore, the Dido Tonalite has high Sr 
and low Rb, Th, U and Rb/Sr relative to any of the 
Carboniferous-Permian rocks of the Herberton 
Subprovince (as well as the Tate and Kidston Subprovinces; 
Champion & Chappell 1992): it cannot have been the 
source of these rocks. 

Depleted-mantle Nd model ages (ToM) for rocks of the 
Herberton Subprovince average about 1570 Ma, ranging 
from about 1550 Ma (the age of peak metamorphism and 
of most Precambrian granitic and volcanic rocks in the 
adjacent Georgetown Region) to about 1630 Ma. Rudnick 
& Taylor ( 1987) and Rudnick ( 1990) have shown that mafic 
xenoliths from Tertiary basalts of the McBride Province 
(Chapter 3) are oflower crustal origin and have eNd values 
s imilar to those of the Herberton Subprovince rocks. The 
xenoliths are depleted in K, Rb, Th and U, elements that 
are strongly enriched in !-type rocks of the Herberton 
Subprovince, but not depleted in Ba, Sr and Pb, elements 
that are not enriched in the Herberton Subprovince I types. 
The depletion event, which Rudnick & Taylor (1987) 
proposed was the result of high-grade metamorphism, 
probably occurred at about 300 Ma, at which time there 
was widespread generation of granulites (Rudnick & 
Williams 1987). It is therefore possible that the mafic 
lower-crustal xenoliths are samples of the residue of the 
Carboniferous-Permian partial melting that produced the 
Herberton Subprovince !-type magmas. The most likely 
source of heat sufficient to produce crustal anatex.is the 
scale apparent in the rocks of the Herberton Subprovince 
is underplating by mantle-derived magma. Such magma 
could have been generated during mantle upwelling leading 
up to and during the (incipient?) rifting that formed the 
TMIB (see Tectonic Environment and Selling above). 

Fractional crystallisation has played the predominant role 
in the evolution of the Herberton Subprovince l-type 
magmas once they were segregated from their source ( cf. 
Champion & Chappell 1992). Curvilinear trends in X-Y 
plots, with strong enrichment in components such as K20, 
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Rb (Plate 14.9 ), Th, U, LREE andY (as well as Ca/Sr
Plate 14.9 ), and depletion in Ba (see below), Sr, Zr, etc., 
can be modelled by between 20% and 70% fractional 
crystallisation involving mainly plagioclase (Champion & 
Chappell 1992). The Herberton Subprovince rocks show 
a remarkable curvilinear trend on a plot of KJRb versus 
Si02, with K/Rb gradually increasing as Si02 increases to 
about 72%, then decreasing as Si02 rises to about 76%, 
and finally decreasing further as Si02 content decreases 
to 75%. This decrease in Si02 with increasing K/Rb is the 
result ofK-feldspar and quartz fractionation in highly felsic 
and/or fluorine-rich granitic compositions (e.g. Wedepohl 
1978; Christiansen et al. 1984; London 1987; Webster et 
al. 1987) such as the tin-mineralising O'Briens Creek 
Supersuite granites (Go Sam Suite - Johnston 1984) of 
the Herberton Tinfield.In a plot ofCa/Sr versus Si02 (Plate 
14.9), which highlights the contrast between rocks of the 
Herberton Subprovince with those of all others, Ca/Sr 
decreases slightly with increasing.Si02 up to about 75-
76%, then increases very steeply, with Si02 essentially 
constant. This steep increase in Ca/Sr with almost constant 
Si02 is also a result ofK-feldspar fractionation (e.g. Ewart 
et al. I 985; London 1987). The effect of K-feldspar 
fractionation is also apparent in a plot ofBa versus Ca/Sr, 
with samples from the Herberton Subprovince, along with 
those from the Tate and Daintree Subprovinces, showing 
a parabolic trend of decreasing Ba and rapidly increasing 
Ca/Sr. 

The effects of metasomatism and/or hydrothermal 
alteration are evident in some rocks of the Herberton 
Subprovince (particularly the Go Sam Suite of the 
O'Briens Creek Supersuite - Chapter 7), but the 
enrichments and depletions are erratic, commonly extreme, 
and 'out of phase' with the systematic variations due to 
fractiona I crystal I isation ( cf. Champion 1991 ; Champion 
& Chappell 1992). 

A-type rocks in the Herberton Subprovince, apart from 
being enriched in components such as K20, Ba, LREE, 
Zr, Nb, Y, Ga and Zn relative to the 1-types, have more 
primitive (higher) ENd values (about-4 compared to about 
-8), slightly more evolved 87Sr/86Sr values, and younger 
ToM model ages (Table 14.4; Black & McCulloch 1990). 
The isotopic characteristics of the A-type rocks were 
interpreted by Black & McCulloch ( 1990) as indicating 
an origin similar to that proposed for the 1-type rocks (i.e. 
a two-stage process involving an 'intermediary' resembling 
the Dido Tonalite) but with an additional, younger, (and 
more primitive in ENd) crustal component. The nature of 
the source of the A-type rocks has no~ been modelled. A 
mix of old (equivalent to the 1-type source), high-grade 
metamorphic, possibly granulite grade, lower to mid
crustal rocks with either younger crustal material (although 
this is not observed at the surface) or a small proportion 
of juvenile (mantle-derived?) magma would be consistent 
with the observed geochemical and isotopic characteristics. 
The evidence documented by Rudnick & Taylor (1987) 
and Rudnick & Williams (1987) of widespread lower 
crustal granulite formation in the region at about 300 Ma 
is very significant in this context. 

Several lines of evidence indicate that the A-type rocks of 
the Herberton Subprovince (as well as those of the Tate 
and Kidston Subprovinces) were large-volume, high
temperature ( cf. Clemens et al. 1986) melts. Large eruptive 
volumes are indicated by the thicknesses, in some cases 
many hundreds of metres, of single flows or cooling units. 
For example, the Arringunna Rhyolite (Featherbed 
Volcanic Group) is over 600 m thick and may have had an 
erupted volume of up to 500 km2

, and several units in the 
Scardons Volcanic Group are of the order of I 000 m thick. 
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High magma temperatures are indicated by the abundance 
of glassy, or originally glassy, eruptive rocks (e.g. 
Featherbed Volcanic Group and Nychum Volcanics: see 
Chapter 7), the presence in these rocks of pyroxenes ( ortho
and clino-) and fayalite, and the intensity of welding and 
recrystallisation in some cooling units. For example, 
metamorphic biotite and hornblende are widespread in the 
Arringunna Rhyolite and the Lumma Rhyolite of the 
Featherbed Volcanic Group (Mackenzie 1993). The 
apparent scarcity of outflow-facies eruptive rocks has also 
been interpreted to have been the result of high
temperanJre, high-volume, low-height eruption columns 
whose deposits were largely confined to the calderas as 
they subsided (Mackenzie 1990). 

We suggest, therefore, that the A-type rocks of the 
Herberton Subprovince were derived from lower? crustal 
rocks that were metamorphosed to granulite grade, but 
not melted, during the late Carboniferous underplating 
event that generated the I-type rocks (cf. Black & 
Mackenzie in prep.). Small degrees of magma mixing 
between felsic anatectic melts derived from such rocks 
and Early Permian mafic underplated magma that caused 
the melti ng would be consistent with the isotopic 
signatures, chemical composition and mineralogical 
makeup of the A-type rocks. 

Straight-line trends on most variation diagrams indicate 
that fractional crystallisation played little or no part in the 
evolution of the A-type rocks: the principal control was 
therefore restite separation and/or degree of partial melting. 
As noted above, Mackenzie ( 1993) has interpreted restite 
minerals to be present in the A-type rocks of the Featherbed 
Volcanic Group. 

Tate Subprovbtce 
Rocks of the Tate Subprovince were also part of the detailed 
studies of Champion ( 1991) and Champion & Chappell 
( 1992). Their petrogenesis is in most respects parallel to 
that of the Herberton Subprovince rocks. The main 
differences are in the ages and some trace-element 
characteristics of the source rocks. The Nd isotopic data 
(Table 14.4) show that the sources of both the 1-type and 
A-type rocks of the Tate Subprovince are older and more 
evolved (lower eNd) than those of the Herberton 
Subprovince rocks. Model source age (ToM) for the Tate 1-
types ranges from about 1670 Ma to about 1960 Ma, and 
for the A-types about 1630 to about 1950 Ma (mostly in 
the range 1650-1890 Ma). The younger model ages are 
compatible with a source similar to the Einasleigh 
Metamorphics, zircon from which yields inherited ages 
ranging up to and beyond 1960 Ma, but no rocks older 
than the Einasleigh Metamorphics are exposed in North 
Queensland. A-type rocks in the Tate Subprovince have a 
significantly older source model age than those of the 
Herberton Subprovince. They are also notably richer in 
Ba and Sr, and higher in K/Rb- differences similar to 
those expected in the transition from low to high 
metamorphic-grade (Rudnick & Williams I 987). The Tate 
A-type rocks may therefore have been derived from higher 
metamorphic-grade equivalents of the source of the 1-type 
rocks. 

As in the Herberton Subprovince, fractional crystallisation 
has played the predom inant role in magma evolution 
(Champion .199 1; Champion & Chappell I 992); 
metasomatism and hydrothermal alteration have had only 
minor, local effects. 

Kidston Subprovince . 
There is little difference in source types and model ages 
between the Kidston and Tate Subprovinces: model ages 
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are slightly greater on average, and average t:Nd slightly 
lower (more evolved). It is therefore probable that the 
sources of the 1-type and A-type rocks are similar to those 
of the Tate Subprovince. Slight compositional differences 
with the Tate Subprovince rocks, such as lower Sr and 
higher Zr in the Kidston I-types, and higher K/Rb but lower 
Rb, Sr and Zr in the A-types, may be accounted for by 
slight differences in source composition, by small 
differences in degree of partial melting, or both. 

The effects of fractional crystallisation are not as 
pronounced nor as widespread in the Kidston Subprovince 
as in the Tate Subprovince. Part of the Prestwood 
Microgranite (and probably some rocks in the comagmatic 
Scrubby Creek Rhyolite, Cumberland Range Volcanic 
Group) and some rocks of, and intruding, the Newcastle 
Range Volcanic Group are moderately to strongly 
fractionated. The Bullseye and Linley Rhyolites ('Mount 
Little volcanic group') show strong to extreme effects of 
fractional crystallisation. However, the bulk of the Kidston 
Subprovince igneous rocks are mildly fractionated or 
unfractionated. Hydrothermal alteration and 
metasomatism are very limited, with significant 
development only in the Mount Turner and Phyllis May 
prospect areas (Chapter 3). 

Kangaroo Hills Subprovince 
Rocks of the Kangaroo Hills Subprovince are similar in 
chemical and isotopic composition to those of the 
Herberton Subprovince, but show some properties 
transitional or similar to those of the Kidston Subprovince 
rocks. Both the source and the mode of origin are therefore 
probably very simi lar to those of the Herberton 
Subprovince rocks. The influence of source rocks similar 
to those in the nearby Kidston Subprovince may be 
reflected in the intermediate Ca/Sr and Rb contents, while 
the relatively high K20 and Th contents, and low Zr 
content, may reflect either a slightly more chemically 
evolved source or slightly more fractionation. 

There is some evidence of fractional crystallisation in the 
Kangaroo Hills rocks, exemplified by increases in Ca/Sr 
and Rb/Sr in higher-Si02 rocks (Plate 14.9), and the strong 
trend of enrichment in Rb illustrated in Plate 14.8. 

Paluma Subprovince 
Rocks of the Paluma Subprovince were generated from 1-
type source rocks more mafic and isotopically primitive 
(higher Fe,013~o MgO, CaO, lower K20, KINa, Rb, etc.; 
higher t:Nd, and lower initial 87Sr/86Sr) than those of the 
subprovinces to the north. Hutton et at. ( 1990) pointed 
out that the Ordovician and Silurian-Devonian granitic 
rocks of the Charters Towers Region (central Paluma 
Subprovince) are mineralogically similar to each other, 
have similar initiai 87Srf86Sr values (range 0. 7073--0.7357, 
average -0.716), and have eNd values of -0.6 to -3.8 
(Rienks et at. 1995). In contrast, the initial 87Srf86Sr of the 
Carboniferous-Permian rocks is about 0.704-0.705, and 
tNd about 0 to -3 (AMDEL 1988; Rienks et al. 1995; P. 
Blevin pers. comm. 1996). These relatively 'primitive' 
values imply post-Devonian addition of new c rustal 
material, probably in the form of mantle-derived mafic(?) 
magma. They also imply that there was a greater proportion 
of this relatively primitive material in the Paluma source 
than in the source rocks of the sub provinces to the north. 
Given the depletion in Nb, Ti and P seen in even the most 
maficofthe Paluma Subprovince rocks (see, for example, 
Hawkesworth et al. 1979; Hawkesworth 1979), some or 
perhaps all of the new mantle-derived magma could have 
been generated in a convergent plate-margin (subduction) 
environment. The average Paluma Subprovince rock may 

be compared with a typical mafic andesite (with similar 
Si02 content) from the Papua New Guinea highlands 
volcanoes, which are located near the northern margin of 
the Australian craton (Mackenzie 1976, 1980: Johnson et 
al. 1978; Mackenzie & Johnson 1984) in the primordial 
mantle-nonnalised spidergram presented in Plate 14.8. 
This shows that continental-margin magmatic-arc rock has 
a 'flatter' abundance pattern and is significantly poorer in 
Rb, U, K, Nb andY, and markedly richer in Sr and P, than 
the average Paluma Subprovince rock. We therefore 
conclude that the Paluma Subprovince rocks contain a 
significant component of crustal material and are not direct 
products of upper mantle melting related to subduction. 

There is I ittle evidence of fractional crystallisation in the 
Paluma Subprovince: straight-line trends on X- Y chemical 
variation plots (e.g. Plates 14.8, 14.9) indicate that the 
observed compositional variation is a result of: (a) a wide 
range of melt fractions, and hence magma compositions, 
from a broadly uniform source; (b) mixing of end-member 
(mafic and felsic) magmas; (c) restite unmixing, or a 
combination of these processes. 

Connors Subprovince 
Rocks of the Connors Subprovince are much more 
isotopically primitive than those of the more northerly 
subprovinces, with eNd values and initial 87Sr/86Sr values 
similar to those of the Paluma Subprovince. This reflects, 
as in the Paluma Subprovince, addition of new, mantle
derived crustal material. The Sm-Nd model ages (average 
about I Ga - Table 14.4) ) indicate that the Connors 
magmas are unlikely to have been derived solely and 
directly from the mantle, and the spidergram (Plate 14.8) 
shows that the difference between the average Connors 
Subprovince rock and a typical continental-margin arc 
andesite from Papua New Guinea is even more marked 
than in the case of the Paluma Subprovince. 

Fractional crystallisation does not appear to have played a 
significant role in the evolution of the Connors 
Subprovince magmas, as evidenced by straight-line trends 
on most X- Y variation diagrams (e.g. Plates 14.8, 14.9). 
Most chemical variation is probably the result of a 
combination of processes: various degrees of partial 
melting (of both mantle and crust), interaction between 
mafic (mantle-derived?) magma and felsic crustal rocks 
(or magma), and possibly, restite unmixing. 

Structure and Deformation History 
Rocks of the Kennedy Province have been subjected to 
significant amounts of regional deformation only in the 
Daintree and Herberton Subprovinces. Many plutons are 
elongated, and, more locally, foliated and/or sheared, 
parallel to regional north to north-northwesterly stnJctural 
trends and major faults (Chapter 7). Deformation is 
especially pronounced in the central and western parts of 
the Daintree Subprovince (e.g. the Cannibal Creek , 
Desailly, Kelly St George and Koobaba Granites, and 
granites in the Cape Tribulation-Cooktown Region), and 
in the eastern and southern parts of the Herberton 
Subprovince (e.g. parts of the Tully and Ingham 
Batholiths). These are for the most part the youngest (275-
265 Ma: Davis 1994) granites. Many of these granites have 
been emplaced along or near major, long-lived basement 
discontinuities interpreted by Davis (1993; 1994) to have 
been the result of east-west crustal shortening. It has been 
argued above that the TMIB was formed between ca. 
310 Ma and ca. 280 Ma as a consequence of crustal 
transtension/extension and mantle upwelling. It is possible 
that this episode of transtension (or extension) is reflected 
in the gently-dipping (extensional?) hS3 foliation 
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developed in the central Hodgkinson Province (Davis 1993, 
1994). The steeply-dipping north-south hS4 foliation that 
pervades the Hodgkinson Formation (and possibly the 
more local hD5 structures) that Davis (1993; 1994) regards 
as synchronous with granite emplacement at 275- 265 Ma 
would t~erefore repr~sent a subsequent (or possibly 
overlappmg) compressiOnal event, perhaps associated with 
plate convergence, that occurred some distance to the east 
oftheTMIB. 

Intra-province Relationships 
Style of magmatism varies markedly across the Kennedy 
Province, and the changes are apparently related to changes 
in age, composition, thickness and tectonic state of the 
enclosing and/or underlying crust. The TMIB constitutes 
most of the Province. lt is characterised by intense hjgh-
1evel intrusive and caldera-related eruptive, predominantly 
crustally-derived magmatism, dated between about 31 0 Ma 
and 280 Ma, seemingly regardless of the nature and age 
of the exposed crust. Such uniformity of style could be 
explained by a combination of regional transtension and a 
large input ofunderplate-generated heat, as proposed above 
(see under Tectonic Environment and Setting), and unifot:m 
crustal thickness, so that the main physical properties of 
the crust were effectively homogenised throughout the 
TMJB. 

To the northeast of the TMIB, there is an abrupt transition 
to rocks of the Daintree Subprovince, which are relatively 
young (280- 260 Ma), almost entirely of intrusive, S-type 
character, and deformed parallel to the regional strike. The 
preponderance of S-type rocks is interpreted to be due to 
a high proportion of relatively juvenile, sedimentary rocks 
in the source region (Champion & Bultitude 1994), that 
is, there is an abrupt change in the age and composition of 
the deep crust to the northeast of the TMIB. The relative 
scarcity of eruptive rocks in the Daintree Subprovince may 
simply be largely a function of depth of erosion. However, 
it is possible, given the evidence of compressional tectonic 
condHions during magmatism (Davis 1993; 1994), that 
eruptive rocks were never voluminous. 

Further to the north, geophysical evidence (Wellman, this 
volume; Chapter 9) indicates that the concealed Lakefield 
Subprovince is separated abruptly from the Daintree 
Subprovince to the southeast by the Palmerville Fault and 
fr?m. ~he Jardine Subprovince to the northwest by the 
YtnlJlngga Fault Zone. Carboniferous-Permian 
magmatism appears to have been very sparse in the 
southern Jardine Subprovince, south of the Badu
Weymouth Belt. However, there is clear evidence of about 
500 m post Upper Cretaceous erosion in the Coen region. 
There was probably also about 1 km of pre Jurassic, post 
Carboniferous-Permian erosion, based on the extent of 
exposure of subvolcanic granitic rocks in the Janet Ranges
Mount Carter area . It is therefore possible that 
Carboniferous-Permian eruptive rocks were present over 
significant areas south of the Badu-Weymouth Belt, and 
also possible that there are significant areas of concealed 
and/or unrecognised Carboniferous-Permian intrusive 
rocks in this region. The relationship of the Badu
Weymouth Belt to the rest of the Kennedy Province is 
uncertain. 

To the west and southwest of the TMIB, the overall style 
of magmatism is much more diverse and dispersed, more 
conspicuously fault-controlled, and falls into two age 
groups: early to mid Carboniferous (about 320-340 Ma) 
or possibly latest Devonian, and Early Permian (about 
280 Ma). Within the Kidston Subprovince (equivalent to 
the Etheridge Province, discussed above), the older rocks 
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are in large, cauldron collapse-related structures similar 
to those within the TMIB: the Newcastle Range composite 
cauldron, which overlaps the margin of the TMIB, the 
nearby Cumberland Range volcanic-intrusive complex, 
and the Bagstowe-Lochaber ring complex. The distribution 
of the older, 1-type rocks of the Newcastle Range cauldron 
is strongly constrained by north-south fractures almost 
perpenillcular to the adjacent TMJB and parallel to the 
Delaney Fault, but the regional tectonic significance of 
these faults is uncertain. The Bagstowe-Lochaber complex 
is bounded by major, broadly northeast-trending, fracture 
syste~s (qil~erton Fault, Werrington and Far East Faults) 
and hes wttbm the strongly fault-dissected southeastern 
margin of the Etheridge Province. The Early Permian rocks 
are relatively minor in volume, strongly bimodal in 
composition, and aligned along major northwest and north
trending fracture systems. 

To the southeast of the Etheridge Province there appears 
to be a strong structural control of mainly (if not entirely) 
Carboniferous magmatism by generally northeast-trending 
fractures, and other, less well-defined linear structures 
approximately parallel to those bordering the Bagstow~ 
Lochaber complex. The latter includes the 'Mount Leyshon 
corridor' of Hartley et a!. ( 1989; 1994). The Oweenee 
volcanic-intrusive complex is close to the margin of the 
TMIB, but also straddles a major northeast-trending crustal 
boundary separating the Broken River Province from the 
Cape River Province. 

Inter-province Relationships 
The Kennedy Province is superimposed on most of the 
pre-Carboniferous geological provinces of North 
Queensland. These include the Silurian-Devonian·Pama 
and Cambrian-Ordovician Thalanga igneous Provinces, 
and the Kowanyama, Savannah, Iron Range, Yambo, 
Hodgkinson, Etheridge, Croydon, Broken River and Cape 
River Provinces, and the northern New England Fold Belt. 
As detailed above, some properties of the ' basement' 
metasedimentary provinces, particularly inherited zircon 
ages, Sm-Nd isotopic signatures, and trace-element 
parameters such as Sr and Ba contents, are reflected in 
rocks of the Kennedy Province. Some isotopic and 
chemical features oft he Thalanga and Macrossan igneous 
provinces also appear to be reflected in the rocks of the 
corresponding part of the Kennedy Province, the Paluma 
Subprovince. 

Mesozoic-Cainozoic sedimentary basins (the Olive River, 
Carpentaria, Karumba, Laura and Eromanga Basins) 
unconformably overlie the Kennedy Province; the 
Lakefield Basin may partly overlap the Kennedy Province 
in both time and space. Basaltic rocks of the Eastern 
A.ustralian Cainozoic Igneous Province (Silver Plains, 
P~ebald-McLean, Atherton, McBride, Chudleigh, and 
Nulla Subprovinces) also overlie the Kennedy Province 
unconformably. 

Eastern Australian Cainozoic Igneous 
Province J Knutson, P Wellman 
Extent/Distribution 
The Cainozoic basaltic volcanic rocks are irregularly 
distributed along the whole north- south length of the 
continental margin ofNorth Queensland (Plate 14.4). They 
make up the northern part of the much larger intraplate 
eastern Australian volcanic province which extends 
southward to Tasmania and South Australia for over 4000 
km (Plate 14.13d) and is clearly an expression of large
scale tectonic processes (Johnson & Wellman 1989). 
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Principal Geological Components 
The most northerly manifestatiOns of this \'olt:amsm in 
'iorth Queensland are small areas of outcrop in the Maer 
Islands in the Coral Sea Region and at Sihcr Plain.-; m the 
Coen Reg10n. To the south. in the Ca1ms. Georgetown and 
Charters To'' ers Regions. there are large lava fields \\ nh 
diameters of 20-100 km and erupted lava volumes of 3-
300 km (Wellman 1971 ). The predominant]} Pliocene to 
Recent Ia\ a-field type volcanism ofNonh Queenslanll as 
represented by the Atherton. McBride. Chudleigh. "'ulla 
and Sturgeon Subprovinces. is characterised by the 
sporadic and rapid eruption of mafic alkalme magmas 
consistent with relative!) extensive and mostly shallO\\ 
lithospheric melting. 

Age 
The North Queensland volcanic rocks fall w1thin three 
main age groupings. By far the majority. including the 
extensive lava plains of the Cairns. Georgetown and 
Charters Towers Regions. range in age from as young as 
<10 000 (in the Atherton area) to II Ma, although most 
are younger than 6 Ma. A second group, consisting mainly 
or widespread isolated plugs or groups of plugs and 
remnant lava flows. ranges 10 age from about 20 Ma to 
30 Ma. The third group also consists primarily of plugs 
and remnant lava flows. and ranges in age from about 38 
to 44 Ma. 

\~ 

Figure 1-1. 1-1. Relation between the dislributinn of Cainozoic 
basaltic volcamc subprovinces I hatched and ~olid) and what are 
thought to be late Cainozoic topographic uplifL~ due to late 
Cainozoic undcrplanting of the crus1. Topography j, 'mouthed 
with a contour mterval of 50 m. 

Tectonic Environment and Setting 
The bulk of the volcanic rocks m the McBnde and 
Chudleigh SubprO\ mces overlie the Proterozoic rocks of 
the Etheridge metamorphic pro,·mce. These Prorerozotc 
rocks are separated by the Burdekin and Pal meT\ illc fault 
zones from the Palaeozoic volcanics and sediments of the 
Cape Ri,er and Hodgkinson metamorphic provinces 
through which the Nulla and Atherton Subpro\ ince rocks 
have been extruded. 

There are arguments from geomorphology (Stephenson 
1987) and gravity studies (Chapter 2) that the volcanism 
was associated with underplating of the crust and local 
uplift of the Eastern Highlands. Five of the centres of 
volcanilim are spatially close to culminations in topography 
(Figure 14.14). At the three northern centres the an1ount 
of uplift that should be attributable to the late Cainozoic 
is unclear. At the two southern centres. the peak uplift of 
about 150 km width IS attributed to the late Cainozoic. 
but lesser uplift must occur over a wider area because of 
lithospheric strength considerations. The more northern 
uplift is associated \Vith the McBride Subprovince with 
an erupted lava volume - 300 krn1

• The uplift is dome
shaped with a minimum size of I 00 km by I 00 km by 
0.25 km high. giYing a volume of830 km3

• The southern 
uplift is associated with the Chudleigh. Sturgeon. and Nulla 
Subprovinces with a total erupted lava volume -500 km 1. 

The uplift is elongate with a mmimum size of I 50 km x 
300 km x 0.4 km. giving a volume of 5000 km1

. The 
amount of crustal thickening (t) needed to cause this uplift 
(h) depends ou the density of the mantle (sm) and the 
density of the underp lated material (Su). such that 
h = t.( s... - s. )/sm. The underplated material is likely to 
have a density of about 3.0 t.m J. so thickness of 
underplating is likely to be about 10 times Lhe thickness 
of the uplift. Hence the \Oiume of erupted lava is less than 
4- 1% of the volume of underplating. The volume of 
underplating must be greater than 60 000 km 1• 

The stress environment during Lhe acti\ ity of the North 
Queensland Cainozoic volcanic field is poorly known. as 
is that of all eastern Australian Cainozoic intraplate 
volcanism. Previously, Lhe volcanic activity was thought 
to have been in a tensional environment (Wellman & 
McDougall 1974; Johnson et al. 1989), but this prediction 
was based solely on the environment of similar volcanism 
outside Australia. Recent information from earthquakes 
and stress measurements indicate that the post 5 Ma 
volcanism in • orth Queensland. in the Bundaberg area of 
South Queensland. and in western Victoria, are in areas 
with a present compressive environment. This compressive 
environment is thought to have been act1ve over d1c whole 
5 Ma of volcanism, as the tectonic forces on the Australian 
Plate have been constant over the last 5 Ma. These three 
areas of post 5 Ma volcanism are thought to be part of the 
lava field volcanism that was common O\'er the eastern 
margin of Australia O\ er the last 70 Ma. ln common ''" ith 
the older lava fields the control on the position along the 
Australian margin is unknown. One suggestion is that 
partial melting in the mantle beneath northeast Australia 
may have been rnggercd by stress-fields relating to ridge
push and slab-pull along the margin of the lmlo-Australian 
plate. superimposed on a mantle pre\ 10usly heated and 
weakened by the opening of the Coral Sea (Cioetingh & 
Wortel 1985: O'Reilly & Zhang 1995). 

Geochemistry/Petrogenesis 
The \\ idespread presence of alkali basalt in which augite 
was the major fractionation phase. :.uggests that over the 
last 5 million years there was large-scale magma intrusion 
and fractionation near the mantle-crustal boundary (I 0--
15 kb). foliO\\ed by the eruption of large amounts of lava 

501 



CHAPTER FOURTEEN Revie w of Geolo g i c al Bas i ns and Provinces 

(Ewart 1989). The North Queensland basaltic rocks mostly 
have a narrow range of normative-An values, DI and Si02 
and, like similar rocks in Tasmania, do not extend to low 
Mg ratios. These geochemical trends are consistent with 
the mafic North Queensland Cainozoic magmas being less 
modified by fractional crystallisation processes than is the 
case in most other areas of eastern Australia, and indicate 
the general absence of magma chambers in the upper crust 
and high-level crystal fractionation. 

Associated with this volcanism has been the relatively 
small-scale extrusion of primary xenolith-rich basanite and 
nephelinite lavas which were rapidly erupted directly from 
their mantle source. These strongly silica-undersaturated 
melts are commonly associated with more evolved lavas, 
but in some instances, for example the Silver Plains 
Nephelinite, are not associated with any surface expression 
of the more voluminous lavas that have undergone some 
degree of! ower crustal fractionation. Assuming anhydrous 
melts, geochemical criteria indicate the basanite and 
nephelinite magmas were generated at pressures of 
between 20 and 31 kb (Ghiorso et a!. 1983; Ewart 1989). 
During their rapid ascent they randomly sampled the rocks 
through which they were extruded, providing a limited 
insight into the lower-crusta] and upper-mantle lithologies 
in these areas. 

McDonough et a!. ( 1986) suggested that the presence of 
both tholeiitic and alkali basalts throughout the Eastern 
Australian Cainozoic Volcanic Province could be attributed 
to differing degrees of mixing and exchange between two 
mantle-melt components, namely a hotspot mantle plume
derived melt and a lithospheric mantle-derived melt. 
However, the tholeiitic basalts in North Queensland have 
low abundances of incompatible elements, suggesting their 
derivation from a hot and deep asthenospheric source with 
no apparent connection to plume activity (Sun et al. 1989). 

A possible explanation for such melts was suggested by 
Johnson et a!. ( 1989). They noted that the McBride, 
Chudleigh and Atherton Subprovinces are located clpse 
to the intersection of two major tectonic blocks, and 
suggested that any readjustment of these blocks could be 
expected to cause rifting and the possible opening of deep 
crust-mantle fractures, resulting in the generation of deeply 
sourced basaltic magmas. 

Sm-Nd and Sr Isotopic Trends 
Isotopic data for North Queensland indicate the mafic 
rocks tend to be characterised by relatively radiogenic Nd 
and Sr compositions; eNd values range from +7.5 to +3 .2 
and 87Srf86Sr ratios from 0. 70323 to 0. 70482, and high 87Sr/ 
86Sr correlates with high Mg numbers. Such signatures 
indicate a mantle source enriched in radiogenic Sr, and 
points to a subduction-modified subcontinenta l 
lithospheric mantle component for the North Queensland 
basalts. Limited Pb isotope data (high D7 /4 = +4.4 to+ 12.5 
- high D8/4 =mostly+ 25 to+ II 0), along with KJNb versus 
Zr/Nb trends, also point to the possible incorporation of 
Pacific sediments (Ewart et al. 1988; O'Reilly & Zhang 
1995). As noted by O'Reilly & Zhang (1995) both fore
arc and back-arc models have been proposed for the 
Palaeozoic to Mesozoic Hodgkinson-Broken River Fold 
Belt (Murray 1986). Thus the presence of subduction
modified lithospheric mantle derived from down-going 
altered MORB and pelagic sediments could be expected 
in this area. 

Xenoliths 
The study of xenolith populations in the North Queensland 
Cainozoic basalts provides an incomplete sampling of the 
lower-crustal and upper-mantle stratigraphic section. 
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However, such studies do allow some insight into the deep
seated lithologies. For example, the chemistry and texture 
ofthe McBride xenoliths reflect the diverse nature of the 
lower crust in this area . Intermediate to felsic 
metasediments, mafic melts, cumulates and restites are 
found witl1in a single xenolith suite, and likely reflect a 
longer and more complex lower crust history for the 
McBride basement compared to that of the Chudleigh 
Subprovince. (O'Reilly 1989; Rudnick 1992). Chudleigh 
Subprovince xenoliths indicate a fairly homogeneous 
population of igneous cumulates that equilibrated at depths 
between 20 km and 40 km before entrainment in the host 
basalts. These xenoliths are predominantly mafic, and 
back-calculation of present-day Sm/Nd isotopic ratios 
suggest they must be younger than 100 Ma, and likely 
formed from basaltic magmas intruded into the lower crust 
during an earlier period of Cainozoic volcanism (Rudnick 
1992). 

As noted by Rudnick & Williams (1987), U-Pb (SHRIMP) 
zircon dating of McBride Subprovince xenolith zircons 
provides an insight into the regional geology of its 
Georgetown Region basement. A -1570 Ma zircon 
population can be equated with high-grade metamorphism 
in the Etheridge Group and its intrusion by Proterozoic S
type granites. Another major tectonothermal event is 
recorded in a variety of xenolith types indicating partial 
melting, crystal fractionation and granulite facies 
metamorphism at about 300 Ma. The voluminous high 
level igneous material that accompanied this event is well 
preserved at the surface today, suggesting there was little 
uplift associated with this Palaeozoic orogeny. However, 
despite the lack of uplift, the presence of a granulite facies 
metasediment suggests some thrusting - possibly 
associated with the Palmerville Fault Zone. A mafic 
granulite with an age between 400 Ma and 250 Ma might 
represent basaltic underplating associated with the 
generation of the 400 Ma I-type granites. Rudnick & 
Williams (1987) concluded that their data are consistent 
with a Palaeozoic arc setting for this part of North 
Queensland, where basalts produced above a subducting 
slab were intruded into the lower crust, causing high-grade 
metamorphism and partial melting. 

Overall the North Queensland xenolith population suggests 
that basaltic cumulates are an important constituent of the 
lower crust in this area. Kay & Kay ( 1983) have suggested 
that the largely undeformed lower-crustal mafic basaltic 
xenoliths in Cainozoic volcanic rocks to the east of the 
Palmerville Fault (Cone 32 in the McBride Subprovince) 
represent a magmatic arc associated with the Tasman 
Orogen. In contrast, the deformed and metamorphosed 
xenoliths to the west of the Palmerville Fault (Sapphire 
Hill in the Chudleigh Province) preserve a complex P-T 
history reflecting a tectonic setting between the Palaeozoic 
Tasman Orogen and the Proterozoic Etheridge Province. 

Intracratonic Basins 
Introduction JJ Draper 
In this volume the metamorphosed sedimentary rocks have 
been separated from unmetarnorphosed sedimentary rocks. 
Metamorphosed sediments of the Hodgkinson and Broken 
River Provinces are dealt with above. This section 
examines the sedimentary basins that basically overlie 
deformed 'basement'. The basins and sedimentary 
sequences discussed below are listed in Table J 4.5, which 
also shows the four main periods of basin formation 
identified. The descriptions of the basins below are 
summaries; more details can be found in the respective 
Regions chapters or in the references provided herein. The 
location of the basins is shown on Plate 14.10. 
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Plate 14.13. Cainozoic basaltic volcanism. a. Mount Fox, a small cone 50 km southwest of Ingham, southernmost Cairns Region. 
b. Collins Road Cave - a lava tunnel, 9 m high, 21 m wide and 220 m long, which is part of the Undara Volcano lava tube system, 
McBride subprovince, Georgetown Region.(Thomas Atkinson photo, courtesy of Anne & Vernon Atkinson) c. surface expression 
of the tubes; and d. distribution of the Eastern Australian Cainozoic Igneous Province (a. and c. Ian Oswald-Jacobs photos). 



Plate 15.1. Kidston Gold Mine, Georgetown Region. (Ian Oswald-Jacobs photo). 

Plate 15.2. Red Dome Gold Mine, Cairns Region. (Ian Oswald-Jacobs photo). 
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Plate 15.3. Mineralised conglomerate from the Maureen uranium-fluorine-molybdenum deposit, Georgetown Region. Slab is 
cut from large diameter drill core. Purple mineral is fluorite. 
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Plate 15.5. Weipa bauxite profile. (Ian Oswald-Jacobs photo). 

Plate 15.6. Weipa port facility. (Ian Oswald-Jacobs photo). 



CHAPTER FOURTEEN Re1' iew of Geological Basins and Provinces 

The first period, Early Devonian to early Carboniferous, 
contains a variety of basin styles reflecting the complex 
structural setting of North Queensland at the time. 
Deposition in the Hodgkinson Province was 
contemporaneous with these basins. Although the rocks 
are described above, the relationship between the 
Hodgkinson Province and the basins is examined below, 
since the tectonic setting controlled deposition in the basins 
and the Hodgkinson Province. This period of basin 
formation was terminated by a widespread mid 
Carboniferous folding event. 

Late Carboniferous to Middle Triassic deposition occurred 
in a number of basins, although the larger ones are 
peripheral to North Queensland (Bowen and Galilee 
Basins). Although peripheral, these basins are discussed 
below because they contain sediments derived from North 
Queensland rocks or were influenced by structural and 
tectonic events that also occur in North Queensland. As 
their geology is intrinsically linked to North Queensland 
ge~logy, an understanding of it can help in interpreting 
North Queensland geology. Within North Queensland, the 
largest basin is the Lakefield Basin, about which little is 
known. The Bowen and Galilee Basins contain a mid 
Permian unconformity (seen also in the Cooper Basin in 
southwest Queensland). Prior to the unconformity, 
deposition was in an extensional setting. Late Permian saw 
the onset of the Hunter-Bowen Orogeny and deposition 
in compressional and flexural settings. The Russell
Mulgrave Shear is one expression of this event in North 
Queensland. Deposition was terminated in the Middle to 
Late Triassic by a widespread folding event. 

The Great Australian Basin developed in the Early Jurassic, 
although thin Late Triassic sediments underlie it in a 
number of places. The Laura, Carpentaria and Eromanga 
Basins are therepresentatives of this mega-basin in North 
Queensland. Pre-rift downwarps developed in the area now 
covered by the Coral Sea and volcanism in this area became 
the source Of sediments in the onshore basins. There was 
a contractional event in the Cenomanian that signalled the 
end of deposition in the Great Australian Basin. 

The Late Cretaceous is marked by the onset of rifting in 
the Coral Sea. Dming the Cainozoic, deposition took place 
in the rifts, and reefs and other sediments formed on the 
shelves. On shore there was widespread fluvial deposition 
in the Karumba and Kalpowar Basins and in the Charters 
Towers area (Campaspe Formation and Southern Cross 
Formation). 

Deposition in the basins was influenced by tectonics, sea 
level and climate. These aspects are highlighted where 
relevant. Figure 14.15 shows the changing palaeolatitudes 
with time. Continental wander, as shown, has had an impact 
on both the palaeoclimate and the tectonic setting of the 
various basins. 

Concealed Palaeozoic? or 
Proterozoic? Rocks BA McConachie 

Bamaga Basin 
The poorly understood Bamaga Basin, as defined by 
Passmore et al. (1993a,b ), is an asymmetrical north
trending trough underlying the offshore Carpentaria Basin 
(see Chapter 9 for details of this basin and its setting). 
Water depths covering the basin today are typically less 
than 70 m. The basin has never been drilled and the age 
and composition of the fill are unlmown, although the basin 
sequences have high seismic velocities. By analogy to 
surrounding basins, Passmore et al. (1993a,b) inferred a 

likely Palaeozoic, or possibly Triassic, age. Other workers 
postulated early Palaeozoic or Proterozoic ages, based on 
the apparent high seismic velocities (McConachie et al., 
Chapter 9 this volume). Many of the mapped seismic 
reflectors are steeply dipping and terminate against the 
base-Mesozoic unconformity. Passmore et al. (1993a,b) 
defined the Bamaga Basin as a sag basin rather than as a 
series ofhalf-grabens identified by previous studies. North
trending faults cut the lower flanks of the basin and there 
appear to be several periods of faulting. 

Figure 14.15. Palaeolatitudes for North Queensland from the 
Devonian to the present. Basins on Cape York Peninsula are 
shown. 

Early Devonian to Early 
Carboniferous Sedimentary Rocks 
JJDraper 

The main sites of deposition during this period were in 
the Hodgkinson Province (see discussion above), the 
Graveyard Creek Subprovince, Burdekin Basin, Bundock 
Basin, Clarke River Basin, Drummond Basin and Pascoe 
River Basin. Outliers and smaller basins such as the 
Gilberton Basin are also preserved. The basins of this age 
occupy the interval between the Pama Igneous Province 
and the Kennedy Igneous Province. The regional setting 
ofthe main basins is shown in Plate 14.10. The relationship 
between the basins in shown in Plate 14.11. Stage names 
used below are shown also on Plate 14.11. 
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Table 14.5. Intracratonic basins of North Queensland (does not include Bamaga Basin whose age is unknown) 
' 

Age Torres Cmpentaria Q~tinkan Caims Region Coral Sea Georgetown Clarke Charters Belyando Prose1perine 
Strait Lowlands Region Region Region River Towers Region Region 
Region Region Region Region 

Cainozoic Karumba Kalpowar Great Karumba Campaspe Campaspe Exevale 
Basin Basin Barrier Basin Fm; Fm Fm 

Reef; sag Southern SuttorFm 
basin and Cross Fm 
shelf 
sediments 

Late Cretaceous Unconformity 

Mesozoic Papuan Carpentaria Laura Laura Basin Townsville Carpentaria ?Eromanga 
Basin and Basin Basin and Basin 

Eromanga Eromanga 
Bas ins Basins 

Middle Triassic Unconformity 

Late Galilee Lakefield Normanby Fm; Agate Creek Wade beds Sybil Bowen 
Carbon- Basin; Basin Little River Volcanics Graben; Basin 
iferous to Olive Coal Measures; Ellen vale 
Middle River Silver Valley beds (Reid 
Triassic Basin; Conglomerate; River 

?Gam boola Ngarrabullan Graben); 
Basin Basin Insolvency 

Gully 
Fm; 
Balfes 
Creek beds; 
Julago 
Volcanics 

Mid Carboniferous Unconformity 

Early Pascoe River Hodgkinson P; Hodgkinson P Gilberton Bundock Burdekin Drummond 
Devonian Basin Molloy beds; 
to Early Quadroy 
Carbon- Conglomerate 
iferous 

Fm Fmmatwn, P - Provmce, Sp - Subprovmce 

Broken River Group (Graveyard Creek Subprovince) 
IW Withnall, SC Lang, JJ Draper 

Basin Setting 
The Broken River Group (Plate 14.1 0) is undeformed and, 
hence, is discussed with basinal rocks rather than defmmed 
rocks of ~he lower Graveyard Creek Subprovince (see 
~roken River Provmce above). The Broken River Group 
IS separated by unconformity from the underlying Shield 
Creek Formation and the overlying Bundock Basin 
sequence. The group has been described in detail in Lang 
et al. (1993). The Broken River Group was placed in a 
sequence stratigraphic context by Lang & Fielding (in 
Withnall & Lang 1993). 

Outcrop is restricted to the eastern Graveyard Creek 
Subpr<?vince, wit~ the group obscured by the Bundock 
Basm m t~e remamder of the subprovince. The group is 
truncated m the south by the Clarke River Fault and in the 
north by the Teddy Mount Fault. The actual extent of the 
preserved rocks is unknown and the presence of outliers 
in the Georgetown Region and the Charters Towers Region 
suggests that deposition was widespread. 

Stratigraphy 
The Broken River Group overlies the Shield Creek 
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Basin; Basin; Basin; Basin 
Maitland Clarke Mount 
area; River Podge/ 
Conjuboy Basin; Mount 
Fm Broken Brown area 

River 
Group 
(Graveyard 
Creek Sp) 

Formation (Withnall et al. 1993), which is a predominantly 
shallow marine siliciclastic unit containing two limestone 
members (Martins Creek and Arch Creek Limestone 
Members) . Coral and conodont faunas from the limestone 
members indicate a late Lochkovian to Pragian age (Jell 
et al. 1993) for these members and a significant hiatus 
between the Shield Creek Formation and the Broken River 
Gro~p, althou~~ part ?f this hiatus is bridged by non
~ossihferous siliciclastic rocks. Lang & Fielding (1993) 
mcluded nearshore and shoreline sandstones from the 
upper Shield Creek Formation in the south near Broken 
River in a depositional sequence involving the lowermost 
part of the Broken River Group suggesting that the hiatus 
may be within the Shield Creek Formation as currently 
mapped. 

The Broken River Group comprises a lower sequence 
which is Emsian to Eifelian and an upper sequence which 
is Givetian. The two sequences are separated by an 
erosional sur~a~e and a minor hiatus (Lang & Fielding 
1993). Deposition of the Broken River Group began in 
late inversus Zone (Jell et al. 1993). The Emsian to Eifelian 
lower Broken River Group contains a number of 
formations representing a mixture of siliciclastic and 
limestone rocks which are complexly intermixed. The 
upper Broken River Group is more siliciclastic, although 
there are carbonates present. 
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Lang et al. ( 1993) described the various formations that 
make up the group and discussed the lithofacies. The rocks 
are dominantly of shelfal origin with shoreline and fluvial 
sediments in marginal areas. Conodont biofacies have been 
interpreted as occupying a shallow platform to the north 
and southwest and an eastwardly deepening 'submarine · 
valley' through the centre of the region (Mawson & Talent 
1989; Jell et al. 1993), which Lang et al. ( 1993) suggested 
may represent an area with increased siliciclastic 
sedimentation and only slightly deepened water. 

Structure 
In general, folds in the Broken River Group and Shield 
Creek Formation plunge 10-30° southwest or northeast. 
In the Atherton Anticlinorium and Dip Creek and 
Rockfields Synclines, the overall plunge is about 20° 
southwest. Farther south between Gorge Creek and the 
Broken River, the overall plunge is shallower and is about 
I oo southwest. South of the Broken River, in the Broken 
River Anticlinorium, the folds are doubly-plunging, 
generally up to 20° northeast or southwest, but the overall 
plunge is still about 10° southwest. Folds in the Broken 
River Group are noticeably tighter, and of smaller 
wavelength, than those in the overlying Bundock Creek 
Group, and are commonly overturned. The slight difference 
in the plunge of fold axes may reflect the slight angular 
unconformity between the Broken River Group and the 
Bundock Creek Group. Cleavage is moderately to poorly 
developed in the Broken River Group. 

Basin Development 
In the Graveyard Creek Subprovince, after an apparently 
short hiatus at the top of the Graveyard Creek Group, 
sedimentation continued with the deposition of mainly 
sil iciclastic and carbonate shelf sediments of the Shield 
Creek Formation and Brok~n River Group. This deposition 
extended from the late Lochkovian to the Givetian. 
Remnants preserved on the Georgetown Block, such as 
near Conjuboy (see below), indicate that sedimentation 
was not restricted to the present limits of the Graveyard 
Creek Subprovince, but it was probably thickest there. 

Lang & Fielding ( 1993) discussed the sequence 
stratigraphy of the Graveyard Creek Subprovince, and 
demonstrated that the sedimentary record from the 
Lochkovian to ~arly Frasnian indicates that global eustatic 
sea level fluctuations influenced sedimentation patterns 
and were not obscured by tectonically driven fluctuations 
in relative sea level. The gross facies patterns indicate a 
shelf to slope transition from southwest to northeast, and 
this is supported by palaeocurrent directions that indicate 
that the main transport direction was east-northeasterly 
towards the present position of the Camel Creek 
Subprovince. The composition of the sediments within the 
Shield Creek Formation and Broken River Group are 
dominantly derived from the c.raton, with the exception of 
some mafic volcanic clasts in the Burges Formation. These 
clasts could have been derived from the Judea Formation, 
which may have been thrust over the craton and exposed 
immediately to the west. 

Tbe Shield Creek Formation and Broken River Group 
appear to have accumulated on a continental shelf on the 
eastern margin of the Georgetown Block, and probably 
extended northward to the Hodgkinson Province, and 
southeastward towards the Burdekin Basin. 

Conjuboy Formation 
Within the area of the Georgetown Region (Chapter 3), 
30 km west of the Burdekin Fault, the Conjuboy Formation 
(Withnall 1993) crops out as a narrow elongate belt and 

one other small area. The type section in the Oakey Creek 
area has a lower 70 m section of trough cross-bedded, 
medium to very coarse-grained, quartzose sandstone of 
fluvial or shallow marine origin. The poorly exposed upper 
80 m consist predominantly of calcareous mudstone or 
shale with lenses of bioclastic limestone. A formation may 
have a total thickness of800 m. The corals present indicate 
an Emsian to Eifel ian age; a limestone sample contained 
a serolinus Zone conodont fauna. 

Mount Podge/Mount Brown 
The sequence at Mount Podge (see Chapter 6) consists of 
a basal siliciclastic unit, the Laroona Formation, and an 
upper limestone unit, the Mount Podge Limestone (Zhen 
et al. 1993). These formations have been grouped in the 
Wilkie Gray Group (Draper et al. in prep.). Metamorphic 
clast conglomerate overlain by pebbly sandstone and then 
sparsely fossiliferous sandstone of the Laroona Formation 
were deposited in a fluvial to shoreline environment (Cook 
et al'. .1994). Inner to distal shelfal environments were 
interpreted for the stromatoporoid and coral-rich Mount 
Podge Limestone (Cook et al. 1994). Conodonts from the 
upper part of the Laroona Formation are from the late 
Emsian serotinus Zone and the Mount Podge Limestone 
contains conodonts ranging from serotinus to costatus 
Zone (Zhen et al. 1993). The poorly exposed and deformed 
sequence at Mount Brown is correlated with that at Mount 
Podge on the basis of corals (Zhen et al. 1993). 

Burdekin Basin JJ Draper, SC Lang 

Basin Setting 
The Burdekin Basin (Plate 14.10), covering an area of 
approximately 5000 krn2 in the Townsville hinterland, is a 
continental back arc basin formed on metamorphic rocks 
of the Cape River Province and granites of the Ravenswood 
Batholith (Chapter 6). Basin fill consists of sedimentary 
and volcanic rocks, subsequently folded, faulted and 
intruded, ranging from Early Devonian (Emsian) to early 
Carboniferous (Visean-?Namurian). The Glenrock Group 
was included in the Burdekin Basin (Draper & Lang 1994); 
it is no longer considered to be part of the Burdekin Basin 
history. Rather, it represents a new tectonic setting. 

Stratigraphy 
A transgressive, calcareous, lithofeldspathic sandstone and 
conglomerate sheet (Big Bend Formation) forms the base 
of the Givetian Fanning River Group. Overlying the 
sandstone is the stromatoporoid and coral dominated 
limestone shelf sequence of the Burdekin Formation 
deposited during the maximum transgression (Cook 1995). 
Regression resulted in the deposition of the uppermost 
unit in the group, the Cultivation Gully Formation, which 
comprises a richly fossi liferous lower sequence of 
mudstone and siltstone, with minor calcareous sandstone 
and limestone, and an upper sequence of sparsely 
fossiliferous sandstones and minor siltstone. 

The overlying Frasnian to Famennian Dotswood Group 
(Lang et al. 1994) is of entirely continental origin, with 
the locally unconformable contact marked by the incoming 
of a volcaniclastic component in the rocks as well as the 
absence of marine fossils. Sandstone, mudstone, siltstone 
and minor conglomerate, tuff and limestone are present in 
the Vanneck Formation, the lowermost unit of the 
Dotswood Group. Overlying the Vanneck Formation are 
the red bed sandstones, siltstones and minor limestones 
of the Stud Formation. In the main area of the basin, the 
uppermost unit of the group is the Julia Formation, which 
coarsens upwards from sandstone to pebbly sandstone. On 
the eastern side oft he basin, the conglomeratic Kukiandra 
Formation was deposited. Both the Julia Formation and 
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the Kukiandra Formation contain fossiliferous limestone 
clasts reworked from the Fanning River Group. 

Overlying the Dotswood Group conformably and marking 
a return to marine deposition is the Famennian to 
Tournaisian Keelbottom Group (Draper eta!. in Draper & 
Lang 1994). The Myrtlevale Formation, comprising 
sandstone, siltstone and mudstone, was deposited in a 
transgressive- regressive cycle which achieved its 
maximum transgression in the mid Famennian 
(marginifera Zone). Regression resulted in the deposition 
of the sandstones and minor conglomerates and siltstones 
of the Lollypop Formation. A similar unit to the Lollypop 
Formation, the Collopy Formation (which does not form 
part of the group) was deposited to the southeast of the 
basin (Rienks & Draper 1994). In the latest Devonian 
(praesulcata Zone) there was a major transgressive event. 
It heralded the beginning of deposition in the Hardwick 
Formation, which also contains sequences deposited in two 
subsequent transgressions (early Tournaisian and mid 
Tournaisian). These transgressive-regressive cycles 
resulted in the alternation of fine-grained sandstone, 
siltstone, mudstone and limestone with coarser-grained 
sandstone, pebbly sandstone and minor siltstone. The final 
recorded regression in the basin resulted in deposition of 
the Piccadilly Formation, a sandstone, conglomerate and 
mudstone unit. 

The Visean to ?Namurian Glenrock Group represents a 
major change in depositional style, being predominantly 
of volcanic origin and deposited in a series of northwest
trending grabens (Hutton, Draper et al. 1994). The 
Glenrock Group has been included in the Burdekin Basin 
(Draper & Lang 1994 ), but is probably best considered as 
a separate tectonic entity. Unconformably overlying the 
Keelbottom Group or older basement, the Glenrock Group 
comprises four basal units deposited in separate grabens 
and two additional units deposited in the most southeastern 
graben. The Ewan Formation (Withnall 1990) is a mixed 
unit, with a lower sub-unit of mudstone, sandstone and 
conglomerate, and an upper sub-unit of basaltic and 
andesitic lavas and pyroclastic rocks. Further to the 
southeast are the Tareela Volcanics, which are a mixture 
of rhyolitic pyroclastic rocks, basaltic and andesitic lavas, 
and pyroclastic rocks. Immediately to the south of the 
Tareela Volcanics are the Saint James Volcanics, which, 
like the former, are a mixture of rhyolites and basalts, but 
also contain a sandstone unit. The basal unit in the 
southeast, the Percy Creek Volcanics, comprises a lower 
basaltic lava unit and an upper unit of rhyolitic and basaltic 
pyroclastic rocks and lavas. Overlying the Percy Creek 
Formation is the Mount Douglas Formation, containing 
sandstone, conglomerate, siltstone, mudstone and rhyolitic 
tuffs and ignimbrites. The youngest unit in the group is 
the Horse Pocket Volcanics, which consists of andesitic 
breccia with minor andesite and basaltic lavas. The 
volcanics of the Glenrock Group are related to other 
volcanic rocks in the immediate vicinity and to the 
Oweenee Supersuite (Chapter 6). 

Structure 
The structure of the Burdekin Basin is complex as a result 
of its formation as a series of half grabens, the imposition 
of more than one folding event, and the intrusion of igneous 
rocks. There is an element of compartmentalisation of 
structure, possibly representing inhomogeneities in the 
basement. 

In the southeast of the Basin are a number of northwest
oriented structures marking the boundaries of blocks of 
granite basement. These faults were active during 
deposition as normal faults, but have been subjected to 
later reversal. The two major outcrop areas are folded in 
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broad, northwest-trending synclines. These outcrop areas 
represent the remnants of graben (probably half-graben) 
infills. The folding resulted from northeast-southwest 
compression. An element of north-south compression is 
evident in the curvature of the fold axes. 

In the area of the basin to the west of the Pall Mall Granite, 
the structure is dominated by east-northeasterly-trending 
faults. Some folds with axes also trend this way. There are 
also small north-south oriented, steeply plunging open 
folds. The faults and folds are cross cut by the Pall Mall 
Granite so must pre-date it. The age of the Pall Mall Granite 
is 289 Ma (K- Ar) (see Chapter 6). 

Basin Development 
Deposition in the Burdekin Basin was controlled by a 
mixture of tectonism and eustasy with a climatic overprint 
in parts of the sequence. The Burdekin Basin developed 
as a result of back arc extension (Draper & Lang 1994) 
with a transtensional component; sub-grabens trend 
northwest-southeast. Deposition of the Fanning River 
Group occurred in several fault bounded basins, with 
faulting active during deposition.lncreased subsidence and 
associated volcanism accompanied deposition in several 
depocentres of the Dotswood Group, representing a classic 
tectonic cyclothem. The Keelbottom Group was also 
deposited in several major depocentres, but the widespread 
nature of the Hardwick Formation suggests deposition 
during a thermal relaxation phase. Petrological data 
showing a mixed craton/volcanic arc provenance support 
the tectonic model (Draper & Lang 1994). Geochemical 
data indicate a calc-alkaline, subduction-related origin for 
the Glenrock Group, which was deposited during a 
renewed phase of rifting (Hutton, Draper et at. 1994). 

In the middle or late Carboniferous, the basin was subjected 
to a major compressive force directed along a northeast
southwest axis, with the resultant development of large
scale, slightly asymmetrical, open, plunging synclines, and 
reactivation of pre-existing faults. Intrusion of calc
alkaline, 1-type subduction-related granodiorite and 
associated dacite occurred in the late Carboniferous to 
Early Permian. 

Bundock Basin SC Lang. JJ Draper 

Basin Setting 
Late Devonian to Carboniferous sedimentary rocks in the 
Graveyard Creek Subprovince crop out in a roughly 
rectangular area of about 1000 krn2 in the headwaters of 
the Einasleigh and Broken Rivers (Chapter 3). Lang (in 
Withnall & Lang I 993) gave detailed descriptions of the 
constituent units. The Bundock Creek Group is about 
6000 m thick in the centre of the basin. The Bulgeri 
Formation, the lowermost unit, overlies the Broken River 
Group with a slight angular unconformity (a few degrees) 
to disconformity. In GSQ Clarke River 2, the relationship 
appears almost transitional, and is probably 
disconformable (Lang 1985). 

In this report, the Bundock Creek Group has been included 
in a distinct basin, the Bundock Basin (Plate 14.10), as 
the sedimentary rocks and depositional setting are very 
different from those of the underlying sequence, and the 
tectonic style oft he sequence is very different. The Group 
is faulted against Proterozoic metamorphic rocks and early 
Palaeozoic granites along the Clarke River and Teddy 
Mount Faults. The northern outliers of the formation (e.g. 
near Maitland Creek) unconformably overlie the 
Georgetown Block. The formation is intruded by the 
Carboniferous to Permian Montgomery Range Igneous 
Complex. 
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Stratigraphy 
The Bulgeri Fonnation, which comprises more than half 
the thickness of the group, fonns a thick wedge, thinning 
to the north and northeast. The unit is 3660 m in the type 
section along the Broken River, and thins to approximately 
1700 m on the northwestern limb of the Rockfields 
Syncline. Drab, coarse, sublabile to labile feldspathic 
sandstone to conglomerate are the dominant rock types of 
the Bulgeri Fonnation, fonning nearly half of the unit. 
Redbeds are common. Numerous intervals containing 
green, fi ne-grained, volcaniclastic sandstone and siltstone 
(reworked tuff) are known throughout the Bulgeri 
Formation. 

The Turrets Formation is mainly lithofeldspathic or 
feldspathic sandstone and siltstone, with lesser mudstone, 
conglomerate and reworked tuff. The Teddy Mount 
Formation is dominantly labile feldspathic to 
lithofeldspathic, micaceous sandstone and mudstone, with 
minor dirty fossiliferous limestone. Conodonts suggest a 
Late Devonian (latest Famennian) age for the unit. It may, 
however, range up into the early Carboniferous in places 
(Lang 1985). The early Tournaisian or younger Boroston 
Formation is composed of lithofeldspathic sublabile 
micaceous sandstone and conglomerate. The ?Visean 
Harry Creek Formation consists predominantly of fine
to coarse-grained, pale green to deep reddish brown, poorly 
sorted andesitic to rhyolitic volcaniclastic rocks, although 
quartzose sandstones and conglomerates are more 
common in the lower part of the unit. 

Structure 
The Bundock Creek Group, in the southern half of its 
outcrop area, is folded into moderately tight, 
dome-and-basin folds, which are mainly upright, although 
in the Dip Creek Syncline they are overturned towards the 
northwest. The overall plunge is shallow (about 5°) to the 
southwest (225°), although around the hinge of the Broken 
River Anticlinorium, the plunge is much steeper (about 
35°). Cleavage is generally only weakly developed. The 
strongest cleavage is confined to the southeastern limb of 
the Rockfields Syncline. High angle, slaty cleavage is a 
prominent feature in the drill core from GSQ Clarke River 
l and 2 (Lang 1986). A weak northeast-trending fracture 
cleavage has been observed in the Turrets Formation, and 
Teddy Mount Fonnation. 

To the north and west, among the intrusions of 
Montgomery Range Igneous Complex, the upper units are 
folded in more open, roughly triangular, dome-and-basin 
structures. Lang (1985) suggested that the thinning of the 
units and different folding patterns from south to north 
may be due to the presence of a basement ridge. 

The folding mechanism was probably flexural slip, giving 
rise to essentially parallel folds, but with slight attenuation 
of the limbs suggesting a weak component of simple shear. 
The folds change to similar folds towards the northeast, 
where the tightest folds occur. Towards the southwest, these 
folds open out, and die into the Boroston Syncline, possibly 
as monoclines (for example, the Rockfields Syncline and 
its unnamed anticlinal neighbour to the north). 

The northeast-trending folds in the Dip Creek, Rockfields 
and Boroston Synclines have been deformed by a later 
north-south-oriented compression, resulting in en-echelon, 
east-trending dome-and-basin folds. This probably 
post-dated the main northeast-trending faulting episode, 
because many of those faults are also slightly bent. The 
east-west folding had more effect in the northern part of 
the Bundock Creek Group where 0 1 was weaker. The 
north- northeasterly orientation of the girdle through the 

poles to S0 from this area reflects the superimposition-of 
open northeasterly and easterly-trending folds. 

Basin Development 
Defonnation of the Graveyard Creek Subprovince in the 
early Frasnian resulted in a slight angular unconformity 
at the top of the Broken River Group. After a short hiatus, 
deposition of the Bundock Creek Group commenced in 
the late? Frasnian with the deposition of the Bulgeri 
Formation. Lang & Fielding (1993) and Lang (1993a,b,c) 
suggested that the Graveyard Creek Subprovince 
developed into a small, rapidly subsiding foreland basin 
(the Bundock Basin) in the hinterland of the orogen, west 
of the Gray Creek Fault, and north of the Clarke River 
Fault. The foreland basin developed in response to crustal 
loading associated with defonnation (at least ccD2) in the 
Camel Creek Subprovince, east of the Gray Creek Fault, 
and oblique-slip movement along the Clarke River Fault, 
which acted as a tear fault along a pre-existing crustal 
weakness. The relative movement along the Clarke River 
Fault east of the intersection with the Gray Creek Fault 
was probably sinistral, but the relative movement to the 
west could have been dextral, consistent with the data of 
McLennan ( 1986). 

Previously, the basin was considered to be a pull-apart 
basin, because of its proximity to these major faults . 
Withnall & Lang ( 1990) suggested that a north-south 
dextral shear couple, such as proposed by Evans & Roberts 
( 1980) to explain the late Palaeozoic evolution of the 
central part of the Tasman Orogen, could have promoted 
extension and subsidence in the basin. The pre-existing 
northeast trend of the Clarke River Fault would be 
favourable to reactivation as a nonnal fault by such a 
couple. Alternatively, they suggested that the required 
extension could have resulted from an east-west sinistral 
shear couple that also may have produced sinistral 
movement on the Clarke River Fault. 

The foreland basin model was based on analysis of alluvial 
systems in the Bulgeri Fonnation. Lang & Fielding ( 1993) 
recognised several, subsidence-driven, tectonic cyclothems 
in the lower 1500 m of the Bulgeri Formation. In the upper 
part of the Bulgeri Formation and Turrets Formation in 
the Famennian, non-marine conditions prevailed, but 
several minor marine transgressions are recorded. A major 
transgression is represented by the succeeding Teddy 
Mount F9rmation, and reached a peak in the latest 
Famennian to earliest Tournaisian. At this time, a change 
in the direction of sediment transport from northerly to 
southeasterly occurred, possibly in response to uplift of 
the Georgetown Block and deformation of the Hodgkinson 
Province to the north. Tuffaceous sediments continued to 
be supplied to the basin. 

In the Visean, increasing volcanic activity throughout 
North Queensland is reflected in the Harry Creek 
Formation in the Bundock Creek Group. These units 
comprise tuff, ignimbrite, and volcaniclastic arenite, 
siltstone, and mudstone, deposited in fluvial to lacustrine 
environments. 

In the mid Carboniferous, a major northeast- southwest 
folding event deformed the Graveyard Creek Subprovince. 
The Camel Creek Subprovince was not greatly affected 
by this event, although the western part of the Clarke River 
Basin has open folds. The orientation of the folds is 
consistent with a dextral shear couple and consequent 
dextral movement on the Clarke River Fault. Granites were 
subsequently emplaced into the Graveyard Creek 
Subprovince. 
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Maitland Downs Area 
Sporadic, partly fault-bounded occurrences of sedimentary 
rocks of probable Late Devonian to Carboniferous age have 
been found in the southeastern Georgetown Region 
(Chapter 3). They were previously described by Withnall 
( 1989b and in Withnall & Lang 1993). The largest is near 
Maitland Creek, where sedimentary rocks rest 
nonconformably on the McK.innons Creek Granite and 
Dido Tonalite to the east, and are down-faulted to the west 
against the Einasleigh Metamorphics. The total thickness 
is uncertain but is probably of the order of 1000 m. Lang 
(in Withnall & Lang 1993) equated the Maitland Creek 
outcrops with the Bulgeri Formation in the Graveyard 
Creek Subprovince (see Chapter 8). Clasts in 
conglomerates at the base indicate a provenance from the 
Judea and/or Wairuna Formations in the Broken River 
Province, similar to that in the Stopem Blockem 
Conglomerate Member of the Bulgeri Formation in the 
Bundock Creek Group. The remaining sequence of 
sandstone mudstone and conglomerate contains red, green 
and grey beds typical of the Bulgeri Formation. Similar 
rocks crop out in a small, poorly exposed, partly 
fault-bounded block in the headwaters ofNine Mile Creek, 
in the headwaters of Spring Creek, and along the Burdekin 
Fault. 

Clarke River Basin JJ Draper, IW Wit/mall 

Basin Setting 
The Clarke River Basin (see Chapter 8) overlies the Camel 
Creek Subprovince with almost all outcrop occurring east 
of the Gray Creek Fault. The main body of outcrop lies in 
the southern part of the subprovince as far east as· Blue 
Range, but with outliers to the north and west, adjacent to 
and east of the Gray Creek Fault. The original extent of 
the basin is unclear; the current extent is shown in Plate 
14.10. 

Stratigraphy 
The Clarke River Group has three defined formations, the 
Venetia, Ruxton and Lyall Formations (Scott 1985; Scott 
& Withnall1987; Draper eta!. 1993; Withnall et al. 1996a). 
The Venetia and Ruxton Formations are lateral equivalents. 

The dominant rock type in the Venetia Formation is coarse 
to very coarse, micaceous lithofeldspathic sandstone, with 
minor pebbly sandstone and conglomerate and rare tuff. 
The base of the unit consists of polymictic, pebble to 
boulder conglomerate and breccia derived from the 
underlying Camel Creek Subprovince rocks. Marine faunas 
have only been studied cursorily and indicate a general 
Late Devonian to early Carboniferous age (Jell et al. in 
Withnall & Lang 1993). Playford (1988) recorded a poorly 
preserved Tournai sian microflora from GSQ Clarke River 
5, including one with an implied late Tournaisian age. The 
data thus indicate that the Venetia Formation is Toumaisian, 
although Draper eta!. (in Withnall & Lang 1993) suggested 
that it could range down into the latest Famennian. 

The Ruxton Formation is lithologically similar to the 
Venetia Formation, but marine sediments occur 
sporadically through the sequence rather than just near 
the base. Edwards ( 1977) identified two brachiopod faunas 
for which he proposed a range of earliest to late middle 
Tournaisian. Conodonts from near the base of the unit in 
the southwest indicate a latest Devonian to earliest 
Carboniferous age (B. Fordham pers. comm.). The Ruxton 
·Formation thus has a probable age range of latest 
Famennian to late Tournaisian. The Ruxton and Venetia 
Formations are therefore lateral equivalents, although 
different depositional systems are represented. 
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The Lyall Formation crops out in the central and western 
parts of the Clarke River Basin. The lower part of the Lyall 
Formation (including the Furry Hoop Member) consists 
largely ofvolcanilithic sandstone, conglomerate, siltstone 
and tuff. The Meath Rhyolite Member consists of at least 
two ignimbrite sheets separated by fluvial sediments in 
the middle of the formation. The upper part of the Lyall 
Formation consists of coarse volcanilithic sandstone, 
conglomerate, siltstone, tuff and impure limestone. 
Miospores recovered from GSQ Clarke River 3/4R and 5 
(Playford 1988) and outcrop (Playford 1983, 1986, 1988) 
indicate that the 'upper' Lyall Formation is late Visean. 

Structure 
The Clarke River Group is generally only weakly deformed 
with dips of less than 20° around two roughly circular 
domal structures in the main outcrop area. Exceptions are 
in the central northern part of the main outcrop area and 
in the outliers in the Gray Creek area, where the rocks are 
folded with northeast to north-northeast axial planes and 
have dips between 45° and 70°. Tight folding with 
overturning is also evident in the southwest of the basin 
and steep dips occur along the western faulted margin. 

The 'Clarke River Flexure', which formed near the 
southeastern margin of the basin and has a northeasterly 
trend, is a monocline that passes along strike into a fault. 
The fault may have been active during deposition of the 
lower Lyall Formation. Dalgamo (1977) pointed out that 
conglomerate beds, which are common near the flexure, 
decrease in size and wedge out to the north and west. 

Faulting in the Clarke River Basin is mainly vertical. In 
general, the trends of structures within the Clarke River 
Basin may be largely controlled by the configuration of 
the basement rocks as indicated by the general northeast 
to north-northeast trends in the ali!,rnment of structures. 
The western edge of the main outcrop area appears to be 
faul t-bounded, possibly along, or near, a southward 
extension of the Gray Creek Fault. The northern edge may 
also be partly fault bounded,· as are some of the small 
outliers in the Gray Creek area. 

The main deformation in the basin affects the Visean Lyall 
Formation, but the overlying late Carboniferous to Early 
Permian Wade beds are only very gently folded. Therefore, 
the main folding was in the mid to late Carboniferous. 
The Wade beds have been faulted after minor folding. 

Basin Development 
The distribution of the sediment types, the broad 
palaeocurrent pattern, and the diffuse nature of the basin 
margins indicate that the Venetia Formation was deposited 
over a much larger area than preserved. Meandering and 
braided stream deposits form the bulk of the unit. The basal 
conglomerate represents alluvial fan to braided stream 
deposits generated when the basin was initiated by uplift 
to the southeast, possibly along the Clarke River Fault. 

Although the marine rocks crop out only sporadically, the 
widespread distribution of the known occurrences suggests 
that the marine facies were deposited over a large area. 
The fauna in the Venetia Formation is unlikely to represent 
marginal marine conditions. It is ljkely, therefore, that the 
marine rocks were deposited during a widespread marine 
transgression. Edwards ( 1977) interpreted the Ruxton 
Formation as having been deposited in a deltaic setting. 
He proposed two provenances; one to the northwest and 
one to the south. Draper et al. (in Withnall & Lang 1993), 
agreed in general with his interpretation, although some 
of the detail was modified to include muddy shelf and 
alluvial fan environments. 
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The rocks·ofthe 'lower' Lyall Formation are predominantly 
of meandering stream origin. The presence of redbeds 
containing calcareous nodules suggests the development 
of soils in a semi-arid environment. Fine-grained 
limestones, probably of algal origin, were deposited in 
flood plain lakes. A thick pebbly sequence near the base 
of the member is interpreted as a braided stream deposit 
because of the coarse grain size and the lack of overbank 
deposits. This may represent the progradation of alluvial 
fans into the area. The sequence in the Niall area was 
deposited in braided streams, possibly closely associated 
with alluvial fans. Although sporadic tuffs are present 
below the Meath Rhyolite Member, they are much more 
common above it, and it thus represents a marked change 
in the volcanic environment. 

The 'upper' Lyall Formation bas elements of redbed 
formation, with calcareous nodules representing soil 
development in semi-arid conditions. The lower part has a 
high proportion of siltstone to sandstone, which was 
deposited in a meandering stream system. The proportion 
of overbank sediments decreases upwards and with the 
variation in sand size indicates a change to braided stream 
conditions. A conglomerate sequence above this is 
probably of alluvial fan origin based on the very coarse, 
poorly sorted nature of the sediments. An overlying upward 
coarsening sequence is interpreted as lacustrine. The lake 
was infilled by the advance of a meandering steam system. 

Gilberton Basin !W Withna/1, JJ Draper 

Basin Setting 
The Gilberton Formation (Plate 14.11) was described by 
Withnall eta!. ( 1980b ), Wyan & Jell ( 1980) and Oversby 
(1985). The most extensive outcrop area of Gilberton 
Formation is one of about 120 km2 near Gilberton. Other 
occurrences are scanered through the central part of the 
region (Dismal, Marquis and Fish Hole Basins, Atlas Plate 
I 0), mainly preserved beneath areas of Carboniferous 
volcanic rocks. All outcrops lie within the Georgetown 
Region (see Chapter 3). 

Stratigraphy 
Immature and poorly sorted epiclastic sedimentary rocks, 
mainly quartzose to feldspathic sandstone and polymictic 
conglomerate, characterise the unit. Mudstone and siltstone 
are subordinate. The few known limestones tend to be 
nodular, and may be pedogenic. Most of the clastic material 
has come from immediately subjacent or nearby basement 
sources. An important exception is a population of 
graphite-bearing ignimbrite cobbles in the Gilberton area, 
thought to have been derived from the Croydon Volcanic 
Group, now cropping out about 80 km to the northwest 
(Withnall et al. 1980b). Minor volcaniclastic material 
occurs locally, particularly in the Maureen area. 

The Mamberra and Spyglass Andesite Members occur at 
the southeastern edge of the Newcastle Range, and in the 
Dismal Creek area respectively, and are the main primary 
volcanic components of the Gilberton Formation. These 
units consist of extensively altered andesitic lavas. 

The lower Gilberton Formation has yielded a macroflora 
dominated by Leptophloeum australe (White 1965; 
Withnall eta!. 1980b) associated with fish fragments (Hills 
I 935). Although Leptophloeum australe is generally 
considered to be Famennian (Young 1995), in the Ruxton 
Formation (Draper et al. in Withnall & Lang 1993) and 
the Hardwick Formation (Draper & Lang 1994) it can be 
demonstrated to range into the Tournaisian (possibly to 
the duplicata conodont zone). Such an age assignment is 
supported by a micro flora from low in the formation, which 

is· characterised· by the latest Famennian Retispora 
lepidophyta Assemblage (C. B . . Foster pers. cornm. 1981 ). 
Lepidodendroid fragments from the uppermost part of the 
Gilberton Formation are of Visean aspect, while a 
Granulatisporites frustulentus micro flora indicative of the 
Visean Anapiculatisporiles /argus Assemblage has also 
been recovered from high in the sequence. 

Gilberton Formation rocks at Mount Tabletop and in the 
Cumberland Range area contain Visean microfloras, not 
examined in detail. Unidentified, but possibly Visean, 
lepidodendroid and fish fragments also occur at Mount 
Tabletop (R.J. Osborne pers. comm. 1980). Thus an age 
ranging from late Famennian to Visean is indicated for 
the Gilberton Formation. 

Structure 
The rocks of the Gilberton Formation are generally 
undeformed except where cut by high angle faults. 

Basin Development 
The scattered occurrences of the Gilberton Formation 
probably represent the faulted remnants of a more extensive 
depositional regime. The sequence is fluvial in nature and 
equivalent in age to sequences in the Bundock, Clarke 
River and Burdekin .Basins. It may have been connected 
to these sequences. Just as these other basins contain 
Visean volcanic rocks and associated detritus, the 
Gilberton ' Basin' also contains a similar suite. 

Pascoe River Basin BA McConachie, JJ Draper 

Basin Setting 
The Pascoe River Basin includes the Late Devonian to 
early Carboniferous Pascoe River beds and possibly some 
volcanic rocks (see Chapter 9). The basin covers at least 
1000 k.m2, overlying granitic and metamorphic rocks 
equivalent to those in the Coen Region. Seismic data 
suggest a maximum of about 600 m of section preserved 
in small grabens north of the Olive River. However, 
thicknesses are typically less than 200m over much of the 
area. The Pascoe River Basin is unconformably overlain 
by the Permian Olive River Basin and the Mesozoic 
Carpentaria Basin. It pre-dates the Early Permian 
Weymouth Granite, dykes of which intrude and 
metamorphose the Pascoe River beds. lt is also believed 
to pre-date the Janet Ranges Volcanics. 

Stratigraphy 
The Pascoe River beds are exposed along the Pascoe River 
as a folded and faulted sequence of carbonaceous siltstone, 
shale, tuff and variably tuffaceous sandstone with thin beds 
of coal. Other outcrops have been mapped in the valleys 
of the Garraway, Brown and Hamilton Creeks and on 
Haggerstone Island. 

Basal Unit l is a dominantly well-bedded, medium-grained 
labile sandstone which forms fining-up sequences about 
15 m thick . Interlaminated fine-grained sandstone, 
siltstone, carbonaceous shale and anthracite coal typically 
occur near the top of each fining-up cycle. Late Devonian 
to early Carboniferous (?Tournaisian) plant fossils and 
early Carboniferous palynomorphs have been identified. 
Unit 2 is typically a massive, coarse-grained tuffaceous 
feldspathic sandstone that locally fines-up into laminated 
carbonaceous siltstone. intraformational tuffs and angular 
rhyolitic clasts indicate that volcanism was 
contemporaneous with deposition. Unit 2 conformably 
overlies Unit l and unconformably overlies the Sefton 
Metamorphics. Unit 3 is a dark grey silicified siltstone 
with minor tuffaceous chert. It conformably overlies Unit 
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2 in outcrop. Unjt 3 is overlain by rhyolite flows, volcanjc 
breccias, welded tuff and rhyolite assigned to the Janet 
Ranges Volcanics (Trail et aJ. J 969; Willmott & Powell 
1977b). 

Structure 
The main outcrop of the Pascoe River beds along the 
Pascoe River is structurally complex. Dips of up to 70°, 
fold axes plunging up to 50° to the southeast and 
slickensides indicating strike-slip movement have been 
mapped. All other outcrops have dips in excess of I 0°. 
Outcrop relationships suggest that the rocks of the Pascoe 
River Basin were faulted, at least locally, before the 
intrusion of the Weymouth Granite. 

Basin Development 
Unit l was deposited in meandering sandy river channels 
with considerable vegetation, allowing peat to accumulate 
on the flood plains. Senapati (1988) proposed rapid 
deposition in a fluvial envirorunent with a net source of 
sediment from the south for Unit 2. Unit 3 is believed to 
have been deposited in a quiet-water lacustrine 
environment. Deposition occurred in a number of grabens. 

Drummond Basin LJ Hulton, JJ Draper 

Basin Setting 
The Drummond Basin (Oigers 1972) is a large 
intracratonic basin which developed in Central Queensland 
in the Belyando Region between the Late Devonian and 
the early Carboniferous. It contains a thick sequence of 
continental sediments and volcanics, with a few marine 
interbeds near the base. Remnants of probable early 
Carboniferous sedimentary rocks and volcanic rocks are 
preserved overlying the basement rocks in the Lolworth
Ravenswood area. The Anakie Inlier (a belt of older 
basement rocks) divides the basin into an eastern and 
western part. OnJy the very northern areas of the basin 
fall within North Queensland. 

Stratigraphy 
Underlying the northern Drummond Basin in places are 
the Ukalunda beds, are a mixture of sandstone, siltstone, 
shale, limestone and minor conglomerate. The limestone 
contains·marine fossils including brachiopods, conodonts 
and corals. An Emsian age is indicated by the corals 
(Grimes et at. 1986) and brachiopods (Parfrey 1989). 
Conodonts (Brock & Talent 1993) also support an Emsian 
age and can be broadly assigned to the perbonus Zone. 
Further south, limestones are present in the Douglas Creek 
Limestone and the Glendarriwell beds and an Emsian age 
has been indicated for both these formations (per bonus to 
inversus Zone) (Withnall et al. 1995). 

Olgers ( 1972) has described the geology of the Drummond 
Basin and subdivided the Drummond Basin sequence into 
three tectonostratigraphic cycles, each separated by 
disconformities or possibly unconformities. Minor 
modifications to the stratigraphy have been made by 
Hutton et al. (1991, in press). 

Cycle I comprises the volcanic and sedimentary sequence 
at the base of the Drummond Basin. In the north, Cycle I 
rocks appear to have been deposited in isolated half grabens 
whereas further south, they form a continuous band of 
volcanics extending 100 km. Formations included in this 
cycle from the northern Drummond Basin are the Mount 
Wyatt Formation, Saint Anns Formation, Silver Hills 
Volcanics, Mount Coolon Andesite and Bimurra Volcanics. 
Volcanics that host mineralisation at Pajingo, WirraJie, 
Yandan and Mount Coolon are early Carboniferous. 
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Perkins et at. ( 1995) have dated these volcanics using a 
combination of K-Ar and U-Pb daring of zircon on the 
SHRIMP microprobe as ranging from 347.0 ± 2.9 Ma (for 
the Mount Coolon Andesite) to 357.4 ± 3.3 Ma (volcanics 
at Twin Hills). Stratigraphically, these volcanics are 
included in Cycle I of Olgers ( 1972). However, Perkins et 
at. ( 1995) suggest they may belong to Cycle 3. They are 
included in Cycle I in this chapter as Cycle 3 rocks are 
Visean (younger than 344 Ma on the AGSO-Tirnescale). 

The Mount Wyatt Formation comprises approximately 
1500 m of medium-bedded labile sandstone, siltstone, 
conglomerate and tuff, commonJy fossiliferous. The age 
of the Mount Wyatt Formation is Late Devonian to early 
Carboniferous. Brachiopods near the base of the Formation 
are Famennian and can be correlated with the Myrtlevale 
Formation in the Burdekin Basin (McKellar 1970). 

St Anns Formation comprises mainly fractured medium
to thin-bedded, medium-grained feldspathic sublabile to 
quartzose sandstone, extremely labile medium-grained 
(volcanic?) rocks, siltstone, medium to thick beds offissile 
shale and pods of lithic-rich, coarse, sandy to granule 
limestone. The St Anns Formation is considered to be Late 
Devonian to early Carboniferous on the basis of a plant 
fauna in the upper part of the unit (White in Olgers 1972). 
Limestone beds, sampled for conodonts, proved barren. 
The StAnns Formation is the basal unit of the Drummond 
Basin sequence to the west of tl)~ Anakie· lnlier. It is 
lithologically similar to and considered the correlative of 
the Mount Wyatt Formation to the east of the inlier. 

Cycle 2 is a sequence of quartzose and feldspathic, 
dominantly fluviatile sediments that disconformably or 
unconformably overlies the rocks of Cycle l (Oigers 1972). 
The Mount Hall Formation is the only formation of Cycle 
2 that crops out in the northern Drummond Basin, but 
some of the fine sandstone, siltstone and mudstone that 
occur around Twin Hills may be equivalent in part to the 
Telemon or Scartwater Formations. 

Outcrop of the Mount Hall Formation is generally very 
poor, with the only commonly outcropping rocks a b~nd 
of medium-grained quartzose sandstone gradtng 
downward into a pebbly sandstone and finally, an oligomict 
pebble conglomerate comprising mainly rounded pebbles 
of white milky quartz (and rarely, other lithic clasts) in a 
medium-grained quartzose sandstone matrix. The age of 
the Mount Hall Formation is probably early Carboniferous, 
determined from plant fossils (White in Olgers 1972). 

Volcanilithic sediments and minor volcanics that 
concordantly overlie the Cycle 2 rocks in the Drummond 
Basin have been labelled Cycle 3 (Oigers 1972). Cycle 3 
records a return to volcanics and volcanilithic-rich 
sedimentary rocks following the more quartzo-feldspathic 
sedimentary rocks in Cycle 2. Two formations from Cycle 
3 occur in the northern Drummond Basin: the Star of Hope 
Formation and the Mount Rankin Formation. 

The Star of Hope Formation comprises mainly 
volcanilitruc sediments and volcanics. Outcrop is generally 
poor. The age of the Star of Hope Formation, as determined 
from plant fossils, is probably early Carboniferous (White, 
in Olgers 1972). Playford ( 1978) identified Visean 
palynomorphs in the Ducabrook Formation, a Cycle 3 unit 
further south in the basin. 

The Mount Rankin Formation comprises conglomerate, 
laminated siltstone, fine to very fine sandstone, chert, tuff, 
ignimbrite, and minor dacite to andesite (Withnall et al. 
1995). The rocks are assigned to Cycle 3 (Oigers 1972), 
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but their stratigraphic position is uncertain, particularly 
on MOUNT COOLON, where they crop out as isolated, 
low, rubbly hills. 

Structure 
While most fold axes in the Drummond Basin trend north 
to north-northwest (Olgers 1972), those in sub-basins 
north of Mount Coolon trend east to northeast. The reason 
for th.is difference in fold orientation is probably due to 
basement interference and original orientation of the sub
basins north of Mount Coolon. 

L, 0 in the Anakie Metamorp!Ucs appears to be folded about 
broadly east-west fold axes, and to have amplitudes similar 
to the folding in the Drummond Basin sediments and 
volcanics. This suggests that the folding in the Drummond 
Basin sequence north of Mount Coolon may have caused 
the re-orientation of L1 ° in the Anakie Metamorphics. 

Basin Development 
'!he Drummond Basin formed in a continental setting, 
mboard of a Late Devonian to early Carboniferous 
continental margin volcanic arc (Powell in Veevers 1984; 
Murray 1986, Day eta!. 1983; Hutton 1989; Johnson & 
Henderson 1991; Henderson & Davis 1993; Davis & 
Henderson 1996). Late Devonian to early Carboniferous 
tectonic elements _in eastern Queensla~d include, from east 
to west, a subduction complex (Wand11la Terrane, Johnson 
& Henderson 1991 ), fore-arc basin (Yarrol Basin, Murray 
1986), and a volcamc arc (Connors-Auburn Volcanic Arc, 
Day et al. I 978). Hutton ( 1989) noted that the most likely 
model for the development of the Drummond Basin was 
as a f?reland basin, inboard of a continental margin 
volcamc arc, but noted some discrepancies with th.is model 
and suggested that an extensional model may better explain 
some features. Subsequent workers, using seismic data, 
(Johnson & Henderson 1991; Caritat & Braun I 992) 
suggest a back-arc extensional model, on the continental 
side of a west-dipping subduction zone. 

Seismic profiles show the presence of major listric normal 
faults with wedge-shaped infill of Cycle 1 volcanics and 
sedimentary rocks ·(Johnson & Henderson 1991 ), 
suggesting that the basin initially formed by crustal 
extension (Caritat & Braun 1992). ln the northern 
Drummond Basin, Cycle 1 volcanics and volcaniclastic 
roc_ks_ form in is?lated basins with rapid thickness 
vanat10ns, supportmg a model of their formation in half
grabens. Despite thick accumulations of felsic volcanics 
no cauldron subsidence structures are identified. Thi~ 
pr~bably reflect_s active faults at the edge of half grabens 
actmg as condUits for magma, and thick accumulation of 
lava being due to tectonic subsidence rather than cauldron 
subsidence. The a~eofthe youn~est syn-rift fill is probably 
about the Devoman to Carbontferous boundary (Caritat 
f!' ~raun 1992), alth_o~gh recent dating (Perkins eta!. 1995) 
md1cates a Tournaisian age for some Cycle 1 volcanic 
rocks. Major northeast-trending fault structures, which 
~ppear to have act~d as conduits for rising magmas, both 
m the Lat~ Devoman to early Carboniferous and possibly 
later, are mterpreted as transfer faults developed during 
the extension (Johnson & Henderson 1991 ). 

Thermal subsidence, following the rifting in Cycle I time, 
resulted in the deposition of Cycle 2 and 3 quartz<r 
fe1dspathic sediments and volcanogenic sediments. 
Johnson & Henderson believe that the source of the 
quartzo-feldspathic detritus in Cycle 2 was to the 
southwest of the basin, being transported longitudinally 
through the basin from south to north. They also suggest 
that the volcanogenic detritus in Cycle 3 time may have 

been derived from the now poorly preserved volcanic arc 
to the east of the basin. Sedimentation ceased in the 
Drummond Basin by mid Carboniferous time (Johnson & 
Henderson 1991 ). 

Deformation of the Drummond Basin occurred in two 
poorly constrained shortening events (Johnson & 
Henderson 1991 ). Rocks of the Drummond Basin are 
overlain, with angular discordance, by late Carboniferous 
volcanics of the Bulgonunna Province, suggesting 
deformation occurred during the mid to late Carboniferous 
Kanimblan Orogeny (Caritat & Braun 1992). The second 
shortening event resulted in thrust-fault related monoclinal 
structures and may be Middle Triassic (Johnson & 
Henderson 1991 ). Oversby et al. ( 1997) suggest a time 
break of -50 million years between the youngest dated 
volcanic in the Drummond Basin and the oldest volcanic 
in the Bulgonunna Province, suggesting two separate 
magmatic episodes. 

Mineralisation in the Drummond Basin is linked to its 
tectonic development (Hutton 1988, 1989). Henley & 
Adams ( 1992) postulated that gold mineralisation at 
Bimurra and Wirralie was controlled by reactivated 
northeast striking faults which may have originated as 
tran~fer faults early in the basins development. Other 
po~_stble northeast-trending corridors exist (for example, 
PaJmgo and Mt Leyshon corridors). 

Molloy Beds RJ Bultitude 
T_he_ M?lloy beds (Cranfield & Hegarty 1989) are a 
dtstmc~Ive package of rocks exposed mainly in a belt 
extendmg for -5 km south ofMount Molloy, in the central 
part of the Cairns Region (Chapter 7). Some of the best 
outcrops are in cuttings along the main Mareeba
Cooktown road. Arenite beds are typically 2-10 em thick 
whereas most siltstone and mudstone beds are betwee~ 
2-5 em thick. Noteworthy characteristics of the unit are 
the presence of numerous graded beds and of upward 
fining sedimentary cycles (Cranfield 1990). The latter are 
characterised by increases in both the thickness of 
mudstone intervals and the abundance of mudstone relative 
to arenite. The average thickness of each cycle is -40 m 
(Cranfield 1990). 

Beds are generally shallowly dipping to subhorizontal 
(most dips are <15°) away from the bounding faults in 
contrast to the steeply dipping to subvertical strata of the 
Hodgkinson Province succession. The unit is more than 
230 m thick (Cranfield 1990). 

According to Cranfield ( 1990) the Molloy beds post-date 
the_ first regional deformational event (hD1) to affect the 
entire Hodgkinson Province (in the very Late Devonian 
?r early Carboniferous). The available data, therefore, 
1~ply the Molloy beds are very Late Devonian or, more 
likely, early Carboniferous. The sediments were most 
pro~a~ly deposited in a deep-marine environment by 
turbtdity currents (Cranfield 1990). 

Quadroy Conglomerate 
The _Qua~oy Conglomerate (Fawckner 1981 a) crops out 
as dtscontmuous lenses along the western margin of the 
Hodgkinson Province, adjacent to the Palmerville Fault 
(see Chapter 7). The formation consists mainly of 
conglomerate, conglomeratic feldspathic arenite and 
feldspathic arenite. The conglomeratic rocks are unsorted 
to very poorly sorted. Outcrops are mainly massive with 
little or no obvious internal stratification. 

Granite is the dominant clast type in most places. Clasts 
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of amphibolite, quartzofeldspathic gneiss (some with 
garnet porphyroblasts), quartz mylonite, mylonitised 
gneiss, quartzite, schist and quartz are also common. 

A noteworthy feature is the coarse size of many of the 
clasts. Some granite fragments are up to -2 m in diameter 
and boulders of gneiss and amphibolite between 50 em 
and I min diameter are common. Most of the granite and 
high-grade metamorphic clasts are well rounded, whereas 
fragments of quartz mylonite and mylonitised gneiss tend 
to be more angular. Highly angular to subrounded 
amphibolite fragments, up to -50 em across, are present 
locally. 

Quartz mylonite generally forms a minor but significant 
proportion of the clasts. The mylonite fragments are highly 
angular, range up to ~I m in length, and except for the 
very extensive ferruginisation shown by many, closely 
resemble mylonitised Proterozoic rocks exposed in and 
adjacent to the Palmerville Fault. 

The massive, immature character of the sedimentary rocks, 
the almost complete lack of sedimentary structures 
including bedding, and the very coarse character of the 
sediments implies extremely rapid deposition under high
energy conditions, probably in a proximal fan environment. 
Furthermore, a non-marine or marginal-marine 
environment is indicated by the dark reddish-brown to 
brick-red colour of many of the metamorphic fragments. 

Fawckner (198Ja) and Shaw et al. (1987) interpreted the 
Quadroy Conglomerate as a synorogenic deposit eroded 
from the nose of an advancing thrust sheet that developed 
during the first major deformation (hD1) to affect the 
western Hodgkinson Province. The lack of a well
developed foliation in the formation away from the 
bounding faults implies that, if this had been the case, the 
unit was most probably deposited during the waning stages 
of the hD1 deformation. 

Correlations Between Basins JJ Draper 
Plate 14.1 I shows a correlation between Devonian to early 
Carboniferous sedimentary rocks in North Queensland, 
based on data presented above. 

In the Graveyard Creek Subprovince, the lower Broken 
River Group and the uppermost part of the underlying 
Shield Creek Formation were deposited during the Ems ian 
and Eifel ian (Lang & Fielding 1993; Lang eta!. 1993; Jell 
eta!. 1993). The Burdekin Basin had not been initiated at 
this time, but Emsian to Eifel ian rocks were deposited at 
Mount Podge and Mount Brown (Zhen et al. 1993; Cook 
et al. 1994) and an occurrence of Amphipora-bearing 
limestone at Blue Range is tentatively assigned to this time 
span. Ernsian rocks were also deposited as the Conjuboy 
Formation, 40 km north of the Graveyard Creek 
Subprovince (Withnall I 993). To the north, rocks of this 
age were deposited in the Hodgkinson Basin, including 
limestone at Melody Rocks (this period marked the change 
from the limestone-rich Chillagoe Formation to the 
Hodgkinson Formation). In the Graveyard Creek 
Subprovince, conodonts indicate that deposition began in 
late inversus Zone whilst adjacent limestones such as at 
Conjuboy and Mount Podge contain serotinus Zone 
conodonts. It is likely therefore that there was a major 
transgression in the late inversus Zone (see Lang & 
Fielding 1993). The marine sequence beneath the 
Drummond Basin contains perbonus Zone conodonts, 
indicating that the transgression in the Drummond Basin 
was earlier than in the Graveyard Creek and occurred 
during an hiatus in the Graveyard Creek Subprovince (Jell 
et a!. 1993 ). 

512 

Givetian rocks were deposited in both the Graveyard Creek 
Subprovince and the Burdekin Basin. Deposition of flysch 
in the Hodgkinson Basin continued. There is a significant 
break between the Givetian deposition and the onset of 
deposition in the Frasnian. The Bundock Basin developed 
above the Broken River Group and deposition in the 
Burdekin Basin expanded in area. A number of isolated 
outcrops on the Georgetown Province indicate that 
deposi tion was widespread during the Frasnian to 
Famennian. Valley fill sediments underlying the Clarke 
River Basin may also correlate with rocks of this age 
(Draper et al. 1993). Redbeds are common in rocks 
deposited during this time . . 

The Famennian to late Tournai sian sequences are generally 
marked by a widespread marine transgression at the base 
(marginifera Zone) and contain a number of intercalated 
marine and non-marine sequences in the Burdekin Basin 
and the Bundock Basin . Deposition in the northern 
Drummond Basin commenced at about the same time. 

·Deposition in the Hodgkinson Province ceased about this 
time. 

During the latest Famennian (praesulcata Zone) there was 
a major transgression in the Burdekin Basin, which 
increased in area, in the Bundock Basin and in the newly 
initiated Clarke River Basin. Non-marine sedimentation 
commenced in the Gilberton Bas in. Subsequent 
transgressions in the Burdekin Basin occurred in the 
sandbergei Zone (Mawson & Talent in press) and at a 
younger (undated) time. 

In the Visean there was widespread volcanism in the 
northern Charters Towers Region, the Clarke River Region, 
the Drummond Basin and, to a lesser extent, the 
Georgetown Region. There are considerable volumes of 
volcaniclastic sedimentary rocks associated with the 
volcanic rocks, particularly in the Clarke River Basin and 
the Bundock Basin. The Glenrock Group, which has been 
included in the Burdekin Basin in the past, also contains 
significant thicknesses of sedimentary rocks. The basins 
were folded in the mid Carboniferous. 

No rocks definitely younger than Early Devonian are 
known from the Camel Creek Subprovince. This apparent 
cessation of deposition has generally been interpreted as 
due to deformation in the Early Devonian by westward 
convergence that resulted in the pattern of imbricate thrusts 
(Hammond 1986; Withnall & Lang 1993). Deformation 
at this time would have coincided with extensive uplift in 
the adjacent Georgetown Region, as indicated by isotopic 
cooling ages of around 400 Ma (Black 1973), and also 
with granite emplacement and probable uplift in the 
Lolworth- Ravenswood Batholiths (Hutton et a!. 1990, 
Hutton, Rienks et al. l994a). Early Devonian (Ernsian) 
marine sediments unconformably overlie amphibolite 
grade metamorphics and Silurian two-mica granites of the 
Georgetown Region . This unconformity therefore 
represents uplift and erosion of up to 15 km of the upper 
crust prior to the Emsian. The arkosic lower part of the 
Shield Creek Formation may preserve some of the 
sediment derived from this erosion. Hammond ( 1986) used 
the evidence for uplift to suggest that the Etheridge 
Province was thrust over the Can1el Creek Subprovince 
along the Burdekin and Gray Creek Faults as a large duplex 
structure in the Early Devonian. 

In the Hodgkinson Province, deposition continued through 
the Devonian, and there is no evidence for Early Devonian 
deformation there. The Graveyard Creek Subprovince also 
escaped the postulated Early Devonian deformation in the 
Camel Cree~ Subprovince, except perhaps for minor 
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folding near the Gray Creek Fault. The explanation offered 
by Hammond ( 1986), Witlmall et al. ( 1988b) and Withnall 
& Lang ( 1990) was that the subprovince was riding on the 
upper cratonic plate. 

AGE (lila) 

Figure 14.16. Subsidence curves (not uncompacted) for the 
Devonian to early Carboniferous basins in the Clarke River and 
Chaners Towers Regions. 

As discussed above in the individual basins, models for 
formation of the basins have been proposed. A 'foreland' 
model and a pull apart model have been proposed for the 
Bundock Basin and a back arc rift for the Burdekin Basin. 
Figure 14.16 shows composite subsidence curves (not 
uncompacted) for the Bundock, Burdekin and Clarke River 
Basins. 

The upper Broken River Group and the Fanning River 
Group, which are similar rruxed carbonate and siliciclastic 
shelfal deposits, show similar subsidence rates under stable 
conditions. The Fanning River Group was deposited in 
developing grabens (?pre-rift sediments). The Broken 
River Group was deposited on a stable shelf, although the 
shelf configuration may reflect early rifting. 

Following a hiatus of uncertain length in the Frasnian, rapid 
subsidence occurred in both Burdekin and the Bundock 
Basin. The initial sedimentation in both basins was very 
similar- fluvial red beds. However, the pattern of the 
subsidence curves is very different. The Bundock Basin 
curves show continuing rapid subsidence until deposition 
ceased in the early Carboniferous. This subsidence pattern 
is more typical of pull-apart basins than of foreland basin_s, 
which generally have a concave pattern (Maynard & KJem 
1995). The Burdekin Basin, on the other hand, displays a 
c lassic convex rift pattern with the Dotswood Group 
representing the rift phase and the Keelbottom Group the 
sag phase. This is in keeping with the back-arc rift model 
for the Burdekin Basin. The Clarke River Basin was 
initiated while the Bundock Basin was still subsiding. The 
Venetia and Ruxton Formations are confined to the area 
north of the Clarke River Fault and subsidence may be 
associated with waning movement on the Clarke River 
Fault. following a hiatus in the late Tournaisian, 
widespread rifting resulted in the deposition of large 
volumes of volcanic rocks and volcani lithic sedimentary 
rocks. In the Clarke River Basin deposition occurred across 
the Clarke River Fault. 

Late Carboniferous to Middle 
Triassic Basins 
Late Carboniferous to Middle Triassic deposition occurs 
throughout North Queensland in a number of isolated 

basins. The most complete sedimentation is in the Bowen 
and Galilee Basins. They encroach on the southern parts 
of North Queensland and are discussed below because 
aspects of their geology are relevant to North Queensland. 
The Lakefield Basin is the largest basin entirely in North 
Queensland. There are small late Carboniferous and E~ly 
Permian basins in the Charters Towers and Clarke River 
Regions. Isolated Late Permian basins occur further north. 
The Gamboola Basin has si milar geophysical 
characteristics to the Lakefield Basin, but nothing is known 
about the infill. 

Lakefield Basin P Wellman. BA McConachie, JJ Draper 

Basin Setting 
The Lakefield Basin (Wellman 1995b) refers to gently
dipping Permian to ?Triassic sedimentary rocks and 
volcanics underlying the western part of the Laura Basin 
(Plate 14.1 0). The basin overlies Proterozoic rocks of the 
Yambo Province west of the Yintiingga Fault Zone, and 
unknown, but probably similar, basement east of the fault. 
The present basin is 70 km wide, 200 km long, and up to 
10 km thick. Before erosion, the basin was likely to have 
been of similar size, but about 12 km thick. The basin is 
also discussed in Chapter I 0 (this volume). 

Stratigraphy 
Lakefield Basin rocks have been seen in core from four 
oil exploration wells, one stratigraphic hole, one exposure 
on Bathurst Head, and from samples from the base of nine 
coal exploration holes in the Bathurst Ranges area. 

The GSQ Ebagoola I sedimentary rocks were described 
by Hawkins & Williams ( 1990) as slight_ly indurated, cr~am 
to light green sandstone, dark grey s1ltstone and mmor 
conglomerate. The sandstones are commonly inter~edded 
with similarly indurated, green tuffaceous rock. Dtps are 
typically 25-30°. Minor sulphides and rare calcite veins 
we re also reported. Drillhole CON Broken Rope I 
intersected interbedded sandstone, siltstone and shale. The 
sandstone and siltstone are indurated, commonly very 
cherty with quartz grains overgrown and with no visible 
porosity. The shales are also indurated and extremely 
carbonaceous, generating gas levels above background 
(Will is 1991 ). 

The rocks at the base of these wells are thought to be 
Permian, because of the presence of Glossopteris indica 
of Permian age in CBT Marina I (de Keyser & Lucas 
1968); carbonised pollen of ?Permian ag_e in GSQ 
Ebagoola I (APG Consultants 1989); carbomsed pollen 
of ?mid Permian age in CON Broken Rope I (APG 
Consultants 199 I); by the lithological similarity of the 
basal unit ofGSQ Ebagoola I to the Normanby Formation 
(Hawkins & Williams 1990); and by the similarity of the 
granite in CON Lakefield I to Carboniferous-Permian 
granites in North Queensland (Hardy 1970). However 
within a 200 km radius of the Lakefield Basin, some 
sedimentary remnants range in age from Permian to 
Triassic, and in GSQ Ebagoola I the Laura Basin sequence 
contains reworked miospores of both Permian and Triassic 
age, so the eroded off, former upper portion of the 
Lakefield Basin, may be as young as Triassic. Rocks west 
of the Yintjingga Fault Zone have not been dated, but are 
presumed to be of similar age to those east of the fault. 

Structure 
The basin consists of two parts, a wide west-dipping 
sequence east of the Yintjingga Fault Zone, and a nar_row 
east-dipping sequence west of the fault. Posstble 
intrabasinal faults are less significant than the Yintjingga 
Fault Zone. No major folds affect the sequence. East of 
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the fau lt, bedding is sub-parallel east-west, and the lower 
part of the sequence thins to the north. West ofthe fault, 
the sequence thickens towards the fault . 

Basin Development 
In general, the basin layering is not consistent with the 
basin forming as a half graben, although the Pal.merville 
Fault forms the eastern margin of the Lakefield Basin, 
and the Yintjingga Fault Zone is near its western margin 
and adjacent to the thickest section. The basin is thought 
to have formed by some form of crustal extension, with a 
component of the Laura Basin subsidence possibly 
attributed to thermal sag. The pull-apart model of McClay 
& Dooley ( 1995) fits the observations, with the sediment 
being deposited as horizontal layers in a rhombic basin 
controlled by bounding strike-slip faults. 

Gamboola Basin P Wellman, RJ Bultitude, JJ Draper 
Two, apparently fault-bounded, northwesterly-trending 
zones of possible sedimentary rocks have been delineated 
in the subsurface of eastern WALSH (Wellman 1995a; 
Bultitude & Rees 1996). The name 'Gamboola Basin' is 
proposed for the larger oft he two zones. These rocks have 
low magnetisation and low density compared with the 
adjacent metamorphic rocks. According to Wellman 
( 1995a) they have similar geophysical characteristics to 
many granites. However, their distribution as what appear 
to be elongate, fault-bounded blocks in the Gamboola Fault 
Zone implies the rocks are unlikely to consist of granite. 
The preferred interpretation is that the zones consist of 
sedimentary rocks that accumulated in fault-controlled 
(transtensional pull apart?) basins along the Gamboola 
Fault Zone. 

The age of these rocks is uncertain. The rocks are inferred 
to post date the Oswald Schist and pre date an unexposed 
unit consisting mainly of volcanic rocks (Wellman 1995a). 
An Early Permian age is favoured for the unit. The Permian 
was a period of significant extension and sedimentation 
throughout most of eastern Queensland. Thick (up to -10 
km) deposits of mainly Permian sediments and interlayered 
volcanic rocks accumulated, for example, farther north in 
the unexposed Lakefield Basin. If these rocks are indeed 
Permian, the overlying volcanic rocks probably form part 
of the Late Permian Mitchell River Volcanics. 

Olive River Basin BA McConachie, JJ Draper 

Basin Setting 
The Olive River Basin is defined as the Permian 
sedimentary rocks restricted to the Olive River area (see 
Chapter I 0). The Olive River Basin is entirely concealed. 
The preserved basin extends over an area of at least I 000 
km2

, consisting of at least two preserved depocentres, with 
a maximum thickness of about 250 m in small isolated 
fault-troughs. Drillhole information indicates that the Olive 
River Basin unconformably overlies the Pascoe River 
Basin, metamorphic basement, volcanics assumed to be 
Early Permian in age, the Weymouth Granite and their 
equivalents. The Olive River Basin is unconformably 
overlain by the Mesozoic Carpentaria Basin. The western 
basin-margin is clearly erosional and Permian sediments 
may have originally extended considerably further west. 

Stratigraphy 
The Permian rocks are not known to crop out and there is 
a dearth of drillhole information. Consequently, there is 
no formal nomenclature for the Permian sequence. 
Senapati (1988) used gamma logs from six drillholes to 
identify and correlate two interbedded lithological 
assemblages present in the upper Permian section. 

514 

Basins an d Pr o vince s 

Carbonaceous siltstone and coal are interbedded with 
medium- to coarse-grained quartz sandstone. The finer
grained assemblages are approximately 20 rn thick and 
typically shows 3- 5 m thick fining-up cycles. The coarser 
grained quartz sandstone facies are at least 30 m thick. 
Senapati ( 1988) postulated a high sinuosity fluvial 
environment of deposition. Palynological evidence (a P 
reticulatus assemblage) from several drillholes shows that 
the sequence is of Late Permian age (Senapati 1988). Plant 
macrofossils include Sphenopteris lobifo/ia , Glossopteris 
communis and Glossopteris elongata (Wells 1989a). The 
lower Olive River Basin sequence, consisting of pebble to 
boulder volcaniclastic conglomerate, is believed to be 
geographically restricted to isolated pockets 
unconformably overlying volcanics and metamorphics. 
This conglomeratic facies is at least 23m thick in drillholes 
(Dunster 1990). 

Structure 
The thickest Permian sedimentary rocks are confined to a 
series of narrow troughs or grabens south of the Olive 
River. Previous interpretations (Senapati 1988) suggested 
that such features would trend northwest. The concept of 
the 'Telegraph Line Fault' that was previously thought to 
be a major basement feature coinciding with the western 
limit of the Olive River Basin (Senapati L988) was not 
supported by seismic data. 

Basi11 Development 
The thickest Permian sedimentary rocks are confined to a 
series of narrow troughs or grabens south of the Olive 
River. 

Bowen Basin JJ Draper. U Hutton 
Basin Setting 
The Bowen Basin is a large coal-bearing intra-continental 
basin that developed in eastern Queensland in the 
Proserpine Region during the Early Permian to Middle 
Triassic. The sedimentary record in the Bowen Basin 
records a series of marine transgressions and regressions. 
Many workers consider the Bowen Bas in to be a 
continuation of the Sydney and Gunnedah Basins 
(Hammond 1990; Murray L985 ; Mallett et al. 1995), 
making it a major depocentre during this time. Only the 
northernmost area of the basin falls within North 
Queensland. 

The Bowen Basin is flanked to the west by the Drummond 
Basin and to the east by the New England Fold Belt. Its 
northern extension is obscured by granites and Cainozoic 
sediments, but the Julago Volcanics near Townsville are 
probably equivalent to the Lizzie Creek Volcanics at the 
base of the sequence in the northern Bowen Basin. The 
Hunter-Bowen Orogeny, which deformed the Bowen 
Basin, also had an impact further north in the Hodgkinson 
Province. 

Stratigraphy 
The Bowen Basin sequence has been subdivided into 
several groups that broadly correspond to the major 
tectonic settings: (a) Early Permian Lizzie Creek Volcanics, 
(b) Early to mid Permian Back Creek and Blackwater 
Groups, and (c) Late Permian to Middle Triassic Rewan 
and Clematis Groups and Moolayember Formation. 

The Lizzie Creek Volcanics are a sequence of andesite, 
shale, siltstone, rhyolitic volcanics and ignimbrite. 
Holcombe et al. (in press) subdivide the Lizzie Creek 
volcanics into two parts: a lower part which they correlate 
to their late Carboniferous to Early Permian Connors-
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Camboon Province, and an upper part related to the Early 
Permian extension phase of the Bowen Basin. The age of 
the Lizzie Creek Volcanics is Early Permian (Day et al. 
1983; Dickins et al. 1964; Dickins & Malone I 973; Webb 
& McDougall 1968), determined by marine fossils near 
the top of the unit from various locations, and radiometric 
ages on volcanics from BOWEN. 

A mar ine transgression, marked by a change from 
lacustrine to shallow marine sedimentation, defmes the 
base of the Back Group in the northern Bowen Basin. The 
group is subdivided into four formations: the Tiverton, 
Gebbie and Blenheim Formations (Malone et al. 1966) 
and the Exmoor Formation (Koppe 1974). The Early 
Permian (Sakmarian) Tiverton Formation is composed 
mainly of dark grey to grey, micaceous, very fine- to 
medium-grained, thin- to med ium-bedded, locally 
bioturbated, lithic sandstone. It also contains siltstone, 
mudstone, coquinite and minor conglomerate. The Early 
Permian (Artinskian) to Late Permian (Ufimian) Gebbie 
Formation is mostly grey, micaceous sandstone that is 
locally carbonaceous, fine to medium and locally coarse
to granule-grained and quartzose to lithic labile. It also 
contains siltstone, carbonaceous shale and coquinite lenses. 
The Collinsville Coal Measures are lateral equivalents of 
the Gebbie Formation. The Late Permian (Ufimian to 
Kazanian) Blenheim Formation is composed mainly of 
light to dark grey and locally fawn coloured carbonaceous 
and micaceous sandstone, siltstone, shale, coquinite and 
minor conglomerate. The Late Permian (?Kazanian) 
Exmoor Formation is a l 00 m thick sequence of dark grey 
to grey and locally purple coloured, very fine- to fine
grained, locally coarse-grained, carbonaceous, micaceous, 
quartzose to sublabile sandstone and siltstone. 

The Blackwater Group constitutes the economically 
important Late Permian fluviatile to fluvio-deltaic coal
bearing sedjments of the Bowen Basin. The Blackwater 
Group is subdivided into three formations: Moranbah Coal 
Measures, Fort Cooper Coal Measures, and the Rangal 
Coal Measures. The Moranbah Coal Measures, the basal 
unit of the Blackwater Group, is composed of litruc labile 
sandstone, siltstone, carbonaceous shale, coal, locally 
cherty mudstone, and minor conglomerate. The Fort 
Cooper Coal Measures are brown to green, fine to medium, 
and locally medium- to coarse-grained, thin to medium 
(flaggy) and locally thick-bedded, micaceous lithic 
(volcanilithic) sandstone with medium to thick, with 
locally interdigitating pebbly sandstone. The Rangal Coal 
Measures are the uppermost formation of the Blackwater 
Group and the youngest coal-bearing sequence in the 
Bowen Basin. It is I 00-200 m thick and is composed of 
sandstone, coal, siltstone, carbonaceous shale, mudstone 
(locally cherty), and rare pebbly sandstone. 

The Rewan Group is a sequence of Late Permian to Triassic 
fluviatile sediments composed mainly of green sandstone, 
minor siltstone and mudstone. Jensen (1975) divided the 
Clematis Group into two formations: the lower Glenidal 
Formation and upper Expedition Sandstone. The Glenidal 
Formation is composed of cream to orange coloured, 
medium- to coarse-grained, quartzose to sublabile, 
mjcaceous sandstone, siltstone and minor mudstone. The 
Expedition Sandstone is composed of medium- to coarse
grained, quartzose to sublabile, micaceous sandstone, 
granule to pebble conglomerate and siltstone. The Triassic 
Moolayember Formation conformably overlies the 
Clematis Group. It is composed of fine to medium and 
locally coarse-grained, micaceous, lithic sandstone and 
mjcaceous siltstone. 

The sequence was folded in the Middle to Late Triassic. 

Structure 
The northern Bowen Basin is divided into two 
morphotectonic elements (Staines & Koppe 1980): the 
Nebo Synclinorium, wruch essentially is a fold and thrust 
terrane; and the Collinsville Shelf, which is weakly 
deformed with localised thrust faults along its eastern 
margin (i.e. contact zone with the Nebo Synclinorium). 
The strike of these terranes is parallel to the regional 
northnorthwest-trending axis of the Bowen Basin. 

Of the two terranes, the Nebo Synclinorium is structurally 
more complex. It is characterised by a series ofbroad, open 
synclinal and anticlinal structures and complex thrust and 
high angle faulting. Along the western margin, the 
sediments dip gently to moderately eastward. The major 
thrust faults recognised to date occur mainly in the western 
and central regions. 

The Collinsville Shelf is a weakly deformed terrane. The 
sediments dip shallowly eastward and steepen (2-15°) 
towards the eastern contact with the Nebo Synclinorium. 
Along this contact, the sediments are locally folded by 
open flexures and are associated with local thrusting. 
Small-scale northeast-trending normal and high angle 
reverse faults are a common style of faulting. Intrusions 
are rare in outcrop in this region of the Collinsville Shelf. 

The Millaroo Fault Zone roughly coincides with the 
western limits of Lizzie Creek Volcanics north of 
Collinsville. The nature of this fault zone is poorly 
understood. The fault has strong geophysical expression, 
but Oversby et al. ( 1997) mapped it as 'a complex, diffuse, 
discontinuous fracture/intrusion system' which locally cuts 
the Lizzie Creek Volcanics. The fault zone can only be 
mapped as far south as Ten Mile Creek, which flows into 
the Bowen Rjver, where it appears to be overlapped by a 
stratigraphically higher part of the Lizzie Creek Volcanics. 

Basin Development 
The Bowen Basin is postulated to be initiated in a back
arc extensional environment, westward of a late 
Carboniferous or Early Permian west-dipping, continental 
margin subduction zone (Murray 1986; Henderson & 
Davis 1993; Henderson et al. 1993: Baker et al. 1993; 
Fergusson et al. 1994; Fielding et al. 1996). Some authors, 
(Holcombe eta!., in press; Powell 1996) postulate that the 
late Carboruferous to Early Permian may have been a time 
of continental extension with no subduction. Fergusson et 
al. ( 1994) state that by the time of initiation of the Bowen 
Basin in the Early Permian, subduction had ceased and 
the region was undergoing extension. All of these authors 
agree, however, that the Bowen Basin was initiated during 
crustal extension regardless of tectonic setting. 

Three phases of basin development are recognised (Baker 
et al. 1993; Henderson & Davis 1993; Fielding et al. 1996): 
Early Permian crustal extension, mid Permian sag phase, 
and Late Permian to Middle Triassic flexural loading and 
compression. 

Limited east-west crustal extension occurred in the Early 
Permian throughout the Bowen Basin. The Lizzie Creek 
Volcanics were deposited in a graben(s) in the northern 
Bowen Basin at tills time, and the sediments deposited in 
lakes and associated fluvia l systems. The Julago Volcanics 
further north probably also formed at the same time and 
under the same extensional regime. Extension was 
followed by thermal subsidence and the widespread 
development of marine sedimentation. The Tiverton 
Formation represents the onset of sag in the northern 
Bowen Basin in the Artinskian. Regression resulted in the 
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deposition of the shoreline sediments of the Gebbie 
Formation and the fluvial and paralic Collinsville Coal 
Measures. 

Ln the Bowen Basin, Galilee Basin and the Cooper Basin 
there is a well developed mid Permian unconformity. 
Above this unconformity, which marks the onset of 
compression, marine deposition continued in a broadly 
sagging basin, with the Blenheim Formation representi.ng 
this depositional phase in the northern Bowen Basin. 
Flexural loading and increased compression across the 
basin resulted in the development of a foreland basin. 
While marine sedimentation initially continued elsewhere 
in the basin, the northern basin is marked by the southward 
progradation of deltaic and fluvial, coal-bearing 
depositional sequences (Exmoor Formation, Moranbah 
Coal Measures, Fort Cooper Coal Measures, and Rangal 
Coal Measures). The onset of volcanism in the thrust belt 
is shown by numerous tuffs within the Fort Cooper Coal 
Measures and the base of the Rangal Coal measures. With 
continued thrusting, the basin overfilled and the alluvial 
Rewan Group, Clematis Group and Moolayember 
Formation were deposited over the whole basi.n. Deposition 
was terminated in the latest Middle Triassic and erosion 
and peneplanation occurred. 

Whereas the Early Permian extension was east-west, the 
compressive event was directed towards west- southwest 
(Fielding et al. 1996). Compression resulted in inversion 
of many of the Early Permian extensional faults and a 
degree of dextral strike slip. 

Ngarrabullan Basin JJ Draper. RJ Bultitude 

Basin Setting 
Ngarrabullan Basin (Bultitude et al. 1996a) is used for the 
Late Permian to Triassic sequence at Mount Mulligan 
(Plate 14.1 0). The basin is fault bounded east and west. 
The basin requires further study to resolve some 
stratigraphic problems and to determine the mode of basin 
formation. The basin lies within the Cairns Region (see 
Chapter 7). 

Stratigraphy 
The basin comprises three units, the lowermost Mount 
Mulligan Coal Measures, the Pepperpot Formation 
(Oversby eta I. in press) and the 'Kondaparinga Formation' 
(McElroy & Bryan 1981 ). The Mount Mulligan Coal 
Measures unconformably overlie the Hodgkinson 
Formation and the Featherbed Volcanic Group. 

The main rock types in the basal part of the Mount 
Mulligan Coal Measures have a very irregular distribution. 
Medium- to thick-bedded and massive, unstratified, fi.ne
to coarse-grained, pebbly vitric-crystal-lithic sandstone 
and fine breccia form the basal part of the unit in the 
Breccia Creek area, north of Mount Mulligan. These 
relatively coarse deposits are overlain locally, in the north, 
by up to -50 m of mainly laminated- to thin-bedded, fine
to medium-grained, carbonaceous siltstone containing 
fossil plant remains (subunit 2 ofOversby et al. in press). 
The third subunit delineated by Mackenzie et al. (1993) 
and Overs by eta\. (in press) consists mainly of thin-bedded 
to laminated carbonaceous claystone, siltstone and fine
grained sandstone, with up to four interlayered, coal
dominated intervals. The uppermost part of the Mount 
Mulligan Coal Measures (subunit 4) consists mainly of 
interdigitating pebble to small cobble conglomerate and 
tlaggy to massive lithofeldspathic sandstone and 
conglomeratic sandstone. The conglomeratic rocks contai.n 
numerous subangular to rounded clasts of rhyolite. The 
Mount Mulligan Coal Measures are Late Permian in age, 
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based on the presence of Late Permian palynomorphs 
(Price in Whitby 1975; Price 1983). This is supported by 
the plant fossils, which indicate a Late Permian age (Rigby, 
in press). 

The Pepper Pot Sandstone is a spectacular cliff-forming 
unit of mainly lithofeldspathic to quartzose sandstone, with 
subordinate conglomerate and conglomeratic sandstone. 
The ratio of sandstone to conglomerate also increases with 
height in the section. The rocks, particularly the sandstones, 
commonly have a haematitic cement which imparts a 
purple to brick-red colour. Oversby et al. (in press) 
postulated that the basal part of the Pepper Pot Sandstone 
may belong to the same depositional cycle as the coarse 
upper part of the underlying Mount Mull igan Coal 
Measures. The age of the Pepperpot Formation is generally 
given as Early Triassic, as it overlies the Late Permian 
Mount Mulligan Coal Measures. The presence of redbeds 
in the PepperpotFormation also supports an Early Triassic 
age, as sedimentary rocks of this age in the Bowen and 
Galilee Basins are redbeds. 

Price (in McElroy & Bryan 1981) reported a Middle 
Triassic palynoflora from core from a unit overlying the 
Pepperpot Formation in the southern half of the basin: 
McElroy & Bryan named the unit the 'Kondaparinga 
Formation' . The unit contains over 240 m of interbedded 
sandstone, siltstone and mudstone and overlies the upper 
unit of the Pepperpot Formation mapped by Oversby et al. 
(in press). 

Structure 
The rocks in the Ngarrabullan Basin are undeformed with 
dips generally less than 25°, except adjacent to faults where 
steep dips occur. Several syncli.nes are present and the 
sequence is cut by faults. 

Basin Development 
The presence of coal seams, fossil plants, washouts, 
channels, current-bedding, abrupt lateral facies changes, 
and the local abundance of conglomerate in the Mount 
Mulligan Coal Measures indicate the sediments were 
deposited in a mature, continental (lacustrine/meandering 
alluvial complex/piedmont plain/estuarine) environment 
(de Keyser & Lucas 1968; Oversby et al. in press; Rigby 
in press). 

The abundance of rhyolite clasts presumably derived from 
the Featherbed Volcanic Group, the · thinning and 
converging of the coal seams to the southwest, and the 
orientation of rare cross-beds in the basal conglomerate 
were interpreted by de Keyser & Lucas ( 1968) to indicate 
the Mount Mulligan Coal Measures were derived from 
sources to the west and southwest. Oversby et at. (in press) 
interpreted the relationships between the coal-rich and 
coal-poor intervals recorded in the old mines to indicate 
the source of the clastic detritus (at least for subunit -3) 
was to the north and/or northeast - the inference being 
that much of the detritus deposited in the central part of 
the basin was originally derived from the west and 
transported parallel to the axis of the depression. 

The presence of plant fossils, of conglomerate lenses and 
pebbly sandstone delineating stream channels and 
washouts, and coarse torrential current bedding, indicate 
a fluviatile depositional environment for the Pepperpot 
Formation. The descriptions of the core from the 
' Kondaparinga Formation' in DDH I (McElroy & Bryan 
1981) as containing fining upward sandstone bodies in a 
predominantly fine-grained sequence, suggests a 
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meandering stream-dominated environment, with thicker 
mudstone sequences representing lake sequences. 

The likely setting for deposition is in a rift. The depositional 
pattern in the Mount Mulligan Coal Measures of a coarse
grained basal sequence dominated by locally derived clasts 
deposited as alluvial fan and mass flow deposits, overlain 
by meandering stream/lacustrine deposits with possible 
axial palaeoflow, and a subsequent return to coarser
grained braided deposits, is typical of deposition in grabens 
and half-grabens (Blair & Bilodeau 1988). The coarse
fine-coarse pattern represents initiation of the rift (coarser 
basal sediments), rapid subsidence (finer-grained 
sediments), and reduced subsidence and the development 
of a more mature landscape (coarse upper sediments). 
Deposition of the Pepperpot Fonnation differed little from 
the upper Mount Mulligan Coal Measures, but extended 
further to the south. The rift may also have controlled 
deposition of the Triassic rocks or alternatively these rocks 
may have been deposited in a sag basin. The data are 
inadequate to develop other than a preliminary model for 
the Ngarrabullan Basin. Clast size and composition 
djstributions, palaeocurrents measurements, and facies 
interpretations of measured sections are needed to develop 
a more definitive model. 

Silver Valley Conglomerate RJ Bultitude 
The Silver Valley Conglomerate (see Blake 1972, for a 
summary of the nomenclature used by early workers) is 
preserved as a mainly fault-bounded lens (-8 krn2) of 
coarse, polymictic conglomerate, with subordinate 
medium- to coarse-grained tuffaceous sandstone and 
mudstone (see Chapter 7). Minor rhyolitic ignimbrite and 
air-fall tuff, and carbonaceous sandstone and siltstone fonn 
lenses scattered throughout the sequence. The epiclastic 
detritus was derived from the local basement rocks, with 
significant input from outcrops of apparently 
penecontemporaneous volcanic rocks in all but the lower 
part (de Keyser & Lucas 1968) of the formation. The 
tuffaceous sedimentary rocks contain numerous glass 
shards. Beds are mainly gently dipping, except adjacent 
to the bounding faults. 

Pebble- to cobble-size clasts predominate in the 
conglomeratic rocks, although boulders up to -2 m in 
diameter are not rare. The clasts consist mainly of arenite, 
mudstone and chert derived from the underlying 
Hodgkinson Formation, and a variety of locally derived 
silicic volcanic fragments. Grey quartzite clasts (source 
unknown, but possibly representing fragments of 
r~crystallised chert from the Hodgkinson Formation) are 
also common. 

Fossil plant fragments have been recorded from several 
localities near the top of the fonnation. They include a 
form generally referred to as Aneimites ovata (Blake 1972; 
Arnold & Fawckner 1980), but assigned by Rigby (1973) 
to Botrychiopsis (ex Gondwanidium) plantianum of 
minimum latest Carboniferous age - in contrast to the 
middle Carboniferous age inferred previously (Blake 
I 972). The presence of abundant volcanic detritus and 
apparently gradational contacts with the overlying Glen 
Gordon Volcanics implies deposition of the sequence was 
essentially contemporaneous with the eruption of the latter 
or at least the lower part. Preliminary results of recent 
SHRlMP dating imply the Glen Gordon Volcanics range 
from late Carboniferous (-325 Ma) to Early Permian 
( -270 Ma). Oversby ( 1985) postulated that accumulation 
of the Silver Valley Conglomerate was strongly influenced 
by volcanism, possibly to the extent of being initiated by 
extrusive (± intrusive)-related (synvolcanic) structural 
instabi I ity. 

Little River Coal Measures RJ Bultitude, JJ Draper 

Basin Setting 
The Little River Coal Measures are preserved as a fault
bounded lens within a narrow graben. The graben 
developed adjacent to the Palmerville Fault, in the Cairns 
Region (see Chapter 7). 

Stratigraphy 
The fonnation consists mainly of sandstone and siltstone, 
interbedded with shale (generally highly cleaved and 
commonly carbonaceous) and more massive mudstone. 
The unit also contains minor impure coal and siliceous, 
thin-bedded mudstone (de Keyser & Lucas 1968; Bultitude 
& Donchak 1992). De Keyser & Lucas (1968) reported 
coal seams up to -6 m thick, but they are steeply dipping 
and extensively faulted. Lenses of impure limestone were 
also recorded by de Keyser & Lucas. 

The sandstones are commonly characterised by irregular 
bedding planes. The siltstones display trough cross
bedding and current bedding in places. The mudstones, as 
well as some of the finer-grained sandstones, contain 
abundant fossil plant fragments. 

White (196 I) identified Schizoneura australis, 
Glossopteris indica, G. augustifolia, and Vertebra ria indica 
from shales in the formation. The presence of Schizoneura 
australis probably indicates a probable Late Permian age 
(White, in de Keyser & Lucas 1968). J.F. Rigby (Faculty 
of Science, Queensland University of Technology, pers. 
comm. 1995) is also of the opinjon that the flora is Late 
Penn ian and that the sequence correlates with fossil plant
bearing strata in the Mitchell River Volcanics (Coen 
Region) further south and the Mount Mulligan Coal 
Measures. 

Structure 
Post Penni an movements along the Palmervi lie Fault have 
resulted in the development of chaotic folds and extensive 
disruption of the sequence. They were also responsible 
for the steep dips and numerous younging reversals 
(Bultitude & Donchak 1992). 

Basin Development 
The Little River Coal Measures formed in a fluvial 
environment in a graben developed along the Palmerville 
Fault during the Late Pennian. 

Normanby Formation 
Basin Setting 
The formation was first described by Jack (l879b,c) who 
found Glossopteris-bearing shale and coal in the Oaky 
Creek area, southwest ofCooktown (see Chapter 7). The 
unit is mainly preserved as small outliers in narrow (<2 
km wide), elongate, north-northwest and north-northeast
trending fault blocks, west and southwest ofCooktown. 

Stratigraphy 
The formation contains a diverse range of rock types, 
including rhyolite (lava and ignimbrite), rhyolitic tuff, 
lapilli tuff, volcanic breccia, andesite, andesitic tuff, basalt, 
conglomerate, sandstone, volcanic sandstone, siltstone, 
carbonaceous and tuffaceous mudstone, shale, coal and 
impure limestone (de Keyser & Lucas 1968; Bultitude et 
al. 1991; Donchak et al. I 992; Domagala et al. 1993). The 
relative proportions of the major rock types commonly 
differ markedly from one outlier to another. 
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De Keyser & Lucas ( 1968) reported at least 30m of 
massive, laminated, impure coal in the Oaky Creek area. 
Jack (1879b,c) had previously determined the thickest 
workable seam to be ~20 em. The coal layers are generally 
thin to laminated, the thickest bed found during the present 
survey was -40 em (Domagala et at. 1993). The coal beds 
are interlayered with carbonaceous mudstone. They are 
foliated, brecciated, locally slickensided, and cut by faults. 
The coal deposits have never been worked. 

Thick lenses of massive rhyolite, and thin beds of rhyolitic 
tuff, lapi lli tuff, and volcanic breccia are common in places. 
The massive rhyolites were interpreted as mainly 
pyroclastic deposits by Bultitude eta!. ( 1991) and Donchak 
et at. ( 1992), although only locally do they have a well
developed eutaxitic foliation. Flow-banded rhyolite lava 
flows, up to -150m thick, form prominent outcrops in the 
southwest (Domagala et at. 1993). 

Permian plant fossils have been found in several parts of 
the unit (Jack l879b,c). The fossils include Glossopteris 
indica, G. browniana, G. spp., Paracalamiles australis and 
Gangamopteris sp. De Keyser & Lucas (1968) regarded 
the formation as Late Permian. J.F. Rigby (Faculty of 
Science, Queensland University of Technology, pers. 
comm. 1995) identified two species of Glossopteris in drill 
core from GSQ Cooktown l, l-3R, and 2R. Preliminary 
studies indicate the plant fossiJs resemble some found in 
the Mitchell River Volcanics (Late Permian) and the Mount 
Mulligan Coal Measures (Late Permian). 

Structure 
The Normanby Formation is extensively deformed. Tt is 
commonly cut by steeply dipping, north-northwesterly to 
north-northeasterly-trending faults, most of which are 
parallel or subparallel to bedding. The formation is folded 
and commonly characterised by a well-developed foliation, 
particularly adjacent to the bounding faults. Beds are 
generally steeply dipping and locally brecciated in these 
areas. They are also silicified and cut by networks of thin 
(<10 em) quartz veins. Dips of -20-30° are common in 
the central parts of the larger outliers, away from the faulted 
margins. The local presence of numerous folds with 
northerly-trending axial planes and gently plunging axes 
(Amos 1962) also results in steeply dipping beds. 

Basin Development 
The formation mainly accumulated in narrow grabens. The 
bimodal character of the volcanic activity (Donchak et at. 
1992; Domagala et al. 1993) is typical of extensional 
regimes, with relatively high geothermal gradients. The 
conglomerates are interpreted as alluvial fan deposits 
associated with fault scarps; the coal beds and interbedded 
mudstones and shales as closely associated lacustrine 
deposits. Most of the sediments and interlayered volcanic 
rocks accumulated in fluviatile or lacustrine environments. 
Shallow marine or marginal marine conditions may have 
prevailed locally (de Keyser & Lucas 1968) although the 
coral (Thamnopora sp.) used to interpret a marine 
environment is a long-ranging genera which may have been 
reworked from the underlying Devonian rocks. The 
conglomerate in whose matrix they were found is full of 
clasts from the Hodgkinson Formation. 

Agate Creek'Area DE Mackenzie 
The Agate Creek Volcanic Group occupies three small 
(2.5-14 km long) graben structures in the south of the 
Georgetown Region (Chapter 3), one 62 km south (at Bald 
Mountain), the largest 80 krn south (Agate Pocket-Crystal 
Hill area), and a third l 00 km south-southeast of 
Georgetown (Granite Creek area). White (1959) and 
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Branch ( 1966) originally defined these rocks as Agate 
Creek Volcanics; they were renamed by Bain et al. ( 1985), 
and redefined by Oversby & Mackenzie (1995). 

A characteristic of the Agate Creek Volcanic Group is the 
abundance of weakly to moderately porphyritic basaltic 
andesite, which, at the tops of flows, is amygdaloidal and 
agate-bearing. The andesite is 80 m thick in the Granite 
Creek area, and up to 400 m thick in the Agate Pocket 
area, where it contains several interbeds, up to 130 m thick, 
oflaminated to thin-bedded vitric mudstone and siltstone 
(at least some of which is probably waterlain air fall tuff), 
with subordinate sandstone and conglomerate (Oversby 
& Mackenzie 1995). The presence of remains of a 
Gangamopteris flora in sedimentary intervals of the Black 
Soil Andesite suggests an Early Permian age (M.E. White 
in White, D.A. 1965). 

In the Agate Pocket and more northerly areas, the Agate 
Creek Volcanic Group is faulted against, or rests 
unconformably, on Proterozoic and Silurian basement. ln 
the Granite Creek graben, it is partly faulted into and partly 
unconformable on Gilberton Formation sediments. The 
volcanic rocks are intruded by Connie May Dolerite, which 
is comagmatic with the Black Soil Andesite, and by plugs 
and dykes of unnamed rhyolite. 

Julago Volcanics JJ Draper 
The Julago Volcanics (see Chapter 6) were defined and 
described by Trezise et al. (1989). They comprise a basal 
sedimentary sequence overlain by andesitic to rhyolitic 
lavas and volcaniclastic rocks. They form the steep coastal 
mountains and residual hills around the city ofTownsville, 
and .were also described by Wyatt et al. ( 1970), Stephenson 
( 1970) and Stephenson & Patrick ( 1978) but not named. 
They were estimated to be 300-500 m thick. The basal 
sedimentary sequence comprises sandstone, conglomerate 
and shale, and has thin coal seams. An Early to middle 
Permian flora (including Glossopteris) has been described 
from the basal sequence (Trezise et al. 1989), and the rocks 
are intruded by Early Permian granites. The rocks are 
therefore broadly equivalent to the Lizzie Creek Volcanics 
that form the basal unit in the northern part of the Bowen 
Basin. 

Galilee Basin 

Basin Setting 
The northeastern portion of the Galilee Basin crops out in 
the central southern part of North Queensland area (Plate 
14.10). The basin, deposited between the late 
Carboniferous and Middle Triassic, is overlain and largely 
obscured by sedimentary rocks of the Eromanga Basin. 
The geology of the basin has been summarised most 
recently by Scott et al. ( 1995) from a coal perspective, 
Scott & Hawkins (1992) from a coal bed methane aspect, 
and by Hawkins & Green ( 1993) from a conventional 
hydrocarbon viewpoint. This summary is taken mainly 
from Hawkins & Green. 

The Galilee Basin is an intracratonic basin which overlies 
a complex basement. The northern Galilee Basin contains 
two depressions, the easterly Koburra Trough and the 
westerly Lovelle Depression, both of which impinge on 
the project area. The Koburra Trough has greater than 2800 
m of sedimentary rocks and the Lovclle Depression more 
than 700 m. Outcrop is restricted to a thin sliver on the 
northwest and northern limits of the basin. Within the 
project area, basement comprises Drummond Basin in the 
east, Cape River Province and Palaeozoic igneous 
provinces in the northeast, Thomson Fold Belt in the centre, 
and Precambrian basement to the west. 
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Stratigraphy 
Within the project area outcrop is restricted to the Early 
Permian Boonderoo beds, the Late Permian Betts Creek 
beds and the Early to Middle Triassic Warang Sandstone. 
The stratigraphy of the basin is summarised in Table 14.6. 

Structure 
Structural features in the basin are related predominantly 
to north-northeast, northeast and northwest-trending 
faults. Northerly-trending half grabens are apparent on 
seismic along the eastern margin of the Maneroo Platform. 
Reactivation offauJts has occurred at various times during 
basin development. 

Basin Development 
Sedimentation began in the late Carboniferous and was 
restricted to the Koburra Trough. The basal quartz-rich 
Galilee sandstone was derived from quartzite to the west 
and the Retreat Granite to the east. During the late 
Carboniferous and Early Permian, the depocentre migrated 
northwest, with the Jericho Formation being deposited. 
Sediment was sourced from volcanic terrains to the east 
and metarnorphics and granites on the Maneroo Platform 
under glacial conditions. SouthwesterJy flowing rivers were 
responsible for the deposition of the Jochmus Formation, 
which also shows evidence of glacial conditions. Tuffs were 
widely deposited and deposition occurred for the first time 
in the Lavelle Depression. Extension occurred during 
deposition of the Aramac Coal Measures, with thickest 

Table 14.6. Stratigraphy of the Northern Galilee Basin. 

I Age I Rock Unil I Surface/ I Palyno 
~ubsurjace "L.one 

Middle Moolayember ss APT3.2 
Triassic Formation to 

APT3.3 

Early to Warang s.ss APP6 
Middle Sandstone to 
Triassic APT3.2 

Late Bens Creek Beds s.ss APPS 
Permian 

Early Aramac Coal ss APP2.1 
Permian Measures 

Early Boonderoo Beds s APPI 
Permian 

Early Jochmus ss APPl 
Permian Formation tO 

APP2.1 

Late Jericbo ss APC4 
Carboniferous Formation to 
to Early APPI 
Permian 

Late Lake Galilee ss APC4 
Carboniferous Sandstone 

sequences on the downthrown side of reactivated faults. 
During the mid Permian, east-west compression occurred 
with fault reversals, uplift and erosion, with the Aramac 
Coal Measures completely stripped from the eastern and 
southern Koburra Trough. The Betts Creek beds were 
deposited on a stable area across both depressions, with 
no clearly defined depocentres. Quartz, metamorphic and 
sedimentary rock fragments were derived from the east, 
northeast and north. 

The Early to Middle Triassic Warang Sandstone was 
deposited in the northern part of the basin, with sediment 
derived from the Lolworth Ravenswood. In the Middle 
Triassic, Moolayember Formation was deposited in the 
Koburra Trough but not in the northernmost areas. A Late 
Triassic compressive event resulted in folding and erosion 
of part of the sequence prior to deposition of the Eromanga 
Basin. 

Several tectonic models have been advanced for the 
formation of the basin. Hawkins ( 1978) and Hawkins & 
Green ( 1993) suggested that the mid Carboniferous 
orogeny which affected the Drummond Basin was 
responsible for the north-northwest orientation of the 
Koburra Trough. A dextral force couple was suggested by 
Evans & Roberts ( 1980) for the formation of the Koburra 
Trough. Reactivation and downwarping was proposed by 
Jackson et al. ( 1981 ). Middleton & Hunt ( 1989) favoured 
convective downwelling and regional downwarp. 

LiJhology Thickness Depositional 
(m) .t:nYirOnment 

Silstone, mudstone, <450 Fluvial, lacustrine 
labile to quartzose 

Quartzose to >700 Fluvial - southerly 
sublabile sandstone, flowing rivers 
red and green draining Lolworth-
si ltstone and mudstone Ravenswood area 

Labile to quanzose <400 Fluvial -southerly 
sandstone. conglomerate, and westerly 
carbonaceous shale and flowing rivers. flood 
coal, rare tuff plain peat swamps; 

ash fall tuffs 

angular unconformity 

Sandstone, sillStone, <250 Graben bounded 
shale and coal fluvial and lacustrine, 

peat swamps 

Varved sequences, <200 Glacio-fluvial and 
dropstones, fine-grained lacustrine 
minor conglomerate 

Volcanilithic sandstone, <750 Glacio-fluvial and 
siltstone. mudstone, tuffs lacustrine; ash fall 
(including Edie Tuff Member) tuffs; southwesterly 

flowing rivers 

Mudstone, siltstone and <760 Glacio-fluvial and 
sandstone, pebbly lacustrine, drainage 
mudstone, conglomerate, from east and west 
varved sequences 

Quanzose sandstone, <260 Braided fluvial; 
minor mudstone and drainage from 
conglomerate bands east and west 
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Equivalents of the GaliJee Basin -Charters Towers 
Region 
Wade beds 
The Wade beds (Draper et al. 1993; Withnall et al. 1996b) 
crop out in two areas overlying the Clarke River Group in 
the Clarke River Basin area. Although the outcrop areas 
are fault bounded, the faulting post-dated the deposition 
of the sediments. The maximum known thickness is 
84 m.Sublabile to labile sandstone, conglomerate, siltstone 
and carbonaceous mudstone were deposited in a fluvial 
setting that was more widespread than the preserved areas. 
Plant remains and palynomorphs indicate a late 
Carboniferous to Early Permian age for the sediments, 
equivalent in age to the Boonderoo beds in the Galilee 
Basin. 

Ba/fes Creek beds 
A stratigraphic bore, GSQ Charters Towers 1, was drilled 
at Balfes Creek to test a gravity low. Although the gravity 
anomaly proved to be associated with granite rather than 
coal, a sedimentary sequence was intersected (Balfe 1980). 
Balfe (1980) called the 183m-thick sequence 'the 
Boonderoo beds' because of similarities to the Boonderoo 
beds in the nearby Galilee Basin. Since it is unclear whether 
the sequence at Balfes Creek is a structurally preserved 
remnant of the Galilee Basin or a separate basin, the term 
'Balfes Creek beds' is used here. 

The sequence is predominantly mudstone , with 
subordinate siltstone and sandstone and minor 
conglomerate, carbonaceous shale, altered tuff, calcareous 
claystone and limestone. The presence of varves and tuffs 
suggests correlation with the Jochmus Formation in the 
Galilee Basin, a correlation supported by palynology
(McKellar 1980) described a Stage 2 microflora that 
indicates a late Carboniferous to Early Permian age for 
the sediments. 

The Balfes Creek beds are overlain by the Campaspe 
Formation and it is possible that additional Galilee Basin 
equivalents may occur elsewhere beneath the blanket of 
Tertiary sediment. 

Marshs Creek Formation (Sybil Graben) 
The Marshs Creek Formation, the upp~rmost unit in the 
Sybil Graben, can be subdivided into three parts: a basal 
unit (the Engow Member), a middle conglomeratic unit, 
and an upper unit (Gunther & Withnall 1992). 

The Engow Member is up to 400 m thick and consists of 
well-bedded fine-grained quartzose to feldspathic 
sandstone, red and brown siltstone, green mudstone, white 
to pale green chert, mudclast conglomerate, and minor 
polymictic conglomerate. Many of the siltstone and 
sandstone beds are volcaniclastic and are vitric to crystal
vitric in composition. Primary air-fall or waterlain tuffs 
may also be pre"sent. 

The base of the middle conglomeratic unit is marked by 
the incoming of pebble and cobble conglomerate. The unit 
is about 200 m thick and comprises up to 60% 
conglomerate, with intervals of sandstone, siltstone and 
mudstone up to 30 m thick. The conglomerates are 
polymictic with sub-angular to well rounded, pebble- to 
boulder-sized clasts predominantly of rhyolite and 
subordinate quartz, siltstone, laminated shale and quartzite 
in a feldspathic sandy matrix. Individual beds are from a 
few centimetres to several metres and range from massive 
to cross-bedded. 

The upper unit crops out mainly between Long Gully and 
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the Burdekin River downstream to Marshs Falls. The total 
preserved tnickness is unknown, but is at least 120 m.The 
lower 100m is dominated by well-sorted, thick-bedded, 
medium-grained feldspathic sandstone. The uppermost 
part of the unit comprises poorly exposed, grey to brown, 
mudstone and siltstone. Carbonate concretions and cone
in-cone structures occur within the mudstone. Plant 
remains (mainly Phyl/otheca) are abundant. Late 
Carboniferous to Early Permian palynomorphs were 
obtained from a mudstone sample from this sequence (J. 
McKellar pers. conun.). 

Insolvency Gully Formation 
The Insolvency Gully Formation (Gunther & Withnall 
1992) consists of conglomerate, lithofeldspathic sandstone, 
siltstone and mudstone (see Chapter 6). Conglomerates 
and coarse arenites are more conunon near the base of the 
formation, but they do occur at higher levels . 
Conglomerates are grey aitd poorly sorted, consisting of 
angular to subrounded clasts (up to 8 em) of slightly 
porphyritic and flow-banded felsic volcanics and quartz. 
Clasts generally have poor sphericity and locally display 
imbrication. Beds range from medium to very thick. Very 
thick beds form small resistive ridges. 

The formation consists of a large number of interbedded 
conglomerate, sandstone, siltstone and mudstone 
sequences formed by cyclic periods of sedimentation. 
These cyclic units range from 0.5 m to approximately 15 
m thick, and the proportion of coarse to fine clastics varies 
considerably. Sedimentation appears to have been rapid 
and close to the source area. Presence of ripple marks and 
cross-bedding indicates that currents were active, and the 
abundance of plant remains in the fine sediments suggests 
rapid burial in a reducing environment. The cyclic 
sedimentation suggests unstable tectonic conditions and 
the formation was probably deposited in a rapidly, but 
intermittently, subsiding basin in which the rate of 
sedimentation kept pace with the rate of subsidence (Wyatt 
et at. 1970). The range of sediment type and grainsize, as 
well as sedimentary structures, suggest alluvial fan and 
fluviatile to lacustrine environment. The total preserved 
thickness of the Insolvency Gully Formation is in the order 
of 1000 m. 

The presence of Calamites sp. indicates a Carboniferous 
age. The Insolvency Gully Formation resembles and is 
probably equivalent to parts of the Ellenvale beds, 45 km 
to the southeast, and the Marshs Creek Formation in the 
Sybil Graben, some 60 km to the northwest. It is therefore 
assigned a late Carboniferous age. 

E/lmvale Beds (Reid River Grabe11) 
The Ellenvale beds (Wyatt et at. 1970; Wyatt & Jell 1980) 
occupy the central portion of the Mingela I: I 00 000 sheet, 
stretching from Clayhole Hills in the east to Surgeon's 
Lookout and Acacia Creek in the west (see Chapter 6). 
Although it crops out well in places, there have been few 
studies of the unit. Rhyolitic flows and pyroclastics, 
feldspathic sandstone, conglomerate, shale, mudstone, and 
breccia are present in the unit, which is up to 3000 m thick 
along the Reid River. 

The Ellenvale beds unconformably overlie the Horse 
Pocket Volcanics and are intruded by Carboniferous to 
Permian granites. On its southern side, they are faulted 
against Ordovician granites. The age is mid Carboniferous 
to Early Permian, based on superposition. 

Correlations Between Basins 
Following the mid Carboniferous event that truncated the 
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previous tectonic.cycle, late Carboniferous deposition was 
restricted to isolated small grabens (EIIenvale beds, 
Insolvency Gully Formation and Silver Valley 
Conglomerate). The only exception is the Galilee Basin, 
which contains considerable thicknesses of late 
Carboniferous fluvial deposits, although these deposits are 
restricted to the Kooburra Trough. Elsewhere in North 
Queensland, volcanics and intrusives of the Kennedy 
Igneous Province were being erupted and emplaced. 

ln the Early Permian, widespread extension resulted in 
the initiation of the Bowen Basin and the enlargement of 
the Galilee Basin and the deposition of its equivalents 
across the Charters Towers area. This was a period of 
widespread igneous activity in North Queensland. The 
earliest Permian in the Galilee Basin is marked by extensive 
glacio-fluvial deposition. By mid Permian, granite 
emplacement ceased, with mid Permian granites restricted 
to the Cooktown and Townsville area. The waning from 
aerially extensive .igneous activity in the earliest Permian 
to restricted local activity in the mid Permian parallels the 
extension-sag couplet in the Bowen Basin, which 
culminates with the craton-wide mid Permian 
unconformity. The mid Permian marks the change from 
an extensional setting to a compressive setting. 

In the Bowen Basin the Hunter-Bowen Orogeny (see 
Fielding 1996 for a discussion of the regional effects) 
resulted in the development of a foreland basin. In the 
New England Fold Belt, the Orogeny occurred from 255-
230 Ma (Fergusson et al. 1994). Stephens et al. (1996) 
argue for onset at about 270 Ma - this marks the first 
appearance of contraction rather than the onset of major 
deformation. Magmatism in the New England Fold Belt 
occupied the period from about 255 Ma to about 210 Ma 
(Ash ley et al. 1996; Gust et al. 1996). Significant 
deformation affected the coastal and some inland parts of 
the Hodgkinson Province during the Late Permian-Early 
Triassic period. Bultitude & Champion (1992) inferred a 
240-255 Ma age for this deformation from radiometric 
age dating of deformed coastal granite plutons. It is not 
known whether the deformation occurred as a single 
discrete event or as a number of episodic events. This 
Permian-Triassic deformation of the Hodgkinson Province 
is thought to be broadly equivalent to the Hunter-Bowen 
Orogeny. 

Transpressional? movements along the Palmerville Fault 
system and some major intrabasinal faults produced 
narrow transtensional rift basins at fault jog sites (see 
Chapter 7). Sinistral movement along the Palmerville Fault, 
for example, resulted in the deposition of the Little River 
Coal Measures . A much deeper, larger graben (the 
Lakefield Basin) had formed earlier in the mid Permian at 
another transtensional? site at the northern end of the 
Palmerville Fault System. The Gamboola Basin may have 
formed at this time also. East of the Palmerville Fault, 
northwest-trending faults controlled the development of 
the Ngarrabullan Basin, which was deposited in a narrow 
graben. The Olive River Basin formed in northwest
trending grabens at about the same time. 

Deposition continued to the Middle Triassic in the Bowen, 
Galilee and Ngarrabullan Basins. Deposition ceased with 
the culmination of the Hunter- Bowen Orogeny and 
widespread folding. 

Mesozoic Basins 
Jurassic to Cretaceous basins (Carpentaria, Laura and 
Eromanga Basins) cover almost 50% of the land area of 
North Queensland (Plate 14.10). Originally, they probably 

covered more, as the Carpentaria and Laura Basins were 
contiguous during deposition, and isolated outcrops of 
Jurassic rocks are present in the Georgetown and Clarke 
River Regions. To the north, the Carpentaria and Papuan 
Basins are contiguous. To the south, the Eromanga Basin 
extends into South Australia and New South Wales. Overall 
syntheses of the Jurassic to Cretaceous basins (Great 
Australia Basin) have been published by Exon & Senior 
(1976) and Smart & Senior (1980). Fielding ( 1996) 
summarised the understanding of basin formation . 
Deposition also occurred offshore, associated with the 
onset of rifting that eventually led to the opening of the 
Coral Sea. 

Carpentaria Basin BA McConachie, JJ Draper 

Basin Setting 
The Carpentaria Basin (see Chapter 9) covers 560 000 km2

, 

is Middle Jurassic to Early Cretaceous in age, and underlies 
most of the Gulf of Carpentaria and Carpentaria Lowlands. 
The thickest section, offshore, is about 1600 m. There are 
strong similarities with surrounding contemporaneous 
basins including the Eromanga, Sural, Money Shoal, 
Laura, Morehead and Papuan Basins. In particular, the 
boundary between the Carpentaria and Morehead/Papuan 
Basins is poorly defmed. The Carpentaria Basin is bounded 
in the east by the Bramwell Arch, the Coen Region and 
the Kimba Arch. To the southeast, the basin margin is 
defined by the Georgetown Region Tnliers. The southern 
boundary corresponds to a modem hinge line referred to 
as the Euroka Arch (Narrows in Late Jurassic to earliest 
Cretaceous time) (Bell & Associates 1982; McConachie 
et al. 1990). To the southwest, the Carpentaria Basin 
overlies Cambrian and Proterozoic basins. The western 
margin is poorly defined and should probably be extended 

· to include Cretaceous sedimentary rocks in the Northern 
Territory. Similarly, there are several small outliers of 
Mesozoic sedimentary rocks in the Georgetown Region. 
The Carpentaria Basin overlies the Bamaga, Olive River 
and portions of the Pascoe River Basins as well as un
named Triassic sedimentary rocks north of the Euroka 
Arch, metamorphosed sedimentary rocks of Proterozoic 
basins and granitic rocks. 

Stratigraphy 
The basin resulted from a relatively uniform flexural 
intracratonic downwarp. McConachie et al. (1990) 
recognised local variations in lithology, provenance and 
thicknesses of key units, as well as diachronism, and 
subdivided the Carpentaria Basin into four sub-basins. The 
boundaries between the sub-basins are gradational, not 
sharp, structural, boundaries. 

I. The Western GulfSub-basin includes the western flanks 
of the Carpentaria Basin, mostly offshore, and is 
typified by rugose pre-Mesozoic palaeotopography and 
very thin to absent basal sandstones. The section is of 
Cretaceous age. 

2. The Weipa Sub-basin, onshore and offshore around 
Weipa, has a relatively high heat flow of 75 m wm-2 

and contains two important depocentres: the 
Carpentaria Depression and the Olive River area. The 
Middle to Late Jurassic sedimentary section in this sub
basin was sourced from the east. 

3. The Staaten Sub-basin includes a large proportion of 
western Cape York Peninsula and the Gulf Country west 
to Momington Island. This sub-basin is characterised 
by thin, but variable, basal sandstone sourced mainly 
from the east. 

4. In the south, the Boomarra Sub-basin may be 
structurally controlled and is underlain by Middle 
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Triassic sedimentary rocks that are possibly part of the 
Galilee Basin (McConachie et al. 1990). The different 
timing of deposition in each sub-basin is illustrated by 
the Gilbert River Formation, which is Jurassic
Cretaceous in the Weipa and northern Staaten Sub
basins, but Cretaceous elsewhere. 

The complexities of the stratigraphy are ~iscussed in 
Chapter 9, but a number of broad depositional events can 
be identified. During the Middle to Late Jurassic, 
deposition occurred in isolated basins. The terrestrial Eulo 
Queen Group was deposited in the southern Staaten Sub
basin. A possible equivalent, the Garraway Sandstone, was 
deposited in central Staat en Sub-basin and the Weipa Sub
basin. The Garraway Sandstone is of fluvial/lacustrine 
origin. Within the Western Gulf Sub-basin, the marine 
Helby beds and the fluvial Albany Pass beds were 
deposited. The Helby beds appear to be as young as earliest 
Cretaceous, indicating overlap with the Gilbert River 
Formation, which represents the next depositional event. 
This depositional event in the latest Jurassic and Early 
Cretaceous resulted in a blanket of sand across the basin. 
lt is a transgressive unit passing upwards from fluvial to 
marine sedimentary rocks. The transgression was from 
north to south as shown by age variations for the unit (see 
Chapter 9). 

A major transgression occurred in the Early Cretaceous 
with deposition of the Wallumbilla Formation, which was 
deposited initially in the Weipa Sub-basin, but by the 
Aptian had spread across the basin. The organic-rich, 
calcareous Toolebuc Formation was deposited during the 
Albian in a restricted environment. The marine Alluru 
Mudstone, followed by the near-shore to paralic 
Normanton Formation, were deposited in the Albian to . 
Cenomanian, with deposition ceasing and a period of 
erosion commencing. Subsequent deposition was in the 
Cainozoic Karumba Basin, discussed below. 

Structure 
The main structural complexity of the basin is the series 
of sub-basins outlined above and discussed in Chapter 9. 
There has been some post-depositional movement on the 
bounding faults. There has been little compressive folding 
and overall the basin retains its original basin 
configuration. There appears to be little tectonic folding: 
most folds are the result of drape over basement features 
and djfferential compaction. 

Basin Development 
Deposition began initially in isolated ?fault controlled sub
basins with mainly terrestrial sedimentation, although there 
were marine sediments deposited in the northernmost area 
near Weipa. The localised deposition suggests an 
extensional setting for the depositional grabens. In the 
Early Cretaceous, broad subsidence occurred with the 
on lap of the Gilbert River Formation. Subsidence at this 
time was moderate, but the onset of deposition of 
Wallumbilla. Formation is marked by a change to rapid 
deposition. Deposition subsequently slowed and after 
deposition of the Nonnanton Formation, uplift developed 
adjacent to the Coen Region. The Cretaceous of the basin 
is characterised by two major transgressions. The first is 
represented by the Gi lbert River Formation/lower 
Wallumbilla Formation and the upper by the Toolebuc 
Formation, which may represent a maximum flooding 
surface. Possible mechanisms of basin formation are 
discussed below. 
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Laura Basin 

Basin Setting 
The Laura Basin is an ?Early Jurassic to Early Cretaceous, 
elongate, intracratonic basin on the eastern side of Cape 
York Peninsula (see Chapter 10). It extends offshore into 
Princess Charlotte Bay, where its northern limits are poorly 
defined. The onshore ~ortion of the basin covers 
approximately 18 000 km and has a maximum thickness 
of at least I 000 m. Over 2000 m may be present offshore. 
To the southwest, the Laura Basin is contiguous with the 
Carpentaria Basin across the Kimba Arch. The Laura Basin 
overlies, and is bounded by, outcrop of Proterozoic 
metamorphic and Palaeozoic igneous rocks of the Coen 
Region in the west and southwest. It also overlies the 
Lakefield Basin. East of the Palmerville Fault, the Laura 
Basin is underlain by highly deformed metasedimentary 
rocks of the Palaeozoic Hodgkinson Province. These are 
also exposed to the south and east (Hawkins & Williams 
I990). Rocks assigned to the Cainozoic Kalpowar Basin 
overlie the northern onshore Laura Basin. 

Stratigraphy 
The basal unit is the Dalrymple Sandstone, which ranges 
in age from Middle to Late Jurassic. The DaJrymple 
Sandstone is predominantly terrestrial, with a possible 
marginal marine environment in the middle of the unit. 

The contact between the Dalrymple Sandstone and the 
overlying Gilbert River Formation (previously Battle 
Camp Sandstone) appears conformable in drillhole 
sections in the central Laura Basin and the Bathurst Range 
area. Jt may be unconfom1able in the eastern part of the 
basin (Powell et al. 1976). In the central onshore Laura 
Basin, the Gilbert River Formation is mainly very fine to 
coarse-grained quartz to sublabile sandstone, with minor 
siltstone and claystone. The base of the Gilbert River 
Formation intersected in drillholes is latest Jurassic-early 
Neocomian. On the basis of palynological studies, the 
Gilbert River Formation in the central Laura Basin is a 
biostratigraphic and lithostratigraphic correlative of the 
Gilbert River Formation in the Carpentaria Basin. All these 
facies were deposited during the early stages of a marine 
transgression. Lagoonal to marginal marine environments, 
with high terrestrial input and minimal transport, have 
been postulated (Willis 1991 ). Following a mid 
Neocomian hiatus, deposition continued in nearshore to 
neritic marine conditions, with moderate to high terrestrial 
input. 

It is difficult to distinguish individual formations within 
the Rolling Downs Group (formerly the Battle Camp Shale 
and Wolena Claystone) in the Laura Basin. The basal shale 
of the Rolling Downs Group is a marine sequence of 
variably calcareous and glauconitic shales, with minor 
si ltstone and conglomerate beds. This is overlain by marine 
silty and sandy claystone with calcareous concretions. The 
sedimentology and biostratigraphy indicate that shallow 
marine conditions prevailed during the Aptian to Albian 
in the Laura Basin. 

Structure 
The principal structural features are the 400 km long north
trending Palmerville Fault and associated en-echelon 
faults. These faults have a complex history of reactivation, 
at least from the Silurian to the Tertiary. There appears to 
be I ittle tectonic folding. Most folds are the result of drape 
over basement features and differential compaction. One 
possible exception is a major north-trending anticline 
directly east of the Yintjingga Fault Zone. 
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Basin -Development 
Fluvial conditions prevailed over the area in the Late 
Jurassic, with a minor marine incursion. A major 
transgressive event occurred with the Gilbert River 
Formation and the Rolling Downs Group with a subsequent 
regressive phase near the top of the sequence. 

Eromanga Basin JJ Draper 

Basin Setting 
The Eromanga Basin (Plate 14 . I 0) crops out in the 
southwestern portion oft he project area and passes laterally 
into the Carpentaria Basin (see Chapter 9). The 
Georgetown to Hughenden area contains Mesozoic rocks, 
with terminology relating to one or both basins. The 
northern Eromanga Basin has been described by Senior et 
al. ( 1978), Smart & Senior (1980), Burger ( 1986) and 
Green et al. ( 1992). 

On the eastern side, the Eromanga Basin unconformably 
overlies the Galilee Basin, to the northeast it laps onto the 
exposed Etheridge Province. The remainder of the northern 
Eromanga Basin overlies the basement provinces described 
in the section Carpentaria Basin (see above). The 
Eromanga Basin is an intra-cratonic sag basin; ideas 
regarding the formation ofthe basin as a whole have been 
discussed by Finlayson ( 1990), Gallagher ( 1990), 
Gallagher & Lam beck ( 1989) and Zhou (1989). 

Stratigraphy 
The stratigraphy of the Eromanga Basin is sununarised in 
Table 14.7. This table contains Eromanga Basin units only 
-Carpentaria Basin units are described by McConachie 
(above). The Ronlow and Blantyre beds are restricted to 
the Gilberton-Hughenden area and are margina l 
representatives of well-defined basinal units. 

Structure 
Deformation is mild with syn- and post-depositional 
movement along reactivated faults. Tertiary compression 
has result in broad folds and rollover structures. 

Basin Development 
The Eromanga Basin can be divided into two major 
depositional episodes: Jurassic sedimentation is entirely 
fluvial and lacustrine, whereas the Cretaceous represents 
a period of marine and marginal marine deposition. 

The Basal Jurassic is relatively thin in the northern 
Eromanga Basin and difficult to separate from the Hutton 
Sandstone. Basically, the Basal Jurassic is a fluvial to 
lacustrine sequence infilling valleys on an unconformity 
surface. The Hutton Sandstone is a quartzose fluvial 
sequence that covers much of the basin, although it is still 
influenced by basement structures (Green et al. 1992). The 
Birkhead Formation is a more lithic-rich unit containing 
numerous overbank deposits, including flood plain lakes. 
Widespread quartzose-rich fluvial sedimentation followed 
in the form of the Adori Sandstone. A return to more 
argillaceous rocks occurred with the Westbourne 
Formation, although it does contain an upper sandstone 
unit interpreted as a deltaic sequence within a lacustrine 
setting. The deltaic wedge appears to be prograding from 
the northwest. The Hooray Sandstone is separated from 
the Westbourne Formation by an erosional unconformity. 
The upper part of the Hooray sandstone is quanzose and 
deposited by braided streams. A lower unit further south 
is of meandering stream derivation and contains more lithic 
sandstone. The Ron low beds are equivalent to the Hutton 
Sandstone, to Hooray Sandstone sequence although Burger 
(1986) has shown that there is a significant break in the 

upper .part. Burger ( 1986) also showed that the Blantyre 
beds are only equivalent to the Hutton Sandstone to 
Westboume Formation interval. 

The Cadna-owie Formation is laterally equivalent to the 
upper Hooray Sandstone at the basin margins and 
represents the first onset of marine sedimentation, albeit 
mainly paralic. The marine transgression associated with 
the deposition of the Doncaster Member of the Wallumbilla 
Formation resulted in marine deposition over large areas 
of the Australian craton. Following the transgression there 
is a progressive shallowing, with deposition of the other 
members of the Wallumbilla Formation. This regressive 
phase is marked by the appearance of significant volcanic 
detritus of andesitic origin in the sediment (Exon & Senior 
1976; Smart & Senior 1980). A further transgression 
resulted in the deposition of the Toolebuc Formation and 
subsequent regression, resulting in deposition of deltaic 
and fluvial sediments in the Winton Formation. The sea 
was retreating to the north. The Cretaceous is therefore 
represented by rwo major transgressive-regressive cycles. 

Townsville Basin JJ Draper. P Wellman, PA Symonds 
Basin Setting 
The northeastern Australian extensional terrane extends 
over a distance of about 2000 km from the Capricorn Basin 
in the south, to Papua New Guinea in the north. Before 
breakup it would have been over 700 km in width. The 
terrane is underlain by a northeastern extension of the 
Tasman Fold Belt that was modified during Mesozoic 
rifting to produce the present continental margin 
configuration of large marginal plateaus, such as the 
Queensland and Marion Plateaus, separated by bathymetric 
troughs (e.g. Townsville and Queensland Troughs). 

The Townsville Basin is an oblique extensional basin 
underlying the Townsville Trough, an east- west-trending 
bathymetric feature separating the Marion and Queensland 
Plateaus. With the exception of several Ocean Drilling 
Program (ODP) holes that intersected Late Miocene to 
Recent sed iments, there is no direct control on the 
stratigraphy of the Townsville Basin, and thus the timing 
of basin formation and filling can only be interpreted 
within a regional tectonostratigraphic context. The 
Townsville Basin is representative of a number of rift 
basins underlying the troughs (see Chapter I I). 

S tratigraphy 
The maximum sediment thickness in the basin reaches 
approximately 6.5 k.m, and the fill can be subdivided into 
rwo main seismic megasequences: a synrift and a sag-phase 
megasequence. Underlying ?pre-rift or earliest synrift 
sections may correspond to equivalents of the Jurassic
Early Cretaceous coastal basins such as the Laura Basin 
and the Maryborough Basin further south. The mainly 
Cretaceous synrift megasequence has a maximum 
thickness of up to - 2 k.m and occurs in fault-controlled 
depocentres. It probably ranges from basal coarse 
terrigenous and volcaniclastic fluviatile sediments to 
marginal marine clastic sediments at the top. The Tertiary 
sag-phase megasequence occurs as drape fill and reaches 
a thickness of up to -3.8 km. 

S tructure 
The structural style of the Townsville Basin is characterised 
by a half-graben morphology. The grabens are bounded 
by major, often rotational , normal faults and are typically 
composed oftilt blocks. Depth to basement, total sediment 
thickness, synri ft isopach and gravity data all indicate that 
the basin is compartmentalised into distinct sub-basins by 
major north- northwest to northwest-trending transverse 
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Table 14.7. S1a1igraphy of the Northern Eromanga Basin. 

Age Rock Unit Surface/ Palyno Ulhology Thickness Deposilional 
Subsurface zone (m) Environment 

Early Mackunda s PK6 Labile sandstone, <275 PaTalic 
Cretaceous Fonnation mudstone, siltstone, 

calcaTeous in pan, 
minor coquina limestone 

Early All uru S,SS PK6 Mudstone. some <120 Shallow marine 
Cretaceous Mudstone calcareous si hstone: 

minor sandstone and 
limestone 

Early Toolebuc s.ss PK6 Limestone, calcaTeous <25 Shallow marine 
Cretaceous Formation shale; coquinite; minor 

oil shale 

Early Wallumbilla s.ss Mudstone, siltstone, <350 Shallow mari ne, 
Cretaceous Fonnation minor limestone, labile paralic 

intraformational 
conglomerate; 
in pan glauconitic 

Early -Coreena s.ss Siltstone, mudstone. <245 Shallow marine, 
Cretaceous Member labile sandstone, in part paTalic 

calcmous, minor silty 
limestone, mudclast 
conglomerare, glauconite 

Early - Ranmoor s.ss Mudstone, commonly <95 Shallow marine. 
Cretaceous Member carbonaceous. minor p81'81ic 

siltstone 

Early -Jones Valley s.ss Siltstone, labile sandstone <8 P81'81ic 
Cretaceous Member limestone calcareous and 

glauconitic; minor 
intrafonnational 
conglomerate 

EaTiy - Doncaster s.ss Mudstone, siltstone, <150 Sliallow marine 
Cretaceous Member glauconitic, calcareous, 

minor limestone 

Early Cadna-owie ss PK I to Quartzose to sublabile <75 Paralic 
Cretaceous Formation PK2 sandstone, minor labile 

sandstone, si It stone and 
mudstone 

Early - Wyandra ss Quanzose to sublabile <18 Shallow marine 
Cretaceous Sandstone Mbr sandstone;caTbonate cement 

Early Ronlow beds s,ss PJ2 to Quartzose to sublabilc <150 Fluvial 
Jurassic (equivalent PKI sandstone, pebbly beds, 
to Early to Hutton micaceous siltstone. 
Cretaceous Sandstone mudstone, minor coal 

to Hooray 
Sandstone 
interval) 

Late Hooray ss PKI Quanzose to sublabile <230 Fluvial 
Jurassic Sandstone sandstone, minor 
to Earl y si I tsLOne, conglomerate, 
Cretaceous claystone and lignite 

Erosional unconfonnity 

EaTly to Blantyre beds s.ss Quartzose sandstone, <90 Fluvial 
Middle (equivalent micaceous sandstone, 
Jurassic to Hutton sil tstone, mudstone. 

Sandstone 10 carbonaceous shale and 
West bourne coal, minor breccia 
Fonnation 
interval) 

Middle •Westboume ss PJ6 Micaceous siltstone, <90 Fluvial -lacustrine 
Jurassic Fonnation mudstone; minor 

quanzose to labile sandstone 

Middle • Adori ss PJ5 Quartzose to sublabile sandstone; <33 Fluvial 
Jurassic Sandstone minor siltstone, claystone 

Middle *Birkenhead ss PJ4to Silstone, mudstone, calcareous <130 Fluvial-lacustrine 
Jurassic Fonnation PJ5 labile sandstone. minor coal 

Early to Hutton ss PJ2 to Quartzose to sublabile <120 Fluvial 
Middle Sandstone PJ4 sandstone, some micaceous 
Jurassic siltstone and mudstone, 

minor conglomerate 

Early Jurassic Basal Jurassic ss PJI Sandstone, minor mudstone ?10 Fluvial-lacustrine 

• lnjune Creek Group S "surface. SS =Subsurface 
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structural zones. These transverse structures are associated 
with distinct chang~s in structural trend and stYle, and may 
be controlled by major pre-existing, crustal-scale, Tasman 
Fold Belt basement structures or 'hard links'. Such 'hard 
links' can strongly segment the developing rift by creating 
loci for fault relaying, polarity flips and reactivation, as 
described in the Timor Sea by O'Brien et al. ( 1996). Local 
thickening of late rift sediments in the opposite direction 
to that of the early rift sediments probably reflects at least 
two significant extensional episodes during basin 
formation. These rift events are separated by a period of 
uplift and erosion, which may represent the regional 
Cenomanian (-95 Ma) plate adjustment. 

Basin Development 
The Townsville Basin formed part of a complex rift system 
that probably began to form in the ?Late Jurassic to Early 
Cretaceous. This system may have been initiated by 
transtension in a largely convergent setting. However, the 
main phase of basin development occurred through obi ique 
northwest to north- northwest directed extension, which 
utilised pre-existing Palaeozoic structural trends. 
Comparison with interpreted structural trends of the 
adjacent Queensland Basin (Queensland Trough) supports 
the suggestion that formation of both basins was 
independent of the northeast-southwest divergence related 
to seafloor spreading in the Tasman and Coral Sea Basins. 
The overall form of the northeast Australian extensional 
terrane is controlled by variations in the partitioning of 
upper crustal and lower crustal/upper mantle extension 
throughout the province. The subsided ' basement' 
platforms beneath the marginal plateaus are associated with 
deep extension, whereas the rift troughs largely represent 
areas of both shallow and deep extension. 

Correlations Between Basins JJ Draper 
Correlation between the North Queensland Mesozoic 
basins is summarised in Plate I 0.1, which also shows the 
correlation with the Papuan Basin. 

Deposition in the northern Eromanga Basin began earlier 
than in the other basins on a structurally controlled 
basement (Green et al. 1992). The basal Jurassic is 
generally thin, but up to 100 m was deposited adjacent to 
the Cork Fault-Holberton Structure. The Early to Middle 
Jurassic fluvial Hutton Sandstone was also influenced by 
existing stntctures and its deposition is restricted to the 
Eromanga Basin; the lower Ronlow beds and lower 
Blantyre beds probably represent fluvial facies marginal 
to the Hutton Sandstone depocentre. In the Middle Jurassic, 
fluvial and lacustrine deposition of the lnjune Creek Group 
filled the main areas of the basin with the fluvial rocks of 
the Ronlow beds and the Blantyre beds, representing 
marginal fluvial systems. In the Carpentaria Basin the 
fluvial Eulo Queen Group, and Garraway Sandstone were 
deposited in isolated, fault controlled basins. Marine 
deposition occurred in the western Carpentaria Basin with 
deposition of the Helby beds. The Dalrymple Sandstone 
deposited in the Laura Basin contains fluvial and marginal 
marine rocks. 

A regional unconformity separates the Middle Jurassic 
deposits from Late Jurassic to Early Cretaceous rocks. In 
the Eromanga Basin, the Hooray Sandstone and the 
uppermost Ronlow beds were deposited in a fluvial setting. 
The Cadna-owie Formation is laterally equivalent to the 
upper Hooray Sandstone and represents the beginning of 
a marine transgression. The fluvial to shallow marine 
Gilbert River Formation blanketed the Carpentaria and 
Laura Basins, which were contiguous at this stage. It also 
covered much of the Georgetown and Clarke River 

Regions. The transgression was north to south (Smart & 
Senior 1980). Pre-rift deposits beneath the coral sea rifts 
may have been deposited at this time. 

The Wallumbilla Formation represents the culmination of 
the transgression, with marine conditions being extended 
throughout all basins (by late Aptian). A regressive 
sequence followed by a second transgressive cycle is 
clearly identifiable in the Eromanga Basin, but is not 
recognised in the northern Carpentaria Basin. The first 
regression is distinguished by the influx oflarge quantities 
of volcaniclastic detritus. The Toolebuc Formation 
represents the second transgression and marks the 
maximum flooding surface. Regression resulted in the 
nearshore Allaru Mudstone and the deltaic-fluvial 
Mackunda- Winton Formations and the Normanton 
Formation. There is no record of deposition after the early 
Cenomanian. Offshore, rift fill sequences were deposited 
during the Cretaceous. 

The infilling of the Eromanga Basin has been discussed 
by several authors; the general features of the Eromanga 
Basin Formation can be applied in the northern basins also. 
Burger (I 986) extended the sedimentary cycle-global sea 
level model for the Surat Basin (Ex on & Burger 1981) to 
the Eromanga Basin. There are inherent difficulties in 
applying global sea level changes directly to fluvial 
sediments, and Ex on & Burger ( 198 I) admit that, for the 
Sural Basin, only six depositional cycle are recognised 
for a period when there were nine major sea level cycles. 
They suggest that some of the sea level changes may have 
been too small to record or that local tectonism influenced 
the cycles. The application of sea level curves to the 
Eromanga Basin is fraught with the same difficulties, and 
the problem is particularly marked in the Cenomanian, 
when a world-wide sea level rise is represented by fluvial 
sediments. The Australian craton was obviously elevated 
at this point. The limitations of the method also apply to 
the Carpentaria and Laura Basins. 

Gallagher & Lam beck ( 1989) examined the Eromanga 
Basin using a back stripping technique. During the Jurassic 
a nearly linear trend of subsidence was consistent with a 
thermally based mechanism. Subsidence was more rapid 
in the Early Cretaceous, and this corresponded to the onset 
of global sea level rise. However, although sea level rise 
continued through the Cretaceous, in the Eromanga Basin 
there were the two major transgressive-regressive couplets 
associated with voluminous volcanic detritus. Thi s 
suggests that the basin was overfilled and was effectively 
raised above sea level. The influx of the volcanic detritus 
appears to have played a major role in this process. 
Gallagher & Lam beck ( 1989) concluded that the 
sedimentary record in the Eromanga basin was the result 
of variation in sedimentary influx into a tectonically 
subsiding region rather than primary global sea level 
changes. The same conclusion can be drawn for the 
Carpentaria Basin, given the similar stratigraphic pattern 
and the similar subsidence profiles. Likewise the continuity 
between the Carpentaria and Laura Basins would suggest 
that the model might also apply there. 

The influx of volcanic detritus into the Sural, Eromanga, 
Carpentaria and Laura Basins has resulted in the 
interpretation of a large volcanic arc off the now east coast 
of Queensland (Veevers 1984; Elliot 1993). Smart & Senior 
( 1980) estimated that such an arc would need to be 3000 
km long and 130 km wide and have reached a thickness of 
2000m of volcanics. Although there are Cretaceous 
volcanics in the area of the Whitsunday Islands, in the 
Maryborough Basin and on the Lord Howe Rise, these 
are rift related bi-modal suites (Ewart et at. 1992; Bryan 
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et al. I 996) associated witb the onset of rifting in the Coral 
Sea. The Whitsunday Volcanic Province contains volcanic 
rocks ranging in age from 125-95 Ma (Bryan et al. 1996) 
which overlaps with the period of volcaniclastic detritus 
input into the onshore basins. These volcanics are 
postulated (Bryan et al. 1996; Symonds et al. 1996) as 
being part of a rift system extending along the east coast 
of Australia, some 2500 km or more along eastern 
Gondwana. Intrusive rocks in the Bowen area range in age 
from 145 to 103 Ma (Allen & Chappel11996). The volume 
of volcanic detritus and its nature may have been over 
estimated, but its impact cannot be ignored. Detailed 
petrology and palaeocurrent studies are needed in the 
Cretaceous ba$ins and more knowledge of the distribution 
of Cretaceous volcanic rocks is needed before some of 
these matters can be resolveq. Smart & Senior (1980) 
emphasised the enigmatic nature of the volcanic detritus 
and how such uniform, grain-sized material could be 
transported over large distances with limited weathering. 

The mid Cretaceous contraction that folded the sequences 
has been discussed by a number of authors (Elliot I 993; 
Korsch & Totterdell 1996). Widespread erosion followed 
the contraction event. The Laura and Carpentaria Basins 
were separated by the uplift ofthe Coen Region. 

Plate 14.12 is a plate tectonic reconstruction showing the 
intracratonic nature of the North Queensland basins in the 
Mesozoic. 

Cainozoic Sedimentary Rocks 
Cainozoic deposition in North Queensland is characterised 
by repeated weathering events and disruption by basalt 
flows (Grimes 1980). The model presented by Grimes is 
currently under re-assessment by modem regolith studies 
(see Chapter 12). Beams & Jenkins ( 1995) discuss the 
exploration implications of regolith in North Queensland. 
The Quaternary of North Queensland was discussed by 
Coventry eta!. ( 1980). Coastal sediments have been studied 
by Burne et al. (1995). Only the major depositional basins 
are discussed below. 

Karumba Basin BA McConachie, JJ Draper 

Basin Setting 
The Cainozoic Karumba Basin (see Chapter 9) 
unconformably overlies much of the Carpentaria Basin 
(Plate I 4.1 0). This shallow, and mostly thin basin extends 
from south ofHughenden, north into Papua New Guinea, 
where it attains several kilometres in thickness. The 
Karumba Basin extends westward to the Roper River area 
of the Northern Territory. It is bounded in the northwest 
by the Wessel Rise and in the southwest by high areas of 
the Mount Isa Inlier. The maximum known thickness 
onshore in the study region is 247m in GSQ Rutland Plains 
I; 550 m were intersected offshore in CNW Duyken 1; 
seismic data suggest that up to 600 m are preserved 
offshore, northwest of CNW Duyken I. 

Stratigraphy 
The Karumba Basin comprises a Cainozoic sequence 
(probably Miocene to Recent) that unconformably overlies 
most of the Carpentaria Basin. The Karumba Basin has 
lithostratigraphic and biostratigraphic affinities with the 
Cainozoic section in Papua New Guinea, although the two 
basins have very different tectonic histories (Wang & Stein 
1992). 

The base of the sequence comprises Bulimba Formation 
quartz sandstone, siltstone and coal (peat) beds that were 
presumably deposited in a basin-wide fluvial environment. 
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The Bulimba Formation is undated. This unit is 220m 
thick and is overlain by 123 m ofMiocene to early Pliocene 
limestone of the Wyaaba beds. Onshore, this unit 
interdigitates with paralic and fluvial deposits, suggesting 
an area of marine deposition slightly greater than the 
modern Gulf of Carpentaria. The unit is probably 
lithostratigraphically equivalent to the Late Oligocene to 
early Late Miocene Darai Limestone of Papua New 
Guinea. The Wyaaba beds intersected in GSQ Rutland 
Plains I were dated at late Early Miocene (about 15 Ma) 
by Palmieri, Appendix 2, in Derrington ( 1989). The top 
unit, the Claraville beds and their marine equivalents, is 
interpreted as entirely marine at CNW Duyken I, where it 
comprises 148 m of siltstone and claystone. The bottom 
sediments of the modem Gulf of Carpentaria are included 
within this section. 

The Weipa beds have been shown to be equivalent to the 
Bulimba Formation by correlation to the sequence above 
the base of the Karumba Basin in CNW Duyken I. This 
confirms the lithostratigraphic tie made by Smart et al. 
( 1980) to the Bulimba Formation in the southwest Cape 
York Peninsula. 

The Quaternary to modern deltas of western Cape York 
Peninsula were described by Coventry et al. ( 1980). They 
identified older delta deposits north of the Alice River that 
are in the process of being lateritised and determined a 
stratigraphic succession for the delta lobes of the Cainozoic 
Gilbert-Mitchell Trough. Smart (1976a,b; 1977) described 
the beach ridge deposits of western Cape York Peninsula 
as overlying marine silty clays, with longshore currents 
having redistributed the coastal sands. Rhodes ( 1982) and 
Jones & Torgersen (1988) described the late Quaternary 
evolution of Lake Carpentaria into the modem Gulf of 
Carpentaria. McCulloch et al. ( 1989) and De Deckker et 
al. (1988) used the Sr isotope variations in ostracod valves 
to differentiate the lacustrine period from ca. 36 000 to 
12 000 bp. The modern setting clearly provides a useful 
model for the complex facies relationships observed in 
the Mesozoic and Cainozoic basins of the region. 

Structure 
The southern Karumba Basin appears to have been quite 
stable with only minor, but repeated, periods of uplift 
around the basin edge. The minor deformation on Cape 
York Peninsula is most obvious around Kowanyama. The . 
Gilbert - Mitchell Trough (Doutch 1976) is an important 
downwarp within the onshore Karumba Basin (Smart et 
al. 1980) and contains an artesian aquifer. However, 
seismic data suggest that the major depocentre for the 
Karumba Basin is northwest ofCNW Duyken I. The Papua 
New Guinea ponion of the basin was more tectonically 
active, with major uplift and deformation of the Darai 
Plateau. 

Basin Development 
Three major Tertiary cycles of erosion, deposition and 
weathering were proposed by Grimes ( 1980). The Bulimba 
Cycle consisted of the Bulimba Formation and its 
correlatives, which rest unconformably on the Carpentaria 
Basin section. These were exposed and weathered as the 
Aurukun Surface. The next, the Wyaaba Cycle, is 
composed of the Wyaaba beds and correlatives and 
terminated by the Kendall Surface. The final cycle, the 
Claraville Cycle, is not as well understood, but it was 
considered to contain two terminal surfaces: the Campaspe 
Surface caps an unnamed sequence of a lluvial fans, and 
the Holroyd Surface caps the Claraville beds (Grimes 1980; 
Smart et al . 1980). The Armraynald beds in the south are 
also assigned to this cycle. Basaltic volcanism 
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accompanied the Wyaaba and Claraville Cycles in some 
areas. These cycles were defined from outcrop and are 
difficult to recognise in drillholes or on offshore seismic 
data. Pain & Oilier (1992) have cast doubt on the use of 
fenicrete for stratigraphic purposes. Many unconformities 
and surfaces observed onshore today appear to be of only 
local significance, occurring during relatively continuous 
marine deposition offshore. 

Kalpowar Basin JJ Draper, BA McConachie 
Basin Setting 
The Kalpowar Basin (Plate 14. I 0) occupies the axial part 
of the Laura Basin and may extend under Princess 
Charlotte Bay. It is poorly exposed, with the only outcrops 
being in the Fairview Plateau and east of 'Kalpowar'. 

Stratigraphy 
The Fai rview Gravel (Grimes I 980) comprises 
conglomerate and clay-cemented sandstone. It 
unconformably overlies the Laura Basin sequence and is 
overlain by younger alluvial deposits. It is probably 
equivalent to the Bulimba Formation of the Karumba 
Basin. Forty metres of clay-cemented sandstone and 
granule conglomerate were intersected in GSQ Ebagoola 
1 and thirty metres of conglomerate and sandstone in CBT 
Marina 1. By analogy with the Karumba Basin some of 
the younger sediments in the area could perhaps also be 
considered to be part of the basin, but at present only the 
Fairview Gravel and equivalents are included. 

Structure 
The shape of the Kalpowar Basin suggests fault control 
by reactivation of underlying faults. 

Basin Development 
The Fairview Gravel may be the remnant of a more 
extensive fluvial basin that occupied the eroded central 
area of the Laura Basin. Early Tertiary subsidence, 
probably triggered by reactivation of underlying faults, 
resulted in the development of the Kalpowar Basin. 

Charters Towers Area JJ Draper 
Basin Setting 
Early Tertiary and late Tertiary fluvial sediments cover a 
large area to the south of Charters Towers, extending well 
south of North Queensland (see Chapter 6). 

Stratigraphy 
The Southern Cross Formation (Wyatt et al. 1971) occurs 
along the western southern boundary of the sheet, where 
it mainly occurs beneath residual soils developed on 
ferricrete. Small outcrops do occur and these consist of 
sandstone, pebbly sandstone, siltstone, mudstone and 
minor conglomerate. Henderson & Nind ( 1994) include 
areas of sediment near Quilps Tableland in the formation. 

The uni t underlies the Pliocene basalts of the Nulla 
Province, but I ittle direct evidence exists for a more clearly 
defined age. Henderson & Nind (1994) and Henderson 
( 1996) suggest an Early Eocene or Palaeocene age by 
correlation with the Suttor Formation, and K-Ar ages of 
52.3 and 53.5 Ma from a basalt overlying the Suttor 
Formation at Mount Dalrymple (Sutherland et al. 1977). 
This date is at odds with other ages reported for the Suttor 
Formation and may be the age of the Exevale Formation 
(Grimes in Hutton et al. 1991 and in prep.). Sutherland et 
al. (1977) also reported minimum K-Ar ages of23.1 Ma 
and 29.2 Ma (Oligocene) from basalts from the Byerwen 
area. Owen (in Chaffee et al. 1984) and Beeston (1994) 
report Miocene palynomorphs from the oil shales in the 

Suttor Formation, and Rosefelds .. (in .Hutton et al. 199.1) 
suggests a Miocene or younger age for leaf material from 
the Suttor Formation. At Redcliffe Tableland, sediments 
correlated with the Suttor Formation underlie weathered 
basalts with K- Ar ages of 21.5 Ma and 28.4 Ma 
(Sutherland et al. 1977; Hutton et al. 1991 ). Until the age 
disparities are resolved, a clear age cannot be given to the 
Suttor or Southern Cross Formations. It is possible that 
there may be more sedimentation events than currently 
interpreted (see also Withnall et at. 1996b, p47). 

At Blue Range the gravels containing the Ruxton tin 
deposit underlie a basalt dated at 26 Ma (Grimes 1993). 

The Campaspe Formation is capped by the widespread 
Campaspe Surface of Grimes ( 1980). Poorly sorted, clay
cemented sandstone with interbeds of siltstone, mudstone 
and rare conglomerate have been deposited on an eroded 
landscape (Henderson & Nind 1994). The age of the 
Campaspe Formation is well constrained, with the unit 
overlying the Murrlumbing Flow dated at 3.8 Ma and 
underlying the Hann Creek flow dated at 1.35 Ma. Hence 
the unit was deposited in the Pliocene (Nind 1988). 

A diverse vertebrate fauna at Allingham Creek (Bluff 
Downs Local Fauna; Archer & Wade I 976; Boles & 
Mackness 1994) and at Blaggard Creek (Spring Creek 
Local Fauna; Mackness et al. 1994) is slightly older (about 
4 Ma) than the Campaspe Formation, which appears to be 
the most extensive of a number of inter-basalt flow 
sedimentary deposits. 

Basin Development 
Uplift in the Late Cretaceous resulted in the widespread 
distribution of fluvial sandstones of the Southern Cross 
Formation and its equivalents. The Campaspe Formation 
is related to the development of the Nulla Igneous 
Subprovince. 

Coral Sea Region 
The Coral Sea Region contains a well developed 
continental shelf passing into a series of troughs and 
plateaus and the Coral Sea Basin (Figure 11.1 , 11.2, Atlas 
Plate 3). 

In the Townsville Basin (see above) the Tertiary sag-phase 
megasequence occurs as drape fill and reaches a thickness 
of up to -3.8 km. The early sag-phase sequences are 
Palaeocene-Eocene terrestrial shallow marine (shelf) 
clastics and ooze. Overlying sequences consist of 
terrigenous and caJcareous sediments, including carbonate 
platforms, of Neogene age, and are separated from the 
underlying section by the ?mid Oligocene regional 
unconformity. Similar sag deposits occur elsewhere across 
the troughs and lapping onto the plateaus. . 

The rift phase is overlain by a transgressive on lap sequence 
of Palaeocene to Late Eocene age. This was followed by 
three progradational phases separated by onlap facies. The 
progradations occurred in the Late Oligocene, Late 
Miocene, and Late Pliocene to early Pleistocene. During 
the Pleistocene, aggradation and progradation occurred. 
This was followed by reef development. Recent reports 
(in New Scientist 31 May I 997) indicate reef formation 
commenced between 300 000 and 400 000 years ago. 

Reefs formed in the Coral Sea Region on the continental 
shelf (G reat Barrier Reef) and the plateaus. Reef 
development had a complex history throughout the 
Cainozoic (Davies et al. 1989). Rifting, subsidence, plate 
motions and palaeo-climate/oceanography, sea level and 
collision all played a part in reef development. The main 
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periods of reef development were the Miocene and 
Pleistocene. 

Correlations Between Basins 
The Karumba Basin is an open basin with fluctuating 
marine input; the Campaspe area is entirely closed with 
only terrestrial deposition; and little is known about the 
Kalpowar Basin, but it may have been open to the north. 
The eastern continental shelf is a passive margin with 
various rifts and platforms seaward of the shelf. Grimes 
( 1980) is the most recent review of the Cainozoic geology 
ofNorth Queensland; considerably more work is required 
to provide a better understanding. Such a task is beyond 
the scope of this publication, but it is a pressing task given 
the economic importance of bauxite, placer deposits and 
silica sand dune deposits in North Queensland. 

The age of the major basal fluvial deposition in North 
Queensland is unconstrained or, in the case of the Southern 
Cross Formation, open to interpretation. The Bulimba 
Formation must be older than late Early Miocene, although 
Grimes ( 1980) favoured a Palaeocene to Eocene age. 
Possible ages for the Southern Cross Formation range from 
Eocene to Miocene. The Suttor Formation in the Mount 
Coolon area is Miocene. As suggested above, there may 
be more than one depositional episode during the early 
Tertiary in the southern areas. 

Events offshore in the Coral Sea are better constrained. 
During the Palaeocene to Late Eocene, onlap occurred and 
a typical transgression sequence developed, passing 
upwards from marginal marine to open marine sediments. 
Progradation occurred in the Late Oligocene. Onlap in the 
Miocene was followed by progradation in the Late 
Miocene. Further transgression followed, with a final 
progradation in the Late Pliocene to early Pleistocene. 
Since then, aggradation and progradation have occurred 
and the modem Great Barrier Reef developed. 

The Wyabba beds are late Early Miocene (based on 
foraminifera). Since this coincides with the maximum 
transgression in super cycle TB2, it may indicate 
correlation between the Wyabba beds and the onlap 
sequence below the Late Miocene progradation on the 
eastern continenta l shelf. Subsequently, deposition 
occurred in a number of areas in the Pliocene and 
Pleistocene. 

The Papuan Basin changed from an intracratonic basin to 
a foreland basin during the Cainozoic (Plate 14.12) and 
the intracratonic Karumba Basin effectively forms the 
cratonic component of this foreland basin. 
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CHAPTER15 

MINERAL & ENERGY DEPOSIT STYLES 
& POTENTIAL RESOURCES 

Introduction 
This chapter describes the known deposit styles within 
North Queensland and examines the potential for further 
mineral deposit types that have not yet been recognised. A 
qualitative assessment of the mineral potential of a region 
combines knowledge of its geology, geophysics , 
geochemistry, mineral deposits and occurrences with 
current theories of mineral deposit genesis and the results 
of any exploration. The assessment process involves 
analysis of the available geoscientific data for a region to 
understand the history of geological processes and 
environments and, in this case, it has drawn on the regional 
summaries in this volume. The primary focus of this 
analysis has been on the regional features of deposit models 
and whether these features can be recognised in the 
available regional datasets. The regional scale features 
provide evidence of whether the geological environment 
is conducive to, or permits, the formation of a given deposit 
type. 

For example, Figure 15.1 illush·ates the range of base-metal 
deposits that could form in oceanic and island arc 
environments in both compressional and tensional regimes. 
Figure 15.2 indicates those styles of gold mineralisation 
that could be developed in a typical volcanic- plutonic 
island arc environment, particularly in the western Pacific. 
In each case, the presence of all of these deposit styles is 
not implied. Rather, the figures illustrate those 
relationships that could exist between different deposit 
styles in differing depositional environments. 

The mineral deposit models used are based largely on the 
comprehensive (but by no means complete) list ofUnited 
States Geological Survey deposit models published by Cox 
& Singer (1986). A mineral deposit model can be defined 
as the systematic arrangement of information describing 
the essential attributes (properties) of a group or class of 
mineral deposits. The model may be empirical 

byGR EWERS 

(descriptive), in which case the various attributes are 
recognised as essential even though their relationships are 
unknown, or it may be theoretical (genetic), in which case 
the attributes are interrelated through some fundamental 
concept (Cox & Singer 1986). The mineral deposit models 
used in this assessment are essentially descriptive. Each 
model encapsulates the common features of a group of 
deposits, and is constructed (as far as possible) to be 
independent of site-specific attributes not common to the 
group. The value of these models lies in the ability to apply 
what is lmown collectively about a group of significant 
mineral deposits to poorly understood mineral occurrences, 
so that the true character of these occurrences can be 
identified and their potential to constitute an ore deposit 
can be assessed. 

This analysis has concenh·ated on the regional features of 
mineral deposit models and the characteristics of 
geological units within the various regions of North 
Queensland to establish whether or not certain mineral 
deposit styles are likely to occur. These characteristics 
include the age, tectonic setting, depositional environment, 
extent and thiclmess of individual units, the nature of the 
lithologies present and whether they have been intruded 
by igneous rocks . Where extrusive and intrusive rocks are 
present, their classification as 1-type, S-type, A-type or 
M-types, whether they are mafic or felsic, their oxidation 
state, degree of fractionation and K20 content were taken 
into account (Chappell & White 1992; Collins et al. 1982; 
Champion & Heinemann 1994; Champion & Mackenzie 
1994). 

Although deposit models may indicate the importance of 
certain structures in localising particular types of deposit 
(e.g . unconformity-related uranium deposits), a 
shortcoming of the analysis adopted here is that 
mineralisation which is structurally conh·olled and has no 
apparent connection to any of the characteristics mentioned 
in the previous paragraph is virtually impossible to assess. 
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Figure 15.1. Schematic diagram illustrating the tectonic and depositional environments for a variety of base-metal deposit styles 
(modified from Hutchison 1980 and McMillan et al. 1991). 
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et al (l)l) I), 

The location of such deposits (e.g. mesothermal gold
quartz veins) \\ill be a functiOn primarily of the presence 
or absence of appropriate fault and shear zones rather than 
features Lbat are characteristic of particular ore deposit 
environments (e.g. the depositional environment of the host 
rocks. particular lithologies or types of intruSi\es. etc). 
The difficulty in assessing the potential for such deposits 
is compounded where they occur in splays off major fault~ 
or in structures not previously recognised or portrayed on 
the face of a map. 

The analysis outlmed in this chnptcr has been based on 
the regions described in this \'Olume. with each region 
discussed in the context of the constituent provinces 
Identified in Table 15.1 and illustrated in Plates 14. U ·U 
& 14.4 For the region of Cape York Peninsula non.h of 
16"S. Jt has drawn very largely on the Cape York Peninsula 
Land Use Strategy (CYPLUS) mineral resource 
assessment report (Denaro & Ewers 1995). 

Georgetown Region 
Etheridge Province (Forsayth 
Subprovince) 
Thb ~ubprm ince includes the Etheridge, Langlo\alt: and 
Oargalong Mctamorphtc Groups and the McOe\ itt 
\ fetamorphics. v.hich have been intruded b) \arious mafic 
rocks. and Mesoproterozoic granites belongmg to the 
Forsa} th. Esmeralda, and Forest Home SupcrsUJtcs. It 
includes the Halls Reward 'vfetamorphics and mafic 
ultramafic complexes such as the Gray Creek and Boiler 
Gully Complexe:,. 

,\t the base of the Ethendge Group. the Finaslcigh 
\letamorphtcs are known to host more rhan rwenty small 
metamorphosed stratabound ami or :.trati fom1 base metal 
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deposits (Bain et al. 1990). The stratiform and possibly 
exhalatn e narure of two of these deposits. \llounr Misery 
and Einaslcigh, have been suggested by detailed studies 
(Patrick 1978; Stanton 1982 ); other deposits hosted by the 
Emasleigh Metamorphics are considered to be of similar 
form and origin (Bain eL al. 1990). However. other ,.,:orkers 
( Mundondo 1994; M. Rubenach. pcrs. comm. to I. 
With nail) have interpreted the Mount Misery and 
Einasleigh deposits as retrograde skams superimposed on 
granu lite fac tcs assemblages, post 0~/pre 0 3 . The 
Emaslcigh Metamorphics are thought to be laterally 
equivalent to the less metamorphosed Bemecker Creek 
and Daniel Creek Formations further to the west, v.hich 
are a lso part of the Etheridge Group. By analogy these 
fom1ations could be expected to host simi lar deposits. 
Recent SHRIMP U- Pb geochronology (thts volume) has 
established that the Etheridge Group is of similar age to 
the base-metal mineralised eastern part of the sequence in 
the Mountlsa Region (i.e. 1650-1710 million years old). 
Laing & Beardsmore ( 1986) have also dra\m stratigraphtc 
correlations between these two regions ant! have extended 
comparisons to the Broken Hill Reg10n. These correlations 
~ignificantl) enhance perceptions of the potential of the 
Georgetown Region for base-metal mincraltsauon. 

The stratigraphy of the Palaeoproterozoic sequence in the 
Forsayth SubprO\ 111ce indicates a high potential for 
dtsscmmated replacement gold deposits of the Carlin type. 
The CandiO\\ and Lane Creek Formations are examples 
of thick. predominant!) pelt tic unt~ that contain highly 
p)ritic. carbonaceous and locall} calcareous mudstone. 
siltstone and sandstone. They have been intruded by 
\tesoproterozoic granites. These units should be 
prospecrive for Carlin style deposits: ho\\C\'er. exploration 
since the 1970s ha~ failed to reveal deposits ofthi~ type in 
the region. 
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-:rable-15.-1--Go~stirue~t-basins,_meta~oi'P.hi£ :P.r.QvLn~~s. _ ~n_d _ . . I\1~S<1P!..Ot~.~ozoic felsic intrusives appear to be favourable 
tgneous provmces tn the geologtcal regtons of North factors in theaevel"opmenr oh;u·ch·11ranium··deposits·.·-
Queensland. However, the Etheridge Group is of lower metamorphic 

Region Metamorphic Province (Basin) 
Igneous Province 

Georgetown Etheridge- Forsayth Subprovince 
Croydon 
Thalanga 
Pam a 
Kennedy 
Cainozoic 

Coen Iron Range 
Savannah 
Etheridge-Yambo Subprovince 
(Pascoe River) 
Pama 
Kennedy 

Torres Strait Iron Range 
Kennedy 

Chaners Towers Cape River 
Tbalanga 
New England Fold Belt 
(Burdekin) 
Macros san 
Pama 
Kennedy 
Cainozoic volcanics and sedimenrs 

Cairns Hodgkinson 
Barnard 
Kennedy 
Cainozoic 

Clarke River Cape River 
Broken River 
(Clarke River) 
(Bundock) 
Kennedy 
Cainozoic 

Carpentaria Lowlands Kee.rWeer 
Kowanyama 
Iron Range 
Savannah 
Etheridge 
Croydon 
Cape River 
(Pascoe River) 
(Olive River) 
(Carpentaria) 
(Karumba) 
(Eromanga) 
Pam a 
Kennedy 

Quinkan Etheridge-Yambo Subprovince 
Hodgkinson 
(Lakefield) 
(Laura) 
(Kalpowar) 
Kennedy 

There may also be potential for unconformity-related 
uranium± gold± platinum group elements (PGE) deposits 
along the western margin of the Forsayth Subprovince, 
where sandstone and s iltstone belonging to the 
Mesoproterozoic Langlovale Group unconformably 
overlie parts of the Etheridge Group. The presence of an 
unconformity of this age, the juxtaposition of units that 
are lithologically similar to those hosting unconformity
related mineralisation in the Alligator Rivers, South 
Alligator Valley, and Rudall Regions, and the presence of 

grade relative to units that host mineralisation in those 
areas mentioned above, and the absence of Archaean 
granitic basement that could be a source of uranium may 
be construed as unfavourable. Nevertheless, the 
carbonaceous, pyritic and calcareous nature of the 
Etheridge Group and the widespread intrusion of felsic 
igneous rocks of variable age provide a fertile environment 
for mineralisation of different styles that span a range of 
commodities. 

Podiform chromite deposits (Krosch l990c) and nickel
cobalt-bearing laterites (Wallis 1994) are confined to the 
Boiler Gully and Gray Creek Complexes. The range of 
lithologies in these complexes and the suggestion that they 
may be ophiolitic (Rubenach 1982) indicate that the 
commodities already identified are those most likely to 
be present in economic concentrations. 

Croydon Province 
Known mineralisation in the Croydon Province is mostly 
mesothermal gold and tin vein deposits hosted by the 
Croydon Volcanic Group and the Esmeralda Supersuite. 
The main mineral potential of the province appears to be 
restricted to these commodities. Most of the gold was 
recovered from deposits near Croydon, and is concentrated 
in quartz veins in the roof zone of a biotite granite intruded 
to the base of the highest preserved unit of the Croydon 
Volcanic Group (Mackenzie et at. 1985). In a North 
Queensland context, these deposits are unusual because 
of their possible genetic link to Proterozoic, S-type felsic 
ignimbrites and comagmatic granites that contain 
widespread and abundant graphite a nd graphitic 
metasedimentary enclaves. Tin mineralisation is minor 
(mainly in the Stanhills-Mount Cassiterite area) and 
consists o f irregular seams or shoots in dyke-like zones of 
greisen (Warnick 1985). The presence of S-type felsic 
igneous rocks that are fractionated in some cases, reduced 
to strongly reduced, with medium to very high K20 and 
elevated tin values, are all favourable to the formation of a 
range of tin deposit styles. K-Ar dating of sericite in granite 
samples from the Croydon Goldfield and two greisen 
samples from the Mount Cassiterite Tinfield provide 
evidence of apparent early and late Palaeozoic ages. The 
ages are interpreted either as a Carboniferous-Permian 
thermal event superimposed on earlier Precambrian 
alteration and mineralisation (both go ld and tin), or 
possibly as Carboniferous-Permian alteration with gold 
mineralisation (Henderson I 989). 

Altered zones associated with the Awring Granodiorite 
(Permian, l-type, unfractionated and reduced) have been 
explored for possible porphyry copper mineralisation. 
Although high copper, silver and tungsten grades have been 
intersected in drilling at the A wring Prospect, there appears 
to be only limited potential for a low-grade disseminated 
porphyry style deposit. 

Thalanga Province 
The Cambrian-Ordovician Balcooma Metavolcanics are 
a prime target for vo lcanic-hosted massive sulphide 
deposits and host deposits such as Balcooma, Dry River 
South and Surveyor One. The unit consists of rhyolitic 
metavolcanics (volcaniclastics and possibly lava), 
metasediments and minor mafic volcaniclastics and lavas. 
This bimodal but predominantly fels ic volcanism, and a 
depositional environment interpreted as being marine (but 
possibly subaerial), is a favourable setting for the formation 
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of volcanic-hosted massive sulphide (VHMS) style base
metal deposits. The Eland Metavolcanics (Lucky Creek 
Metamorphic Group) may also have potential forVHMS
style deposits; however, these volcanics have mafic to 
intermediate rather than felsic compositions. Marine mafic 
vo lcanics and chert horizons within the Eland 
Metavolcanics suggest that Besshi- and Cyprus-style 
massive sulphide deposits could be pre~ent. 

There is some marble in the Eland Metavolcanics and 
Lugano Metamorphics (Lucky Creek Metamorphic 
Group) and limestone in younger overlying units such as 
the Blue Rock Creek beds and Conjuboy Formation. The 
thjckness and extent of these carbonate units will be a 
limiting factor in hosting significant mineralisation, but 
they could contain carbonate-hosted lead-zinc deposits. 
A variety of skarn and replacement deposits is possible in 
the Lucky Creek Metamorphic Group, proximal to 
intrusives such as the Cockie Spring and Dido Tonalites. 
Some of these units also contain appropriate lithologies 
and the right setting for sandstone-hosted lead-zinc 
deposits. The suspected fluviatile depositional environment 
of the Conjuboy Formation could be conducive to 
sandstone-hosted uranium mineralisation, though the unit 
is not known to be carbonaceous. 

Pama Province 
Although the mesothermal quartz-gold-base metal 
sulphide vein deposits of the Etheridge Goldfield (referred 
to as plutonic veins by Morrison 1988) are hosted mainly 
by Proterozoic granites, Bain ( 1985, 1987) has reported 
Silurian-Devonian ages (398-426 Ma) for six typical and 
widely spaced deposits. In the suggested model, these 
deposits were genetically linked to fluid circulation 
systems associated with emplacement of the Silurian
Devonian l-type granites (Bain 1985; Bain et al. in press). 

The Silurian-Devonian granites in the Georgetown Region 
are predominantly I-type, felsic to mafic in composition, 
unfractionated and variably reduced to oxidised, with low 
to high K20 contents. They intrude the lowermost and 
eastern parts of the Etheridge Group, Robertson River 
Subgroup, Balcooma M~tavolcanics and, in the northern 
parts of the Georgetown Region, they intrude the 
Dargalong Metamorphic Group and McDevitt 
Metamorphics. Because the granites are essentially 
unfractionated and associated w ith few mineral 
occurrences (with the exception of the Etheridge 
Goldfield) that are of distinctly hydrothermal origin 
(Champion & Mackenzie 1994), their mineral potential 
appears to be limited. 

Kennedy Province 
Carboniferous-Permian extrusive and intrusive rocks of 
the Kennedy Province have been responsible for a diverse 
group of mineral deposit types in the Georgetown region. 
These rocks are predominantly I-type and A-type, felsic 
through to mafic in composition, oxidised to reduced, and 
variably fractionated. 

Most of the tin production has come from the northern 
part ofthe Georgetown Region in the Angor, Lancewood
Mount Surprise and Truxillo areas. Tin was recovered from 
alluvials derived from vein and greisen deposits that are 
confined to fractionated and reduced I-type 
Carboniferous-Permian granites, in particular, or the 
adjacent metasediments (Champion & Mackenzie 1994). 
Tungsten mineralisation in the region is minor, but its 
distribution corresponds broadly with that of tin. The 
virtual absence of tin and tungsten occurrences in the 
central and southern parts of the Georgetown Region 
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appears to reflect a fundamental change to more highly 
oxidjsed magmas. 

Porphyry type copper-molybdenum deposits have been 
recognised in the Georgetown Region and are presumably 
related to intrusives belonging to the Kennedy Province. 
These deposits appear to be associated with 
Carboniferous- Permian, 1-type felsic magmas that are 
oxidised and variably fractionated. Examples are Phyllis 
May and Mount Turner, though neither are economic at 
present. Low fracture densities and a general lack of 
pervasive alteration suggest low prospectivity in the region 
for this type of deposit (Bain et al. 1990). Morrison et al. 
(l996a) have recently described the Kidston breccia pipe 
gold deposit (Figures 15.3, 15.4 and Plate 15.1) as a zoned 
polymetallic porphyry system with a molybdenum core. 
This sub-economic, stockwork molybdenum 
mineralisation has been overprinted by the main gold 
mineralising event and suggests a close linkage to porphyry 
copper- molybdenum deposits. Kidston is clearly related 
to Carboniferous ! -type felsic intrusives that are 
fractionated, oxidised and have high K20 contents, and 
has formed at the intersection of extensions to the northeast 
trending Gilberton Fault and northwest trending fractures . 
Recent dating suggests that the mineralising event at 
K.idston took place at -330 Ma (Perlcins & Kennedy in 
press) . Vein and possible porphyry-related gold 
mineralisation is associated with high-level felsic 
Carboniferous-Permian intrusives in the Dagworth area 
north of Georgetown (Barker et al. 1996b ). 

There are numerous small uranium ± molybdenum and 
fluorine occurrences in the Georgetown Region, but most 
are insignificant and only the Maureen deposit contains 
in excess of 1000 tonnes uranium (Plate 15.3). The grades 
and tonnages for Maureen are too low to exploit, 
particularly as much larger and/or higher-grade uranium 
deposits exist elsewhere in Australia. Uranium 
mineralisation in the Georgetown Region is spatially and 
probably genetically related to Carboniferous-Permian 
felsic volcanics and associated intrusives that are either 
A-type or 1-type, oxidised and generally unfractionated 
(Champion & Mackenzie 1994). Bain ( 1977) considered 
the mineralisation to be of hydrothermal origin. Although 
there may be potential for further deposits similar to 
Maureen, they are unlikely to rival the tonnage and grades 
of other uranium deposit styles developed in other parts 
of Australia. The association of molybdenum and fluorine 
in many of these occurrences, and the presence of A-type 
Carboniferous-Permian felsic magmas in the northern part 
of the Georgetown Region may also indicate an 
unrecognised potential for Climax-style molybdenum 
deposits. 

The epithermal gold potential of the Georgetown Region 
has received little attention, even though there are extensive 
Carboniferous- Permian subaerial volcanic and vo!Gano
sedimentary rocks associated with cogenetic high-level 
intrusives in the northern part of the region. If deposits of 
this style exist (the Anastasia prospect on the Lyndbrook 
I: l 00 000 sheet is thought to be of epithermal origin), they 
are most likely to be found associated with oxidised I
type magmas and will be preserved in areas that have 
undergone little erosion. 

It is worth noting that the O'Briens Creek topaz field, 
which has yielded some of Australia's highest quality topaz, 
occurs to the northwest of Mount Surprise. The topaz has 
been recovered from Cainozoic alluvial gravels derived 
from pegmatite and greisen in Carboniferous granite (Bain 
& Withnall 1980). Alluvial diamonds of unknown age have 
also been found in the same area since 1975 (Bain & 
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Withnall !9RO), but their origin is uncertain and the 
primary source appears to have been distant. 

Cainozoic Volcanics 
Basaltic flows belonging to the Miocene to Recent 
McBride and Chudleigh Subprovinces occur in the east 
and southeast of the region. These flows are suspected to 
be the source or minor sapphire occurrences in basaltic 
soils denved from these subprovinces (Stephenson et al. 
1980). Minor peridot (oli\ine) is also worked. 

534 

Coen Region 
Iron Range Province 
The Iron Range Province is essentially defined by the 
discontinuous outcrop of the Sefton Mctamorphics. This 
unit is host to residual iron-manganese cappings over 
steeply-dipping. stratabound lenses of banded iron 
formation in the Larrads Hill and Iron Range areas. These 
d!!posits were investigated by Bf lP between 1957 and 1962. 
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·---but-represent-a-sma~l; -low-grade-resource-(an· indicated·- · ·geld··has-been -deri.ved .. fi:em-these.deposits.and.occurs .. in. 
resource ·of about I Mt grading 54-62% iron and Recent alluvium and in Mesozoic palaeoplacers (deep 
manganese) and are too isolated to be of economic leads). Drilling has indicated the presence of buried 
significance. Gold is associated with this iron formation intrusions of unknown age in the Iron Range Province near 
locally as stratabound mineralisation, disc9rdant sulphide Bolt Head, suggesting that limestone in the area could host 
breccias and quartz-sulphide veins suggesting that there gold-bearing, tin, tungsten and/or base-metal skams. 
is a high potential for small gold deposits. 

The Sefton Metamorphics also contain a greenstone belt 
that was found to have high copper values and was 
considered by Consolidated Mining Industries in 1969 to 
be a possible ultramafic, on the basis of high chromium 
and magnetite content and the occurrence of silicified 
asbestos veinlets. The existence of this greenstone belt, 
iron formation and manganese-rich rocks suggests that 
VHMS deposits could be present (Denaro & Ewers 1995). 

Limestone is a minor constituent of the Sefton 
Metamorphics. It crops out at Bolt Head in the Temple 
Bay area, where there is a low resource potential for small 
high-calcium limestone deposits. 

Savannah Province 
This province includes the Coen, Holroyd and Edward 
River Metamorphic Groups. Sediment-hosted lead-zinc 
deposits have been a recent target for company exploration 
in the Strathburn Formation and Gorge Quartzite (Holroyd 
Group). Although the Bustard prospect and base-metal 
anomalies are known from the area and carbonaceous and 
sulphide-bearing shale and schist have been identified, no 
deposits of economic significance have been located, 
suggesting that the potential for these deposits is low. The 
Carew Greenstone (Holroyd Group) is a sill-like, 500-
1000 m metabasaltlmetadolerite body within the Astrea 
Formation, which could have some potential for VHMS 
style deposits. 

Etheridge Province (Yambo 
Subprovince) 
The Yambo Subprovince consists of the Yambo and 
Newberry Groups. Apart from minor copper and nickel 
mineralisation associated with an altered ultramafic at the 
Copper Prospect, there is little indication of any 
mineralisation related to Precambrian sedimentation and 
igneous activity. However, the Yambo Subprovince may 
have potential for a variety of base-metal deposits similar 
to those at Mount !sa and Broken Hill, if correlations on 
the basis of age can be made with these more heavily 
mineralised regions. 

Pama Province 
The northernmost part of this province consists of the 
Silurian-Devon ian Cape York Peninsula Batholith, which 
is dominantly (80%) S-type, non-magnetic and was 
emplaced between 400 and 407 Ma. This period of igneous 
activity has affected the Precambrian rocks in the Iron 
Range and Savannah Provinces and the Yambo 
Subprovince, leading to the development of structurally
controlled mesothermal gold ±antimony-quartz veins and 
possibly skams. The S-type granites are regarded as later 
than the 1-types (Mackenzie & Knutson 1992) and 
mineralisation occurs in both S-types and l-types indicating 
that tbe gold is likely to be related to mid Palaeozoic 
deformation and/or to late Palaeozoic S-type magmatism. 

The Iron Range Province contains small mesothermal gold 
deposits in sheared and altered Kintore Granite at the 
Wenlock Goldfield. The potential for further small deposits 
of this type in the same area appears to be high. Alluvial 

The Savannah Province contains numerous examples of 
structurally-controlled mesothermal gold--quartz veins 
associ!}ted with igneous rocks of the Pama Province. These 
include known deposits along and adjacent to the Coen 
Shear Zone, in the Blue Mountains area, along the 
Ebagoola Shear Zone and in the Potallah Creek and Alice 
River Goldfields. The largest deposit was the Great 
Northern mine near Coen, which produced more than 2 
tonnes gold. Nearly all of the deposits were small, however, 
with the veins and overall alignment of deposits reflecting 
the north to north-northwest trends of the regional 
structures. The deposits consist either of simple or 
compound quartz reefs in shear zones within the Silurian
Devon ian granites or at their contact with the older 
sedimentary sequences. Although grades were high 
because of the hand-picked nature of the ore, the vein 
systems are discontinuous along strike and the potential 
would be for further small deposits, rather than large
tonnage deposits capable of supporting open pit mining 
operations. As well as those major structures known to be 
mineralised, similar deposits could occur, under alluvial 
cover, along a probable north-northwest extension to the 
Coen Shear Zone to join with the Archer River Shear Zone, 
and along the Lukin River, Lindalong and Lucy Swamp 
Shear Zones in the Savannah Province. Gold mineralisation 
is associated with calc-silicate lenses in the Coen 
Metamorphics immediately south of Coen, suggesting 
some potential for small gold-bearing skarn deposits. 

Mesothermal gold-quartz veins are also known from the 
Yambo Subprovince at Hayes Creek, Mullumbidgee, Leo 
Creek, Rocky River and KJondyke and from several areas 
further to the south. Comment on the character of these 
small deposits and occurrences, their regional setting and 
the potential for further deposits of this type associated 
with Pama Province magmatism is similar to that outlined 
above for the Savannah Province. Antimony-bearing quartz 
lodes (associated with gold) also occur in faults and shear 
zones along sediment-granite contacts in the Dickies 
Creek area, but antimony grades are low and such deposits 
are likely to be small. 

Pascoe River Basin 
The presence of coal has been known from outcrop and 
drilling in the Pascoe River bed for at least 30 years, but 
the coal is regarded as uneconomic. The seams are 
generally thin (<150 mm), disrupted by shearing, steeply 
dipping, and uniformly of poor quality. 

Kennedy Province 
The impact on mineral potential of Carboniferous-Permian 
volcanic and intrusive rocks belonging to the Kennedy 
Province is most strongly exhibited in the northern parts 
of the Coen Region, where these rocks are extensive. 

In the Iron Range Province, intrusion-hosted gold-base 
metal sulphide-quartz veins and stockworks are 
structurally-controlled and associated with the Early 
Permian Weymouth Granite in the Scrubby and Packers 
Creek areas. The Wigan and Wolverton Adamellites and 
the Weymouth Granite intrude and are probably coeval 
with volcanic rocks (Janet Ranges, Kangaroo and Cape 
Grenville Volcanics) in the province and probably have 
further potential for similar small gold deposits. This high-
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level igneous environment appears to have been only 
partially unroofed by erosion and therefore should be 
prospective for epithermal gold mineralisation. Whole
rock oxygen isotope data, stream sediment geochemistry 
and limited company exploration near Temple Bay, in 
particular, suggest that this area could have high potential 
and that the Mount Carter-Jacks Knob area could also be 
prospective (Ewers et al. 1995). 

The Carboniferous-Permian 1-type granites of the 
Weymouth Supersuite are spatially related to alluvial placer 
tin deposits at the Stony Point Tin field, in the headwaters 
of the Tin, Densley and Sandy Creeks, and in the Granite 
and Wet Creek areas near Archer River to the north of 
Coen in the Iron Range Province. The resource potential 
for further small alluvial tin deposits remains high in the 
Granite and Wet Creek areas. However, the potential for 
small tin vein and porphyry deposits from which these 
alluvial concentrations have been derived appears to be 
relatively low. Geochemical analyses for the Weymouth 
Supersuite indicate that, although the intrusives are high
level and only partially unroofed, they are not sufficiently 
fractionated and specialised to develop economic tin 
deposits (Knutson et al. 1994). Wolframit~uartz veins 
occur in the Bowden Mineral Field near the Pascoe River 
in the Sefton Metamorphics adjacent to a contact with the 
Weymouth Granite. Although the tungsten deposits are 
small and much of the area is covered by Mesozoic 
sandstone and conglomerate, the distribution of the Sefton 
Metamorphics and the subsurface extent of the granites 
(as indicated by aeromagnetics) suggest a moderate 
potential for small tungsten-vein deposits (Denaro & Ewers 
1995). 

ln the Savannah Province, porphyritic rhyolite to rhyodacite 
plugs and dykes of probable Carboniferous-Pem1ian age 
extend from the Mount Croll area near Coen to Spion Kop 
further south. These felsic intrusives are minor, but they 
are commonly associated with mesothermal gold-quartz 
vein, stockwork and breccia deposits within the Silurian
Devon ian granites or at the contact with the older 
sedimentary sequences along the Coen and Ebagoola Shear 
Zones. The felsic intrusives appear to have caused some 
remobilisation of gold within these deposits, although 
Morrison ( 1988) considered that the plugs and dykes rather 
than the Silurian-Devonian granites were the source of 
the gold. The small areal extent of the rhyolite plugs at 
Mount Croll and Spion Kop and narrowness of the dykes 
elsewhere suggests that, if they were a source of gold, they 
are unlikely to have produced sizeable gold deposits. 
Weakly mineralised tungsten skarn deposits in the Holroyd 
Metamorphic Group in the Yoohoo Creek area appear to 
be related to the Permian Wolverton Adamellite rather than 
the Silurian-Devonian Kintore Granite. The Australia and 
New Zealand Exploration Company concluded that 
metasomatism is too restricted for the widespread 
development of calc-silicate skarns and that the 
mineralisation is nowhere present in significant 
concentrations (Willett 1979). 

Alluvial gold placer deposits are associated with some 
mesothermal gold deposits, particularly in the Coen, 
Ebagoola, Hayes Creek, Whites Creek, Skae Creek and 
Leo Creek areas (Savannah Province) and the Palmer River 
area (Yambo Subprovince). Although the Palmer River has 
been the most productive of these areas, extensive mining 
over a sustained period has probably downgraded its 
potential. 

Apart from alluvial gold deposits, the Mesozoic to 
Cainozoic units in the Coen Region have some potential 
for silica sand, shoreline placer and alluvial placer heavy 
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mineral deposits. Silica sand dunes occur along the western 
shore of Lloyd Bay arid in the Cape Direction area of the 
Iron Range Province, and beach ridges near the mouth of 
the Lockhart River and in the Cape Direction area also 
have a low resource potential for shoreline placer heavy 
mineral deposits. In the Yambo Subprovince, small 
shoreline placer heavy mineral deposits have been 
investigated in Holocene to Pleistocene beach ridges along 
the coastline from First Red Rocky Point, south around 
Princess Charlotte Bay, to Bathurst Head. There are also 
Pleistocene fossil beach ridge systems up to 3 km wide 
and 100m above sea level, inland from Cape Sidmouth 
and the mouth of the Rocky River, with high resource 
potential for small to medium-size heavy mineral deposits. 
Small alluvial placer heavy mineral deposits could occur 
in the Yambo Subprovince in streams and rivers draining 
high-grade metamorphic and igneous rocks to the west. 
However, company exploration in these areas suggests that 
the resource potential is low, and a similar assessment could 
be made of possible alluvial heavy mineral deposits along 
the Palmer River, Alice River and its tributaries in the 
Savannah Province. 

Torres Strait Region 
The mineral potential of the Torres Strait Region (Denaro 
& Ewers 1995) is related substantially to the Kennedy 
Province Carboniferous-Permian igneous activity, which 
consists of a suite of rhyolitic to andesitic volcanics (Torres 
Strait Volcanics) and comagmatic or slightly younger 
granite intrusives. 

The Prince of Wales Group ofislands has a high resource 
potential for small porphyry-hosted gold veins. Horn, 
Possession, Hammond, Goods, Prince of Wales and 
Thursday lslands contain gold-base-metal sulphide quartz 
veins and stockworks in welded tuff and porphyritic 
granite. The now abandoned Hom Island gold mine was 
the largest of these deposits to be worked. Alluvial and 
eluvial gold have been mined in the Hom Island Goldfield 
and on Goods Island. The high-level volcanic environment, 
presence of extensive alteration zones and chalcedonic 
quartz veins also suggest that there could be potential for 
epithermal gold mineralisation in the Prince of Wales 
Group oflslands. 

The Badu Granite and associated volcanics on Moa and. 
Badu Islands could represent a suitable geological 
environment for porphyry-hosted gold veins and 
epithermal gold, but there is no known gold mineralisation 
in this area and the rocks lack the fracture systems and 
alteration evident in the Prince ofWales Group of islands. 

Minor copper mineralisation has been reported from the 
Prince of Wales Group of islands and the adjacent 
mainland. Between 1966 and 1970, CRA Exploration and 
Noranda Australia investigated this area for its porphyry 
copper potential. The results indicated that although base 
metal mineralisation is associated with alteration zones, 
and the area is geologically permissive for porphyry copper 
deposits, mineralisation is restricted in its extent and there 
is little potential for economic deposits. A similar 
assessment could be made for the Moa and Badu Islands, 
even though copper occurrences have been identified. 

The main potential for tin mineralisation lies in the 
Punsand Bay and Laradeenya Creek areas, where 
cassiterite-bearing quartz veins, lodes and vein stock works 
are associated with late Carboniferous, fine-grained 
intrusive porphyry stocks, plugs and dykes within or 
immediately underlying acid volcanics. Although rocks 
in the mineralised areas have been mapped as acid 
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- volcanics "belon·gin-g·to""the ·Endeavour··Strait··Ignimbrite;-
Taylor ( 1969) suspected that the primary tin was associated 
with the intrusive phases. All of these occurrences are 
minor and deposits have insufficient tonnage or grade to 
support even a moderate-size mining operation. The 
potential appears to be mainly for similar small deposits. 
Tin shed from primary deposits has given rise to small 
alluvial, eluvial and beach shoreline deposits. 

Minor cassiterite is known to occur on Hom, Moa and 
Badu Islands. However, there are inadequate whole-rock -
geochemical data to assess whether the granites on these 
islands to the immediate north of Cape York are sufficiently 
fractionated and reduced to be associated with tin 
mineralisation. 

Tungsten-bearing quartz vein deposits occur in the Badu 
Granite and the homfelsed contact with the Torres Strait 
Volcanics at three main localities on Moa Island. Tungsten 
has also been mined on nearby Portlock Island and 
occurrences are known from Badu and North Possession 
Islands. Tungsten grades are low and the resource potential 
appears to be restricted to deposits that will support only 
small-scale mining operations. 

Charters Towers Region 
Cape River Province 
The Cape River Metamorphics in the western part of the 
Charters Towers Region, the Running River and Argentine 
Metamorphics in the northeast, and the Charters Towers 
Metamorphics, are thought to be Precambrian and have 
been consigned to the Cape River Province. The Cape River 
Metamorphics were probably deposited in a shallow 
marine environment. However, the depositional 
environments for most of these units are uncertain because 
of the subsequent metamorphism and deformation, and 
the characteristics of igneous intrusives such as the 
Mesoproterozoic Fat Hen Creek Complex (including the 
Gorge Creek Suite), the Reedy Springs Batholith (Pama 
Province) and the Mundie Suite (Kennedy Province) are 
poorly defined, thereby limiting any analysis of the deposit 
styles likely to occur in the province. None of these units 
are known to host mineral deposits of significance, even 
though they have been affected to varying degrees by 
igneous activity throughout the Palaeozoic. 

Both the Cape River Metamorphics and the lower-grade 
part of the Argentine Metamorphics contain only minor 
impure marble layers locally and are therefore unlikely to 
contain economic carbonate-hosted base metal 
mineral isation or to develop skarn and replacement 
deposits adjacent to intrusives. The presence of marine 
tholeiitic basalts and chert in the Argentine Metamorphics 
indicate that Cyprus- or Besshi-type massive sulphide 
deposits could occur and the description of rare, possible 
felsic metavolcanics (Withnall & McLennan 1991) suggest 
that VHMS deposits may also be present. The Running 
River Metamorphics contain similar tholeiitic basalts that 
could be associated with Cyprus- or Besshi-type massive 
sulphide deposits. 

The existence of other deposit styles in the Cape River 
Province will be dependent mainly on the characteristics 
of the intrusives and their emplacement into favourable 
structural settings. In general terms, tin mineralisation is 
likely to be associated with S-type and 1-type magmas that 
are fractionated and reduced, copper± gold is associated 
with magnetite- and/or sphene-bearing, fractionated, 
oxidised, intermediate, l-type suites and molybdenum is 
associated with similar granites that are even more oxidised 

and-fractionated-(Bievin-&-Ghappeii-1992}-Aithough-felsie
to intermediate igneous rocks with some of these 
characteristics (either in combination or individually) are 
present, the scarcity of known mineral occurrences 
throughout the Cape River Province suggests that 
intrusives (particularly those belonging to the Pama 
Province) are not sufficiently specialised to give rise to 
ore-element associations and that the province is therefore 
not very prospective for these deposit styles. 

Thalanga Province 
The Thalanga Province consists of the Late Cambrian to 
early Ordovician sedimentary rocks and felsic to 
intermediate volcanics of the Seventy Mile Range Group 
and Kirk River Beds. It includes Late Cambrian to early 
Ordovician and middle Ordovician 1-type granites in the 
Ravenswood Batholith and adjacent to the Lolworth 
Batholith. The Seventy Mile Range Group is host to a 
number of VHMS deposits (e.g. Thalanga, Liontown, 
Highway, Waterloo, Reward and Magpie), which occur 
within the constituent Trooper Creek Formation and Mt 
Windsor Volcanics. Both the deep water marine, volcanic
arc depositional environment of the Seventy Mile Range 
Group and the range of lithologies present (particularly 
felsic to intermediate volcanics) are favourable to the 
formation of such deposits. The scarcity of mafic volcanics 
in the sequence suggests that Besshi- and Cyprus-style 
massive sulphide deposits are unlikely to have been 
developed. Felsic volcanics within the sequence and 
granites belonging to the Ravenswood Batholith are 
generally oxidised and unfractionated 1-types that are 
unlikely to generate tin mineralisation. However, 
mesothermal gold-quartz veins hosted by 
metasedimentary rocks in the Puddler Creek Formation 
are believed to post-date the early Ordovician (Hutton et 
aL 1993) and may be related to later intrusive phases of 
the Ravenswood Batholith. 

Pama Province 
This province is characterised by the extensive intrusion 
during the Silurian-Devonian of granites belonging to the 
Ravenswood, Lolworth and Reedy Springs Batholiths. The 
most important deposits associated with this phase of 
igneous activity are the mesothermal gold-quartz veins 
around Charters Towers, with production principally from 
the Brilliant and Day Dawn Reefs. The mineralisation is 
related to the Ravenswood Batholith and is known to post
date the Millchester Creek Tonalite dated at 425 Ma 
(Hutton & Crouch 1993a). Hydrothermal muscovite in 
alteration associated with the mineralised veins has yielded 
K-Ar dates of 397-416 Ma (Morrison 1988) and Carr et 
aL ( 1988) have obtained a lead-isotope model age of 400 
Ma for the Charters Towers mineralisation. Other 
magmatic-related mineralisation styles involving 
commodities such as tin, copper and molybdenum are 
notably absent from this period, presumably because the 
felsic intrusives were mainly either unfractionated or 
lacked the combination of essential characteristics 
described by Slevin & Chappell (I 992) necessary to 
generate granite-related ore deposits. The Reedy Springs 
Batholith is dominated by oxidised, medium-K, weakly 
fractionated silicic and peraluminous granodiorite and is 
poorly mineralised (Lam 1996). 

Burdekin Basin 
This Early Devonian to early Carboniferous intracratonic 
basin in the central part of the Charters Towers Region 
consists of a thick sequence of clastic, volcanic and minor 
carbonate sedimentary rocks and intermediate to felsic 
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volcanic~ belong1ng to the <llcnrock, Keelbottom. 
Dots\\ood and Fanning Rl\cr Group~ . On the busi" of 
favourable depositional em tronments tn the basin 1 i.e. 
continental to marginal marine. allu\ ial plain. lake and 
coastnl plain sedimentation) nod appropnate lithologie~. 
th~:se untts should have the potential to host a \·anety of 
sediment-hosted base-metal dcposib. Sandstone-hosted 
and sediment-hosted lead- zinc appear to be most likely. 
Carbonate-hosted lead -zinc dcpo~ib arc also possible in 
the Keelbottom and fanning River Group~ \\here thick 
carbonate sequence..; could ha\c developed in shallow 
\\3ler marine environment!.. Sedimcnt-ho~red copper 
deposib could occur in the Dob\\OOd Group. which was 
depo~itcd in a continental to shallow marine em ironment. 
probabl) close to the palaeo-equator. and contains redbed., 
in the stratigraphy. Sandstone-ho~ted uranium deposits also 
may ha'e de\eloped tn area~ of llu\liatile or lacustrine 
sedimentation in the Burdekin Basm. although there 
appears to be little carbonaccou!'. materia l ~present 
throughout the sequence (with the possible exception of 
the Vanneck Formation in the Dotswood Group) to act as 
a reductant. Calcareous sedimentary rocks are well 
represented m tbe Fanning R 1vcr Group around the margins 
of the Burdcktn Basin and could present a suitable 
en\ ironment for the development of Carlin-type gold 
depo~its. 

The Ben Lomond u.rantum molybdenum deposit occurs 
in a complex system of subparallel. steeply dipping veins 
and fractu res associated with a shear zone in the Saint 
James Vo lcanics (Battey et a l. 1987) . This early 
Carboniferous unit is a rhyolitic wlf in the vicinity of the 
depos1t and is considered to be part of the Glenrock Group, 
though it could also be regarded as part of the Kennedy 
Pro\ince. 

Kennedy Province 
(arb<>mferous-Perm1an 1gneous activity associated with 
the Kennedy Province 1s concentrated in the eastern part 
of the ( harters TO\vers Region. It has been responstble for 
the Mt Leyshon, Mt Wright and Mt Success depos1h. 
which Morrison & Beams ( 1995) de:.cribe as subvolcanic 
porphyry-related breccia pipe gold deposits (Figure 15.5). 
\ d1~tinct1ve feature of a number of these major low-grade 
polymetallic gold deposits is that the) are superimposed 
on sub-economic. poorly dc\cloped porphyry copper 
molybdenum mmcrahsation. The Ravenswood and Far 
Fanning gold depos1ts consist of gold-quartz-sulphide 
,·eins hosted b:y Early to .'vtiddle Devonian granites and 
gold-quartz vcms in a major shear zone in Late De\'onian 
sandstone and siltstone. respecti\'cly. These deposits are 
known to be associated With this period of 1gneous acti\ ity, 
even though they are not spatially related to Carboniferou~ 
Pcrm1an intrusives. Recent .\r Ar and Sl iRIJvtP L- Pb 
geochronology (Perkins & Kennedy m press) has indicated 
thut the period ofmmeraltsing actint) spanned atleast-lO 
Ma. with the Buck Reef at Ravenswood formed at 
-330 Ma. Mt Wnght and quartz - sulphide veins at 
Ravenswood emplaced at-310-305 ~1a and \1l Lcyshon 
formed at -290 \ 1a 

Carboniferou~ Permian I!T1Initcs tntrudc the Keelbottom 
and Glenrock Groups and Ell em ale Beds. and have 
mtruded Carboniferous volcanics such as the Owcenee 
Rhyolite. Samt Giles Volcanics. Paluma Rhyolite and 
Watershed 'Jorth Rhyohte In the C\\an area. the Kallanda 
Gmn1te, whtch IS a reduced. fmcllonatcd to unfractionated. 
!-type granite with high K O. could ha\c potential for ttn 
minerali-.auon- pamcularly skarn deposits. where large 
marble lenses in a belt of Silurian Pcrr) Creek Format1on 
han: been intruded <;karn mmcrallsauon could also be 
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Figure I 5.5. Brc!ccia frllnl the ,\1t Wright porphyry-r<!latcd 
hrecc1a pipe ~old deposit. The hrcccn• fragments an~ dominantl)o 
gmnttc with ~ubordinate antle~th~ cJa,h. 

a~soc1atcd \\ith lime~tone in the Keelbottom Group 
adjacent to intrud1ng Carboniferous-Permian 
microgrannes. 

New England Fold Belt 
The eastern margin of the Charters To\\ ers Region mcludes 
a portion of the Nc\\ England Province. '' hich 
encompasses the Early Permian Julago Volcamcs. The umt 
cons1sts of basal sedimentary units and andesitic to 
rhyol itic lavas and volcaniclastic rocks. It hus been intruded 
b} the Mt Storrh Granite dunng the Pernuan The volcan1c 
rocks arc poorly charactcnsed but may have potential for 
a range of commoditie~. The mdicated 1-type and A-type 
characteristics of the 11.1t Storch Gr.mite and the obsen.ation 
that 1t is o:-.idised and posstbly fractionated ;,Uggests that 
there may be potential for porph)' ry type copper
molybdenum ±gold depo-.ih. 

Cainozoic Volcanics and Sediments 
The 'Vf mgela. 'Julla and Sturgeon Subpro\ mces fall\\ 1thm 
the Charters Towers Region and arc composed of arcally 
extensive basaltic flow~. Sapphires ha\c not been found 
m basalt1c soils associated wllh these subpronnces 
IIO\\C\cr. s1milar volcanics in the Cairns. Clarke River and 
Georgetown Reg•ons have been a ~ourcc of minor 
sapphires (Stephenson ct al. 19H0l. 

The Campa~pe and Southern Cross Formations ''"ere 
deposited in continental tlu\ in11k to lacu~trine 

em ironments that could be considered as a favourable 
setting for sandstone-ho~ted unuuum deposns. However. 
the absence of carbonaceous material that could act as a 
reductant for uranium and the presence or deep \veathenng 
suggest that such depos1ts arc unlikely to form or be 
prcsencd. 

Cairns Region 
Deposit styles hkcl} to be pre~ent in the Cairns Region 
arc c~sentiallY tho~e that rnav be a"ociated with the 
'olcano-sect'imentary ~cqu-ence dcp~hlted in the 
Hodgkmson Province. or related to Carboniferou~
Pcrnlian mtruSJ\ e and extrusi\ e igneous acti\ ity associated 
\\ ith the Kenned} Pro\ mcc and its intemction with the 
host sed1mentar: sequence. 

The Harnard Pro' incl.' is a mmor component of the region. 
formmg a poorly exposed .. mp C\tendmg from Catrns to 
the south of lnnisfail. The range of lithologie~ m the 
ntl'tascdimentar: sequence and the presence of intrusl\ e' 
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- - in·the·province-are·conducive·to·the·formation·ofa·variety -
of deposit styles covering commodities such as gold, base 
metals and tin. However, its mineral potential is difficult 
to assess as the depositional environment of the now highly 
deformed sequence is unknown and the evolution of the 
Barnard Metamorphics is poorly understood (uplifted 
basement or exotic terrane). The province also contains 
few known mineral occurrences. 

Hodgkinson Province 
The Hodgkinson Formation is the most extensive unit in 
the province and is known to host massive sulphide 
deposits such as Diam1e, Mount Molloy and OK. These 
deposits are related to tholeiitic basalts, which were 
deposited within the sequence in a marine environment 
and are associated commonly with regionally extensive 
chert horizons. Some deposits are distal to the mafic 
volcanics and have marked similarities to Besshi or 
Kieslager-type deposits (Gregory, Taylor & White 1980). 
Gold has also been found in chert/quartzite beds associated 
with mafic volcanic flows in the Hodgkinson Formation, 
but grades are generally low and economic deposits have 
not been identified. 

Gold production in the province has been largely from 
syntectonic and synmetamorphic gold-quartz and gold
antimony- quartz veins in the Silurian-Devonian 
Hodgkinson Formation or from alluvial placers derived 
from these deposits. The gold-antimony-quartz veins 
occur in separate and crosscutting domains to the gold
quartz veins, suggesting that the gold- antimony 
association is later (de Keyser & Lucas 1968; Peters et al. 
1990). These vein systems are not spatially related to 
Carboniferous-Permian intrusions, although a late 
Carboniferous K-Ar age for muscovite alteration from 
veins in the Hodgkinson Goldfield (Morrison 1988) 
suggests a possible genetic link with magmatism. The 
mineralisation occurs in rich ore shoots of limited extent 
(Peters et al. 1990), but exploration to date has not 
identified large-tonnage, low-grade deposits centred on 
these veins systems that could be exploited. Alluvial and 
eluvial gold shed from the vein deposits has been mined 
in many areas - most notably from the Palmer, West 
Normanby and Starcke No. I and No. 2 Goldfields. 

On the basis of similarities in lithology and depositional 
environment, the Chillagoe Formation could have potential 
for the styles of mineralisation recognised above in the 
Hodgkinson Formation. However, the Chillagoe Formation 
is not as extensive in area, has a higher proportion of 
limestone, and was deposited, at least in part, under 
shallow-water marine conditions. The deposition of thick 
carbonate sequences in a relatively stable shallow-water 
marine environment would be a favourable site for 
carbonate-hosted lead-zinc mineralisation. 

Although there are a number of small high quality 
limestone bodies within the Hodgkinson Formation (e.g. 
potentially economic deposits at Melody Rocks near Kings 
Plains), most of the potential for large resources of 
limestone (which is recrystallised to marble in the vicinity 
offelsic intrusives) occurs within the Chillagoe Formation 
(e.g. Ootann-Mungana area between the Mitchell and 
Palmer Rivers). Palaeolatitudes at the time the Hodgkinson, 
Chillagoe and Mulgrave Formations were deposited were 
probably between the 40th parallels and would have 
favoured the accumulation of phosphorites in a marine 
envirorunent Phosphate minerals are associated with thinly 
bedded black chert and shale in the Hodgkinson Formation 
in the Starcke River and Barrow Point areas north of 
Cooktown, but these deposits are not economic. 

1-he-l:;ittle-River-Goai-Measures; Mount-Mull igan-·Goai
Measures and Normanby Formation have a restricted 
distribution in outcrop, but these units are all Permian and 
carry thin coal seams. The coal is not economic and bas 
little potential either because the seams are too thin, too 
steeply dipping, of poor quality, or disrupted by shearing 
and faulting. However, the deposition of each of these units 
in fluvial-lacustrine-estuarine envirorunents, the presence 
of carbonaceous material in each unit and their proximity 
to felsic igneous rocks which could be a source of uranium, 
all suggest that potential exists for sandstone-hosted 
uranium deposits. 

Most of the other sedimentary units in the Hodgkinson 
Province (e.g. the Silver Valley Conglomerate, Quadroy 
Conglomerate, Molloy Beds, Mountain Creek 
Conglomerate and Van Dyke Litharenite) also have a 
limited extent and appear unlikely to host significant 
mineral deposits. 

Kennedy Province 
The characteristics ofthe Carboniferous-Permian igneous 
rocks have played a fundamental role in determining the 
distribution of tin, tungsten, copper, gold and base-metal 
mineralisation throughout the Cairns Region. The 
association between tin occurrences and Carboniferous
Permian igneous activity is illustrated in Plate 15.4. Blevin 
& Chappell (I 992) have assessed the ore-element 
associations of granite-related ore deposits in eastern 
Australian Palaeozoic fold belts. In general terms, they 
concluded that tin mineralisation is likely to be associated 
with both S-type and 1-type magmas that are reduced and 
have undergone fractional crystallisation. Copper and gold 
are associated with magnetite- and/or sphene-bearing, 
oxidised, intermediate 1-type suites and molybdenum is 
associated with similar granites that are more fractionated 
and oxidised. Tungsten is associated with a variety of 
granite types and exhibits little dependence on the inferred 
magma redox state. Although granites have predictable 
ore-element associations, not all prospective granites are 
mineralised. Factors such as the timing of the release of a 
magmatic aqueous phase in relation to the degree of 
crystallisation of the pluton (Candela 1989) and the level 
of erosion or exposure of a mineralised system can be 
decisive. 

For tin, the main deposit styles developed in the Cairns 
Region are tin veins and greisens, polymetallic veins (with 
metal zonation and commodities such as tungsten, copper, 
lead, silver, molybdenum and bismuth present, particularly 
in the Herberton Tinfield), and associated alluvial placer 
deposits. The principal producing areas that are most 
heavily mineralised are: 
• the Cooktown Tinfield (which includes the 

Collingwood Prospect), where there are quartz
tourmaline-cassiterite lodes, sheeted veins, and greisen 
associated with Permian granites that are part of the 
Cooktown Supersuite (S-type) and associated alluvial 
placer deposits; 

the Cannibal Creek and Granite Creek area, where there 
are quartz-cassiterite vein and greisen deposits 
associated with Permian granites belonging to the 
Whypalla Supersuite (S-type) and associated alluvial 
placer deposits; and 

• the Herberton Tinfield, where there are vein, greisen, 
pipe and breccia deposits in roof zones of 
Carboniferous- Permian 1-type granites (particularly 
O'Briens Creek Supersuite) and in metasedimentary 
contact rocks and associated deep leads and alluvials. 
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In each area, tin mineralisation is intimately associated 
with granites that are both fractionated and reduced. The 
styles of tin mineralisation that may be developed near 
these intrusives are schematically illustrated in Figure 15.6. 
Fracture systems adjacent to and above the apical portions 
of highly evolved granites represent important targets in 
the future exploration for these tin deposit styles. The most 
prospective areas for further exploration may be where 
suitable granite plutons are either near surface, but not 
exposed or only partially unroofed. There is also potential 
for tin skarns and replacement deposits to be present where 
thick carbonate-rich units (particularly in the Chillagoe 
Formation) lie adjacent to suitable intrusions. 

~ Carbonate units 

D Clastic sediments 

B Sn·baaring granite 

~ 0 

.... ........ .... .... .... .... ............ 1610/247 

Figure 15.6. Schematic cross section showing the relation 
between different style~ of Sn mineralisation and granite 
intrusions (modified from Taylor & Pollard 1990). 

Tungsten mineralisation occurs principally as veins and 
pipes near intrusive contacts, and its distribution broadly 
coincides with tin mineralised areas in the southern part 
of the Cairns Region (Champion & Mackenzie 1994). 
Mount Carbine consists of sheeted quartz- wolframite
scheelite veins in metasediments near a Permian granite, 
whereas Wolfram Camp and Bamford Hill, which carry 
significant molybdenum and bismuth, occur in pipes at 
the contact between greisenised Carboniferous-Permian 
granites and the surrounding metasedimentary rocks. The 
Watershed Prospect in the northern part of the Cairns 
Region is an example of a tungsten skarn in calc-silicate 
rocks adjacent to a Permian granite. Future exploration 
for tungsten vein or skarn mineralisation will focus on 
similar features described above for tin deposits, though 
the characteristics of granites associated with tungsten 
mineralisation are not as well defined. 

The Cairns Region is poorly endowed with porphyry 
copper- molybdenum deposits. This could be explained by 
factors such as differences in the character of the lower 
crust and granite source regions, and the processes that 
occur in magmas during ascent (Bievin & Chappell 1992). 
However, as Mackenzie ( 1987c) has observed, the presence 
of A-type magmas suggest that the region could be 
prospective for Climax-style molybdenum deposits, even 
though mineralisation of this type has not been identified. 
The intrusion of subvolcanic rhyolitic porphyries into 
reactive limestone units of the Chillagoe Formation has 
resulted in gold-base metal, porphyry- skarn and breccia 
mineralisation, with deposits such as Red Dome (Plate 
15 .2), Mungana and King Vol. Recent dating has indicated 
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that the Red Dome and Mungana skarns were formed at 
-320-310 Ma and -310 Ma, respectively (Perkins & 
Kennedy in press). The potential for the Chillagoe 
Formation to host further deposits of this type (including 
tin and tungsten skarns) remains high, and there may also 
be potential for Carlin-type gold deposits. 

The epithermal gold potential of the Cairns Region has 
received little attention, even though there are extensive 
Carboniferous-Permian subaerial volcanic rocks and 
volcano-sedimentary rocks associated with cogenetic high
level intrusives in the southern part of the region. Nethery 
et al. ( 1994) have suggested a telescoping of mineralisation 
styles in the Red Dome/Mungana area, with epithermal 
overprinting. lt has been shown that regional oxygen 
isotope depletion patterns in high-level igneous rocks may 
provide a means to discriminate areas that could be 
prospective for low sulphidation (adularia- sericite type) 
epithermal gold mineralisation (Ewers et al. 1994). 
However, for the Featherbed Cauldron Complex, which 
has been mapped and studied in detail (Mackenzie 1993; 
Mackenzie et al. 1993); exploration activity has not 
identified significant epithermal mineralisation and 
regional oxygen isotope depletion patterns are confined 
largely to the late Carboniferous volcanic rocks in southern 
areas of the complex, particularly along caldera margins 
(Ewers et al. 1995). The interpretation of these depletion 
patterns is that major structures have provided pathways 
for fluid circulation during the waning stages of igneous 
activity, and that if epithermal systems did develop, they 
may have been either obscured by Early Permian volcanism 
or eroded. 

Cainozoic Volcanics 
Cainozoic volcanics in the Atherton, McLean, Piebald, and 
Mcivor River areas appear to have little potential for 
gemstones, though rare sapphires and diamonds have been 
recovered from alluvial tin and gold mining operations. 
Apart from the alluvial and eluvial gold and tin derived 
through weathering of pre-existing mineralisation, the only 
Cainozoic deposit of economic significance is the silica 
sand deposit at Cape Flattery. Smaller silica sand deposits 
and beach ridge systems with potential for shoreline placer 
heavy minerals are distributed along the coast line to the 
north and south of Cape Flattery, but these are presently 
of no economic interest (Denaro & Ewers 1995). 

Clarke River Region 
Cape River Province 
The oldest rocks exposed belong to the Gray Creek 
Complex, which consists mainly of metamorphosed mafic 
and ultramafic rocks. Small pods of chromite have been 
described by Krosch (1990c) and lateritic nickel deposits 
have been recognised at the northern end of the Gray Creek 
Complex. The range oflithologies in the complex and the 
suggestion that it may be ophiolitic indicate that the 
commodities already identified are those most likely to 
be present in economic concentrations. Intrusion of the 
oxidised, 1-type Saddington Tonalite during the Ordovician 
could have resulted in porphyry copper ± gold ± 
molybdenum, porphyry molybdenum and gold deposits, 
but limited whole-rock analyses indicate that it is only 
moderately K-rich and unfractionated. 

Broken River Province 
The potential for further discoveries of structurally
controlled gold and antimony mineralisation in the Broken 
River Province is difficult to evaluate. Significant known 
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-deposits.include.the.Big.Rusb.gold_d~P-Qsi.t_i_tt~~~~t.~e!at~~ . _ material. The Boroston Formation and Harry Creek 
quartz veins in the Mytton Formation (Graveyard Creek "'Forrrtafioilwerel:leposited·in·a·terrestrial-environment-and -
Subprovince), and the Amanda Bel Goldfield in the Camel contain appropriate lithologies for sandstone-hosted 
Creek area, which is confined to shear zones in the uranium mineralisation, but neither unit is carbonaceous. 
Kangaroo Hills Formation (Camel Creek Subprovince). In the 1970s Urangesellchaft (Australia) and Minatome 
Further structurally-control led deposits could be (Australia) carried out extensive exploration programs for 
anticipated, but their location will be a function primarily uranium deposits in the Bundock Creek Group-although 
of the presence or absence of appropriate fault and shear numerous small uranium anomalies were investigated, no 
zones rather than features (such as the depositional economic deposits were identified (Guillebert et al. 1979). 
environment of the host rocks, particular lithologies or 
types of intrusives) that are characteristic of particular ore 
deposit styles. 

Graveyard Creek Subprovince 
The Judea Formation (including the Donaldsons Well 
Volcanic Member) at the base of the Graveyard Creek 
Subprovince is intruded by the Ordovician Netherwood 
and Saddington Tonalites. These oxidised, 1-type intrusives 
may have potential for porphyry copper ± gold ± 
molybdenum, porphyry molybdenum and gold deposits, 
though limited whole-rock analyses indicate that they are 
only moderately K-rich and unfractionated. Submarine 
lavas belonging to the Donaldsons Well Volcanic Member 
could be associated with Cyprus- or Besshi-type massive 
sulphide deposits, but chert horizons normally related to 
these styles of mineralisation have not been recognised 
regionally. The lavas are dominantly basaltic rather than 
felsic to intermediate, so they are unlikely to be prospective 
forVHMS. 

Although the Quinton Formation includes a large limestone 
lens (Magpie Creek Limestone Member) towards the top 
of the unit, the absence of intrusives indicates that skarn 
mineralisation is unlikely to be present. The limestone is 
thought to be allochthonous in a sequence that was 
~-- .-.- =• - ..1 ;_ -- =-·----·- ...1 ,., ___ ·-·-·---·--.:-- -·-· -:-·--·--· 
--........ ............... 0&0 _.. • •• • .., ..... .................... ............ y ........................ ............................. ....... .. . 

It is therefore unlikely that sediment-hosted and carbonate
hosted deposits of lead, zinc, copper, or uranium normally 
associated with a cont in ental to shallow marine 
environment will be present. However, it has been 
suggested that the laterally equivalent Poley Cow 
Formation was deposited in a shallow water environment 
(Withnall & Lang 1993) and therefore could have potential 
for sandstone-hosted lead-zinc deposits. 

The overlying Jack Formation, Shield Creek Formation 
and units of the Wando Yale Subgroup could, on the basis 
of a favourable depositional environment (restricted 
marine/shallow shelf) and appropriate lithologies (which 
include thick carbonate units), contain sandstone-hosted 
and carbonate-hosted lead-zinc mineralisation . The 
Mytton Formation, which is pyritic in places, may host 
similar styles of mineralisation, but the carbonate sequence 
within this unit (Stanley Limestone Member) is only 60 m 
thick. 

The Bundock Creek Group (deposited in the Bundock 
Basin) unconformably overlies the units discussed above 
and has been intruded by the Montgomery Range Igneous 
Complex. The Bulgeri Formation occurs at the base of the 
group and could carry sandstone-hosted lead-zinc and 
uranium mineralisation and sediment-hosted copper 
mineralisation. The unit has the appropriate range of 
lithologies and was deposited in a fluvio-deltaic to 
marginal marine environment that would be conducive to 
these mineralisation styles. The unit is also pyritic and, of 
importance to sediment-hosted copper mineralisation, 
contains redbeds but no known evaporites. Both the Turrets 
Formation and Teddy Mount Formation could contain 
sandstone-hosted lead-zinc and uranium mineralisation 
based on favourable lithologies and depositional 
environment, and the presence of pyrite and carbonaceous 

The potential for intrusive-related mineralisation in the 
Bundock Creek Group is difficult to assess, particularly 
as no analyses are available for the Montgomery Range 
Igneous Complex (Kennedy Province) and the degree of 
fractionation is unknown. Being an 1-type complex that is 
oxidised rather than reduced suggests that significant tin 
mineralisation is unlikely to be present. However, this felsic 
complex could give rise to porphyry copper ± gold ± 
molybdenum, porphyry molybdenum, and gold deposits. 
There is also a possibility that Carlin-type carbonate-hosted 
gold-silver deposits could occur within the Teddy Mount 
Formation where the sediments are both calcareous and 
carbonaceous. 

Camel Creek Subprovince 
As a predominantly mafic unit consisting of submarine 
lavas and subordinate volcaniclastic mass flows, the 
Everetts Creek Volcanics could host a variety of deposit 
styles containing commodities such as copper, lead, zinc, 
silver, and gold. The presence of chert beds in the unit is a 
favourable indicator that Cyprus- or Besshi-type massive 
sulphide deposits could occur. However, the scarcity of 
felsic to intermediate volcanics suggests that YHMS 
deposits are unlikely to be found. 

Tt.. ... ,.....,... _ _: ... _ .,. '\1,..11 r. .... _ ... . ;.,.. ... __ ,..\.,. ,... \..,.1 . . .... . ... -1: ....... - -..1 ,.. _..,,I ... ... 
.. . ..... --· .... _. ...... . . -·· ..................... J"" .. ...,..,_..., .. J ...... -···-... .......... b .......... _ .... 

into the Everetts Creek Volcanics and has a similar range 
of lithologies, though there is a higher proportion of 
limestone and quartzose arenite. A similar range of deposit 
styles could therefore be anticipated. There is also the 
prospect that iron-rich skams may have developed in 
limestone lenses affected by mafic extrusives; however, 
most of these lenses are less than I 00 m long and any 
deposits of this type are therefore likely to be small. 

The Wairuna Formation has been intruded by the Princess 
Hills Granite (Kennedy Province) and could host a variety 
of commodities. The I-type, high K, felsic magmas could 
give rise to porphyry copper ± molybdenum 
mineralisation, but the absence of intermediate 
compositions and the fact that the intrusives are reduced 
rather than oxidised are unfavourable factors . Significant 
tin mineralisation is unlikely since the intrusives are 
unfractionated even though they are reduced. Tungsten 
veins , gold and polymetallic silver- lead- zinc 
mineralisation could be associated with the felsic intrusive 
rocks and the presence of submarine tholeiitic lavas with 
associated chert and jasper are positive indicators for the 
development of Besshi- and/or Cyprus-type massive 
sulphide deposits. Tectonically emplaced serpentinite 
bodies up to I km wide and greater than 15 km long intrude 
the Wairuoa Formation and should be evaluated for 
podiform chromite and p6ssibly lateritic nickel 
mineralisation. About 50 km to the southwest, the 
Greenvale lateritic nickel deposit developed over 
serpentinites. The northern end of the Gray Creek Complex 
hosts similar but much smaller deposits. 

The presence of minor submarine tholeiitic lavas and 
associated chert suggests that the Pelican Range Formation, 
Greenvale Formation and Perry Creek Formation could 
warrant evaluation for Besshi- and Cyprus-type massive 
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sulphide mineralisation. However, the indicated deep water 
marine depositional environment for these units and the 
absence of redbeds and evaporites suggests that basaltic 
copper and sediment-hosted lead-zinc deposits are 
unlikely to have developed. 

The Kangaroo Hills Formation is also intruded by the 
Princess Hills Granite and a variety of unnamed 

. Carboniferous granite plutons. The mineral potential of 
the unit with respect to the Princess Hills Granite could 
be described in similar terms to the Wairuna Formation, 
but the characteristics of many small, unnamed granite 
intrusives are unknown and could affect this assessment. 
For example, tungsten has been mined from quartz veins 
hosted by a small pluton of an unnamed biotite granite, 
and alluvial tin was mined from the Perry, Redbank and 
Blue Range Creek areas (With nail & Lang 1993) close to 
unnamed granites. Tholeiitic basalts and chert horizons 
are absent, thereby precluding massive sulphide deposit 
styles associated with a marine environment. The presence 
of minor, probably allochthonous limestone blocks could 
give rise to skarn and replacement deposits where igneous 
intrusion has occurred, but these types of deposits would 
have a similarly restricted distribution. 

Clarke River Basin 
The Clarke River Group consists of the Ruxton, Venetia 
and Lyall formations. It has been intruded by small 
Carboniferous granite plutons and rhyolite plugs belonging 
to the Oweenee Rhyolite and Malmesbury Granite. These 
Carboniferous igneous rocks belonging to the Kennedy 
Province are 1-type, felsic, unfractionated to fractionated, 
oxidised to reduced and have high K20 based on limited 
analyses. They could give rise to epithermal gold 
mineralisation and tungsten vein deposits, a variety of tin 
deposit styles where granites are both reduced and highly 
fractionated, and porphyry copper± gold± m!)lybdenum 
and porphyry molybdenum mineralisation where oxidised 
and fractionated intrusives occur. Skarn deposits are 
unlikely to be significant since limestone is a minor 
component throughout the group and individual beds are 
too thin to host a substantial deposit Sandstone-hosted 
lead- zinc deposits may occur in the Venetia Formation 
where the lithologies and depositional environment 
(combined terrestrial and shallow marine) are appropriate 
but, in the absence of carbonaceous horizons, sandstone
hosted uranium deposits appear to be unlikely. 

The Wade Beds unconformably overlie the Clarke River 
Group and have been faulted against the Graveyard Creek 
Group. Their thickness is unknown, but the combination 
of appropriate lithologies and depositional environment 
with the presence of carbonaceous material indicates that 
they should be a likely target for sandstone-hosted uranium 
deposits. Exploration drilling for uranium by AFMECO 
in the 1970s supports this view (Beams eta!. 1976). 

Cainozoic Volcanics 
Basaltic flows belonging to the Miocene to Recent 
Chudleigh, Nulla and McBride Subprovinces in the 
adjoining Georgetown and Charters Towers Regions extend 
into the Clarke River Region. These flows are suspected 
to be the source of minor sapphire occurrences in basaltic 
soils derived from the Chudleigh and McBride 
Subprovinces (Stephenson et al. 1980). 

Carpentaria Lowlands Region 
The mineral potential for the Carpentaria Lowlands can 
be described largely in terms of the known surficial 
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deposits (particularly bauxite, kaolin, silica sand and also 
heavy mineral sands) and the resource potential of the 
sedimentary basins which overlie basement rocks. The 
depth of cover over most of the Carpentaria Lowlands is 
generally too great for economic deposits to be identified 
and exploit~d in the basement. 

Bauxite and kaolin are the major source of mineral wealth 
in Cape York Peninsula (Plates 15.5, 15 .6), with bauxite 
deposits extending from the Turtle Head Island area down 
the western side of the peninsula as far south as the Holroyd 
River (Atlas Plate 38). The areas containing identified 
bauxite resources which either currently support large-scale 
mining or form the resource base for current large-scale 
mining are clustered along the west coast from Aurukun 
in the south to the Jackson River north of Weipa. There is 
potential for kaolin to occur wherever bauxite occurs, but 
the distribution of sandy clay units with underlying sand 
aquifers is not known, thereby restricting any assessment 
to areas of known kaolin mineralisation. The area around 
the Skardon River, the Pennefather River- Mapoon area 
and the Weipa Peninsula area are known to contain large 
kaolin deposits which have either been mined or form an 
important resource base. 

Large, high quality silica sand deposits suitable for glass 
manufacture occur along the eastern margin of Cape York 
Peninsula at Newcastle Bay, on Turtle Head Island and from 
Sharp Point to Sadd Point, and from the Olive River north 
to Shelburne Bay and inland for about 15 km (Plate 12.3). 
Equally large, but lower quality silica sand deposits 
(containing heavy mineral sand impurities) extend inland 
for up to I 0 km in the Orford Bay-Orford Ness area (now 
within the Jardine River National Park) and in the Red 
Cliffs area. 

The west coast of Cape York Peninsula has a generally low 
to moderate potential for shoreline heavy mineral placer 
deposits. However, a sizeable, relatively high-grade deposit 
with heavy mineral concentrates containing up to 80% 
rutile and zircon is known to occur in beach ridges near 
Urquhart Point immediately south ofWeipa. Alluvial heavy 
mineral deposits could occur in streams and rivers draining 
westward into the Gulf of Carpentaria, but exploration 
activity has indicated that such concentrations generally 
have low grades and tonnages too small to justify further 
investigation. 

The Carpentaria and Karumba Basins could contain 
sandstone-hosted uranium deposits, based on the presence 
offavourable host lithologies, an appropriate depositional 
environment for the host rocks and the presence of eroding 
felsic igneous rocks to the east which could have acted as 
a source for uranium. Mesozoic units in the Carpentaria 
Basin that are thick, have a high permeability and/or contain 
carbonaceous horizons are probably most prospective (e.g . 
Garraway Beds). They were explored selectively but 
without success in the 1970s. However, it should be noted 
that the outcropping Mesozoic stratigraphy is generally 
oxidised and has been flushed by meteoric water which 
would tend to obscure the presence of such deposits: uni ts 
under cover are likely therefore to be more favourable, 
though difficult to explore. 

Sandstone-hosted lead-zinc mineralisation may also occur 
within the Carpentaria Basin. Host lithologies, their 
depositional environment (continental to shallow marine) 
and the tectonic setting are all favourable. The presence of 
extensive granitic basement beneath the basin has been 
confirmed from drilling and geophysical interpretation 
(Chapter 9, this volume) and may also be important. 
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Figure 15.7. Model for the concentration and deposition of manganese (from Frakes & Bolton 1984). 

Sedimentary manganese deposits could be concealed 
within the Carpentaria Basin given the large Groote 
Eylandt manganese deposit on the western margin of the 
Gulf of Carpentaria. Groote Eylandt occurs in Early to 
mid Cretaceous Mullaman Beds which have been 
correlated with the Normanton Formation to the southeast 
(F~akes & Bolton 1984). Manganese nodules (averaging 
49% MnO) have been identified as surface float from the 
Normanton Formation (Smart 1973). Sedimentary 
manganese deposits are favoured by a shallow marine 
environment along a stable cratonic margin and appear to 
occur at an oxidation-reduction interface associated with 
sea level changes in enclosed basins with restricted access 
to the sea (Figure 15.7; Frakes & Bolton 1984). They are 
commonly hosted by glauconitic sandstone, which is 
common throughout the stratigraphy of the Carpentaria 
Basin. Sedimentary phosphorites can be associated with 
sedimentary manganese deposits that form in a similar 
depositional environment and tectonic setting, but there 
is no indication from the stratigraphy that phosphate 
accumulations have occurred and geochemical anomalies 
have not been reported. 

The Toolebuc Formation contains bituminous shale and is 
a potential source of oil shale, although its thickness and 
grade are variable. Jt occurs as a 5-20 m thick unit in the 
southern part of the Carpentaria Basin as far north as 
latitude I 6°S and at depths of up to 500 m (Smart et al. 
1980). 

The coal potential of the Pascoe River Basin has been 
discussed elsewhere in terms of the Coen Region, though 
it extends into the Carpentaria Lowlands Region. The 
Permian Olive River Basin does not crop out, but drilling 
has established the existence of good coking quality coal 
seams that are both small and vertically dipping. 

Depth to magnetic basement contours suggest that the 
Carpentaria and Karumba Basin sequences that cover the 
basement rocks of the Torres Strait, Coen and Georgetown 
Regions are generally only less than 400 m thick for short 
distances away from the outcropping basement. If the cover 
sequence is more than 400 m thick, deposits hosted by the 
basement will be difficult to detect and are unlikely to be 
economic. Geophysical evidence indicates that 
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Carboniferous-Permian igneous rocks extend from the 
Iron Range Province beneath shallow cover to Torres Strait. 
Based on the assessment of the Torres Strait Region and 
the lron Range Province, these magmatic rocks could be 
associated with a variety of gold, tin, tungsten deposit styles 
and possibly porphyry copper mineralisation. A roughly 
30 km wide strip along the western margin oftbe Savannah 
Province extends beneath the Carpentaria Lowlands and 
could host mesothermal gold, sediment-hosted base metal 
and VHMS deposits. The Croydon Province in the 
Georgetown Region extends beneath the Carpentaria 
Lowlands and could host mesothermal gold and vein tin 
deposits. The northwestern and southern margins of the 
Forsayth Subprovince also extend beneath the Carpentaria 
Lowlands. The mineral potential of the Forsayth 
Subprovince and mineralisation associated with the 
igneous activity (Pama and Kennedy Provinces) that has 
subsequently overprinted that subprovince is more fully 
discussed in the section deal ing with the Georgetown 
Region. 

The Woolgar Goldfield occurs within the Carpentaria 
Lowlands about 50 km southsouthwest of the southern end 
of the Etheridge Goldfield. However, it is associated with 
a s mall .inlier of Palaeoproterozoic high-grade 
metasedimentary and metabasic rocks intruded by small 
granitic bodies of probable Mesoproterozoic age (Bain et 
a!. 1990). Bain et al. ( 1988, in press) have suggested that 
deposits within the Woolgar Goldfield may be similar to 
the mesothennal quartz gold vein deposits associated with 
Silurian-Devonian granites in the Etheridge Goldfield. The 
discovery of the Lost World Epithermal Camp in 1986 
(Ingram 1989) has extended the goldfield to the east and 
appears to represent a further style of mineralisation with 
a significantly younger (Carboniferous-Permian?) age. 

The hydrocarbon resources and petroleum prospectivity 
of the Carpentaria Lowlands and Gulf of Carpentaria 
Regions have been discussed in detail by McConachie et 
aL (Chapter 9). No significant hydrocarbons have been 
intersected in drilling of the onshore portions of the 
Carpentaria Basin. This reflects the absence of suitable 
source rocks and the dearth of suitable structures within 
the Carpentaria Basin for petroleum accumulation, even 
though argillaceous units in the Rolling Downs Group 
provide an extensive regional seal over most of the basin. 
The offshore Carpentaria Basin (Gulf of Carpentaria 
Region) is regarded as more prospective with the 
recognition of structural settings that could act as large 
potential traps. The Karumba Basin is too thin and shallow 
for petroleum accumulation. 

Quinkan Region 
Holocene and Pleistocene beach ridges extend around the 
margin of Princess Charlotte Bay as far as Bathurst Bay. 
They have a low resource potential for small shoreline 
placer heavy mineral sand deposits. Although heavy 
mineral concentrations have been identified, their grades 
and/or compositional variability suggest that none are of 
economic interest. Similarly, streams draining into Princess 
Charlotte Bay carry all uvial placer heavy mineral 
concentrations with highly variable grades and generally 
unfavourable mineral assemblages, indicating that they, 
too, are of minor economic interest. 

The recently discovered Permian to Middle Triassic 
Lakefield Basin and overlying Mesozoic Laura Basin 
appear to be most prospective for coal and petroleum. 
Coking coal occurs in deep and generally thin seams in 
the Laura Basin. However, exploration has outlined a 
mineable, underground coking coal resource in Jurassic 
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sediments at Bathurst Range over an area of about 140 
km2 beneath a cover up to 400 m thick. By analogy with 
the Bowen Basin in central Queensland, the Lakefield 
Basin is of similar age and could contain large coal 
reserves. Coal seams have been identified in Permian 
sediments beneath the Laura Basin, but the depth of cover 
over most of the Lakefield Basin (Wellman 1995b) 
suggests that coal deposits identified in the latter are likely 
to be costly to exploit. 

The stratigraphy of the Laura Basin is similar to that of 
the adjacent Carpentaria Basin: both basins are separated 
by the Coen Region and are continuous across the Kimba 
Arch. The presence of the same lithologies resulting from 
analogous depositional environments and an eroding 
crystalline basement to the west suggests that the Laura 
Basin has similar potential to the Carpentaria Basin for 
sandstone-hosted uranium, sedimentary manganese, and 
possibly sandstone-hosted lead-zinc deposits. 

The Laura Basin overlies and, along its southern and 
eastern margins, provides shallow cover (to a depth of 400 
m) to the Palaeozoic Hodgkinson Province (Wellman 
1995b ). The mineral potential of the Hodgkinson Province 
is discusse.d under the Cairns Region, but extensions 
beneath the Laura Basin could host a variety of gold, tin, 
tungsten, and base-metal deposit styles either associated 
with the sedimentary sequence in the Hodgkinson Province 
or late Palaeozoic granitic intrusives belonging to the 
Kennedy Province (Denaro & Ewers 1995). 

The petroleum potential of the Quinkan Region is 
discussed by McConacbie et al. in Chapter 10. The Laura 
Basin contains traces of hydrocarbons on at least two 
stratigraphic levels and shows have been recorded in the 
Lakefield Basin. However, as is the case with the onshore 
Carpentaria Basin, there is an absence of suitable structures 
which could act as traps for economic hydrocarbon 
accumulation and potential source rocks may have been 
overmature before Mesozoic sedimentation. 

Belyando and Proserpine 
Regions 
Neither the Belyando nor Proserpine Regions are dealt 
with in this book in detail, although their northern 
extremities are shown in the Atlas of North Queensland 
Geology (see Plate 7) and the southeast corner of the North 
Queensland Geology 1: 1 million scale map. Chapter 14 
refers briefly to both regions, with particular regard to the 
Drummond Basin (Belyando Region) and Bowen Basin 
(Proserpine Region) and any correlations that can be made 
with smaller basins developed to the north at an equivalent 
time and in similar depositional environments. For the sake 
of completeness, the known deposit styles in both ofthese 
regions are mentioned here but not described in detail. 

In the Belyando Region, the discovery ofPajingo in 1984 
(Porter 1988) sparked an intense phase of exploration 
activity for low sulphidation (adularia-sericite type) 
epithermal deposits associated with high-level igneous 
activity. This exploration led to further discoveries of 
economic mineralisation at Wirralie, Yandan, Twin Hills 
and Vera-Nancy, and the recognition of numerous prospects 
throughout the northern Drummond Basin (e.g. Fellows 
& Hammond 1988; Alston eta!. 199 I; Ewers et al. 1994). 

1!1 the Proserpine Region, the northern part of the Bowen 
Basin extends into the project area and contains numerous 
Early to Late Permian coa l measures within the 
sedimentary sequence. The Bowen Basin has become a 
major source of coal for world markets, with the coal seams 
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mined consisting of medium to high volatile thennal coal, 
· - "fow to high volati"le coking coal anCI anthracitic coai

(Huleatt 1991 ). The northern part of the Proserpine Region 
is also prospective for -porphyry copper-gold and 
epithermal gold, even though the grades for recognised 
porphyry copper-gold deposits are uneconomic and there 
are no active mines in the area. 

545 



CHAPTER FIFTEEN Mineral &. EnttsJ Deposit StJits &.. Potential Ruources 

546 
\ 

\ 

u13024
Text Box
Page 546 is blank.



CHAPTER16 

A BRI-E·F--GE-0-LO·GJCAL-HlSTO-RY--O·F
NORTH QYEENSLAND 

This chapter provides a summary of North Queensland 
geology in the form of a brief geological history. 

Palaeoproterozoic to 
Mesoproterozoic 
The oldest rocks in North Queensland are probably those 
of the unexposed Kowanyama and Claravi/le Provinces 
which were cratonised during the Barramundi Orogeny 
between 1880 Ma and 1850 Ma. Along the western margins 
ofNorth Queensland, the resulting crust was rifted several 
times between 1880 Ma and 1520 Ma, forming the Mount 
!sa and Keer Weer Provinces. Geophysical properties 
indicate that the Kowanyama Province is probably 
dominated by sedimentary rocks and non-magnetic 
granites, and that the Claraville Province is probably 
dominated by granites. On the other hand, the Mount Isa 
and Keer Weer Provinces have a higher proportion of 
volcanic rocks and magnetic granites. 

The Proterozoic provinces east of the Kowanyama Province 
are at least partly exposed and hence, better known. The 
oldest of the eastern provinces is the Etheridge Province 
which appears to onlap the Kowanyama and Claraville 
Provinces. It comprises two subprovinces: Forsayth (in the 
south) and Yambo (in the north), based on different 
structural and metamorphic histories. The oldest 
isotopically-dated rocks are in the Forsayth Subprovince. 
They are amphibolite (-1675 Ma) and leucogneiss and 
deformed granite (-1695 Ma) in the Einasleigh 
Metarnorphics. A significant proportion of the sedimentary 
rocks in the Forsayth Subprovince were deposited before 
-1650 Ma (based on a ?syndepositional dyke). The 
sediments in the Yambo Subprovince were deposited after 
-1640 Ma and may be contemporaneous with post 1650 
Ma sediments in the Forsayth Subprovince. The Forsayth 
Subprovince sediments were deposited in a continental rift 
and epicontinental sea with accompanying mafic lavas and 
dykes. A similar setting seems likely for the Yambo 
Subprovince. The sediments in the Yambo Subprovince 
were metamorphosed and intruded by mafic and felsic 
rocks at about 1580 Ma. A deformation occurred in the 
Forsayth Subprovince before deposition of the fluvio
deltaic sediments in the western Forsayth Subprovince. 
This deformation could correspond to the 1580 Ma event 
in the Yambo Subprovince or result from a possible younger 
event (-1560-65 Ma). Widespread metamorphism and 
intrusion of felsic rocks dated at about 1550 Ma affected 
the whole of the Forsayth Subprovince, and a deformation 
and melting event in the Yambo Subprovince is interpreted 
to have occurred at this time. 

At the same time (-1550 Ma), the Croydon Province 
formed to the west of the Forsayth Subprovince. Felsic 
volcanic rocks were deposited in a large, subaerial, 
intracontinental cauldron and intruded by comagmatic 
granites. The relatively undeformed fluviatile sediments 
that overlie the volcanics may be equivalent to similar rocks 
in the Iron Range and Cape River Provinces. 

Detrital zircons of about 1580 Ma, and derived from the 
Yambo Subprovince, have been found in the Savannah 
Province. Sediments were deposited in an intracontinental 
setting and mafic sills were intruded in the lower part of 
the sequence, suggesting rifting. Major deformation and 
felsic intrusion is thought to have occurred at about 1550 Ma. 

by]] DRAPER ond]HC BAIN 

Minor gold, tin and base metals are found in Proterozoic 
rocks. The large Croydon and smaller Etheridge 
Goldfields, although hosted by Proterozoic rocks, are 
probably mostly, if not entirely, Palaeozoic, but the age of 
mineralisation is open to interpretation. 

Neoproterozoic and Cambrian 
Events between 1550 Ma and the Late Cambrian are not 
well defined. Ultramafic rocks in the Halls Reward 
Metamorphics in the southern Georgetown Region have a 
minimum age of about 1300 Ma and the unit has been 
tentatively assigned to the Etheridge Province. However, 
the significance of these ultramafic rocks is uncertain. The 
Silurian to Devonian granites in the southeast of the 
Ravenswood Batholith have ToMS of 1120-1230 Ma and 
contain detrital zircon of about 1100 Ma. Detrital zircons 
of -1130 Ma occur in the Iron Range Province and detrital 
and magmatic zircons of - 1145 Ma occur in the Cape River 
Province. The presence of these 'Grenville' ages in North 
Queensland has led to postulation about 'Grenvillian' and 
'Rodinian' events in North Queensland (Blewett et al. in 
press). 

The Cape River Province contains metamorphosed 
sedimentary rocks derived from both mature and less 
mature sources. The depositional setting of the rocks is 
difficult to ascertain, but associated mafic rocks have 
geochemical characters consistent with an extensional 
intraplate setting, perhaps on a passive margin where the 
less mature source rocks were rifted away during the 
Rodinian breakup. Some of the immature sedimentary 
rocks were derived exclusively from an adjacent 'Grenville' 
age source. The rocks were deposited after 1145 Ma and 
before intrusion by granites and diorite between 460 Ma 
and 508 Ma (?Delamerian Orogeny). Deformation and 
regional metamorphism also occurred between about 500 Ma 
to 460 Ma. The Anakie Province to the south has 
lithological similarities with the Cape River Province and 
was deformed at about the same time. 

The Iron Range Province contains metamorphosed 
sediments deposited after I 130 Ma. The presence of 
possible sponge spicules suggests a Palaeozoic age. The 
sediments were deposited in a marine environment and 
the presence of mafic intrusives suggests rifting. The age 
of deformation and metamorphism is unknown. The 
presence of iron formation and calc-silicates in both the 
Iron Range and Cape River Provinces and the presence of 
similar mafic rocks in both provinces suggest a common 
depositional setting. 

A minimum age for the Barnard Province is provided by 
intrusion of granite at about 486 Ma. Major deformation 
and metamorphism preceded the intrusion. No maximum 
age is available for the province. Fine-gra ined 
metasedimentary rocks, and mafic and ultra mafic rocks 
are present. This combination suggests a passive margin, 
rifting setting similar to that of the Iron Range and Cape 
River Provinces. 

Neoproterozoic to early Palaeozoic rocks contain 
uneconomic iron deposits and minor gold. 
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Late Cambrian and Ordovician 
In the early Palaeozoic (Late Cambrian and Ordovician), 
igneous activity occurred in the Thalanga Province 
(extrusive), Macrossan Province (intrusive), Broken River 
Province (extrusive and intrusive) and the western 
Hodgkinson Province (extrusive - not preserved). Marine 
sedimentation began in both the Broken River and 
Hodgkinson Provinces. 

Late Cambrian to early Ordovician marine volcanic and 
sedimentary rocks, and volcanic-hosted massive sulphides 
were deposited in the Tha/anga Province. A back-arc 
extensional setting is favoured; the original orientation of 
the extensional basin is obscured by subsequent intrusion 
of the Ravenswood Batholith and structural dislocation. 
Regional metamorphism in the Seventy Mile Range Group 
was to greenschist facies with local hornfels, while in the 
Balcooma area it reached lower to middle amphibolite. 
Maj or deformation at Balcooma was probably late 
Ordovician or early Silurian, but deformation ages at 
Seventy Mile Range are less defined. Isotopic evidence 
suggests that some late Palaeozoic granites intruding the 
Hodgkinson Province were derived from early Palaeozoic 
volcanic rocks. 

Granites of the Macrossan Province intruded the Cape 
River and Barnard Provinces. Those in the Cape River 
Province represent the first granites of the Ravenswood 
Batholith. Ages range from about 460 Ma to 490 Ma (early 
to mid Ordovician). Both S-type and 1-type granites are 
present; the !-types often associated with mafic intrusives. 
S-type granites in the Cape River Province are associated 
with middle to upper greenschist facies metamorphism, 
and they may be genetically linked to the metamorphic 
event. Most of the granites have been affected by late 
Ordovician to early Silurian metamorphism and 
defonnation. Characteristics of the granites indicate the 
1-types were generated at mid-crustal level as the result of 
intrusion of mantle-derived mafic magma, and the S-typcs 
were derived by partial melting. 

The oldest rocks in the Broken River Province are of early 
Ordovician age. They are quartz-rich turbidites, tholeiitic 
basalts and tonalites. Late Ordovician rocks include quartz
intermediate turbidites, marine felsic to mafic volcanics, 
and oolitic limestones. The early Ordovician volcanics and 
tonalites have characteristics of both arc and back-arc 
settings, but the late Ordovician volcanics are more 
characteristic of an arc setting. Defonnation associated 
with thrusting in the southeastern Etheridge Province may 
have occurred in the late Ordovician or early Silurjan. 

Ordovidim rocks in the Hodgkinson Province ~e restricted 
to a thin slivers along the Palmerville Fault. Quartz-rich 
turbidite, chert and basalt are correlated with the early 
Ordovician rocks in the Broken River Province. These 
rocks were deformed in the mid Ordovician. Late 
Ordovician rocks comprise conglomerate, sandstone and 
limestone. A volcanic clast in conglomerate gave a zircon 
age of about 455 Ma, indicating a volcanic event some 
I 0- 15. My befqre dep_osition of conodo~t-beari~g 
limestone. Late Ordovician limestones of about the same 
age occ'ur in the Hodgkinson and Broken Riv.er Provinces 
and over.Jying the ~nat<ie Provi~ce. 

Mineralisation in the Cambrian and Ordovician is restricted 
to volcanic-hosted massive sulphides in the Thalanga 
Province and minor gold mineralisation. 
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Silurian and Devonian 
During the Silurian to Middle Devonian, widespread 
granite emplacement occurred in the Pama Province, and 
deposition continued in the Broken River and Hodgkinson 
Provinces. In the late Middle Devonian (Givetian) the 
Burdekin Basin began to form. 

Pama Province granitic rocks in the Cape York Peninsula 
Batholith range in age from 400 Ma to 407 Ma; in the 
Georgetown Region they range from 420 to 434 Ma; and 
in the Reedy Springs, Lolworth .and Ravenswood 
Batholiths in the Charters Towers Region they range from 
382 Ma to 425 Ma. Granites of the Pama Province can be 
subdivided into four types based on age, granite type and 
intrusive setting: late Ordovician to early Silurian (425-
435 Ma) regional aureole granites; early Silurian to late 
Silurian (425-410 Ma) oxidised 1-t}'pe granites; Early 
Devonian (400-410 Ma) regional aureole granites;. and 
Early Devonian (380-400 Ma) high level- fluid-rich 
granites. 

Oxidised 1-type magmas in the Ravenswood Batholith and 
the Georgetown Region were derived from partial melting 
at moderate to deep crustal levels and were emplaced into 
the middle to upper crust, often with only minor 
homfelsing. Reduced to mildly oxidised S-type and 1-type 
granites, associated with medium- to high-grade regional 
metamorphism and migmatisation (regional aureole 
granites), occur in a north- south belt extending over 800 km 
from the Reedy Springs Batholith to the northern end of 
the Cape York Peninsula Bathol it h. These regional aureole 
granites were emplaced at mid-crustal levels, deeper than 
the upper crustal emplacement for the oxidised 1-type 
plutons. The difference in emplacement levels between the 
two groups implies greater uplift in the west, coincident 
with the belt of regional aureole granites, than occurs in 
the east. The 1-type and S-type granitic rocks in the 
Lolworth Batholith appear to be intruded at higher crustal 
levels than the regional aureole granites in the Cape York 
Peninsula Batholith, and are probably removed from their 
source rocks. Although oxidised !-type magmatism in the 
Ravenswood Batholith and Georgetown Region have 
subduction-related chemical signatures, isotopic evidence 
implies derivation at mid to deep crustal levels, probably 
as a result of underplating by mantle-derived mafic 
magmas during crustal extension. 

Turbidite deposition in the Camel Creek Subprovince of 
the Broken River Province continued through the Silurian 
and into the Early Devonian. In the Graveyard Creek 
Subprovince, deposition was mainly in a shelf setting and 
sediments included carbonates and siliciclastics. Shelf-like 
conditions continued into the Early Devo~ian, but several 
unconfonnities are present. A mixed carbonate/siliciclastic 
shelf sequence was deposited from mid Emsian and 
continued into the Givetian, except for a hiatus at the base 
of the Givetian. Deformation in the two subprovinces 
differs - the Camel Creek Subprovince is more deforined 
and defonned earlier. D1 in the Camel Creek Subprovince 
may correspond to the Early Devonian unconformities in 
the Graveyard Creek or may have occurred as part of the 
D2 event in the early Late. Devonian. Deposition in an 
extensional (?back-arc) basin is favoured for the Silurian 
to Early Devonian. 

In the Hodgkinson Province, mixed carbonate and 
siliciclastic sediments, chert and basalt were deposited 
mainly on a carbonate ramp in an extensional basin. By 
the Emsian, carbonate deposition had ceased and 
siliciclastic turbidite deposition .was dominant an~ 
continued into the Late Devonian. The tectonic setting is 
subject to continuing debate- extensional back-arc basin, 
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·rifted margin;- foreland ·basin; ·and-subduction. complex 
models have been proposed (Chapter 7); an extensional 
continental back-arc setting is favoured herein. 

Deposition in the Burdekin Basin began in the Givetian as 
a predominantly carbonate shelf sequence .in a rifted basin. 
The onset of rifting coincided with the youngest thermal 
event recorded in the Ravenswood Batholith portion of 
the Pama Province. 

Widespread ' mesothermal' gold mineralisation is spatially 
and temporally associated with the Pama Province. The 
most important goldfields of this age are the Charters 
Towers and Etheridge Goldfields. Lesser deposits occur 
in the Ravenswood Batholith and associated with the Cape 
York Peninsula Batholith. Besshi-type copper deposits 
occur in the Hodgkinson Province. 

Late Devonian to Mid Permian 
During the Late Devonian to early Carboniferous, 
sedimenta'tion continued in the Burdekin Basin and 
Hodgkinson Province and started in the Bundock, Clarke 
River, Pascoe River and Gilberton Basins. Sedimentary 
and volcanic rocks were deposited in the northern 
Drummond Basin. 

Most turbidite deposition in the Hodgkinson Province 
probably ended in the latest Devonian, although localised 
deposition occurred in the early Carboniferous. It was 
followed by widespread deformation and greenschist 
metamorphism. 

A very thick sequence of mainly continental sediments 
and minor tuffs was deposited in the Bundock Basin in the 
Late Devonian and early Carboniferous. Rapid subsidence 
in the Frasnian occurred at rates that suggest the Bundock 
Basin probably formed as a pull-apart basin, although 
foreland basin and 'piggy back' basin settings are also 
possible. Thrusting in the Camel Creek Subprovince 
appears to be coeval with the development of the Bundock 
Basin. 

Rapid deposition of continental sediments also occured 
in the Burdekin Basin in the Frasnian. By the latest 
Devonian subsidence rates had slowed and widespread 
shelf deposition had occurred. Tuffs and volcanic detritus 
are common. A back-arc extensional setting is favoured, 
with a continental arc to the east. Back-arc extension is 
also most likely for the formation of the Drummond Basin, 
which contains a. mixture of main ly non marine 
sedimentary rocks and continental volcanic rocks . . 

Deposition began in the latest Devonian in both the Clarke 
River. and Gilberton Basins. It continued into the early 
Carboniferous. The Clarke River Basin contains a mixture 
of marine and non marine sedimentary rocks, whereas the 
Gilberton Basin contains only continental sedimentary 
rocks. Both these basins are intracratonic basins and 
formed by extension (transtension?). The Pascoe River 
Basin comprises several grabens that contain continental 
sedimentary rocks and tuffs. 

Convergence in the Late Devonian apd early Carboniferous 
resulted in back-arc extensional basins south of the Clarke 
River Fault ~nd a ~ariery ofbasins !O the north. Widespread 
thrusting and rapid subsidence in the Bundock Basin and 
Hodgkinson Province are more consistent with collision 
than extension (i.e. closure. of the previously extended 
basins). 

Late Devonian to early Carboniferous basins COiitai.n some 
small uranium deposits. · · · 

.lgneou.s af;t iyity of the Kennedy Province, starting in the 
early Carbonife-rous: occtirre(f'inro-ugli<fuCN'orth · 
Queensland during this period, and sediments were 
deposited in the large Galilee and Bowen Basins to the 
south. Although extension seemed to be dominant 
throughout this period, there is evidence, mainly in 
sedimentary basins, for at least two compressive events 
- one in the mid Carboniferous(? Alice Spring Orogeny) 
and the second in the mid Permian, which was probably 
the beginning of the Late Permian to Middle Triassic 
Hunter-Bowen Orogeny. 

The Kennedy .Province is dominated by granites and 
ignimbrites that range in age from 330 Ma to 260 Ma. The 
younger granites are restricted to ,the Cooktown and 
Townsville areas. Rock compositions are mainly felsic to 
intermediate !-types, with lesser A-types, minor felsic S
types and rare mafic rocks. The province contains some 
highly fractionated granites. The rhyolitic ignimbrites 
formed in cau ldron-collapse structures. Some early 
Carboniferous bimodal volcanics in the Townsville 
hinterland were deposited in grabens. The igneous rocks 
of the Kennedy Province were generated mainly by partial 
melting of evolved Proterozoic crust in an extensional or 
transtensional, possibly back-arc, tectonic environment. 

Widespread deposition of volcanilithic sediments in 
association with lavas and pyroclastics occurred in the 
Visean. in the Burdekin, Clarke River, Bundock and 
Gilberton Basins. Volcanilithic sediments were deposited 
in the Drummond Basin. The Hodgkinson Province and 
the Bundock, Clarke River, Burdekin and Drummond 
Basins were all subjected to folding in the mid-late 
Carboniferous. The compression was mainly northeast
southwest or east- west oriented . During the late 
Carboniferous, volcani lithic sediments were deposited in 
graben-like settings, mainly in the Townsville hinterland. 

The intracratonic Galilee Basin fo·rmed in the late 
Carboniferous, and glacio-fluvial s·ediments were 
deposited until the Early Permian. Coal measures were 
then deposited and a mid Permian unconformity 
developed. Early Permian sediments similar to those in 
the Galilee Basin were deposited in the Sybil Graben, 
overlying the Clarke River Basin, and in the Balfes Creek . 
area, indicating widespread deposition at this time. To the 
east, the Bowen Basin developed in an extensional setting 
in the Early Permian - first with volcanics then with 
marine and non marine deposition, including coal 
measures. A regional unconformity developed in the mid 
Permian. 

The Kennedy Province is also the main metallogenic 
province in North Queensland in terms of variety· and 
quantity of minerals. Gold, tin, tungsten, molybdenum, 
bismuth, base metals and uranium have all been discovered. 
Gold is found in plutonic/mesothermal vein, breccia
hosted, porphyry, and skarn deposits. Epithermal gold is 
found to the south in the Drummond Basin. Slate belt
type gold and antimony are present in the Hodgkinson 
and Broken River Provinces. Tin occurs in plutonic vein, 
disseminated sheet, breccia vein, pipe, stockwork, skarn 
and greisen deposits and is associated with fractionated, 
reduced granites. Tungsten is present as sub-vol.canic 
deposits or skams. Base metals are generally present as 
skarn or porphyry deposits. Uranium is associated with 
volcanic rocks. · 
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Late Permian and Triassic 
The Hunter-Bowen Orogeny occurred from Late Permian 
to Middle Triassic. Its impact in North Queensland has 
not been fully assessed. Volcanism was restricted to 
isolated, Late Permian, coal-bearing grabens. The 
Lakefield and Gamboola Basins may have formed at this 
time. 

The Hunter-Bowen Orogeny is best developed in the 
southernmost part of North Queensland where the Bowen 
Basin, which was a foreland basin during the Late Permian 
and Early to Middle Triassic, was folded in the Middle 
and Late Triassic. Late Permian coal measures and Triassic 
fluvial sediments of the Galilee Basin were also deformed 
in the Middle and Late Triassic, as were a similar suite of 
Late Penni an to Middle Triassic rocks in the Ngarrabullan 
Basin in the Cairns Region. 

Volcanics, and volcanilithic and coal bearing sediments, 
were deposited in transpressional grabens at Lillie River 
along the Palmerville Fault, in the Olive River Basin, and 
in the Oaky Creek (Normanby) area. Volcanics were 
erupted adjacent to the Mitchell River in the southeastern 
Coen Region. The Lakefield Basin may have formed in 
the Late Permian, as the only known rocks are Late 
Permian, although an Early Permian initiation cannot be 
discounted given the great thickness of rocks in the basin 
and the regional extensional domain in the Early Permian. 
In addition, Triassic fluvial rocks were probably deposited 
in this basin. The Gamboola Basin formed by strike slip 
movement along the Gamboola Fault, probably at the same 
time as the Lakefield Basin. 

The impact of the Hunter-Bowen Orogeny is seen in the 
Russeii-Mulgrave Shear Zone and by deformation in the 
Hodgkinson Province as far west as Maytown. 

Coal resources in these basins or their North Queensland 
parts are limited, although mining did occur at Mount 
Mulligan and Collinsville. 

Jurassic and Cretaceous 
There was a depositional hiatus between the Middle 
Triassic and the Middle Jurassic in North Queensland, but 
the Early Jurassic to mid Cretaceous was a period of 
widespread fluvial and marine sedimentation in a large 
intracratonic basin (Great Australian Basin). Breakup of 
the Coral Sea began in the Cretaceous and is marked 
onshore by granites in the Townsville area and at Cape 
Upstart, and by the influx of volcanic detritus into the Great 
Australian Basin. Offshore, this event was marked by the 
development of rifts and associated sediments. 

Fluvial deposition in the Eromanga Basin began in the 
Early Jurassic in fault-controlled basins. By Late Jurassic, 
fluvio-lacustrine deposition was more widespread in the 
Eromanga Basin, but in the southern Carpentaria Basin, 
Middle Jurassic deposition was restricted to isolated fault 
basins. Marine deposition occurred in the western 
Carpentaria Basin and marginal marine conditions were 
present in the Laura Basin. In the Late Jurassic and earliest 
Cretaceous, deposition of transgressive shoreline and 
nearshore sediments occurred throughout all basins. The 
Carpentaria and Laura Basin formed one basin covering 
the basement rocks of the Coen Region. The culmination 
of the transgression resulted in widespread marine 
deposition followed by several regressions and 
transgressions and an influx of volcanic detritus . 
Subsidence rates in the Cretaceous were much higher than 
in the Jurassic. Deposition ceased at the end of the Early 
Cretaceous, and was followed by uplift, folding and 
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erosion. In the Papuan Basin, which was contiguous with 
the Carpentaria Basin, deposition continued into the Late 
Cretaceous. 

Offshore, i.n the Coral Sea Region, rift basins such as the 
Townsville Basin developed. They were filled initially by 
terrigenous and volcanilithic fluvial sediments and 
subsequently by marine sediments. Rifting was probably 
initiated in the latest Jurassic or earliest Cretaceous. The 
sag phase of the rifts occurred in the Cainozoic. 

Volcanic rifts with bi-modal suites of rocks ranging in age 
from 125 Ma to 95 Ma developed in the Proserpine Region 
to the south. Granites were emplaced mainly in the Bowen 
area, but extended as far north as Townsville. These 
granites range in age from 145 Ma to I 03 Ma. The volcanic 
and granite ages match the period of more rapid subsidence 
in the Great Australian Basin and the volcani lithic influx 
in the same basin. Igneous activity and onshore 
sedimentation both ceased at about the same time. 

Jurassic and Cretaceous rocks in the northern Eromanga, 
Carpentaria and Laura Basins have limited potential for 
hydrocarbons, although the offshore Carpentaria Basin 
potential is slightly higher. These basins have important 
groundwater resources. Coal is present in the Laura Basin. 
Small sub-economic palaeoplacer (gold, tin) deposits are 
present around the margins of the basins. 

Cainozoic 
The Cainozoic in North Queensland is characterised by 
widespread fluvial sedimentation, intensive weathering and 
continental basalts. Offshore, the Coral Sea breakup 
continued and the Papuan Basin to the north became a 
foreland basin as the island of Papua New Guinea formed. 

The Karumba Basin contains a mixture of fluvial and 
marine sediments. It was contiguous with the Papuan 
Basin, which developed into a foreland basin in the 
Oligocene. Weathering in this basin resulted jn the 
development of well preserved soil profiles. The Kalpowar 
Basin contains fluvial sediments and was isolated from 
the Karumba Basin by uplift of the Coen Region. Fluvial 
sedimentation was widespread in the Townsville hinterland 
and to the south. The sediments are interbedded with basalt 
flows and were subjected to several periods of weathering. 

In the Coral Sea, a transgression sequence passing upwards 
,from marginal marine to open marine sediments developed 
during the Palaeocene to Late Eocene. Progradation 
occurred in the Late Oligocene. On lap in the Miocene was 
followed by progradation in the Late Miocene; widespread 
reef formation occurred in the Miocene. Further 
transgression followed, with a final progradation in the 
late Pliocene to early Pleistocene. Since then, aggradation 
and progradation have occurred and the modem Great 
Barrier Reef has developed (in the last 300 000 to 400 000 
years). 

The Cainozoic contains significant economic deposits. 
Weathering has resulted in the formation of world class 
bauxite and kaolin deposits, and lateritic nickel and cobalt 
deposits. Coastal processes have resulted in the formation 
of large silica sand deposits and heavy mineral deposits. 
Large placer deposits of tin and gold formed, as well as 
lesser deposits of wolframite, and sapphires. Rare 
diamonds have been found in placers, but their source is 
unknown. Large groundwater resources are present in the 
Karumba Basin. The Coral Sea Region has high 
hydrocarbon potential. Cainozoic sediments, weathered 
rocks, volcanic landforms, Pleistocene reefs and coastal 
landforms are major tourist attractions. · 
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Adder Dacite, 306 
Agate Creek Volcani£' Group, 43, 81, 94 
Alberts Creek Mo11zogranite, 148 
Alex Hill Shear Zone, 190 
Allaru Mudstone, 394 
Allensleigh Basalt Flow, 204 
At/sorts Rhyolite, 306 
Almaden Supersuite, 44, 96,239-40,314 
Altanboui Granite, 310 
alumino-silicates, Georgetown Region, 79 
Amanda Bel gold field, 348 
Amarra Granite, 216 
A marra Suite, 177, 216 
Amber granite, 1 OJ 
Anabranch Basalt Flow, 204 
Anatasia cauldron, 38-40, 57 
Ancaster granite, 97 
Ancaster Rhyolite, 93 
An gore granite, 100 
Annie Creek Schist, 145 
Anning Granite, 89 
Ant Hill Andesite Member, 92 
antimony 

Cairns Region, 273,294-6,320 
Clarke River Regio11, 349 
Coen Region, 140 
Georgetown Region, 65 

Aralba Granite, 151 
A ralba Suite, 14 7, 151 
Ar-Ar dating, 430 
Archer River Shear Zo11e, 135 
Ardell granite, 103 
Argentine M etamorphics, 168, 206 
Argentine Mineral Field, 197 
Arkara Gneiss, 145 
Armraynald beds, 393 
Aroonbeta Rhyolite, 305 
Arragranite, 100 
Arringunna Rhyolite, 305 
Arrongulla Formation, 83 
Artella Gra11ite, 152 
Artemis Gra11odiorite, 148 
Astrea Formation, 143 
Atherto11 Basalt, 260-1 
Aurora Granite, 88 
Awring Granodiorite, 98 
Aylesbury Microgranite, 97 
BabalangeeAmphibolite, 227-8 
Baby Granodiorite, 215 

-IN-D-EX 
Only the principal riferences are listed 

backscattered electron imaging, 432-3 
Badu Granite, 164 
Badu Suite, 160-1,164 
Bagstowe- Lochaber structure, 98 
Bagstowe Granite, 97 
Balcooma Metavolcanics, 34-5, 83 
Balcooma Mylonite Zone, 55-56 
Balcooma prospect, base metals, 73 
Balfes Creek beds, 520 
Ballast Creek Dacite, 309, 314 
Bally Knob Volcanics, 43, 92 
Ballynure Fault, 55,56 
Ballynure Rhyolite, 91 
Bamaga Basin 371-2, 397, 503 

petroleum resources, 391 
Bamford Hill mine, tungsten, 271, 540 
Banana Microgranite, 218 
barite, Georgetow11 Region, 65, 79 
Barkers Creek Igneous Complex, 103 
Barnard Metamorphics, 226-7, 314, 463-4 
Barnard Province, 226-8, 262, 462-4 
BarrabasAdamellite, 214 
Barrabas Supersuite, 176 
Barratta Granite, 218 
Bartle Frere Granite, 310 
Bartle Frere Supersuite, 310 
Barwidgi Granite, 103 
Barwidgi volcanic ]lSsure, 92 
Barwon Granite, 149 
base metals 

Cairns Region, 271-3,290-4,320 
Charters Towers Regiqn, 200 
Coen Regiofl, 141 
Georgetown Region, 66-7, 72-6 

Bathurst Range prospect, coal, 405 
Battle Camp Shale, 407 
Baumans Camp Granite, 217 
bauxite, 385-6, 387 
B-Creek Rhyolite, 84 
Beapeo Rhyolite, 307 
Beasley Creek Tonalite, 213 
Bedarra Granite Belt, 252,312 
Bedlog Rhyolite, 306 
Bellenden Ker Batholith, 244-5, 310 
Bellenden Ker Granite, 310 
Ben Lomond prospect, uranium, 202, 538 
Bend Granodiorite, 209 
Beril Peak Rhyolite, 95 
Bernecker Creek Formation, 86 
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Beverley Hills Granite, 89 
Big Bend Ar/wse, 206 
Big Bore Granodiorite, 215 
Big Rush mine, gold, 348- 9 
Big Surprise Tuff, 94 
Billy Hill granite, 90 
Bimba Granite, 88 
Bird bush Basalt Flow, 204 
Black Cap Diorite, 98 
Black Pinnacle Igneous Complex, 218 
Black Soil Andesite, 94 
Blackjack Granodiorite, 213 
Blackman Gap Complex, 89 
Blanders Granodiorite, 215 
Blue Mountains Granite, 147 
Blue Mountains Supersuite, 128, 147 
Blue Rock Creek beds, 3 7, 82 
Bluewater Rhyolite, 306 
Boatswai11 Gra11odiorite, 213 
Bogie Creek Granite, 218 
Boiler Gully Complex, 30 
Bombarri Creek Complex, 90 
Bombarri Gra11odiorite, 215 
Bonnor Creek Granite, 96 
Bom10r Suite, 96 
Boomarra Sub-basin, Carpelltaria Basi11, 380-1 
Boomera11g Basalt, 80 
Boori lg11eous Complex, 218 
Boori Li11eament, 189, 191 
Boroston Formation, 353,361 
Bousey Rhyolite, 95 
Bowen Basin, 514- 16 
Box Forrest Diorite, 214 
Boxwood Volcanics, 307 
Bracteta Mudst01re, 355 
Brandy Hot Gra11odiorite, 90 
Brandy Hot Supersuite, 36, 90 
Breccia Creek Rhyolite, 306 
Brittania Granite, 213 
Brittania Supersuite, 176, 213 
Brittany Gra11ite, 210 
Brittany Supersuite, 173, 210 
Brodies Camp Supersuite, 46, 97 
Brodies Gap Rhyolite, 95 
Broken River Group, 335- 6, 354-5, 360, 504-5 
Broken River Province, 327-36, 341-7, 

476-9, 540-1 
Brookers Waterho/e Granite, 103 
Broughton River Gra11odiorite, 214 
Broughto11 RiverSupersuite, 176-7 
Bubbling Granodiorite, 215 
Bucklands Hill Diorite, 208 
buildi11g stone, Georgetown Region, 65, 79 
Bulgeri Formation, 81, 354,361 
Bulgin Creek Granite, 216 
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Bulimba Formatio11, 80, 393 
Bull Creek Granite, 97 
Bulleringa cauldron, 38-40, 57 
Bulleringa Volcanic Subgroup, 93 
Bullseye Rhyolite, 94 
Bundock Basi11, 336-7, 506-7 
Bundock Creek Group, 37, 81, 336-7, 353-4, 

360-1, 506-7 
Bunira Granite, 149 
Bunk Creek Granite, 311 
Burdekin Basin, 180, 193, 505- 6, 537-8 
Burdekin Fault, 343 
Burdeki11 Formation, 206 
Burdekin River Lineament, 190, 193 
Burges Formation, 355 
Burketown Depression, 372 
Burlit1gton Suite, 96, 100 
Burns Gra11ite, 149 
Burton Lago01r Gra11ite, 149 
Buthen Buthen Granite, 149 
Butlers Volcanic Group, 42-3, 91 
Cairns Region, 225-325 

Cainozoic, 259-62 
correlations-i11tra a11d illler-regional, 
267-8 
deformation and event history, 262-7 
Devonian-early Carboniferous, 232-4 
geologica/framework, 225 
geophysical characteristics, 225- 6 
Jurassic- Cretaceous, 259 
known mineralisation and resources, 
275- 99 
late Carboniferous-Permian, 234- 58 
Late Permian- Triassic, 258-9 
late Proterozoic-Ordovician, 226-32 
lead isotope ratios, magmatic and 
hydrothermal activity, 444-6 
mineral and energy deposit styles and 
potential resources, 538-40 
mineral commodities, minor, 299 
mines and mining history, 268-74 
recent mineral exploration, 274-5 
regolith, 262 
Silurian-Early Devonian, 232 

California Creek Suite, 96, 1 OJ 
California Granite, 101 
Cambridge Creek microgranite, 98 
Camel Creek Goldfield, 363 
Camel Creek Subprovince, 331-3, 341, 541-2 
Camp Oven Dacite, 93 
Camp Oven Mountai11 Complex, 218 
Campaspe Formation, 187,204,527 
Campbell Momrtain cauldron, 40-41, 57 
Campbell Mountai11 Granite, 97 
Ca11dlow Formation, 85 

.J 



-CanyoiiDaclte,-9s· · - · 
Caone Range Granite Complex, 217 
Cape Bowen Granite,310 
Cape Flattery-Cape Bedford Area, 296 
Cape Flattery mine, silica sand, 296 
Cape Grenville Volcanics, 146 
Cape Melville Granite, 310 
Cape Melville Supersuite, 251, 310 
Cape River Metamorphics, 166-8,207,459-62 
Cape River Province, 188-9,371, 459-62, 

537,540 
Cape Tribulation area volcanic rocks, 308 
Cape York Peninsula Batholith, 126-30, 135-6, 

147,482-8 
Capel Granodiorite, 215 
Cardross Orthogneiss, 87 
Carew Greenstone, 143 
Cargoon Granodiorite, 215 
Carl Creek Limestone, 393 
Carleton Monzogranite, 148 
Carlyon Creek Granodiorite, 209 
Carnes Granodiorite, 98 
Carpentaria Basin, 374-83,394-6, 521-2 
petroleum resources, 390 
Carpentaria Lowlands and Gulf of Carpentaria 
Regions, 365-97 

Cainozoic, 383-4 
Carboniferous-Triassic, 3 7 4 
concealed Palaeozoic? or Proterozoic?, 
371-2 
Devon ian-Carboniferous, 3 72-4 
geological framework, 365-6 
geophysical characteristics, 367-71 
groundwater, 391-2 
Jurassic-Cretaceous, 374-83 
known mineralisation and resources, 387-9 
mineral and energy deposit styles and 
potential resources, 542-4 
mines and mining history, 386 
petroleum resources and prospectivity, 
389-91 
recent exploration history, 386-7 
regolith and landforms, 384-6 

Carriers Well Formation, 332, 359, 362 
Carron Rhyolite, 84 
Carrs Granite, 102 
Carse Creek Complex, 210 
Carse-0-Gowrie Granodiorite, 213 
Carysfort Quartzite, 143 
Casey Spring Creek Granodiorite, 213 
Cashmere microgranite, 99, 104 
Castle Hill Granite, 216 
Caterpillar Micro granite, 98 
cathodoluminescence imagilzg, 432-3 
Cattle Swamp Shear Zone, 135, 455 

- .Centaur.i Gran.o_t/.iQri!~,_213_ 

Chat/shunt Granite, 88 
Charles Creek granite, 90 
Charles Knob granite, 101 
Charters Towers Metamorphics, 169-70,207, 

459-62 
Charters Towers mines, gold, 198, 53 7 
Charters Towers Region, 165- 224 

Cainozoic, 186-8 
Cambrian-Ordovician, 170-4 
correlations- intra- and inter-regional, 
194-5 
Cretaceous, 186 
deformation and event history, 188- 94 
Devonian-early Carboniferous, 18~2 
geological framework, 165- 6 
geophysical characteristics, 166 
known mineralisation and resources, 
198- 203 
late Carboniferous-Permian Rocks, 183-6 
lead isotope ratios, magmatic and 
hydrothermal activity, 446-7 
mineral a11d energy deposit styles and 
potential resources, 537-8 
mineral exploratio11, recent, 197-8 
mi11es and mining history, 195-7 
Neoproterozoic-Cambrian, 166-70 
Ordovician- Devonia11, 174- 5 
Silurian-Devonian, 175-80 

Chelmsford Gneiss, 144 
Chevy Creek Granite, 151 
Chillagoe Formati01~, 232,297,302 
Chinama11 Creek Limestone, 355 
Chipley Granite, 209 
Chipley Supersuite, 173, 209 
Chippendale Granodiorite, 213 
dzromium, known mineralisation and resources 

Clarke River Region, 350 
Georgetown Region, 79 

Chudl.eigh Basalt, 80,352 
Chudleigh Subprovince, 52-3 
Chuko Quartzite, 145 
Chulcee Formation, 83 
Claraville beds, 385, 393 
Claraville Province, 3 70, 449 
Claret CreekSupersuite, 45, 96,240,314 
Claret Creek Volcanics, 236, 309 
Clarke River Basin, 338, 343, 508- 9, 542 
Clarke River Fault (Fault Zone), 192-3,344 
Clarke River Group, 337-8,352,508-9 
Clarke River Orocline, 363 
Clarke River Region, 327-63 

Cainozoic, 34~1 
Carboniftrous- Early Permian i11trusive rocks, 
339-40 
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correlations- intra and inter-regional, 
344-7 
Devonian-early Carboniferous, 335-8 
exploration, recent, 347 
geologica/framework, 327-9 
geophysical characteristics, 330 
known mineralisation and resources, 
347-51 
late Carboniferous-Early Permian, 339 
major bounding faults, 343-4 
Mesozoic, 340 
mineral and energy deposit styles and 
potentifll resources, 540-2 
mines and mining history, 347 
Ordovician, 331-3 
Proterozoic, 330-1 
Silurian-Early Devonian, 333-5 
structure and tectonics, 341-4 

clay, mines and mining history, Cairns Region, 274 
Clearview Supersuite, 211 
Clemant Microgranite, 217 
coal 

Cairns Region, 273, 298, 320 
Carpentaria Lowlands and 
Gulf of Carpentaria Regions, 387,389 
Coen Region,J41 
Quinkan Region, 405 

cobalt, known mineralisation and resources, 
Caims Region, 296 

Cobbold Metadolerite, 30 
Cockatoo Spring granite, 99, I 04 
Cockie Spring Tonalite, 89 
Coen Metamorphic Group, 123-4, 142,454-5 
Coen Region, 117-58 

Cainozoic, 131 
correlations, 136 
deformation history, 133-6 
Devonian-Carboniferous, 129 
Devonian, 12fr9 
geological framework, 117 
geophysical characteristics, 118 
late Carboniferous-Early Permian, 129-30 
Late Permian, 131 
Mesozoic, 131 
mineral a11d e11ergy deposit styles a11d 
pote11tial resources, 534-6 
mineral exploratio11, recent, 138 
mineralisatio11 a11d k11own resources, 
138-41 
mines and mining history, 138 
~roterozoic, 118-26 
regolith and landforms, 131-3 
stream sediment geochemistry, 13 7-8 

Coe11 Shear Zone, 135 
Coffin Hill Member, 80, 394 
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Coleman River Gneiss, 143 
Collingwood prospect, tin, 281-2 
Collopy Formation, 205 
Columbia Creek Complex, 210 
Columbia Creek Supersuite, 13 7-4, 210 
Combella Rhyolite, 305 
Conical Knob Microgranite, 98 
Conjuboy Formation, 3 7, 82, 505 
Connie May Dolerite, 98 
Connolly Lineament, 189, 191 
Controversy Hill Rhyolite, 306 
Cooktown Supersuite, 248-51,310 
Cooktown Tinfield, 281-2, 288 
Cope granite, 89 
copper 

Carpentaria Lowlands and 
Gulf of Carpentaria Regiom, 386 
Clarke River Region, 350 
Georgetown Region, 62 

Copper Bush Granite, 97 
Copperfield Batholith, 35-6, 90,107,483-8 
Coral Sea Region, 409-18 

basins, 527 
Cretaceous-Cainozoic rocks, 4ll-14 
iltter-regio11al correlations, 417 
Middle Jurassic-Early Cretaceous, 411 
petroleum prospectivity, 417 
pre-Mesozoic, 411 
regional framework, 409-11 

Corbett Formation, 85 
Corduroy Swamp granite, I OJ 
Corkscrew Rhyolite, 95 
Cornelia Orthogneiss, 212 
Cracknell Granodiorite, 215 
Craigie Supersuite, 178, 215 
Craigie Tonalite, 215 
Cranky Creek Granodiorite, 98 
cratonisation, 17-18 
Crescent Granodiorite, 213 
Crimea Granite, 209 
Crooked Creek Conglomerate, 356 
Crosbie Formation, 142 
Croydon Goldfield, 61 
Croydon mines, gold, 69, 531 
Croydon Province, 21,370, 455-8, 531 
Croydon Volcanic Group, 2fr7, 83,54-5,455-8 
crust and lithosphere, regional variation, 15-16 
crustal 

elements, Jfrl8 
modification model, 18 
provinces, interpreted by magnetic and 
gravity imaging, 17 
structure, 11- 16 

Crystalbrook Volcanic Neck, 96 
Culba Granodiorite, 98 



Culpin Granite, 149 
Cuitivatliii (/u}[y-Forinailim, ·:106 
Cumbana Batholith, 40, 44, 45 
Cumbana cauldron, 39-41, 57 
Cumbana Rhyolite, 95 
Cumberland mine, gold, 70 
Cumberland Range Volcanic Group, 42, 91 
Cummills Rhyolite, 306 
Dagworth Alldesite, 95 
Daintree Gneiss, I 44 
Dalkum Micrograllite, 14 7 
Dalmore Grallodiorite, 213 
Dalnotter Dacite, 306 
Dalrymple Salldstone, 407 
Dollie/ Creek Formation, 86 
Dargalong Metamorphic Group, 22, 28-34, 53, 87 
Davey Creek Granite, 216 
Dead Horse Metabasalt, 86 
Deane Grallodiorite, 214, 218 
Deane Supersuite, 176 
Deep Creek grallite, 99, 104 
Delaney Granite, 88 
Desert Creek granite, 100 
Desert Creek Suite, 96, 100 
Dianne deposit, copper, 290-1 
diatomite, Georgetown Region, 69, 79 
Dickson Creek Rhyolite, 93 
Dido Batholith, 36, 483-9 
Dido Supersuite, 36, 90 
Dido Tonalite, 90 
Digger Creek Granite, 88 
Di/lons Knob Grallite, 216 
dimension stone, Cairns Region, 298-9 
Dinah Formation, 143 
Dip Creek Limestone, 355 
Dirie Sandstone, 83 
Dismal Creek Dacite, 91 
Dixie Granite, 149 
Donaldson Well Volcanic Member, 356 
Doolan Creek Rhyolite, 307 
Dosey Limestone, 355 
Dotswood Group, I 80, 206, 505-6 
Double BarreiAildesite, 92 
Dregger Granite, 88 
Drillkwater Diorite, 214 
Drovers Lagooll Formation, 142 
Drummolld Basin, 510-12 
Drynoch Granite, 218 
Duffers Creek Dacite, 93 
Duffs Rallge Granite, 89 
Dumbano Batholith, 35-6, 483-8 
Dumbano Granite, 89. 
Durham mille, gold, 70 
Dynan Dacite, 93 
Dyrailba Member, 354 

earthquakes and stress, 12-13 
EasfdiiJ.e Gran'ite-;98 · ---
Eastern Australian Igneous Province, 500-2 
Ebagoola Granite, 149 
EbagoolaShearZone, 135 
Ebagoola Suite, 147, 149 
Eborac Ignimbrite, 164 . 
Eden Vale Rhyolite, 92 
Edmonds Creek Rhyolite, 91 
Edward River Metamorphic Group, 142, 454-5 
Eight Mile Sandy Creek granite, 89 
Einasleigh Metamorphics, 86 
Eland Metavolcallics, 82 
Eleven-B Granite, 89 
Elizabeth Creek Granite, 100 
Ellendale granite, 89 
E/lenvale beds, 183-4, 204, 520 
Ely mille, bauxite, 386 
Emerald Creek Microgranite, 311 
Emerald Creek Supersuite, 245, 3 I 1 
Emma Creek tonalite, 90 
Emu Mill Granodiorite, 213 
Emysland Granite, 218 
Endeavour Strait Ignimbrite, 164 
Eresby cauldron, 38-40, 57 
Eresby Volcanics, 93 
Eromanga Basin, 383, 523 
.Esmeralda Granite, 88 
Esmeralda Supersuite, 33-4, 88, 455-8 
Etheridge Goldfield, 60- 1 
Etheridge Group, 22-6,28-34,54,86-7, 

83,450-4 
Etheridge Province, 371, 449- 54, 530-1, 535 
Eulo Queen Group, 81, 395 
Eureka Rhyolite, 306 
Eve Creek Microgranite, 97 
Eveleigh cauldroll, 39-41, 57 
Eveleigh Volcanic Subgroup, 91, 95 
Everetts Creek Volcanics, 33I-2, 359, 362 
Ewan Formation, 205, 217 
Exley Microgranite, 210 
Fairview Gravel, 407 
Falls Creek Tonalite, 174, 209 
Fanning River Group, 180, 206 
Far East Fault, 55 
Far Farming mine, gold, 199 
Fat Hen Creek Complex, 174,188- 9 
Featherbed Volcanic Group, 236,305-8 
Fenian Granite, 208 
Fenian Suite, 208 
Fernhill Granite, 152 
Fig Tree Hill granite, 88 
Five Mile Mill Granodiorite, 213 
First Bull Rull granite, 100 
First Pocket Igneous Complex, 218 
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Fish Creek Granite, 151 
Fish Creek Suite, 147, 152 
Fisherman Rhyolite, 305 
Flat Rock granite, 103 
Flora Creek Trondhjemite, 113 
fluorite 

Caims Region, 173, 198, 321 
Georgetown Region, 65, 68, 79 

Flynns Creek microgranite, 100 
Flyspeck Granodiorite, 148 
Flyspeck Supersuite, 117-8, 147 
Forest Home Supersuite, 33, 88 
Forest Home Trondhjemite, 88 
Forsayth Batholith, 31- 3,36,106 
Forsayth Granite, 88 
Forsayth Supersuite, 31-3, 88 
Frenchy Creek granite, 101 
Froghollow Suite, 96, 1 OJ 
Fulford Creek granite, 100 
Furry Hoop Member, 351 
Galilee Basin, 396, 518- 11 
Galloway Volcanic Group, 41, 93 
Gamboola Basin, 514 
Gamboo/a Fault, 370,455,514 
Garraway Creek Diorite, 147 
Garraway Sandstone north, 39 5 
Gavin Rhyolite, 305 
Gelaro Granite, 103 
gemstones and semi-precious stones 

Cairns Region, 197-8 
Clarke River Region, 351 
Georgetown Region, 64-5, 68, 78· 

geological 
history, North Queensland, 547-50 
principles, 5- 6 
provinces and basins, review, 449- 518 
regions and provinces, overview, 5-6 
timescale, 6 

geophysical framework, 9- 18 
Georgetown Region, 19- 116 

Cainozoic, 51- 3 
Cambrian-Ordovician, 34-5 
Devonian-early Carboniferous, 37 
geological framework, 19-11 
geophysical characteristics, 11-2 
knowtz mineralisation and resources, 60--5, 
69- 79 
late Carboniferous-Early Permian, 37-51 
lead isotope ratios, magmatic and hydrothermal 

activity, 441-4 
Mesozoic, 51- 1 
mineral and energy deposit styles and potential 

resources, 530-4 
mines and mining history, 60--5 
mines and minitrg history, 69-79 
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Proterozoic, 12-34 
recent mineral exploration, 65-9 
regolith, 53 
Silurian- Devonian, 3 5-6 
stratigraphy, 80 
stream sediment geochemistry, 58- 60 
structure, 53-8 

Gilbert River Formation, 80--1, 351, 394 
Gilberton Basin, 509 
Gilberton Fault, 56 
Gilberton Formation, 37, 81 
Gillian (Nymbool, Pinnacle) 

Prospect MDL 38, 286 
Gingeralla Volcanics, 91 
Glen Garland Granodiorite, 148 
Glen Gordon Volcanics, 13 7-8, 308 
Gleneagle granite, 99, 104 
Glene/1 Granodiorite, 109 
Glen loth granite, 90 
Glenmore Batholith, 35, 46, 50, 483- 8 
Glenmore Supersuite, 46, 97 
Glenrock Group, 180, 105, 117, 505-6 
G/enroy Mill Granodiorite, 212 
Go Sam Suite, 96 
Goamra Granite, 149 
Goat CreekAndesite, 84,94 
gold and silver, Georgetown Region, 60-2, 69-71 
gold, known mineralisation and resources 

Cairns Region, 276-81 
Carpentaria Lowlands and 
Gulf of Carpentaria Regions, 389 
Charters Towers Region, 198-200 
Clarke River Region, 348-9 
Coen Region, 139-40 
Quinkan Region, 405 
Torres Strait Region, 163 

gold, mineral production, Caims Region, 319 
gold, mines and mining history 

Cairns Region, 268-9 
Carpentaria Lowlands and 
Gulf of Carpentaria Regions, 386 
Charters Towers Region, 195- 6 
Quinkan Region, 405 

gold, recent exploration 
Carpentaria Lowlands and 
Gulf of Carpentaria Regions, 387 
Georgetown Region, 65-6 
Torres Strait Region, 161 

Goldsborough Granodiorite, 116 
Goldsmiths Granite, 88 
Gongora Granodiorite, 98 
Goods Island Ignimbrite, 164 
Goolha-Goolha Schist, 142 
Gorge Creek Suite, 211 
Gorge Quartzite, 143 



graphite, Georgetown Region, 69, 79 
. Gra~"SHut Granite:·209 - - - - -

Grasstree Granite, 216 
GrasstreeSuite, 177,216 
Graveyard Creek Group, 333-4, 356, 360 
Graveyard Creek Subprovince, 332- 6, 342- 3, 

361, 476-9, 541 
Gray Creek Complex, 30, 330, 450 
Gray Creek Fault, 344, 360 
Greasy Creek granodiorite, 99,104 
Greenes Spring granodiorite, 99, 104 
Greenvale Formation, 332, 357, 362, 476-7 
Greenvale mine, nickel, 64, 77 
Gregory Downs Limestone, 393 
groundwater 

Carpentaria Lowlands and 
Gulf of Carpentarw Regions, 391- 2 
Quinkan Region, 405-6 

Guela Sandstone, 83 
Gumhole Monzogranite, 148 
Gunnawarra Bump granite, 104 
Gurrumba Ring Complex, 314 
Gurrumba Volcanics, 236-7, 309 
Gyp Swamp Granodiorite, 103 
Halls Reward Fault (Mylonite Z011e), 56, 343-4 
Halls Reward Metamorphics, 27, 55, 83, 331 
Hammonds Creek Granodiorite, 240-1, 314 
Hampstead Sandstone, 81 
Hann Creek Basalt Flow, 204 
Hardwick Formation, 205 
Harry Creek Formation, 353, 361 
Havelock mine, gold, 70 
Hawksnest Creek granite, 99 
Hawks nest granite, 104 
heat flow and temperature, 13 
Heathfie/d West Tonalite, 213 
heavy minerals, known mineralisation and 
resources 

Cairns Region, 296-7 
Carpentaria Lowlands and 
Gulf of Carpentaria Regions, 387,389 
Coen Region, 141 
Georgetown Region, 78-9 

Heliman Formation, 85 
Hells Gate Rhyolite, 204 
Heneage Granite, 149 
Herbert River granite, 99, 104 
Herberton Deep Lead, tin, 284 
Herberton Mineral Field, 288,291-2 

alluvial deposits, 283-4 
deep lead deposits, 284 
lode deposits, 282-3 

Herberton Suite, 96 
Hinchinbrook Granite, 313 
Hodgkinson Formation, 232-3, 301,471-6 

Hodgkinson Gold Field, 276-7,295 
llodglitnsiii,-Proviii"ce; 229:....34; 262:..."7; 303;539· 
HodgonSuite, 177,216 
Hodgon Grf;Znodiorite, 216 
Hogg Granodiorite, 215 
Hogs flesh Creek Granodiorite, 209 
Hogsjlesh Creek Supersuite, 171-2, 209 
Holborn Granodiorite, 210 
Holroyd Group, 120-3, 143, 454-5 
Hopscotch Rhyolite, 306 
Horn Island Granite, 164 
Horn Island mine, gold, 163, 536 
Horse Pocket Suite, 217 
Horse Pocket Volcanics, 205, 217 
Horse Swamp Creek granite, 103 
Huonfe/s Rhyolite Member, 91 
Idalia Rhyolite, 84 
ignimbrites, 180-1 
fllewanna Granite, 88 
Imooya Granite, 150 
Ingham Batholith, 51, 99, 252-3, 313,363 
lngleby Granite, 150 
hwrunie Group, 27, 83, 455-7 
Insolvency Gully Formation, 183, 205, 520 
International mine, gold, 70 
Inter-regional Igneous Provinces, North 
Queensland, 479- 502 
Intracratonic Basins, North Queensland, 502- 28 
iron and manganese 

Cairns Region, 298, 273-4 
Charters Towers Region, 202 
Coen Region, 141 

Iron Range Province, 135, 370, 458-9, 534-5 
Ironhurst Formation, 92 
isostasy and lithospheric strength, 13-14 
isotopic tracers, 441-2 
Ixe Microgranodiorite, 101 
Ixe Suite, 96,101 
Jack Formation, 356 
Jamieson Member, 354 
Janet Ranges Volcanic Group, I29, 146 
Janet Ranges Volcanics, 146 
Jape Creek granodiorite, 89 
Jeannie River prospect, tin, 2 79, 284 
Jedda Schist, 145 
Jessie Springs Limestone, 355 
Jessop Creek Tonalite, 213 
Jinker Creek Rhyolite, 9 5 
Jones Dam Supersuite, 173, 209-10 
Jordan Creek Gold Field, 278 
Judea Formation, 332,356, 360, 476 
Ju/ago Volcanics, 174,204, 518 
Julia Formation, 206 
Junevale Granite, 102 
JunevaleSuite, 96,102 
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Junta/a Metamorphics, 87 
Kallanda Granite, 217 
Kal/on Volcanics, 92 
Kalpowar Basin, 407,527 
Kangarong Basalt Flow, 204 
Kangaroo Creek cauldron, 40-41, 57 
Kangaroo Creek Supersuite, 46-7, 97 
Kangaroo Hills Formation, 333,357, 362, 476-9 
Kangaroo Hills Mineral Field, 196 
Kangaroo Rat granite, 101 
Kangaroo River Volcanics, 146 
kaolin, Carpentaria Lowlands and Gulf of 
Carpentaria Regions, 386-7 
K-Ar dating, 430 
Karumba Basin, 383-4, 391, 393, 526-7 
Kedumba Granodiorite, 214 
Keelbottom Group, 180, 205, 506 
Keelbottom Lineament, 193 
Keer Weer Province, 368-9, 449 
Kendle River Granite, 151 
Kennedy Province, 136, 234- 58, 488-500, 532-4, 

535-6, 538, 539-40 
Connors Subprovince, 489, 494-6, 
499-500 
Daintree Subprovince, 489, 492- 7 
Herherton Subprovince, 489,493-8 
Jardine Subprovince, 489, 492, 494, 496 
Kangaroo Hills Subprovince, 489, 494-6, 
499 
Kidston Subprovince, 489, 493,495- 6, 
498-9 
Lakefield Subprovince, 489 
Paluma Subprovince, 489, 494-6, 499 
Tate Subprovince, 489, 493-4, 496, 498 

Kidston mine, gold, 61-2, 532-4 
Kimba Gneiss, 144 
Kinara Basalt, 80 
King Junction Granite, 152 
Kingvale Granite, 151 
Kin tore Granite, 150 
Kintore Supersuite, 128-9, 14 7 
Kirk River beds, 170-1 
Kirk/ea Granite, 209 
Kirkwood Monzogranite, 148 
Kitchen Creek Rhyolite, 95 
Kitchener Granite, 103 
Kitja Gneiss, 144 
Kitoba Member, 301 
Knob Camp Granodiorite, 97 
Kokojelandji Schist, 144 
Kokomini Granite, 151 
Kondaparinga Formation, 259, $16-7 
Kopo Granite, 151 
Kowanyama Province, 369-70,449 
Kukiandra Formation, 206 
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KungareeTrough,39-41,60 
Kungaree Volcanic Subgroup, 91, 95 
La Villa Igneous Complex, 214 
Lags Supersuite, 243, 315 
Laia Granite, 151 
Lakefield Basin, 407, 513-14 
Lancewood Rhyolite, 97 
Lane Creek Formation, 85 
Langdon River Mudstone, 85 
Langlova/e Group, 26, 54, 83, 450 
Lankelly Granite, 147,151 
Lappa Rhyolite, 306 
Laragon Volcanics, 92 
Laroona Formation, 206 
Larramore Metabasalt Member, 301 
Lata11 Granite, 210 
Laura Basin, 407,522- 3 
Lavery Creek Granite, 209 
Lavery Creek Supersuite, 172-3, 209 
lead isotope ratios, magmatic a11d hydrothermal 

activity, 442-7 
lead, Georgetown Region, 62 
Leconsfield Granite, 150 
Leichardt Supersuite, 184,218 
Lighthouse Granite, 88 
Lighthouse Supersuite, 33, 88 
Lightning Creek Rhyolite, 305 
Lilyponds Granite, 151 
limestone 

Cairns Region, 297, 320, 274 
Charters Towers Region, 202 
Clarke River Region, 351 
Coen Region, 141 
Georgetown Region, 65, 79 

Lindalo11g Granite, 150 
Linda/ong Shear Zone, 13 
Lindsay Flat Microgranite, 147 
Linley Rhyolite, 499 
lithosphere 

development, 9- 10 
strength and isostasy, 13-14 

Little Bird Granite, 98 
Little Forks Volcanics, 238, 308 
Little Pocket Dacite, 94 
Little River Coal Measures, 258, 298, 300, 517 
Lochaber Granite, 97 
Lochs Gneiss, 142 
Lockup Well Limestone, 355 
Lollypop Formation, 205 
Lolworth Batholith, 177, 189- 92, 211- 2, 216, 

482-8, 537 
Lomandra Limestone, 355 
Loth Formation, 81 
Lubrina Granite, 97 
Lucky Creek Metamorphic Group, 35, 82 



_L_ug!l.~fJ_Y.etp._!tiOIJ!hic§, 82_ 
Lukinville Granodiorite, 152 
Lukinville Suite, 147, 152 
Lulu Pocket Igneous Complex, 218 
Lumma Rhyolite, 305 
Lyall Formation, 352, 363 
Lynd Mylonite Zone, 55 
Macartneys Granite, 88 
Macauley Creek Granite, 217 
MacCa!lor Microgranodiorite, 97 
Macrossan Gabbro, 214 
Macrossan Province, 165, 479-82 
Magnetic Island Granite, 216 
Magpie Creek Limestone Member, 356 
Malacura Sandstone, 84 
Malmesbury Microgranite, 217 
MamberraAndesite Member, 81 
Maneater Granodiorite, 243 
manganese, Cairns Regi01r, 274,298 
Mareeba Gold Field, 279 
Marlborough Pocket, 218 
Marquis Rhyolite, 91 
Marshs Creek Formation, 183, 204, 520 
Martin CreekMicrogranite, 103 
Martins Well Limestone Member, 355 
Maureen prospect, uranium, 77, 532 
Maureen Volcanic Group, 41-2, 92 
McBride Basalt Group, 80 
McBride Subprovince, 52 
McCord Granite, 101 
McDevitt Metamorphics, 22, 53-4, 87 

geochemistry, 28-34 
McFar/a,esAndesite, 94 
Mel/wraith Gra11ite, 150 
Mcivor Subprovince, 261-2 
McKinno11s Creek Granite, 89 
McLean Basalt, 261 
McLennons Creek Rhyolite, 91 
Meadowvale Granodiorite, 213 
Meath Rhyolite Member, 352 
Medicine Creek Complex, 208 
Medicine Supersuite, 208 
Melon Creek Tonalite, 210 
Men a Granite, 150 
MerriFault, 189-91 
Merrila11d Suite, 213 
Merri/and Tonalite, 213 
metasedimentary rocks, studies, 435-6 
mica, Georgetown Region, 65, 79 
Middle Mountain Basalt, 80 
Milky Granodiorite, 215 
Milia roo Fault Zone, 515 
Millaroo Granite, 209 
Mil/chester Creek Tonalite, 213 
Mille/rester Supersuite, 175-6, 213 

Miners Gap Granite, 218 
Minge1a Grimoiliorite, 213· -
Mingela Suite, 213 
Mingela Volcanics, 187-8, 204 
Mingoom Granite, 218 
Mimtamoo/ka Granite, 99,104 
Minnemore Granodiorite, 103 
Mistake Granodiorite, 215 
Mistletoe Granite, 88 
Molloy beds, 233-4, 301, 511 
Molly Darling Granodiorite, 213 
molybdenite and copper, Torres Strait Region, 163 
Molybdenite Creek Granite, 218 
molybdenum 

Cairns Region, 274, 289-90, 321 
Georgetown Region, 64 

Montgomery Range Igneous Complex, 339,361 
Mooremount Granite, 88 
Mopata Microgranite, 97 
Morehead Granite, 150 
Morris Adamellite, 147 
Mosaic Gully Rhyolite, 95 
MosgardiesAdamellite, 209 
Mosgardies Shear Zone, 190 
Mount A/to Granite, 311 
Mount Alto Supersuites, 246-7, 311 
Mount Boddington Granite, 209 
Mount Canton Igneous Complex, 218 
Mount Carbine mine, tungsten, 286-7, 540 
Mount Cardwell Granite, 101 
Mount Cuthbert Granodiorite, 214 
Mount Darcy Microgranodiorite, 98 
Mount Departure Microgranite, 98 
Mount Douglas Formation, 205 
Mount Elvan Granite, 216 
Mount Emu Rhyolite, 92 
Mount Formarti11e Granite, 311 
Motmt Formartine Supersuite, 243-4,311 
Mount Glengaldler Granite, 211 
Mount Helpman Member, 86 
Mount Hogan Granite, 88 
Mount /sa Provi11ce, 368,449 
Mount Juliet Granite, 89 
Mount Leyshon mine, gold, 198-9,538 
Mount Little Volcanic Group, 43-4, 94 
Mount Max Granite, 98 
Mount Mulligan Coal Measures, 258,298, 300, 

516-17 
Mount Peter Provisional Gold Field, 278 
Mount Podge Limestone, 206, 505 
Mount Pudding Basin Granodiorite, 103 
Mount Razorback Basalt, 80 
Mount Rous Microgranodiorite, 98 
Mount Ryan Quartzite, 142 
Mount Sharples granite, 99, I 04 
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Mount Sircom Microgranodiorite, 98 
Mount Stortlt Granite, 216 
Mount Stuart Igneous Complex, 216 
Mount Webster Granodiorite, 90 
Mount Webster Supersuite, 36, 90 
Mount Windsor Volca11ics, 206, 208 
Mount Wright prospect, gold, 199, 538 
Mountain Camp Granite, 103 
Mou11tain Creek Conglomerate, 231,302 
Mountain View Quartz Diorite, 216 
Muirson Rhyolite, 306 
Mulgrave Formation, 229-31,303,471 
Mulgrave Gold Field, 277-8 
Mulindie GrDirite, 102 
MulindieSuite, 96,102 
M underra Granodiorite, 314 
Mundie Igneous Complex, 216 
Muralug Ignimbrite, 164 
Murronga Basalt, 80 
Myola Granite, 216 
Myrrlumbing Basalt Flow, 204 
Myrtlevale Formation, 205 
Mytton Formation, 354 
Mywyn Gra11ite, 88 
Namarrong cauldron, 39-41, 57 
Namarro11g Volcanic Subgroup, 91, 95 
Namul Dacite, 91 
Nanyeta Volcanics, 237,309 
Neoproterozoic or Early Palaeozoic Provinces, 
North Queensland, 458-69 
Nettle Suite, 96 
Newberry Metamorphic Group, 120, 143-4, 453 
Newburgh Granodiorite, 215 
Newcastle Range Volcanic Group, 40-1,91 
Newirie Formation, 143 
Ngarrabullan Basin, 516-17 
nickel and cobalt 

Charters Towers Region, 202 
Clarke River Region, 350-1 
Georgetown Region, 64, 67, 77 

Nickel Mine Fault, 55 
Nightjlower Dacite, 307 
Noel Micromonzonite, 98 
nomenclature, geological, 6 
Nonda Granite, 88 
North Ingham Batholith, 252-3 
Normanby Formation, 258-9,298,304,517-18 
Normanton Formation, 394 
Northern Bundock Basin, 361 
Nulbul/ulul Granite, 311 
Nulla Basalt, 187,204 
Nundah Batholith, 35, 483-8 
Nundah Granodiorite, 89 
Nychum Volcanics, 235, 304 
Oak River Granodiorite, 89, 90 
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Oaks (Kidston) Goldfield, 61-2 
Obree Point Volcanics, 238,308 
O'Briem· Creek Microgranite, 100 
O'BrieiiS Creek Suite, 96, 100 
O'Briens Creek Supersuite, 44-5, 96, 241-3, 315 
Ogilvie Hill Diorite, 147 
oil shale, 387, 389 
O'Lance Formation, 142 
Old Man Rhyolite, 98 
Olive River Basin, 374,396, 514 
Olive River Basin, petroleum resources, 389-90 
Olkolo Formation, 142 
01/era Creek Mineral Field, 196 
0/sens Granite, 88 
Ootaan Granite, 102 
Ootaan Suite, 96 
Ootamt Supersuite, 45, 96,102,147,243,315 
Ordovician Granites (Macrossan Province), 228-9 
Orient Rhyolite, 306 
Oswald Schist, 145 
Oval Vale Suite, 211 
Oweenee Batholith, 181,217,194,339 
Oweenee Rhyolite, 205, 217 
Oweenee Supersuite, 181, 217, 339 
Paddock Creek, 91 
Paddys Creek Phyllite, 82 
Pajingo mine, gold, 544 
Pall Mall Granite, 218 
Palm Island Batholith, 313 
Palmer Riveralluvials,gold, 267-8,276 
Palmer River Gold Field, 2 76 
Palmerville Fault, 53, 265, 474, 492, 521 
Paluma Rhyolite, 205 
Pama Province, 135-6, 482-8,532,535,537 
Papillio Mudstone, 355 
Parrot Camp Rhyolite, 84 
Pascoe River Basin, petroleum resources, 389-90 
Pascoe River Basin, 136,372-4,396-7, 

509-10,535 
Pascoe River beds, 129,372-4, 509-10 
Pat and Peter Creek granite, 101 
Paulet Dacite, 93 
Pelican Creek Granite, 150 
Pelican Range Formation, 331,358,362 
Pe11ny Gneiss, 144 
Pepper Pot Sandstolte, 259 
Percy Creek Volcanics, 205, 217 
Percy Suite, 217 
Peringa Tonalite, 148 
perlite, Caims Region, 299 
Perm ana Granodiorite, 148 
Perry Creek Formation, 333,357,362 
petroleum resources and prospectivity 

Carpentaria LowlDirds and 
Gulf of Carpentaria Regions, 389-91 



Cor.al Sea.Regicm, 4.1 7 
Quinkan Region, 404-5 

Phar Lap Formation, 355 
phosphate, Cairns Region, 297 
physiography, overview, 5 
Piano Gully Granodiorite, 209 
Piccadilly Formation, 205 
Piebald Subprovince, 261- 2 
Pieter Bolte Supersuite, 251,311 
Pine Tree Creek Granite, 152 
Pi~tnacle Creek cauldro11, 38-40, 57 
Pinnacle Creek Suite, 96, 100 
Pint Pot Andesite Member, 95 
Pocket Dam Granite, 209 
Poddskles Microgranite, 209 
Poley Cow Fault, 361 
Poley Cow Formation, 356 
Policeman Fault Zone, 189, 191 
Policeman Granodiorite, 213 
Pombete Gneiss, 145 
Portland Roads Granite, 147 
Potallah Formation, 142 
Pratt Volcanics, 37-8, 92,235- 6,309 
Prestwood Microgranite, 98 
Pretty Swamp Rhyolite, 93 
Princess Hills Granite, 99, 104 
Promise Creek Granite, 9 7 
Proterozoic Granites, Georgetown Region, 55 
Proterozoic Metamorphic Provinces, North 
Queensland, 449-58 
Proterozoic metamorphic rocks, 

provenance, 464-8 
Proterozoic rocks, metamorphism, 468- 9 
Puddler Creek Formation, 206 
Puddler Supersuite, 208 
Puppy Camp Granodiorite, 89 
Puranga Rhyolite, 92 
Purkin Batholith, 50-51, 98 
Purkin Granite, 98 
Puuler Granodiorite, 210 
Quadroy Conglomerate, 234,301,511-12 
Quartz Hill granite, 99, 104 
Queens/onder mine, gold, 70 
Quinine Spring Granite, 89 
Quinkan Region, 399-407 

geological framework, 399-400 
geophysical characteristics, 400 
groundwater, 405-6 
Jurassic-Cretaceous, 402-4 
known mineralisation and resources, 405 
mineral and energy deposit styles and 
potential resources, 544 
mines a11d mining history, 405 
Ordovician- Devonia11, 400 
Permian-Triassic, 4 00-2 

petroleum resources and prospectivity, 
· 404-s-· --
recent exploration history, 405 
regolith, 404 

Quillton Formation, 356 
Racecourse Knob Basalt, 80 
Rackarock Rhyolite, 305 
Range Creek granite, 90 
Rattler Granite, 101 
Ravenswood Batholith, 171- 7, 184, 189-92, 

209- 10,213-4,479-88, 537 
Ravenswood mines, gold, 198 
R~rdating,430-1 

Reamba Volcanics, 38, 93 
Red Dome-Mungana deposits, 279-80 
Red Dome mine, gold, copper, 279-80 
Red Knob granite, 90 
Red River Rhyolite, 93 
Redbeds, 396 
Redcap Dacite, 307 
Redlands Granite, 216 
Reedy Springs Batholith, 177-80, 192-3, 215, 

482-8,537 
Reedybed Granite, 216 
reefs, Coral Sea Region, 413- 14 
regional framework, Coral S ea Region, 409-11 
regions and provinces, geological, overview, 5-6 
regolith 

Cape York Peninsula, 419- 28 
Coen Region, 131-2 
defined, 419 
gamma-ray spectroscopic imagery, 426-7 
geomorpllic processes, 424- 5 
glossary of terms, 427-8 
importance, 419 
landform evolution, 425- 6 
landform maps and mapping, 420,427 
Quinkan Region, 404 
types, 420-4 

Reid River Graben, 194,520 
Reillys Gully granite, 90 
Rices Creek Granite, 102 
Ringwood Park Microgranite, 89 
Rishton Granodiorite, 213 
Riverview Granodiorite, 213 
Riverview Suite, 213 
Roberts Creek granite, 100 
Roberts Creek Suite, 96, 100 
Robertson Fault, 56, 492 
Robertson River Subgroup, 85- 6 
Robey Range Granite, 218 
Robin Hood Batholith, 35, 483-8 
Robin Hood Granodiorite, 89 
Rock Hole Rhyolite, 306 
Rockfields Member, 354 
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Rocky Creek cauldron, 38-40, 57 
Rocky King Granite, 152 
Rocky Whistler Suite, 96, 102 
Rodinian Supercontinent, 9-10 
Rokehurst Creek rhyolite, 98 
Rolling Downs Group, 80, 394,407 
Rollingstone Granite, 217 
Rollston Range Formation, 206 
Ropewalk Granite, 88 
Rose Creek granite, I 00 
Rosser Creek Granite, 153 
Rosser Schist, 145 
Routh Dacite, 95 
Rudd Granite, 102 
Rudd Suite, 96, 102 
Running River Metamorphics, 168-9,206 
Russell Extended Gold Field, 278 
Russell River Gold Field, 278 
Russel/-Mulgrave Shear Zone, 227,262, 266 
Ruxton Formation, 353,363 
Saint Giles Volcanics, 205 
Saint Pauls Hill Microgranite, 310 
Sandy Tate Granite, 102 
Sandy Tate Suite, 96, 102 
Saraga Schist, 145 
Saucebott/e Granite, 102 
Saucebottle Suite, 96, 102 
Savannah Province, 134-5,370-1,454-5,535 
Sawpit Supersuite, 88 
Sawpit Tonalite, 88 
Scardons Volcanic Group, 38-40, 93 
Schreibers Granodiorite, 210 
Schreibers Suite, 173, 210 
Scrubby Creek Rhyolite, 91 
Scrubby Creek Suite, 21I 
Scrufllem Rhyolite, 305 
Sefton Metamorphics, 124-6, 142, 458-9 
seismic velocities, 11- 12 
Sentinel Range igneous complex, 103 
Seventy Mile Range Group, 170,206,469-71 
Shamrock Rhyolite, 95 
Sheba Granite, 103 
Shelburne Bay prospect, silica sand, 386-8 
Shield Creek Formation, 334-5, 355, 360 
Shovel Creek Complex, 2I2 
Shrimp Creek Rhyolite, 95 
Silent Creek Volcanic Group, 42, 92 
Silent Hill Basalt, 80 
silica sand 

Cairns Region, 274, 296,321 
Carpentaria Lowlands and 
Gulf of Carpentaria Regions, 386-7,388 
Georgetown Region, 79 

Silver Valley Conglomerate, 234,300 
Skardon River prospect, kaolin, 386-8 
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Slaughteryard Creek Volcanics, 237,304 
Sm-Nd dating, 431 
Soda Spring Granite, I OJ 
Southern Cross Formation, I86-7, 204, 52 7 
Spanner Limestone Member, 355 
Speed Creek Granite, 218 
Spinifex Creek Granite, 217 
Spion Kop Rhyolite, 14 7 
Spondulix Granodiorite, 213 
Spyglass Andesite Member, 81 
Square Rock granite, 100 
StJames Volcanics, 205, 217 
Staaten Sub-basin, Carpentaria Basin, 3 79-80 
Stanley Limestone Member, 354 
Stannett Creek Gabbro, 214 
Star River Fault Zone, 193 
Starcke No. 1 Gold Field, 279, 295-6 
Starcke No.2 Gold Field, 279,295-6 
Stawell granite, 90 
Stawell Mylonite Zone, 55 
Stirlington Granite, 102 
Stockyard Creek Mudstone Member, 85 
Stonington Granite, 212 
Stopem Blockem Conglomerate Member, 354 
Storm Hill Sandstone, 355 
Strathbum Formation, 143 
Strathlaeven Granite, 153 
Strathmay Formation, 143 
Strathtay Granodiorite, 215 
Stuarts Rhyolite, 305 
Stud Formation, 206 
Sturgeon Basalt, 187, 204 
Sues Creek Microgranite, 98 
Sugarbag Creek Quartzite, 143 
Sunburst Granodiorite, 210 
Sunburst Suite, 173, 210 
Sundown Granite, 101 
Sundown Volca11ic Group, 38,92 
Sybil Graben, 183, 194,520 
Sybil Group, I83, 204 
Tadpole Granite, 150 
Talaroo Microgranite, 97 
Talveras Rhyolite, 94 
Ta11k Creek Sandstone, 355 
tantalum and niobium, Georgetown Region, 65 
Tareela Volcanics, 205, 217 
Tasmanides, 10 
Tate Batholith, 35,44-7, 97,483-8 
Tea Tree Granodiorite, 148 
Teddy Mount Fault, 344 
Teddy Mount Formation, 354, 361 
temperature and heat flow, 13 
Tenavute Microgranite, 97 
Terrible Creek Granite, 152 
Thalanga mine, base metals, 196,200, 537 



Thalanga-Provinee,.J89, 469- 7.1, 531-2, 53.7. . 
The Falls Granite, 153 
The Gorge Rhyolite, 309,314 
The Maze Granite, 209 
Theodolite Rhyolite, 306 
ThornboroughAndesite Member, 95 
Thornton Granite, 311 
Three Horse Lagoon granite, 9 7 
Three Mile Microgranite, 314 
Thunder Egg Rhyolite, 94 
Thursday Monzogranite, 215 
Tick/ehim Rhyolite, 305 
Tiger Hill Microgranite, 99, 104 
timescale, geological, 6 
Tin Hill Quartzite Member, 85 
tin 

Cairns Region, 269-70, 281- 6,319 
Charters Towers Region, 20~2 
Clarke River Region, 349- 50 
Coen Region, 140-J 
Georgetown Region, 63, 67, 7fr7 
Torres Strait Region, 162, 163 

Tinaroo Batholith, metamorphic aureole, 239 
Tina roo Granite, 311 
Tina roo Supersuite, 245-6, 311 
Timarple granite, 89 
Tbrvale, 197 
titanium, Georgetown Region, 65, 68 
Tomato Granite, 209 
Toms Hole Granodiorite, 215 
Toms Hole Supersuite, 178, 215 
Tooleb11c Formation, 394 
Too mba Basalt Flow, 204 
Top Pinnacle Granite, 151 
Torres Strait Region 159-64 

Carbon!ferous-Permian,/6~1 

correlations, 161 
geological framework, 159 
geophysical characteristics, 159 
mineral and energy deposit styles and 
potential resources, 53fr7 
known mineralisation and resources, 163 
mines and mining history, 161- 2 
recellt mineral exploration, 162 
regoliths and lat~dforms, 161 
structure a11d tectonics, 161 

Torres Strait Volcanic Group, 160, 164 
Towers Hill Granite, 209 
Tow11ley Formation, 85 
Townsville Basin, 523-6 
Trafalgar Supersuite, 208 
Tribute Hills Arenite, 331, 358, 362 
Trimble Member, 394 
Trooper Creek Formatio11, 206, 208 
Trooper Supersuite, 208 

Tu.cke.r:s lg!'i!_!!!l~ _Co11JJ!l~, ~1 8 _ 
Tulliegorim Granodiorite, 213 
Tully Batholith, 252-3, 313 
Tully Granite Complex, 313 
tungsten/molybdenum/bismuth 

Caims Region, 27~1, 28fr9, 319 
Charters Towers Region, 202 
Clarke River Region, 350 
Coen Region, 141 
Georgetown Region, 63-4, 67 
Torres Strait Region, 162, 163 

Turrets Formation, 354,361 
Turtle Swamp Granite, 151 
Twelve Mile Schist, 144 
Twin Dams Andesite, 95 
Twin Humps Adamellite, 147 
Two Creek Granodiorite, 210 
Two Mile Granite, 213 
Two Rail Mom.ogranite, 148 
Uki11 Granite, 150 
Undara Basalt, 80 
U-Pb dating, role of mafic rocks, 437-9 
U- Pb zircon dati11g, 431-2 
Uplatrd Granodiorite, 215 
ura11ium 

Cairns Region, 298 
Carpentaria Lowla11ds atrd 
Gulf of Carpentaria R egio11s, 387, 389 
Charters Towers Region, 202 
Clarke River Region, 350 
Coe11 Regio11, 141 
Georgetown Regio11, 64, 67- 8, 77-8 
Quinka11 Region, 405 

Urdera Gra11odiorite, 213 
Van Dyke Litharenite, 231-2,303 
Va11 Lee granite, 89 
Van neck Formation, 206 
Venetia Formation, 353, 363 
Verdure Andesite, 306 
Wade beds, 339, 352, 363, 520 
Wairuna Formation, 331,358,362 
Wakooka Granite, 312 
Wakooka Supersuite, 251- 2, 312 
Wallabadah Siltstone, 84 
Wallaman Falls Volca11ics, 237-8,308 
Wa/laroo Basalt, 262 
Wallumbilla Formation, 80, 394 
Wallys Dolerite, 98 
Walsh Bluff Volcanics, 237,305 
Wambanu Group, 293-4 
Wangetti Granite, 312 
Wangetti Supersuite, 24fr7, 312 
Warby cauldron, 38-40, 57 
Warby Volcanic Subgroup, 93 
Wamer Granite, 153 
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Watch Branch Monzogranite, 148 
Waterloo Supersuite, 208 
Watershed North Rhyolite, 205 
Watershed prospect, scheelite, 287-8, 540 
Weaner Vale Granite, 2161 
Weipa mine, bauxite, 386-8 
Weipa Sub-basin, Carpentaria Basin, 37~9 
We/fern Granite, 88 
Wellington Spring Tonalite, 213 
Werrington Fault, 55 
West Norman by Gold Field, 278-9 
Western Gulf Sub-basin, Carpentaria Basin, 381- 3 
Western Ingham Batholith, 99 
Weymouth Granite, 147 
Weymouth Supersuite, 130,147 
Wharleys Tonalite, 213 
Whistler Granite, 102 
White Bull Member, 85 
White Springs Batholith, 35, 483-8 
White Springs Granodiorite, 89 
White Spri11gs Supersuite, 35-6, 89 
Whitewater Creek Granite, 99,101 
Whypalla S tlpersuite, 247-8, 312 
WiganAdamel/ite, 147 
Wilkie Gray Group, 180, 206 
Windsor Supersuite, 208 
Wipella Granodiorite, 152 
Wipella Suite, 147 
Wirra cauldron, 39~1, 57 
Wirra Volcanic Subgroup, 91, 95 
Wolena Claystone, 407 
Wolfram Camp mine, tungste11, 289, 540 
Wolfram Camp, 289 
Wol/enden Rhyolite, 305 
Wolverton Adamellite, 147 
Wombleal/a Rhyolite Member, 92 
Wondoola beds, 393 
Wongu Granite, 151 
Wo11nemarra Rhyolite, 84 
Woodstock Supersuite, 184,219 
Woongalee Granodiorite, 215 
Wu/pa11 Monzogranite, 148 
Wyaaba beds, 385, 393 
Yambo Metamorphic Group, 118- 19,144-5 
Yambo Subprovince, 120, 133-4 
Yappar Member, 81, 394 
Yappar River Dolerite, 98 
Yarman Formation, 84 
Yarraden Schist, 142 
Yataga Granodiorite, 96 
Yataga Supersuite, 45- 6, 96 
Yates Supersuite, 252, 312 
Yellow Granodiorite, 148 
Yellow Jacket Rhyolite, 95 
Yeri11g Granodiorite, 215 
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Yintjingga Fault Zone, 400 
Yulga Tonalite, 213 
zircon 

ages, overprinting, 439-40 
growth partial melting as cause, 440-1 
related to geological events, 433 
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A U S T R A L I A N
GEOLOGICAL SURVEY
O R G A N I S A T I O N

Note: Only the dominant rock types are listed, generally in order of abundance
          Main depositional environments & main igneous classes are in bold type

Quaternary

Cainozoic

Pliocene

Mid Miocene-Early Pliocene

Paleocene-Early Miocene

Devonian

Late Devonian-Early Carboniferous

Late Carboniferous-Early Permian

Late Permian

Late Permian-Mid Triassic

Mid Jurassic-Early Cretaceous

Early Cretaceous

Sand, gravel, silt, clay, soil; siliceous hardpan: alluvial 

Quartzose, feldspathic & shelly sand & gravel;  beachrock: marine barrier

Mud, silt,  sand: marine coastal

Quartz sand: coastal dunefields

Sand, silt, mud: estuarine & delta

Quartzose sand, silt, clay; soil; talus; ferricrete, silcrete: colluvial & residual

Bauxite, ferricrete: residual

Alkali basalt, basanite, hawaiite, tholeiitic basalt, nephelinite, & leucitite lava, breccia & scoria: mafic 
lavafields

Silt, clay, clayey quartzose sand & gravel: alluvial

Clayey quartose sand & gravel, clay:  alluvial 

Poorly consolidated clayey quartzose sandstone & pebble conglomerate: alluvial 

Calcareous claystone, siltstone, glauconitic sandstone; carbonaceous limestone; calcareous 
concretions: shallow marine

Biotite granite, hornblende-biotite granodiorite: felsic I-type intrusives

Quartzose sandstone, conglomerate, siltstone, claystone; carbonaceous shale, coal; glauconitic 
sandstone: alluvial to marginal marine:

Sandstone, siltstone, carbonaceous mudstone, coal;  conglomerate, “red beds”, rare tuffs: alluvial

Muscovite-biotite granite: felsic S-type intrusives

Andesite to rhyolite lava, rhyolitic ignimbrite & tuff; volcaniclastic sediments: mafic to felsic I-type 
extrusives

Sandstone, siltstone, carbonaceous mudstone; tuff; conglomerate; coal: alluvial, lacustrine & 
shallow marine 

Rhyolitic to andesitic ignimbrite, lava, tuff & breccia; basalt lava; volcaniclastic sediments; limestone :
felsic I & A-type extrusives

Sandstone, siltstone, conglomerate, mudstone; “red beds”; limestone, carbonaceous mudstone; 
rhyolite lava, rhyolitic ignimbrite & tuff; coal: alluvial & shallow marine

Biotite granite, microgranite; hornblende-biotite granodiorite, microgranodiorite; diorite; rhyolite: 
felsic I-type intrusives
Rhyolitic to dacitic ignimbrite; andesite to basalt lava & breccia; rhyolitic lava, tuff & breccia: 
felsic I-type extrusives

Sandstone, mudstone; minor conglomerate, chert, basalt; rare limestone: marine

Granite, granodiorite, & tonalite; microgranite, microgranodiorite; rhyolite; dolerite, granophyre, 
diorite, gabbro: felsic I, S, & A-type & mafic intrusives

Palaeoproterozoic (Statherian)

Mesoproterozoic (Calymmian)

Mesoproterozoic ?

Late Neoproterozoic-Mid Cambrian

Late Cambrian-Early Ordovician

Early Ordovician

Mid Ordovician

Late Ordovician

Ordovician-Silurian

Silurian

Early Devonian

Silurian-Early Devonian

Early-Mid Devonian

Mudstone, siltstone, sandstone; basalt; chert, jasper: marine 

Serpentinite, clinopyroxenite, amphibolite: mafic/ultramafic intrusives

Sandstone, siltstone; felsic & intermediate volcanics: deep marine 

Metabasalt with local pillows, hyaloclastite breccia, grading into foliated amphibolite & granulite: mafic 
extrusives
Mica schist, quartzite, gneiss, calc-silicate, slate, phyllite, mudstone, siltstone, meta-arenite (mainly 
carbonaceous, some calcareous); amphibolite; migmatite

Metadolerite & metagabbro, grading into foliated amphibolite & granulite: mafic intrusives 

Limestone, sandstone (calcareous in places), mudstone, conglomerate: shallow marine

Porphyritic muscovite-biotite granite, leucogranite, aplite, & pegmatite; biotite & hornblende-biotite 
granodiorite, monzogranite & tonalite: felsic S & I-type intrusives

Sandstone, mudstone, limestone, chert, siltstone; basalt; conglomerate; tholeiitic basalt lava: shallow
 marine 

Porphyritic biotite-hornblende granodiorite & tonalite; quartz diorite, gabbro, troctolite; biotite granite, 
garnet-muscovite leucogranite: felsic to mafic I-type intrusives

Pyroxene-hornblende-quartz gabbro to diorite; minor olivine-pyroxene gabbro: mafic intrusives

Sandstone, mudstone, conglomerate, limestone, siltstone;  basalt;  chert, jasper: marine

Hornblende-biotite & biotite granodiorite & granite: felsic to mafic I-type intrusives

Biotite & hornblende-biotite granite & granodiorite; hornblende-pyroxene metadiorite: felsic to 
intermediate S & I-type intrusives
Rhyolite to dacite lava & breccia; rhyolitic to dacitic breccia; andesite, andesitic breccia, basalt; 
minor sandstone & siltstone: felsic I-type extrusives

Mica & chlorite schist, biotite gneiss, amphibolite, quartzite, meta-arenite, calc-silicate granofels, 
migmatite; minor metachert, ironstone, serpentinite, phyllite

Mudstone, siltstone (partly carbonaceous); metasandstone, slate, phyllite, quartzite, mica schist 
(locally graphitic), gneiss; migmatite

Porphyritic biotite-muscovite granite; garnet-muscovite leucogranite, pegmatite; granodiorite, tonalite;  
trondjhemite; microdiorite: felsic S & I-type intrusives
Rhyolitic ignimbrite; rhyolite, dacite & andesite lavas; dacitic ignimbrite; volcanic-derived sandstone;  
siltstone: felsic S or I?-type extrusives

Greenstone, metadolerite, metabasalt?,amphibolite: mafic intrusives/extrusives

Metadolerite, grading into foliated amphibolite: mafic intrusives

Sources of geological information: This map was compiled from all 
AGSO/BMR and Deparment of Mines and Energy vector digital geological 
map datasets available September 1996, using Arc/Info software. 
Individual datasets were formed into 1:250000 sheet areas, rasterised, 
and smoothed to reduce the number and complexity of polygons. The 
raster data were re-vectorised and merged into a single seamless dataset. 
Most of the map is derived from post-1970 mapping (much of it at 
1:100000 scale, especially in the geologically complex eastern part of the 
map) published as second edition 1:250,000 scale geological series, and 
special regolith-landform, and coastal zone maps. First edition (mostly 
pre-1970) 1:250000 geological series maps were used for the Torres 
Strait Islands, parts of Cape York Peninsula north of 140°S, the Cape 
Melville area, the Carpentaria and Eromanga Basins in the southwestern 
part of the map, and much of the Ingham-Innisfail and Ayr-Bowen areas. 
Some boundaries were derived from a digital version of the 1975 
1:2500000 scale Queensland Geology map. Cainozoic map unit 
boundaries in Cape York Peninsula north of 160°S are derived from 
AGSO/CYPLUS regolith landform  and coastal zone maps. 

Geology (mostly post-1970) by: JHC Bain, LP Black, RS Blewett, RV 
Burne, DC Champion, TL Graham, GAM Henderson, J Knutson, DE 
Mackenzie, J McPhie, BS Oversby, CF Pain, DS Trail, JR Wilford, D 
Wyborn, BMR/AGSO; EM Baker, RJ BuItitude, W Cooper, LC Cranfeild, 
SB Crouch, J Domagala, PJT Donchak, JJ Draper, BG Fordham, PD 
Garrad, FE von Gnielinski, KG Grimes, LM Gunther, MC Gunther, RW 
HaIfpenny, RA Hegarty, G Hofmann, KH Holmes, LJ Hutton, MR Jones,  
SC Lang, SR Law, JD Macansh, TPT McLennan, RA Mcleod, ML O'Flynn, 
ID Rees, IP Rienks, ADC Robertson, K Tenison Woods, DL Trezíse, M 
Scott, DE Searle, AW Stephens, JV Warnick, WF Willmott, IW Withnall, 
GSQ; JC Dohrenwend, USGS. Also contributions from: G. Murtha, 
CSIRO; TH Bell, AC Duncan, JD FitzgeraId, D Hopley, CJ Johnston, PW 
Llewellyn, JP Patrick, PJ Pollard, SO Peters, TH Reddicliffe, MJ 
Rubenach, PJ Stephenson, WK Witt, James Cook University; Aye Ko 
Aung, JS Jell, DA Lockhart, NJ McNaughton, NJ Rich, University of 
Queensland; DC Champion, M Hayne, R D Holmes, AD Lawrence, DN 
Richards, Australian National University; R Mawson, JA Talent, Macquaríe 
University; JS Hartley, consultant; SD Beams, Terra Search; AGIP 
Nucléare Australia Pty Ltd, BHP Minerals Pty Ltd, Central Paciflc Minerals 
NL, Comalco Ltd, CRA Exploration Pty Ltd, Esso Exploration & Production 
Australia Ltd, Getty Oil, Hunter Resources Ltd, Kidston Mines Ltd, 
Minatome Australia Pty Ltd, Normandy Exploration Ltd, Pancontinental 
Mining Ltd, Placer Pacific Pty Ltd, PNC Exploration Ltd, Queensland 
Metals Corp, Shell Minerals, Urangesellschaft Australia Pty Ltd.

Geology (mostly pre-1970) by: BJ Amos, MB Bayley, JG Best, JG 
Binnekamp, DH Blake, CD Branch, WE Bush, HF Doutch, RHS Fardon, 
RZ de Ferranti, JB Firman, DH Green, CM Gregory, RR Harding, KK 
Hughes, J Ingram, FE de Keyser, KG Lucas, R Morgan, RS Needham, U 
Kyaw Nyein, F Olgers, AGL Pain, DA Palfreyman, IR Pontifex, MA 
Reynolds, J Smart, JR Stewart, DS Trail, RR Vine, DA White, WF 
Willmott, BMR; DJ Casey, DE Clarke, LG Cuttler, RW Day, DW Dearne, 
VR Forbes, KG Grimes, RJ Paten, RM Tucker, WG Whitaker, KW WoIff, 
JT Woods, DH Wyatt, GSQ.

Other data sources: Drainage, coastline, place names (modified from the 
Digital Chart of the World); reefs & reef names (derived from information 
provided by the Great Barrier Reef Marine Park Authority); mine & mineral 
deposit names & locations (AGSO OZMIN database)
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About this map

Ag - silver, Au - gold, Bx - bauxite,
Bi - bismuth, Cu - copper, C - coal,
Co - cobalt, Kaol - kaolinite,
Mo - molybdenum, Ol - oil shale,
Ni - nickel, Pb - lead, Sil - silica sand,
Sn - tin, U - uranium, W - tungsten, Zn - zinc 
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