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SUMMARY 

The Bowen Basin, comprising essentially Permian and Triassic rocks, 
is situated in central and southern Queensland and, beneath the surface 
of the Great Artesian Basinl is possibly continuous with the Sydney Basin .. 
This Bulletin is concerned mostly with the northern exposed part of the 
basin, its eastern, northern; and wHstern margins, and the eastern extension 
of the Great Artesian Basin, the Sural' Basin, which covers the southern 
part of the Bowen Bastn. 

Lower Palaeozoic rocks are found along the western and possibly 
eastern marginso The Anakie Metamorphics on the west comprise schist 
and gneiss with\videspread quartz veins and reefs, An isotopic age of 
450 m.y, has been determined, Granite associated with the metamorphics 

, in the Telemon Anticline has been fQund to have a similar age. Metamorphics 
near Marlborough ha.ve been assigned a Lower Palaeozoic age because. of 
their degree of alteration, The Mount Windsor Volca'nics in the northwestern 
corner of the map ar€a are also regarded as. Lower Palaeozoi~. 

........ _.. . .. . .... ... J . . c. ..... . •• _ .. _.. • ... 0.·.. ._.: ,_._ 

Irithe east. Lower SHurlaii-to Middle--Devonfan-rocks ar'e-fo'und-somh"--, . . . 

of Marlborough,. and in the '"vest they consist of the Ukalunda Beds. Dunstable 
• J • I ' • . . ~ , ~ • 

Volcanics~ and Douglas Creek Limestone,' Basic to intermediateyoicarics~ , 
chert~ arid limestone are prominent. 9()rals are important in the ra'ther . 
meagre marine faunas and some reefs ma,y,have'been form'ed around volcanic 
islands or submarine mountains, The beds are separated by an angUlar 
di.scordance from the Lower Palaeozoic rocks, 

In Devonian to Carboniferous times, sedinientEi were depOSited in three 
large basins: the Drummond Basin: a basin in which tpe Mount Rankin Beds 
(with the Mount Wyatt Beds. at the b~se)were laid down~ and the Yarrol 
Basin. Outside these 'bas,ins itile· Theresa Cre~k'Volcanic~ were deposited 
on the Anakie .Inlier. The Campwyn Beds were formed 'in what may be the 
northern extensio~ of the Y.Jlrrol BaSin. and the Connors Volcanics " 
accumulated west of the Yarr.ol Basin, The Camboon Andesite as mapped 
appears to contain equivale-nts of the Connors Volcanics: Volcanics and 
sediments are found in all areas, but marine conditions have 'be'en identifIed . , . . . 

only in the Mount Wyatt: Beds and in the Yarro} Basin and its possible, 
extension occupied by t.he CampwynBeds .. 

. "~~' ~.' 

',!' . ..; \:.'~ • ' 
r 

In Upper Carboniferous to' Permian times the Bulgonunna Volcanics, 
Joe Joe Formation9 and Torsdale B~ds were deposit,ed in widely sepa~ated 
areas around the mar~n :of the' Bowen Basin, The ,Bulgonunna Volcani~s are 
terrestJ'tal and predominailtly acid, They are intruded by granite with:' an 
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isotopiC age of 285 m.y. The granite is overlain by the Lizzie Creek 
Volcanics (previously called the Lower Bowen Volcanics) which contain a 
Glossopteris flora and near the top a marine fauna (Fauna I of Dickins, 
in Malone, Corbett, & Jensen, 1964; Malone, Jensen, Gregory, &.Forbes, 
1966) which is not older than late Sakmarian and may be early Artinskian. 
The Joe Joe Formation is partly glacial in origin and contains a Rhacopteris 
flora. 

The Camboon Andesite and the Rannes Beds appear to contain rock 
units of different· ages. The Camboon Andesite includes Lower Permian rocks 
as well as an older suite of pre~Upper Carboniferous age. The Rannes Beds 
are affected by low-grade regional metamorphism in a structurally complex 
area; they contain strata of Permian age as well as, apparently, older 
rocks. The Boomer Formation of the Back Creek Group is separated from 
part of the Rannes Beds !?y an angular unconformity. 

The history of the Permian=Triassic sequence is complex. In the 
Permian the basinwide threefold subdivision corresponds to the Lower, 
Middle, and Upper Series of Jack (1879a), which were later referred to as 
Lower, Middle, and Upper Bowen.Formations. Early in the Permian four 
units were formed in largely separated areas; the Reids Dome Beds in 
the Denison Trough, the Camboon Andesite in the Auburn Arch area, and the 
Lizzie Creek Volcanics (previously Lower Bowen Volcanics) and the Carmila 
Beds in the northern part of the Bowen Basin. Accumulation was apparently 
non-marine until the sea entered the area during late Lizzie Creek Volcanics 
time. The Reids Dome Beds contain numerous beds of coal, and consist of 
a thick sequence of entirely or predominantly non-volcanic rocks. The 
Camboon Andesite and Lizzie Creek Volcanics are largely intermediate 
volcanics with some sediments, whereas the volcanics of the Carmila Beds, 
which were laid down farther east, are mainly acid. 

The middle part of the Permian sequence, the Back Creek Group 
(previously Middle Bowen Beds), is more widespread and has been subdivided 
into· three subgroups which can be recognized throughout the basin. The 
predominantly marine Tiverton Subgroup is thickest in the Denison Trough 
and on the Connors Arch and Nebo SyncliIlorium, and thinnest over the 
Comet Ridge and to the southeast. In the Gebbie Subgroup quartz sandstone 
is widespread. In the north the Gebbie Subgroup overlaps the Tiverton 
Subgroup and rests directly on the Lizzie Creek Volcanics. In the west, 
the Gebbie Subgroup is represented by the relatively thin Colinlea Sandstone, 
which rests directly on the Reids Dome Beds, Joe Joe Formation, or older 
rocks. The Gebbie Subgroup was apparently not deposited in the Cracow area 
in the southwest. The environment of deposition ranged from non-marine, 
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including coal measures in places, to offshore marine. The isolated Blair 
Athol Coal.Measures, and probably also the ·Galen Coal Measures, are of 
this age. The youngest part of the Back Creek. Group, the Blenheim Subgroup, 
began with a major marine transgression in late Lower Permian or early 
Upper Permian. In the north, west, southwest, and southeast, the. Gebbie . 
Subgroup overlaps the older parts of the Back Creek Group. It is largely 
marine, but lateral variation is considerable and coal measures were 
formed in the west and· north. In the east, where the basin was less. stable, 
the Blenheim Subgroup is represented by the flysch-like Boomer Formation 
with spilitic pillow lavas (Rookwood Volcanics) at the base. Each of the 
sequences is characterized by a distinctive marine fauna - Faunas II, III, 
and IV of Dickins (in Malone, et al., 1964, 1966). 

In .the Upper Permian, the Bowen Basin was cut off from the sea 
by uplift_along the eastern margin, and the Blackwater Group (previously 
Upper Bowen Coal Measures) was deposited in the trough. The granites 
on the eastern margin, which have an -isotopic" age" of about 240 m.y.; were 
probably emplaced during the uplift arid are of the same age as the volcanics 
within the ~lackwater Group. The sedimentary cycle was complex and 
numerous formations have been recognized. Coal. is known at several levels. 
The coal measures at the top of the. group, which have been given different 
n~.~es in different areas, are almost continuous throughout the basin. These 
ni~asures and the Upper Coal Measures in the Hunter Valley of New South 
~ales are among the most important sources of black coal in the southern 
h~misphere. The Blackwater Group contains a rich Glossopteris flora from 
which Taeniopteris has been recorded .. The spore assemblage is distinct 
from that of the overlying Rewan Formation. 

The Triassic sequence (Mimosa Group) comprises three formations of 
basin~wide extent: the Rewan Formation, Clematis Sandstone, and 
Moolayember Formation, all of which were laid down in a non-marine environ
ment. The Rewan Formation consists of lithic sandstone and green and red
brown mudstone, which indicates a change in climate. On the margins of the 
basin the boundary with the Blackwater Group is dis conformable, but in the 
central area it is ·possibly transitional. The Clematis Sandstone is 
predominantly quartzose; minor red-brown mUdstone has been recorded. 
The succeeding Moolayember Formation consists mainly of mUdstone 
and lithic sandstone laid down under less stable conditions than those which 
existed during the . deposition of the Clematis Sandstone. The lower part 
of the Rewan Formation may be Permian in age, but the remainder of the 
Mimosa Group is Triassic. Uplift, folding, and erosion took place in the 
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Upper Triassic, ~nd in the. Lower Jurassic the Great Artesian Basin and 
its eastern lobe, the Surat Basin, were developed as separate structures. 
The Jurassic formations are mainly terrestrial, except for possible 
ephemeral marine incursions. The terrestrial environment -persisted into 
the Lower Cretaceous until the sea entered from the north and west in 
Aptian-Albian time. This latest marine transgression was peripheral to the area 
described in this Bulletin. The Styx Coal Measures were laid down unconformably 
on Permian rocks in the Strathmuir Synclinorium in the Lower Cretaceous. 

Terrestrial Tertiary deposits are widespread. The thickest sequence 
is in the Duaringa Basin where a thickness of 1050 m. has been suggested. 
Basalt and associated intermediate and acid rocks, with isotopic ages 
ranging from 20 to 30.m.y., are found over large areas. In Tertiary and 
Quaternary times, the whole area was subjected to a long period of deep· 
weathering during which lateritic profiles were strongly developed. 

\. 

o Tb~ ~~g~ ___ Qttl;1~.~gr;tmtiG.jntrus.ions __ along thew_estern_ and eastern "--
margins of the basin ranges from Ordovician(?), Silurian to Lower 
Devonian, Middle to Upper Devonian, Upper Devonian to Carboniferous, 
Carboniferous, Permian, and Triassic to Cretaceous. The Auburn Complex 
in the southeast appears to contain Carboniferous and Permian granitic 
rocks, and the .Urannah Complex in the northeast, Carboniferous, Permian, 
and Cretaceous. The contacts of the serpentinite intruding the Lower Permian 
strata in the Marlborough area are generally faulted. 

The structure of the Bowen Basin and adjoining areas reflect the 
complex tectonic history. Strong pre- Lower: Devonian movement is indicated 
and there is a marked discordance between the Middle and Upper Devonian; 
the movements correspond to important developments elsewhere in the 
Tasman Geosyncline. On the eastern and western margins the Carboniferous 
and Permian sequences are separated by discordance. The discordance is 
particularly apparent in the west where strongly folded and faulted 
Carboniferous beds are overlain.Oy relatively flat-Iying.Permian formations. 
The structures witbin the Bowen Basin (Denison Trough, Comet Ridge, 
Collinsville Shelf, Mimosa Syncline etc.) and the strong. igneous activity 
in the eastern hinterland reflect developments during the Permian and 
Triassic. Mobility was particula,rly marked at the beginning of. the Upper 
Permian in the Eungella-Cracow Mobile Belt. Uplift and folding 
took place in the late Triassic,. and in the Jurassic .sedimentation in the 
Great Artesian Basin began. Considerable movement occurred in the 
Tertiary, but little is known of the detailed geological history. 
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The main mineral resource of the Bowen Basin is black co:;t.l, 
which has been formed at many· stra~igraphic levels in Permian, 
Jurassic, and Cretaceous rocks. Most production has come from 
the Upper Permian Blackwater Group •. Coal has also been produced 
flrom the Jurassic Injune Gr.oup and the Cretaceous Styx Coal Measures. 

Although source and reservoir rocks and structure appear 
suitable for accumulation, particularly in the Denison Trough; sq far 
only traces of petroleum have been found in any of the wells drilled. 

Metalliferous minerals are found mainly on the margin of 
the basin. Gold has been mined in the Clermont and other areas; 
the Golden Plateau mine near Cracow is the largest producer, as 
it is also of silver. Copper was mined at Peak Downs. in the middle 
19th Century, and the area has recently been the site of considerable 
exploratory activity. 

- ---. - -- - ---~-- -- ----~ ----" ------ --- -------- - ---

The Anakie Field has yielded nearly one and a half million 
dollars I worth of sapphire, and chrysoprase is mined near Marlborough. 
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INTRODUCTION 

The Bowen Basin is a Permian to Triassic basin extending from 
Collinsville intlie north to Goondiwindi in the south, where it-is overlapped 
by Mesozoic rocks of the Surat Basin (the easternmost extension of the 
Great Artesian Basin). Beneath the cover the Bowen Basin may be 
continuous with the Sydney Basin. 

The northwestern boundary is the pre-Permian Clermont Stable 
Block, that in the east the Eungella-Cracow Mobile Belt, where pre-Permian 
rocks are faulted against or overlain by steeply dipping Permian sediments, 
through which they penetrate as inliers. The western boundary is the 
Birkhead axis, which separates the Bowen Basin from the Galilee Basin. 
Between these boundaries-lies the structural basin that Derrington (1962) 
called the Bowen Synclinorium: we prefer the more general term Bowen 
Basin. 

Most of the stratigraphy of the basin has been· described in detail 
in published reports, to which reference is made, and descriptive material 
is therefore kept to a minimum in this Bulletin; only rock units not 
adequately described elsewhere, or re-interpreted in the light of more 
recent work, are described here. Figure 1 lists all the main rock units 
in the order in which they will be discussed. 

The map area (PIs 1, 2)* is largely contained within the Fitzroy 
and Burdekin-Townsville Regions. The physical and cultural geography of 
these regions is set out in a series of maps and booklets issued by the 
Commonwealth Department of National Development,- which have been freely 
drawn on for the data that follow. The towns, culture, and physiographic 

_ features of the area are shown in Figure 2. The mapped area is about 
150,OOOsq km. The coastline extends some 250 km north and south of 
Mackay. Rockhampton, the largest town in central Queensland, lies 55 km 
east of the mapped area. 

The regional survey was a joint project by the Commonwealth Bureau 
of Mineral Resources and the Geological Survey of Queensland. The field 
parties engaged in the survey are listed below. 

* See also the published 1:500,000 coloured geological map of the 
Bowen Basin (2 sheets) 
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Sheet Area Composition· of· Field·-Party·-

Clermont J.J. Veevers (party leader), R.G. MoHan, 
and M.A .. Randal (BMR); R.G. Paten (GSQ). 

Mt Coolon E.J. Malone (party leader), D. W.P. Corbett, 
and A.R. Jensen (BMR); P.E. Bock and 
L.G. Cutler (GSQ)-

S. part of Bowen, E.J. Malone (party leader), C.M. Gregory, 
&.Mackay .. and A.R. Jensen (BMR); V.R. Forbes (GSQ).. ---

Emerald J.J. Veevers (party leader), R.G. MolIan, 
and F. Olgers (BMR); A.G •. Kirkegaard (GSQ) 

Duaringa &.- SO" E.J. Malone (party leader), R.G. MoHan, and 
part of St F. Olgers (BMR); A.G. Kirkegaard (GSQ) 
Lawrence 

Mackay, S. part of A.R. Jensen (party leader) and C.M. Gregory 
Proserpine, & N. (BMR); V.R. Forbes (GSQ) 
part of St Lawrence 

Baralaba & Gogango F. Olgers (party leader), J.A.J. Smit, 
Range and A. W. Webb (BMR); B.A ... -Coxhead (GSQ) 

Duaringa 

W. part of 
Mundubbera, 
& Taroom 

Springsure 

L.V. Bastian and E.J. Malone (BMR) 

A.R. Jensen (party. leader) and CoM. 
Gregory (BMR); V.R. Forbes (GSQ) 

RoG. MoHan (party leader) and NoF.Exon 
(BMR); AoG. Kirkegaard (GSQ)._ ..... -

N.E. part of F. Olgers. (party leader) and E.J. Malone 
Duaringa & E. part (BMR); A.G. Kirkegaard (GSQ) 
of St Lawrence 

Eddystone R.G. MolIan (party leader) and N.F. Exon 
(BMR); V.R. Forbes (GSQ) 



Others who visited the field area or were associated with the 
regional survey were M. Armin, J.M. Dickins,-P.R. Evans, A. Fehr, 
W.J. Perry, J.A. Talent (Geo!." Surv. Victoria), Professor Dorothy 
Hill (Qld Univ.), Beverley Houston (GSQ)1 A.G. McKellar (GSQ), 
JoE. Thompson, and Mary E." ·White. Planning and co=ordination was carried 
out by J.Mo Dickins and E.J. Malone working in collaboration with JoN. Casey 
(Assistant Chief Geologist, Sedimentary Basins, BMH), J.E. Thompson 
(Supervising Geologist, Sedimentary Basins, BMH), and G. W. Tweedale 
(Supervising Geologist, Regional Mapping, GSQ)-under the overall 
direction of N.H. Fisher (AsSistant Db-ector, Geology, BMR) and A.K. 
Denmead (Chief Government Geologist, GSQ). 

Fifty=one shallow core holes were drilled for stratigraphic and 
palaeontological information in 1963 and 1964, and a helicopter was used 
in 1964 to map otherwise inaccessible parts of the area. 

Authorship of this Bulletin is as foHows, Malone: geology, tables, 
plates, figures; Dickins: Introduction, Permian palaeontology, economic 
geology; Dickins also coUated the volume for publication. 

The :results of the regional mapping have been or are being 
published in a series of reporrts (see Fig. 3). Coloured editions of the ten 
1 :250,000 Sheet areas within the map alt"ea, togetherr with explanatory notes, 
have been published, or alr18 in press or in preparation. 

Much geological and geophysical work and drilling has been carried out 
by private companies engaged in the search for petroleum and coal. The 
survey has benefited greatly from collaboration with many organizations and .. 
individuals, and their help is ~.cknowledged in the reports on individual Sheets. 

Access 

The area~ especially near the coast, is fai1'ly accessible (see DND, 1965)0 
Scheduled flights serve several communities, and. aU alfe linked by a 
networr-k of public and prIvate roads. All=weather roads have been constructed 
near the coast, but inland many of the roads are impassable after heavy 
rain. Part of the area is rugged and is difficult to reach by motor vehicle. 

Three railways extend from Rockhampton into or across the area; one 
runs south to Theodore with a spur line from Hannes to near Biloela; one west 
through Emerald and the third north paranel to the coast. A fourth Hne links 
Collinsville to Bowen on the coast to the north, and a fifth links Moura to 
Gladstone on the coast to the east. 
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Population and Industry 

Mackay, with a population of more than 21,000, is the largest town 
in the area. Emerald (3050), Clermont (1750), and Collinsville (about 2000), 
all inland, are the only other towns with populations greater than 1000. The 
rural population is very sparse, except near Mackay, where sugar-cane 
farming supports a fairly dense population. 

Cattle raising is the main industry and most of the towns exist to 
B,upply.goods and services to the surrounding homesteads. Coal mining at 
Moura, Baralaba, Blackwater, Blair Athol, and Collinsville is contributing 
an increasing part of the primary production. Agriculture is mainly confined ' 
to sugar~cane farming near Mackay, and.to the growing of various crops 
near Theodore and Baralaba. Supplemental cattle feed is grown in many small 
areas. Timber· cutting and milling are locally important, and many of the 
population are employed in road and railway .. maintenance work. 

Climate, Vegetation, and Drainage 

The climate in the main is subtropical and subhumid, with.a variable 
rainfall which falls mostly in the warmer. half of the year (DND, Climate, 
1965). In general, rainfall decreases to the west· away from the coast: 
west of Mackay annual average rainfall is.about 2000 mm, whereas at 
Emerald and Clermont it is about 625 mm. 

Day temperatures range from about 25°C to 35°C during most of the 
year, although they are rather more extreme inland. 

Average annual evaporation ranges fr'om about 1. 5 m. in coastal regions 
to about 2.4 m inland. 

The vegetation varies according to the climate and soU, and ranges 
from dense rain forest and lush grassland near the coast to open park and 
grassland inland. 

Drainage is mainly towards the coast into a few large and many 
small rivers. Most of the area is drained by the Fitzroy River system, which 
includes the Mackenzie and Dawson Rivers. Some streams drain into the 
Burnett River in the south and the Bowen River, which joins the Burdekin, 
in the north. Rivers in the southwest enter the Warrego River. 
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Physiography 

The physiographic units range from coastal plains in the northeast 
to inland plains, in the southwest, which merge into the Lake Eyre drainage 
basin (see DND, 1967a) •. 

The coastal plains between the Eastern Highlands and the east are 
nowhere extensive. The highlands form an almost continuous belt of 
resistant rocks with summits generally between 360 and 750 m above sea 
level; in the Clark Range west of Mackay they rise to 1200 m. The 
extensive Central Plains and Lowlands correspond .closely to the Bowen Basin 
as a geological structural entity. Resistant Mesozoic rocks form extensive 
tablelands in the central part of the basin (Redcliffe and Carbo rough 
Tablelands), and particularly in the south-central part (bounded by the 
Dawson and Expedition Ranges). The.South-central Tableland slopes 
gradually to the south, in accordance with the structure of the Mesozoic 
rocks. 

Previous Investigations 

Geological. Before World War I, geological investigations were 
mainly concerned with the search for and occurrence of economic minerals, 
particularly coal, gold, and sapphires, and groundwater potential. .. Daintree, . 
Dunstan, Jack, and Rands, of the Geological.Survey of Queensland, . were 
the principal investigators. Jack, with R. Etheridge of the Australian 
Museum, Sydney, also wrote a comprehensive account (189.2) of the geology 
and palaeontology of the whole Colony, in which .the threefold division of 
the Permian of the Bowen Basin was first proposed. Later work, including 
our own, has confirmed the value of this subdivision in understanding the 
development of the basin. 

Between the wars, the search for petroleum, stimulated by the discovery 
of gas at Roma in 1900, assumed considerable importance, and the work of 
officers of the Survey, notably Ball, Jensen, Morton, and Reid, was 
supplemented by that of petroleum exploration companies. Shell (Queensland) 
Development pty Ltd, in particular, undertook some detailed surface mapping, 
and followed it with drilling - unfortunately unsuccessful. Indeed, despite 
present production of gas in the Roma district, the early promise of the 
area has yet to be fulfilled. 
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Since World War II, the search for both petroleum and coal has been 
intensified. Geophysical surveys were made by both the Bureau 'of Mineral 
Resources and private companies: companies have undertaken much geological 
work; and on the initiative of Professor Dorothy Hill,.the University of 
Queensland, and later the Geological Survey of Queensland, undertook many 
geological and palaeontological studies. Finallf, in 1960, a survey of the 
entire region was begun by the Bureau of Mineral Resources and the 
Geological Survey of Queensland. It is this survey that is mainly reported 
in this volume. 

NQ-petroleum has been prodUced commercially from the area covered 
by this Bulletin, but the coal resources, particularly of coking coal, are 
among the most important in the whole of Oceania and southeast Asia .. ·. 

Aeromagnetic. During 1961 to 1963 an aeromagnetic survey was under
taken by the BMR (Wells &.Milsom, 1966). They reduced the recorded magnetic 
profiles by about five and displayed alternate profiles on a geological base 
"map~at 1:250,000." They. drew the estimated depth to " magnetic basement- OO~ 

contours at a scale of 1:1,000,000 and these are reproduced along with the 
gravity res~lts in Plate 3. 

The estimated magnetic basement agrees reasonably well with the 
main structural units. The Nebo SynClinorium, the Mimosa Syncline, and 
the Styx Basin and strathmuirSynclinorium are outlined. In the Nebo 
SynClinorium where the calculated magnetic basement is 9600 m, 
pre-Permian structure may be indicated. Similarly, the deep magnetic 
basement in the southwest may reflect pre~Pe:rmian, that is, pre-Bowen 
Basin structure. 

Gravity. Previous gravity surveys are summarized in Lonsdale (1965) 
and Darby (1966), and the results are shown in Plate 3 compiled from published 
BMR 1:500,000 maps and from preliminary 1:250,000 maps (Sp:ringsure 
and Eddystone). The Strathmuir and Nebo Synclinoriums, the Mimosa 
Syncline, and the Denison Trough are outlined by negative gravity anomalies, 
whereas the Connors Arch, Gogango Overfolded Zone, and Auburn Arch in 
the Eungella-Cracow Mobile Belt are defined by positive anomalies. The 
Comet Ridge and Anakie Inlier are also marked by positive anomalies. 
The Bouguer gravity map, however, suggests that the boundary between the 
Collinsville Shelf and the Nebo SynClinorium possibly lies to the west of 
the boundary shown in Plate 3. The Clermont Block and its assumed 
continuation under the western part of the Bowen Basin and Great Artesian 
Basin shows a complex pattern of positive and negative ·anomalies, which 
apparently reflect pre~Permian structure. 
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Seismic. A great deal of seismic work has been done, particularly in 
the southwest and south, much of it since 1960. Much is unpublished. 
Early work was carried out by Shell (Qld) Development (1952) and the -
BMR (Smith, 1951). The BMR reconnaissance survey (Robertson, 1961, 
1965) was particularly useful in outlining the structure. within the basin 
along an east-west line between Emerald and Duaringa. 

The seismic surveys have been particularly useful in delineating 
structure, but in most areas the surveys are not sufficiently detailed to 
delineate more than one or two horizons. The coal measures of the Blackwater 
Group are a major reflecting horizon and, while this reflection has tended to 
mask lower horizons, it has offered good control for determining the overall 
structure of the basin. 

LOWER PALAEOZOIC 

... ---

Rock units assigned to the Lower Palaeozoic comprise the. Anakie 
Metamorphics in the Anakie Inlier in the west, the Mount Windsor Volcanics 
in the northwest corner, and metamorphics cropping out around Marlborough 
in the east. 

Anakie Metamorphics 

Jensen (1921c) used the term Anakie Series for the granite, porphyry, 
schist, and slate near Anakie. Later, the name Anakie Metamorphics was 
applied to Lower Palaeozoic rocks extending from Anakie. to southwest of 
Collinsville on the Geological Map of Queensland (Hill, ed, 1953; Hill 
& Derimead, eds, 1960). 

The Anakie Metamorphics crop out in a belt extending north~northwest 
from Anakie to Rosetta Creek, and in the core of the Telemon Anticline, 
west of Springsure. The largest area of outcrop is west of Clermont, where 
the metamorphics form high gently rounded closely spaced hills with a 
deeply incised dendritic drainage. Near Anakie, they crop out in prominent 
strike ridges south of the contact with the Retreat Granite. The topography 
is mor~ subdued east of Clermont and north of :M;iclere Creek, where low 
rubble-covered hills rise about 15 m above the surrounding alluvial and 
black-soil plai-ils. In the north the metamorphics are lateritized in places. 
The laterite profile has been dissected into scattered low mesas. 
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Mapping of the Anakie Metamorphics was confined to locating the 
main boundaries, mainly by air-photo interpretati'on. Few outcrops were 
examined in detail and few specimens were examIned'in thin section. 
The main rock types include mica schist, quartz-mic~ schist, knotted 
scpist, phyllite, banded phyllite y slate, an~. quartzite. L~nses of 
unfossiliferous crystalline limestone: 6 ni thick and up to 150 m long, 
are interbedded with slate northwest of Anakie, and what appears to be 
metamorphosed pil~ow lava crops. Otl:t about: 19 km. north of Anakie, :The. 
widespread quartz 'veins and reefs in the metamorphics are the source 
of the abundant quartz rubble covering areas of poor outcrop. The 
inlt"er in the core of the Telemon Anticline ·consists of strongly foliated 
coarse quartz-feldspar=mica gneiss interbedded 'with garnetiferous 
muscovite schisty biotite=quartz phyllite, schist, and sheared diorite and 
other igneous rocks, 

, . 
< ',>' t.'''' : 

Most of the lutites in the Analde Meta.'morphics are closely foliated, 
TWQ ·foliation directions, 080 0 and 340 0 (Ve~vers>::Mol1anJ OlgersJ & . 

- Kirkegaard, 1964a) were noted west ofCl~bilont;, .. 9ut 6tqer folIation 
dir~btions are dominant elsewhere. The quartz veins ~re' concordant with 
the.:Jqliation in places (Veevers, Randal~ ~ollan, &'Paten, 1964b). Foliation 
int~e Telemon Anticline Inlier strikes northeast ,and dips southeasL . 

':'l" . 
" I: 

" 

. ~~" ,: " .. (.;""" 

, Little is known of the structure of the Anakie Metamorphicso The 
for·mation is exposed in the elongate Anakte, Inlier separating .the Drummond, 
Basin to the west from the sequence of thick Devonian-Carboniferous 

sedimentary rocks to the east, At times during the. Devonian-Carboniferous; 
sedimentation prob~bly extended aC.ross the inlier, particularly near 
Miclere Creek; farther south, the inlier supplied detritus to the Drummond 
Basih, 

.. ': At the northern end of the inlier the Anaki'e 1\1etamorphics are 
separated by a narrow strip of alluvium from low~'r Middle DevoQianUkalunda 
Beds, The boundarY'is arbitrary; scattered. trends indicate that the ,Ukalunda: 
Beds trend south into the Anakie Metamorphics, bu't the .two units c.annot 
be distinguished because of poor outcrop, ·Blocks. of fossiliferous lower 
Middle Devonian rocks were mapp.ed south .of. Clermont and in the Nogoa 
Anticline; their relationships to th~ Amikfe Metam6rphfcs are obscure, but 
presumably they rest unconformably' on ~he"metaniorph'j'cs, However, the " 
Anakie Metamorphics, as mapped, probab(i include some Middle Devonian 
rockso The Anakie Metamorphics are uncon.:(ormably overlain. by .the 
Drummond Basin sequence and are ·intruded· 'by the Retreat Gr~nite . 
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No fossils have been found in the Analde Metamorphics. An age of 
450 m.y. was determined (A. W. Webb, pers. comm.) on muscovite from a 
mica schist about 22 km southwest of Clermont. This was probably the age 
of metamorphism. A similar age was determined (A.W •. Webb, pers. comm.) 
for the granite in the core of the Telemon Anticline. These results indicate 
that the Anakie Metamorphics are Ordovician or older. 

Lower Palaeozoic Metamorphics (PzI) 

These rocks crop out around Marlborough and extend east into the 
adjacent Rockhampton and Port Clinton Sheet areas. The outcrops within 
the map area are described in Malone,Olgers,& .. Kirkegaard (1.969).; the 
outcrops to the east are described in Kirkegaard, Shaw, and Murray 
(in prep.). The metamorphics include sediments and interbedded volcanics 
or minor intrusives which have undergone regional metamorphism and 
subsequent thermal and dynamic metamorphism. Rock types include 
quartz-Diie-a schist, falc schist, quartzite,' hornfelsea qtiartz~mic~Csclirst, 
pyroxenite, and garnetiferous quartz-mica schist; interbedded igneous 
rocks include uralitized metagabbro and schistose altered andesite or 
basalt. 

The structure of the metamorphics is uilknown. In many outcrops, 
they have a prominent steeply dipping foliation trending east or northeast. 
The metamorphics were intruded by serpentinite, though most of the contacts 
are faulted; the metamorphics and serpentinite form a block which is 
faulted against Lower Permian rocks to the west and is intruded by Permian 
gabbro and granite. 

The age of the metamorphics is unknown. They are thought to be 
Lower Palaeozoic because their grade of metamorphism is much higher 
than that of fossiliferous Upper Silurian sediments and volcanics cropping 
out 48 km south of Marlborough. 

Mount Windsor Volcanics 

The Mount Windsor Volcanics occupy a small area in the northwest 
corner of the map area. They are much more extensive to the north and west, 
and are described in Wyatt, Paine, .Clarke, Gregory, & Harding (1967) and 
Paine, Gregory, & Clarke (in prep.). They consist of fine~grainedporphyritic 
rhyolite and rhyolite breccia, rhyodacite, daCite, andesite, and minor sediments, 
and are strongly jointed and cut by numerous northeasterly trending faults. 
The volcanics are sheared and mylonitized in fault zones and are strongly 
contact metamorphosed by the Ravenswood Granodiorite. They are 
unconformably overlain by the Bulgonunna Volcanics. 
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The Mount Windsor Volcanics are regarded as Lower Palaeozoic 
because they are older than the Ravenswood Granodiorite which has been 
dated isotopically at about 420 m.y., that is, probably Silurian 
(A. W. Webb, pers. comm.). 

SIL URIAN TO MIDDLE DEVONIAN 

The rock units deposited in Silurian to Middle Devonian times comprise 
unnamed Upper Siluri'an to Lower Devonian rocks (S-D) south of 
Marlborough in the east; the lower Middle Devonian Ukalunda Beds in the 
northwest;. the Lower or Middl~ Devonian Dunstable Volcanics in the 
Nogoa Anticline,' west of SpringSl.lre; the Middle Devonian Douglas Creek 
Limestone and unnamed equivalents (Dm) south and southeast of Clermont; 
and a small block of unname.d metamorphics (pz) 40 km southeast of 
Theodore. 

. Silurian-Dev~nlan (S-D) 

The oldest .fossiliferous rocks in the area are unnamed volcanics, 
chert, limestone, and minor clastics ,cropping out about 40 km south of 
Marlborough. They are described in Malone et ale (1969), and their 
extension to the east is described in.Kirkegaard,Shaw,,&_Murray .(in prep.).' 
They are exposed over about i 50 sq km in the core of the Craigilee 
Anticline and in smaller inliers to the west and southwest. Volcanics 
predominate; they include keratophyre, altered trachyte and spilite, andesite, 
andesitic and spilitic crystal and lithic tuffs, and volcanic conglomerate. 
Light green chert predominates jn some areas, and in places it ·is associated 
with pur-pIe mudstone and conglomerate. Thick beds of limestone or lenses 
of limestone are interbedded with the volcanics in three localities .. About 
53 km south of Marlborough, lenses of thin to thick-bedded fossiliferous 
limestone, up to 30 m thick, are interbedded with flows, tuffs, and fossiliferous 
calcareous tuffaceous sandstone. The fossils from this locality are Upper 
Silurjan (Mackellar, Appendix 7, in Malone et al., 1969). In the other two 
localities the limestone is recrystallized and metamorphosed to marble 
in places, but contains some very fossiliferous bands; the fossils indicate 
a ~ilurian to Lower Devonian age (Hill, Appendix 4, in Maloneet al., 1969). 

No fossils have been found in the small inliers west and. southwest of 
the main area of outcrop. The rocks in the inliers are regarded as Silurian
Devonian because they consist mainly of volcanics, including abundant 
keratophyre, which are lithologically similar to the volcanics associated 
with the'fossiliferous beds. 
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The dominance of- massive volcanics conceals the structure of the 
Siluriah-Devoni3:n rocks, ,though gross changes of lithology suggest a 

'regional easterly dip in pla~~~. The limestone beds near the northeast 
corner of the main outcrop area are closely jointed and sheared,~ and 
tightly folded. The style of folding is apparently related to the thickness of the 

, ' 

beds: the thick-bedded limestone is folded into very steep almost 
symmetrical folds; while the thin-:bedded lil.ll~stone is .folded and cross
folded into disharmonic structures involving about ,3D m of section, 

,'complicated by small-scale folds with an amplitude of about 30 cm. Elsewhere 
the limestone beds are steeply dipping. Th~ Silurian-Devonian rocks were 

" folded before the overlying Upper Devonian to Lower Carboniferous sediments 
were laid down unconformably On them. The magnit1.lde of the unconformity 
is clearly visible east of tlie 'Upper8ilurianfossillocality, where,the 
Silurian~Devonian rocks dip vertically and strike northeast, and the 
overlying sediments dip easf af about 70°. 

The Silurian-Devonian rocks were partly emergent during the 
-f)evontanaearboniferous~sedtmentatfon-~~Clasts~orSil1.rftan:Dev.~oiinfn ~~,' 

limestone are contained in a conglomerate, locally basal to the Devonian
Carboniferous sequence, about 1~ km east .of the folded limestone outcrops. 
The succeeding sediments and volcanics onlapped the Silurian-Devonian 
rocks so that Lower Carboniferous, Upper Carboniferous, and Lower 
Permian'rocks are in contact with the Silurian-Devonian rocks inplaces. 
The inliers of Silurian~Devonian rocks to the west are faulted against the 
Lower Permian or older Rannes Beds and are unconformably overlain by 
the late Lower Permian Rookwood Volcanics and the Upper ,Permian Boomer 
Formation. 

The thickness of the Silurian-Devoni'a~n rocks is not known, but they 
are obviously thick and are more eXtensive than their area of outcrop. They 
are regarded as Upper Silurian, to 'Lower Devonian in age. 

- ,,' 

Ukalunda, Beds 

The Ukalunda Beds occupy the northern end 'of the Anakie Inlier. They 
were distinguished from the Anakie Metamorphtcs during the mapping of the 
southern half of the Bowen Sheet area (Maione et 'aI'., 1966) when the fossils 
collected from many localities in the Ukalunda Beds indicated that they were 
of lower Middle Devonian age, much younger than the Ordovician or older 
Anakie Metamorphics. The extension of the Ukaiunda Beds to the south into 
the Mount Coolon Sheet area was' earlier 'described as part of the Anakie 
Metamorphics (Malone et aI., 1964). 'The name: Ukalunda Beds (Jack, 1889) 
was revived by· Malone 'et a1. (1966), who' desc'ribed the unit ancidiscussed 
its stratigraphic p()sition. 
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The boundary between the Ukalunda Beds and the Analde Metamorphics 
as shown on the geological map is arbitrary as both units are poorly exposed 
in the western part of the Mount Coolon Sheet area. 

Five rock associations· can be recognized in the Ukalunda Beds, but 
as the beds are poorly exposed it is not known whether they have any 
stratigraphic significance. The approximate distribution of the five 
units, A, B, C, D, and E, is shown in Figure 4~ 

Unit A 
. ;;"" 

Unit A is the most widespread and possibly the youngest unit. It 
consists maiDly of siltstone and arenite. The siltstone is closely jointed 
or cleaved, deeply weathered, and commonly ferruginized;. it ranges from 
grey to buff, pink, and red, or mottled red and white, according to the 
degree of weathering. The arenite is lithic or sublabile and commonly 
feldspathic; it is generally fine to medium-grained and in mest places 
has.a.calcite-and-chlorite cement. The fine-arenite is· generally closely~O". 
jeinted. Unit A includes thinly interbedded siltstone and arenite and 
interlaminated and varicoletired siltstone and claystone. The siltstone 
contains thin beds of fossiliferous silicified limestone in a few places; 
the fossUs arepeorly preserved, but are similar to some in other 
~ollections from the Ukalunda Beds. 

Unit A has been contact. metamorphosed to quartz~muscovite-schist, 
hornfels, and spotted and lineated siltstone, and in places it has been silicified, 
epidotized, and locaUy mineralized. 

Unit B' 

Unit B consists of Jointed quartz-veined and silicified quartz sandstone 
grading in places into quartz-pebble conglomerate. The sandstone is 
metamorphosed to quartzite In one place; in general, the quartz grains 
are cracked, broken, strained, and re-oriented, and in places the sericite 
flakes in the matrix are aligl)ed~ 

I 

Unit C 

Unit C consists of (i) alternating and 'generally well bedded fine to 
coarse hard c~lcareous labile greywacke and thin-bedded grey, green, and 
brown siltstone and dar~ shale, slump folded in places; ·(ti) thick lenses 
of blue-grey pebble to cobble conglomerate interbedded with lithic arenite; 
(iii) banded grey-green thick-bedded silicified limestone, biostromal in 
part; and (iv) a sequence of green medium-grained tuff, cearse crystal tuff, 
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grey-green siltstone, tuffaceous arenite, thin .rhyolite flows, volcanic 
agglomerate, and thick beds of partly voicanolithic pebble to cobble 
conglomerate interbedded with thin-bedded fine and coarse tuff. (Subunit 'iv' 
was referred.to Devonian~Carboniferous Volcanics in Malone et al., 1966). 
The calcareous labile greywacke of subunit (i) contain$ feldspar grains and 
lithic fragments which include devitrified glass and flow-banded volcanics •. 
Flow-banded rhyolite porphyry anduralitized trachyandesite flows or sills 
are interbedded in unit C in places. Unit A overlies unit C where they are 
in contact. 

Unit D 

Unit D occupies the smallest area. It consists of (i) closely jointed 
khaki to dark grey siltstone, which is calcareous and fossilifero~s in places 
and commonly contains rounded non-jointed cobbles of siltstone; (ii) beds and 
lenses up. to 15 cm thick of grey fossiliferous limestone and s·mall blocks of 
compound. corals~whiGh are interbedded with calcareous siltstone or calcareous 
lithic arenite; (iii) thin-bedded micaceous coarse siltstone and fine arenite; 
(iv) soft olive~grey thin-bedded siltstone interbedded with dense grey to 
dark grey pyritic impure chert, which in places encloses pods. of limestone; 
and (v) medium to coarse lithic arenite, hardened and veined by quartz in 
places. 

Unit E 

Unit E consists of siltstone, lithic' arenite, quartz sandStone, and 
conglo.~erate. The conglomerate is a distinctive rock consisting mainly of 
white quartz pebbles in a red siliceous matrix. The conglomerate and 
associated quartz sandstone resemble unit B. The siltstone is closely, 
jointed, khaki or grey, generally calcareous and fossiliferous, 'and contai'ns 
pods of foetid limestone.' . . 

The best preserved and most abundant fossil faunas were collected 
from similar rock types in units D and E. However, only one of the species 
present in unit E is present in unit D. Both faunas are Eifelian (lower 
Middle Devonian). 

The Ukalunda Beds are intruded by large granodiorite intrusions and 
are extenSively contact metamorphosed; minor gold, bismuth, arsenic, 
silver,. lead, and copper mineralization occurs in the contact zones in 
places. They have undergone low-grade regional metamorphism which has 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PIli 

• 10 101CILOMKUU 
L. ' F"- j 

1'11T"18UTlON OF TH~ UICAIaUNIU IIII" 
TO ACCOMI'AN'I "ICC"" 1011/14 

ffi~:j Uni' A 

~ ~ Un/I8 

~ 
~ 

It'30' 

Un'" C 

lin" () 

Un'" E 



I 
I 
I 
I 
I 
I 
I 
I 
-I 
I 
I 
I 
I 
I 
I 
,I 

I 
I 
I 
I 

=19-

produced the common jointing and shearing, and in places a schistose 
alignment of secondary sericite flakes in the argillaceous laminae. A zone 
of shearing in units A and E strikes north to northeast along the western 
margin of the Ukalunda Beds, parallel to the Drummond Basin. The shearing 
has produced phyllite, sheared siltstone, and interbedded unaltered fine 
arenite and sheared siltstone containing aligned sericite flakes. The shear 
cleavage is approximately paranel to the axial planes of folds in the 
Drummond Basin and possibly developed in response to the stress which 
folded the Drummond Basin sequence. 

The Ukalunda Beds are moderately tightly folded into st;ructures with a 
fairly large amplitude; few tight minor folds were noted. Dips 'are mainly 
between 30 0 and 70 0

• The Ukalunda Beds are unconformably overlain by 
the Drummond Basin sequence to the west, by the Mount Rankin Beds to. 
the east, and by the Bulgonunna Volcanics to the northeast. The unconformity 
at the base of the Bulgonunna Volcanics is exposed at several places. The 
unconformities at the base of the Drummond Basin sequence and at the base 
of~theMount~Rankini3edscare~not~exposed,-but-can-becreliably-inferred~fronro~ 

the regional structure and from the difference in the degree of metamorphism 
and difference in age between the Ukalunda Beds and the younger units. 

Dunstable Volcami.cs 

The name Dunstable Volcanics (Hill, 1957) was revised in MolIan, 
Dickins, Exon, & Kirkegaard, 1969). The volcanics are exposed in a 
small northeasterly trending fault=bounded inlieJr in the northern 
culmination of the Nogoa Anticline. Their area of outcrop and relationships 
to the overlying units are illustrated in Figure 5. The Dunstable Volcanics 
consist of tough green andesitic lavas and pyroclastics which contain lenses 
of partly recrystallized coralline limestone and splintery black and olive~green 
cherty shale. The Dunstable'Volcanics are resistant to weathering, and this 
serves to distinguish them from the overlying, generally deeply weathered, 
Silver Hills Volcanics. Fossils from the limestone lenses a:re probably 
lower Middle Devonian (Hill, Appendix 3 in Veevers et aI., 1964a); as the 
fossiliferous lenses are near the top of the exposed section, the age of the 
lower part of the volcanics is not known. A thickness of about 450 m of 
Dunstabl~ Volcanics is exposed in the Nogoa AntiCline, but neither the top 
nor bottom is exposed. 

/' 
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Douglas Creek Limestone and Equivalents(?) 

The Douglas Creek Limestone is reviewed in Veevers et a!. (1964b). 
It consists of blue-grey fine-grained massive and well jointed richly 
fossiliferous limestone cropping out in a small area 8 km south of Clermont. 
The fossils indicate a lower Middle Devonian age, probably upper Couvinian 
(Hill, 1939; Jones, 1941). 

The unnamed Middle Devonian sediments south of the Douglas Creek . 
Limestone outcrop include three small outcrops of well bedded thin-bedded 
grey to brown micaceous siltstone and one small area of limestone rubble. 
A thickness of about 30 m of siltstone is exposed in the largest outcrop. 
The siltstone contains fossils which indicate a lower Middle Devonian or 
possibly Lower Devonian age (Veevers et al., 1964b). 

Middle Devonian sediments (the 'undifferentiated Palaeozoic sandstone 
and~siltstoneo~=of~V-eeveI's-et.al.,~1964b)o~crop~outo~in-a-narI'ow~"stI'ip-24km~southwest 
of Clermont. They are thrust-faulted .against the Anakie Metamorphics, faulted 
against the Theresa Creek VolcaniCS, and intruded by monzonite. The 
sequence consists mainly of fine to medium-grained cross-bedded mauve 
calcareous arkosic sandstone and laminated red-brown micaceous siltstone; 
the sediments contain angular detritus up to.15 cm across derived from the 
Anakie Metamorphics. Also present are tuff, coarse recrystallized 
limestone, and a coarse basic flow or intrusive. These rocks are tentatively 
re'garded as Middle Devonian; they could be part of the Theresa'Creek 
Volcanics. 

The Douglas Creek Limestone and Middle Devonian sediments rest 
unconformably on the Anakie Metamorphics. The unconformity is not exposed, 
but is clearly indicated by the difference in metamorphic grade and by the 
absence of quartz veins in the Middle Devonian sediments and by their 
'abundance in the Anakie Metamorphics. The Middle Devonian sediments are 
overlain, apparently conformably, by the Theresa Creek Volcanics. 

The second area of unnamed Middle Devonian sediments is located 
29 km west-southwest of Emerald (Veevers et a!., 1964a). The rocks 
exposed are siltstone, pebbly quartz grit, tuff, shale, limestone, and rhyolite. 
The limestone contains corals which indicate a Middle Devonian age (Hill,. 
Appendix 3, in Veevers et al., 1964a). The base of the sequence is not 
exposed; it is unconformably overlain by subhorizontal Permian se~iments. 
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The Middle Devonian rocks crop out at the northern and southern ends 
of the Anakie Inlier and near the eastern margin of the inlier. All the 
sediments are of about the same age and were possibly deposited in a 
sea which was bounded to the west by the Anakie Metamorphics. Vulcanism 
was dominant in the south (Dunstable Volcanics) and was relatively rare in 
the north. 

Unnamed Palaeozoic Metamorphics (pz) 

Granulite and metaquartzite crop out in a small area 40.km.southeast 
of Theodore .(MolIan, Forbes, Jensen, Exon, .. &_Gr.e.gory,.in press). They 
overlie and were presumably metamorphosed by the Auburn Complex, 
although the contacts are not exposed. The metamorphics contain no 
intrinsic evidence of their age. They are older than the igneous rocks which 
have been dated isotopically.atabout .300m.y.,,(A. W. Webb, pers. comm.) . 

•• c~ ~The ~metaquartzite~isoapparentlycoa-metam0rph0sed~quartz~sandstone"~and·the 0 

granulite is a metamorphosed arkose. 

DEVONIAN TO CARBONIFEROUS 

In Devonian to Carboniferous times, sediments and volcanics were 
laid down in three large sedimentary basins; the Drummond Basin to the 
west of the Anakie Inlier; the basin to the ~ast of the Anakie Inlier in which 
the Mount Rankin Beds were deposited; and the Yarrol Basin in the eastern 
part of the map area. Outside these three basins, the. Theresa Creek Volcanics 
were laid down on the Anakie Inlier, possibly at the same time 3:s and 
perhaps continuously with the Silver Hills Volcanics; the Campwyn Beds 
were deposited in what was probably the northern extension of the Yarrol 
Basin; and the Connors Volcanics' were laid down to the west of the Yarrol 
Basin. The Connors Volcanics are older than Upper Carboniferous and are 
tentatively regarded as equivalents of the Campwyn Beds because of the 
similarity in lithology and structure and are therefore included with the 
Devonian to Carboniferous rocks; they could be older and may be equivalents 
of the Silurian~Devonian rocks. 

Volcanics, which may be equivalent to the Connors Volcanics, are 
included in the Camboon Andesite which ranges from Upper Carboniferous 
or older to lower Permian. The age of the older part of the Camboon 
Andesite is based on the isotopic age of certain intrusive igneous rocks. 
The Upper Carboniferous or older part of the Camboon Andesite and the 
younger Lower Permian part have not been mapped separately. 
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Devonian-Carboniferous rock units of the Clermont Block are briefly 
described in Table 1 and those of the Eungella-Cracow Mobile Belt in 
Table 2. 

Drummond Basin Sequence 

The exposed Drummond Basin is an arcuate structure trending northwest 
from a point about 30km .southwest of Springsure for about 110 km to where it 
swings nearly north. The basin lies to the west of the map area about the 
latitude of Mount Coolon, but reappears in the northwest where it trends 
northeast. The regional geology of the Drummond Basin has been described 
by Olgers (in prep.). Parts of the Drummond BaSin, which lie within the 
map area are described in the following reports: Veevers et ale (1964a, b), 
MolIan et al. (1969), and Malone et ale (1964, ~966). 

The sequence in the southern part of the Drummond Basin comprises 
the Silvet~ Hills- VolcanIcs, Tefemori Formafion;--Mount Hatl Congfonlerate,C
Raymond Sandstone*, and Ducabrook Formation in order of decreasing age; 
the youngest three formations constitute the Drummond Group. In the 
northern part of the Drummond Basin the Drummond.Group was not divided 
into formations. Apparently, no equivalents of the Silver Hills Volcanics 
are present in the north, though the sequence probably includes equivalents 
of the Telemon Formation. 

The Silver Hills Volcanics were probably extruded in part before the 
downwarping of the Drummond Basin began, and were certainly deposited 
over a greater area than the overlying sedimentary sequence. The 
abundance of reworked material from the'silv:er-,HiUs. V<;>lcanics in. the 
Telemon Formation indicates that a large. area of volcanics was being 
eroded during depOSition of the Telemon Formation. The Silver Hills 
VolcaniCS, Theresa Creek Volcanics, and the volcanics of the Mount Rankin 
Beds may be remnants of an acid to intermediate volcanic province which 
covered most of the Clermont Block in the Upper Devonian. 

The boundary between the Telemon Formation and the underlying 
Silver Hills Volcanics corresponds with a marked lithological change from 
a volcanic sequence to a predominantly sedimentary unit, which was partly 
derived from older volcanics, but which also includes subordinate volcanic 
rocks. The boundary marks the start of depOSition in the Drummond Basin. 
The disconformity and local slight angular unconformities between the Telemon 
Formation and the overlying formations are much less significant; they 
correspond with epeirogenic movements or changes in the rate of subsidence. 

* Name changed to Raymond Formation by Olgers (in prep.). 
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The lithology of the Telemon Formation is similar to that of the Ducabrook 
Formation, and it appears that the mature quartz~rich sediments of the 
intervening Mount Hall Conglomerate and Raymond Sandstone represent 
only a temporary change in the depositional environment. Despite the 
presence of a disconformity at the top of the Telemon Formation it might 
be better to include it in the Drummond Group because of the lithogenetic 
unity of the sequences, rather than excluding it, as has generally been the 
case. This is why the Drummond Group has not been subdivided in the 
northern part of the Bowen Basin. 

The Mount Hall Conglomerate and Raymond Sandstone are closely 
related, and the former is essentially a conglomeratel"ic phase developed 
locally at the base of the Raymond Sandstone. Their relationships. may 
best be expressed by referring to them as the Snake Range Subgroup 
(originally Snake Range Group, SQD, 1952; Hill, 1957). The suggested 
nomenclature for the Drummond Basin sequence would be 

Drummond 
Group ... 

( 
( Snake Rarige 
( Subgroup 
( 

Mount Rankin. Beds 

Ducabrbok Formation 
( Raymond Sandstone 
( Mount Hall.Conglomerate 

TelemonFormation 

Silver Hills Volcanics 

The Mount Rankin Beds is the name proposed for the Upper Devonian 
to Lower Carboniferous volcanic and sedimentary rocks cropping out east 
of the.Anakie.lnlier. The use of this name was foreshadowed in Veevers 
et al. (1964b). The informal term 'Beds' is used since no further work has 
been done in the type area since 1960 (Veevers et aI., 1964b). 

The name is derived from Mount Rankin (grid ref. 60702193) in the 
Clermont Sheet area. The type area is west, north, and east of Mount 
Rankin, some 55 km north-northeast of Clermont. The Mount Rankin Beds 
crop out discontinuously in a belt extending from about 30 km northeast 
of Clermont to 60 km north of Mount Coolon, in the Clermont, Mount Coolon, 
and Bowen Sheet areas. . 



The beds consist of porphyritic rhyolite, dacite, sodic pitchstone,. 
andesite, acid and intermediate pyroclastics, including agglomerate, 
volcanic conglomerate and lapilli, crystal and lithic tuff, and sediments, 
including tuffaceous arenite, siltstone, and conglomerate. The rhyolite 
exhibits regular flow banding and less commonly contorted flow banding, 
and is spheruHtic in places. It contains numerous veins and irregular 
masses of quartz. The flows are possibly terrestrial in part; the 
pyroclastics and. sediments are generally well bedded and were apparently 
laid down under water. The sediments consist mainly of volcanic detritus. 
They include tough fine to medium~grained dark quartz-poor feldspathic and 
lithic tuffaceous arenite; thin-bedded brown, grey, and colour=banded 
siltstone; fine to coarse and pebbly feldspatholithic sandstone; pebble to 
cobble conglomerate; fossiliferous calcareous sandstone; and minor quartz 
sandstone. Conglomerate generally occurs in beds and lenses and gr.ades 
laterally into arenite. The fossiliferous sandstone and the quartz sandstone 
occur only in the Mount Wyatt Beds at the base of the Mount Rankin Beds in 
the north~and reflect a marine transgression in that area;. the.bulk of the 
Mount Rankin Beds were deposited in fresh water. 

The thickness in the type area was estimated to be about 4BOO.m. 
The Lower Carboniferous fossil plants in the top 300 m include Lepidodendron, 
LepidophyHum, and Lepidostrobus - all cf L. aculeatum Sternberg = and 
Stigmaria ficoides Brong.An Upper Devonian b,rachiopod, Cyrtospirifer cf. 
reidi Maxwell, and plants including Leptophloeum australe. Protolepidodendron, 
psilophytes, and Stigmaria occur in the Mount Wyatt beds at the base of the 
Mount Rankin Beds in the north. The fossils indicate that the Mount Rankin 
Beds range from Upper Devonian to Lower Carboniferous. 

The Mount Rankin Beds are unconformable on the Anakie .Metamorphics 
and Ukalunda Beds; they are unconformably overlain by the Upper Carboniferous 
Bulgonunn~ Volcanics and by Permian sediments. The volcanics at the base 
of the Mount Rankin Beds in the type area are co~sidered to be part of the same 
Upper Devonian volcanic province as the Silver Hills and Theresa Creek 
Volcanics. The northern limit of t~is volcanic province is about the latitude 
of Mount Coolon. North of Mount Coolon both the Drummond Basin sequence 
and the Mount Rankin Beds consist mainly of clastics 9 derived from 
volcanic rocks, with some tuff and minor flow rocks. The Mount Rankin 
Beds in the north and the upper part of the sequence in the type area. are 
approximate correlates of and are lithologically similar to the Drummond 
Group including the Telemon Formation. 
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The Mount Wyatt Beds (Daintree, 1870) were defined in Malone et al. 
(1966). They form the basal part of the Mount.Rankin Beds in the north 
and contain evidence of a short-lived marine incursion probably from the 
east or northeast. The field data are insufficient to locate the top and 
bottom of the unit accurately and consequently it has not been defined formally 
as a formation. 

The small westerly trending outcrop of Mount Rankin Beds 60 km 
north of Mount Coolon is tentatively included in the Mount Rankin Beds. -
The sequence consists of dark deeply weathered and altered crystal tuff,. 
with subordinate dark fine-grained flow-banded slightly porphyritic 
rhyolite and bedded conglomeratic tuff. The rocks are similar in a general 
way to the volcanics in the lower part of the Mount Rankin Beds, but this 
outcrop lies to the north of the known limits of the volcanic sequence in the 
Mount Rankin Beds. The volcanics north of Mount Coolon may belong to 
the Ukalunda Beds which contain some similar rock types, although they 
do not generally consist mainly of volcanics. These rocks are .structur:lll), 
discordant with the overlying Bulgonunna Volcanics which contain many· .. 
similar rock types; the structural discordance may be the result of 
extrusion from different foci and may not justify excluding these rocks 
from the Bulgonunna Volcanics. 

A small outcrop at the northern margin of the Anakie Inlier has 
been assigned to the Mount Wyatt Beds on the basis of. lithology and flora. 
The outcrop is separated from the Drummond Basin by the overlying 
Bulgonunna Volcanics. Possibly, the Drummond Group and Mount Wyatt . 
Beds were continuous around the northern end of the Anakie Inlier. !fso, 
the basal part of the Drummond Group in the north may have been deposited 
in a marine environment. 

Theresa Creek Volcanics 

The stratigraphic pOSition of the Theresa Creek Volcanics (Veevers 
et al., 1964b) is not known with certainty. Veevers et al. stated that they 
are conformable on unnamed Middle Devonian sediments and regarded them 
as approximate correlates of the Dunstable Volcanics (then the Dunstable 
Formation), unnamed Middle Devonian volcanics and sediments, the Silver 
Hills Volcanics, and the volcanics of the Mount Rankin Beds (see Fig. 8 in 
Veevers et al.~ 1964b). Later work has shown that there are two suites of 
volcanics separated by an unconformity: a Middle Devonian suite of which 
the Dunstable Volcanics is typical, and an Upper Devonian suite to which the 
Silver Hills Volcanics and the volcanics of the Mount Rankin Beds belong. 
The Theresa Creek Volcanics probably contain representatives of both. 
The lithology of part of the Theresa Creek Volcanics suggests that they can 
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be correlated with the Upper Devonian volcanics. The conformable relationship 
(Veevers et aI., 1964b, p. 10) between the unnamed Middle Devonian sediments 
and the overlying Theresa Creek Volcanics, and the fact that the Theresa 
Creek Volcanics are intruded by monzonite. which is correlated with the 
Retreat Granite suggest that part of the Theresa Creek Volcanics is 
Mcddle Devonian in age. The Retreat Granite was probably emplaced in the 
interval between the Middle Devonian and Upper Devonian volcanic suites, 
and is overlain non-conformably by the Upper Devonian Silver Hills 
Volcanics. The isotopic age of the Retreat Granite suggests that it is 
probably younger than the Middle Devonian volcanics .. 

Connors Volcanics 

. . . 

The Connors Volcanics which consist mainly :of ~assive volcanics,' 
are exposed in small areas adjacent to the Urannah Complex ·and in.a large 
area at the southern end of the Connors Arch, and 'in 'inliers~ nearby. Most 
of the outcrops lie within the Duaringa and Saint-Lawrence Sheet areas 
(fee Malone et aI., 1969). The Connors Volcanics.in the. Bowen Sheet area 
are defined and described in Malone et al. (1966), and in the Mackay Sheet 
area they are referred to in Jensen, Gregory, .& .. .For.bes..(.1966). The Connors 
Volcanics were not recognized in the Mount Coolon Sheet area when it was . 
mapped in 1960 (Malone et aI., 1964) and were included in the Lower 
Bo~en VolcaniCS, but they are distinguished from the Lizzie Creek Volcanics 
(= Lower Bowen Volcan~cs) in a later publication (Malone, 1968). 

No intrinsic evidence of age has been found in the Connors Volcanics . 
. Fielq relationships indicate that they are unconformably overlain by Lower 
Permian Volcanics and sediments. In the south they are intruded by a. 
granodiorite stock, which has an isotopic mineral age of about 305 m.y .. 
(early Upper Carboniferous). The .Connors Volcanics are only. in contact 
with the overlying Permian rocks, with intrusive rocks 'of various ages, and 
wllth the partly Lower Permian Rannes Beds. The isolated" blocks of Connors 
Volcanics have been recognized by lithology only, andthey may include 
rocks of different ages. The Connors Volcanics may be .correlated with either the 
Upper Silurian to Lower Devonian rocks of the Craigilee' area or the Devonian
Carboniferous Campwyn Beds; both of which are not lithologically dissimilar. 
However, the Connors Volcanics are mainly terrestrial; and'do not contain 
fossiliferous marine sediments which are found inbothtlie other two units. 
Spilitic rocks . have been tentatively identified in the Connors VolcaniCS, 
particularly in the south, and it is possible therefore thatthey are partly 
submarine. It is unlikely that the Connors Volcanics can be correlated with . 
the Upper Carboniferous Bulgonunna Volcanics cropping'out northwest of the 
Bowen Basin. Tenuous deductions based on isotopic age. determination suggest 
that the Bulgonunna Volcanics may be younger than the300-m.y. old grano-
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diorite which intrudes the Connors Volcanics. 

The relationships of the Connors Volcani.cs with the Rannes Beds 
and Camboon Andesite are discussed later. 

The Connors Volcanics and Urarinah Complex together form the 
Connors Arch which forms part of a major axis of upUft~ subsidence, and 
intrusion along the western margin of the Eungella=Cracow Mobile Belt; 
the linearity of the axis may be largely the result of post=Permian 
tectonics. The relationships with the overlying Permian rocks indicate 
that}he blocks of Connors Volcanics resisted deformaUon during the 
post~Permian folding~ although the blocks were displaced relative to each 
other. No cleavage has been developed in the Permian sediments to the 
west of the largest block of Connors Volcanics, whereas there is a wen 
defined axial~plane cleavage in similar sediments to the south and east. 
The relative movement of the blocks is suggested by the intense shearing 
of sedimel!ts. between theDlo. ':['h~ dtstrfbytion of. the::o,,-e1:1yiX!g __ S~c:lA~I:Umt§ 
fndicateS-thaI some- of -the -iriiiers oiCoIlllors Voicanics were partly emergent 
at the beginning of Lower Permian sedimentation and wex'e progressively 
overlapped by younger sediments. 

Campwyn Beds 

The'volcanics and sediments of the Campwyn Beds crop out near 
the coast from 80 km south of Mackay to beyond the northern margin of the 
map area. In the Mackay Sheet the unit was named and described by Jensen 
et ale (1966), and the occurrences in the southern part of the Proserpine 
Sheet area are described in Jensen (1963). 

The identification of the Campwyn Beds neal' Koumala is based on 
lithology only. The beds are faulted agafmst Olf' intruded by the Urannah 
Complex with which they form a block overrl1al.in l!.mconformably by the 
Lower Permian Car mila Beds. The blocks of Campwyn .Beds along the 
coast are faulted along their western malt"gins where they alfi8 in contact 
with Lower Permian rocks. 

The Campwyn Beds possibly :represent the norrthe:rn extension of 
the Yarrol Basin sequence. The Upper Devonian and Carboniferous 
fauna and flora indicate that the Campwyn Beds were laid down at the 
same time as the Yarrol Basin sequence. The stratigraphy of the 
Campwyn Beds is not well known~ and no attempt has been made to correlate 
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them with the Yarrol Basin sequence. The massive nature of the volcanics, 
the abundance of plant remains, and the presence of fossiliferous marine 
interbeds suggest that the Campwyn Beds were deposited near the shore 
in alternating terrestrial, freshwater, and marine environments, possibly 
on the northwest. margin of the Yarrol Basin. The southernmost outcrop 
of the Campwyn Beds on West Hill.Island is only 50 km from Long Island 
where the Yarrol Basin sequence has been recognized. The distribution 
of the two sequences and the similarity in lithology and total thickness 
suggests that they probably were laid down in the same basin. 

The style of folding of the Campwyn Beds is also similar to that of 
the Yarrol Basin sequence. The entire thickness of the Campwyn Beds was 
apparently folded into broad structures in which almost the complete 
sequence can be seen in the preserved limbs of the folds. Tight minor 
folding has developed in places, generally associated with faulting. 

_~J::~~ Campwyn Beds and associl3.te_d pre-Permian intr~s!:ve_i_gneous _ 
rocks formed the basement on which part of the Carmila Beds was 
deposited~ Near Kou~ala, the unconformity at the base of the Car mila 
Beds is exposed around a structural high of Campwyn Beds and igneous 
rocks. The Car mila Beds to the south are folded into the southerly plunging 
Car mila Syncline; to the north, they dip north from the high, but their 
structural configuration is obscure. The structurally high position of 
the Campwyn Beds may be partly due to post-Permian folding, and partly 
due to the presence of a topographic ridge on the pre-Permian basement. The 
blocks of Campwyn Beds along the coast have been uplifted as a result of 
post-Permian faulting. The faults have truncated the eastern flank of the 
Carmila Syncline; about 2100 m of the Lower Permian sequence has been 
removed and the underlying Campwyn Beds exposed. The apparent relative 
movement on the faults is east block up, but the nature of the fault system 
is unknown. 

Yarrol Basin Sequence 

Only the western edge of the Yarrol Basin sequence is exposed in 
the map area. Most of the sequence lies within the Port Clinton, Rockhampton, 
and Monto Sheet areas. Recent reports describing the Yarrol Basin sequence 
include: Kirkegaard, Shaw, & Murray (1966, and in prep.) (Rockhampton 
and Port Clinton Sheet area); Dear (1968) (Cania district, Monto Sheet area); 
and Dear, McKellar, & Tucker (in prep.) (Monto Sheet area). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~29~ . 

The Yarrol Basin sequence (:o...Ca) has been mapped in a few small 
areas about 30 km south of Marlborough and in the southern part of Long 
Island. The faunas collected at various localities and the lithology 
suggest that most of the Yarrol Basin sequence is lI"epresented, but 
insufficient information was available to subdivide the sequence. The 
Neerkol Formation (Cu) and Lower Carboniferollls sediments (CI) were 

. mapped on the eastern and westelI"n flanks of the Craigillee Anticline 
and have been tentatively recognized at the northern end of Long Island. 
Lower Permian sediments occupy most of Quail Island. 

Revised mapping (Kirkegaard et a1. 1 in prep.) of the Long Island 
area is presented in Figure 6. It differs from the published 1:500,000 
geological map in that Lower Permian sediments are lI"ecognized on 
Quail Island, and includes a more accurate map of the UppelI" Carboniferous, 
Lower Carboniferous, and undifferentiated Devonian= Carboniferous 
sequences. 

The distribution and variations in thickness of the YarlI"ol Basin 
sequence suggest that the area south of Marlborough was near the 
western margin of the basin and that parts of the Silu'Irlian-Devonian 
rocks were emergent at times or throughout the whole peTC'iod of deposition. 
The Lower CalI"boniferous sequence is thinnest on the southwest flank of 
the Craigilee Anticline where they are up to 600 m thick; east of the 
Craigilee Anticline, theilI" thickness ranges flI"om about 900 m in the south 
to about 2400 m in the north. The Lower CalI"bonifelI"ous seq1J.lience is 
dis conformably overlain by the Neerkol FOlI"mation throughout this area, 
but there j,s no evidence that the thickness valI"ies because of eJr'osion of 
the top of the Lower CarbonifelI"olls sequence. AppalI"iEmUy, the Lower 
Carboniferous sediments onlapped from the nOlI"tlheast towalI"ds the south 
and west over an irregular basement of SnUlrilan~Devonian rocks. 

A Lower Carboniferous conglomerate containing clasts of coralline 
limestone occurs near the base of the YarlI"ol Basin sequence in the 
Rockhampton Sheet alI"ea, east of the northelI"n end of the ClC'ailgUee Anticline. 
The lithology of the clasts, and their contained fauna1 suggest that they 
were derived from Silurian~Devonian limestones such as now ClrOP out 
at the northern end of the Craigilee AntiCline, about 38 km south~southeast 
of Marlborough. 

The Silurian~Devonian rocks along the northwest flank of the Craigilee 
Anticline and in inliers farther west aIre overlain by Permian rocks with no 
intervening Carboniferous sediments. The absence of Calr'boniferous 
sediments suggests that this area lay beyond the westtelI"n limit of the 
Yarrol Basin. 
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The oldest Yarrol Basin sediments in this area are represented by 
the block of sediments (D-Ca) northwest of the Craigilee Anticline. The 
sequence includes basal volcanics containing an Upper Devonian fauna. 
No equivalents of this fauna or of the volcanics have been found in the 
Yarrol Basin sequence in the Craigilee Anticline. Sedimentation in this 
area probably commenced in a small embayment bordered to the east 
and south by Silurian-Devonian rocks. Detritus from Silurian-Devonian 
rocks was carried eastward into the main Yarrol Basin at least during 
the Lower Carboniferous, until the area was gradually onlapped from the 
northeast to southwest. 

The palaeogeography of this part of the Yarrol Basin is complex, 
and is not well known~ 

'The sequence on Long Island is not well known. There is apparently 
no thinning or onlapping of units and the sequence was presumably 
deposited away from the margin ofthebasin.-The· similarity of the rock 
types, sequence, and faunas to those in the ,main part of the Yarrol Basin 
indicate continuity of the depositional area. The separation of these sediments 
from the I'est of the Yarrol Basin is apparently the result of post-depositional 
folding, faulting, and erosion. 

UPPER CARBONIFEROUS TO PERMIAN 

In Upper Carbonifeous to Permian times the Bulgonunna Volcanics, 
Joe Joe Formation, and Torsdale Beds were deposited in widely separated 
areas around the margins of the Bowen Basin. The Bulgonunna Volcanics 
are probably the oldest of the three. Theyconsist predominantly of 
terrestrial volcanic rocks and associated contemporaneous intrusive rocks 
on the northeast margin of the Clermont Stable Block. They were formed 
during the last episode of violent tectonism before stabilization of the 
Clermont Block. The Joe Joe Formation and Tolt'sdale Beds may be largely 
contemporaneous. The Joe Joe Formation consists of freshwater sediments 
some of which are of fluvioglacial origin; the Torsdale Beds contain ill 
sorted conglomerates of possible fluvioglacial origin; both units may have 
been deposited during the same glacial epoch. 

These three rock units are described in Table 3. 
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Bulgonunna Volcanics 

The Bulgonunna Volcanics (named by Malone et aI., 1964; revised by 
Malone et al., 1966) is a massive wedge of volcanic rocks. The formation 
thins to the west» where it unconformably overlies the Drummond Group, 
and disappears to the east under the unconformably overlying Lizzie Creek 
Volcanics. The southern boundary is obscured by Tertiary sediments. The 
Bulgonunna Volcanics lie between Lower Carboniferous and Lower Permian 

~ 

rocks. Several samples from Upper Carboniferous plutons intruding the 
Bulgonunna Volcanics have given concordant isotopic mineral ages of about 
285 m.y. which set an upper limit to the age of the volcanics. Two samples 
from the Devonian-Carboniferous granodiorite near the western margin of 
the Bulgonunna Volcanics gave anomalous mineral ages of about 290 and 
294 m.y. A third sample from the Devonian-Carboniferous granodiorite 
gave a minimum age of about 330 m.y., and stratigraphic data suggest that 
the real age may be about 360 m.y. The two samples which yielded anomalous 
results were probably collected at shallow depth below thecsurface on .~ 

which the Bulgonunna Volcanics were extruded, and the low ages may be 
the result of reheating and recrystallization under the volcanic pile. The 
age of the Bulgonunna Volcanics and associated igneous intrusions probably 
ranges froIp. about 295 to 285 m.y., which indicates that they are significantly 
younger than the Connors Volcanics. 

The Bulgonunna Volcanics consist mainly of rhyolite extrusives. The 
rhyolite flows generally have contorted flow banding which wraps around the 
quartz, orthoclase» plagioclase, and hornblende phenocrysts. Two other 
types of porphyritic rhyolite are common: one contains scattered phenocrysts 
in a dark fine weakly flow~banded glassy or felsitic groundmass; the other, 
which consists mainly of phenocrysts set in a flow-aligned groundmass, 
may be a welded ash~flow tuff. 'The formation includes some dar.k grey 
rhyolite porphyry, containing phenocrysts of quartz and feldspar in a fine 
groundmass of biotite and aphanitic material, which may be the intrusive 
equivalent of the rhyolites. Possible intrusive rocks were noted in a number 
of localities, but they generally graded into flow~banded rhyolite of similar 
composition at their margins. Dacite, toscanite, trachyandesite and rare 
augite trachyandesite are important constituents of some of the volcanic 
lenses which constitute ti1-e Bulgonunna Volcanics. 

Crystal and lapilli t~fs, agglomerate, and volcanic conglomerate 
make up less than half of the formation. The volcanic conglomerate is 
possibly a mud-flow conglomerate; it is poorly sorted and contains rounded 
bombs(?} of porphyrttic rhyolite set in a red~brown tuffaceous matrix. 
Sediments, mainly derived by reworking of tuffs, are a minor constituent of 
the formation. Near its western margin, the Bulgonunna Volcanics contain 
a 3-m bed of basal conglomerate which rests unconformably on the Drummond 
Group; the conglomerate contains rounded pebbles of acid volcanics and 
quartzite in a hard siliceous matrix. 



The Bulgonunna Volcanics consist of a massive wedge composed of an 
imbricate pile of lenticular basin fills or sheets. The volcanics exhibit 
depositional dips up to 35 0 around the margins of the basins. Steeper dips 
occur on the faulted margins of the basin; the faults are possibly marginal 
to foundering blocks. 

Faulting and jointing are common. In places the joints have a 
characteristic pattelr'n consisting of an unjointed central boss of porphyritic 
rhyolite surrounded by porphyritic rhyolite flows with numerous 
tangential to radial joints. 

The apparent absence of a fossil flora from the Bulgonunna Volcanics 
is surprising. The volcanics contain water~laid sediments, which were 
probably deposited without much reworking, in which one would expect 
to find some trace of the vegetation to be preserved. Possibly, the growth 
of vegetation was inhibited by an extlr'emely cold climate during a glacial 
epoch which persisted ll~t!! ~epo~itig? of tJ:le J9_~ J oeForn?-at~on begal}! c. 

Joe Joe Formation 

The Joe Joe Formation, the youngest unit in the Clermont Stable Block, 
was deposited on a peneplaned surface which tlr'uncates the folded Drummond 
Basin sequence. This sulr'face and the overlying Joe Joe FOlr'mation were 
subsequently tilted gently to the south during subsidence of the Bowen Basin 
and the succeeding Great Alr'tesian Basin. The base of the Joe Joe Formation 
is structurally conformable on the Ducabrook Formation in the troughs 
of synclines, but unconformably overlaps progressively older units on the 
eroded crests ·of plunging anticlines. The Joe Joe Formation was bevelled 
by erosion priolt" to deposition of the unconformably ovelt"lying thin 
discontinuous sequence of Reids Dome Beds. The Colinlea Sandstone which 
dis conformably succeeded the Reids Dome Beds, rests unconformably on the 
Joe Joe Formation in many places. 

The fo:rmation was fi:rst described in unpublished reports by geologists 
of Shell (Qld) Development Pty Ltd (SQD~ 1952) and the name was subsequently 
publist\ed by Hill (1957). The main reference to the Joe Joe Formation in 

\'. the Bowen Basin map area is in MoHan et al. (1969). 

Farther west, pet:roleum exploratiLon weBs have penetrated a section 
of the Joe Joe Formatlion which includes youngelr sediments than are present 
in the type area. Palynological studies (Evans, 1966b) indicate that the formation 
is mainly Upper Carboniferous, but may range into the Permian. 
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Torsdale Beds 

The Torsdale Beds were first referred to by Dear (Dear & Jensen, 
1965) and are defined and described by Dear et ale (in press), who regard 
it as Upper Carboniferous to Permian in age. Part of the Torsdale Beds, 
as mapped by Dear et ale are included in the pre-Permian part of the 
Camboon Andesite in the map area (see discussion below). The Torsdale 
Beds shown on the map overlie or are faulted against the Camboon Andesite, 
Auburn Complex, and Back Creek Grou:p. Their relationships are uncertain. 

The beds consist of conglomerate, coarse to very fine clastic sediments, 
some chert, and a variety of acid to intermediate volcanics. The conglomerates 
are possibly fluvioglacial in origin and the Torsdale Beds may have been 
deposited during the same glacial epoch as the Joe Joe Formation. 

LOWER PERMIAN AND OLDER 

The Camboon Andesite and Rannes Beds both contain rocks of known 
Lower Permian age and both also apparently contain pre~Permian rocks; 
the Rannes Beds also probably include some Upper Permian sediments. 

Camboon Andesite 

The name Camboon Andesite was first published by Derrington, Glover, 
& Morgan (1959). and was referred to by Derrington &.Morgan (in Hill 
& Denmead, eds, 1960, p. 204). As ordinally defined, the unit consists of 
andesitic volcanics unconformably overlain by the Back Creek Group. The 
type area described is near Camboon homestead, after which the formation 
was named. The name was applied to all the volcanics between the Auburn 
Complex and the Back Creek Group (Laing, in Hill. & .. Denmead, eds, 1960, 
p. 216) and this usage has been followed on the accompanying geological 
map, and in reports on the regional mapping of the Bowen Basin. The Camboon 
Andesite contains a Glossopteris flora near Cracow (Wass, 1965) and a ~ower 
Permian marine fauna in limestone interbeds near Prospect Creek 
(J.F. Dear, pers. comm.). These fossils establish the Lower Permian age 
of part of the Camboon Andesite. 

A new unit between the Camboon Andesite and the Auburn Complex 
(the Torsdale Beds) has been delineated on the pll"eUminary edition of the 
Monto Geological Sheet (1965). The Torsdale Beds, which are d~cribed by 
Dear (Dear & Jensen, 1965) as Upper Carboniferous or early Permian in age, 
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are shown on the geological map of the Bowen Basin in the Prospect Creek 
area only. The Torsdale Beds shown west of the Auburn Complex on the 
Monto preliminary edition are thought to be intruded by the complex. Samples 
from the Auburn Complex have given isotopic mineral and total rock 
ages of about 311 m.y., which suggests that they are pre~ Upper Carboniferous 
in age and are. not equivalent to the Torsdale Beds of the Prospect Creek 
area. These pre~ Upper Carboniferous rocks and the Lower Permian part 
of the Camboon Andesite are not shown separately on the Bowen Basin 
map. The precise age of the isolated blocks of Camboon Andesite is also 
unknown. Thus, the Camboon Andesite, as used in this Bulletin, consists of 
an upper unit of Lower Permian volcanics and a lower unit of probable 
pre~ Upper Carboniferous volcanics which are intruded by the Auburn 
Complex. 

The Camboon Andesite crops out along the western flank and around 
the northern end of the Auburn Arch and in isolated fault blocks and 
anticlinal cores to the nqrth. It is overlapped to.the south by the Great 
. Artesian Basin sequence. The formation was mapped in the western part 
of the Mundubbera Sheet area (MoHan et al.,. in press), in the Gogango 
Hange area (Olgers, Webb, Smit,&Coxhead, 1964), and in the southeastern 
part of the Duaringa Sheet area (Malone et aI., 1969). Descriptions of the 
Camboon Andesite and Torsdale Beds, including the older part of the Camboon 
Andesite in the Monto Sheet area, are contained in a forthcoming publication 
(Dear et aI., in press). The distribution and tentative subdivision of the 
Camboon Andesite is presented in Plate 1. 

Gogango Range Area 

The Gogango Hange area includes adjacent corners of the Duaringa, 
Hockhampton, Baralaba, and Monto Sheet areas and extends north-northwest 
from 8 km south of Hannes to the Fitzroy River. The Camboon Andesite 
crops out in a series of elongate blocks, which ~re partly bounded by faults, or 
in the cores of anticlines. About two-thirds of the formation consists of flow 
rocks with minor intrusions; the remainder consists partly of pyroclastics 
and partly of sediments derived from volcanic rocks. Almost aU the rocks 
show the effects of diagenetic or hydrothermal alteration, and are sheared, 
foliated, and recrystallized to varying degrees as a result of dynamic 
metamorphism. f 

Most of the intermediate to basic volcanics are so altered and 
deformed that it is difficult to distinguish flOWS, intrusions, and pyroclastics. 
About 100 thin sections from this area were examined * . 

* All the thin sections were examined by Miss B.H. Houston of the Geological 
Survey of Queensland. Her descriptions are contained in unpublished records 
(Malone, MoHan, Olgers, Jensen, Gregory, Kirkegaard, & Forbes, 1963, 
appendix 6; Olgers et aI., 1964, appendix 6). 

1:
'. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Most of the rocks ar.e so altered that it is difficult to identify the 
original minerals present, but the descriptions provide a reliable guide 
as to the main rock types present. 

Most of the lavas range from andesite to basalt, but a few trachyte and 
rhyolite flows are present. The andesites -are light greenish grey to dark 
or purplish grey, fine to medium=grained, commonly altered, shear.ed, and 
foliated. They consist of feldspar (usually andesine), clinopyroxene, 
chlorite, seriCite, clinozoisite, epidote, quartz, and siderite. The textures 
are crudely fluidal, intersertal, subophitic, or lrarely hypidiomolrphic=granular. 
Some contain phenocrysts of feldspar and clinopyroxene or their alteration . 
products. Some flows contain amygdales of epidote, chlorite, calcite, quartz, 
and penninite, and a few contain xenocrysts of quartz; the amygdales are 
elongated and aligned by shearing in some flows. Most of the feldspars are 
sericitized or replaced by quartz, chlorite, epidote, and cHnozoisite; the 
clinopyroxenes are largely replaced by acUnoHte, clinozoisite, chlorite, and 
epidote. 

The basalt flows are as numerous as the andesites. They vary widely 
in the degree of alteration and shearing, and in composition. Some are 
nearly identical in texture and compOSition with the more basic andesite 
flows. Albite is present in some flows and is the dominant feldspar in one, 
associated with calcite. In general, the basalt flows are very fine to medium= 
grained, grey to dark greenish or purplish grey, and aIre slightly to 
extenSively sheared and foliated. The textures are subophitic, intersertal, 
or intergranular. They consist mainly of andesine or labradorite, with 
some oligoclase and albite, pyroxene, clinopyroxene, and olivine. The 
secondary minerals include sericite, chlolr''i.te, epidote, serpentine, hydro= 
gros sularite , clinozoisite, and penninUe. Some flows contain phenocrysts of 
altered feldspar, clinopyroxene, epidote pseudomorphs afteIr pyroxene, 
serpentine pseudomorphs after olivline(?), and chlorite pseudomorphs. Some 
flows contain amygdales of quartz, chloIrllte, epidote, and calcite. 

One flow contains about 35 percent albite~ 40 peIrcent chloI('ite~ 
10 percent calcite, minor hydrogrossu]'alfite, and about 15 percent calcite 
and chloriteamygdales. It is possibly a spHUe. The feldspars in other 
basalt flows are partly albitized~ possibly du.ring hydrothermal alteration 

. or as a result of inCipient spilitization. 

High~level intrusions are moderately common in the volcanic pile. 
Most of them consist of grey=green fine=grrained slightly to extenSively 
altered and sheared diorite, composed of oligoclas18=andesite (saussuritized 
and partly replaced by alkali feldspar), uralitllzed pyrfOxene OIr clinopyroxene, 
and chloritized tremolite. Some of the basalts may be high=level intrusions, 
also. 
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All the flows and high~level intrusions are possibly co-magmatic 
as they are generally similar in mineralogical composition, and in the 
type and degree of alteration. The Camboon Andesite in this area contains 
a little sheared and altered trachyte which could be related to the andesite
basalt extrusives and rare porphyritic rhyolite. 

Pyroclastic rocks and sediments constitute about one~third of the 
Camboon Andesite in the Gogango Range area. The pyroclastics consist 
mainly of lithic, crystal, and vitric tuff, ash-flow tuff, and agglomerate. 
The pyroclastic rocks are sheared and hydrothermally altered, and in 
places the groundmass has been recrystallized. Most of the clasts in 
the pyroclastic rocks are similar to the andesite and basalt lavas. 

The finer~grained sediments have been sheared and recrystallized 
to slate, phyllite, and mica schist and less commonly silicified to cherty 
mUdstone. The coarser sediments include pebbly volcanolithic arenite.~ 
The clasts An the arenites were probably formed by reworking of. 
unconsolidated volcanic detritus. Graded bedding in interbedded volcano
lithic greywacke and mudstone and the immaturity of the clasts .suggest 
depOSition from a turbid volcanic mud flow with little reworking. Some 
of the arenites have a calcite cement. At one place the formation contains. 
foliated and slightly recrystallized calcirudite. The Similarity of the 
calcirudite to those in the adjacent Rannes Beds suggests interfingering 
of the Camboon Andesite and Hannes Beds. 

In places, the Camboon Andesite includes pahoehoe lava with ropy 
structures on the flow surfaces and lava rolls; it is closely associated 
with agglomerate, volcanic breccia, and tuff. The-presence of pahoehoe 
lava indicates subaerial extrUSion, but elsewhere, the flows interbedded 
with well bedded tuff and mudstone were probably laid down under water. 
The possible presence of spilite and spilitized flows suggests diagenetic 
adjustment to a hydrous environment, and the presence of crinoidal 
limestone in the Hannes Beds indicates a marine environment. Thus, the 
Camboon Andesite in the Gogango Range area was apparently deposited 
in a partly subaerial, partly marine environment. The Camboon Andesite 
in the Gongango Hange area appears to consist of one unit only, possibly 
the Lower Permian part. 

The Camboon Andesite is overlain by or is locally contemporaneous 
with the Hannes Beds. The contacts are generally gradational and the 
interfingering of the Camboon Andesite with the Hannes Beds indicates that 
they are locally contemporaneous. The common occurrence of Camboon 
Andesite in the cores of anticlines surrounded by Hannes Beds, however, 
indicates that most of the Camboon Andesite is older than the Hannes Beds. 
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Monto Sheet Area 

The Lower Permian part of the Camboon Andesite in the southwest 
corner of the Monto Sheet area is similar in lithology to the sequence 
in the Gogango Range. In general, it lacks the shearing and intense 
hydrothermal alteration noted in the Gogango Range, but this probably 
reflects the lack of structural deformation on the western flank of the 
Auburn Arch. The rocks in the tightly folded Prospect Creek area are 
more altered. 

In the Prospect Creek area the Camboon Andesite includes beds 
of limestone containing early Lower Permian fossils. Species of the 
Glossopteris flora occur in sediments within the volcanics west of the 
Auburn Arch. In the west, the Camboon Andesite contains beds of 
congloinerate near the base. The boulders of granite in the conglomerate 
were presumably derived from the Auburn Complex. 

°The~pre~Permiarf~parro1 tne Camboon ~Aridesite fs thought to be 
intruded by the Auburn Complex. The sequence consists mainly of acid 
to intermediate volcanics similar to the bulk of the Camboon Andesite in 
the Mundubbera Sheet area. 

Mundubbera Sheet Area 

The Camboon Andesite in the Mundubbera Sheet area is described in 
MoHan et al. (in press). It occupies a narrow longitudinal strip between 
the Auburn Complex to the east and the overlying Back Creek Group to 
the west. It is overlapped by the Great.Artesian Basin sequence to the 
south and extends northwards into the Monto Sheet area where it has been 
divided into two parts (see PI. 1). 

The formation consists of lava flows, some pyroclastics, and a small 
proportion of sediments, mainly conglomerate. The lava flows consist 
mainly of andesite and dacite, with subordinate rhyolite and rare. 
trachyandesite. Hornblende is the only mafic mineral in the flows. The 
feldspars are usually sericitized or saussuritized and alteration of feldspar 
and hornblende to chlorite, epidote, and calcite is common. However, the 
degree of hydrothermal alteration is less intense than in the Gogango Range 
area. 

The pyroclastic rocks include crystal, lapilli, lithic, and vitric 
tuffs and agglomerate; they appear to be mainly andesitic to dacitic in 
composition. Conglomerate beds, up to 24 m thick, occur in places, 
possibly in the Lower Permian part of the unit. They contain rounded cobbles 
of andesite, daCite, and granite: the andesite and dacite clasts were probably 
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derived from the underlying pre~Permian volcanics, and the granite clasts 
were presumably derived from the Auburn Complex. 

Similar conglomerate beds occur at the base of the Lower Permian 
part of the Camboon Andesite in the Monto Sheet area to the north 
(J.F. Dear, pers. comm.). 

The Camboon Andesite is intruded by a few small stocks of microdiorite, 
and by dykes of quartz basalt, andesite, and aplite. 

The Camboon Andesite in the Mundubbera Sheet area consists mainly 
of intermediate to acid volcanics and associated sediments, but regional 
considerations indicate that the formation includes both the Lower Permian 
and pre~Permian parts. Since most rocks are unlike the Camboon Andesite 
in the Gogango Range area, most of the formation in the Mundubbera Sheet 
area is probably pre~ Upper Carboniferous, overlain by a relatively thin 
Lower Permian volcanic sequence. The relationship of the older unit with 
the Auburn Complex is-uncertain; butis probably int:rusive. The volcanics 
near the contact are extensively veined with quartz and are generally 
hydrothermally altered; the contact itself is locally irregular. 

Rannes Beds 

The Rannes Beds crop out in an elongate dogleg belt which extends 
from near Goovigen in the Monto Sheet area to west of Marlborough in 
the Saint Lawrence Sheet area. The beds have also been tentatively 
identified in an isolated block south of Biloela. The Rannes Beds in the 
Gogango Range area of the Duaringa, Rockhampton, Baralaba, and Monto 
Sheet areas were mapped in considerable detail in 1963; the results of this 
work and many petrographiC descriptions by Miss B.R. Houston of the 
Geological Survey of Queensland are contained in an unpublished report 
(Olgers et al., 1964). The entire Rannes Beds are described in Malone 
et al. (1969) which incorporates much of the unpublished data. 

The Rannes Beds consist predominantly of mudstone and arenite, 
but locally the sequence contains Significant proportions of volcanics, 
conglomerate, and calcareous sediments. The mudstone and arenite occur 
as thick to thin=bedded homogeneous units, or are thinly to thickly 
interbedded with one another or with the other rock types. The entire 
sequence has undergone low-grade regional metamorphism and low~grade 
to locally moderate dynamic metamorphism. The argillaceous sediments 
have been converted to foliated mudstone, slate, phyllite, mica schist, 
and sericite schist. In the arenites the matrix has been slightly or largely 
recrystallized, and the rocks are foliated or fracture~ cleaved. Where 
mudstone and arenite are interbedded, the mUdstone is closely foliated 
and the arenite is cut by widely spaced joints and fracture cleavage planes. 
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Shearing, foliation, and recrystallization of the fine lithic and 
crystal tuffs and tuffaceous sediments is common. The chlorite schist 
cropping out in one place was apparently formed by intense shearing of 
a very fine crystal-lithic tuff. The lavas and agglomerate are generally 
sheared and silicified, but show few affects of recrystallization. The 
basalt in the Gogango Hange area is extremely altered and sheared and 
closely resembles similar rocks in the underlying Camboon Andesite. 
Silicification, shearing, inCipient recrystallization of the matrix, and 
elongation and alignment of pebbles is common in the volcanic and quartz
lithic conglomerates. 

Calcareous sediments are common in the Rannes Beds only in the 
southern part of the Gogango Range. They include pinkish grey sheared and 
recrystallized crinoidal calcarenite; foliated fine-grained partly 
recrystallized pebbly limestone, containing flattened and aligned pebbles of 
volcanic rocks; and fossiliferous pink and grey limestone, partly 
recrystallized to marble, interbedded with volcanics and tuffaceous sediments. 

The Hannes Beds crop out in a structural zone referred to as the 
Gogango Overfolded Zone. The beds generally dip at between 40 0 and,70 0 

to the east and are apparently tightly folded and overfolded. Hecumbent 
folds are exposed in road cuttings in the Gogango Range west of Grantlelgh 
siding; all flanks of these folds dip to the east at less than 40 0 and the 
axial planes dip at 15 0 to the north-northeast. The Hannes Beds cropping 
out in a road cutting 6~ km west of Grantleigh homestead are folded into 
small folds with flank dips of about 30 0 and vertical axial planes; these 
beds are cut by many normal faults and are less closely foliated than 
most of the"Ranne~ Beds. In many areas, the bedding in the Hannes Beds 
,is ob$ciired~by shearing. 

The foliation in the Rannes Beds generally dips steeply east and 
generally cuts the bedding at angles of up to 45 0

• It does not appear to 
bear a constant relationship to the folds in the Hannes Beds. Possibly, 
the Hannes Beds were folded first and then foliated during a subsequent' 
period of deformation which also modified the existing folds., Two directions, 
of foliation were noted in a few outcrops. Small normal and thrust faults 
are common; the easterly dip of the thrust faults indicates compreSSion 
from the east. Joints and quartz veins are common, particularly adjacent to 

,lineaments which can be readily identified on the air-photographs; the 
lineaments probably represent fault zones. 

The Hannes Beds overlie and interfinger with the Camboon Andesite 
in the south and mainly overlie the Connors Volcanics in the north; in one 
area, the Hannes Beds appear to underlie an east-dipping wedge of Connors 
Volcanics, but the contact is concealed and the relationship may be the 
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result of faulting. The Hannes Beds are overlain by the Rookwood Volcanics 
to the east and are unconformably overlain by the Upper Permian Boomer 
Formation. The unconformity is exposed 60 km north of Duaringa where the 
Boomer Formation dips at 10° to the west off the underlying Hannes Beds 
which dip at about 70° to the east. The relationship of the Hannes Beds to 
the Lower Permian basal part of the Back Creek Group is obscure. Hare 
fossils indicate that the basal part of the Back Creek Group has been 
included with the Hannes Beds in a few places~ but they are probably of 
limited extent and are possibly faulted against the Hannes Beds. The basal 
part of the Back Creek Group is separated from the overlying Boomer 
Formation or its equivalents by a dis conformity , or by a slight angular 

unconformity where the middle part of the Back Creek Group is missing. 
Where the group is complete, the Back Creek Group is conformable with 
the overlying Boomer It''ormation. Where there is a marked angular 
unconformity separating the Hannes Beds from the Boomer Formation, the 
Hannes Beds presumably include sediments of pre~Permianage which are 
possibly the same age as the Connors Volcanicso However, most of the 
Hannes Beds in the Gogango Hange are probably the same age as the 
Lower Permian part of the Camboon Andesite. In the north, the Hannes Beds 
include some of the lower part .of the Back Creek Group and possibly some 
of the Carmila Bedso 

The younger sediments' included in the Hannes Beds belong mainly 
to the Boomer -Formation from which they are difficult to separate. The 
Boomer Formation includes lithic arenite and mUdstone similar to those 
in the Rannes Beds, all of which in the Gogango Overfolded Zone have 
been folded, cleaved, and faultedo The abundance of Jaults in this zone 
precludes generalization over large' areas. 

Petrographic examination suggests that the Hannes Beds have undergone 
significantly more metamorphism than the Boomer Formation. Hecrystalliza~ 
Hon of argillaceous material is much farther advanced in the Hannes Beds, 
and the arenites in the Boomer Formation are indurated rather than 
metamorphosed as they are in the Rannes Beds. It may be possible to 
separate the Rannes Beds from the Boomer Formation by detailed mapping, 
and petrographic studies. Mapping of the pre=Permian part of the Hannes 
Beds, where they are markedly unconformable under the Boomer Formation, 
may' be more difficult. 

The block of Hannes Beds south of Biloela is lithologically similar 
to but more sheared than the Upper Permian Blenheim Subgroup sediments 
(shown on the 1 :500,000 geological map as Back Creek Group, undifferentiated) 
from which it is separated by a fault. It may be of Upper Permian age, but 
has undergone more structural deformation than the Blenheim Subg:roup. 
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It is possible that the Hannes Beds in the Gogango Hange and farther north 
contain equivalents of the Boomer Formation which are regarded as Hannes 
Beds because they have been more highly deformed than the bulk of the 

Boomer Formation. Such a situation may exist east of Duaringa where the 
structures appear to cut across the boundary between the Hannes Beds 
and Boomer Formation, and where the Boomer Formation appears to 
underlie Hannes Beds though the boundary is faulted. The distinction 
between the Hannes Beds and Boomer Formation is based on the difference 
in the degree of structural deformation and differences in gross lithology. 
The Hannes Beds are mainly lutites and are isoclinally folded and 
overfolded; the Boomer Formation consists of interbedded arenites and 
lutites folded into relatively broad asymmetrical folds. The structural 
differences may be due to differences in lithology: the lutites could have 
been shear~folded into an isoclinal pile; while the interbedded arenites/ 
lutites were folded by flexural~slip folding into 'more open folds. Alternatively, 
the lutite sequence may belong to the Lower Permian Hannes Beds and the 
structures may have been developed partly during an earlier period of o~_ __0 

deformation and partly during the more important Upper Permian orogeny. 
If these Hannes Beds are Lower Permian, detailed structural studies may 
reveal the existence of a subfabric not present in the Boomer Formation; 
complete similarity of. fabrics in the two units would suggest their time 
equivalence but would not be conclusive. 

The data available at present are inadequate to determine the age 
and relationships of all the rocks mapped as Hannes Beds. 

Conclusions 

Three predominantly volcanic units can be recognized around the 
Auburn Arch: the pre~ Upper Carboniferous acid to intermediate volcanics, 
intruded by the Auburn Complex and mapped as Camboon Andesite on the 
1 :500,000 geological map, but tentatively distinguished separately on 
Plate 1; the Upper Carboniferous to Lower Permian Torsdale 'Beds in the 
Prospect Creek area; and the intermediate to basic volcanics belonging to 
the Lower Permian part of the Camboon Andesite. 

The Hannes Beds are partly lateral equivalents of and partly younger 
than the Lower ·Permian part of the Camboon Andesite and are largely 
of Lower Permian age. North of Duaringa, they include rocks which are 
unconformable beneath the Boomer Formation and which -are possibly 
about the same age as the Connors Volcanics. Elsewhere, the Hannes 
Beds probably include equivalents of the basal part of the Back Creek Group, 
the top part of the Carmila Beds and, perhaps most commonly, of the 
Boomer Formation. 
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There is at least one other possibility. The Camboon Andesite and 
associated Rannes Beds of the Gogango Range area may not be of the 
same age as the fossiliferous Lower Permian Camboon Andesite on the 
flanks of the Auburn Arch. The Gogango Range units may be pre- Permian 
and are possibly of the same age as the Rannes Beds and associated' 
Connors Volcanics which are unconformable beneath the Boomer Formation 
farther north. The pre-Permian age is supported by the size of the 
crinoid stem ossicles in the limestones in the Rannes Beds; the ossicles 
are generally about 3 mm in diameter which is very much smaller than 
the ossicles found in the fossiliferous Permian rocks. No diagnostic fossil 
faunas have been found in the Gogango Range area. A small coral fauna 
has been collected near Thuriba homestead, 19 km northwest of Rannes. 
The corals have been recrystallized and the internal structure partly 
destroyed. However, they are similar in shape and size to the corals in 
the Silurian-Devonian faunas of the Craigilee Anticline to the north and 
are dissimilar to the corals in the' Permian rocks of the Gogango Range. 
areaFThis is a possible indication of pre-·Permian,age which 0 cannot obe . 
ignored in the absence of positive proof of a Permian age for the Camboon 
Andesite and Rannes Beds in the Gogango Range. 

Even if the Rannes Beds in the Gogango Range area are pre-Permian, 
this does not affect the probability that the Rannes Beds, as mapped, 
include some Lower Permian and Upper Permian sediments. 

PERMIAN- TRIASSIC STRATIGRAPHY OF THE BOWEN BASIN 

The' Permian-Triassic sequence was first mapped in the Bowen 
River area (Jack, 1879a, b). The basin is only part of the original 
depositional area. It has a structurally deformed eastern margin which 
bears little resemblance to the eastern boundary. of the depositional 
baSin, and a mildly deformed western margin which approximately coincides 
with tne boundary of the depositional basin. To the south the Bowen Basin is 
concealed beneath the Jurassic-Cretaceous sequence of the Great Artesian 
Basin. 

Deposition in the Bowen Basin began in four areas in the early Lower 
Permian, when the Reids Dome Beds were laid down in the Denison Trough, 
the Camboon Andesite in the Auburn Arch area, and the laterally 
equivalentand locally continuous Lizzie Creek Volcanics and Carmila Beds 
in the northern part of the basin. These sequences were laid down in separate 
areas of downwarping within the basin. Later, in the Lower Permian, 
sedimentation was more widespread, and from then onwards the sequence 
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laid down was generally continuous throughout the basin. The rock units of 
basin-wide extent comprise the Back Creek Group and its three subgroups, 
the Tiverton, Gebbie, and Blenheim Subgroups; the Blackwater Group; 
and the three formations of the Mimosa Group, the Rewan Formation, 
Clematis Sandstone, and Moolayember Formation. The thickness and 
lithology of these units varied from area to area and the loci of m~imum 
sedimentation of successive units shifted from place to place through time. 
The term 'basin-wide extent' indicates that each of the units was deposited 
over the entire depositional area existing at that time~ 

As a result of structural deformation, the Bowen Basin sequence 
is well displayed in several separate areas of outcrop which are mostly 
connected subsurface. Interpretation of the Permian-Triassic stratigraphy 
of the whole basin is based on identification of the rock units of basin-wide 
extent in these various areas. The Back Creek Group and its subgroups 
and the Blackwater Group consist of different formations in different 
areas. The basin-wide units can be identified by their gross lithology, 
stratigraphic ~sequence, and the type of lithological changes at unit 
boundaries, and they can be correlated from area to area by their outcrop 
and subsurface distribution and by palaeontological data. The Mimosa Group 
is represented by the same three formations everywhere (see Fig. 7). 

EARLY LOWER PERMIAN 

The Camboon Andesite and Hannes Beds have been discussed above. 
The Reids Dome Beds, Lizzie Creek VolcaniCS, and Carmila Beds are 
briefly described in Table 4. The distribution and thickness of the four 
early Lower ·Permian rock units are shown in Figure 8; the isopachs 
and estimated thicknesses are based on outcrop data and a limited amount 
of subsurface data. 

The distribution of the Camboon Andesite shown on Figure 8 refers 
only to the known Permian part of the unit as shown on the geological map 
of the Bowen Basin. The western limit of the Camboon Andesite is mainly 
hypothetical except near the Burunga well. 

Heids Dome Beds 

The Reids Dome Beds crop out in the core of the Springsure Anticline 
where the exposed sequence was named the Orion Formation in an unpublished 
report by Patterson (1955). The only other outcrop is the thin sequence 
between the Joe Joe Formation and Colinlea Sandstone 109 km west of 
Springsure. The Reids Dome Beds are best known in petroleum exploration 
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wells. A maximum thickness of 9057 feet (2760.5 m) was penetrated in 
AAO Westgrove 3 though this well did not reach the bottom of the unit. 
The thicknesses penetrated in various wells are listed in Table 5. 

The Reids Dome Beds are named and described in Mollan et al. 
(1969). They consist essentially of: (1) A basal unit of black shale and 
mudstone with coal seams and anhydrite layers and interbeds of hard 
carbonaceous anhydritic sandstone and orthoquartzite; the basal unit 
contains elei'nents of the Glossopteris flora and is probably Permian in 
age. (2) A middle unit of black to grey carbonaceous micaceous shale, 
Siltstone, and sandstone with minor coal and thin dolomite beds and 
local thick beds of polymictic conglomerate, particularly in the south; 
the thick sequence of interbedded volcanolithic pebble conglomerate and 
lithic feldspathic sandstone (volcanolithic?) at the base of AF.o Rolleston 
1 possibly belongs to this middle unit. (3) An upper unit of interbedded fine 
to coarse carbonaceous sandstone, dark carbonaceous siltstone and shale, 
and coal. The upper unit includes the Orion Formation. 

-- - ----

The abundant Glossopteris flora in the middle and upper units 
indicates a Permian age. The stratigraphic position of the Reids Dome 
Beds indicates that they are no younger than early Lower Permian. Rare 
marine fossils were noted in the sequence in AAO Kildare 1, but the 
depositional environment was dominantly non-marine. 

The stratigraphic relationships on the Springsure Anticline and in 
some of the well sections indicate that the Tiverton Subgroup transitional~y 
succeeded the Reids Dome Beds in places. Relationships in other wells 
and the presence of conglomerate in the Tiverton Subgroup-suggest that it 
is disconformable on the Reids Dome Beds elsewhere. 

The possible distribution of the Reids Dome Beds is shown in Figure 
8. The occurrence of andesite at the base of the Morella 1 well poses some 
problems. The occurrence of andesite pebbles in the basal beds of the 
overlying Tiverton Subgroup suggests that the andesite is older than the 
Tiverton Subgroup. If the andesite is also older than the Reids Dome Beds, 
then it was part of an irregular basement ridge projecting into the depositional 
area of the Reids Dome Beds. Alternatively, the andesite represents local 
vulcanism during deposition of the Reids Dome Beds. The occurrence of 
volcanolithic(?) sandstone and volcanolithic pebble conglomerate in the Reids 
Dome Beds in the Rolleston 1 and AAO 7 (Arcadia) wells lends some support 
to this interpretation. 
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In previous interpretations (e.g. Malone, 1964) the andesitic volcanics 
in the AAO 7 (Arcadia), Morella 1, and Glenhaughton 1 wells were, 
correlated with the Camboon Andesite. The present interpretation, 
illustrated in Figure 8, suggests that the Beids Dome Beds are separated 
from the Camboon Andesite by a ridge of pre-Permian rocks. This is 
supported by the presence of plant~bearing metasediments below the 
Tiverton Subgroup in Purbrook 1. The rocks below the Tiverton Subgroup 
in other wells beyond the eastern extent of the Reids Dome Beds contain no 
palaeontological evidence of age. In Cabawin 1, 163 km south of the map 
area, the Tiverton Subgroup unconformably overlies probable pre-Permian 
volcanics of which the upper 60 m are deeply weathered. About 19 km farther 
south, the volcanic basement rocks beneath the Moonie oil field have been 
isotopically dated as Carboniferous or older. These meagre data refer to 
a very large area but they tend to support the hypothesis of a pre-Permian 
ridge between the Beids Dome Beds and the Camboon Andesite rather than 
to contradict it. So too does the following interpretation of the sequence at 
the base of Burunga 1. The volcanics at the base of this well consist of 
54 m of white to green welded tuff and andesite flows overlying weathere'd 
calcitic hematitic andesite flows. The present interpretation is that the upper 
54 m of volcanics represent the thin western edge of the Permian Camboon 
Andesite unconformably overlying pre~Per:mian volcanics. On this 
hypothesis, the volcanics beneath the Tiverton Subgroup in Glenhaughton 1 
are pre~Permian in age and were either beyond the limit of deposition of 
the Beids Dome Beds or were exposed by erosion before deposition of the 
Tiverton Subgroup • 

The ridge postulated as separating the depositional areas of the Beids 
Dome Beds and the Camboon Andesite may have been a positive topographic 
feature during the Lower Permian, but it has since been deeply depressed 
beneath the Mimosa Syncline. 

Car mila Beds and Lizzie Creek Volcanics 

The Carmila Beds in the Mackay Sheet area were mimed and described 
in Jensen et al. (1966). Their distribution in the southern half of the 
Proserpine Sheet area is described in Jensen (1963), and a more detailed 
description of other outcrops in the map area is given in Malone et ale (1969). 

The Lizzie Creek Volcanics (previously the Lower Bowen Volcanics) 
were named in Malone et al. (1969). His report contains a resume of the 
distribution and a full 'description of the formation in the Saint Lawrence 
Sheet area. The formation has been described as part of the Lower Bowen 
Volcanics in the Mount Coolon Sheet area by Malone et al. (1964), in the 
southern half of the Bowen Sheet area by Malone et ale (1966), in the Mackay 
Sheet area by Jensen et al. (1966), and in the southern half of the Proserpine 
Sheet area by Jensen (1963). 
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The distribution and some of the relationships of the Carmila Beds 
and Lizzie Creek Volcanics are illustrated in Figure 8. In the northeast 
the Car mila Beds are bounded by uplifted pre-Permian rocks, but the area 
of deposition probably extended farther northeast. The western boundary 
of the two units is largely hypothetical, except in the north where the 
Lizzie Creek Volcanics wedge out rapidly to the west against a basement 
of Upper Carboniferous volcanics and intrusives. The conglomerates near 
the base of the Lizzie Creek Volcanics were deposited not far from their 
source, and it can be inferred that the westernmost outcrops of the 
volcanics probably lie near the shore of the original depositional basin. 
The exposed plan width of the Lizzie Creek Volcanics in the north, from 
the maximum thickness adjacent to the Urannah Complex to the western 
limit of outcrop, was used to locate the postulated western subsurface limit 
of the two units. 

The areas of Urannah Complex and Connors Volcanics shown in 
Figure~ 8, flanked by the CarmilaBeds and Lizzi~ Creek Volcanics, have 
been exposed as a result of post- Lower Permian tectonics which produced 
the Connors Arch (PI. 3). Both Lower Permian units contain some probable 
terrestrial volcanics, but both contain near the top, fossiliferous marine 
sediments which crop out east and west of the Connors Arch as well as in 
a few places on the arch. Thus, the entire depositional area had subsided 
beneath the sea by the end of the early Lower Permian. The area has since 
been uplifted. The thickness of the early Lower Permian units on the Connors 
Arch is uncertain, but was apparently considerably less than to the east or 
west. The crest of the Connors Arch was possibly an area of moderate 
subsidence flanked to the west and east by deep narrow troughs. 

The gross lithology of the Lizzie Creek Volcanics is distinctly 
different from that of the Carmila Beds. In general they occupy separate 
areas, the Lizzie Creek Volcanics to the west of the Connors. Arch and 
the Carmila Beds to the east and south. The contact on the Connors Arch 
is placed between acid crystal tuff of the Carmila Beds on top and andesite 
agglomerate and tuff of the Lizzie Creek Volcanics. The Camila Beds and Lizzie 
Creek Volcanics probably interfinger on the Connors Arch. The andesitic 
volcanics and associated sediments of the Lizzie Creek Volcanics were 
deposited in the trough to the west of the Connors Arch at about the same time 
as the acid volcanics and sediments of the Camila Beds were laid down in 
the trough to the east. The sequence on the Connors Arch, which was 
probably deposited mainly late in the early Lower Permian, is a mixture 
of both types. The Lizzie Creek Volcanics near Haz~lwood Creek contain 
thick sills of microdiorite. The sills are located alo'ng the locus of 
maximum thickness of the formation, and possibly many of the vents from 
which the Lizzie Creek Volcanics were erupted were located along this line, 
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that is, along the line of maximum downwarping and crustal tension west 
of the Connors Arch. The vents supplying the Carmila Beds were possibly 
located in a similar position on the eastern flank of the arch. The crest 
of the Connors Arch subsided below the sea late in the early Lower Permian. 
The subsidence and transgression of the sea coincided with the cessation of 
vulcanism over much of. the area. Subsidence of the Connors Arch reduced 
the crustal tension beneath the adjacent deeply downwarped linear troughs, 
and may have had a causative relationship to the cessation of vulcanism. 

The westernmost outcrops of Lizzie Creek Volcanics consist majnly 
of basaltic volcanics, and their tectonic setting is also different from the 
main outcrops. Here the formation consists of a relatively thin only 
slightly folded sequence of interbedded volcanics and sediments which were 
laid down on a slowly subsiding stable block rather than in a narrow trough. 
The sediments were mainly derived from the west. 

The southern boundary of the Car mila Beds on Figure 8 is partly 
conjectural. In part, it is faulted against a block of serpentinite and 
Lower(?) Palaeozoic metamorphics which were probably uplifted in the 
late Lower Permian. Farther southwest, the extent of the CarmUa Beds 
is obscured by overlying units, but it appears to be wedging out to the 
southeast either as a result of non=deposition or of erosion following uplift 
in the late Lower Permian. The Car mila Beds are not present between the 
Boomer Formation and underlying pre=Permian rocks, and the distribution 
of the Tiverton and Gebbie Subgroups indicates that a large area in the 
southeast part of the map area was one of non=deposition and erosion during 
the late Lower Permian. 

Relationships and Tectonics 

In various places marine fossils appear near the top of all four 
early Lower Permian units or they pass upwards into sediments containing 
marine fossils. All these faunas are of approximately' the same age and 
indicate that deposition ceased about the same time. Deposition of the four 
units may not have commenced at the same time, but they must be largely 
contemporaneous. 

Figure 8 reveals that the early Lower Permian units are preserved 
in three areas which have different tectonic histories. The Reids Dome 
Beds were deposited in the northerly trending elongate Denison Trough 
which was later uplifted along a few long north=trending anticlinal axes. 
The thin veneer of Reids Dome Beds west of the Denison Trough were laid 
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down on a slowly subsiding shelf. In the south and east, abundance of conglomerate 
in the Reids Dome Beds suggests that there was considerable topographic 
relief along the shores of the trough. 

Most of the Lizzie Creek Volcanics and Car mila Beds were deposited 
in long narrow troughs separated by a geanticline which provided a source 
of detritus for both troughs. Later the geanticline subsided beneath the 
sea, and finally became the locus of great uplift. The northeastern mar~in 
of the depositional basin is unknown. To the south and west, it was flanked 
by a slowly subsiding stable shelf on which a thin cover of sediments was 
laid down. 

The Lower Permian Camboon Andesite consists mainly of andesite 
and rhyolite with only minor sediments. It was possibly deposited as a single 
elongate body, which was later cut into two parts by erosion after the 
uplift of the Auburn Arch. Most of the formation was possibly laid down in 
a terrestrial environment, but fossiliferous marine limestone occurs near 
the top of t~e formation In the east.1n the wesf themai'irte transgression 
came somewhat later as the overlying marine sediments are dis conformable 
on the Camboon Andesite. The Camboon Andesite wedged out to the west 
against the postulated ridge which separated its depositional area from that 
of the Heids Dome Beds. The relationship of the Camboon Andesite to the 
rocks to the north is obscure. They possibly wedge out against or were eroded 
off a block of Hannes Beds and the pre~ Permian(?) part of the Camboon 
Andesite. An alternative explanation assumes that the Hannes Beds and both 
parts of the Camboon Andesite are of Lower Permian age and that the 
Camboon Andesite is replaced to the north by contemporaneous rock units 
of very different lithology. The solution of this problem is essential to an 
understanding of the tectonics in this area. 

The abundance of conglomerate in the Reids Dome Beds indicates. the 
presence of elevated land to the east and south of the Denison Trough, 
but the relief was probably greatly reduced before the fine clastics and 
coal of the upper part of the Heids Dome Beds were deposited. Apparently, 
the land areas between the early Lower Permian depositional basins were 
gradually eroded and perhaps peneplaned prior to the end of the early 
Lower Permian when the sea transgressed the entire area. The distribution 
of the overlying units indicates, however, that the rate of subsidence varied 
from place to place. 
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BACK CREEK GROUP 

. 
The stratigraphical unit rib~'known as the Back Creek Group'was 

first recognized by Jack (1879a,b;~ Jack & Etheridge, 1892), who applied 
the name Middle Bowen Beds to .th~. predominantly .. marine sediments ,of the 
Bowen Basin. Subseq,,!-ent work has confirmed that the unit is 
stratigraphically well'defined and of considerable extent in both space 
and time. It can be subdivided into small recognizable units, and contains 
no major unconformities. It was therefore referred to as the Middle Bowen 
Group·.in some publications - notably the Geological Map of Queensland 
(Hill, ed., 1953). The formal name Back Creek Group was first used by 
Derrington et al. (1959) and Derrington& .. Morgan (in Hill & Denmead, .. 
eds, 1960, pp. 204-7) for the succession in the Theodore-Cracow area, 
and is now applied throughout the basin. 

In the northern part of the baSin, Malone et al. (1966) divided the 
group into the Tiverton, Gebbieand Blenheim Formations; and it was 
later recognized. that this tripartite division was also apparent in the 
Springsure area, where an almost complete sequence of Back Creek 
Group hadbeen mapped as many distinguishable formations. Hence the 
three formations were raised to subgroup rank, and the names and 
concepts applied throughout the basin. 

Since the three subgroups are not continuous in outcrop through the 
baSin, this extension needs to be justified. Justification rests on four 
grounds, which together are thought adequate though no single one is 
conclusive. 

First, the exposed thicknesses of the subgroups and the pattern of 
their surface distribution indicate that they are almost certainly continuous 
at depth: the Blenheim Subgroup in particular is concealed only for short 
distances. 

Secondly, the subdivisions can be correlated throughout the basin 
by their faunal content. Dickins (in Dickins, Malone, & Jensen, 1964; 
Malone et aI., 1969) distinguished four faunas in the northern part of the 
baSin, of which Faunas TI, III, and IV coincide with the boundaries of 
the subgroups erected in the same area. The faunas can be recognized 
throughout the basin. 

Thirdly, the gross lithology of each subgroup is generally similar 
throughout the basin; and, more importantly, certain lithological changes 
occur everywhere at about the same stratigraphic level. For example~ 
in the middle of the Gebbie Subgroup, a marine mUdstone lies between paralic 
sandstones in the Springsure area; a marine sandstone between coal measures 
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near Collinsville, and deeper water siltstone between shallow marine sandstone 
south of Collinsville. The change, according to the palaeontological evidence, took 
place at 'about the same .time. throughout the basin, and apparently signifies 
a marine transgression, followed by regression. 

Lithological changes at the boundaries of the subgroups, which are 
roughly contemporaneous, also show a similar relationship throughout. the 
basin; though of course over such a broad depositional area lithology 
varies laterally. Such lithological changes warrant the use of local 
formation names, but do not invalidate the concept of the subgroups as basin
wide units. 

F.ourthly, subsurface data, particularly from petroleum exploration 
wells, have helped to bridge the gap between outcrops and confirm the 
continuity of the group and subgroups. Well data have enabled the exposed 
units of the Springsure area to be traced far to the east and north; and 
seismic and limited well· data on the sequence below the .. Mimosa Syncline. 
confirm the continuity of the Back Creek Group between the Springsure and 
Theodore~Cracow areas. 

Deposition of the Back Creek Group began in the Lower Permian, 
possibly in early Artinskian, and continued into the Upper Permian . .It was 
generally laid down in a marine environment, though brackish and even 
freshwater environments existed at times around the margins of the.basin. 
Most of the main fossils in the Bowen Basin sequence (Faunas II, Ill, 
and IV) 'are, contained in the' group. 

, 

TIVERTON SUBGROUP 

The formations of the Tiverton Subgroup are listed in Table 6-together 
with brief descriptions of their lithology, relationships, distribution, type 
area, and.important references. The distribution of the Tiverton Subgroup 
is shown in Figure 9 and the lateral relationships between the formations 
are diagrammatically presented in Figure 10. 

The Tiverton Subgroup consists essentially of four overlapping or 
. interfingering lithofacies: limestone, limestone/clastic, mudstone, and 
deltaic sandstone. The limestone facies in the southeast (the Buffel 
Formation) consists of a thin sequence of limestone which contains only 
a small proportion of fine terrigenous detritus and some coarse detritus 
at the base. The lithology and the type of thick~shelled brachiopods and 
pelecypods present, .including abundant Eurydesma, suggest deposition in 
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cold shallow water at a considerable distance from land. To the south, the 
Buffel Formation contains a greater proportion of clastics, mainly derived 
from volcanics. To the north in the vicinity of the Broadsound Range the 
sequence consists mainly of limestone with some volcanic rocks and 
volcanolithic sediments. Farther north, the basal part of the Tiverton 
Subgroup, which is equivalent to the Buffel Formation, consists of sandstone 
with numerous interbeds of calcareous sandstone, coquinite, and limestone. 
The change from the limestone facies of the Buffel Formation to the limestone/ 
clastic facies in the north reflects the persistence of vulcanism in the 
Broadsound Range area and the proximity of a clastic provenance in the 
north. 

The postulated western limit of the Buffel Formation as shown on 
Figure 9 is based on limited subsurface data. In the wells, the Buffel 
Formation apparently rests unconformably on pre-Permian basement or 
eroded Reids Dome Beds. 

In the MO 7 (Arcadia) -and Glenhaughton 1 wells, near the· southwestern 
limit of the Buffel Formation, the sequence contains conglomerate and 
other clastics in addition to limestone. The clastics were probably derived 
from a southern provenance area. Farther north, the Buffel Formation in 
Sunlight 1 consists almost completely of limestone. The Sunlight area was 
apparently beyond the reach of clastics from the southern source, and the 
clastics from the western source were trapped in the rapidly ~ubsiding 
Denison Trough. The Buffel Formation in the west unconformably overlies 
pre-Permian basement or is possibly unconformable on eroded Reids Dome 
Beds: an unconformable relationship to the Reids Dome Beds is suggested 
in AAQ 7 (Arcadia). 

Farther west, the mUdstone represented by the Cattle Creek Formation, 
transitionally succeeded the Reids Dome Beds. The basal part of the Cattle 
Creek Formation is probably a time equivalent of the Buffel Formation. 
Later, as depOSition and subsidence continued, the depOSitional area of the 
mUdstone extended to the east and the Cattle Creek Formation overlapped 
the Buffel Formation as in the Sunlight 1 well. In Figure 9 the mudstone 
facies occupies part of the area between the deltaic sandstone and the Buffel 
Formation and its equivalents; it interfingers with the deltaic sandstone to 
the west and overlaps the Buffel Formation to the east, though it generally 
thins in that direction. The mudstone sequence at the top of the Tiverton 
Subgroup in the northern part of the basin is similar to the Cattle Creek 
Formation and may be continuous with it. 

The deltaic sandstone is confined to the north and west of the Denison 
Trough and possibly extends north onto the Comet Ridge. The provenance 
was mainly to the north and west; a small number of cross-bedding measure
ments made in the Staircase Sandstone suggest a westerly provenance as in 
the overlying Gebbie Subgroup. 
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This sandstone crops out best in the Springsure Anticline where the 
Tiverton Subgroup consists of the Stanleigh Formation, Staircase Sandstone, 
and Sirius Formation. Recently, Power (1966) has suggested that the' 
Soaircase Sandstone and a lower sandstone sequence (the Riverstone 
Sandstone Member of Power, 1966) within the Stanleigh Formation represents 
the distal portions of sandstone tongues which interfinger with the mudstone 
of the Cattle Creek Formation. Power has therefore revised the nomenclature. 
He considers that the Tiverton Subgroup here consists of only the Cattle 
Creek Formation, which comprises from top to bottom, the Sirius Mudstone 
Member, the Staircase Sandstone Member, a middle mudstone member, the 
Rive,rstone Sandstone Member, and a lower mudstone member. 

In his paper, Power presents a diagrammatic north-south section which 
shows the mUdstone units lensing out to the north. This is in agreement with 
our field observations, although the sequence in the north is poorly exposed. 
In a general way, the data suggest that a largely homogeneous mudstone unit 
(the Cattle Creek Formation) is repl~ced to tbe nQ,r!h~~!!~ \Vest(?);by ~ ~ ~~" . 
possibly homogeneous sandstone unit. The Stanleigh-Staircase-Sirius 
sequence, exposed in the Springsure Anticline, .. apparently represents the 
zone of interfingering between the mudstone and sandstone units. Thus, the 
Staircase and Riverstone Sandstones are regarded as tongues of the sandstone 
unit and not as members of the Cattle Creek Formation; the mudstone units 
could be members of the Cattle Creek Formation. For this reason, Power's 
nomenclature is unacceptable. 

In the absence of sufficient data to name and define the sandstone unit, 
the existing nomenclature of Stanleigh For.mation, Staircase Sandstone, and 
Sirius Formation will be used here for the sequence in the Springsure 
Anticline. Farther north, the Tiverton Subgroup was not subdivided. 

The Tiverton Subgroup in the northern part of the Bowen Basin consists 
of a limestone/clastic sequence at the base overlain by mudstone. Most of 
the information on these units was obtained in. the Strathmuir Synclinorium 
and western flank of the Connors Arch. The clastics in the lower unit are 
interbedded with tuff and tuffaceous. sandstone around the Broadsound Range 
and in the Strathmuir Synclinorium. Farther north, the clastics include' . 
considerable lithic sandstone which was possibly derived from the Lizzie 
Creek Volcanics. The western limit of the limestone/clastic facies is 
concealed beneath sediments of the Gebbie and Blenheim Subgroups; it may 
have been a basal sequence which was laid down over most of the qorthern 
depositional area after the marine transgression. The limestone/clastics 
facies was succeeded by a poorly exposed mudstone unit which at least 
superficially resembles the Cattle Creek Formation. It is not known whether 
clastic equivalents of the mUdstone extend beneath the younger sediments in 
the western part of the trough. 
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Tectonics and Sedimentation 

The Buffel Formation is relatively thin around the margins of the . 
basin, and this was probably maintained throughout its depositional area, 
including most of the postulated ridge separating the Reids Dome Beds from 
the Camboon Andesite. The ridge had been peneplaned by the time deposition 
of the Reids Dome Beds was completed, and it apparently subsided as a 
single block together with the Auburn Ar.ch •.. The seismic surveys over the 
Mimosa Syncline do not reveal any evidence of thick linear wedges of 
the Tiverton Subgroup; this suggests uniform subsidence and. sedimentation. 
This Lower Permian stable block was continuous with the Comet Ridge 
to the northwest which was also an area of slow subsidence and thin 
sedimentation, the sediments mainly being supplied from the northwest. 
It was flanked to the southwest by the Denison Trough which continued to be 
a zone of active subsidence and sedimentation .. The sea gained access to the 
Denison Trough by transgressing across the stable block from the northea~t; 
there may also have~been a tenuous~~connexi0n-southwards.-through.the.~- -.
Sydney Basin. The Yarrol Basin to the east of the stable block consists of a 
zone of linear belts which have been tectonically active during and since the 
Lower Permian. The stable block probably extended as far north as the 
Broadsound Range, which represents the northern limit of nonoodeposition or 
deposition and erosion during the late Lower Permian. Here the stable block 
descended gradually into the northern depositional downwarp, which had 
direct access to the open sea. This downwarp was subsequently deformed, 
mainly by uplift of the Connors Arch, and now consists of two elongate, almost 
separate, belts··of sediments. 

Deposition of the Tiverton Subgroup in the Denison Trough was mainly 
confined to the area of maximum sedimentation of the Heids Dome Beds. 
The Tiverton.Subgroup is not preserved west of the trough and the facies 
distribution suggests that deposition did not extend far to the we~t or 
northwest. 

The northern depositional area was a broader, less elongate, downwarp 
than the Denison Trough and received a thinner sequence of sediments. 

GEBBIE SUBGROUP 

The late Lower Permian Gebbie Subgroup is well developed in the Denison 
Trough and in the northern part of the Bowen Basin; it thins across the 
intervening Comet Ridge, and is represented by a thin sheet of sandstone 
west of the Denison Trough. It is not present in the southeastern part of the 
Bowen Basin. The distribution and postulated depositional environments of the 
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subgroup are shown on Figure 12. The formations within the subgroup are 
described in Tables 7, 8, and 9 and the lateral variations and relationships 
of the formations are illustrated in Figure 13. 

Relationships to Underlying Rocks 

The Gebbie Subgroup transitionally succeeded the Tiverton Subgroup 
in the Denison Trough. The trough subsided actively during the Lower 
Permian, and ~edimentation was probably continuous from one unit to 
the next. To the west, the Colinlea Sandstone disconformably overlies 
the Reids Dome Beds. The basal beds of the Colinlea Sandstone are correlated 
with the middle member of the Aldebaran. Sandstone . on lithological and 
palynological data, and the western part of the Bowen Basin was apparently 
subject to erosion during the early part of Gebbie Subgroup time. 

In the "~orth, the contact~betwee~n~ffie'nebbie ~aild~ Tivert6h~Subgroups' 
is not exposed, on the west flank of the Connors Arch. The base of the Gebbie 
Subgroup consists of micaceous coarse siltstone with carbonaceous streaks, 
grading up rapidly into silty sandstone and then quartzose sandstone. This 
sequence may transitionally succeed the roughly laminated grey and blue 
siltStone at the top of the Tiverton Subgroup, and subsidence and sedimentation 
were probably continuous throughout the Permian •. TheGebbie Subgroup 
overlapped the Tiverton. Subgroup to the north and west. The Collinsville 
Coal Measures, which represent the subgroup in the northwest, dis conformably 
overlie the Lizzie. Creek Volcanics. The most probable correlattoI) of the 
coal measures with the type area of the Gebbie Subgroup indicates that the 
basal beds of the subgroup are either absent or very poorly represented at 
the base of the coal measures. Similar relationships obtain on the western 
margin of the Denison Trough, where expansion of the depOSitional area· also 
took place after the beginning of depOSition of the Gebbie Subgroup. 

The absence of the Gebbie Subgroup in the southeastern part of the 
basin is due to non~deposition or to erosion. Well data indicate that the· 
Gebbie Subgroup thins rapidly to the east of the Denison Trough. Part of 
the thinning may be the result of erosion below disconformities, but it 
seems that the thin equivalent of the subgroup deposited in the southeast was 
later removed by erosion. 

The change from the Tiverton Subgroup to the Gebbie Subgroup was 
the result of a moderate regression from a marine environme~t:to shallow 
marine or paralic. The area of deposition was unchanged initially, but later 
expanded to the west of the Denison Trough and north and west in the 
northern part of the basin. Apparently the supply of sediment matched the 
rate of subsidence within the baSin, thus maintaining the shallow marine 
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environment, and the marginal areas west of the Denison Trough and north 
and west of the northern part of the basin subsided proportionally to permit 
accumulation of sediments in a terrestrial environment. 

Fluvial Environment of the Western Bowen Basin 

The postulated depoSitional environments (see Fig. 12) are based on 
limited field observations and petrography. The Colinlea Sandstone was 
laid down in a fluvial environment in the southwest. Petrological (Mollan et al., 
1969; Bastian, 1965b) and palynological data (Evans, 1966b) indicate 
correlation of the Colinlea Sandstone with most of the Aldebaran Sandstone 
and the Catherine Sandstone; no equivalent of the Ingelara Formation can be 
recognized. The Colinlea Sandstone is an almost unfolded, uniformly thin 
sheet of sand, ranging from 135"to 240 m thick. It represents a period of 
slow sedimentation compare(! to the great thickness of sediment deposited 
in the adjacent-Denison Trough-during the same time interval. The Colinlea 
Sandstone was apparently laid down on a large slowly subsiding stable shelf. 

The sediments were derived from the north (Analde Metamorphics, 
Retreat Granodiorite, Drummond Basin sequence) and from the south (now 
concealed Timbury .Hills Formation and granite penetrated in petroleum 
exploration wells). Variations in the compositio~ of the sandstone indicate 
that particular provenance areas were the predominant source of detritus 
at times. Measurement of cross-bedding dip directions are equivocal (Mollan 
et al., 1969), but the distribution and relationships of the Colinlea Sandstone 
to the Gebbie Subgroup in the Denison Trough indicate that the main direction 
of sediment transport was across the shelf into the trough. The absence 
of an equivalent of the Ingel~ra Formation within the Colinlea Sandstone may 
be due to a dis conformity . The Ingelara Formation was apparently laid down 
during a period of subsidence of most of the Bowen Basin, but the 
transgression may not have affected the shelf west of the Denison Trough. 
The IngelaraFormation may have been formed of sediment derived directly 
from both the northern and southern source areas and not by sediment 
moving across the Colinlea Sandstone shelf. The conglomeratic mudstone in 
the south and most of the other sediments in the Ingelara Formation appear 
to'have undergone little reworking, and it seems unlikely that they were 
transported across the shelf. The shelf area in which the Colinlea Sandstone 
was laid down was probably the site of local alluvial aggradation and 
degradation during the period when the Ingelara Formation was deposited. 
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Deltaic Environment of the Denison Trough 

The greatest thickness of the Gebbie Subgroup was laid down in the 
Denison Trough. The basal sandstone member of the Aldebaran Sandstone 
was deposited in a deltaic environment, probably partly brackish, which 
gradually :replaced the marine environment of the Cattle Creek Formation. 
Thick interbeds of siltstone and mudstone, locally including coal seams, 
indicate a greatly :reduced supply of sand and coarser detritus at times. 

The middle conglomeratic member of the Aldebaran Sandstone represents 
a period of rapid sedimentation of mainly sand size and coarser detritus, which 
began about the same time as depOSition of the Colinlea Sandstone. The supply 
of sediment matched the rate of subsidence of the Denison Trough so that a 
deltaic, probably partly brackish, environment was maintained despite an 
increase in the area of subsidence. The increase in average.grainsize from 
the basal member to the middle .. member suggests more vigorous uplift and 
erosion of the source areas. The predominant quartz and quartz sandstone 
clasts of the conglomerate in this member were derived from a different 
source from that of the conglomer~tes in the Cattle Creek and Ingelara 
Formations. 

The conglomerate clasts resemble some of the rocks exposed in and 
around the Drummond Basin to the n~rthwest, and the cross~bedding 
measurements indicate a northwesterly source. 

The upper member of the Aldebaran Sandstone, which consists of 
interbedded quartzose sandstone and mudstone, was laid down in an environment 
transitional between the preceding brackish environment and the deltaic 
marine -environment of the succeeding Ingelaraformation. The abundance 
of worm tracks- and the presence of oscillation ripple marks suggest deposition 
in the tidal zone. The rate of subsidence was apparently slightly faster than 
the :rate of sedimentation so· that the depth of water gradually increased. 

The IngelaraFormation consists mainly of poorly sorted and poorly 
bedded conglomeratic sandy siltstone and mudstone laid down in relatively 
deep water where there was little effective reworking. The presence of 
calcareous concretions containing abundant shelly fossils indicates that the 
sea had unrestricted access to the area at this time. 

On the southern margin of Heids Dome the siltstone contains some 
angular boulders of granite, porphyritic volcanics, and low~g:rade meta
morphics, which probably were derived from a southerly or southwesterly 
source area like the boulders in the Cattle Clr'eek Formation. Boulders such 
as these are not known in the Aldebaran or Catherine Sandstones. Their 
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origin is uncertain, but Hill (1957) and others have suggested that they 
are glacial erratics dropped from icebergs. Alternatively, they could 
have been produced by erosion of cliffs (to the south or southwest) and 
turbidity currents. Angular blocks are found in the sediments deposited 
during marine transgressions, particularly with widespread coquinite beds 
such as the Big Strophalosia Zone, but they are not common in the marine 
sediments between the coquinites. 

The Catherine Sandstone marks the close of sedimentation in the 
Denison Trough. It was laid down in a shallow sea, but is transitional 
into the Ingelara Formation below. The formation consists of fine to 
medium-grained well sorted quartzose sandstone with thin siltstone 
interbeds. The planar bedding or low-angle cross-bedding, the relative 
abundance of heavy minerals, the good sorting, and the presence of 
scattered glauconite and marine fossils indicate depOSition in a shallow 
marine environment where there was considerable reworking. The Catherine 
Sandstone is disconformably overlain by the Peawaddy Formation, and to 
the south it is overlapped. 

Paralic Environment of Comet Ridge and Collinsville Shelf 

Two depOSitional environments have been tentatively recognized east 
and north of the Denison Trough. There was a sandy- paralic environment 
over most of the Comet Ridge and Collinsville Shelf, and a marine, partly 
shallow, environment over most of the eastern part of the Bowen Basin. 
The sandy paralic sediments extend for a short distance to the west on to 
the Capella Block, but apparently lens out beneath the overlying Blenheim 
Subgroup. 

In the west the 'paralic sediments are concealed, but were penetrated 
in the Comet 1, Cooroorah 1, and Norwich Park Scout 1 wells. In the first 
two wells the sequence consists of a thick basal sandstone unit which can 
be correlated with the Aldebaran Sandstone and a thinner mudstone unit which 
is a probable correlate of the Ingelara Formation. The Catherine Sandstone 
is tentatively recognized in the Comet 1 well as a very thin sandstone, but is 
possibly not present in the Cooroorah well. Probably only part of the Aldebaran 
Sandstone equivalent was penetrated in Norwich Park 1. The Gebbie Subgroup 
is very much thinner on the Comet Ridge than in the Denison Trough. Most 
of the sediment must have been derived from the northwest as the Denison 
Trough would have trapped most of the sediment from the west. The Aldebaran 
Sandstone was laid down on the Comet Ridge during a period of slow subsidence 



with extensive reworking of the sediments. The finer material was winnowed 
out and transported farther southeast, and both the coarse and fine sediments 
were probably swept southwest into the Denison Trough. The extensive 
reworking may have been responsible for the diagenetic silicification of 
the quartzose Aldebaran Sandstone observed in the Cooroorah 1 and Norwich 
Park Scout 1 wells. In the Comet 1 well near the eastern margin of the 
paralic environment, the Aldebaran Sandstone includes thick intervals of 
siltstone and mUdstone and very little diagenetically silicified sandstone. 

Little information is available on the Gebbie. Subgroup over most of 
the Collinsville Shelf. The coal measures intersected in water bores about 
80 km north=northeast of Clermont appear to be stratigraphically below 
the basal beds of the Blenheim Subgroup. They are considered to be part 
of the Gebbie Subgroup and probably equivalent to the Collinsville Coal 
Measures. The coal measures were laid down in a terrestrial environment 
on the western margin of the paralic sea. 

The thickness of the Gebbie Subgroup at the northern end of the 
Collinsville Shelf and on the west flank of the Connors Arch suggests that 
the slowly subsiding paralic environment on the Collinsville Shelf was 
relatively narrow compared with its extent on the Comet Ridge. This may 
have resulted in less diagenetic silicification of sandstone in this a~ea. 

Marine Environment of the Eastern Bowen Basin 

The Gebbie Subgroup depOSited in the. marine environment in the 
eastern part of the Bovien Basin is exposed near the Mackenzie River , 
56 km north of Bluff, and along the western flank of the Connors Ar.ch ..... 
On the map equivalents of the subgroup are not separated from the Back 
Creek Group in the Strathmuir Synclinorium. The Gebbie Subgroup in the 
Mackenzie River outcrops consists of upper and lower sandstone units 
separated by siltstone. 

Mackenzie River Area 

The basal sandstone unit consists mainly of cross-bedded fine to coarse 
sandstone, most of which contains a large proportion of grains of volcanic 
rocks. The volcanic detritus was apparently derived from a source to the 
east. The cross= bedding indicates considerable current action, but the high. 
proportion of .labile constituents indicates little reworking of the sediments. 
The presence of rare scattered marine shelly fossils throughout the sandstone 
indicates a marine environment which was shallow at times. The cross-bedding 
may be related to tidal currents. 
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The distribution of the subgroup indicates that access to the open sea 
was restricted and this may have produced a concentration of tidal currents 
in this area. The middle unit is mainly siltstone and contains hard smooth 
calcareous fossiliferous nodules in places. Some of the fossils (e.g. 
Conocardium sp.) suggest deposition in a muddy environment below the 
depth of wave action, and the depth of water was probably much greater 
than during deposition of the basal sandstone. The fossils in the middle 
unit are similar to those in the Ingelara Formation of the Denison Trough, 
and the deeper water was probably the result of the marine transgression 
during which the Ingelara Formation was laid down. Comparison of the 
Mackenzie River section with the sequence in Cooroorah 1, 40 km to the 
west, suggests that the basal sandstone may be continuous with the Aldebaran 
Sandstone and the siltstone with the Ingelara Formation. 

The upper unit in the Mackenzie River area is a poorly exposed 
sequence of relatively thin sandstone. 

Strathmuir Synclinorium Area 

The sediments of the Strathmuir Synclinorium correlated with the 
Gebbie Subgroup include fossiliferous calcareous volcanolithic sandstone 
and nodular siltstone. The problem of separating the Tiverton and Gebbie 
Subgroups in this area and about the southern end of the Connors Arch· 

- may be related to its position relative to the depositional environments. 
Throughout the Lower Permian, this part of the basin had direct access to 
the open sea and was continuously marine. The transgressions and regressions 
which altered the depositional environment and produced marked changes of 
lithology in most parts of the basin did not significantly alter the depositional 
environment in this area. 

Western Flank of Connors Arch 

The Gebbie Subgroup is concealed for about 160 km to the north of 
the Mackenzie River outcrops. Thereafter, it crops out on the west flank 
of the Connors Arch to near Collinsville. The subgroup contains three 
formations as in the Mackenzie River area. 

The basal part of the lower unit consists of about 60 m of sandy 
siltstone, with some fossiliferous calcareous beds, which grades up into 
quartzose sandstone. The basal sequence was· probably deposited during the 
transition from the deeper water environment of the Tiverton Subgroup. 
The basal beds are overlain by the Wall Sandstone Member, which consists 
of silicified cross~bedded and rarely ripple~marked quartzose sandstone. 
The member is about 30 m thick, and extends for about 50 km; a similar 
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sandstone bed has been tentatively recognized throughout the outcrop area. 
The Wall Sandstone Member contains rare marine fossils and was apparently 
deposited in a shallow sea where there was considerable reworking of the 
sediments. It was possibly a sand bar. The overlying sandstones are less 
well sorted and less mature, and were possibly laid down in slightly deeper 
water. Some thin coal seams are present just above the Wall Sandstone 
Member, at the northern end of the belt. The coal may have been transported 
from elsewhere as the associated sediments contain abundant carbonaceous 
debris. If the coal was formed in situ, then a freshwater environment existed 
for at least a short while during deposition of the Gebbie Subgroup. 

At the northern end of the belt the middle unit contains slightly more 
sandstone than siltstone. The rocks are similar to those in the units above 
and below, but siltstone and fossiliferous beds are more common. Farther 
south, the middle unit consists mainly of sandy siltstone which forms a 
valley between the sandstone ridges of the underlying and overlying units. 

The upper unit is thickest in the north where it consists of about 
120 m of sublabile sandstone, ripple-marked quartz sandstone, and thin 
siltstone interbeds. It thins to 75 m or less to the south where the basal 
unit thickens to slightly more than half of the entire subgroup. 

Near the southe-rn limit of the belt only the upper and lower units 
are exposed and both contain some richly fossiliferous horizoI;1s. The 
lithology is much the same as farther north~ 

The absence of grains of volcanic rocks in the ~sandstones distinguishes 
them from the beds in the Mackenzie River area; the change is probably due 
to differences in the provenance areas. The Gebbie Subgroup on the flank of 
the Connors Arch was probably derived from the north, and the abundance 
of sandstone in the coal measures indicates a copious supply of arenaceous--
material from the northern provenance. The sediments were transported 
by streams moving through or between the areas in which the Collinsville 
and Calen Coal Measures were deposited. Some of the sediment may have 
come from the west, but the distribution of the subgroup suggests that the 
axis of deepest subsidence in the north at this time may have been west 
of the Connors Arch (see Fig. 12), and thus relatively deep water would have 
trapped most of the sediment supplied from the west. 

Coal Measure Environments 

The Collinsville Coal Measures undoubtedly belong to the Gebbie 
Subgroup. The Calen Coal Measures, northw~st of Mackay, are corr~lated 
with the subgroup because of their lithological similarity. They could have 
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been deposited on the margin of the depositional area of the Gebbie Subgroup, 
as were the Collinsville Coal Measures. The coal measures encountered 
in water bores about 80 km north-northeast of Clermont appear to be 
stratigraphically below the Blenheim Subgroup, and are probably part of 
the Gebbie Subgroup (see also Veevers et aI., 1964b). The Blair Athol 
Coal Measures were deposited in an isolated baSin, but are possibly time 
equiva1ents of the Gebbie Subgroup. 

Collinsville Coal Measures 

The Collinsville Coal Measures comprise two sets of coal measures 
composed mainly of sandstone with some conglomerate, coal, and minor 
siltstone and carbonaceous mudstone, separated by a sequence of marine 
sandstone. The three units can be correlated with the three formations of 
the Gebbie Subgroup in the northern part of the basin. The conglomerate 
bed at the base of the coal measures rests on Lizzie .Creek Volcanics and 
on Carboniferous volcanics and "intrusives in the southwesC Toe conglomerate 
marks an expansion of the depositional area to the north and west; it is not 
present in the Gebbie Subgroup southeast of Collinsville where deposition 
continued after the Tiverton Subgroup was laid down. 

. The Collinsville Coal Measures were probably deposited in swamps, 
not far from the sea. The sandstone in the coal measures is similar to that 
in the Gebbie Subgroup to the south, but is generally finer in grain. The 
coal may have been formed in swamps at the back of a large delta or 
between the main distributary channels which carried the medium sized 
sand and coarser detritus into the sea. The fine sandstone, siltstone, and 
carbonaceous mUdstone were probably deposited in flood-plains between 
the main distributaries which migrated laterally from t\me to time. Some. 
of the coal seams are cut by washouts filled with conglomerate and coarse 
sandstone; the washouts were probably formed as a result of lateral 
migration of the distributary chanpels. 

Webb & Crapp (1960) have suggested that the Bowen Seam· may be 
autochthonous in the north and allochthonous in the south. The ·seams generally 
thicken to the north and thin to the south into the baSin, whereas the sediments 
between the coal seams thicken towards the centre of the basin. The reworking 
of the· coals, the variations in thickness, and the predominance of arenites 
suggest that the depOSitional area was not a broad flat coastal plain, but a 
surface which sloped gradually towards the basin. The swamps in which the 
coal was laid down may have formed behind sand bars distributed by 
longshore currents. 
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The marine sandstone in the middle of the Collinsville Coal Measures 
was laid down when the sea transgressed the delta. In the marine 
environment individual beds can be traced for considerable distances, 
and some thin fossiliferous sandstone beds, 15 cm to about a metre thick, 
perSist along strike for several kilometres. 

'", 

Calen Coal Measures 

The Calen Coal Measures consist of about 300 m of coarse quartzose 
sandstone, mainly in thick cross-bedded sets, thinly interbedded sandstone 
and siltstone, siltstone grading laterally into soft brown claystone, and thin 
coal seams .. .They contain.the 'Permian plants Glossopteris and Vertebraria 
but no marine fossils, and unconformably overlie the Carmila Beds and 
Lizzie Creek Volcanics. The Calen Coal Measures are situated about 50 km 

from the nearest outcrops of the Gebbie Subgroup, which is the only Permian 
unit containing similar rock types. The coal measures are largely fluvial, 
but we!,~ partly laid do_wnjn~lakesor local·swamps. .0'= --;-~ =_ .. 

Blair Athol Coal Measures 

The Blair Athol Coal Measures are. described in Veevers et al. (1964b). 
They consist of about 240 m of sandstone, coal seams, carbonaceous Claystone 
and shale, and a little fine conglomerate. A basal pebble conglomerate is 
locally present. The main coal seam has a. maximum thickness of 33 m. The 
coal measures were almost certainly laid down in an isolated basin within 
the Anakie Metamorphics. The basin is about 16 km long by. about 3km wide 
in the north and about 13 km wide in the south. The surface of the underlying 
Anakie Metamorphics is very irregular in places and rises steeply to the 
north and gently to the south. The coal seams interfinger with the sediments 
around the margins of the basin. The great thickness of individual seams 
suggests that the coal measures accumulated during. a period of steady 
subsidence. There are no tectonic breaks in the sequence and the subsidence' 
was probably of regional extent. The Blair Athol Coal Measure basin is 
in line with the long axis of the Denison Trough, where maximum subsidence 
occurred during deposition of the Gebbie Subgroup. For this reason it is 
suggested that the Blair Athol Coal Measures are time equivalents of the 
Gebbie Subgroup. It is possible that the Blair Athol basin was formed at the 
same time as the Tiverton Subgroup or Reids Dome Beds, but the Denison 
Trough was not then so elongated in the direction of the basin as in Gebbie 
Subgroup time. Palynological work (Evans, 1966c) suggests that the Blair 
Athol Coal Measures may be correlated with the Aldebaran Sandstone, but the 
evidence is not coriclusive. 
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Tectonics 

The main tectonic feature in Gebbie Subgroup time was the elongate 
Denison Trough which was the locus of maximum sedimentation. The 
northern depositional basin is elongate on Figure 12, but this is mainly 
due to post-depositional uplift and erosion of the Gebbie. Subgroup adjacent 
to the Connors Arch. The Gebbie Subgroup was probably laid down as a 
sheet of fairly uniform thickness over most of Connors Arch and the area 
to the east. The whole of the northern part of the Bowen Basin and the area 
to the east probably subsided more or less uniformly. It was separated from 
the Denison Trough by the Comet Ridge where subsidence and sedimentation 
were less pronounced. 

In the southeast any sediments laid down were later re~oved by erosion. 
The well sections indicate that little sediment was derived from this area 
during the deposition of the Gebbie Subgr~)Up. :rU(3a~eawas~apparently .. ~ ... ; 
partofa large· stable periepianed block, which may have been slightly 
submerged at times. 

The eastern limits of the Gebbie Subgroup are not clear. Presumably, 
the sea had direct access to the basin through the Strathmuir Synclinorium 
and to the north. The dis conformity between the basal Tiverton Subgroup 
and the Blenheim Subgroup south and east of the synclinorium indicate that 
it was probably an area of non-deposition. The only time equivalents of the 
Gebbie Subgroup to the east are part of the Berserker Beds in an elongate 
northerly trending graben, east of Rockhampton. The Berserker Beds alre 
mainly volcanics and coarse clastics laid down near their source. The 
graben and the Bowen Basin to the west were probably separated by a land 
area during most of the late Lower Permian. 

BLENHEIM SUBGROUP 

The Blenheim Subgroup, the youngest subgroup in the Back Creek Group, 
was deposited in the early Upper Permian (Kazanian) during a major marine 
transgression which overlapped the Gebbie Subgroup to the west and southeast. 
Most of the changes in lithology are the result of the marine transgression, 
but the Blenheim Subgroup is also characterized by the presence of acid 
volcanic detritus and tuff.i. There was also a major shift in the locus of 
maximum sedimentation. The thickest part of the Blenheim Subgroup was 

laid down in a trough extending from the north to the southeastern corner 
of the· basin, and in an eastern extension now largely occupied by the Gogango 
Overfolded Zone (see Fig. 14). The greatest known thickness of the Blenheim 
Subgroup or its equivalents is more than 2100 m of Moah Creek Beds 
(Kirkegaard, Shaw, & Murray, 1966, and in prep.) in the Rockhahlpton Sheet 
area within the eastern extension: More than 1500 m of sediment was laid 
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down in the main trough whose elongation and asymmetry are largely the 
result of post-depositional uplift of the Connors and Auburn Arches. The 
Blenheim Subgroup thins steadily to the west and forms a uniform blanket 
across the Denison Trough which had apparently ceased subsiding relative 
to areas on either side .. 

The Blenheim Subgroup is m0re widespread and displays much more
lateral variation than the preceding subgroups. The constituent formations, 
including some unnamed units, are briefly described in Table 10 and some 
of their lateral relationships are illustrated in Figure 15. 

In the southeast, where the subgroup comprises the Oxtrack, Barfield, 
Flat Top, and Banana Formations, lutites, with thick lenses of tuffaceous 
clastic sediments, were pr.edominant. To the west the lutite province grades 
into a lutite/arenite/coal measure province on the Comet Ridge, and into 
a luttte/arenite province, containing significant volcanic detritus and local 
volcanic rocks, in the Denison Trough and western part of th~ Bowen Basin; 
to the .riortli the:lutite'p-rovince grades- into a flysch(?) province (B00mer 
Formation) • 

The Boomer Formation grades into more conglomeratic sediments 
which were possibly laid down in a synorogenic molasse province to the east 
of the map area. The arenites in all the provinces consist predominantly 
of lithic sandstones which were possibly derived from volcanics; quartz-rich 
sandstone is more common on the Comet Ridge and in the west. 

There was also a lutite/quartzose arenite province to the north of the 
flysch province on the west flank of the Connors Arch,and a paralic 
quartzose arenite/lutite province to the west on the Collinsville Shelf. 
Towards the close of depOSition of the Blenheim Subgroup deltaic coal 
measures were -laid down on adjacent parts of the Comet Ridge and Denison 
Trough. Quartz-rich arenites predominate in all the northern provinces. 
This change reflects the difference between the predominant volcanolithic 
detritus supplied by the provenance area to the east and south and the 
predominant quartz-rich detritus supplied by the provenance area to the north 
and west. 

Lutite Province 

The oldest sediments in the lutite province are the thin neritic limestone 
and calcilutite of the Oxtrack Formation. The abundance of fossils suggests 
depOSition in a shallow sea, somewhat warmer than the sea in which the 
disconformably underlying Buffel Formatfon was laid down. The Oxtrack 
Formation was succeeded by thick massive mUdstone of the Bal':"field Formation. 
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This formation contains minor beds of lithic arenite and in the upper part 
some beds of tuff and agglomerate and lava flows; calcareous concretions 
are common throughout. Fossils are abundant in some of the calcareous 
concretions and in beds of calcareous mudstone. Glendonites are common 
in the upper part of the formation. The volcanics occur in at least two 
stratigraphic levels, and can probably be correlated with the thick volcanics 
intersected in the Cockatoo Creek 1 well. The upper part of the Barfield 
Formation, including the volcanics, was originally called the Acacia 
,Formation (Derrington et aI., 1959), but it is now regarded as a volcanic 
meinber within the Barfield Formation. The Barfield Formation was probably 
laid down in moderately deep water. The presence of black pyritic mudstone 
indicates a redUCing environment at times. Most of the fossils are abraded 
and worn, and were probably transported for some distance. Some of the 
calcilutite beds contain corals, brachiopods, and worm tubes and were presumably 
laid down in shallow well oxygenated water. The neritic environment of the 
underlying Oxtrack Formation apparently migrated southeast during 
depOSition of the Barfield_Formatipn. 1'11e~enviI"onmental significance of the 

~-gfenaonites is nof clear~ though it has been suggested that they indicate 
glacial conditions (see Carey &,Ahmad, -1961). 

The Flat Top Formation consists of tough blue or buff mudstone 
containing numerous thin layers of blue mudstone with intricately 
contorted laminae. Poorly sorted lithofeldspathic sandy siltstone containing 
a high proportion of volcanic detritus is interbedded with the mudstone in 
places. Marine fossils are more abundant in the north; in the south, fossil 
wood impressions are common near the top of the formation~ and still·farther 
south thin coal seams are present in the Cockatoo Creek 1 well. The Flat 
Top Formation was possibly depOSited in a partly marine and partly 
freshwater environment. The fine grainsize of the sediments suggests a 
distant provenance area or one of low relief. 

The Banana Formation is lenticular; it consists of ,mUdstone, 
similar to the Barfield Formation, and is restricted to the area near 
Banana. It may ha,ve been deposited in a partly non-marine environment. 
J.F. Dear (pers. comm.) considers the Banana Formation to be part of 
the Flat Top Formation. 

The presence of a thin lutitic sequence of the Blenheim Subgroup 
in the Glenhaughton 1 and Purbrook South 1 wells indicates that the lutite 
province extended a considerable distance to the west. As the proportion of 
arenite increases to the west the lutite province grades into the lutite/ 
arenite province. 
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Lutite/ Arenite Province 

In the lutite/areni~e province the Peawaddy Formation is overlain by 
the Black Alley Shale. To the southwest, beneath the Great Artesian Basin 
sequence, the Peawaddy Formation becomes more arenaceous and 
disconformably overlaps progressively older rocks; in the far southwest, 
it unconformably overlies pre- Permian rocks *. 

The Peawaddy Formation consists mainly of mudstone and sandy 
siltstone, but lithic sandstone forms about half of the upper part of the unit. 
Coquinitic lenses of the Mantuan Productus bed occur at the top of the 
formation in places. The basal part of. what we recognize as Peawaddy 
Formation in wells south of the exposed part of the Denison Trough includes 
sandstone, pebbly sandstone, and conglomerate, and the same rock types 
are predominant in the Peawaddy Formation in the far southwest of the 
basin .. Marine fossils are particularly abundant in the MantuanProductus 
bed; they are common in some of the lower beds and are also scattered 
throughout the formation. The fossils indicate a marine environment. The 
basal conglomeratic unit in the southwest reflects the transgressive nature 
of the marine environment. 

The arenaceous basal unit crops out.poorly around the Springsure 
Anticline and northern end of Reids Dome. This is also the area of maximum 
development of the Catherine Sandstone which is tru'ncated beneath the 
Peawaddy Formation farther south. Sedimentation was possibly nearly 
continuous in this area in Gebbie Subgroup time, although the Peawaddy 
Formation and Catherine Sandstone m~y ~e disconformable.· 

* The stratigraphic synthesis is based on correlation of subsurface data 
with the exposed section in. the Denison Trough and is discussed in detail 
in Mollan et al. (1969). Most recent workers agree on the stratigraphy 
of the exposed section, but not all agree on the subsurface stratigraphy. 
The correlation presented here fits the available stratigraphical, lithological, 
and palaeontological data reasonably well, but is certainly not proven. The 
alternative correlations contradict the palaeontological data to some extent, 
generally on the grounds that the faunal changes reflect environmental 
rather than evolutionary changes. We consider that the changes in the 
macrofaunas were mainly the result. of evolution, and that the evolutionary 
changes are of stratigraphic significance. Alternative stratigraphic 
reconstructions for the southwestern part of the basin have been discussed 
elsewhere (see Cundill & Meyers, 1964, and Power, 1967). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 

I 
I 

I 
I 
I 
.1 
I 
I 
I 
I 
I 
I 

I 
I 

-67-

The Black Alley Shale is a thin claystone s.equence resting conformably 
or dis conformably on the Peawaddy Formation. The formation contains 
beds of bentonitic clay, which were formed from volcanic ash laid down 
in an aqueous environment with restricted circulation. The presence of 
gypsum and jarosite on bedding planes and joints also indicates a restricted 
environment, which possibly developed during the. transition from marine 
to freshwater conditions. The Black Alley Shale contains few marine 
macrofossils, but acritarchs are present throughout. There is a swarm 
of one particular species in one interval near the base. The abundance 
of acritarchs distinguishes the Black Alley Shale from the palynological 
assemblage in the overlying Blackwater Group. Some of the shale beds 
near the base of the formation contain.a mosaic of overlapping-spines ox:'
bedding surfaces which resemble molds of ice crystals. The shale was 
probably laid down in cold stagnant brackish water with limited access to 
the open sea. The presence of bentonitic clay and beds of tuff indicate 
contemporaneous vulcanism. 

The Black Alley Shale lenses out to the northeast or is replaced by 
the upper part of the German Creek Coal Measures. It thickens to. the 
southeast and east and is probably continuous beneath the Mimosa Syncline, 
with the upper part of the Blenheim Subgroup of the lutite province. 

The upper part of the Peawaddy Formation, including the Mantuan 
Productus bed, grades laterally to the northeast into the basal part of 
the German Creek Coal Measures. The lower part of the Peawaddy 
Formation grades laterally into the lithologically similar Maria Formation 
and is probably continuous with the sediments in the northern part of the 
basin. The Peawaddy Formation possibly grades laterally into the lower 
part of the Blenheim Subgroup in the lutite province, where the Barfield 
Formation and lower part of the Flat Top Formation probably represent 
most of the Peawaddy Formation. Possibly, the Black Alley.Shale.was laid 
down in a westerly extension of the lutite province in the closing stages of 
deposition of the Blenheim Subgroup; the Black Alley Shale and the Flat 
Top Formation are lithologically similar and may be equivalent in part. The 
Peawaddy Formation in the northern part of the Denison Trough may include 
some of the oldest sediments in the Blenheim Subgroup, which may account 
for the near-conformity between the Catherine Sandstone and Peawaddy 
Formation. Presumably the basal beds of the Peawaddy Formation became 
progressively younger as the formation transgressed to the southwest. 

Flysch(?) Province 

The Oxtrack Formation extends to the north of the lutite province into 
the flysch(?) province where it is overlain by the Boomer Formation. The 
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Oxtrack Formation represents a widespread period of neritic carbonate, 
sedimentation before major downwarping initiated -the deposition of thick 
mudstone in the lutite province and the deposition of the Boomer Formation 
in the flysch(?) province. The Boomer Formation is apparently a lateral 
equivalent of the Barfield Formation and possibly of the Flat Top Formation 
also. ' 

, ' 

The Boomer Formation is the only unit recognized in the flysch(?) 
province. It consists of interbedded quartz=poor lithic sandstone and dark 
blue siltstone. The contact between siltstone and overlying sandstone 
beds is sharp, but there is generally a narrow transitional zone between 
the sandstone and overlyingsUtstone. In places; convolute lamination 
can be seen in the upper part of sandstone beds. The uniformity of thickness 
and lithology of individual beds over considerable distances suggests that 
they were deposited by turbidity currents (see Sanders, 'i'965). In places, 
the sandstone beds are very thick and are separated by th~n partings of 
siltstone. Elsewhere, the sequence generally consists of thinly interbedded 
coarse and fine Siltstone, although'tliick massive beds occur In placeS. -
Polymictic pebble conglomerate and conglomeratic mudstone 'are locally 
abundant. In some of the conglomerates, the 'pebbles consist mainly of 
fine=grained quartz-rich sandstone; in others, they consist mainly of 
volcanic rocks and tuffaceous sandstone. The conglomeratic mudstone 
contains hard, round or flattened, small to medium sized pebbles of sandstone, 
argillite, and tuffaceous sediments set in a sheared silty matrix; the .pebbles 
are aligned parallel to the shear planes. '. 

. The Boomer Formation appears to be more or less conformable 
within the Back Creek Group west of the Broadsound Range and in the 
Strathmuir Synclinorium~ but it. unconformably overlies the basal beds of 
the Back Creek Group southeast of the Broadsound Range, and farther . 
south it rests unconformably on Rannes Beds -and Connors Volcanics. In the 
eastern part of the Gogango Overfolded Zo'ne, the Boomer Formation rests 
unconformably on inHers' of Silurian-Devonian rocks and is . generally 
conformable on, or locally interfingers with, the Rookwood Volcanics. 
Farther east, beyond the Bowen Basin, the Boomer Formation Interfingers 
with and is overlain by the 'Moah Creek Beds. ' . 

The Boomer Formation was laid down in an area where the Tiverton 
and Gebbie Subgroups were not deposited or where they have been subsequently 
removed by' erosion. The area of sedimentation corresponds with the central 
part of the Gogango Overfolded Zone, which was strongly downwarped about 
the end of the Lower Permian when the submarine spilitic Rookwood Volcanics 
were extruded, followed by depOSition of the· Boomer Formation. The thickness 
is difficult to measure, but is estimated to be 1800 to 3000 m. The Moah . 
Creek Beds to the east of the Boomer Formation appear to be part~y younger, 
and pass 'eastwards ,into the coarser Dinner Creek Beds which appear to be 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-69-

generally younger still. At this time the area of sedimentation extended 
eastwards to where 'molasse' sediments were deposited adjacent to 
uplifted blocks of the Yarrol Basin. 

The thickness and nature of the sediments suggest that they were 
laid down in· local downwarps associated with vigorous uplift of the adjacent 
land. These movements culminated in middle Upper Permian time in 
folding, deformation, uplift, and igneous intrusion to form the Gogango 
Overfolded Zone. 

There is an almost total absence of organic remains in the Boomer 
Formation. The only marine fossils are found in the most southerly outcrops, 
near the lutite province. Marine fossils are also rare in the Moah Creek 
Beds. The fossils, lithology, and stratigraphic pOSition are the reasons for 
regarding the Boomer Formation as part of the Blenheim Subgroup of 
early Upper Permian age (in the 1:500,000 geological map of the Bowen 
BaSin, the Boomer Formation is shown separately in the legend from the 
Blenheim Subgroup). The formation was presumably deposited in a marine 
environment, and the reason for the paucity of fossils is uncertain. Possibly 
the type of sedimentation, involving the rapid deposition of sheets of 
sediment over large areas, inhibited the development of fauna. 

LUtite/Quartzose Arenite Province 

The IUtite/quartzose arenite province is exposed on the west flank of ' 
Connors Arch, on the northern part of the Collinsville Shelf, and around 
the Bundarra Granodiorite; the most southerly outcrops are about 130 km 
from the nearest outcrops of the Boomer Formation. The Blenheim 
Subgroup in the Folded Zone may be transitional between 'the flysch(?) 
province and the lutite/quartzose'arenite province. 

The Blenheim Subgroup in the lutite/ quartzose arenite province comprises 
three unnamed formations. The basal unit consists of mudstone, siltstone, 
and silty sublabile sandstone; the sequence is conglomeratic locally near 
the base, and contains scattered pebbles and boulders and coquinitic beds. 
The Big Strophalosia Zone consists of up to 30 m of calcareous siltstone 
or fine sandstone; it contains abundant transported brachiopod valves, and 
scattered pebbles and angular blocks. The bed is apparently continuous 
throughout the province. The middle unit consists mainly of dark blue 
micaceous siltstone, and the upper of a thin sequence of quartzose sandstone. 
Around the Bundarra Granodiorite, the upper unit is thicker, and lenses of 
quartzose sandstone occur in the middle unit. Coquinitic beds, scattered 
marine fOSSils, bryozoans, and abundant evidence of reworking of the sediments 
'by a benthonic fauna are found throughout. 
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The arenites contain from 75 to 90 percent quartz grains. The siltstone 
and mudstone contain more mica than the siltstone of the Boomer Formation 
and the arenites are much richer in quartz. Organic remains are common 
in the lutite/quartzose arenite province, but are almost completely absent 
in the Boomer Formation. 

The maximum thickness in the lutite/quartzose arenite province is 
estimated at 1560 m at the southern end of ~he outcrop belt. A similar 
thickness is exposed around the Bundarra Granodiorite. The sediments were 
deposited below the depth of vigorous wave action in a moderately shallow 
sea, apparently well aerated and unrestricted. The Blenheim Subgroup 
conforIllably or dis conformably overlies the Gebbie Subgroup. 

Coquinite Horizons 

The Big Strophalosia Zone is a particularly thick and exfensive~~ ~ 

example of the coquinitic lenses which occur in the Back Creek Group. 
Other named examples are the Streptorhync;us.,,!Jed in the Collinsville 
area, the Strophalosia clarkei bed and pele-cyp6d bed on the Capella 
Block, and the Mantuan Productus bed in the Denison Trough and western 
part of the basin. All five occur in the Blenheim Subgroup. The Big 
Strophalosia Zone and the Strophalosia clarkei bed may be time equivalents; 
the Mantuan Productus bed may be slightly younger and equivalent to the 
other two. They were named because they are sufficiently distinctive and 

1/",wIdespread to be useful in mapping. In general" all the coquinites have a 
.. matrQc of calcareous siltstone or fine sandstone 9 and are packed with 

mainly separate valves of brachiopods and other fossils. '. 

They contain scattered rounded pebbles and large angular blocks up 
to 60 cm across. The coquinites usually include some unfossiliferous 
interbeds of siltstone or sandstone similar to the coquinite matrix. The 

fossils are uniform in size, possibly because of sorting during transport 
or because of selective removal from the source area. Most of the fos,sils 
are only slightly worn and some of the strophalosids still have spines 
attached; this suggests that they were not transported very far. 

Other coquinites in the Back Creek Group, such as in the basal 
formation of the Tiverton Subgroup near Homevale and farther north, are 
generally similar to the Big Strophalosia Zone. The fossils are slightly worn, 
the strophalosid valves, at least, are separated, and the species are mixed 
together, though individual species generally predominate in particular bands; 
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these facts suggest that the fossils have been transported a short di~tance. 
Most of these coquinites lack the uniform size sorting which is characteristic 
of the three named coquinites, but they do contain pebbles and scattered 
angular ·clasts. 

Coquinitic beds, ranging from 15 cm thick to a maximum of 33 cm 
in the Big Strophalosia Bed occur throughout the Back Creek Group on th~ 
western flank 'of Connors ArCh. Their relative stratigraphic pOSitions can 
be determined accurately and, as they contain most of the species found 
in the Back Creek Group, they have provided most of the data on which the 
faunas have been subdivided into Faunas n, In, and IV. Their stratigraphic 
relationships and lithological similarity indicate that the faunal subdivisions 
reflect evolutionary development as well as environmental changes. The 
continuity and completeness of the faunal and stratigraphic sequence in 
this area permits isolated faunas from sediments of diverse depOSitional 
environments in.other parts eotth~. basin to b~ aeeiglled_.with confidence to 
a particular faunal subdivision. 

Paralic Province 

The silty Blenheim Subgroup in the northern .part of the Collinsville 
Shelf grades to the southwest into the sandy sequence of the paralic province. 
In the north the p.aralic sediments are exposed south of the Bowen River, 
but farther south they are covered by Tertiary sediments or crop out 

. sporadically between expanses of..Cainozoic alluvium. The. main area of 
outcrop on the Capella Block, extends from near the Peak Downs Highway 
to east of Capella. The sequence consists of a lower unit of silty sandstone 
and siltstone with a basal conglomerate; it includes the Strophalosia 
clarkei bed near the base and a higher coquinite, the 'pelecypod bed I near 
the top. The S. clarkei bed is a probable time-equivalent of the Big 
Strophalosia Zone and may be' continuous with it; it occurs nearer the base 
of the subgroup than the Big S. Zone, which suggests ~at the basal beds 
of the subgroup became appreciably younger' as it trarisgressed to the west. 
On the Capella Block, the Blenheim Subgroup rests unconformably on pre
Permian rocks and overlaps the lower subgroups of the Back Creek Group. 
The lower unit was depOSited in a shallow advanCing sea. The abundance, 
in places, of large blocks in the basal conglomerate and the irregular 
distribution of. the subgroup indicate the irregularity of the surface transgressed. 

The upper unit ( the 'Passage Beds' of Reid, 1924) on the Capella 
Block consists of cross-bedded quartzose sandstone with interbeds of 
siltstone and minor coal seams; it is much thicker than the lower unit. It 
contains plant and wood remains but no marine fossils, and was possibly 
deposited in fresh water. It appears to lens out to the south near Stephens 
Creek. 
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The lower unit thickens greatly at the southern margin of the 
Capella Block, where it is overlain by the German Creek Coal Measures 
and apparently grades laterally into the Maria Formation of the Comet . 
Ridge *. . 

The German Creek Coal Measures were probably laid down during 
the same regressive phase as the 'Passage Beds' farther north, but the 
lateral relationships are uncertain. The German Creek Coal Measures 
were laid down in a marine and at times brackish delta which overlapped 
the silty Maria Formation. The basal·beds of the coal measures appear 
to be lateral equivalents of the sandy upper part of the Peawaddy Formation, 
including the Mantuan Productus bed. The distribution of the coal measures 
is shown in Figure 14. 

The boundary of the German Creek Coal Measures coincides with 
the southeast margin of the Capella Block. The southern part of the block 
is covered by a thin sequence of Permian sediments,comprising 60 to 
90 m of the lower unit of the Blenheim Subgroup dis conformably overlying 
equivalents(?) of the Aldebaran Sandstone near the eastern margin. In 
the Norwich Park 1 well, 6~ km west of the eastern edge of the block, 
the sequence consists of about 135 m. of possible Aldebaran Sandstone 
below about 45 m of basal Blenheim Subgroup. This thin veneer of gently 
folded basal Blenheim Subgroup sediments dips east and south parallel to 
the regional fall of the topography. At the edge of the block the regional dip. 
steepen,s, slightly and the sequence thicken~. The Maria Formation, which 
is the lateral equivalent of the basal p3;rt of the Blenheim Subgrpup on the 
Comet Ridge, is about 2~5 m thick in the Cooroorah 1 well 24 km southeast 
of the edge of the shelf. 

The palaeontological data suggests that the basal Blenheim Subgroup 
unit is the lateral equivalent of the complete· Maria Formatio.n. The 'pelecypod 
bed' at the top of the unit is _considered to be a correlate of a coquinitic . 
sandstone in the basal beds or'the Oerqla1.1 Creek Coal Measures. Only 
a thin veneer of sediment was laid down on the Capella Block, while a much 
greater thickness was deposited to the east on the Comet Ridge. The style 
of folding on the Capella Block consists of ver.y low=amplitude drape structures, 
quite different from the sinuous anticlines and synclines of slightly greater 
amplitude on the Comet Ridge. The thin sedimentation can be related to the. 
relatively small subsidence of the underlying basement. block which also 
controlled the style of folding. . 

* An alternative . correlation is discuss~d in Devine .& Power (1967) 
and Dickins & Malone (1968). . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
-'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The thin basal unit of the Blenheim Subgroup extends throughout this 
belt of outcrop on the Capella Block. In the -north the basal beds are overlain 
by the thick but areally restricted 'Passage Beds'. The style of folding 
is consistent throughout this belt which is underlain by part of the tectonically 
stable Clermont Stable Block. The 'Passage Beds I represent freshwater 
sedimentation on the block, and they may be replaced by marine sediments 
of the same age to the east beyond the basement block. -

Comet Ridge-Folded Zone 

The Maria Formation is recognized only on the Comet Ridge. 
Lithologically, it resembles the lower part of the Peawaddy Formation, 
and to some extent the lower part of the Blenheim Subgroup in the luUte/ 
quartzose arenite province. The arenites in the Maria Formation are 

'" __ mainly~-quartz-poel1lithic sandstene, unlike those inthenorthern~part-of~-
the basin. However, the Maria Formation is probably continuous with the 
Blenheim Subgroup in the north. Outcrops of the Blenheim Subgroup in the 
Folded Zone are mainly time equivalents of the German Creek Coal 
Measures. They consist of interbedded worm-tracked cross-bedded sublabile 
sandstone, micaceous siltstone, carbonaceous mudstone, and widespread 
thin sandy coquinites. The coquinites are correlated with those near the 
base of the German Creek Coal Measures, and are approximate correlates 
of the Mantuan Productus bed, th~}{/i?elecypod bed' and the Streptorhyncus 
bed. The sediments resemble the upper part of the Blenheim Subgroup in 
the northern part of the basin, but the arenites contain a greater proportion 
of lithic grains. The lithic material may have come from the provenance 
area of the Boomer Formation. The subgroup in the Folded Zone may 
represent a mixture of material from th~ southeast, north, and west. No 
coal seams have been recorded, and presumably it wa~ laid down in a 
shallow marine environment. The contact with the overlying Blackwater 
Group may be transitional. 

Depositional Tectonics 

rt1 
The Blenheim Subgroup is the most widespread unit of the Back Creek 

Group, and of the entire Bowen Basin sequence. It was laid down during a 
major marine transgression which culminated some time after deposition 
of the Blenheim Subgroup began. Thereafter, the sea gradually regressed and 
finally withdrew or was cut off from the basin about the end of Blenheim 
Subgroup time.b>' 
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The marine transgression was initiated by slow regional subsidence 
which gradually spread fafther inland. In the deeper water environment 
in the northern part of the basin and the Denison Trough marine sedimentation 
was continuous or almost continuous during the late Lower Permian, and may 
have continued into the Upper Permian. On the stable block in the southeastern 
part of the basin, which was a land area of low relief during the late Lower 
Permian, a thin veneer of the neritic sediments (Oxtrack Formation) was .. 
now laid down. Thereafter, subsidence proceeded more rapidly in the east, 
and the predominance of fine~grained epineritic sediments indicates that the 
rate of subsidence generally kept pace with or exceeded the :rate of sedimentation. 

The area of major subsidence is partly indicated in Figure 14, 
but has been distorted by late Permian and later uplifts in the east. It 
probably extended much farther east across both the Connors a..nd . Auburn 
Arches. The sediments indicate a landmass to the east near Rockhampton. 
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the lutite province, and extended south of the Rockhampton landmass' across 
the Yarrol Basin. Certainly, any land bounding the lutite province was well 
east of the outcrop belt on the west flank of the Auburn Arch. Reconstruction 
of the Upper Permian palaeogeography of the basin obviously involves the 
areas ·to the ea~t and south, and cannot be attempted at this stage. 

The Rookwood Volcanics are re~tricted to the Gogango Overfolded 
Zone which was the site of maximum early Upper Permian sedimentation. 
The Overfolded Zone lies between the mOl-estable Connors and Auburn 
Arches, and was the site of maximum subsidence followed by uplift and 
deformation. The igneous intrusions in the· Overfolded Zone were emplaced 
about the middle of the Upper Permian, probably during uplift and folding. 
The orogeny was possibly accompanied by uplift of the Connors Arch and, 
to a lesser extent, of the Auburn Arch which cut off the Bowen Basin from . 
the sea. The deposition of the Blenheim Subgroup was followed by freshwater 
sedimentation. The change from fossiliferous marine sediments to plant
bearing freshwater sediments is generally very sharp. In the Folded Zone, 
the boundary is transitional, and deposition possibly continued throughout a 
transition from a marine to brackish and finally to a freshwater environment. 
The difference in the eastern provenance areas of the Blackwater Group 
was probably due to uplift .. In the west the provenance areas were probably 
not greatly different .. 
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PERMIAN ROCK UNITS OF THE EUNGELLA-CHACOW MOBILE BELT 

In the map area the Youlambie Conglomerate and Rookwood Volcanics 
occur only in the Eungella-Cracow Mobile Belt. The early Lower Permian 
Youlambie Conglomerate is part of the Yarrol Basin sequence which extends 
westwards into the Bowen Basin. The Hookwood Volcanics of probable early 
Upper Permian age rest unconformably on the Youlambie Conglomerate, 
and interfinger with and are overlain by the Boomer Formation. They 
were erupted during a period of submarine vulcanism in the strongly 
downwarped eastern extension of the Bowen Basin. The two formations 
are summarized in Table 11. 

The Youlambie Conglomerate is probably a time equivalent of the 
Lower Permian sediments of Quail Island which are similar in gross 
lithology. Possibly it may be equivalent to and continuous with the upper 

.. partoftp.e TQ.rsdale Beds. The few fossils in the Youlambie Conglomerate 
..... indicate· that it was deposited. afthesame -Uine-as tfi·e CarmilaBedsor--

the lower part of the Back Creek Group, but the stratigraphic relationships 
between them are not known. The Youlambie Conglomerate may represent 
the western margin of Lower Permian marine sedimentation in the Yarrol 
Basin, which was separated from the Car mila Beds and Back. Creek .Group by 
a ridge of Connors Volcanics and Rannes Beds. Alternatively, the Youlambie 
Conglomerate may have been continuous with part of the Car mila Beds or 
lower part of the Back Creek Group; the connexion may be buried beneath 
or included in the Hannes Beds, or possibly was removed by erosion. 

Uncertainty about the stratigraphic position of the Hannes Beds has 
hindered un~erstanding the stratigraphy of the Gogango Overfolded Zone. 

Unnamed Lower Permian 

Quail Island, immediately east of Long' Island, is occupied by at 
least 4500 m of Lower Permian siltstone containing ferruginous concretions, 
feldspathic sandstone, ahd lithic conglomerate. The sequence overlies the _ 
Neerkol . Formation though the contact has not been observed. Lower Permian 
sediments were tentatively identified on the mainland, south of Quail Island, 
where they are possibly faulted against Lower Palaeozoic metamorphics 
(see Fig. 6). 
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The Lower Permian rocks of Quail Island contain a marine fauna 
and can probably ,be correlated with the Youlambie Conglomerate (see 
Kirkegaard et aI., in prep). 

Hookwood Volcanics 

The Hookwood Volcanics have been defined and described by Malone 
et al. (1969). The formation consists mainly of ,spilitic pillow lavas with 
some agglomerate, volcanic breccia, and chert, and a little tuffaceous 
sandstone and siltstone. The pillow structures are well developed. The 
pillows range from 15 cm to 1 m in diameter and have a thin fine-grained 
skin and radial cracks; some have a'thin vesicular layer beneath the skin. 
The pillow lavas grade in places into agglomerate and breCCia, and in 

places they are si~~cified. 

The Rookwood Volcanics are essentially massive. The contacts are 
not well exposed, but their regional distribution indicates that they rest 
unconformably on the Rannes Beds, Silurian-Devonian rocks, the Yarrol 
Basin sequence, and the Yotila:mbie Conglomerate, and are overlain by, 
overlapped by, and interfinger with the -Boomer Formation. In the Fitzroy 
Rive'r, the contact with the Boomer Formation appears to be conformable .. 
In the Boomer Range, the Boomer Fo~mation sediments are interbedded 
with thin flows of pillow lava restingoh Silurian~Devonian rocks; , 
elsewhere the sediments have overlapped the volcanics and directly 
overlie the Silurian-Devonian rocks. 

The Rookwood Volcanics are intruded by a granodiorite stock," 'which 
has been isotopically dated at about 240 m.y. Near their contact the Hookwood 
Volcanics and the Hannes Beds are intruded by gabbroic stocks which may 
represent two of the vents from which the spilites were extruded. 

The Rookwood Volcanics apparently consist of several thick overlapping 
lenses of spilitic volcanics, rather than a single extensive sheet. A thickness 
of more. than 900 m w;ls estimated on the southwest flank of the Craigilee 

.: " . . . 

Anticline, based on the dip of the underlying and overlying units, but are very 
thin over the inlier of Silurian'::Devonian volcanics 45 km north-northeast 
of Duaringa where their, distribution was possibly partiy controlled ,by the 
topography. ' 
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The Rookwood Volcanics were possibly contemporaneous with the 
intrusive serpentinite near Marlborough, just north of the most northerly 
exposure of volcanics. The volcanics are confined to the Gogango Overfolded 
Zone, where strong subsidence took place in the early Upper Permian.' The' 
subsidence may have been mainly the result of faulting, and it is possible 
that extrusion of the Rookwood Volcanics was localized by the faults. 
Certainly, faulting played an important part in the emplacement of the 
serpentinite and in the uplift of the Marlborough Block. 

BLACKWATER GROUP 

. The Blackwater Group was deposited in much the .same trough as 
the' Blenheim Subgroup, but apparently did not extend east into the .Gogango 
Overfolded. Zone (see Fig~ 16). Maximum sedimentation was localized at 
the northern end of the-trough where up to-2100"m of sediments were~ . . 

deposited. This represents a major change in the pattern of subsidence 
and sedimentation which prevailed during deposition of the Blenheim 
Subgroup. In the west, the Blackwater Group extended as far as the Blenheim 
Subgroup transgression, but in the north it possibly did not extend. so far 
west. . 

The Blackwater Group is divided into three formations on the Comet 
Ridge: ~lIld into two formations in the Baralaba-Cracow area; elsewhere the 
group has not been subdivided. The stratigraphy is briefly described in 
Table 12. Typical well and outcrop sections, illustrating the lateral variations, 
are present~d.in Figure 17. 

The· Hangal Coal Measures at the top of the sequence in the type area 
of the group are probably widely distributed. The remaining formationS 
of the group vary from area to area, particularly from south to north. 
The thick sequence in the north probably consists of thick lateral equivalents 
of the same formations as on .the Comet Ridge, but other formations are 
possibly. present .. In both areas, the Blackwater Group is structurally conformable 
on the youngest part of the Blenheim Subgroup. The contact is generally sharp 
in the 'north, but in 'place~ on the Comet R~<:ig~ and in the Folded· Zone nearby 
it appears to be transitional. There is no evidence of uplift ;:tnderosion between 
the Blackwater Group and Ble~eim Subgroup, but there may have been 
a brief hiatus. The Blackwater Group. is overlain by the Rewan· Formation. 
on the Comet Ridge and in the north. The contact is locally disconformable, 
but is generally transitional and is probably diachronous within a limited 
time range. .. . 
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The relationships of the Blackwater Group in the Baralaba~Cracow 
area are similar to those on the Comet Ridge. The group is structurally 
conformable on the Flat Top Formation, and the contact may be transi~ 
tional. The gradual reduction in the number of marine fossils towards the 
top of the Flat Top Formation suggests that the water became progressively 
fresher. The Rewan Formation appears to rest conformably on the Blackwater 
Group, but the presence of a thick basal pebble conglomerate suggests that 
they may be unconformable. The contact is too poorly exposed,to determine 
the precise relationship. The formations in the Baralaba~Cracow area are similar 
to those in the type area. The Baralaba Coal Measures at the top are similar 
to and probably continuous with the Rangal Coal Measures. The volcanic member 
at the top of the Gyranda Formation is comparable with the Burngrove 
Formation, though it is much coarser in grain, probably becau.se it was 
closer to the volcanic source. The Gyranda Formation volcanic member contains 
medium to coarse-grained tuffs, some of which contain biotite; the Burngrove 

Formation consists mainly of fine ashstone. Thelower part of the GYl'anda , 
Formation dtlfers considerably from the~Fair -iiii:f FO!,Olation,~ and they were 
probably derived from different provenance areas. 

The Blackwater Group in the Denison Trough and in the western part 
of the basin is less than 150 m thick. It consists mainly of coal measures 
underlain by a thin sequence of fine to coarse conglomeratic sandstone and 
a thin cherty tuffaceous(?) bed containing many fossil logs. The group is 
dis conformably or in places unconformably overlain by the Rewan Formation, 
and is probably dis conformable on the Black Alley Shale. 

The thick sequence in the north is partly illustrated in Figure 16 
(near Nebo). The sequence .can probably be subdivided (see Jensen, 1968). -' ' 
The sequence from the base upwards consists of 450 m of lithic sandstone, 
which is mainly calcareous and pebbly, with bands of conglomerate and 
interbeds of mUdstone near the top. The basal sandstone is overlain by a 
poorly exposed sequence; about 420 m thick, which includes tuffaceous and 
muddy lithic sandstone 'and siltstone, chert, and hornblende diorite sills. The 
next unit is about 600 m thick. The lower part consists mainly of brown 
carbonaceous mUdstone with thick interbeds of muddy labile sandstone and 
sandy limestone; the upper part is poorly exposed, and outcrops consist mainly 
of sandstone and limestone with thin interbeds of mUdstone. The upper part 
of the group is about 520 m thick. It consists of calcareous pebbly labile 
sandstone, with conglomerate bands, sandy limestone, mudstone, Garbonaceous 
shale, coal, cherty fine tuff, and tuffaceous sandstone. The Hthology of the 
Blackwater Group in the type area is similar to that in the north, but the 
sequence is different. For example, the fine cherty tuff beds with abundant 
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plants are generally confined to the Burngrove Formation in the type area, 
but in the north they occur throughout most of the group. For this reason, 
and because of the greatly increased thickness, it is not possible to 
correlate the formations in the type area with those in the north. Considerable 
drilling will be required to trace the formations from the type area on the 
Comet Ridge along the Collinsville Shelf and into the Nebo Synclinorium to 
the north where the thickest sequence is located. 

The whole of the Blackwater Group was apparently deposited in a 
non-marine, mainly fluvial environment. Locally, the sediments were laid 
down in lakes or swamps, and towards the end of sedimentation coal 
measures were deposited in an extensive system of swamps and sluggish 
rivers. Coal is most abundant in the upper part of the group, but thin seams 
occur in the Burngrove Formation and local thick seams are present near 
the base. 

I 

Calcite is abundant inthEfBlacKwater Group:o It"occurs as matrix-or"
cement in-the calcareous sandstone and siltstone, or as sandy or silty 
limestone. The abundance of calcite in this type of environment seems 
unusual. The arenites in the Blackwater Group, particularly in the north 
where calcite is most abundant, contain mainly plagioclase grains and 
fragments of volcanic rocks and were derived from a volcanic provenance 
area. The calcite in the sediments was probably derived from the same volcanic 
source, and was probably formed during diagenesis of the volcanics. The 
Connors Arch is considered to have been the main provenance of the Blackwater 
Group in the north. Some of the calcite in the Blackwater Group may have 
been derived from the Lower Permian and older volcanics, but some of the 
volcanic detritus was provided by contemporaneous vulcanism. 

The Blackwater Group contains an abundant and varied fossil flora, 
which -indicates a Permian to Lower Triassic age. The lower age limit 
is fixed by the early Upper Permian (Kazanian) marine fauna in the Blenheim 
Subgroup. The Blackwater Group is probably entirely Upper Permian. The 
spore assemblage in the Blackwater group is distinctly different from that 
in the overlying Rewan Formation, and the break may coincide with the 
Permian-Triassic boundary or may have taken place late in the Upper Permian. 

Biotite from a tuff at the top of the GyrandaFormation has been dated 
isotopically at about 240 m.y. (Webb & McDougall, 1967), which is about the 
same age as many of the igneous intrusions farther east. This date is ' 
regarded as late Upper Permian by Webb & McDougall who suggests 235 
m.y. as the geochronological age of the Permian-Triassic boundary. 
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Depositional Tectonics 

, 

The Bowen Basin was probably cut off from the sea by uplift of the 
Eungella-Cracow Mobile Belt. The amount of uplift probably increased from 
south to north, and the Connors Arch and Gogango Overfolded Zone rose 
more than the Auburn Arch. This is reflected in the changes in sedimentation 

from the Blenheim Subgroup to the Blackwater Group in different areas. 
In the north, quartz-rich moderately deep-water ~arine sediments, mainly 
lutites, are succeeded by labile freshwater sediments which include 
considerable conglomerate near the base. Most of the labile sediments in 
the Blackwater Group were probably derived from Lower Permian and 
older volcanics on the Connors Arch, but some of the detritus was provided 
by contemporaneous vulcanism. In the south, the youngest sediments of the 
Blenheini Subgroup were possibly deposited in a transitional environment 
where only slight uplift was required to complete the transition from marine 
to fresh,wate,r.The basal BlackwaterGroup~sedimentsconsistmainlyof ~ 

fine-grained lithic sandstone overlying a dominant~y lutite sequence; the 
change indicates a slight rejuvenation of the provenance areas. The composition 
of the sediments was not greatly altered, and there was probably no major 
change in provenance areas. The thick sequence of the Blackw~ter Group 
in the north and the sporadic vulcanism indicate tQ,at this, was the area of 
greatest tectonic activity. There is abundant evidence that the sediments . 
in the north were laid down by strong fluvial currents. The structure of ~he 
Permian sequence indicates that the Connors Arch was uplifted farther 
than the Auburn Arch. The Back Creek and Blackwater Groups dip west 
off the Auburn Arch at no more then 30°; they generally dip southwest off 
the Connors Arch at 45° or more, but iI)' plac~s they are vertical or overturned. 
Much of the uplift took place after the Permian. 

The sedime~ts in th~ Gogango Overfolded Zone were probably folded 
and uplifted about the start of Blackwater Group time, possibly in response 
to the same tectonism which uplifted the Connors Arch; some uplift in the 
Overfolded Zone or to the east must have taken place at this time to cut 
off the Bowen Basin from the sea. The BlackwaterGroup does qot extend 
into the Overfolded Zone. This may be due to erOSion, but possibly the group 
was never deposited in the area. The predominant Upper Permian isotopic 
age of the igneous rocks intruding the Gogango .overfolded Zone and the 
area to the east suggests an Upper Permian age for at leas.t one pulse of 
orogeny which affected the Eungella-Cracow Mobile Belt .. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-81-

Most of the southern part of the Bowen Basin was the site of slow 
steady subsidence and accumulation of sediments . .The sequences deposited 
east and west of the central part of the basin have been removed by 
erosion, except in the west where the lower part of the .group is very thin. 
The upper coal measures are better developed, and possibly, by" that time, 
the rate of sedimentation exceeded subsidence and extensive shallow lakes 
and swamps were formed. 

PERMIAN PALAEONTOLOGY AND CORRELATION BASED ON 
MARINE INVERTEBRATES 

The fossils early aroused interest: in 1845 Leichhardt (1847) found 
masses of coniferous wood associated with coal measures in what has now 
become known as the Bowen Basin, and Clarke (1862) recorded marine 
invertebrates. In correctly !"e(!ognizing their P~l'mi~IL~g~by~c~Qmp~ri~pn 

with Uie~Magriesiari Limestone-of England,· Clarke was ahead of his time. 
Daintree (letter in Clarke, 1867, p. 11) reports marine fossils and the plant 
Glossopteris. Fossils were first described by Etheridge Snr (1872) from 
collections made by Daintree. This and subsequent descriptions of the 
invertebrate marine fossils as well as current work are referred to in the 
appendices prepared by ·one of us (JMD) for the Reports on the 1 :250,000 
Sheet areas. Work on the floras is referred to in papers by Mary E. White 
(macroplants) also in appendices in the Reports, and Evans (1969) 
(palynology) . 

Teichert (1951) recognized a Western Australian faunal province and 
~astern Australian province. The faunas from the Bowen Basin belong to 
the eastern Australian faunal province along with those from the rest 
of Queensland, New South Wales, Tasmania, and the recently described. 
faunas from New Zealand (Waterhouse 1958, 1963a, b, c, d, 1964, 1965a, b, 
Waterhouse & Vella, 1965). The flora is representative of the Glossopteris
Gangamopteris flora. 

Foraminifera, corals, blastoids, crinoids, ammonites, and ostracods, 
although locally abundant are on the whole poorly represented. No fusulinids, 
conodonts, or colonial corals have been found, and trilobites are rare. 
Foraminifera are represented mainly by arenaceous forms (Crespin, 1958). 
Crinoids are restricted to a few genera. On the other hand polyzoans, 
brachiopods, pelecypods, and gastropods are richly developed in numbers 
and species. Although these groups show closer relationship with the 
Western Australian province than they do with New South Wales (Dickins, 
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in press), they show a strong indigenous easte'rn Australian aspect. Tracks 
and burrowings are common. Vertebrates are very poorly represented: 
fish are rare and apart from possible tracks (Malone et aI., 1969) . 
amphibians or reptiles have not been recorded. Some species of brachiopods 
and pelecypods attain an uiltis~ally large size. ' 

Whatever other interpretations can be placed on the pecularities of 
the fauna, the absence of fusulinids and colonial corals, the limited numbers 
of ammonites, and the indigenous developments i~ other groups suggest 
absence of warm water and the perSistence of cool water conditions at 
least into the Upper Permian at the end of Back Creek Group time. The 
more recent evidence supports Teichert's (1950, p. 207) contention that a 
marked amelioratio.n in climate occurred in early Artinskiantime because 
the only ammonites' are in rocks of this age and at one-locality (Homevale) 
are relatively abundant (Armstrong,Dear, &,.Runnegar, 1967). 

The,plants are characteristic 'of the Gangamopteris=Glossopteris 
flora with its distinctive associated microflora (Balme ~962, 1963). In 
the Springsure area the Gangamopteris-Glossopteris flora in the Reids 
Dome Beds marks a distinct floral change from the Rhacopteris flora in 
the underlying Joe Joe Formation.(White, appendix in MoHan et aI., 1969). 
Although it has been suggested that Gangamopteris does not occur in the Upper 
Permian (e.g. Plumstead, 1962, p. 113), White (appendix in MoHan et al., 
in prep.) has identified Gangamopteris-cyciopteroides F.eistmantel in the 
Gyranda Formation. The Gyranda Formation in a general way is equivalent 
in age to the Tomago and Newcastle Coal Measures of New South Wales 
and the evidence for its Upper Permian age seems clear. Taeniopteroid 
leaves have been rec()rdedby' White (appendix in Malone et aI., 1969),.but 
the Glossopteris flora does not. persi'st : above the Blackwater Group and is , 
entirely absent from the Rewan Formation. 

Palaeoecological Setting 

Clastic sediments make up a large part of the Permian sequence. 
Limestones are rare and where present generally impure. Many of the rocks 
are derived from an igneous terrain and volc~nic flows and pyroclastics 
are present. Reefs are entirely unknown and, whatever effects the clastic 
sedimentation may have' had 'on their development, the factors discussed in 
the previous section indicat~ cool water conditions unsuitable to reef growth. 

, '. 
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The basin apparently' represented an unstable trough with sharp, and 
at times high, relief in the hinterland; deltas and swamps formed at the 
margins in times of slow sinking. 

During the middle of the Permian the sea entered the basin; in the 
early stages there was perhaps a wide embayment which later became 
restricted to east and south. During this time coal swamps were formed 
around the margins. Wet conditions are indicated by swamps and remnants 
of rich vegetation and extensive forests. In suitable conditions prolific 
marine life flourished, on occasions to be killed and swept into deeper water 
by torrents from flood run-off or violent earth movements. At times life 
was inhibited by the depth of water or the floods of detritus. Volcanoes were 
active, killing off the animals and plants and supplying detritus to the sinking 
trough. Ice may have been present on the hinterland, with floating ice 
derived locally or from outside. By the late Permian the sea was cut off 
by the rising mountains on the east. 

As described for Western Australia (Thomas, 1958, p. 26; Dickins, 
1963, p. 25) the pelecypods are commonly associated with sandy sediments 
whereas brachiopods and pelecypods are associated with muds. 

Faunal Subdivision and Correlation 

Stratigraphical discrimination of the faunas was apparently first 
attempted by Whitehouse (appendix 1 in Reid, 1928, p. 286). He concluded 
that in the Clermont area, on the western side of the basin, older faunas 
of the basal Middle Bowen in the Mount Britton area and of the Yatton 
Limestone of the eastern side of the basin were absent. The regional 
survey of the basin has confirmed his conclusion. Work on the stratigraphtcal 
distribution of the faunas was carried further by Hill (1950, 1957), Campbell 
(1953, 1959, 1960, 1961), and Maxwell (1954). 

When the regional survey was initiated palaeontological work was 
undertaken as an integral part of the programme. 

During the first year of the survey, the faunas of the thin sequence 
on the west side of the basin in the Clermont area, were compared with 
those from the thicker sequence in the east (Dickins in Malone et aI., 1964, 
and in Veevers et aI., 1964b). Four stratigraphically discrete, faunal 
assemblages were distinguished in the east, Faunas I, II, III, and IV, from 
oldest to youngest. Only Fauna IV was represented in the western part of the 
basin, where the sequence overlies the carboniferous rocks unconformably. 
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In the following year, on the basis of additional information, it became 
apparent that the four faunas, each corresponding to one-or several fossil 
zones, were characteristic of four distinctive rock units, namely the upper 
part of the Lizzie Creek Volcanics and the Tiverton, Gebbie, and Blenheim 
Subgroups of the Back Creek Group. 

In the ensuing work it has been found useful to develop this scheme and 
Fauna In has been subdivided into Faunas III A, B, and C. A somewhat 
unexpected result has been the applicability of the scheme to a greater or 
lesser extent to New South Wales (Brown, Campbell, &'-Crook, 1968; 
Dickins, 1969; ,Runnegar, 1967a, b) and Tasmania (Brown et al., 1968; 
Runnegar, 1967a, b). On the basis of Waterhouse's work, the scheme can 
apparently be applied also to New Zealand. 

The species and genera found in each of the faunal subdivisions are 
discussed' in the reports on the sheet areas and in Dickins et al. (1964). 
The oaccompanying chart (Table.13) shows the species identified from the 
various parts of the basin. Th(3 taxonomic identifications aI'e those used 
in the Reports. The following have been shown separately in the chart in 
order that their relationship can be specially examined: the probable 
Fauna I of the basal part of the Stanleigh Formation of the Springsure area. 
The faunas of the Ingelara Formation and the Catherine Sandstone, the fauna 
of the probable equivalent of the Ingelara Formation of the Folded Zone, 
and the fauna of the Oxtrack Formation. 

The progressive change in the faunas is shown very clearly in the 
chart and' not more than one or two species, if any at ali, range through 
the whole sequence. The very marked change between Fauna II and Fauna III 
is shown - of the 74 species tabulated for Fauna II, only 26 are recorded 
higher in the sequence. Fauna IV is marked by the incoming of many species 
not recorded below rather than by the absence of species from lower levels -
of the 83 species recorded in Fauna IV (excepting those from the Oxtrack 
Formation), 38 only are recorded below. 25 species from 62 species recorded 
from Fauna III, however, do not extend in the Fauna IV. 

The fossils are, of course, from a large number of localities, at 
which many rock types and environments are represented. Laterally (Le. 
in lateral equivalents) the fossils are found in siltstone, sandstone, mudstone, 
limestone and other rock types. Vertically in the sequence the different rock 
types and environments are represented at different levels. This gives an 
assurance that the changes (which are in part evolutionary) do reflect changes 
with time and can be 'Used with confidence' for time-correlation within the 
basin. Indeed the identification of these assemblages in areas outside the 
basin not only confirms this conclusion but shows they are valid for time": 
correlation, for the greater part, throughout eastern Australia and New Zealand 
(for application to other parts of eastern Australia see Runnegar, 1967a). 
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Although only a few species distinguish Fauna I from Fauna II and 
its merit outside the basin seems doubtful, it does seem to have some 
value in distinguishing the earliest marine horizons within the Bowen " 
Basin. The recognition of Fauna I in the lower part of the Stanleigh 
Formation is dependent on the slim evidence provided by the presence 
of an Aviculopecten with unspecialized ribbing. 'Megadesmus' cf. antiquatus, 
referred by Runnegar (1967b) to Pyramus concentricus? is now apparently 
known also from Fauna II at Homevale (B. Runnegar, pers. comm.). The 
identification, however, of Fauna I in the Stanleigh Formation fits the other" 
geological evidence that the earliest part of the marine sequence in the 
Springsure area was coeval with the final phases of the volcanic activity 
of the Lizzie Creek Volcanics. 

The time relationship between the Ingelara Formation, Catherine 
Sandstone, and Oxtrack Formation poses a more complex problem especially 
as both the Catherine Sandstone and Oxtrack Formation cont~JILa_r~!~t!Y_~ly ___ . . .. ... small fauiia.~·This~Ts consfderecrrn-cie[aireisewher~e--{DiC=kins, in -Mollan~- ------. --~~. 
et aI., 1969; in Mollan et aI., in prep.). The comparison of the faunas of the 
Ingelara and Peawaddy Formations from the Springsure area is particularly 
important. The two formations are similar in lithology and.a similar 
association of fossils is found. Detailed examination shows, however, 
that a number of species do not occur in common. Species which are found, 
in both, however can be put aside when a faunal comparison of formations 
is being made. For example in discussing the relative age of the Barfield 
Formation, which overlies the Oxtrack Formation, the similar rock type 
and environment to that of the Ingelara and Peawaddy Formations is 
r"eflected in a similar faunal association and a number of species are found 
in common. The species which do not occur in common are therefore 
of consequence in determining the time relationships. Here it seems 
sufficiently clear from Table 13 that the Oxtrack Formation (and Barfield 
Formation) contain species that elsewhere are not older than Fauna IV, 
and that the Catherine Sandstone (and" the Ingelara Formation) contain species 
not elsewhere restricted to Fauna IV. 

One difficulty in correlating the Ingelara Formation with the sequence 
in the northern part of the basin has been the predominance of the brachiopods 
in the lngelara Formation, in contrast to the predominance of the molluscs 
in the north. Important information on this question is afforded by the 
localities in the Folded Zone regarded as the Ingelara Formation equivalent. 
Here Ingelara Formation brachiopods are associated with Fauna III molluscs 
giving an indication that the Ingelara Formation fauna is a Fauna III and that 
the Ingelara Formation for example is older than the Oxtrack Formation and" 
otherformations of the Blenheim Subgroup which contain a Fauna IV (Dickins, 
in Mollan et aI., 1969). " 
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MIMOSA GROUP . 

The Mimosa Group consists of the Rewan .Formation, 'Clematis 
Sandstone, and Moolayember Formation (see Table 14; Figs 18, ,19, 20). 
The three formations constitute a lithogeneUc unit of group rank. In 
most places the contacts are conformable, and where the sequence 'is well 
developed they are generally transitional. They'were laid down in muc~ the same 
depositional' area and in similar environments: ';l'he group ~()ns,ists of a 
thick pile of mudstone and labile clastics with thequart,zose Clematis Sandstone 
in the middle. The Mimosa Groo.phasbeert separated from the IUackwater . 
Group because (i) the marked shift in '.the locus of maximum sedimentation . , .. 
and vigorous uplift of provenance areas to the southeast indicate a major 
change in the tectonic regime; (ii) the abundance of carbonaceou~ matter 

" • .' • '! ' .' . \. "" . .): ,. • 

and plants in the Blackwater Group and their comparative rarity in th~ 
Mimosa Grouprepresen1:s a major change in the environmeni or climate, 
or both; and (iii)becausedf the markeddifference1.ll gross lithology. . 

" . I . 

Rew~n' ForIrtation 

i i 

, . 

The Rewan ·Formationwas laid down about the- end of the Upper · . 
Permain mainly as the resultof renewedtectonism,accompanied by a 

shift in the- focus of tectonic activity from the northeast to southeast. 
/(-: ,," 

The distribution otthe Rewan F·ormation (Fig. 18) ,reveals a major 
shift in the locus of maximum sedimentation. The trough along'the eastern 
side of the basin is preserved, but maximum, subsidence and sedimentation 
took place at tb,e southern,end~ The type of sedimerits laid,downindicates 
vigorous uplift in, the southeast and 'south. In the southeast,. the basal-part 
of the Rewan· Formation contains beds of tuff and v6lcanolithic pebble 
conglomerate, ,and fragments of' volcanic rocks predominate in the··arenites. 
Quartz grains form only 5 to 10 percent of the arenites tn the lower part of 
the formation in the southeast, but constitute up to 50 percent of the rocks 
near the top. These ,changes reflect· a gradual decrease in tectonic activity 
and vulcanism. ;Several igneous intruSions to the east of the Auburn Arch 
have been, dated isotopically, at about ,220 m.y. (possibly late Lower, Triassic 
to Middle Triassic), and they may have been emplaced about the same time' 
as the Mimosa Group was ,laid down. _ As in the case of the mid- Upper -Permian 
orogeny,. the isotopic ages suggest that the intrusions crystallized after 
uplift and sedimentation had begun. ~. 
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Seismic surveys across the Mimosa Syncline (Marathon, 1963) -
indicate that the greatest thickness of the Rewan Formation is on the 
east side of the Mimosa Syncline. The asymmetry of the Rewan Formation 
(see Fig. 18) is probably largely the result of post-depositional movements, 
although it was probably a depositional feature in part; presumably the 
depositional area extended slightly farther east on to the Auburn Arch. 

The Rewan Formation is much thinner to the west of the Mimosa 
Sxncline and consists mainly of mUdstone and fine sandstone, with some 
coarse and pebbly sandstone near the base. The arenites in the west 
contain more quartz than those in the Mimosa Syncline, but exhibit a 
similar increase in quartz content upwards. They contain a large proportion 
of volcanic detritus, though less contemporaneous volcanic material than 
in the southeast; they consist mainly of volcanolithic labile to sublabile 
sandstone. 

~--·--~A~premine'nt---pebbly~-coarse=lithic-sandstone,~the=Brumby~Sandstone=::-~~~~~-
Member, occurs near the base of the Rewan Formation west of the Mimosa 
Syncline. The member forms the base of the formation in places, but 
elsewhere overlies a thin basal sequence with slight angular unconformity. 
The western provenance area was apparently slightly rejuvenated, and 
the basal sequence of the Rewan Formation was tilted and eroded before 
the Brumby sandstone Member was laid down. The presence of recycled 
Carboniferous spores (Evans,' 1966c) in samples from low in the Rewan 
Formation also suggests rejuvenation of the western provenarice area. 

North of the Mimosa SynCline, near Blackwater, and in the northern 
part of the basin, the contact between the Rewan Formation and Blackwater 
Group is locally dis conformable and sharp, but apparently is more commonly 
transitional. Near Blackwater the basal sequence consists of lithic sandstone 
and siltstone known as the Sagittarius Sandstone Member. The red-brown 
mudstone, which is so characteristic of the·Rewan Formation in the south, 
is predominant only in the upper part of the formation in the north. The 
Sagittarius Sandstone Member and its equivalents farther north can be 
distinguished from the Blackwater Group by the absence of plant ~emains, 
coal seams, and carbonaceous matter. In the north, careful examination . : . 
is required to separate the topmost 30 m of the Blackwater Group, above 
the highest coal seam, from the overlying Rewan Formation. In the south, 
the boundary is quite sharp and probably dis conformable , and is defined by 
the presence of red-brown and green mudstone near the base of the Rewan 
Formation. In places, in the southwest, the Rewan Formation rests with 
angular unconformity on the Blackwater Group. 
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The Rewan Formation contains a great volume of red-brown mudstone 
which is not found in significant amounts in the underlying formations. 
The mudstone contains disseminated iron oxide as very fine red-brown 
spots-and filaments, which were probably deposited contemporaneously 
with the clay particles (Bastian, 1965). Because of the presence of ferric 
Oxide, depOSition in an oxidizing environment has been suggested but this 
alone does not explain the abundance of ferruginous clay. The green 
mudstone, which is also quite common, possibly contains ferrous iron. 

The presence of desiccation cracks in the mudstone indicates 
intermittent drying up of the lakes in which the mudstone was deposited, 
and the f~rric iron may have been produced by surface oxidation .. However, 
as the red-brown mudstone occurs in massive unbeddedunits up to 30.m 
thick with no trace of desiccated surfaces, it was presumably deposited under 
water. The thickness of the beds suggests that they were not deposited 
in very shallow water. Possibly the red-brown mudstone is the result of 
an abundant isupply- of clay-,particles spotted with disseminated ferric -oxide 
and the lack of carbonaceous material which could have led to the reduction 
of the iron .. A.-change in climate is the most likely cause of the abundance 
of fe~ruginous clay, which was possibly formed as lateritic soil. The 
abundance of red-beds of this age in eastern Australia, and in (act throughout 
the world, suggest that the controlling factors operated on a continental 
or world-wide scale and this would becomp~tible with a climatological. 
control. Most of the arenites in the Rewan Formation are trough cross
stratified, and they were probably laid down in an environment similar 
to that of much of the Blackwater Group. This also suggests that the change 
from the carbona~eous sediments of the Blackw~terGroup to the non
carbonaceous, oxidized(?) red-beds of the Rewan Formation reflects a 
general factor not confined to the area of deposition. 

Clematis Sandstone 

The Clematis Sandstone succeeded the Rewan Formation during a 
period when there was a temporary reduction in the intensity of tectonic 
activity. The increase in the· ratio of quartz grains to fragments of volcanic 
rock towards the top 'of the Rewan Formation in the southeast indicates 
the slac~ening of extrusive' activity, but not its end. The Clematis Sandstone 
in the southeast contains a Significant ,proportion of volcanic detritus and 
generally consists of volcanolithic sublabile' sandstone rather than quartzose 
sandstone; elsewhere quartzos'e sandstone is predominant and the sublabile 
sandstone was derived mainly from a metamorphiC provenance area. The 
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Clematis Sandstone is much more uniformly distributed than the Rewan 
Formation. The thickness ranges from about 100 m in the west to 300 m in the 
Mimosa Syncline, and to a maximum of 450 m in the north (see Fig. 19). 
The distribution of the formation indicates that the Mimosa Syncline was 
not subsiding as rapidly as during deposition of the Rewan Formation. The 
slower rate of subsidence and burial of sediment could explain the greater 
mineralogical maturity of the Clematis Sandstone, which is mainly quartzose 
to sublabile. The sediments were derived from much the same provenance 
areas as the Rewan Formation, but were possibly subjected to considerably 
more chemical weathering and reworking in the fluvial environment because 
of the slower rate of subsidence. Mechanical reworking was- not severe, 
however, as most of the quartz grains are of low sphericity. Most of the 
Clematis Sandstone consists of planar cross~bedded sandstone, probably 
deposited in braided river channels. The interbeds of -grey and white 
flaggy .siltstone probably represent deposition on short-lived flood-plains. 
Thin beds of red-brown mUdstone and bands of red and yellow ochre occur 
between -sets of cross-bedded sandstone in places; the mUdstone is identical 
with that in the Rewan Formation. 

Measurements of the cross~ bedding azimuths are presented on Figure 19. 
The Clermont Stable Block and the Connors Arch supplied sediment to 
the northern part of the basin. The sediment was transported southwards 
along the length of the basin~ probably by a series of braided river channels. 
The sediments are generally coarser in grain than farther south, and 
consist almost exclusively of cross-bedded sandstone. These sediments 
were originally called the Carborough Sandstone (see Malone et al., 1964, 
1966). They crop out about 160 km from the nearest outcrop of Clematis 
Sandstone, but are lithologically similar to the Clematis Sandstone and 
occupy a similar stratigraphic position. The cross-bedding measurements 
also suggest that the Carborough Sandstone was .laid down at the northern 
end of the Clematis Sandstone depositional area, and that the two formations;. 
were originally continuous. For this reason, the name Carborough Sandstone 
was regarded as a synonym of Clematis S~ndstone and was abandoned. 

The cross-bedding azimuths on the west limb of the Mimosa Syncline 
indicate that much of the detritus was derived from the southern end of 
the Clermont Stable Block. Measurements ~t the most southerly site 
reveal a northeasterly component, away from the southern block of 
pre-Clematis rocks outlined on Figure 19. Measurements on the eastern 
limb mainly indicate transport in a south to southeasterly direction, which 
suggests that the eastern margin of sedimentation probably extended farther 
east on to the Auburn Arch. In the south there is a strong westerly direction 
of transport. The sediments here contain the highest proportion of volcanic 
detritus, which was presumably derived from an easterly provenance area. 
The presence of beds of conglomerate in the Clematis Sandstone in the 
south suggests that the source area may have been fairly close. 



-90-

The effects of the eastern volcanic provenance were probably limited 
to the relatively small area where volcanic detritus is present in significant 
amounts in the Clematis Sandstone. Even in this area, a south-southeasterly 
direction of transport is recognizable. 

In the north, the Clematis Sandstone was probably laid down in the 
braided channels of a major river system flowing south along the length 
of the Bowen Basin. In the west the formation may have been depOSited 
in a tributary river system, but the presence of more fine sandstone and 
siltstone, which were possibly depOSited on flood-plains, suggests that 
the environment was different from that in the north. The section of the 
Clematis Sandstone in the Glenhaughton 1 well shows that finer sediments 
are also abundant in the southern part of the Mimosa Syncline.' Possibly 
the palaeoslopes were gentler in the south, so that the braided channel 
type of deposition in the north was succeeded by a more-normal fluvial 
environment of river-channel and flood-plain deposition. 

-~- -- "'-- ,.~- - - --'---

Moolayember Formation 

The Moolayember Formation transitionally succeeded the Clematis 
Sandstone with a progressive increase in the proportion of labile 
constituents and the reappearance of calcite inSignificant amounts in the 
arenites and to a lesser extent in the lutites. Calcite is abundant in the 
Blackwater Group arenites and is present in many of the coarse and 
pebbly arenites of the Rewan Formation, such as.the Brumby Sandstone 
Member, but is absent in the Clematis Sandstone. The calcite c'ommonly 
replaces feldspar grains and fragments of volcanic rock, but does not 
replace or ehcrust the quartz grains. The absence of calcite in the 
Clematis Sandstone may be related to th~ paucity of volcanic 'detritus. 

The abundance ot trough and planar cross-stratified labile arenites 
in the Moolayember Formation suggests depOSition in a partly fluvial 
environment which differed from that of the Clematis Sandstone in that 
rate of subsidence was greater and the sediments were buried with 
considerably less reworking. The presence of thick beds of polymictic, 
mainly volcanolithic, pebble and cobble conglomerate in the Moolayember 
Formation, particularly in the east limb of the Mimosa SynCline, testifies 
to renewed uplift of the southeasternproveriance areas. The Moolayember 
Formation (Fig. 20) is very thick along the ,axis of the Mimosa Syncline 
and thins rapidly to the west in contrast with the relatively uniform 
distribution of the Clematis Sandstone. The distribution of the Moolayember 
Formation resembles that of the Rewan Formation thougb the locus of 
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maximum sedimentation is farther west. The Rewan Formation was laid down 
during a period of vigorous uplift, intrusion, and vulcanism to the east or 
southeast of the basin, associated with linear subsidence in the Mimosa 
Syncline. The intensity of tectonism waned considerably in Clematis 
Sandstone time and was renewed during deposition of the Moolayember 
Formation. The last pulse of tectonism was· less .vigorous than that during' 
the deposition of the Rewan Formation and represents the final tectonic' 
activity in the Mimosa Syncline. The syncline is the only area of 
considerable subsidence within the Bowen Basin which has not been 
subsequently uplifted or folded, and substantially the Moolayember Formation 
in the syncline has not been disturbed since it was deposited. 

. The Moolayember Formation is generally finer in grain to the west 
and north; conglomerate and coarse arenite are confined to the east limb 
of the Mimosa Syncline. Quartz is more abundant in the west but this may 
be partly due to the finer grainsize. The Moolayember' Formation contains 
;!Jarge~proportion of .yellow-green swollen. and . .leached;biotite,=wliich=is·~--' 
rare in the Clematis Sandstone in the southeast. The most likely' source 
of the biotite is the granodiorite and other plutonic rocks of the Urannah 
Complex and other plutonic rocks to the east of the Auburn Arch. Biotite 
and its alteration products are abundant in the west limb of the Mimosa 
Syncline and for some distance farther west, but are less common in the 
west. West of the syncline, the formation contains less volcanic detritus 
and more fragments of sedimentary and metamorphic rocks; this reflects 
the distance from the eastern provenance area and the supply of materiai 
from provenances to the northwest and southwest (Bastian, 1965c). 

The mudstone in the Moolayembe'r Formation commonly contains 
plants and carbonaceous debris and locally grades into carbonaceous shale; 
thin coal seams occur in places. The red-brown mudstone of the Rewan 
Formation and Clematis Sandstone is absent. The presence of carbonaceous 
matter and the absence of the red~ brown mUdstone indicate that the 
Moolayember Formation was depOSited in a reduCing environment without 
la'~ge supplies of clay particles with adsorbed ferric ions. The fine grainsize 
and regular bedding of parts of the formation suggest that they were laid 
down in lakes, and the abundance of cross-bedding indicates the importance 
of traction currents, probably fluvial. The Moolayember Formation was 
probably laid down in a fluviolacustrine environment. The presence of 
acritarchs (Evans, 1964a), which possibly indicate brackish or marine 
conditions, in the formation possibly indicates occasional incursions of 
the sea . 
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Age of the Mimosa Group 

The ~acroflora jn the Moolayember Formation and Clematis 
Sandstone indi~ates a Triassic to Lower Jurassic age. The abundant 
microflora has been studied more closely, and provides an effective 
means of determining relative ages of the formations in the Upper Permian 
and Mesozoic sequence, including the Mimosa Group. However, the' 
correlation between the microfloral units and the geological time scale .. 
is ullcertain, and in particular, the pOSition of the Permian .. Triassic 
boundary is unknown (see Evans, 1964a). In practice, in the Bowen Basin 
the sharp break between the microfloral assemblages in the top unit of 
the Blackwater Group and in the Rewan Formation is regarded as marking 
the Permian-~riassic boundary. A similar microOoral change is 
associated with the boundary between the Newcastle .Coal Measures and 
the overlying Narrabeen Group whichjs accepted as the Permian .. Triassic 
boundary in the Sydney Basin.' No-representatives cofo the Glossopteris -.,.' _, 
flora are known above this horizon in either baSin, -but a thick florally 
barren sequence separates this horizon from the oldest sediments 
containing the Dicroidium flora. The Permian-Triassic boundary could .. 
lie within the barr~n sequence, that is within .the Rewan Formation in the: 
Bowen BaSin, but can be no lower if the Glossopteris flora is accepted 
as diagnostic. of the Permian. Referring to correlation with Western 
Australia, Evans (1964a) points out that the basal part of the Rewan Formation 
could be Upper Permian, but this is as yet unproved. The bulk of the formation 
is Lower Triassic. 

The b9.u~dary between the Lower, Triassic and the Middle Triassic 
is also uncertain. In the Sydney. BaSin, the Dicroidium flora becomes well 
established in what is regarded ~s a late Lower or ea~ly Middle Triassic 
formation. An appreciable microfloral change accompanies the establishment 
of the macroflora and this microfloral change is regarded as approximately 
marking the Lower Triassic to Middle Triassic boundary. In the Bowen 
Bas.in, this change comes above the .base of the Clematis Sandstone. Its 
position cannot be determined because.of poor pre.servation of spores ...... -
in this formation. This implies that the Rewan Formation is no younger, 
than the Lower TriaSSic and that the Clematis Sandstone· extends from 
Lower Triassic to Middle TriassiC. 

The Middle. Triassic to Upper TriaSSiC boundary cannot be recognized 
and the Moolayember Formation is regarded as Middle to Upper(?) Triassic 
in age. The upper limit on the age of the Moolayember Formation is set by 
the angular and erosional unconformity separating it from the overlying Lower 
Jurassic PreCipice Sandstone (Evans, 1964c). 
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Relationships of the Mimosa Group 

The Mimosa Group consists of a generally conformable sequence of. 
formations with transitional boundaries on the east limb of the Mi,mosa 
SynCline where the group is best developed. Farther west and southwest1 
where.. the..peripheral sediments are preserved, the sequence includes 
unconformities, disconformities, and overlaps. The angular unconformity 
above the basal part of the Rewan Formation in the Arcadia area has 
been mentioned. In the west the Clematis Sandstone overlaps the Rewan 
Formation and rests directly on the Blackwater Group. The overlap straddles 
the trend of the Nogoa Anticline in the pre-Permian rocks1 but it is not 
known whether the Rewan Formation was depOSited in the area, or whether 
it has been removed by erosion. Subsurface. data1 mainly from south of . 
the map area, reveal many areas on the west flank of the basin where the 
Rewan Formation is truncated beneath or is overlapped by the' Clematis 
Sandstone. This situation is less common on the east limb of the basin where 
the sequence is thicker. However, seismic data across the anticline on 
which the Wandoan 1 well was drilled suggest that the Rewan Formation 
is truncated beneath the Clematis Sandstone across the crest of the 
structure (Bastian &.Arman, 1965). This· fold apparently began to grow 
and to be eroded before deposition of the Clematis Sandstone, but also 
continued to grow afterwards and affected both the Clematis Sandstone 
and Moolayember Formation. 

The Clematis Sandstone penetrated in wells drilled to the south of 
the map area consists mainly of lutites with only a small proportion of 
sandstone. POSSibly, this area was occupied by. lakes into which flowed 
the rivers transporting the Clematis Sandstone. Whether these lakes 
occupied an internal drainage basin or whethe:r they were connected to 
the sea is not known. 

The Mimosa Group was truncated by erosion prior to deposition of 
the Precipice Sandstone at the base of the Great Artesian Basin sequence. 
This unconformity is best displayed in the southeast, where it trull'cates 
the entire Bowen 'Basin sequence from the Moolayember FormatiOIfto 
the Camboon Andesite and pre~Permian',rocks in the east. Erosion of 
the PreCipice Sandstone has exhumed a regolith which 'developed 'on' the 
Bowen Basin sequence during the peneplanation preceding the depOSition 
of the PreCipice Sandstone. The mesas capped by the regolith can be 
easily mistaken for outliers of PreCipice Sandstone. The regolith consists 
of a siliceous weathering profile which dips gently to the sOlJthw~.st, parallel 
to the regional dip of the Precipice Sandstone, and truncates the .. more steeply 
dipping Permian-Triassic rocks. The pre-Jurassic peneplain was reduced 
to a remarkably plane, surface considering the differences in resistance to 
weathering of the Permian- Triassic rocks. 
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In the Denison Trough and west of the Mimosa Syncliine, the 
unconformity is an obvious regional angular unconformity; the Precipice 
Sandstone is not in contact with as many older units and the fossil 
weathering profile has not been preserved. Farther west, in the western 
part of the basin, which is occupied by a gently southerly dipping sequence, 
there is no angular discordance and the boundary is disconformable. This 
reflects the tectonic stability of the Clermont Stable Block which underlies 
this part of the basin. ; 

GREAT ARTESIAN BASIN SEQUENCE 

Deposition of the Great Artesian Basin sequence began in the early 
Lower Jurassic after a brief late- Triassic episode of uplift, minor 
folding, and widespread erosion and peneplanation of the pre-Jurassic 
rocks.~"Thee unconformity atthe base of .the __ sequence ~rallges from_ a marked 
angular erosional unconformity in the east to a structurally conformable 
dis conformity in the west (see above). 

The Great Artesian Basin developed as a broad regional downwarp 
of epi-continental proportions. Its growth marks the change from the 
Palaeozoic to Triassic _tectonic regime or linear geosynclinal sedimentation 
and deformation to a regime. of platform tectonics. The linear geosynclinal 
tectonic regime migrated east and continued to affect the northern and 
northeastern parts of the Bowen Basin at least until the Cretaceous. 

The Great Artesian Basin consisted of a number of sub-basins which' 
differed i~ sedimentation and depositional history. One of these is the Surat 
Basin which overlapped the southern end of the Bowen Basin and originally 
extended farther north than the present erosional margin of the Great 
Artesian Basin sequence. The Surat Basin downwarp overlapped a number 
of older elongate tectonic units, but the sequence. in the. Great Ar.tesian 
Basin shows only very limited effects of the older tectonic units. These 
include thicker sedimentation over depositional downwarps such as the Mimosa 
Syncline, thinner sedimentation over basement featurE;:!s such as the Comet 
Ridge, and drape structures over older anticlines. Most of these are the 
result of different rates of compaction of the underlying sediments and 
generally reflect variations in thickness of the underlying unmetamorphosed 
sediments. 
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The Great Artesian 'Basin sequence is mainly confined to the southern 
part of the map area. It is most fully represented in the southwest corner, 
where the Roma Formation is exposed. The sequence in the Eddystone 
Taroom, and Mundubbera Sheet areas is described in MolIan et al. (in press). 
To the north the sequences in the Springsure and Baralaba Sheet areas 
are described by Mollan et al. (1969) and Olgers, Webb, Smit & Coxhead 
(1966). An outlier of Precipice Sandstone in the Duaringa Sheet area is 
described in Malone et al. (1969). 

The only marine fossils· in the Great Artesian Basin sequence are' 
found in the Roma Formation. The remainder of the sequence was deposited 
in a fr'esh water, with occasional brief incursions by the sea. The micro
floral assemblages have been subdivided into a number of palyno-biostrati
graphic zones (Evans, 1965"1966a). which are used for local correlation 
and for determining the approximate position of the rock units in the 
geological time scale. 

- l~- --:: --=---:: ---- - -~ I_~ --"--=-- ~-- -~ .-:::_-_ 

Further IIiapping and palynological studies since the Bowen Basin 
map went to :press have resulted. in some modification and refinement ,of the 
Jurassic-Cretaceous 'stratigraphy as presented on the map. Part of the 
revised stratigraphy is presented ill Mollan et al. (in prep.). According to 
the revised stratigraphy the sequence shown on the map about 40 km south
west of Injune as OralIo Formation: belongs to the Southlands ·Formation. The 
Blythesdale Formation in the same .area is represented by only the Claravale 
Sandstone Member. The Southlands Formation is a lateral equivalent' of 
the OralIo Formation plus the basal members of the Blythesdale Formation 
in the Roma area. The Claravale Sandstone Member is a local member 
within the Blythesdale Formation and is at the top of the Great Artesian 
Basin sequence southwest of Injune. 

The stratigraphy of the Roma Formation has been revised by Vine, 
Day, Milligan, Casey, Galloway, &. Exon (1967). The changes include the 
introduction the~name··Wallumbilla Formation for the part of the sequence 

, . . . . . ' 

in the map area. 
, .. " 

The. bulk of the Great Artesian Basin sequence consists of sandstone 
and mudstone with minor' conglomerate in places. The sequence can 
generally. be subdivided locally into a succession of predo~inantly 
sandstone or' mUdstone units, but th~se units cannot generally be traced 
far because of lateral variation~ In practice, only units of group rank and 
some .of the thicker and more ,distinctive formations can be traced throughout 

, ' 
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the map area. Most of the formations within the groups are generally only 
of local extent. The' stratigraphic interval represented by a particular 
formation in one area ,may fall within or may overlap the formation boundaries 
in an adjacent 'area. The relationship between the Southlands Formation 
southwest' of Injune and the OralIo and ,Blythesdale Formations in the 
Roma area is ,a typical example. 

Some lateral variations within the sequence apparently take place over 
a short distance. A sequence of formations or members will be consistent 
along strike lengths of 150 kIll or more and then will be replaced by a ' 
different sequence 'over 15 to 30 km. The entire sequence crops out . 
poorly; the transition zones are not fully exposed but appear to be located' 
on anticlinal trends related to major structures in the pre-Jurassic rocks. 
The Maranoa Anticline is a sinuous southerlyplunging,anticlinal nose of .. 
low amplitude ,along, the course of the upper Maranoa River. The structure 
in the Jurassic-Cretaceous sequence overlies the buried Nebil].e Ridge, 
whfch~is the' soutfierly~eXtension~of~tlie Clermont'Stablei3lock: The ,'-
Maranoa Anticline' can be traced southwards beyond the map area to where 
it forms an axis separating the depositional basins of the Hooray Sandstone 
to the west from its lateral equivalents, the Gubberamunda Sandstone, 
Southlaiids Formation, and Blythesdale Formation to the east. 

Other lateral changes take place gradually over great distances. 
A good example is the gradual'increase of the thickness of the Boxvale 
Sandstone Member compared with the total thickness of the Evergreen 
Formation. The member tongues out to the east in the -trough of :the Mimosa 
SynCline and in the northwest it constitutes the entire·formation. 

Structure 
. : 

The rock units of the Great Artesian Basin sequence are described 
in Table 15. The entire sequence is generaily structur'allY conformable. 

The sequ,ence is only very gently folded or not folaed at, al~. Most of 
the folds are compactional or drape structures, although some of them may 
have grown in Jurassic or Cretaceous times as a result ot'renewed movement 
on faults in the pre-Jurassic ,rocks. One of the main structures is the M~mosa 
Syncline in t~e east" in which, th~ tectonic ,dips on the limbs arj3 usually . 
about 2°. The syncline possibly developed' as a depositional structure due to 
compactton of the underlying great thickness' of Permian- Triassic sediments. 
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The anticline plunging gently: to the southeast, to the west of the 
Mimosa Syncline .is on strike with the Arcadia Anticline. It is defined 
by inliers of Precipice Sandstone in, the Evergreen Formation and by 
a southeasterly deflection of the formation boundaries. The Hutton Creek 
Dome farther tD the west is part Of an' ailticli~al tr~nci extending southeast 
and south, adjacent to the northern end of the Hutton~ Wallumbilla Fault 
Zone; movement on this fault zone has apparently faulted Boxvale Sandstone 
against Precipice Sandstone. 

The southerly plunging Merivale Syncline is located farther west, 
on the western side of the Merivale Fault. A monocline dipping west at 
50 to 100 was probably formed as a result of slight movement on the 
Merivale Fault during the Jurassic. The structures farther west still 
include the southwesterly plunging Maranoa Anticline, and a sinuous 
anticlinal axis to the east. The flank dips on the anticlines are up to 50. 
The presence of an inlier of pre-Ju!.'3.ssic rocks on the. axis of the MaranDa 
Anticline~indi cates·~post-Jul"assic ollplUt ~0n~thiscaxis;~Thes e-structures=~=""~~-~ 
overlie the Nebine Ridge, which is possibly a 'southerly extension of the ' 
Clermont Stable Block. The west-southwesterly trending Chesterton 
Syncline, near the western margin' of the map area, is a depOSitional 
syncline between the Nebine Ridge to the east and the Birkhead ~idge to, 
the west. The Birkhead Ridge is a ,basement ridge extending southwest 
from the southwest corner or the Clermont Stable Block; it is' the locus 
.of thin Jurassic-Cretaceous sedimentatiDn. Most .of the Lower Jurassic 
units of the Surat Basin lens out or lose their ideHltity across the .Birkhead .. 
Ridge. The'HuttonSandstone and younger units extend ~cross ~he.ridge •. ' 

The thicker sedimehtation in the synclines is largely due to a faster . 
rate of subsidence in the synclines which overlie thicker piles of pre~.Jurassic 
sediments than those beneath the 'ariticIlnes. Some of the broad ,anticlinal, . 
zones of thin sedimentation a~ep~obably d~ape structures ~ver basement· , 
features such as the NebineRidge and, near Injune, the southern end o{the 
Comet Ridge. Other anticlines, such as the Maranoa Anticline and the Hutton 
Creek Dome, have been actively uplifted, and poss,ibly some were c;>ccasionally 
raised above water levef during sedimentation. . . 
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, Depositional History , 

Deposition began with the fluvial Precipice Sandstone, which was _ 
transp6rted mainly from west to e~st. The greatest tbicknesses ar~ near, 
the northern' eroded 'edge and in the outlier near Bluff. The isopachs show 
that the formation extended a long way to the north up the centre of the ' 
Bowen Basin. The formatIon thinned to the east against a basement of low 
relief, and to the south it overlapped the basement" to link up with other ' 
areas of Triassic-Jurassic sedimentation in southeast Queensland. 

, " 

The finer-grained and thinner-bedded Evergreen Formation was 
laid down in a lacustrine environment. The earlier fluvial environment 
migrated to the northwest, where the partly fluvial, partly lacustrine, 
Boxvale Sandstone Member constitutes the whole of the formation. The 
presence of beds of pelletal 'chamositicmudstone 'containing acritarchs 
suggests a possible' marine incursion into the Surat B_asin ~~rirlg_~!t~ ,,', _ , ' _ 

aeposil:ron~oI=flie'E'vergreeirFormati(m~"T1ie~~ar-enffesln the Evergreen---------
Formation, though fineriri'grain, gene'rally contain more feldspar and 
lithic material than those in the Precipice Sandstone. The finer' grai'nsize 
possibly reflects low relief. in the provenance 'areas. Preservation of 
the labile constituents may have been du~ to rapid fluvial transport 
and to little or no reworking. The mIneralogical maturity of the Precipice, 
Sandstone may be due mainly to chemical weatll~ring, in the fluvial ' 
environment rather than to prolonged reworking. The mineralogical ,and 
textural maturity of part of the Boivale Sandstone Me'mber may reflect 
considerable reworking by waves and currents in shallow'water near 
the western margin of the lake in w4ich the Evergreen, Formation was laid 
down. Regional subsidence m'ay have been responsible for the change 
from Pr'ecipice to Evergreen sedirnentation. This could have converted 
the fluviat'environment into a lacustrine environment, lowered the provenance 
areas, and paved the way for the later marine incursioris. 

, Deposition of the poorly sorted cross-bedded feldspathic sublabile to 
quartzose sandstone of the lower ~utton'Saridstone marks,r~newed upl~ft , 
in the provenance areas and a return to Cleposition in a largely fluvial 
environment. The comparative mineralogical immaturity of the sediments 
suggests more rapid transportation and burial than obtained during deposition 
of the Precipice Sandstone. The presence of salt water in these sediments 
suggests that they were deposited in brackish water. The upper part of the 
formation consists of very thick massive beds of fine quartzose sandstone, 
which indicates considerable reworking in shallow water and possibly a 
slower rate of supply of sediment. The original distribution of the Hutton 
Sandstone is unknown. It is very much thicker in the Mimosa and Merivale 
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Synclines than over the Comet or Nebine Ridges and appears to be thinner 
to the northwest. It extends across the Birkhead Ridge and is widespread 
in the Eromanga Basin, unlike the P.recipice Sandstone and Evergreen 
Formation which lens out across the ridge. Deposition of the Hutton 
Sandstone marks the coalescence of the Surat and Eromanga Basins. There
after, sedimentation was continuous from one basin to the other though it 
differed in some respects. The Hutton Sandstone also marks a major change 
in provenance areas. Only thin equivalents of the Precipice Sandstone and 
Evergreen Formations were deposited in local basins in the Eromanga 
Basin, and high areas in that basin probably supplied sediment to the Surat 
Basin. This would agree with the cross~ bedding dip directions in the 
Precipice Sandstone, with the westward thinning of both formations, and 
with the, westward migration of the fluvial environment during deposition of 
the Evergreen Formation. The lensing out of the oolite member and the 
Westgrove Ironstone Member to the north along the limbs of the Mimosa 
Syncline indicates a northern limit of the marine(?) conditions favouring 
this type of sedimentation, and suggests· that the- northern boundary to the 
Surat Basin was not far away. 

" 

The Hutton Sandstone was probably derived mainly from provenance 
areas on part of the Clermont Stable Block and the northern part of the Bowen 
Basin. The labile clasts in the Evergreen Formation consist mainly of granite 

, ' 

and metamorphic rocks, while those in the Hutton Sandstone are mainly 
volcanic rocks (Allan. & Houston, 1964). The difference suggests a change 
in provenance areas. 

The Injune Creek Group was deposited during the Middle Jurassic 
in a variety of environments, but low-energy sedimentation was generally 
predominant. The basins of deposition were separated by basement ridges, 
such as the Nebine Ridge. Initially, the Birkhead Formation was laid down 
in a fluv~olacustlfine environment grading up into a lacustrine~paludal 
environment in which coal measures were deposited. West of the Maranoa 
Anticline, the environment was fluvial and lacustrine, and rarely paludal, 
and in this area the fluvial Adori Sandstone was laid down on the: Birkhead' 
Formation. The cross~bedding azimuths in the Adori Sandstone suggest 
that it is a tongue of fluvial sand tranSported south along the synclinal trough 
west of the Nebine Ricige. The Springbok Sandstone Member at the top of 
the Birkhead Formation to the east of the Nebine Ridge' may be an equivalent 
tongue of fluvial sand laid down along the trough of the Merivale Syncline. 
No equivalents of these sands are known east of the Merivale Syn'cline. 
The Westbourne' Formation was depo'sited oli the Birkhead' Formation in'tfie 
east and on the Adori Sandstone in the west in a widespread lacustrine :' 
environment. The cross-bedded and slumped sediments in the Westbourne 
Formation bay be the result of deposition in local deltas on the margins of 
the lake. Possibly, the sea invaded the area at times. 
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Upper Jurassic to Lower Cretaceous sedimentation was also divided 
into two areas by the Nebine Ridge. To the west, the Hooray Sandstone 
was deposited in a mainly fluvial environment. To_ the east, the Gubberamunda 
Sandstone was laid down in a similar environment, while the overlying 
'OralIo Formation' (Southlands Formation) was deposited in a fluvial 
environment changing later to a lacustrine environment; however, the 
greater proportion of labile material in the 'Orallo Formation' suggests a -
different provenance from that which supplied the Gubberamunda Sandstone. 
The Blythesdale Formation consists mainly of a thin quartzose sandstone 
sequence, which was probably deposited in rivers or lakes, though the 
abundance of worm borings possibly indicates a paralic environment. An __ --- --
ironstone band at the top of the 'OralIo Formation' may indicate a period 
of brief subaerial weathering before the Blythesdale Formation was laid 
down. All three formations are essentially conformable. 

The youngest unit of the Great Artesian Basin sequence in the map 
area is' the Ronia~Forfuatidn, wfiich was deposited during a major-'marine 
transgression in Aptian time. The presence of coarse and gritty sandstone 
at the base may indicate some winnowing of the sediments in turbulent 
water during the initial transgression, but most of the formation was laid 
down in still water. 

STYX COAL MEASURES 

The Styx Coal Measures are poorly exposed in a broad area extending 
south from Saint Lawrence. The best exposures are in cuestas along the 
western margin of the outcrop area. The Coal Measures were named by 
Dunstan (in Walkom, 1915), are described in Rands (1892) and Morton 
(1955), and reviewed in Malone et al. (1969). They consist mainly of 
interbedded or thick lenses of fine. grey sandstone and mudstone, green -
labile sandstone, coal s~ams, and a basal pebble conglomerate in places. 
The Coal Measures unconformably overlie Permi~n Back Creek Group; 
they dip regionally to the east at about 50, but are faulted and folded near 
their eastern margin against an upfaulted block of the Back Creek Group. 
The Coal Measures were deposited on the irregular floor of a valley 
in the trough of the Permian Strathmuir SynClinorium. They were laid down 
mainly in fresh water, though the presence of microplankton in the, sequence 
may indicate an occasional marine incursion. The plant flora (Walkom, 
1919), and spores and microplankton (Cookson & Dettman, 1958) indicate 
a Lower Cretaceous (Albian't) age. 
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Isolated outcrops to the south and north are correlated with the 
Styx Coal Measures because of the similarity in lithology, flora, and 
stratigraphic position. 

TERTIARY 

The Tertiary sediments are widely distributed throughout the map 
area. Most of the sediments were deposited in isolated areas. No fossil . 
remains suitable for correlation have been found, but a crude correlation 
can be made based on the relationships of the sediments to the basalt 
sheets and to the main laterite profiles. The basalt sheets have been 
isotopically dated in some areas, but the age of laterites has not been 
established. 

~In the regional surveyno--attemp~was -made-to subdivide the Tertiary 
sediments. Several formations have been distinguished in various parts 
of the basin, and the local stratigraphy has been presented in various 
Reports (see Fig. 3). 

The Tertiary sediments consist of argillaceous quartzose sandstone, 
conglomerate, siltstone, and claystone, with oil shale and low-rank 
coal in places. They are generally about 100m thick in the north, but 
are locally thicker in deep channels in the pre-Tertiary surface. They are 
much thicker in the Emerald and Duaringa Sheet areas and in the Callide 
Valley, where they are up to 210 m thick. The sediments were depOSited 
in fluvial, lacustrine, and paludal env,ironments, and as piedmont fans. Their 
relatively uniform thickness over most of the area west of the Eungella
Cracow Mobile Belt indicates that they were laid down on a stable continent. 
They are interbedded in some areas with extensive sheets of basalt and 
in places were deposited in lakes formed by the damming of rivers by 
basalt flows. 

Up to 1000 m of sediments, apparently all of Tertiary age, were laid 
down in the elongate ~aringa Basin on the western margin of the Eungella
Cracow Mobile Belt. The basin is bounded on the west by a normal faul~.It 
may have commenced to subside about the end of the Cretaceous as a' 
result of relaxation of compressive stress generated by uplift· of the Connors 
Arch during the Cretaceous orogeny. Seismic surveys indicate that the' 
thick sequence of Tertiary sediments is unconformable on more steeply 
dipping Permian beds. The shot-hole and water-bore samples, including 
material down to' a depth of 200 m near Duaringa; contain Tertiary spores 
and fish remains. No information is available on the age of the sediments at 
depth and the sequence may include Cretaceous sediments. . 
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The Tertiary sediments in the Eungella-Cracow Mobile Belt are 
restricted to mature valleys such as west of Marlborough and east of Rannes. 
The lack of Tertiary cover in the northern part of the belt is due to uplift, 
probably by block faulting during the late Tertiary. Only a few small 
Tertiary valley fill deposits are preserved on the Connors Arch. One of 
them, south of Eungella, is capped by Tertiary volcanics, and the total 
thickness of volcanics and sediments is over 200 m. 

The' age· of the Tertiary sediments is not known precisely. Isotopic 
ages.indicate an Oligocene to Miocene age for the basalts and acid 
volcanics in the Clermont, Emerald, and Springsure Sheet areas. Here .. the. 
sediments underlie the basalts and hence are at least as old as Oligocene. 
Farther north, some of· the Tertiary sediments are interbedded with and 
overlie basalt sheets and could be as young as Miocene. However, the 
basalt sheets in the north have not been dated and there is no certainty 
that they are the same age as those in the Emerald Sheet area. 

A laterite profile is well developed on the Tertiary sediments capping 
the mesas around Duaringa and in the Emerald and Springsure Sheet 
areas. Here, the Tertiary sediments largely pre-date the laterite. The 
post-basalt sediments in the north, particularly around the headwaters 
of the Suttor River, have been lateritized to some extent, though the profile 
is rarely as well developed as in the Duaringa Sheet area. The sediments 
in the north may have been deposited during a period of lateritization 
which began in the mid~ Tertiary. However, the thickness of the laterite 
profile may be more closely related to the thickness of easily leached 
sediments rather than to the duration of the period of lateritization. 
Thus, the thinner profiles iIi the north may reflect the thinness of the Tertiary 
sequence 'on which they formed, rather than a younger age. 

CAINOZOIC 

The unconsolidated Cainozoic deposits range from thin soils formed 
in situ to alluvial deposits up to 120 m thick. They include redistributed 
Tertiary sediments,-lateritic gravels, and sand. Many of the extensive 
alluvial deposits beside the main .watercourses are being incised by the 
present-day drainage. Many. of the black-soil flats represent the remains 
of decomposed basalt sheets, but elsewhere they appear to overlie Permian 
sediments. 

Sandy soils and lateritic gravels with patches of black soil are most 
common to the west of the northern part of the basin. Black-soil flats 
predominate between Emerald and Clermont and north of Clermont. 
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IGNEOUS ROCKS 

. . 

The igneous rocks in the map area are mainly copfl.n~d to the 
Clermont Stable Block, the Eungella-Cracow ·Mobile Belt, and the Nebo 
SynClinorium. They were mapped during the regional survey but were 
not studied in detail. 

The largest intrusions are the Urannah Complex, the Auburn Complex, 
and the Retreat Granite. Most of the smaller intrusions are·unnamed. All 
the igneous rocks, including Tertiary volcanics are listed in Table 16, 
which summarizes their distribution, lithology, and relationships. The 
isotopic ages are based on the results of determinations by'A.W. Webb, 
formerly of the Bureau of Mineral Resources. Most results were obtained 
by the K/ Ar method on mineral concentrates and, in a few samples, on 
total rocks. Others were obtained by the Rb/Sr method on total rocks, 
and many. of-these were checked by the K/Ar method. Thevalidity and 
significance of the isotopic ages varies considerably. The'Kj Ar resuits 
are subject to an experimental error of about 2 to 3 percent, and tJte : 
results obtained may not indicate the age of intrusion, but a subsequent 
period of recrystallization and loss of argon. The Rb/Sr results are 
dependent on the chemical composition of the samples and their absolute 
values are suspect because of doubts as to the real value of. the Rb/Sr 
decay constants. The irregular. geographical distribution of the samples 
analysed is another limiting factor on the value of the results. A.full 
discussion of the results are to be presented elsewhere by.·Webb. All the 
isotopic ages quoted in this Bulletin are based on Webb's work. 

Intrusive History 

The oldest known intrusive is the poorly exposed granite in the core 
of the Telemon Anticline, 58.km west. of Springsure, which gave an isotopic 
age of 450 m.y. A similar age was obtained on' mica schist from the Anakie 
Metamorphics 16 km west of Clermont. Both ages are subject to large 
experimental errors., but their agreement indicates an intrusive and 
metamorphic event probably in the Ordovician, which was Significantly older 
than the known ages of other intrusions in the area. 

The Ravenswood Granodiorite, cropping out only in the extreme 
northwest corner of the map area, is an extensive batholith of Silurian 
to Lower Devonian age (Paine et al., 1969). The batholith and the metamorphics 
it intrudes form the northern basement to the Drummond Basin. 
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The gabbro and altered ultrabasic(?) rockS on the axis of the 
Maranoa Anticline are pre-Jurassic in age and probably very much older. 
They are unsuitable for age determination, and their contacts with the 
pre-Jurassic rocks are not exposed. 

Retreat Granite 

The. Retreat Granite (Veevers et aI., 1964a) occupies most of tl)e 
southern end of the Anakie Inlier. It intrudes the Anakie Metamorphics < 

and is unconformably overlain by the Silver Hills-Volcanics. Recent 
mapping in the Clermont area.,(Olgers" Doutch, .. &.Eftekbaruezhod, 196.7.) 
indicates that the Retreat Granite intrudes' volcanics correlated with the 
lower Middle Devonian sequence of Douglas Creek and is unconformably 
overlain by the Theresa 'Creek Volcanics. The older volcanics are included 
withthe_'I'her~~a, _ Cr,e~~Volcanics~.QI}. the geological map .. The~Theresa" 

, Creek-Volcanics are correlated with the, Silver Hills Volcanics on lithology 
and are thought to be late(?) Upper Devonian in age. The Retreat Granite 
is therefore considered to have been emplaced between the lower Middle 
Devonian and the late(?} Upper Devonian.· The isotopic age of the . granite . 
ranges from 345 to 370 m.y. The younger ages were obtained on samples' 
which gave ,lower ages for biotite than hornblende, which suggests some 
loss of argon~ Biotite and hornblende from six samples gave approximately 
concordant resu"rts of about 365 m'.y., and this figure is accepted as the 
approximate age ,of intrusion. 

Devonian- Carboniferous Intrusives 

The Devonian-Carbonifeous intrusives intrude the Lower Middle 
Devonian Ukalunda Beds 'at the northern end of the Anakie Inlier and are 
unconformably overlain by the Upper Devonian(?) to Lower Carboniferous 
Drummond Basin sequence. Possibly, they are also unconformable beneath 
the Upper Devonian Mount Wyatt Beds, but this' has not been proved. Most, 
of the samples collected have proved unsuitable for isotopic age determination, 
and only three results have been obtained .. Two' samples from near the contact 
with the overlying Bulgonunna Volcanics gave isotopic ages of 290 and 295 
m.y. A third sample collected farther from the contact gave an age of 330 m.y. 
The younger ages agree with the isotopic age of the Bulgonunna Volcanics 
and probably date a period of recrystallization of ' the intrusives beneath the 
thick ,pile of volcanics. The age of 3,30m.y. appears to be too young, as it 
conflicts with the observed .relationship between the intrusions and the 
Drummond Basin sequence. This is possibly due to loss of argon, or it may 
be the age of younger components within the Devonian-Carboniferous intrusives. 
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Carboniferous Intrusives 

The Carboniferous intrusives include, 'tpe youngest plutonic rocks. 
in the Clermont Stable Block. They intrude the unfossiliferous Bulgonunna 
Volcanics which rest unconformably on the Drummond Basin sequence, and 
are probably Upper Carboniferous in age. This agrees with the isotopic 
age of the Bulgonunna Volcanics of 290. to 295 m.y. The Carboniferous ' 
intrusives are unconformably overlain by the Lower Permian Lizzie 
Creek Volcanics. The relationships of the' Carboniferous intrusives indicate 
that they are Upper Garboniferous in age, and this is confir~ed. by concordant 
K/ Ar and Rb/Sr ages of 285 + 5 m.y. Some of the Carboniferous intrusives 
may be comagmatic with parfs of the Bulgonuima Volcanics. . 

Auburn andUrannah Complexes 

The composite Auburn and Urannah Complexes include intrusives 
of mid-Carboniferous and younger ages. Only part of the Auburn Complex 
lies within the southeast corner of the map area. The complex is poorly 
exposed and the relationship of its components to the adjacent Camboon 
Andesite is uncertain (see above). Anumber of samples have been dated 
by both the. K/ Arand Rb/Sr methods at about .311 m.y. Other samples from 
east of the map area have been dated at about 240 m.y. The· results suggest 
that the Auburn Complex consists of a western mid~Carboniferous body 
and an eastern Upper Permian body. 

The Urannah Complex extends to the north of the map area. Its 
composite nature 'was indicated by its relationships to the adjacent rock 
units, .and this has been confirmed by the isotopic age determinations. Parts' 
of the complex intrude the Connors Volcanics of Devonian or Carboniferous 
age. Some elements of the complex intrude the Lizzie .. CreekVolcanics~ 
some of the boulders in the basal conglomerates' of the Lizzie Creek 
Volcanics were derived from older parts of the Urannah Complex. The 
intrusive relationships between different components of the complex 
indicate. a number of episodes of intrusion. However ,many of -the rocks may 
be genetically related, and'may not be very much younge'r'than the rocks 
they intrude. . 

A number of samples from the complex were dated by'theK/Ar method, 
and late.r some of the results were checked by the Rb/Sr method. The combined 
results indicate three' main groups of intrusive rocks, and also suggest that ' 
there was extensive recrystallization and loss of argon at times. The oldest 
group ranges from 311 to 290 m. y .: the uppe r limit is the age of intrusion 
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of the western part of the Auburn Complex and probably dates a major 
intrusive event within the Urannah Complex; the lower limit of 290 m.y. 
is about the average age of the extrusive and intrusive rocks of the 
Bulgonunna Volcanics and the Carboniferous intrusions near the Urannah 
Complex. The bulk of the northern part of the complex possibly consists, 
of intrusives emplaced about 290 m.y. ago~,' 

Many of the samples from the northern part of the complex gave 
K/ Ar ages of about 270 m.y.Horriblende from one of these samples 'gave 
an age of 283 m.y. and the Rb/Sr results also suggested an older age. These 
results indicate a period of metamorphism about 270 m.y. agb, which 
resulted in complete recrystallization of parts of the complex and'partial 
recrystallization and loss of argon elsewliere. The recrystallization may 
have coincided with the extrusion of the Lizzie Creek Volcanics and 
Carmila Beds and may be the result of a combination of factors, such as 
an increase in the geothermal gradienfarid subsidence of the crust beneath 
the volcanic pile, and contact metamorphism by the feeder dykes in the 
volcanics. This part of the Urannah Complex is cut by innumerable dykes, 
some of which also cut the Liz,zie Creek Volcanics. The few dykes which 
have been isotopically dated are apparently early, Upper Permian in age, 
and are therefore too young to, be feeders of the Lizzie Creek Volcanics. 

The adamellite in th~ northern part of the complex (see Thunderbolt 
Granit~, Paine et aI., 1969) gave isotopic ages ranging from 260 to, 270 
m.y. The adamellite was appar,~ntly emplaced at depth, and may represent a,: 
separate period of intrusion. It is not intruded by the swarms of dykes 
found in the adjacent parts of the Urannah Complex, which indicates ,that 
many of the dykes are older than 270 m.y. Correlation of the dykes with 
the Lizzie Creek Volcanics ill1pli~s that the adamellite is younger than the, ' 
Lizzie C reek Volcanics:, and this is, compatible with the stratigraphic data 
and isotopic ages. This implies that it was emplaced in the Connors Arch 
during the deposition of the thick conformable sequence of sediments in the 
northern part of the Bowen Basin., 

., 
The youngest group of int;rusives in the Urannah Complex have 

isotopic ages of about 125 m.y. - probably early Lower Cretaceous. They 
are known only in the northern part of the. complex. The intrusives of 
the same isotopic age intrudi'ng the Nebo Synclinorium at the northern end 
of the basin appear to be contemporaneous with the folding of the Bowen 
Basin sequence. These Lower Cretaoeous intrusives were probably emplaced 
during a period of uplift of the Connors Arch and folding ·in the northern 
part of the basin. Most of the known mineralization is apparently associated 
with these intrusives. 
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,,' The Urannah Complex was treated as a single unit during the regional 
mapping, but more recent mapping 'in the Bowen Sheet area' (Paine' et al., 
1969). has delineated intrusions of different ages within the complex and no 
doubt this could be extended to other parts of the complex. 

The age' of the isolated Carboniferous to Mesozoic intrusives intruding 
the Connors Volcanics and possibly younger rocks to the south of the' ' 
Urannah Complex indicates that they are related to the Urannah Complex. 
They include mid-Carboniferous intrusions and dykes of possible Triassic 
age. 

Other, Carboniferous to Mesozoic and Permian to Mesozoic intrusives 
have been mapped east and southeast of Connors Arch. They are mainly 
adamellite or granodiorite and intrude Carboniferous or Permian rocks. 

, , ' 

, The only Lower Permian intrusive~ kn()~l!qu~~i~e~ the,J!raAn~ll 
Complex~ are concordantstlis"of-diorite'or 'gabbro in tile· LizZie Creek 
Volcanics west of Eungella. They are probably conte,mpo:raneous with the 
lavas of the Lizzie Creek Volcanics. 

Serpentinite; 

The serpentinite near,Marlborough i~ intrusive in places into Lower : ' 
Permian sediments in the Rockhampton Sheet area (Kirkegaard et al., ' 
in prep.), though most of the contacts are faulted'. ,The serpentinite is 
mainly maSSive, except 'near faulted contacts', 'and has contact metamorphosed 
the sediments to a moderate extent. It was possibly intruded about the 

, , 

start of the Upper Permian. In the southeast,' outside the map area, a 
thin wedge of serpentinite overlies 'Lower Palaeozoic(?) metamorphics. 
The structure suggests that it was intruded'as a laccolith 'or large sui. 'The 
serpentinite is intruded by a granodiorite with an isotopic age of about 
235 m.y. The serpentinite may be a differentiate of the parent basaltic 
magma of ' the early Upper Permian spilitic' Rookwood Volcanics farther south. 

. Upper Permian Intrusives 

The Upper ,Permian stocks and plutons are confi~ed 'to the Gogango' 
Overfolded Zone and the Marlborough Block. Farther east and south in the 
Port Clinton, Rockhampton, Monto, and Mundubbera Sheet areas, Upper 
Permian intrusives of batholithic proportions have -been recognized. 
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The intrusions consist mainly of adamellite, granodiorite, and minor 
diorite with some small stoc~ of gabbro and granite. Possibly many of 
the intrusives described as Permian or Carboniferous to Mesozoic belong 
to the Upper -Permian period of intrusion. No Upper Permian intrusives 
are known in the northern part' of the Eungella-Cracow Mobile Belt, north 
of the Gogango Overfolded Zone, but the Cretaceous intrusives are 
apparently confined to thisare~. _ 

Cretaceous Intrusives 

The Cretaceous intrusives can be divided into two groups - early -
Lower Cretaceous and late Lower 'Cretaceous. The older group were 
emplaced about 125 'm.y. ago; they include part of the Urannah Complex, 
and small to large stocks and probably laccoliths intruding the Permian 
sequence in the Nebo Synclinorium. The largest is the Bundarra Granodiorite 
which is about 16 km across~ The: L0wer-Cretacemis -iiitrusivesfltthe-~-'F---'~-=----
Urannah Complex include the'Hecate Granite (see Paine et'aI., 1969) in 
the Bowen Sheet area, which crops out over an area of several hundred 
square kilometres. The intrusives in the Nebo Synclinorium mainly occupy 
the cores of domes and are roughly concordant with the sediments. They 
have produced little high-grade contact metamorphism but the country 
rock is extensively indurated. Vertical shearing can be seen along the 
contact between the granodiorite.and metas~diments a,round the ~ndarra 
Granodiorite. Some of the intrusives -on the eastern flank of the -Nebo " . 
Synclinorium, where the sedimen~s, have a moderate regional to steep 
southwesterly dip, are sill~,: or composite plugs ,and sill~~ or dykes. 

. . . . . . 
The Lower Creta,ceous int.r,usives were emplaced during uplift of 

the Connors Arch and folding in the Nebo Synclinorium. This orogenic 
pulse affected the northern part o~ the' Bowen Ba,sin only. . 

The younger Cretaceous group of intrusives were emplaced about 
110 m.y. ago. Only a few isotopic age determinations a-re available. The late 
Lower Cretaceous intrusives are confined to the northeast coast. The 
intrusive rocks(Ti) on the islands between Cape Conway and Long Island 
are similar in lithology and are probably of the same, age. They may be 
roughly contemporaneous with the volcanics(Tv) on Cape Conway and the 
islands. The volcanics on Cape Conway have been proviSionally dated at . 
112 m.y. -
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The Mesozoic intrusives around Mackay hav'e not been dated. Some 
of them intrude Lower Permian rocks; others intrude the i:>evonian
Carboniferous Campwyn Beds. They could'be as old as 'Lower Permian, 
but probably belong to one or other of the Lower Cretaceous groups of 
intrusives. Certainly, the relationships between them indicate'more than 
one period of intrusion. : 

Cretaceous or Tertiary Intrusives and Extrusives, 

'A trachyte stock intruding the Blackwater Group southeast of 
Baralaba has given an isotopiC age 'of 70 m.'y., apprOXimately at the 
Cretaceous-Tertiary boundary. A trachysyenite sill 110 km east of 
Clermont is possibly of the same age as it is similar in lithology. 

, ", . 

-.~ -0 ~-~ The post-Permian-volcanics crop~outonly·on or near the Gon-nors 
Arch. They are tentatively regarded as Cretaceous Or Tertiary because 
they appear to be deformed and because they -include some plugs " 
similar to those with an isotopic age of 70 m.y. They are possibly related 
to the la:te Lower Cretaceous intrusive and extrusive activity on the 
northeast coast -and islands, although they appear to have a different 
tectonic setting. 

Tertiary Intrusives and Extrusives 

Basalt 

, Remnaht~of basalt t'iows are ,wid~spread in the Bo~en Basin. Th~ . . ' . . ' 

distriQutionof the basalt and plllgs, and dykes indicates three main areas 
of extrusion, the largest of which covered the southern part of the Clermont 
Stable Block and the Denison Trough, where 540 m of basalt have been 
recorded in the Peak Range. 

,', 

There is another major basalt province in the northern part of the basin, 
where extensive flows and many plugs are preserved. In the axial region 
of the Mimosa SynCline, a much smaller~ quantity of basalt was probably 
extruded from local vents. Scattered outcrops of basalt in' other parts of ' 
the baSin, indicate that basalt flows were very widespread and that many of 
them have been stripped off by erosion. ' ' , , -
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The Hoy Basalt consists of a group of basalt plugs which mainly 
intrude the Retreat Granite. The plugs fill vents from which basalt 
flowed eastwards into a broad valley trending north through Emerald. 
The flows around the plugs have been removed by erosion. The plugs 
are aligned mainly in a north-northeasterly direction with' a subordinate 
easterly trend, and the alignment of the vents was probably controlled by 
lineaments or fractures in the Palaeozoic basement. 

Acid to Intermediate Volcanics 

The acid to intermediate volcani~~ include the PealcRange Volcanics 
and Minerva Hills Volcanics in the ;Clermont and Springsure ,Sheet are3.$, 
and unnamed, volcanics" in the north'ern part of the basin. Mollan (1965) 
has made a detailed study of the Peak: ~ange Volcanics. He has shown that 
the acid to intermediate intrusive and extrusive rocks are differentiates 

of alka,liJ;)~~aILmagp1~!, Tl)~~,~ip.~!,y~~:RiU~ V()~~~niJ:~s_ ~!'~_ ~~sp tl~oug!J.t ' 
to have been derived from the same parent magma. The Minerva Hills 
Volcanics are located on the intersection of two prominent basement , 
lineaments: the so~theasterly trending partly faulted bounqary betw.een· the, 
Drummond Basin and the Anakie Inlier, and the northern extension of the 
Merivale Fault, which forms a hinge-line on the western margin :of the, "'. 
Denison Trough~ The Peak Range Volcanics are also believed tc;:> be related·, 
to deep-seated basement fractures. 

The volcanics in the .northern part of the basin have not been studied 
closely, but appear to be similar to the Peak Range and Minerva Hills Volcanics. 
They also are intimately associated with basalt extrusives and intrusives ... 

,; 

The isotopic age of the basalt from the .Eme.rald .and .. Springsure. Sheet 
areas ranges from 33 to 20 m.y.; and the Minerva'Hills Volcanics from 28 
to 24 m.y. The'Tertiary volcanics were probably erupted during a number 
of separate episodes· rariging' in age from Oligocene to Miocene;" . ~.' . 

i. r' .', 

STRUCTURE 

, .. " 
The'main tectonic units and structural subdivisions are outlined 

on Plate 3 .. The four tectonic un.its are the Great Arte.sian Basin in the . 
south, the Clermont Stabl,e Block in the. northwest,: the. central and western 
parts of the Bowen Basin in the centre, and the Eungella-Cracow Mobile 
Belt in the east. 
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The, Clermont Stable 'Block was the site of vigorous orogenic and 
post-orogenic tectonic movement in the pre-Permian, but has behaved 
as a stable cratonic block since the inception of the Bowen Basin. The ' 
Eungella-Cracow Mobile Belt was the site of repeated orogenic and 
epi-orogenic tectonism until the end of the Permian and, in the north, again 
in the Lower Cretaceous. Both are, now parfof the stable Australian 
continent. : 

The Bowen Basin is occupied by the rocks stratigraphically equivalent 
to and continuous with the Bowen Group (Etheridge, 1872) which were first 
studied in the Bowen River area. In this sense the basin is a tectonically 
deformed depositional structure which extends into much of the Eungella
Cracow Mobile Belt. This definition of the basin facilitates a unified . 
treatment of the depositional history and stratigraphy of the entire sequence. 
Structurally the Bowen Basin, is confined to the area west of. the Eungella
Cracow ,Mobile Belt. However, the term 'basin' suggests a depositional 
~strllcturerallier than a ~tect6nic striIcture, arid~weoprefero'lo aefine~ ila:s:"a--~~" 
deformed depositional structure. 

Plate 2 is a block diagram showing the structural units of the basin 
a nd of part of the Eungella-Cracow Mobile Belt; the diagram is based on 
the geological map and s~ctions (PI. 1), and part of the Eungella-Cracow 
Mobi.le Belt. 

The structure of the Great Artesian Basin is closely related to the 
stratigraphy and is described above. 

Clermont Stable Block 

The Clermont' Stable Block is overlapped in the east and south by a ' 
thin mantle of gently folded sediments of the Bowen Basin sequence. It, 
forms the shallow basement on the Collinsville Shelf and the Capella Block. 
It bifurcates to the south aro,und the penison Trough to form t~e thinly 
covered Comet Ridge in the east and the shallow ba~ement .of the western 
part of the Bowen Basin in'the west. ,', " ' " 

"The Anakie Inlier is the core or'the Clermont Stable Block. The , 
inlier consists of Ordovician o~ older ,metasediments, unc.onfprmably overlain, 
by and folded with lower Middle Devonian sediments ~nd volcanICS, ,and ',,' 
intruded by Devonian or Carboniferous acid plutonic rocks: Regional 
metamorphism has produced quartz-mica schist and phyllite in the Anakie 
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Metamorphics and locally in the Middle' Devonian Ukalunda Beds. Elsewhere, 
the Middle Devonian sediments are unmetamorphosed. Little is known 
of the complex structure of the inlier.' 

The Drummond Basin was a major depositional downwarp which 
was later deformed into an arcuate synclinorium. The rough alignment 
of the fold axes in the basin parallel to the margin with the Anakie.lnlier ' 
suggests compressional folding involving westward movement or uplift, 
or both, of the inlier. The presence of rocks correlated with the Anakie 
Metamorphics in the core of the Telemon Anticline indicates that the 
basement to the Drummond Basin was involved in the folding. 

In the south, the Drummond Basin trends northwest and has a straight, 
partly faulted, boundary against the Anakie Inlier. Farther north, the basin 
trends nearly north and the Drummond Basin sequence laps on to the 
Anakie Inlier. In the northwest the Drummond Basin trends to the northeast. 
!l'hechange,tn~trend ~may~be-·due ~to'compression"of the basin~agaihst the "'"~'~ ~~.~ 
massive Ravenswood Block of Silurian-Devonian igneous rocks and older 
metamorphics, which crop out in the northwest corner of the map area. 

Most of the structures in the Drummond Basin are elongate sinuous 
faulted domes and basins of great amplitude. In some of the structures 
the sedimentary sequence is up to 600 m thick. The flanks of the structures 
rarely dip at more than 40 0

, and in most of the domes the western flanks 
are more steeply'dipping. 

The Drummond Basin sequence probably encirCled the northern end 
of the Anakie Inlier and probably transgressed the inlier near Clermont. 

The Mount Rankin Volcanics are a thick sequence of volcanics and 
sediments overlying the eastern part of the Anakie Inlier. They are only 
slightly folded and dip to the east at angles up to 45 0

• The 'formation is 
poorly exposed and has not been studied in detail. 

The Bulgonunna Wedge in the northeastern part of the' Clermont 
Stable Block consists of a thick pile of acid 'volcanics (Bulgonuima Volcanjcs) 
which lenses out to the west and plunges gently east beneath the' riorthwestern 
part of the Bowen Basin. The wedge consists of large overlapping relatively 
homogeneous lenses of volcanics. The structures, suggest contemporaneous 
intrusive and extrusive activity. There are very few folds in the volcanics 
and most of the dips are probably depositional. " 
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The Joe Joe Formation occupies a wedge at the southern end of the 
Clermont Stable Block. The wedge is truncated by erosion against the 
Drummond Basin sequence and dips southwest beneath the western part 
of the Bowen Basin. The formation has been only gently folded and is gently 
dipping. The folds are mainly weak reflections of Drummond Basin structures. 

The Blair Athol Basin within the Clermont Stable Block is filled 
with coal measures which have not been folded or disturbed since they were 
laid down. The sediments are contemporaneous with part of the Bowen 
Basin sequence. 

Central and Western Parts of the Bowen Basin 

Western Bowen Basin (=Springsure Shelf) 

The Western Bowen Basin is covered by a thin uniform sequence of 
sediments~which were laid down over a long period of time. The sequence 
probably contains many disconformities, and has undergone little or no 
tectonic folding. Its tectonic stability was controlled by the underlying 
Clermont Stable Block. Subsurface data indicate that the southern extension 
of the Clermont Stable Block was a landmass (the Roma Ridge of Traves, 
1966), parts of which extended into the southwestern part of the map area 
at different times during the Permian and Triassic. The block diagram 
illustrates the tectonic style in the western part of the Bowen Basin, and 
the contrast with the adjacent Denison Trough. In effect, the Western 
Bowen Basin occupies a saddle between the Clermont Stable Block and 
the Roma and Nebine Ridges. 

The western limit of the Western Bowen Basin lies beyond the map 
area on the southwesterly trending Birkhead Anticline which separates the 
Bowen and Galilee. Basins (Lindner, 1966,. Exon, .Galloway, Casey.~& Kirkegaard, 
in prep.). The lithology of the sediments, particularly the Triassic sediments, 
changes across the anticline. 

Denison Trough (Derrington, 1961) 
"..r 

The Denison Trough was an elongate intracratonic depositional 
downwarp, flanked to east and west by areas of thinner sedimentation, which 
shallows abruptly to north and south onto pre- Permian basement. Most of 
the downwarping took place in the Lower Permian when-up to 4500 m of 
sediments accumulated. Throughout the Upper Permian, Lower Triassic, 
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and Middle Triassic the area subsided slowly and the thickness of the 
sediment laid down was. similar to that deposited in the Western Bowen 
Basin. The sequence, including the Moolayember Formation, was folded 
during the late Triassic into the~Springsure Anticline and subsidiary 
anticlines and synclines to the east. The structure of the Springsure Anticline 
and adjacent folds has been described by MoHan et ale (1969). The axes 
of the folds .generally trend north, parallel to the axis of the Denison 
Trough. Dips are generally less than 40 0

, with steeper dips on the west 
flanks of the anticlines. 

The Denison Trough iies within a large basement block ~ the Comet 
Ridge and southern extension' of the Clermont Stable Block coalesce around 
the southern end of the trough (s~e Pl. 2) to form the Roma Ridge. 

To the west, the thick sediments of the Denison Trough pass into 
. the thin equivalent sequence in the Western Bowen Basin. The transition 
t~e~opl~ce ~J~rQssc_~ ,D;trJ:9W zon~, whexe the l'_~latiy~ movement of the . 
basement was east block down as it subsided--to form.-the-Denison Trough . 

. The movement almost certainly involved some faulting and the western 
boundary of the Denison Trough is probably located on a basement fault 
zone. The MerivaleFault (Traves, 1966) also lies along the western 
boundary of the Denison Trough. The movement on the Merivale Fault has 
affected the Bowen Basin sequence, but not the Great Artesian Basin 
sequence. The movement is west block down ~ the reverse of the Lower 
Permian movement along the same line. The Merivale Fault may reflect 
renewed movement on the fault zone along the western boundary of the 
Denison Trough in post~Permian/pre-Jurassic time. 

. This movement, which probably involved uplift of the basement on 
the western side of the Denison Trough, was possibly the cause of the 
folding in the Denison Trough. The main structure in the Denison Trough 
is the SpringsureAnticline which is adjacent and parallel to the western 
boundary of the trough. The parallel folds to the east of the Springsure 
Anticline are much smaller in amplitude and length. Farther east, they 
pass into low-amplitude sinuous folds similar to those on the Comet Ridge. 
To the west of the Springsure Anticline a low-amplitude broad syncline overlaps 
the Western Bowen Basin. 
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Plate 2 illustrates the intracratonic nature and steeply dipping 
margins of the Denison Trough during deposition of the Reids Dome Beds. 
The steep plunge at the southern end of the trough has been substantiated 
by the Westgrove, Kildare, and Glentulloch wells. Later in the Lower 
Permian, the trough became more extensive and less pronounced, and the 
Tiverton and Gebbie Subgroups overlapped the trough to the east and 
northeast across the Comet Ridge. 

Comet Ridge 

The Comet Ridge .(or Comet Platform of Derrington, 1961) was part 
of a landmass bordering the Denison Trough in early Permian time. Later 
in the Lower Permian, the block subsided and was covered by a thin 
mantle of sediments. Deep subsidence of the eastern part of the block 
in Upper Permian and Triassic times reduced it to a prominent ridge as 
shown on Plate 2. In the south, the Comet Ridge merges with the Roma -
Ridge, which is the southeasterly extension of the Clermont Stable Block. 
To the north, the ridge broadens and merges into the Clermont Stable Block 
and with the basement of the CapeUa Block and Collinsville Shelf. 

The broad drape structures on the Comet Ridge are best displayed 
around Comet by the dome of the Blenheim Subgroup surrounded by the 
Blackwater Group. Most of the folds in the thin sedimentary sequence on the 
Comet Ridge are of very low amplitude; they generally involve only 100 to 
200 m of sediments and die out in the sediments above and below. Dips are 
generally 50 or less. Minor :ripple folds can be seen on the east flank of 
the Comet Ridge, particularly in the Sagittarius Sandstone Member; they 
may be partly due to compaction of the thick coal seams in the underlying 
Rangal Coal Measures. 

Seismic surveys over the Comet Ridge indicate the presence of low
amplitude sinuous anastomosing folds. ·The anticlines are gently plunging 
with small isolated culminations. 

Capella Block 

The Capella Block is covered by a thin basal marine sequence overlain, 
mainly in the north, by a thick partly freshwater sandstone unit. The 
structural style is consistent throughout the block and consists of broad 
drape structures over irregularities in the basement. Flank dips rarely 
exceed 3 0

• The horizontal sediments on the Capella Block can be distinguished 
from those on the Collinsville Shelf, where the sediments are thicker and 



~116~ 

have a gentle regional easterly dip. The boundary between the Capella Block 
and the Collinsville Shelf or Comet Ridge acted as a hinge~line; the basement 
to the east and southeast was tilted downwards du:ring subsidence of the 
Bowen Basin, but to the west~ the basement was overlapped during the 
Upper Permian transgression and subsided vertically to accommodate the 
freshwater sequence. The rigid basement block protected the sediments 
on the Capella Block from tectonic folding. The Tertiary Peak Range 
Volcanics are located near the western margin of the Capella Block which 
is probably bounded by a major fracture zone in the basement. 

Collinsville Shelf (Malone, 1964b) 

The Permian to Triassic sediments on the Collinsville Shelf are 
only gently folded. They dip gently and thicken towards the east (UGC, 1963). 
Folding increases towards the margin of the shelf where it grades into the 
Nebo SynClinorium. The transitional zone between the Collinsville Shelf 
and the Nebo SynClinorium is probably a basement hinge~line where the 
basement dips more steeply to the east below the synclinorium (see PI. 2). 
In places, the boundary is marked by thrust faulting~ east block up. 

Nebo SynClinorium (Malone, 1964b) 

The Nebo Synclinorium contains up to 6000 m of folded and intruded 
sediments. It was the s~te of deep subsidence of the basement and severe 
tectonic folding of the sediments~ particularly in the east. Some zones of 
local uplift associated with the folding may be the result of igneous intrusion. 
There ,is no evidence of post~depositional uplift of the basement beneath 
the synclinorium. 

The folds consist mainly of large=ampU.tude elongate domes, anticlines, 
and synclines, which tend to die out up section. The Triassic Clematis 
Sandstone and Moolayember Formation are much less tightly folded than 
the underlying Rewan FOlrmation and Blackwater Group. The Clematis 
Sandstone and Rewan Formation are apparently conformable, but in places, 
the Clematis Sandstone is faulted against more steeply dipping Rewan 
Formation. During the orogeny the Clematis Sandstone was possibly 
covered by only a small thickness of sediment, and the competent sandstone 
tended to shear :rather than fold. The Clematis Sandstone is intruded only 
by dykes associated with a gabbro plug at the northern end of the Redcliffe 
Tableland. The sandstone is gently domed about the intrusion, and the dykes 
occupy a set of radial fractures. 
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On the east limb of the Nebo Synclinorium, in the northern part of 
the basin, most of the Permian sequence crops out along a strike length 
of about 130 km. The sequence generally dips southwest into the basin 
at 30 0 to 45 0

, but in places the limb is vertical and locally overturned, 
with severe shearing and minor thrust faulting. The steep dips, overturning, 
and shearing are probably related to block uplift of the Connors Arch. 

Folded Zone (Malone, 1964b) 

The Folded Zone (part of the Dawson Tectonic Zone of Derrington, 
1961) is described in Malone et al. (1969). It has been separated from the 
Nebo SynClinorium because of its distinctive tectonic style, but the boundary 
between them is poorly exposed. The Folded Zone contains a great thickness 
of indurated and tightly folded sediments, which have apparently not been 
intruded by igneous rocks. The folds are generally very Ught steep=flanked 
structures with sharp gently to steeply plunging noses. Reversals of plunge 
along the axes are common. Tight low;,;amplitude minor folds are common 
on the flanks of the larger structures. In general, the folds become 
broader and the flank dips gentler to the west and north. The folds in the 
oldest rocks are more open and of larger amplitude than the folds in younger 
sediments in the same area, and it is probable that the tightness of folding 
decreases in depth. Seismic surveys across the Folded Zone indicate a 
flat=lying 'basement at about 6000 m (Robertson, 1961), and it appears that 
the structures probably die out at depth near a decollement surface. 

Cleavage is virtually absent, and jointing and faulting are relatively 
uncommon in the Folded Zone. The lack of shear cleavage in the Folded 
Zone contrasts with the strongly developed axial=plane cleavage in the 
Gogango Overfolded Zone, even in only moderately folded rocks. 

The Folded Zone generally grades into the Comet Ridge and Mimosa 
Syncline with a gradual reduction in the intensity of folding. Locally, the 
boundaries are sharply defined by thrust faults or high=angle reverse 
faults separating the tightly folded sediments to the east from the gently 
dipping sediments to the west. The sense of movement on these faults is 
usually east block up. . 

The presence of a possible decollement below the zone, the reduction 
in intenSity of folding to the west, the presence of local thrust faults on the 
western margin, and the lack of cleavage suggest gravity tectonics 
as the most likely mechanism of folding. The Connors Arch has been greatly. 
uplifted since the Permian, and this uplift' may have been the source of energy 
for the gravity tectonics. 
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The southern part of the Folded Zone, between the Mimosa Syncline 
and the Gogango Overfolded Zone, is poorly exposed. The folds were probably 
produced by compressive stress from the northeast, probably during 
deformation of the Gogango Overfolded Zone. Seismic surveys (Marathon, 1963) 
indicate numerous easterly dipping thrust faults in this area. The intensity 
of folding dies out down dip into the broad Mimosa Syncline, and incr.eases 
to the northeast towards the GogangoOverfolded Zone. Farther north, the 
relationship between the Folded Zone and··the Gogango Overfolded Zone is 
concealed by the Duaringa Basin. 

Mimosa Syncline 

The Mimosa Syncline is the main structure in the southern part of 
the Bowen Basin and the area to the south. The syncline was mainly 
developed and filled with sediment in the Triassic, when about 5400 m of 
sedimentary rocks were laid.down. In the trough of the syncline the underlying 
Permian sequence is probably less than l~OO.om thicJ:t, but it thickens in 
the east limb. TheMlmosa Syncline is mainly an unfolded depositional 
downwarp. Extensive seismic surveys (Marathon, 1963).in the north.have 
revealed that there was very little minor folding within the syncline. To 
the south, some relatively large anticlines have been developed, particularly 
on the east limb of the syncline. Some of these structures grew during the 
Triassic, and seismic surveys suggest that the Clematis Sandstone rests on 
a truncated sequence of the Rewan Formation across the crest. The shape, 
extent, and nature of the Mimosa Syncline is illustrated in Plate 2. The 
block diagram extends about 25 km south of the map area and presents a 
simplified picture of the structure near the Wandoan 1 and Burunga 1 wells. 

Duaringa Basin 

The Duaringa Basin is a narrow trough between the Folded Zone to the 
west and the Connors Arch and Gogango Overfolded Zone t9 the east. Seismic 
surveys across the basin (Robertson, 1961) indicate that it contains about 
1000 m of sediments overlying folded Permian rocks. The western margin 
of the basin is faulted. Most of the sediments in the basin are of Tertiary 
age, but it is possible that the sediments at the base of the sequence are 
Cretaceous. The basin lies along a line of moderate gravity minima (Darby, 
1966); the gravity data suggest that the deepest part of the basin is at the 
northern end. There is no evidence of folding in the Duaringa Basin, which 
is essentially a Tertiary structure superimposed on the Bowen Basin. The 
basin is bounded by a normal fault on the west, and was possibly developed 
in response to relaxation of compression after the uplift and folding during 
the Cretaceous. 
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Eungella-Cracow Mobile Belt 

Connors Arch (Malone, 1964b) 

The Connors Arch is part of the 'Eungella ~trip' of Hill (in Hill 
& Denmead, eds, 1960, p. 11). In the north, the arch consists mainly of 
the igneous Urannah Complex and remnants of the Connors Volcanics. 
Fa-rther south, it consists mainly of Connors Volcanics and isolated intrusives 
and, northwest of Saint Lawrence it is overlapped by the Lizzie Creek 
Volcanics and Car mila Beds from the west and east. The arch is a broad 
simple rigid structure which has been subject to considerable vertical 
move,II7.ent since the early Permian. The Lower Permian sediments mainly 
occupy synclines, which suggests that they were laid down in depressions in 
the pre-Permian surface. Elsewhere, the Lower Permian sequence is gently 
dipping and only gently folded. 

-Ifi--the =solitli;= theOCarmilaBe-ds~-dip offlheoarch ~af 20 0~1o -40-0 to -the 
east, and the Lizzie Creek Volcanics and Back Creek Group generally dip 
to the west at less than 200. In the north, the arch has been uplifted further 

, and the granitic core exposed. The western boundaries are commonly 
faulted and, in places, the adjacent Permian sequence dips vertically or 
is overturned. In the north, the eastern margin of the arch is faulted in 
places, but elsewhere the Cretaceous part of the Urannah Complex intrudes 
the adjacent Carmila Beds. 

Several blocks of volcanics (probably Connors Volcanics) crop out 
near the sout~ern end of the arch. The blocks have a complex relationship 
to the overlying Car mila Beds and Back Creek -Group, in contrast to the 
simple relationship between the southern part of the arch and the overlying 
Permian rocks. These separate blocks of Connors Volcanics ~pparently formed 
local high areas during the deposition of the Permian sequence, and appear 
to have moved independently of the arch during the deposition and deformation 
of the Permian sequence. The geology of the blocks has been described in 
detail by Malone et ale (1969) and is only briefly discussed below (Leura 
area and Strathmuir Synclinorium). 

Calen Area 

The Calen area, between the Connors Arch and the Campwyn Block, 
is separated from the Car mila Syncline to the south by a ridge of Devonian~ 
Carboniferous rocks linkipg the Connors Arch and the Campwyn Block. 
The structure of the area is uncertain. The central part is occupied by the 
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Calen Coal Measures which are folded into a broad northerly trending 
syncline or elongate basin complicated by faulting and minor folding. The 
Calen Coal Measures generally dip at 20° or less and rest unconformably 
on the Carmila Beds and Lizzie Creek Volcanics. 

The block of Lizzie Creek Volcanics is partly faulted against the 
Urannah Complex. The Cretaceous intrusives of the Urannah Complex 
to the north of the fault may be intrusive into the Lizzie Creek Volcanics. 
The volcanics are thought to be a tongue interfingering with the Carmila 
Beds. 

In the south, the Car mila Beds are apparently folded into a broad 
complex northerly plunging syncline, interrupted by isolated blocks of 
the Urannah Complex, which may be unconformable beneath or intrusive 
into the Car mila Beds. In the north, the Carmila Beds are steeply 
dipping adjacent to the Urannah Complex which may be partly intrusive 
intg tlWlll~ rrbe J::;carmila Beds_gene rally_dip _away-from the o contact towards -
the Urannah Complex. . 

The eastern boundary of the Calen area is commonly defined by 
faults separating the Carmila and Campwyn Beds. The faults are mainly 
east block up. Elsewhere, the Carmila Beds rest unconformably on the 
Campwyn Beds. 

A major east~west lineament crosses the area from Mackay.to Eungella. 
The Pioneer River Valley follows the lineament, but the structure is 
concealed by thick alluvial deposits. The lineament coincides roughly 
with the southern margin of the ealen Coal Measures. 

Campwyn Block 

The Canipwyn Block consists of an upfaulted block of Devonian to 
Carboniferous Campwyn Beds extending along the coast from Repulse 
Bay to West Hill Island. In the south, the Campwyn Beds are folded into 
an anticline which trends parallel to the block, but elsewhere the folding 
of the Campwyn Beds does not appear to be unrelated to the block. 

The Campwyn Block is flanked to the east by a Tertiary graben, most 
of which lies beneath the sea and was mapped by aeromagnetic survey 
(Aero Service Ltd, 1963) and marine seismic surveys (UGC, 1966; WGC, 1964). 
The basin extends southwards from Repulse Bay and probably links up with 
the Cr~taceous Styx Basin. About 1260 m of probable Tertiary sediments 
were intersected in the Prosperine 1 well, a few miles north of the map area. 
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The islands to the east of the Tertiary basin are composed of 
probable Cretaceous volcanics and intrusives. The islands are aligned 
along a northwesterly axis. 

Carmila Syncline (Jensen et aI., 1966) 

The nose and west limb of the Carmila Syncline are exposed east of 
the Connors Arch. The east limb is partly truncated by the uplifted Campwyn 
Block and, farther south, is overlapped by the Tertiary offshore basin. The 
Carmila Syncline is a broad structure occupied by the thick Carmi~a Beds. 
Near Saint Lawrence, the folding of the Car mila Beds becomes more complex 
and the Car mila Syncline passes into the Strathmuir Synclinorium. 

Strathmuir Synclinorium (Malone et al., 1969) 

The northerly trending Strathmuir Synclinorium is occupied by the 
earmila Beds and Back Creek Group;~Near~Salnt Lawrence, llle Carmila 
Beds are folded into many tight minor folds and the Back Creek Group is 
preserved in a fairly broad, but poorly exposed, easterly to southeasterly 
trending syncline. The west limb of the synclinorium dips mainly to the 
east, with some local tight folding. It is interrupted by a block of Connors 
Volcanics, which is faulted against the easterly dipping Car mila Beds 
between the block and the Connors Arch. The Apis Creek syncline to the 
south of the block of Connors Volcanics is partly squeezed between the block 
and the Connors Arch. . 

The central part of the synclinorium is moderately tightly folded and 
faulted; the intensity of deformation increases eastwards towards the overfolded 
and sheared rocks in the Gogango Overfolded Zone. The east limb of the 
synclinorium is represented by a single block of Carmila Beds, west of 
Herbert Creek, in which the beds dip southeast to south into the synclinorium. 
At the boundary with the Gogango Overfolded Zone, the strike of the 
beds swings almost north and the dip is generally to the east. 

Styx Basin 

The Styx Basin is an elongate basin, plunging gently to the north, 
superimposed on the Strathmuir SynClinorium. The basin is filled with 
Lower Cretaceous sediments, -which dip gently to the east and unconformably 
overlie the Back Creek Group. The basin is bounded ()n the e~st by a high
angle reverse fault, along which the block of tightly folded Back Creek Group 
to the east has been uplifted, and against which the Cretaceous sediments are 
folded and faulted. 
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The Styx Basin is open to the north unde~ the sea and is possibly 
continuous with the offshore Tertiary basin flanking the Campwyn Block. 

Leura Area 

The Leura area is a small structural unit at the southern end of the 
Connors Arch. It consists of folded sediments of the Back Creek Group 
and a large inlier of Connors Volcanics. The sediments are folded into a 
series of domes and basins, elongated north-south. The regional dips' are 
generally less than 30° 1 and although the beds are not overturned, cleavage 
is well developed. Farther north, near the Connors Arch, the sediments 
are folded into broad anticlines and synclines plunging south parallel to 
the plunge of the Connors Arch. A steep easterly dipping cleavage is 
common in the lutites. A few kilometres to the northwest, similar sediments 
on the west flank of the Connors Arch are uncleaved, probably because they 
were pl'otected from deformation by the rigid Connors Arch. 

The inlier of Connors Volcanics in the Leura area has greatly 
influenced the deformation of the sediments. The lowermost 600 m of 
sediments dip conSistently east at low angles, but in the sequence above 
the structural complexity rapidly increases and the rocks grade into the 
Gogango Overfolded Zone. The st:ructural complexity appears to be 
directly proportional to distance above the Connors Volcanics. 

Farther west, in the elongate embayment within the inlier of Connors 
Volcanics, the Back Creek Group sediments are tightly and complexly folded, 
cleaved and1 in places, sheared. The western margin of the embayment is 
possibly faulted. The intense folding of the Back Creek Group in the 
embayment is attributed to squeezing between blocks of Connors Volcanics. 
On the western margin of the Connors Volcanics inlier the Back Creek 
Group sediments are tightly folded and cleaved1 but the intensity of folding 
decreases rapidly to the west. It appears therefore the blocks of Connors 
Volcanics acted as rigid mobile blocks which transmitted the compressive 
stress from east to west, while to some extent protecting the overlying 
sediments from deformation. Relative movement between the blocks of 
Connors Volcanics has produced the m0st severe deformation of the sediments. 

Gogango OveTfolded Zone (Malone, 1964b) 

The Gogango Ovedolded Zone is a long arcuate belt composed mainly 
of Permian sediments and volcanics with some inliers of pre~Permian 
volcanfcs. The zone is characterized by overfolding, with easterly dipping 
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axial planes, by faulting and possibly thrust faulting, and by the widespread 
development of cleavage in the finer sediments. It is difficult to interpret 
the structure because of the complex stratigraphic relationships and the 
similarity of the rocks. In general, the pre-Permian inliers and blocks 
of Lower Permian volcanics have acted as competent masses during the 
post-Permian folding. They are only moderately folded and are commonly 
faulted against tightly folded and sheared sediments. 

The Boomer Formation, the youngest unit in the zone, is the most 
intensely folded, particularly where it consists of thinly interbedded siltstone 
and sandstone. The well developed bedding and rapid alternation of beds 
with a different degree of competence resulted in flexural slip folding. 
The style of folding varies with the thickness and competence of the 
sandstone interbeds. Flexural slip folding, with rectangular troughs and 
crests, is common where the sandstone beds are up to 30 cm thick and 
constitute more than half the section. Tight complex folding with many 

_orecumbent_ structureschasobeen_deyelopedwher_e_the formation consists_of_ 
thinly .interbedded mudstone and fine sandstone. Cleavage is well developed 
in the Boomer Formation, but there is no evidence of shear folding 
involving movement along cleavage planes. The Hannes Beds are fairly 
massive and fine-grained,and have been deformed mainly by movement along 
shear and cleavage planes. In most areas, the Rannes Beds have been 
overturned and have a consistent easterly dip. Recumbent folds have 
been developed in places. 

In the eastern part of the zone, a complex syncline, west of the Craigilee 
area, is outlined by broadly folded Rookwood Volcanics, and the trough 
is filled with tightly folded beds of the Boomer Formation. Farther west, 
there are complex structures involving inliers of Silurian-Devonian volcanics 
with the Hookwood Volcanics and Boomer Formation. The Boomer Formation 
apparently overlapped the Rookwood Volcanics and rests directly on the 
Silurian-Devonian volcanics in places. During deformation, the Boomer 
Formation was folded and the volcanics were moved by block faulting, so 
that in one place the Boomer Formation dips steeply beneath-the Rookwood 
Volcanics and in another place, a few kilometres to the south, it rests 
conformably on the Hookwood Volcanics. 

Craigilee Area 

The Craigilee Anticline is composed of Carboniferous sediments 
resting unconformably on Silurian-Devonian rocks in the core of the structure. 
The Devonian-Carboniferous rocks extend to the west. The Silurian-Devonian 
rocks consist mainly of massive volcanics, with some steeply dipping 
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sediments which are tightly folded in places. The strike of the older rocks 
is almost at right angles to the strike of the younger sediments. On the 
east flank of the anticline the Carboniferous rocks dip at about 45 0

, but 
in the west they are locally overturned, and in places the Rookwood Volcanics 
overlap the Carboniferous sediments and rest directly on the Silurian
Devonian rocks. The Devonian-Carboniferous sediments to the northwest 
of the Craigilee Anticline dip east and northeast at 40 0 to 70 0

• The sediments 
are overlain by the Rookwood Volcanics, and in the west by the Youlambie 
Conglomerate which is possibly faulted against the Rannes Beds. 

Marlborough Block 

The Marlborough Block consists of possible Lower Palaeozoic 
metamorphics and late Lower Permian serpentinite intruded by Upper(?) 
Permian gabbro and granodiorite. The serpentinite sheet is generally 
unsheared. It forms a long narrow strip along the northwest margin of the 
~rJ!>orQugh Block'r where it is faulted against Lower Permian rocks and-. 
is commonly sheared. The faulted margin dips steeply southeast. In most 
areas, the metamorphics have a well developed steeply dipping schistosity 
which trends east to northeast. One of the faults in the Marlborough Block 
has displaced the laterite profile on the serpentinite and is probably 
of Tertiary age. The contact between the Marlborough Block and the 
Craigilee area is not exposed, but in the Port Clinton Sheet area to the 
east, the serpentinite intrudes sediments which are probably equivalent to 
the Silurian-Devonian rocks. The serpentinite was intruded in the late Lower 
Permian, possibly at the same time as the Rookwood Volcanics were 
extruded farther south. The Marlborough Block was possibly upfaulted 
against the Carmila Beds in the Upper Permian, before or during the Upper 
Permian intrusive episode. 

Long Island Area 

The Long Island area consists of moderately folded Devonian to 
Permian sediments of the Yarrol Basin sequence faulted to the south against 
Lower Palaeozoic(?) metamorphics which are intruded by a poorly exposed 
Carboniferous or younger granodiorite. The Yarrol Basin sediments 
strike north to northeast and dip mainly to the east. The sequence has 
probably been folded into a large north-trending syncline, only the western 
limb of which is exposed. . 
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Auburn Arch (Malone, 1964b) 

The Auburn Arch consists mainly of the massive Auburn Complex 
overlain by pre-Permian volcanics. In the north, it may include some 
Lower Permian volcanics which extend into the Gogango Overfolded Zone. 
The arch acted as a moderately stable rigid block during the Permian and 
younger deformations. It is flanked to the west by the -moderately steeply 
dipping east limb of the Mimosa SynCline. To the east, tightly folded and 
faulted Permian sediments are compressed against the arch. The most 
recent mapping (Dear et al., in press) indicates that the arch is cut by a 
number of northeasterly faults. 

Prospect Creek Area 

The Prospect Creek area is occupied by tightly folded and faulted 
Permian sediments and volcanics. The fold axes and faults generally 
trend nearly north,- parallel to the boundary of the Auburn,Arch, which -
suggests that the sediments have been compressed against the arch by 
stress from the east. 

Biloela Basin 

The Biloela Basin is covered by an extensive but thin sequence of 
Tertiary sediments and Cainozoic alluvium, which conceal the underlying 
structures. 

GEOLOGICAL HISTORY 

Clermont Stable Block 
(pre~Permian rock units) 

The Anakie Metamorphics include the oldest known rocks in the Clermont 
Stable Block. Samples of mica schist, and of one of the granites which probably 
intrudes the metamorphics, have given isotopic ages of about 450 m.y. The -
metamorphics are therefore Ordovician or older. The formation was folded, 
intruded, and thermally and regionally metamorphosed prior to the depOSition 
of the marine Lower to Middle Devonian sediments. 
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The Middle Devonian sediments were laid down in a warm sea, 
-which favoured the growth of reef limestones, and the marine clastic 
and carbonate sedimentation was accompanied by considerable contemporaneous 
vulcanism. The thick and extensive Ukalunda Beds were deposited at the 
northern end of the Anakie Inlier. Only small areas of Middle Devonian rocks 
have been recognized farther south, the most southerly of which consists of 
about 600 m of Dunstable Volcanics. The Middle Devonian sedimentation was 
probably extensive, and some unrecognized Middle Devonian sediments 
may be present in the Anakie Metamorphics. Vulcanism was most active 
in the south, where volcanics form the bulk of the Dunstable Volcanics 
and much of the Middle Devonian rocks west of Emerald and near Douglas 
Creek. The fossils in the Ukalunda Beds, and in the Douglas Creek Limestone 
and equivalents, indicate a lower Middle Devonian age; those in the Dunstable 
Volcanics are probably also lower Middle Devonian. However, sedimentation 
probably began in the Lower Devonian and continued into the upper Middle 
Devonian. 

The=MiCldle~-Devohian sedimehfs wee

r1f deposited uncorUo-rmaolyori the 
Anakie Metamorphics, and both were folded and intruded by the Retreat 
Granite and Devonian~Carboniferous intrusives, probably during the Upper 
Devonian. 

The only Upper Devonian sediments known in the Clermont Stable 
Block are the fossiliferous marine Mount Wyatt Beds, which were laid down 
near the northern .end of the Anakie Inlier in the Famennian. They are the 
only record of a brief incursion of the sea into the area after the Middle 
Devonian, and all the succeeding sediments were apparently depOSited in 
fresh water. 

In the late Upper Devonian or early Carboniferous, acid to intermediate 
volcanics were extruded in a province which overlapped the Anakie Inlier 
to west and east, but probably did not extend much farther north than 
Mount Coolon. The vulcanism produced the Silver Hills Volcanics in the 
west, the Theresa Creek Volcanics on the Anakie Inlier, and the volcanics 
in the lower part of the Mount Rankin Beds to the east. The vulcanism was 
probably largely terrestrial and took place before uplift of the Anakie 
Inlier and subsidence of the Drummond Basin. 
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The Telemon Formation at the base of the Drummond Basin sequence 
contains considerable reworked volcanic detritus, which was probably 
derived from the Silver Hills Volcanics. The. quartz-rich Mount Hall 
Conglomerate and Raymond Sandstone succeeded the Telemon Formation 
with local slight unconformity. They were possibly laid down during a 
period of slower subsidence and greater reworking of the sediments. The 
lenses of Mount Hall Conglomerate and similar conglomerates farther north 
possibly indicate local vigorous uplift of the provenance areas. The 
Ducabrook Formation, the youngest unit in the Drummond BaSin, is similar 
to the Telemon Formation. At this time, the depositional area possibly 
overlapped the Anakie Inlier eastwards into the area where the sequence 
at the top of the Mount Rankin Beds was deposited. Vulcanism on a 
relatively small scale continued while the Drummond Basin sequence was 
being deposited. 

No equivalent of the Silver Hills Volcanics is present in the northern 
part of the Drummond Basin, where sedi~entati()I)proQably commenced _. 
earlier - possibly with the marine equivalents of the Mount Wyatt Beds, 
which are probably older than the Telemon Formation. The remainder of 
the sequence is similar to the Telemon and DucabrookFormations, but 
includes, in places, thick lenses of conglomerate. 

The Drummond Basin sequence was strongly folded, probably in the 
late Lower Carboniferous. The fold axes are generally parallel with the 
margin of the Anakie Inlier, which influenced and was involved in the folding. 
Rocks correlated with those in the Anakie Inlier are exposed in the cores 
of anticlines in the southern part of the Drummond BaSin, west of Springsure. 
The shear cleavage in the mudstone in the northwestern part of the Anakie 
Inlier is apparently parallel to the axial planes of folds in the Drummond 
Basin to the west; it was possibly developed in response to the stress which 
produced the folding in the Drummond Basin. The boundary between the. 
Drummond BaSin and the Anakie Inlier is faulted in places. Presumably, the 
inlier was displaced laterally to the west during the folding, but since then 
the inlier and the Drummond Basin have retained their present pOSitions. 
The swing to a northeasterly trend at the northerp end of the Drummond 
Basin and the Anakie Inlier is possibly due to the resistance offered by 
the Ravenswood Block to westward displacement. The shear stress 
concentrated near the change of trend probably explains the abundant 
phyllitic cleavage and schistosity in the Ukalunda Beds in this area. 

No igneous activity is known during the folding of the Drummond Basin. 

The Mount Rankin Beds are not well exposed, but are apparently 
not tightly folded. They may have been protected from folding by the Anakie 
Inlier on which they lie. 
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Renewed vulcanism in the Upper Carboniferous produced the thick 
acid Bulgonunna Volcanics which rest unconformably on the Mount Rankin 
Beds and the folded Drummond Basin sequence. The Bulgonunna Volcanics 
consist of a pile of heterogeneous volcanic lenses, each of which was 
probably erupted from a single volcanic focus or group of foci. Some 
of the lenses probably consist of contemporaneous intrusive and extrusive 
rocks. The formation is gently folded in places and is on the whole flat-lying 
or dips to the east. In the late Upper Carboniferous the volcanics were 
intruded by acid stocks and small batholiths, some of which may be 
comagmatic with the Bulgonunna Volcanics. A solitary stock, with an 
isotopic age similar to the late Upper Carboniferous intrusives, intruded 
the Drummond Basin sequence west of Emerald. 

In the south, the late Upper Carboniferous sediments contain glacial 
detritus. The presence of abundant striated and facetted cobbles and 
boulders in poorly stratified conglomerate and thinly laminated (varve?) 
shale in the Joe Joe Formation tndicate a glacigene source. The sediments 
aOre possiolyfhivioglacial deposits laid down beyond the glaciated uplands. 
The Joe Joe Formation rests unconformably on the Drummond Basin 
sequence and dips southwest below the Western Bowen Basin; the beds are 
only slightly folded and the area has been stable since the end of the Lower 
Carboniferous. 

Eungella- Cracow Mobile Belt 
(pre-Permian rock units) 

The Eungella-Cracow Mobile Belt has a complex geological history. 
Major tectonic activity had ceased in the Clermont Stable Block by the 
end of the Carboniferous, but in the Eungella-Cracow Mobile Belt it 
continued spasmodically until the Cretaceous. The rock units are discussed 
below in probable order of descending age, but little information is available 
on the age and relationships of many of the units. 

. Po~sibly, the oldest.rocks in the east are the metamorphics (PzI) 
of the Marlborough Block. No fossils have been found, and no isotopic 
ages are available. They are assumed to be the oldest rocks because they 
are the most strongly metamorphosed. The metamorphics were intruded 
by serpentinite about the end of the Lower Permian, when they were 
possibly uplifted by block faulting into approximately their present position; 
they were intruded by a granodiorite pluton and smaller stocks in the 
Upper Permian. 
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The unnamed Palaeozoic metamorphic rocks (pz) cropping out 40 km 
southeast of Theodore are of unknown age .. As they are presumably intruded 
by the Aubux:n. Complex they are probably Lower Carboniferous or older. 

The Silurian=Devonian rocks in the core of the Craigilee Anticline 
are the oldest fossiliferous rocks. They contain an Upper Silurian fauna 
in one place, and a probable Lower Devonian fauna in others. The sequence 
contains extensive intermediate to basic volcanics and marine carbonate 
and minor clastic rocks laid down about the end of the Silurian. The 
palaeontological data indicate that the sequence is significantly older than 
the Middle Devonian rocks of the Clermont Stable Block. The volcanics 
are mainly maSSive, but the bedded limestone and clastic sediments show 
that the sequence has been tightly folded. Folding and uplift took place in 
the Devonian as the overlying Yarrol Basin sequence strikes at right angles 
to structures in the Silurian-Devonian rocks. The Silurian-Devonian rocks 
partly controlled the distribution of the Yarrol Basin sequence in the 
Craigilee area. A conglomerate_at the 1;>~~~e9f thg Y~rrol oBasin s~quenc~~_ 

~- contains clasts of {ossffifer6us limestone from the Silurian-Devonian 
sediments, and the onlapping of the Carboniferous and Lower Permian units 
indicates that the Silurian~Devonian rocks were exposed during Yarrol Basin 
and Bowen Basin sedimentation. 

The inliers to the west of the Craigilee area are correlated with the 
Silurian-Devonian rocks on lithology only. Their relationship to the Permian 
sediments indicates that they were exposed at times. 

The Yarrol Basin sequence has been recognized in the Craigilee 
and Long Island areas. The Campwyn Beds were probably laid down in a 
northerly extension of the Yarrol Basin. DepOSition of the· Yarrol Basin 
sequence probably began in the Upper Devonian, and consisted mainly of 
volcanics. Volcanics with an Upper Devonian fauna crop out in the northwest 
part of the Craigilee area. In the Craigilee Anticline the lithology and fauna 
are different. The base of the sequence consists of Lower Carboniferous 
sediments resting unconformably on the Silurian~Devonian rocks. The 
Silurian-Devonian rocks apparently formed a ridge, which extended into 
the Yarrol Basin and was progressively overlapped from northeast to south
west. Probable Upper Devonian volcanics and sediments were depOSited 
east of the ridge, but were overlapped by the Lower Carboniferous sediments. 

The Yarrol Basin sequence in the Long Island area includes Upper 
Devonian, Lower and Upper Carboniferous, and Lower Permian volcanics and 
sediments~ The sequence was probably laid down well within the baSin, whereas 
the beds in the Craigilee area were deposited near the shore. The connexion 
between the Yarrol Basin sequences in the Craigilee and Long Island areas 
is not exposed; it may be covered by Bowen Basin sediments or was eroded 
when the Marlborough Block was uplifted. 
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The history of the Yarrol Basin began with the deposition of volcanics and 
interbedded sediments in the Upper Devonian. These were succeeded in 
the Lower Carboniferous by lutite, conglomerate, and oolitic limestone, 
followed in turn in the Upper Carboniferous by lutite and sandstone, with a 
little conglomerate and limestone. In the Lower Permian the Youlambie 
Conglomerate and the conglomerate sequence on Quail Island were laid 
down. The separate distribution of these units and gaps in the faunal 
succession suggest the presence of disconformities, some of which are 
possibly quite large. The disconformities are possibly related to epeirogenic 
movements, and the absence of angular unconformities indicates that there 
was no vigorous folding in Upper Devonian/Upper Carboniferous times. 
The predominance of coarse clastics and the irregular distribution of 
the Lower Permian sediments in the Yarrol Basin, plus the fact that they 
are locally unconformable on the Upper Carboniferous, suggest that they 
were associated with renewed tectonism, probably consisting mainly of 
vertical block movements. The Yarrol Basin sequence was folded into 
large structures with local steep flanks, probably during the late Upper 
peFnlian~orOgeriy. ~~--- ~- ---~~-"~~-~~~~=~~- -~~--~=-~~--- -~ ~.~-~-~~~~--.~~~ 

The Campwyn Beds consist mainly of pyroclastics and extrusive 
flows, with minor sediments. The faunas indicate an Upper Devonian and 
Lower Carboniferous age. Some of the volcanics may be terrestrial, and 
the Campwyn Beds were possibly depOSited along the northwestern margin 
of the Yarrol Basin. They are folded into fairly large structures and are 
extenSively intruded by small igneous bodies and dykes. They were uplifted 
and faulted against the Carmila Beds after the early Lower Permian. 

The Yarrol Basin sequence is partly contemporaneous with the 
Mount Hankin Beds and the Drummond Basin sequence, but they were all 
probably laid down in completely separate areas. 

The Connors Volcanics and the older part of the Camboon, Andesite, 
and possibly the older part of the Hannes Beds, are Carboniferous or. 
older. They occupy a structurally high position along the western edge of . 
the Eungella-Cracow Mobile Belt and are unconformably overlain by 
Permian strata. The Connors Volcanics and the older part of the Camboon 
Andesite are intruded by igneous rocks with isotopic ages of up to 311 m.y. 

The Connors Volcanics consist of massive volcanics, which are 
extenSively siliCified, jointed, and intruded. The Connors Arch, which is 
composed of volcanics and intrusive rocks, was partly exposed at times during 
the Permian, and had a marked influence on the structural deformation of 
the Permian rocks. The northern part of the arch was intruded by igneous 
rocks in Upper Carboniferous and early Permian times, and again in the 
early Cretaceous. The early Permian intrusions apparently post-date the 
extrusion of the Lizzie Creek Volcanics .. 
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The Auburn Arch is composed of massive volcanics of the older 
part of the Camboon Andesite and the intrusive Aubur.n. Complex. Both 
the Connors Volcanics and the older part of the Camboon Andesite 
probably include terrestrial volcanics. They may be correlates of the 
volcanics at the base of the Yarrol Basin sequence, or possibly of the 
Silurian-Devonian volcanics, or they may represent one or more independent 
periods of vulcanism which were not related to the activity in the Eungella
Cracow Mobile Belt. 

The Hannes Beds between the Connors and Aubur.n Arches consist 
mainly of fine clastics with some lenses of limestone and volcanics. 
Unlike the massive rocks of the Connors and Aubur.nArches, they have 
been cleaved, sheared, faulted, folded, and overfolded. Much of the deformation 
was the result of Upper Permian or younger tectonic activity, and consequently 
the Hannes Beds are difficult to distinguish from folded and cleaved Permian 
rocks of similar lithology. The older part of the Hannes Beds is associated 
with Connors Volcanics and both are 'unconformably overlain by the Boom.er
Formation. The magnitude of the unconformity suggests that this part of the 
Hannes Beds may be pre-Permian. Most of the unit, however, is probably 
Lower Permian and was deposited in a marine environment. 

The Torsdale Beds at the northern end of the Auburn Arch are considered 
to be Upper Carboniferous in age (Dear et aI., in press.), but these probably 
extend into the Lower Permian. They include conglomerate of possible 
fluvioglacial origin, and are roughly the same age as the Joe Joe Formation. 

Permian-Triassic 

Sedimentation in the Bowen Basin began in three areas in the early 
. Lower Permian with the deposition of the Heids Dome Beds, Lizzie Creek 
Volcanics, and Car mila Beds. A great thickness of terrestrial sediments 
(the Heids Dome Beds) accumulated in the Denison Trough, and a thin sheet 
was laid down across the Western Bowen Basin. The sequence includes 
mudstone and interbedded coal seams laid down during a period of slow 
subsidence, and thick lenses of conglomerate deposited during periods of 
more rapid- subsidence associated with uplift of the source areas. Minor 
contemporaneous vulcanism probably occurred near the eastern margin 
of the Denison Trough. At the same time, there was a period of major 
vulcanism to the north and south. In the north the Lizzie Creek Volcanics 
and CarmHa Beds were laid down to the west and east of the Connors Arch, 
and in the south the upper part of the Camboon Andesite was formed on the 
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Auburn Arch. The two areas of vulcanism were probably separate. The 
sediments of the younger part of the Rannes Beds were deposited between 
the Connors and Auburn Arches, and in the north they were possibly 
continuous with the Carmila Beds. The Youlambie Conglomerate and its 
probable equivalent on Quail Island were laid down in the early Lower 
Permian. Most of the Youlambie Conglomerate was deposited in the 
Yarrol Basin, but it extended westward into the Bowen Basin where it was 
possibly continuous with part of the Rannes Beds. 

In the north, the period of terrestrial vulcanism was followed by 
freshwater sedimentation and vulcanism, and finally by marine sedimentation. 
The upper part of the Camboon Andesite contains lenses of fossiliferous 
marine limestone northeast of the Auburn.Arch~ About. this time, marine 
sediments were being deposited in the Yarrol Basin. The sea was apparently 
to the east of the Connors Arch/Auburn Arch in the early Permian, but 
transgressed westward into the Bowen Basin about the end of the volcanic 
cycle. Marine fossils-are .present towards the top of . both the ·Lizzie~Creek- -
Volcanics and the Car mila Beds. 

Deposition of the marine Back Creek Group followed during the 
remainder of the Lower Permian and early Upper Permian. The thick 
Tiverton Subgroup was laid down in the Denison Trough and in a northern 
trough extending approximately across the· site ·of the Connors .. Ar.chand . 
Nebo SynClinorium. Both sequences consist predominantly of marine 
mudstone; lenses of littoral and fluviatile sandstone interfinger with the 
mUdstone on the northwest flank of the Denison Trough, and in the north 
the base of the sequence consists of sandstone, siltstone, and coquinite. 
Vulcanism continued at the southern end of Connors Arch, where the 
Tiverton Subgroup pyroclastics include reworked volcanic material. A thinner 
and possibly discontinuous sequence was laid down on the Comet Ridge 
between the two troughs. Only the basal part of the subgroup is represented 
in the southeastern part of the basin, where thin neritic limestone and 
calcareous tuffaceous rocks were deposited over the Auburn AX,chand . 
discontinuously over the area between the Connors and Auburn Ar.ches .. .The .. 
area was apparently uplifted during the late Lower Permian and the Boomer 
Formation rests with moderate angular unconformity on the Lower Permian 
sediments. 

The Gebbie Subgroup was deposited in the late Lower Permian. The 
northern trough became more shallow and expanded westwards beyond the 
Nebo Synclinorium. Near the Connors ArCh, interbedded quartz sandstone 
and mUdstone were laid down on the underlying mUdstone, ~nd in the northwest 
the Collinsville Coal Measures were deposited in a deltaic environment. 
East of Connors Arch, the Calen Coal Measures were possibly deposited 
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at about this time. In the late Lower Permian a thick sequence of fluviatile 
and marine littoral sandstone with interbeds of mudstone were laid down 
in the Denison Trough. At the same time a thinner sandstone sequence was 
deposited over the Comet Ridge and a thin sheet of fluviatile sandstone 
(the Colinlea Sandstone) was laid down in the Western Bowen Basin. 

The Blallrr Athol. Coal Measurres were laid. down in an isolated basin 
within the Clermont Stable Block during deposition of the Gebbie Subgroup. 
The Blair Athol basin is on line with the Denison Trough and possibly 
repwesents an extension of this trough. 

The Blenheim Subgroup was deposited in the early Upper Permian. 
It consists of a thin blanket of mal'ine sediments in the Western Bowen 
Basin and in the Denison Tl'ough. At the same time, the northern trough 
deepened and expanded, and a thick pile of sediments were laid down near 
the westel'n marrgin of Connorrs Arch; fawther west, a thinner sequence of 
s3:ndy~~s~dlm~!lt§ wJthJ()ca! Jw.~shW~~!~lt"~~ncJ, m~r~m~ccmll.llfJas~reswa~~ _ ... _. ~ _ .. _ ~ 
deposited on the Collinsville Shelf, the Capella Block, and Comet Ridge. 
The sea transgressed farther west in the Upper Permian than in the Lower 
Permian, and on the Clerrmont Stable Block the Blenheim Subgroup rests 
unconformably on the pre- Perrmian rocks. 

The most marked eady Uppel' Pewmian subsidence took place on the 
site of the Auburn Alrch and Gogango Overfolded Zone, and beyond the 
eastelrnmargin of the map alrea. In the Gogango Overfolded Zone, the 
submarine spiUtic Rookwood Volcamics were extwuded unconformably 
on the Lower Pelrmian Youlambie Conglomerate and older rocks. They 
initiated the cycle of sedimentaUon in this deep but restricted Upper Permian 
downwarp. The serpentinite of the Marlborough awea was emplaced about 
the end of the Lower Permian. It may be comagmatic with the Rookwood 
Volcanics~ and both weR"e possfbly related to the Uppew Permian downwarping. 
The Boomer Formation was deposited in the Gogango Overfolded Zone 
downwaLwp. It overlapped and loeaBy intelrfingered with the Rookwood 
Volcanics, and to the east it intedingewed with units containing immature 
conglomerate derived mainly fwom the east. At the same time, a predominatly 
luUte sequence was deposited near the Auburn Arch. Considerable local 
extrusive volcanic activity was associated with Blenheim Subgroup 
sedimentation near the Auburn Arch, and the presence of tuffaceous clays 
in the Black AHey Shale of the Denison Trough and western part of the basin 
indicates that the effects of vulcanism extended far to the west. No 
pyroclastic rocks or flows have been recognized in the Blenheim Subgroup 
tn the north. Some of the youngest sediments of the subgroup are non-marine, 
and almost aU the sediments laid down in the Bowen Basin from this time 
onw&wds are non~marine. 
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In late Upper Permian time, the Blackwater Group.was deposited 
in a changing system of river channels, braided streams, flood-plains, 
lakes, and swamps, in the central and western parts of the basin. In the 
east, uplift along the line of the Connors and Auburn Arches converted the 
marine basin to a freshwater depositional area. In the late Upper Permian 
numerous acid intrusions were emplaced in the southern part of the 
Eungella-Cracow Mobile Belt, particularly in the southeast. The intrusive 
activity was probably associated with uplift of the mobile belt, although the 
isotopic ages indicate that most of the intrusions were emplaced during or 
at the end of Blackwater Group time. This late Upper Permian orogeny 
probably produced most of the deformation within the Gogango Overfolded 
Zone. 

The Blackwater Group consists of coarse to fine clastics, followed 
by a sequence of fine clastics with widespread interbeds of volcanic ash, . 
and finally of coal measures composed mainly of carbonaceous mudstone, 
minor sandstone, and many thick seams~of coal. The group is about 2000 m 
thick in the Nebo Synclinorium, where the northern trough continued to 
subside. It ranges from 360 to 600 m thick on the Comet Ridge and under 
the Mimosa Syncline, but is very thin and probably not fully represented 
over the Denison Trough and in the Western Bowen Basin. In the Nebo 
Synclinorium there were probably several episodes of vulcanism which 
contributed detritus to the Blackwater Group, but elsewhere only one, about 
the middle of the unit, is recognized. 

The Lower Triassic Rewan Formation, which succeeded the Blackwater 
Group, was deposited over much the same area, but the locus of sedimentation 
shifted from the Nebo Synclinorium to the Mimosa Syncline. The Rewan 
Formation consists mainly of red and green mudstone and siltstone, with 
green sandstone. Beds of conglomerate are found near the base in places. 
Little carbonaceous material and few plants are preserved in the Rewan 
Formation though they are abundant in the Blackwater Group. The paucity 
of carbonaceous material and the red colour of the sediments suggest that 
the Rewan Formation was deposited in a non-reducing environment, 
possibly as a result of climatic changes at the end of the Permian. The red 
sediments were apparently derived from laterite profiles developed during 
post-Permian lateritization of the provenance areas; that is, the red colour 
is a primary feature. 
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The fluviatile Clematis Sandstone was laid down over the Rewan 
Formation. Its maturity and uniform thickness indicate deposition under 
conditions of slow uniform subsidence of the central and western parts of 
the basin. Rapid subsidence of the Mimosa Syncline began again in the 
Middle or Upper TriasSiC, and the immature Moolayember Formation 
succeeded the Clematis Sandstone. T:Qe thickest part of the Moolayember 
Formation was laid down in the Mimosa, Syncline, and the sequence is 
relatively thin in the western and north-central parts of the basin. About 
5400 m of sediments were deposited in the Mimosa Syncline during the 
Triassic. Acid igneous rocks intruded the eastern zone during the Triassic, 
and the downwarping of the Mimosa Syncline was possibly counterbalanced by 
uplift and intrusion to the east. 

During the Upper Triassic deposition ceased in the Bowen Basin, and 
the sediments were uplifted and eroded. During these movements, the 
east flank of the Mimosa Syncline was ste~pened, and the major structures 
in the Denison, ':['rougl1, whJc;h pr~og~l;>lY~J:!orom.~nceJ;Lto fO~ID durJng ._~ 
downwa'rpIng of-the Mimosa Syncline, were more tightly folded and then 
truncated by erosion. 

Jurassic-Cretaceous 

Deposition in the Great Artesian Basin began early in the Jurassic 
with the fluviatile Precipice Sandstone, which blanketed the area as the 
basin began to subside. A lacustrine, and at times possibly marine, 
environment developed in the east, where the fine sediments and some 
oolitic ironstone of the Evergreen Formation were deposited. Farther west, 
the Evergreen Formation consists mainly of the cross-bedded Boxvale 
Sandstone Member which was laid down in a persistent fluviatile 
environment. The fluviatile environment advanced over the whole area again 
when the Hutton Sandstone 'was deposited at the end of the Lower Jurassi~. 
In the Middle Jurassic, the area was occupied by lakes and swamps in which 
the f~ne sediments and minor chemical precipitates and coal of the Injune 
Creek Beds were depOSited. In the Upper Jurassic and early CretaceQus, 
alternating fluviatile sand and partly lacustrine sands and muds were laid 
down. A major marine transgression covered the area in the Lower Cretaceous, 
when the mudstone, glauconitic sandstone, and limestone of the Roma 
Formation were deposited. These sediments are the youngest in the Great 
ArteSian Basin within the map area. 

Cretaceous sedimentation outside the Great Artesian Basin was confined 
to small areas. Freshwater sandstone, conglomerate, siltstone, and coal, 
of Lower Cretaceous age,' are preserved in the St¥x Basin and in small areas 
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to the south and northeast, but they were probably deposited over a much 
wider area. The minor marine incursion in the Styx Basin sequence may 
be related to the major marine transgression of the Roma Formation 
in the Great .Artesian. Basin. 

The early Lower Cretaceous was a time of considerable tectonic 
activity in the north. Acid to basic igneous rocks intruded the northern 
end of the Connors Arch and the Permian-Triassic sequence of the Nebo 
Synclinorium, probably during folding of the Permian-Triassic rocks. The 
Eungella .. Cracow Mobile Belt was possibly again uplifted at this time and 
the sediments of the Gogango Overfolded Zone were further deformed. The 
folding of the Folded Zone is tentatively correlated with this uplift. 

Renewed intrusive and extrusive activity took place about the end 
of the Lower Cretaceous along the northeast coast and offshore to the 
northeast. 

Trachyte stocks,· such as those south of Baraiaba, were intruded 
about the end of the Cretaceous. 

Cainozoic 

Most of the Tertiary volcanics and sediments are poorly known, 
and as mapped they may include some pre-Tertiary rocks. The isotopic age 
determinations indicate that the main period of extrusion of the basalts 
and associated acid differentiates took place 30 to 20 million years ago, 
that is during the late Oligocene to early Miocene. 

The Tertiary sediments were deposited in rivers, flood-plains, and 
temporary lakes on a land surface similar to the present topography. Some 
of the lakes were formed as a result of damming of the rivers by basalt flows. 
The sediments rarely exceed 200 m in thickness, but much greater thicknesses 
accumulated in small faulted baSins, such as the Duaringa BaSin, where 
they are about 1000 m thick. 

The area was subjected to a prolonged period of lateritization during 
the Tertiary, and thick hlterite profiles were developed on the permeable 
poorly consolidated Tertiary sediments. Locally, laterite profiles were also 
developed on the basalt sheets and pre-Tertiary rocks, and on the 
serpentinite and igneous rocks of the Marlborough area. Some of the 
laterites on the older rocks may be of Cretaceous age. The laterite profiles 
on the serpentinite have been displaced by late Tertiary faulting and the 
laterite is preserved on the downfaulted. block only. The laterite profile on 
the Tertiary sediments has been preserved on tablelands and mesas in many 
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areas, and once the laterite profile has been completely removed, the Tertiary 
sediments are readily eroded. 

The Cainozoic sediments were deposited in braided streams, flood-
plains, and river channels closely related to the present drainage system, 
which is actively eroding the older Cainozoic rocks. The sediments are 
generally less than 60 m thick, though thicknesses of up to 120 m are known 
in some river valleys. 

Uplift of the Connors Arch during the late Tertiary is indicated by 
the difference in lithology between Tertiary sediments and younger Cainozoic 
sediments in the same pOSition relative to the Connors Arch: the older 
rocks are mainly fine sandstone and siltstone; the younger sequence is a 
locally derived boulder conglomerate.-Other minor uplifts are indicated by 
incised younger streams which truncate the probable Pleistocene or younger 
river-channel deposits. 

ECONOMIC GEOLOGY 

Most of the metalliferous deposits are found in two belts of igneous 
and metamorphic rocks to the east and west of the basip proper, but the 
Mount Flora copper deposits are associated with the BundarraGranite in 
the Back Creek Group. The sapphires of Anakie are derived from Tertiary 
volcanics in the western belt of igneous and metamorphic rocks. The Bowen 
Basin contains important depOSits of coal and groundwater. Despite 
extensive exploration and drilling no oil or gas is being produced, although 
commercial oil and gas fields have been found to the south. 

The mineral occurrences and production have been given by 
McLeod .. (1965), and information on minerals, mining, and groundwater 
is being prepared for the Department of . National Development, Fitzroy 
Region, Queensland, Resources Series. 

Groundwater 

A survey of the underground water resources of most of the area 
has been made by the Department of National Development in conjunction with 
the Geological Survey of Queensland and the Irrigation and Water Supply 
Commission of Queensland (Department of National Development, in prep.). 
During the regional survey data on water bores were collected, and the results 
have been tabulated in the reports on the Sheet areas. In the south some of the 
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important aquifers lie in the Great Artesian Basin and form part of the 
intake area for the basin. They include the Precipice Sandstone and the 
Boxvale Sandstone Member of the Evergreen Formation, both of Jurassic 
age. 

Much remains to be done on engineering aspects and potential. 

Coal 

The Bowen Basin is one of the most important black coal-producing 
areas in Australia, second only to the Sydney Basin. 

Coal has been recorded from many stratigraphical levels in the 
Permian, Jurassic, and Cretaceous rocks. 

Permian 

Coal has been recorded in the Reids Dome Beds (subsurface only), 
Aldebaran and Colinlea Sandstones, Blair Athol Coal Measures, Collinsville 
Coal Measures (Gebbie Subgroup), Calen Coal Measures, and German Creek 
Coal Measures (Blenheim Subgroup). The most widespread and commercially 
important are the coal measures of the Blackwater Group (previously known 
as the Upper Bowen Coal Measures), which have different names in different 
areas. 

Steaming coal is being produced from the Blair Athol and Collinsville 
Coal Measures and first units of the Northern Electr.ic Authority's 
Collinsville power scheme have been commissioned. Metallurgical coking 
coal is being mined extensively from the Moura, Baralaba, and Rangal 
Measures in the Blackwater Group, mainly for export to Japan. 

Mesozoic 

Coal has been produced from the Jurassic Injune Coal Measures and 
the Cretaceous of the Styx Coalfield. King (1968) and King & Goscombe (1968) 
have recently given a comprehensive account of the occurrence of coal, the 
type, resources, and production. 

Oil and Gas 

In the search for petroleum extensive seismic surveys have been made 
in the south, and much drilling has been done, especially in the central and 
southern part of the Denison Trough. 
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Adequate source rocks and reservoirs, and suitable structures, seem 
to be present, but no commercial quantities of oil or gas have been found 
to date. 

Nebo Synclinorium 

The Permian sediments in the Nebo Synclinorium contain thick 
marine sequences with coal measures in places. Although folded, the 
detailed structure is poorly known, and a large part of the synclinorium 
is masked by superficial deposits. Most of the sequence lacks porosity 
and post-Permian intrusion makes much of the area unfavourable for the 
accumulation of oil and gas. 

To the west the prospects may be more favourable, especially if the 
quartz sands of the Collinsville Shelf extend eastwards into the synclinorium. 

Collinsville Shelf 

The marine sequence on the Collinsville Shelf is considerably thinner 
than to the east, and the quartz sands are exposed or have only a thin cover. 
The junction of the shelf with the Nebo SynClinorium, where any sands 
present will be more deeply buried and capped by the Blackwater,Group, 
may represent a more favourable area. The Collinsville Coal Measures are 
of moderate rank, and any oil and gas present may still be preserved. 

Capella Shelf and Comet Ridge 

The oil potential on the Capella Shelf and Comet Ridge is similar to 
that on the Collinsville Shelf, except that the Comet Ridge is bounded by 
troughs both to the east and west. The Comet Ridge, however, was apparently 
considerably more extensive, and formed a platform during the early part 
of the Permian marine. sedimentation. The development of the Mimosa Syncline 
in this platform may have considerably affected the migration of oil and gas. 

Folded Zone 

The sequence in the Folded Zone is similar to that in the Nebo 
SynClinorium, but the intense faulting and tight folding make this an unfavourable 
area. The presence of anthracite at Bluff is a further unfavourable indication. 
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Mimosa Syncline 

Although the middle part of the marine sequence found to the north and 
west is not present in the Mimosa Syncline, the marine rocks are thick 
enough to form a favourable source. Porous rocks are even less well 
developed than in the NeboSynclinorium, and the prospects are not good. 
Hydrocarbons may have migrated westwards into the porous sands associated 
with the Comet Ridge and the eastern part of the Denison Trough. The few 
wells drilled, however, have not revealed useful quantities of oil and gas. 

Denison Trough 

The amount of drilling in the Denison Trough indicates that it has 
been regarded as an area with good prospects. Porous sands are 
interbedded with and grade laterally into a thick marine sequence, and 
favourable structures have been formed by moderate folding. The results 
to elate have been disappointing. 

Gold 

Gold production has been important. The Clermont area was one of 
the main alluvial producers in Queensland, and the Golden Plateau mine near 
Cracow has been one of the few important producers in recent years. Gold 
has also been produced from the Lady Norman mine near Eungella, Mount 
Britton,Mount Coolon, Mount Flora, Mount Wyatt, Normanby, near Sarina, 
Yatton, and from the deep leads on the Rutherford Table. Most of the gold is 
asso~iated with granitic or dioritic intrusions. 

At Clermont reef gold has been relatively unimportant, and the main 
production has come from Permian deep leads and Tettiary(?) and Recent 
alluvial deposits. Near Cracow prodUction is from a gold-silver alloy in a 
quartz. gangue in the Camboon Andesite, close to the contact with the Auburn 
Complex. 

Copper 

The first significant production of copper in Queensland came from the 
Peak Downs Copper Beds near Clermont. Between 1862 and 18.77, (when the 
mine was closed) 100,000 tons of ore averaging 17 percent copper were 
mined. Copper has also been mined at Mount Flora and on the Sellheim River 
near Mount Wyatt. 
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Other Metals and Minerals 

Other metals and minerals produced co~mercially include silver 
(usually in association with other metal ores), bismuth, arsenic, lead, 
wolfram, molybdenite, nickel, and chromite, but only silvf!r has been 
produced in important quantities. The-.Cracow-Goldfield with the Golden 
Plateau mine as its major producer, yielded more ijlan a quarter of a milUon 
ounces of silver. 

Sapphire 

Valuable sapphires have been prQduced.in the Analde Field. The 
sapphires are found as waterworn fragments derived from the weathering 
of Tertiary pasalt plugs and po.ssibly from flows. The total estimated 
value of the rough sapphires produced is· $1,410,956. The stones are most.y 
blue, green, yellow, orange~yellow, and wh~te. ~tf!,W ~i~m.oQds.~bave".also 
been~f()uifd onlhi$·ffeld~ ~. ~. - = ...... - _.. 

Chrysoprase 

Chrysoprase of gemstone quality occur as veins in the-laterite 
profile on the serpentinite near Marlborough (Brooks, 1964). Since 1963, 
several tons mined from shallow pits have be(3n exPorted, mainly to Germany 
and the USA. ..... 

Graphite has been mined at Jacks Creek, near Collinsville, and 
small amounts of magnesite have been produced. . 

Deposits of bentonite, diatomite, and phosphate have been found, 
but not produced commercially. 
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TABLE 1. DEVONIAN-cARBONIFEROU':l ROCK UNITS OF THE CIBllMONT BLOCK 

Distribution and 
Main Reference!! 

Discontinuous outcrops E 
of Anakie Inlier from E of 
'Blair Athol to N of 14t 
Coolon (~Ialone et al., 1964, 
1966; Veevers et al., 1964b) 

Litholpgy and Thickness 

Quartz-veined' spheruli tic now
banded porphyritic rhyolite, 
dacite, pitchstone, andesite;· 
acid and intermediate pyroclastics 
includ:1ng' agglomerate, voleanic-

.', conglomerate, and lapilli, 
crystal, and lithic tuff; tough 
fine to medium quartz-poor tuff

. aceous arenite, brown and grey 
siltstone. About 4800 m thick: 
65 kill NE of Clermont. 

Type area and four smaller Thin41edded broWn grey-green " 
., areas of ,ou~crop. about~ _ '.~. s1l.tstO!l!;~;fine_ ~.o..,.(l~¥s~, ~ 

50 kill N of Mt Coolon and pebbly ,.rey fuldspatho- . 
(~Ialone et al., 1966) lithic eandstone, largely . 

composed of volcanic detritus, 
quartzose. sandstone;.' fossil
iferous calcareous sandstone;' 
beds and lenses of pebble to 
cobble conglomsrate; ,.reen 
volcanic conglomerate;, small-· 
scale slump structures and 
clastic dykes common. About 
300 m thick in type area 

N1'1 corner of map . 
area (Malone et al., 
1966) 

Widespread in S 
part of Drummond 
Basin (Rill, 1952, 
1957; Veevers et al., 
1964a,b) 

.-
Lithic sandstone,.pebble to boulder 
conglomerate, and siltstone composed' 
mainly of reworked volcanic. detritus; 
minor quartz sandstone, grey chert,. 
and thin beds and lenses of lime
stone. Acid to intermediate tuff, 
crystal tuff, agglomerate, and 
lava nows. Up to 3OO0'm thick: 

Typical sequence consists of 
ooarse lithic sandstone with, 
pink to pale ,.reen tuff, overlain' 
by thin-bedded light green and 
brolm fine sandstone, Siltstone, 
mudstone, and shale, overlain by 
interbedded massive mottled sand
stone and multi-col'oured mudstone. 
with thin beds of pink vi tric tuff 
and dark oolitic and algal lime
stone. Proportion of· each rock 
type varies from place to place. 
2100-2700 m thick 

Structure and 
Relationships 

Only sI-i~tly folded. Dips 
at 20 -50 in·, N and' in. type 
area;' gentler dipsY of type 
area possibly due to presence of 
shallow basement of Anakie 
~letamorph1cs. Unconformable 
on Anakie Metamorphics and 
Ul!alunda Beda; UDConformably 
overlain by Bulgonunna Volc 

Dips, at up to 550 away 
frem'underlying Ukalunda. 

'Be'dB':"AppearaC'to' be local'" 
formation at base of ~lt 
Rankin Beds, which uncon
formably overlie Ukalunda 
Beds 

Noderately tight NE-trmdini. 
folds; dips up Ao 80, , . 
generally 300 -60. Unconform
able on Ukalunda Beds'and 
Devonian-Carbonif erous intrus
ions. Unconformably overlain 
by Bulgonunna :Volc and intruded 
by U. CarboRiferous intrusions 

Moderately elongate' bread 
anticlines and synclines 

persisting.for up'to'go kill; 
dips rarely exceed 30.. Con
formable· or, disconformable 
on ~ond Sst. Unconformably 
overlain by Joe JoeFm 

- - -
G.eneml RemArks 

, L. Carboniferous 'plailts' near 
top include Lepidodendron 
Levidophvllum. Lepidostrobus. 
all cf. L. aculeatum Stiemaria 
ficoides. Probably equivalent 

-

to and originally partly contin
uous.with Drummond Basin. sequence 

U. Devonian brachiopod 
gyrtoevirifer, of. ~ 

, and' '[;'eptophloeum~australe;' --, 
Protolepidodendron, pSilophytes, 
SMemaris 

Carboniferous plants include 
Lepidodsndr0n sp., Rhodia sp., 
Calamites ap. 

L. Carboniferous plants and 
fish include Lepidodendron, 
cf. k. veltheimianum Sternberg, 
GyracaAthides murrayi, cf. 
Elonichthys 

- -
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Rock Unit 
(map symbol) 

, Raymond 
Sandstone* 
(Clr) 

Ibunt Hall 
Co!1[;loJ:1erate 
(ClIi) 

~elE!lilon 
Fo:z:ms. tior. 
(l)J.t) 

Silver Hills 
Volcanics 
(Ds) 

Theresa, Creek 
Volcanics 
(:Jt) 

Distri bo. tion and 
'J.Iain Re!erences 

Table 1 (continued} 

LitholoQ and 'Thickness Shucture and 
Relationships 

Along liE =g1n ofS part 'of 1.!edium to !ine' liGht-coloured ~d elongate anticlines; 
S':J-dipping nalik of 
Dtummond :Basin. llips up 

Jltom:Imond :Basin W of AIIalde fi.aggy micaceous quartzose and 
andla.rge anticline to W sublabile sandstone •. Near AIIalde& 
(Veevers et ·al., 1964a); in interbedded mudstone, siltstone, to 400 

1Togoa e.nd Telel!lOn Anticlines cediUl!l to coarse feldspatholi thic 
and adjacent st=ctures. (liollan sandstone; a%kose,. thin basalt 

. et al., 1969; !till, 1952;' 1951) nOllS. Up to 660 m thick 
BayQond Sst, confo:z:ms.ble and 
transi tiona! on !.it 'Hall Cgl: 
where present; elsewhere dis
confomable on Telmon Pm. J.:J for !laym.ond Sa t 

Along m: IlIargin,of S part of 
llru=ond Basin (VeeVers e~ al., 
1 964a, b) ;,' in Teleaon and' 
lioe,'Oa Anticlines and adjacent 
structures (liollaii et al., 
1969; Telecon Fb: Hill, 1951) 

A:3 for TeleiJon ~.l (Veevers 
et al., 19642.) 

i.:any isolated outcrops in 
seall area of SIT of Clemont 
(Veevers et al., 1964b) 

Cross-bedded quartz-pebble 
conglomerate e.nd pebble quartzose 
sandstone, feldspathic and mol- , 

~ ini ';;ic"quar';;zose' sandstone, mud.,. ~
stone~' Lemticular unit' up to 
180 J:1 thick ' 

, 

:3a.sal part: cross-bildded masaive 
coOGlomerate ~ith lithofeldspathic 
tuffaceous eatrizi pebbly sandstone. 
600 m in Noooa An';;iclinej lenses ' 
out to ':T. 
Top part: thinly interbedded nul ti
coloured lutite and arenite,'~th 
cross-bed:ling, ;=ded bedding, 

,cur=ent striatiOns, ~~ sole 
oarkin,,"'S; lenses of algal lil:lestone. 
1500 m in !1ogoa Anticline"thins ,to 'IT 

BaSe: 240 m of neathered basalt, and 
trachyte nO'.1S "itll lenses' of 
resistant s?herulitic rhyolite. 
laddle: 150' m of conglot:era te, 
lithic arenite, siltstone, shale, 
trachyte no-::s. 
Top s 210 m of amygdaloidal port>h,y- " 
ritic basalt, trachyte, andesite; 
agglomerate, crystal tuff, spilite, 
sandstone, and lithic greynacke 

lit Hall Cgl overlies Telemon 
Pm ",i th disconfom! ty or 
8.lJ8Ular -unconfomi tyo 

'I'elanon P.:l unconfo=ably overlies 
and overlaps Silver Hill Volc, 
"hich rest unconfor.nably on 
Anakie Uetamorphics a.~ Retreat 
Grani teo Structures sicilar to 
those of overly1Il€ units, but 
both units cut ~ cW.n;y faults in 
:ioeoa and TelE!lilon Anticlines 

Andesite, tracbyandesite, ncmbalidsd Structure obscured by massive 
,and spheroidal, ~oli te, rhyolite. nature of extrUsions; thrust-
b..-eccia, iiacite, basalt,-crystal e.nd faulted against Anakie J.Ietamor
lithic tuff; IDinOr arkose, well bedded phics. RelatioDShips obscure: 
lithic arenite and Siltstone, fine to unconfo:z:ms.ble onAnakie lleta-, 
medium cross-Deddad calcareous felds- tlort>hics, apparentlY confo:z:ms.ble 
pathic sandstone, and lamioated red':' on l!. Devonian sediments 
brown micaceous siltstone. Thickness 
Wlkno= 

* Nlll:1e amended to RaYmond Fomation (Olgers, in prep.) 

- - - - - - - - - - - - -

. !.It Hall Cgl contains Carbooiferous 
plants including Lenidodendron 
velthejmifWlll!!. 'llhole Drummond Basin 
sequence probably deposited in fresh 
water 

:9asal conglomerate of Telemon Pm 
derived in par';; from Silver Hills 
Volc. Teleoon Fm contains algae, 
fish scales, fresh"ater? bra.nohiopod 
Leaia, and plants, includin.s; Lepto
uhloeuo. aust+:a~e, o~ IT.? Devonian age 

Ho intriDSic evidence of age. 
Regarded as equivalent to Silver 
Hills Volc and basal volcanics of 
lit Rankin Beds; may be older, equi
valent? to l)J.nstable Volc 

- - - - -
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Rock Unit '. " 

(map symbC!l) 

Neerkol Formation 
(eu) 

(Cl) 

(D-Ca) 

- - - - - - - - - - -
TABLEr 2. DEVONIAN-CARBOHIFEROllS ROCK UNITS OF TII'E EtlHGELLA.-c1lACOli MOBILE BELT 

Distribution and 
Main References 

Long strips of E and 11 
flanks of Craigilee Anti
cline; N part of Long 
Is (Malone et al., 1969; 
Kirkegaard et al., 1966; 
named in Reid, 193Ob) 

Long strips on E and 
W flanks of Craigilee 
Anticline; N part of _ . 
Long Is (Malone et a+., 

,1969; Kirkegaard et 
al.-, 1966) 

Small areas 30 kIn 
S of l~lborough and 
on Long Is (Malone et 
al., 1969; Kirkegaard 
et al., 1966) 

..Lithology and Thickness 

Mainly mudstone to sandy siltstone, 
blue-grey to black, tough, poorly 
bedded:to maSSive, locally grading 
into fine sandstone; labile sand-, 
stone, fine to medium-grained, 
greenish grey, poorly bedded, 
scattered pebbles near base; minor 
crinoidal limestone, coquini te, and 
conglomerate beds n~ base. Estim
ated thickness 1500 IIl+ in Craigilee 
area 

Basal part: siltstone and mudstone, 
grey to greenish grey, massive, 

~,cherty in part; some ' interbeds 0 

of fine to medium sandstone, comm
only graded. 

~Iiddle part: granule to pebble 
conglomerate, clasts mainly rounded 
volcanics, interbedded with oolitic 
lim~stone beds up to 6 m thick. 

Upper part: tough grey siltstone 
with thin to thick interbeds of 
fine to medium labile sandstone 
and coarse calcareous sandstone 
at top. Up 'to 600 m thick W of 
Craigilee Anticline" 2400 m E 
of anticline 

S of ~!arlborough: green basic 
volCanics, mainly tuff, lapilli 
tuff; flows; volcaniC conglomerate, 
greenish grey siltstone, interbeds 
of sandstone, oolitic limestone and 
green tuff 

Lozig 'Is: sandstone, b1ue-grey, 
coarse-grained, locally calcareous, 
thin pebble conglomerate interbeds; 
dark grey siltstone and 'mudstone, 
cherty in part; volcanics,lime
stone 

Structure and 
RelatioriShips 

Broadly folded on CraigUee 
Anticline: E flank moderately 
and 1f flank steeply dipping; 
some minor cross-folding and 
faulting. Moderately folded 
and locally sheared on Long Is. 
Structurally conformable on L. 
Carboniferous, but faunas suggest 
disconformtty; unconformably over
lain by Youlambie Cgl and'Rookt1ood 
Volc 

Structure as for Neerkol Fm. Un
conformable on Silurian-Devonian 
of Craigilee area;. ,decr,ease in, 
thickness of L. Carboniferous to 
W suggests that this unit onlapped 
subsiding Silurian-Devonian block 
from E 

Unconformably overlain by Rock
, wood Volc; faulted E'margin; 
. relatiOnships to serpentinite 

and Youlambie Cgl obscure. Few 
dip measurements are steeply E 

Broad folds with some:, cross
folding and faul ting 

- - - -
...General Remark" 

Mudstone contains richly fossiliferous 
bands t broughout, particularly 
bryozoans. Fauna includes Levipustula 
levis, Spinuliplica cf. Spinulosa, 
Composita cf. magnicarina, AUspirifer, 
Neospirifer, Reticulatia, Phricodo
~ Evactinopora, fenestellids, 
bryozoans, which indicate U. Carbon
iferous age 

Some richly fossiliferous bands; 
limestones generally poorly fossil
iferous. Fauna. includes Productina, 
PlioooohonetesSchizophoria cf. 
resupinata, Rhipidomella, ~ 
ostrotion spp., Syringopora, which 
indicate L. Carboniferous age 

U. Devonian corals in lower 
volcanic part 'and L. Carboniferous 
fossils in limestone beds of 
middle-upper part 

Qyrtospirifer? sp. suggests 
U. Devonian age; rock types' 
suggest sequence includes 
Carboniferous rocks 

- -
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Rock Unit 
(map symbol) 

Camp~ Beds 
(D-Cc) 

Connors 
Volpanics 
(D/Co) 

- -

Distribution and 
llain References 

Isolated blocks along 
coast from'Repulse Bay 
to Cannlla and inland 
at Iroumala (Jensen et 
al., 1966; Jensen, 
196:5) 

S end of Connors 
Arch and isolated 

, inliera to E and S; 
isolated blocks on 
E; and ~ margins- of. " - .~ 
If parto! Connors 
Arch (Malone et al., 
1966, 1969) 

- - -

Table ,2 (continued ) 

Lithology and Thickness 

Dark green and purple andesite 
agglomerate and tl>£f, andesite, 
basalt, rb;yol1te, red and green 
rhyolite'tuff,_lapilli tuff, and 
volcanic breccia, minor tracb;ytic 
volcanics, dark grey to black 
thin-bedded mudstone, well bedded 
or massive siltstone; cSlcareous 
siltstone, calcilutite, and labile 
sandstone, pebble conglomerate, 
oolitic limestone. Contact meta
morphosed in pleces. Up to 
7200 m thick 

Structure and 
Relationships 

Broadly fglded; dips rarely 
exceed 45. W margins faulted 
against Permian rocks; nature 
of faulting unknown, but 
relative movement E block up. 
Equivalent in age and lithol
ogically sicilar to Yarrol 
Basin sequence with which 
they may have been continuous 

Mainly massive rhyolite, daCite, Structure obscure: rare bedding 
trachyte, and andesite flows, tuff, generally dips E; volcanics 
agglomerate, breCCia; extensively apparently consist. of.-sma:ll'~:t:olded'· 
siliCified, jointed,.and quartz-· '-. - ,- liedge- cut by many faults. Intruded 

':veined~ Some tuffaceous, sediments by granodiorite of Carboniferous 
and volcanic conglomerate, commonly age and by younger intrusives. 
jointed and quartz-veined. Intruded Unconformably overlain by L. Permian 
and contact mstamorphosed in places rocks. Onlapping of successively 

younger Permian units suggests parts 
of Connors Volc emerged at times 
during L. Permian 

- - - - - - - -

General Remarks 

L. Carboniferous fauna, 
including Schuchertella ap. 

Rugosochonetes kennegyensis, 
Avonia kennedyensis, ~, 
Prospira tellebangensis, 
Camarotoechia, AviCul0pecten, 
Chonetes, Belleronhon in places; 
elsewhere contains U. Devonian 
foone: Alyeolites sp., 
Tbamngpolj1 sp., Cyrtospirifer 
ap., Stenosi,a ap., Syringopora 

No known flora or fauna. 
, In~ruded . .by granodiori te'~ -

with isotopio mineral ages 
of about 305 m.y. Tentatively 
correlated with Campwyn Beds 
because of similarity of lithology 
and structural position; Send 
may include equiValents of Silurian
Devonian volcanics 

- - - - -

I ... 
~ 
I 
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- -
Rock Unit 

(map symbol) 

Joe Joe 
Formation 
(C-Pj) 

Torsdale,:Beds ,- _ 
(Ct) , 

Bulgonunna. 
Volcanics 
(Cub) 

- - .- - - - - - - - -
TAIILE 3. UPPER CABllONIFEROU3 TO PE!lMIAN ROCK UNITS 

Distribution and 
!.!ain References 

Lithology and Thickness 

Irregular area around. S'N margin Lower part: Lithic conglomerate with 
of Drum!:lond Basin (Hill, 1952, suba.ngular to rounded polymictic 
1957; 1I011an et al., 1969) pebbles and boulders,\some striated 

and facetted; unsorted conglomeratic 
light green sandy mudstone; lithic 
sands·tone. 
Upper part: fine sandstone grading 
to Siltstone, interlamina.ted silt
stone and claystone .(va.rves?~ fine to 
medium lithic sandstone, carbonaceous 
shale, thin coaly beds, fine-grained 
grey l:iJllestone, vitric tuff; sed:iJllents: 
thin-bedded, laminated, cross-bedded 
on small scale, interference ripple 
marks. About 600 m thick 

structure and 
Relationships 

Only gently folded; gentle regional 
dip to S and Sw; some slight drape 
folding over pre-existing structures. 
Unconformable on Ducabrook Fm and 
overlaps older units; contact struc
turally conformable in places. Uncon
formably overlain by Reids Dome :Beds 
and Colinlea Sst 

. Elongate .area_1-5,km~NE of, 
:Banana. and small area 50 km 
SE of :Banana. (Dear et al., 
in press) 

'. _ Conglomerate,> lithic 'sa.'ldstone F mud.,. ~Faulted.a.ga.i.nst .. Camboon-Andesite, 

Large i=egular area in Ni'l 
part of map area (!.lalone et 
al., 1964, 1966) 

stone, chert, andeSite, rhyolite, Auburn Complex, and:Back Cr Gp; 
acid tuff, agglomerate overlain by :Back Cr Gp to E 

Mainly porphyritic rhyolite with some 
trachyandesi tel rhyolite ueakly to 
strongly flow-banded, some uith eut
axitic texture. Rhyolite and dacite 
crystal tuff, tuff, lapi11i tuff, 
tuffaceous and volcanic conglomerat~ 
rhyolite breccia and agglomerat'e; 
minor well bedded fine to coarse 
tuffaceous sandstone, siltstone, 
and conglomerate. Probably includes 
some intrusive rocks 

Unfolded oassive we~e of volcanics 
composed of overlapping, inter
fingering, or separate homogeneous 
lenses; gentle depositional dips 
around margins of lenses, steep in 
some lenses where bounded by faults, 
possibly marginal to foundering 
blocks. UnconformablE! on Drummond 
Gp, !.It Rankin Beds, and Ukalunda 
Beds; unconformably overlain by L. 
Permian volcaniCS and'sed:iJllents 

- --- -
General Remarks 

Carboniferous plants, including 
Cardiooteria polynorpha, and spores. 
Spores suggest unit extends into 
Pe:z:mian in subsurface to 'N. Basal 
part: mainly fluvioglacial; s=e 
beds of till; most of striated a:1d 
facetted cobbles partly rounded. 
Upper part: mainly lacustrine 

.1Iay" be .partly fluvioglacial •. , Age_ 
and relationships not firmly estab
lished 

No fossils recorded. Intruded by 
plutons about 285 m.y. old. Probably 
U. Carboniferous; may be partly coeval 
17ith intrusive rocks 

- -

I ... 
~ 
en 
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_ Rock Unit 
(map symbol) 

Reids Dome Beds 
(Plj) 

Oriou Formation 
(Flg) 

Lizzie Creek 
VolCanics 
(Plz) __ 

Ca:rnlila Beds 
(Pla) 

- - -

TABLE 4. EABLY LOtlER PERHIAN ROCK tml!rS 

Distribution and 
I-lain References 

Denison Trough and W part 
of basin (Mollan et al., 
1969) 

Outcrops in core of 
Springsure Anticline 
(Hqllan et al., 1969) 

N part of basin, l!ISinly 
W of Connors Arch (as L. 

·Bowen-Volc:-- IWone eta'];,'-
1964, 1966; .'alone et al., 
1969; Jensen et al., 1966) 

11 part of baSin, mainly E 
and S of Connors .i..rch 
(Jensen et al., 1966; 
Kalone et al., 1969) 

- - -

Lithology 

Sequence varies from place 
to place. ConSists of 
alternating carbonaceous 
sandstone, grey siltstone 
and sha.le, and coal (Orion 
Pm) above thick dark shale 
with anhydrite, dolOmite, 
coal, sandstone, and siltstone. 
Thick vOlcanolithic pebble 
conglomerate and volcanolithic 
eandstone near middle and base 
in places 

Andesite, daCite, rhyOlite, 
trachyte, and basalt flows, t~f,_ 

--- agglomerate, ~-brecciai sublabHe; 
labile, volcanolithic, and tuff
aceous sandstone, graywacke, silt
stone, argillite, ashstone; 
pebble, cobble, and boulder cong
lomerate, volcanic conglomerate; 
fossiliferous limestone, cal
careous lithic sandstone, cal
careous tuff 

R..'Jyolite, dacite;- minor andesite 
flows and crystal tuff, volcanic 
conglomerate, lithic, feldspathic, 
and volcanolithic sandstone, tuff, 
ashstone, Siltstone, mudstone: 
alternating tuffs and sediments. 
FOSSiliferous calcareous tuff, 
limestone, and sandstone 

- - - -

Strugture and 
Relationships 

Hoderately folded in De~on 
Trough with dips up to 40; 
gently dipping elsewhere. 
Sequence generally indurated, 
locally fractured and slicken
sided. Unconformable on Joe 
Joe Pm and pre-Pennian base
ment in 511. Confomably, and 
transitionally?, overlain by 

Cattle Cr Pm in Denison Trough; 
unconfomably overlapped by 
Colinlea Sst in iT 

~nconformable on Connors Volc 
an';' Bulgonunna Volc .• _ ~aterally_ 
eq1.livaJ.ent to am locally cont-
inuous with Ca:rnlila Beds. 
Transitionally overlain and 
locally overlapped by Tiverton 
Subgp in most places; in 
Collinsville area, disconform
ably or unconformably overlain 
by Gebbie Subgp. lJnconformably 
overlain by Calen Coal. ~jeasures 
in NE 

Unconformable on Connors Volc. 
~nconformable on Campwyn Beds, 
but contacts generally faulted. 
Laterally equivalent to and 
locally continuous with Lizzie 

_ Cr Volc. Transitionally overlain 
and locally overlapped by Back Cr 

. GP. Unconformably overlain by 
Calen Coal Heasures in Nt: 

- - - -

General Remarks 

Abundant Glossonteris/Gangamopteris 
flora. Rare marine fossils indicate 
occasional marine incursions. Orion 

Pm is only named unit of Reids Dome 
Beds which crops out 

Fossil >Tood -and plants, including 
Glossopteris,. Noe~gerathio~sis, 
Cordaites, Samaro~sis. L. Permian 
I!ISrine fossils of Fauna I near top 

Hoe&:gerathiopsis, Clossopteris, 
Gang/lI:lopteris, ..nd near top L. 
Permian marine fossils of Fauna I and 
possibly Fauna II 

- - - - -
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- - - - - - - - - - - - - - - - - - - -
TABlE 5· SEQUEl/CO PEBEfRATED I. PETROL£UI EXPLORATI 01 IElLS 

Bfe.hel_ Gebble f!.erto. 
D Sub2roup Sub2rouP Sub2rouP 

.!!l!..!!!e ~ Po.t. ·laol.y. qn·~t. Rew. Black. Black Gsrwao Pea- Catber- I.ge. AIde· Cattle Buffel Relds Cuboo. Pra· Tot.1 Deptb 
6 round ·E1 .. atlon ... Trias- eaber F. later Alley cr. Coal taddy I.e Sst. lare barah erF. F.l Do.e Andesite Peralan (ft) 

(ft) & sic 6p Sh. !leasures f_ f_ Sst. equlv •• Bsds 
lents 

0SI.3 (Arcadia) 0036 
6E1392 5- 15 ~5 10!il 1200 225l mo 3200 
AJlJ7 (Arcad I a (10) ·Cz (330) (70S) (1!il) (10!il) (S2Il) (510) - -
6E1222 

AfO Arcturus n - HO 620 1470 1500 . Z130 . 3120 3320 ~10 5!ilO 5203 
No. 1 (126)T (400) (8!il (110) (5!il) (990) (200). (90) (2090) (703) 

6E59O 

AAO Bandanna 10 300 .400 . 1430 2110 4043 
110. 1 (290) (100) (9!il) (680) (1933) 

GEn20 

UUBuru.ga 18 2031 2081 4656 .x. 9500 9801 9981 10m 
No.1 (2013) . (!il) (2575) (4924) (W) (100) (261) 

'6E1014" ~. - ._- <. _- - _,"- --. ",,--_"'0.-

UU Cadeataa 18 725 3315 5595 . 11320 11918 12082 
Creelc No. 1 (707) . (2590) '(2200) (5725) (598) (164) 
GE655 J-K 

AFaCaaet - 15 690 720 875 1930' 2355 3010 
No. 1 (675) (30) (155) (1055) (425) (655) 
GE600 . • 
AP Caoetsl de 12 8!il 1740 . 2080 3230 :. 3660 . 5115 5561 --.1 
ila~ 1 (838 (890) (340) (11!il) (430) (m5) (445) -.1 • GE624 

AOE3(Consuela) 12 2100 4437 .--. 

GE988 (Z168) (2257) 

AFa Caarooreh '10 390 1210 e . 1638 2640 '. .3010 3523 
No.1 (300) . (820) (m) (1002) (370) (513) 

U5 

Planet' . 11 . 900 1540 18&l 2000 2061 

. Crystalbr:ook 949 . (500) (320) (140) (61) 
~a. 1 J-K 
6£1647 

~ 

"'Dseas Cunno 12 1205 2085 2440 2~25 .x. - 2781 2828 

No.1 (1193) (800) (355) (185) (156) (47) 

6E1796 J-K 

bratho. 15 275 2015 3015 6685 7420 .x •. 8945 9315 9418 

iii enhaughtan (200) (1740) . (1000) (3670) (735) (1525) (370) (103) 

No. 1 
6E1814 

.. 0 liIentulloch 11 1575 1685 1820 2660 4005 4088 

1Io~ 1 (1564) (110) (135) (840) (134S) (83) 

GE1!il7 .J-K 

- Depth fro_ RT or K8 to fa,..atlon top elevatlo. KBor RT equals ground elnation plus distance to top of fa.,..tlon at surface. • Fa,...U on thi elene ... .... Uodl ffere.tiatsd Blenhela Subgroup 9 Undlfferentlatsd Catherl.e Sst and 
I.galare F.. 



!WiLE. 5 (continu.ed) 

Blenhel. Gebbia Themn 

~ 
Subgroup Subgroup Subgroup 

lell Ian ;§ Post- !!aola,- ClellaUs !!nan 81ack- Black ~ Pea- Cather- loge- Alde- . Cattla Ibffel Relds Caabooo Pre- Total Depth 
~eyaUoo ;S Trias- eoIIor flo Sst flo later Allo, Cr. Coal .add, Ina Sst. lara barab Cr F.- flo' Oou Andeslta Peralan (ft) 

(ft) c:! sIt lip Sh .. Caasures F. F. Sst. oqul.". Beds 
Imlh 

0Sl2 (IiIttoa) 7 340 .x. 890 ~88 

Creek)" (333) (55)) (3798) 
6£1510 J-I . 

AfO Indarl 10 100 190 Z90 930 1670 1690 1870 4010 5370 5433 
10.1. (90)Cz (90) (100) (640) (740) (20) (180) (2140) (1360) (63) 
G£710 

AlO Kildare 14 162~ 2410 2730 2990 3760 sm 
00. 1 (1610) (786) (320) (260) (770) (19~) 

6£1590 J-I 

AlO Kildare 14 1626 1005 2160 2~ 3145 7667 
Ro. 2 (1612) (179) (355) (289) (696) (4522) 
GE1613 J-I 

UO Killoran 10 1900.1• 2305 m9' 
no 1 (1890) (405) (44) 
6[1697'~' 0 J-I 

SQD !!arella 0 900 1~10 . ·1800 -- --'> 
. 2700 3865 ~360 ~ 

Ro. 1 (900) (510) (470) (820) . '(1165) (495) (274) 
RT965 

.IP !!otle, 13 900 1730 2070 3220 3660 4187 
No.1 (887) (820) . (340) (1150) (~) (527) I 

GE769 
... 
~ 
(II 
I 

Ale Purilrock 10 670 1490 1835 3035 3400 4750 4949 
No.1 (660) (820) (345) (1200) (365) (1350) (199) 

GE783 

AP Purilrocik. 13 2200 .3020 . 3310 ~ 4866 5582 
South No.1. (2187) (820) (290) (1150) (406) (716) 
6E817 

A OE Relds Ooae. 10 1695 . 9000 

No. 1 (1685) (7365) 
. .s E 969 

A Fa Rellaston 9 75 700 1385 1850 2940 3020 3125 4600 7130 9508 

No.1 (66)Cz (625) (685) (465) (1090) (80) (105) (1475) (2530) (2378) . 

GE683 

A FO Struan 15 630 1500 1620 2130 3060 3110 3340 5000 5920 6034 

No.1 (615) (870) (120) (510) (930) (110) (170) (1660) (920) (m) 

GE650 

AFO Sun 11 gbt - 15 1295 2280 2540 2870 3930 3942 3985 4453 ~2 4953 5000 

10. 1 "- (1280) (985) (260) (330) (1060) (12) (43) (4G8}' (~} (91) (47) , 
6£835 

PI anat 9 1520 1748 1750 

loolooobilla (1511) (208) (2) 

Ro. 1 .... , Granite 

GE1358 

Pl..ot 16 90 1530 1970 2475 - 3280 3675 4710 6701 : .. 
(395) (1035) (1991) .. mnll1. 10. 1 (74)Cz (1~) (~) (505) (005) 

6£1005 - - - - - - - - - - - - - - - - - - - -



- - - - - - - - - - - - - - - - - - - -
TAllI.:Ei 5- (contiImed) 

Blenhelo Gebble Therton 

-= 
. Subgroup Subgroup Subgroup 

lell lI .. e 5 Post- l!aolay- Cle .. tls ·lInan Black- Black Ge".an Pea- Cather- lnge- Alde- Cattle illffel Relds Caolloon Pre- Total Depth 
~evatlon 

j Trlas- ember F. Sst F. ..ter Alley Cr Coal laddy In. SSt. lara barah Cr Fa Fa' Dam. AndesIte Per.lan ( tt) 
( tt) sIc Gp Sh lleasures Fa F. .Sst. equIvalents Beds 

PI anet larrl no 16 55 2060 mo 29~S 3725 38!1l 4010 56~5 6~S 6819 
l11a II. 110. 1 '" (39)Ca (1005) (~10) .(m) (780) (125) (160) (1635) (1000) (m) 
GEl020 

PI anet iarrong 9 515 l!1lS 1820 2060 2135" 2785 3S7~ 
110. 1 (!Il6) (990) (315) (240) (75) (6!1l) (789) 
GE20~ J-K 

: .. .Y; 

AAO !engrave 13 710 16!1l 2000 2270 3080 3610 ~130 ~2 

No. 1 (697) (gw) (3!1l) (270)" (810) . (530) (520) (2312) 
GEl702 

- - -' -- -~-- •. ~ --=-'--""'--=--~-- ._< --O...~_",~-~=. __ 

440 lest grove 13 762 1393 1720 19!1l 2620 33!1l 3576 12663 
No~ 3 (749) (631-) (327) (230) (670) (730) (226) (9057) 
GE1719 

AFO Yandlna 15 220 ~10 600 1390 2070 2100 2290 2558 
110. 1 (205}T . (190) (190) (790) (680) (30)" (190) (268) .-

. GE660 
-.''-. " 

I -. ~ 
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-

Rock Unit 
(=1' sytlbol) 

Sirius Fo~tion 
(Pls) 

Staircase Sand
stone 
(Plt) 

Stanleigh 
Formation 
(Plh) 

Cattle Creek 
Formation 
(Plk) 

- -

Distribution 

SLnleigh F!:!, Staircase 
Sst, :md Sirius Fm crop out 
in parallel elongate belts 
around the N-trending 
Sprin,,"Sure Anticline, from 
40 Ian N to 48 Ian SSE of 
Sprin,,"'Sure in SpriIl&Sure and 
:Eberald Sheet areas. Fo=tions 
difficul t to dis tilJ8Uish W of 
Eberald ."here they are map-
ped e.g Tiverton Subgp 

As for Sirius Fm above 

As for Sirius Fm above 

Exposed in core of Reids 
Iiome, Springsure Sheet area; 
recognized subsurface
throughout Denison Trough 

TABLE 6. ROCK unTS OF TIlE Trv=:'iTOli SUBGROUP 

Tve Area and 
!Jain References 

Staircese Or just S of 
Springsure-Rolleston road 
(Webb, 1956; Hollan et 
al.,-1969) 

Type section along 
Springsure-Rolleston road 
nesx Staircase Or (Reid, 
1930a; 1lollan et al. , 
1969) 

Near StaDleigh homestead; 
type section in Orion Or 
8 Ian N of homestead, 
Springsure Sheet area 
(:Phillips, in Hill & 
Denmead, 1960; 1lollan et 
al., 1969) 

Cattle Cr, 53 Ian S7{ of 
Rolleston, and section in 
AOE 1 (Reids Dome) from sur
face to 1695 ft (516.6 m) 
(Hill, 1957; S~, 1952; 
Mallan et al.., 1969) 

Li tholor;r and Thickness 

Interbedded gt"eY"'"blue mudstone, grey 
to buff siltstone containing flakes 
and encrustations of gypsum and 
jarosite, and sort brown poorly bed
ded argillaceous lithic sandstone. 
105 m thick in type area; thins to 
HandS 

Eainly cross-bedded quartzose sand
stone containing some lithic grains 
and feldspar in type area; to S, 
sandstone better sorted and more 
mature; to N and S contains inter
beds ofo_siltstone and mudstone. 
210 m thick in type area; thins to 
126 m in If 

Upper unit I dark grey to dark blue, 
poorly bedded, locally micaceous, 
carbonaceous mudstone and siltstone 
,:i th gypsum and jarosite along bed
di.og planes and joints; some beds 
contain ferruginous accretions con
taining pebbles and fossil shells. 
1Jiddle unit (Rivers tone Sst J.lbr: 
Power, 1966): cross-bedded pebbly 
li thic sublabile sandstone with 
minor turf, feldspar, and biotite, 
interbedded with mudstone and silt
stone as above. 
Lower unitl mudstone and siltstone, 
as for upper unit; thin sandstone 
interbeds and bed of conquini tic 
limestone ('Eurydesma limestone') 
near base in N. Total thickness 
438 m in type area 

Upper part in type area consists of 
dark grey poorly sorted poorly bedded 
conglomeratic silty sandstone and mud
stone containing scattered large angu
lar boulders, with thin interbeds of 
limestone and calcareous sandstone; 
sandstone argillaceous, lithic, sub
labile, contains mica, carbonaceous 
material, and lenses and bands of 
gypsum and .rarosite along bedding 
planes. Complete sequence in AOE 1 is 
dominantly dark grey mudstone, with 
interbeds of sandstone, calcareous silt
stone, and silty limestone. 1685 ft 

(513.6 mY thick in ACE 1 (Reids Dome) 

Structure and 
Relationships 

Three fO=02tiOns fo= 
conformable sequence; 
SiriUS/Staircase 
cont~ct sharp, Stair
case/Stanleigh contact 
gradational. Seouence 
grades to E and'S into 
Cattle Cr Fb with 
reduction in proportion 
of sandstone. Stanleigll 
Fm transi tionally over
lies Orion Fm at top of 
Reids Dome Beds. 
Seauence folded into 
elongate N-trending 
Springsure Anticline 

As for Sirius Fm above 

J.s for Sirius Fm above 

Generally gently dipping; 
crops out only along crest 
of Reids Dome. Transition
ally overlies Reids Dome 
Beds in Denison Trough. To 
SE and E, basal part re
placed by dominantly cal
careous unit (Buffel Fm), 
.which unconfo=ably overlies 
eroded Reids Dome Beds or 

.pre-Permian rocks 

General ReoaJ:.'ks 

L. Pe:cnien marine 
fossils (Fauna II) 

Cross-bedding azi
muths suggest Vi 
source. Rare marine 
fossils; some casts 
of logs and plants 

Locally abundant L. 
Permian marine 
fossils (Fauna II). 
Rare Glossopteris 

Abundant L. Pe:cnien 
marine fossils 
(Fauna II). Near Top 
contains 3-m bed of 
limestone, called 
'Eurydesma lime
stone' by Reid 
(1930a), blt not 
equivalent to 
'Eurydesma lime
stone' at base of 
Stanleigh Fm . 

- - - - - - - - - - - - - - - -
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- - -
Rock Unit 

(map symbol) 
i 
Euffel Formation 
(Plu) 

Tiverton Subgroup 
" --(undifferentiated)' 

(Plp) 

- - -
Distribution 

Exposed in isolated lenses 
f:rom Cracow to near Binana. 
and S of lliloe1e, tenta
tively identified in wells 
toW 

N part of basin f:rom near 
Nebo to -near-,Coll:insville, 

- -
'TABLE 6, (continued) 

Type Area and 
train References 

-
:sUrfel Hill 8 km S of 
Cmcaw (Wass, 1965; 
1!cllall et al." in press) 

Na=tm strip extending for 
20 km,mm:-fromHa.zelwood Ox, 
(Malone et al., 1966, 1969) 

- - - -
Li tholollY and Thickness 

Fossiliferous limestone grading 
latemlly and vertically into hard 
white' aphanitic chert or silicified 
limestone, in places overla.1n by' blue
green hard mudstone with lenses of 

, dark blue-grey ca.lcilutite, volca.no
lithic pebble conglomerate \'lith grey 
fossiliferous limestone matrix at base 
in places; limestone: purple, brmm, 
or VIh1 te, coa.rse,~ and commonly thick
bedded., Max of 60 m exposed, but top 
eroded 

Upper unit (Cattle Or Fm equivalent?) I 
,grey-blue siltstonedmd l!ludstone, 
roU8hly laminated with trregttlar dark 

, mudstone partings" generally hard and 
closely' jOinted, some gypsum and rare 
jarosite; hard calcareous siltstone 
nodules or accretions up to 2.5 m 
across, either scattered or in layers; 
fossiliferous calcareous siltstone 
near base~ 390 m thick. 
Lower unit (Buffel Fm equiValent?): 
f9:SY' medium to, fine feldspathic and 
11 thic labile and sublabile sandstone 
with carbonaceous streaks and laminae 
in places, interbedded with dark grey-
,blue laminated to medium-bedded silt
stone and mudstone, fossiliferous 
calcareous siltstone and sandstone" 
limestone and'coquinite; hard volcano
lithic sandstone at base. Max, 

,thickness 330 m 

- -
structure and 
Relationships 

-
tl"nconformable or 
disconfonnable on Camboon ' 
Andesite, disconformably 
overlain by Oxtrack Fm. 
Ma.:inly dips gently W 
between Cracow and Banana; 
preserved in trough of 
tignt syncline near Cracow; 
more tightly folded S of 
Banana. Probable equiva
lents of Buffel Fm included 
in, undifferentiated Back 
Ox Gp b'etweeIi !lebo and 
Fitzroy R, 

Confonnable or locally dis
confomable on Lizzie .. Ox 
Volc. Confomably overlain 
and overlapped to N' by 
Gebbie Subgp. ltI:ps moder
ately to steeply SW off 
Connors Arch; locally 
indurated, jointed, and 
sheared. Upper ani t very 
poorly e~"Posed, and 
apparently locally faulted 
out in part at N end of type 
are,a 

- -
General Ranarks 

Abundant L. Pemian 
marine fossils 
(Fauna. II) 

Abundant L. Pemian 
marine ,fossils 
(Fauna. II), mainly 
in lower ani t , 

-
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: Rock Unit 
(cap symbol) -

Colinlea 
Sandstone 
(Plo) 

Aldebaran 
Sandstone 
(Pll) 

Ingelara 
Formation 
(Pli) 

Catherine 
Sandstone 

(Pl!). 

- -

Distrilr~tion 

Y part of basin. 
(Fl1.,v1al envirOn
ment. Fig. lla.) 

Denison Trough: 
recognized in SW 
part of basin as 
far Ii as Coorooah 

Denison Trough; sub
surface distribution 
as for Aldebaran Sst 

Denison Trough as far 
SasS nose of Reids 
Dome; in subsurface: 
E to Rolleston 1 and 
N to Comet 1 

- -

'l!UILB 7. ROCK UNITS OF TH8 GEBBlE SUIlGR~ 

(Southern part of Boven Basin) 

TYpe area and 
Hain References Li tho~ogy and Thickness 

Along Central ~estern 
Highway in Colinlea 
Holding (Hill, 1957; 
SQJ,1952; nollan'et al., 
1'369). 

Fine to medium:-planar and 
festoon cross-:bedded !raolin-
i tic quartz SBlId.stone with 
thin soft purple siltstone 
interbeds and granule-pebble
cobble conglO!:lerate- mainly 
near base; clasts in con
glcm:8rates include milky 
quartz, fine sandstone,quartz
ite, chert, and acid volcanics. 
Sandstone thick to medium
bedded near base, thin-bedded 
to laminate near top 

S branch of Aldebaran 
Cr 40 lan'SSE of Spring
sure (~eid, 193Oa; 
Hollan et al.,1969) 

U~ member (Freitag :i'm,Power, 
1966): c:.tartzose sandstone, 
rarely conglomeratic and mics-
ceons, thinly iJiterbedd'!ld with 
fissile Siltstone; worm tubes 
and OSCillation ripple marks 
comnon. 45-75 m thick. Middle 
member: conglomeratic ql!=tzose 

5 km Nil'll en: Ingelara 
bo!IIOatead lRaggatt II: 
Eletcher, 1937; Hill, 
19571 ~lollan et ale " 
1969) . 

Ht Catherine area 
(Reid, 1930; Mollan 
et al., 1969) 

" .. ~ sandstone' wi tli beds of conglomE!!."
ate containillg pebbles as fer 
Colinlea Sst conglomerate; 
truncated planar cross-bedding,· 
festoon crOSS-bedding, am scour 
channels ·common. 9~240 m thick. 
Lower member: fine to medium 
feldspathic quartzose sandstone 
con.!:aining pebbles of fine sand
stone,siltstone, and milky quartz, 
interbedded with carbonaceous mud
stone and rare tr.1n coal seams. 
~33O m thick 

Poorly sorted and poorly bedded 
conglomeratic sandy siltstone 
and mudstone, carbonaceous, 
pyri tic, lenses and bands of 
msum and jarosite, large cal
careous fossiliferous concretions. 
Large angular boulders, similar 
to those in Cattle Cr Pm, around 
S nose of Reids Dome. 36 m thick 
in type area; max of 160 m 65 km 
N. . 

Cross-bedded fine to medium well 
sorted quartzose to sublabile 
sandstone, containing up to 1~ 
potash feldspar in places, inter
bedded with thin poorly expOfled 
mudstone intervals. 90 m thick 
in type 'area; max 135 m 

Structure and 
Relationships 

Dips gently to S and goff 
Ilrum::!ond Basin. Lateral equiv
alent of middle and top parts 
of Aldebaran Sst and of Catherine 

. Sst; Ingelsra Pm not represented. 
UnconfDr"'..able on Reids DCZle Beds 
and pre-Permian units; conform
ably overlain by Peawaddy Pm 

Dips at up to 400 on flanks of 
Springs=e and Consuelo Anti
clines and Reids DO!:le; gently 
dipping elsevher-e. Lower member 
transitional on Tiverton Subgp; 
separated by local erosional 
unconformity' from middle ~ber." 
Upper member conformable on 
middle camber in outcrop; Power 
(1966) suggests upper member 
over-lies major erosional uncon
formity in lsubsurface to E and S; 

_Ingelara Pm transitionelly 
succeeds upper member 

Dips at up to 350 on flanks of 
Springsure and Consuelo Anti
clines and Reids Dome. Trans
itionally overlies Aldebaran Sst; 
conformably, in places traris
itionally, overlain by Catherine 
Sst; S of S nose of Reids Dome 
disconformably overlain by 
Peawaddy Pm 

lateral equivelent to upper psrt 
of Colinlea Sst. Disconformabl¥ 
overlain am overlapped by 
Peawaddy Pm; wedges out because 

- of non-deposition Or erosion 
beneath Peavaddy Pm to SandE 

- - - - - - - - - -

General Remarks 

Plant fossils including 
Vertebraria; ferruginized logs 
in basal conglomerate. Palyno
logical data aupport correls tion 
with Aldebaran and 'Catherine Ssts. 
J!ainly fluviatUe sedimentetion 

L. Permian marine fossils (Fauna 
III) in upper member. I~inly 
deposi ted ill deltaic, rarely 
fluvial.environment; member 
boundaries mark major regression 
and trall$!l"~s!on_ lrl'elfvlar 
.lstertll thickness variations 
suggest several distributaries 
supplied sediment to delta 

L. Permian marine fossils of 
Faun~ III; possibly of same age 
as fauna in middle unit of Gebbie 
Subgp in N part of basin. 
Deposited in rapidly subsiding 
marine basin with little sorting 

L. Permian marine fossils (Fauna 
III). Deposited in paralic and 
shallow marine environments 
durinrs last stage of subsidence 
of Denison Trough 

- - - -

• ... 
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Rock Unit 

(map symbol) 

Gebbie Subgroup 
(Plb) 

Collinsville 
Coal Neasures 
(Plc) 

- - - - - - - - - - - - - - -
TABLE 8. ROCK UNITS OF THE GEBBIE SUBGROUP 

(Northern part of Bowen Basin) 

Distribution Type Area and 
J·:a.in References 

Long strip along If flank Gebbie Cr 22 Ian SSE of 
of Connors Arch and in Collinsville (}lalone et 
large anticline in al., 1966, 1969)· 
Folded Zone, 55 Ian N .of 
Bluff 

Broad belt extending 
65 km If and S frOI:! 
Collinsville 

Collinsville area 
(Reid, 1924: ':Tebb &: 
Crapp, 1960: ~dllone 
et al., 1966) 

Lithology and 
Thickness 

. Structure and 
Relationships 

Upper unit: fine to medium sub- Moderate to steep S';J dips along 
labile .sandstone, interbedded flank of Connors Arch. Hoderately 
with grey-blue siltstone, dark tight asymmetric large-amplitude 
carbonaceous mudstone, and rare folds in Folded Zone. Seauence 
ripple-marked quartzose sandstone: exposed in Folded Zone consists of 
scattered pebbles, conglomerate adjacent parts of lower and middle 
beds, and calcareous fossili:ferous units. Three units have transit-
layers in places. 120 m thick; ional contacts. Gebbie Subgp dis-
thins to 69 m S. of type area. conformably overlies, and to N 
Middle unit: interbedded grey- overlaps, Tiverton Subgp. Discon-
blue siltstone and ouartzose to formably overlain in type area and 
sublabile sandstone -in type area: possibly conformably overlain S of 
mainly blua-grey coarse siltstone type area by Blenheim Subgp. Gebbie 
grading to semifriable silty sand- Subgp, above middle of lower unit, 
stone to S. 120-150 m thick. dominantly marine lateral equival

'Lower unit:- ouartzose to- sublabileent- ofCollinsvi:1le Coal Measures 
sandstone, micaceous. feldspathic, 
carbonaceous in part, ~lith inter-
beds of grey-blue Siltstone: at 
base 30 m of grey-blue coarse 
micaceous, locally carbonaceous, 
siltstone With worm tubes and 
calcareous fossiliferous beds, 
grading up into silty sandstone 
and quartzose sandstone. 150 m 
thick in type area: thick ens to 
225 m to S 

Mainly grey very fine to medium 
micaceous sandstone, conglomer
atic in places, interbedded with 
dark grey siltstone, mudstone, 
carbonaceous shale, and coal 
seams: poorly sorted polymictic 
pebl:le-cobblEi conglomerate at 
base: Glendoo Sst Hbr, marine 
sandstone as above, fossilerous 
and calcareous in places, with 
thin siltstone member or coal 
Cleasures: sequence includes 11 
named coal seams including 2 
about 6 m thick. 225 m thick in 
type area 

Dips gently to S and E: faulted 
E margin near Collinsville: cut-
by minor faults to 11. Disconform
ably overlies and overlaps Lizzie 
Cr Volc~ Overlapped SrI of Collins
ville by Blenheim Subgp. Glendoo 
Sst Hbr correlates With part of 
middle unit of Gebbie Subgp in 
type area 

General Remarks 

L. Permian' marine fossils of 
Fauna III abundant in basal 30 m 
and sporadically distributed 
throughout rest of. Gebbie Subgp. 
LOlier unit includes riall Sst Jo!br 
(Reid, 1924-25). Middle unit 
contains same fauna as Glendoo 
Sst !·lbr (\!ebb &: Crapp, 1960) of 
Collinsville Coal Measures. 
Deposited in paralic environment: 
Wall Sst ~Ibr Clay have been depos
ited as sand bar 

L. Permian marine fossils 
(Fauna III) in Glendoo Sst ~lbr 
and abundant Glossopteris flora 
above and below. Deposited in 
swampy, brackish, or freshwater 
lagoon, With occasional marine 
transgression 

-

I ... 
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Rock Unit 
(oap syobol) 

Distribution 

Blair Athol Coal 5 scall areas centred 
Keasures about 10 lc:t NIP.:! of 
(Pa) Clermont 

Calen Coal 
z,Ieasures 
(Ple) 

- -

Elongate belt extending 
55 l!m Irw from Pioneer 
P. to about 25 b:! 11 of 
HackBy' 

- -

TABLE 9. POSSIBLE E:QUIVALtl1TS OF THE GEBBIE SUBGROUP 

Type Area and 
liain References 

Blair Athol area (Reid, 
1936: Veevers et al., 
1964b) 

Cal en area (Hill in 
Eill & De=ead, 1960, 
p. 222: Reid, !929ct 
Jensen-et al., 1966; 

Lithology and 
Thickness 

Fine sandstone, dark blue-grey 
carbonaceous muc.stone and shale, 
coal, fine conglomerate: quartz
pebble conglomerate, locally 
auriferous, at base in places. 
tlain cosl seem 33 m thick. l!.ax 
thic.kness 240 m 

Cross-bedded thick-bedded brown 
to white coarse 11ell sorted 
quart":OSEl sang,st_o!J.e L wi tlh quartz 

- and quartzite pebble bands; 
thinly interbedded sandstone, as 
above, and siltstone grading 
into soft br~on mudstone; thin 
coal seams. 300 m thick 

- - - - - -

Structure and 
Relationships 

Depositional dip locally modified 
by compaction of coal; some minor 
faulting. Unconformable on irreg
ular basE!!!lent of Anakie f.!etamor
phics. Coal seams interfinger llith 
sediments near margins of basin 

General Remarks 

Abundant Glossopteris flora; 
some possibly L. Permian spores. 
Deposited in isolat·ed small basin, 
near margin of basin 

Glossouteris and Vertebraria. 
Possibly deposited in small 

Folded into elongate b~sin; dips 
around r:mrgin up to 20. So;::e 
local _minor folds. 0 Intruded-by
IDaIW sills and dykes and cut by 
n=erous, mainly NW-trending, 
faults. Unconformable on Carmila 
Beds and Lizzie Cr Volc 

- --partly-marine,~basin on =gin 
of marine depositional area of 
Geb'::ie Subgp 

- - - - - - - -

I -~ 
I 

-
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Rock Unit 

(map symbol) 

Undifferentiated 
Blenheim Subgroup 
(Pue) 

Undifferentiated 
Blenheim Subgroup 
(Pue) 

German Creek 
Coal l-leaaures 
(Pud) 

- - - - - - - - - - - -
TABLE 10. ROCK UNITS OF TIlE BIENllBllI SUBGROUP 

Distribution 

On V flank of Connors 
Arch and at N end of 
Collinsville Shelf. 
Forms most of sequence 
exposed arotmd 
Bunderra Granodiorite 

Capella Block and 
outliers to il 

N part of Comet 
Ridge; in subsurfac~ 
tentatively recog
nized as far S as 
Rolleston 

Type Area and 
Main References 

Blenheim Cr 67 km SE 
of Collinsville 
(~!alone et al., 1966, 
1969; Jensen, 1968). 

(Veevers et al., 
1964 b) 

German Cr 7 km 
NE of Emerald 
(lw.lone et al., 
1969) 

Lithology and Thickness 

Upper unit; fine to coarse 
quartzose sBL~dstone, Silty, 
micaceous, calcareous, 
cross-laminated, abundant 
worm tubes in places; minor 
dark, micaceous mudstone. 
35 m thick. 
MidClle uni t: dark blue to 
dark-grey micaceous mudstone, 
gradinc; into shale in places; 
some cl!oJ:careous fossiliferous 
mudstone and coqllinite hori
zons, rare scattered pebbles. 
270m thick. 
Lm<er' unit: coarse grey-blue 
micaceous carbonaceous mud-
stone and siltstone interbedded y. 

tIi th and grading into fine to' 
coarse silty sublabile sand
stone. Sequence calcareous and 
fossiliferous in places; con
tains scattered pebbles and 
angular boulders. Abundant 
>Torm tracks in some beds: some 
beds of conglomeratic coquin
itic mudstone and sandstone. 
About 420 m thick 

Top unit: medium to coarse 
cross-bedded cuartzose to sub
labile sandst~ne, argillaceous 
in places, alternating with 
siltstone, locally micaceous and 
carbonaceous: contains plants, 
wood, and t"in' coal seSlllS. 
(Passage Beds: Reid,1924-25). 
Up to 600 m th,ick; thins to S 
LOl'rer unit: silty sandstone, 
siltstone, rare coal, basal 
conglomerate with boulders of 
grani te, and schis t, conglomer
atic coqu1nitic Strophalosia 
clarkai bed and pelecypod beds. 
About 45-60 m thick 

Quartz sandstona and sublabile 
sandstone, cross-badded,rarely 
ripple-marked, worm-tracked, 
micaceous and carbonaceous On 
cross-laminae; micaceous. 
carbonaceous ail tstone and 
mudstone; coal; quartz-pebble 
conglomerate; interbedded 
sandstone, sandy, siltstone, 
and siltstone. Hax thickness 
240 m 

Structure and Relationships 

Dips moderately :to steeply Sltoff 
Connors Arch; steeply dipping to 
overturned locally near Blenheim 
Cr; 5':1 dip interrupted by minor 
folding in places. LCT" S dips am 
minor folds on H end of Collins
ville Shelf. Three units form 
conformable sequence which con
formably succeeds Gebbie Subgp. 
Overlaps Gebbie Subgp to W and 
unconformably overlies Bulgonunna' 
VOlc am U.Carboniferous intrusions. 

Dips gently E. UnconfoI'lOB. ble on 
1·lt Rankin Beds and Anakie Netamor
phics farther S. Cverlaps Gebbie 
Subgp in most places; conformably 
over lain by Blacklqa t er Gp.' Passage 
Beds' lens out to S or are re
placed by part of German Cr Coal 
I!easures which overlie lover unit 

Gently folded on Comet Ridge and 
to S; reiional E dip on S margin 
of Capella Block:. Conformable. on 
l-laria Pm on Comet Ridge and on 
undifferentiated,basal part of 
,Blenheim Subgp to N. Basal part 
appears to be lateral equivalent 
of upper sandy part (including 
~lantuan Productus' bed) of 
Peawaddy Fm 

- - - -
General Remarks 

Abundant early U. Permian marine 
fossils of Fauna IV. Host fossils 
found 10 discrete coquinitic beds, 
which are usually conglomeratiC; 
bryozoans, crinoid ossicles, and 
worm tracks much more widesnread. 
Deposi ted in shallow to moder
ately deep sea. Sandstone more 
abundant in'll. Lower unit 
includes Big Strgphalosia Zone 
(Reid, 1925). 

Abundant marine fossila of 
Fauna IT in some beds. Top unit 
contains freshwater sediments 
with plants, rootlets, and w~od. 
Deposited in partly marine und 
partly fresrr,rater environment 
near margin of depositional area. 
Lower unit deposited in advancing 
sea 

}iarine fossils of Fauna IV and 
plant remains in some beds: 
Possibly deposited in mainly 
marine deltaic environment 

I -CD 
en 
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l"..aria 
For-...ation 
(p=) 

Black Alley 
Shale 
(Puc) 

PE1a:waddy _ 
FormatiOn
(Pup) 

Banana. 
For=tion 
(Pun) 

Flat Top 
Formation 
(Put') 

- -

Distri lTJtion 

Exposed on Ii nart 
of Co>:!et Ri::~ 

Exposed on flanks 
of Springsure and 
Consuelo Anticlines 
and in If part of 
basin 

Exposed on flanks 
of Springsure and 
Consuelo Anticlines. 
and in 11 part of 
basin 

Eroosed on ';l flank 
of· Auburn Arch from 
16 kill S of Cracow to 
near Banana, and on 
E edge of arch S of 
Biloela 

- -

Type A -ea and 
}:ain References 

l:aria Cr about 48 1."!ll 
:SSE of &:ierald 
(!>errington et Ill •• 
1959i Halone et al •• 
1969J 

V branch of Dry Cr. 
3 kill 53 of Black 
Alley Pea.1(. 64 kill 
SSW of Rolleston 
(}[cllan et al •• 
1969) 

-Peawaddy Cr 64 -!an
SSE of Sprin.gsure 
(~ol1an et al •• 
1966. 1969) 

Banana area 
(Derrington et al •• 
1959; Dear et al •• 
in press) 

Flat Top J.!ountain. 
Banana district 
(Derrington et al •• 

_ 1959; Dear et a1.. 
in press; ~!Ollan 
et al., in press 

Table 10 (cont:ln:aed) 

Lithology and Thickness 

Sandstone and silty s!l!ldstone, 
fine -to mediun-grained, argill
aceous, calcareous, micaceous 

Structure and Relationships 

and. carbonaceous; grey and dark 
grey eiltstone and silty J:lUdstone, 
micaceous ,calcareous, locally 

Gently folded on Comet Ridge. 
Lateral eqttivalent of Peawaddy 
Em belOlf r·~tuan Productus bed. 
Possibly disconfo~-Bble on 
Gebbie Subgp 

pyri tic-; z::inor thin coal seru:s. 
Up to 240 m thick 

Dark shale end claystone, with 
0.}-O.6-m beds of soft green 
soapy bentonite and several beds 
of tuff and tuffaceous clay
stone with glass shards; thin 
hard ferruginous bees, minor 
siltstone, and rare sandstone. 
90-150 m t'lick; may be thicker 
in subsurface to SE 

Crey siltstone and dark carbon
aceous mudstone, thinly inter
bedded and interlacinated, 
micaceous, abundant plant 
debris, locally "orm burrcn;s, 
and gypBUI!l and jarosi te ? on 
bedding planes; lithic sand
stone. dominant in upper half 
of unit; very fossi11forous 
coquini tic sil tatone add sand
stone of Nantuan Productus bed 
at top in places 

Grey, dark grey, and olive 
green !!!Udstone and siltstone; 
thin beds of feldspatholithic 
labile sandstone. Local thick
ness up to 600 m: lenses out 
to S 

F~rd but'f to blue mudstone 
grading laterally into buff 
argillite. interbedded with 
light grey calcareous -litho
feldspathic silty sandstone, 
locally fine to coarse sand
stone, both containing vol
canic detritus, and thin beds 
of hard limestone and coqu1n
ite. 540 m thick; thinS to 
225minN 

Moderately tightly folded in 
Denison TrC'.!1¢;- gently dipping 
to S in if tlart of basin. Struct
urally confor-~ble on Peawaddy 
Pn; partly lateral equivalent 
of and partly yCl'.m~r than 
German Cr Coal f.:easures 

- - Structure as for Brack-Alley SJ:l:
Basal unit of Blen!leim Subgp in 
S\{ of basin. Confornable or dis
conformable on Gebbie Subgp in 
Denison Trough, but disconform
ably overlaps older units to SY 

Dips if at 100-300 off W flank of 
Auburn Arch. Near Banana: 
involved in faulting and folding 
which beco:nes tighter tmlards E; 
S of Biloela: very tight folds 
within fault slices; in north: 
some shearing and cleavage in 
sediments. Local mudstone devel
opm_ent at top of Blenheim Subgp 

Top formation of Blenheim Subgp 
in most of Auburn Arch area 

Ceneral Ii el!!Arks 

SOJ:Je carine fossil detritus but 
no diagnostic faunas kncnm. 
Deposited in marine en~..r=t 

No diS£nostic marine fossils. 
Presence of swarms of seri tarchs 
sugf(ests =rine environment. 
Bentonite produced trom volcanic 
ash by diagenesis in- restricted 
deposi tional environment, either 
freslNater or marine 

AbUn-CCant U.Peimian-maririe fossils 
of ?auna rl, particularly at top. 
Probably deposited in marine 
ettVironment throughout 

Upper Permian sediments deposited 
in environ:nent transitional from 
marine to freshwater 

Upper Permian carine fossils of 
FalIDB IV in a few beds maiilly 

- - - - - - - - - - - - - -
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Rock Unit 

(nap symbol) 

Barfield 
Formation 
(Pur) 

Oxtrack 
Formation 
(Puo) 

Boomer 
Formation 
(Puu) 

- - -
Distribution 

Discontinuous large 
outcrops throughout 
Gogango Overfolded 
Zone and N to Connors 
Arch and Strathmuir 
Synclinori1ll:l 

- - - - - -
Type rea and 

Hain References 

, Barfield homestead, 
Banana area (Derring
ton et al., 1959; 
Dear et a1., in press; 
Hollan et a1. ,in 
press) 

Oxtrack Cr 24 km rom 
'Of Craco>r -(DerTing':' ' 
ton et al.,1959: 
Mollan et al., in 
press; Dear et a1. .. 
in press) 

Boomer Ra. Type 
section in Leura 
Cr 40 kIn 5'4 of 
Harlborough 
(!,lalone et al., 
1969) 

Lithology and Thickness 

Dominantly massive green to dark 
blue mudstone with interbedded 
grey and black calcareous con
cretions and glendonites; some 
blue-grey calcilutite and grey' 
laminated mudstone, green and 
brown lithic sandstone and 
pebbly sands'tone; lapilli tuff, 
agglomerate, andesite, and 
lithic arenite; includes thick 
li thic sands tone and interbedded 
sandstone/siltstone sequences in 
N. 900 m thick; II!llch thicker 
be~~eeB Banana and,Biloela 

~_F.ossiliferous ~brown flaggy lime
stone grading laterally into 
calcareous Siltstone, silicified 
limestone, fossiliferous cal
careous mudstone grading to 
coquinite; hard white lithic 
sandstone interbedded with silt
stone; 3.0-105 m thick. 

Thin to medium interbeds of very 
fine to medium volcanolithic 
labile sandstone, dark blue 
siltstone and dark carbonaceous 
claystone; sandstone dominates 
sequence in places, usually in 
thick beds, but absent in other 
places; in places siltstone con
tains wisps and, balls of dark 
sandy claystone; locally abund
ant conglomerate. Max measured 
thickness 375 m;true thiclmess 
possibly 1500 m or more 

- - - - - - -
Structure and Relationships 

As for Banana and Flat Top Fms 
above. Dominant fo=ation of 
Blenheim Subgp in Auburn Arch 
area, particularly in N. Hay be 
largely lateral equivalent of 
BOomer Fm 

,As~for -Banana and-Flat Top -Fms -
above. Basal formation of 
Blenheim Subgp; disconformably 
overlies Buffel Fm and, Camboon 
Andesite 

Very-tightly to moderately 
fotded, faulted and c1eaved; 
gentler dipping off $';1 flank 
of Connors Arch. Lateral 
eauivalent of Barfield Fm and 
p~ssibly Flat Top Pm. To E, 
lateral equivalents are very 
thick and conglomeratic Heah 
Cr and Dinner Cr Beds. 
(Kirkegaard et al., 1966,and 
in prep.) 

General Remarks 

Abundant Upper Permian narine 
fOSsils of Fauna IV. Fossils 
and abundant glendonites 
suggest deposition in cold 
narine environment 

Abundant early- Upper-Permian~ 
marine fossils of Fauna IV. 
Deposited in shallow sea_ 

Very poorly fossiliferous eome 
marine fossils of Fauna IV; 
laterally e~uivalent Units all 
marine and con tain Fauna IV 
fossils. Boomer 'Fm probably 

- deposited in early Upper 
Permian sea; only formation of 
Blenheim Subgp in this area ' 

- -
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Rock Unit 
(map symbol' 

Rookwood 
Volcanics 
(Pr) 

Youlsmbie' 
Conglomerate 
(Ply) 

lJlUlaJ!Ied Lower 
Permian 
(Pl) 

- -

TABU 11. PERHIAB ROCK UIJITS OF THE Eti!iGELLA-CRACOY KOBILE BELT 

Distribution 

Senarate blocks· of out
'crOp in Gogango Over
folded Zone and near 
Goovigen 

Small areas on S,1 
margin of Craigilee 
Anticline. 'lain devel
opment E of map area 

Quail Is and on main
land to S 

Type Area and 
11a.1n References 

Lithology and 
'£hickness 

Along JoIelaleuca Cr near Spilitic pilletf lavas: minor 
Rookliood hOl!lestead about agglomerate, volcanic breccia, 
25 l<m. IIE of Duaringa silicified trachyte, kerato-
(~1alone et al., 1969) pbyre: chert, silicified sand

stone and mudstone. Est thick
ness 900 m-+-

Youlambie Cr in ~;onto 
Sheet area (Dear et al., 
in press; ~1alone et al., 
1969: Kirkegeard et al., 
1966, and in prep.) 

Lithic and volcanol1thic 
pebble conglomerate, thinly to 
thickly interbedded with felds
patholithic labile sandstone 
and Siltstone, laminated cherty 
siltstone interbedded with sand
stone; mUdstone; silicified 
sandstone and c11tstone; blue 

. massive or lamina ted' chert; 
'andesite sills and flows. 
Thickness unknown, very thick 
to E 

(Kirkegaard et al., 
in prep.) 

Sil tstone with ferruginous 
concretions, feldspathic sand
stone, lithic conglomerate. 

A500? m thick 

- - - - - - - -

Structure and 
Relationships 

Thick lenses of volcanics 
generally unfolded; dips to SW 
off flank of Craigilee Anticline. 
Interfingers with and overlain 
by Boomer Fm and Noah Cr Beds: 
unconformable on Youlambie Cgl 
and U. Carboniferous; rests 
unconformably on Raanes Beds in 
places, but elsewhere relation
ship uncertain 

Dips SW off Craigilee Anticline 
and off block of Devonian to 
Carboniferous (D-Ca) at Xi end of 
anticline. Unconformably over
lain by Rook'Jood Volc; in II, 
faul ted? against Rannes Beds but 
relationshill unknmm. unconform
able on,D. Carboniferous 

Overlies lleerkol Fm; faulted? 
against L. Palaeozoic? metamor
phics. Possible equiValent of 
Youlambie Cgl 

- - - -

General Remarks 

No fossils. U. Permian age based 
on stratigraphic relationships. 
Subl:lSrine basal tic extrusion 
possibly related to intrusion of 
ultrabasic differentiate in 
~larlborough area 

Noeggerathiopis hislopi of 
1. Permien age; just E of area 
contains small marine cicrofauna 
of early 1. Permian age. local 
conglomeratic sedimentation in 
Yarrol Basin associated with 
lo~al uplif.ts-

L. Permian marine fauna 

- - - -

I -~ 

-



- - -
!lock Unit 

(map synboI) 

Blackwater Group 
(Pt.'\() 

- -
Distribution 

Undifferentiated IT part of basin 
(P1.m) 

Undifferentiated Folded Zone 
(Puu) 

Undifferentiated Denison Trough and 
(Pu ... ) 'iT part of basin 

Rangal Coal 
J.leasurea 
(Puj) 

E flank of Comet P~dge 

- - - - - - - - - - - - -
UBLE 12. ROCK mIlTS O? 'filE BLACK'rIA'l.'ER GROUP 

Type Area and 
I!ain References 

Blackliater area (Vtal.one 
et al., 1969; Jensen, 
1968) 

(Hal one et al., 1964, 
1966; Veevers et al., 
1964b; Jensen et al., 
1966; Jensen, 1968) 

. (Hal one at a1., 1969) 

4·1011an et al., 1969) 

Deep Cr 10 km Sri of 
Blaclarater (Malone et 
al., 1969) 

Lithology and 
Thickness 

Blaclruater area: consists of 
Rangal Coal l-!easures, Burngrove 
Fm, and Fair Hill Fm (see below). 
435 m thick. Baralaba-Cracow 
area: consists of Baralaba Coal 
Neasures and Gyranda Fm (see 
below). Up to 825 m thick.Else
where mapped as undifferentiated 
(see ·below) 

Fine to coarse, usually well 
sorted, grey-green to bro-.m 
calcareous lithic sandstone; 
(5rey and blue siltstone, dark 
carbonaceous mudstone; brown 
calcareous. sublabile sandstone,. 
sandy calcarenite; tuffaceous 
lithic sandstone, henatitic in 
places, tuffaceous siltstone; 
conglomerate; coal seams, 
especially near top but minor 
seams throughout; hard, white 
cherty tuff and chert? Up to 
2100 m thick 

Lithic sandstone, Siltstone, 
mudstone, coal, calcareous and 
tuffaceous sediments as above; 
also interbedded and intergrad
ing lithic sandstone and silt
stone. About 1200 m thick 

Thinly interbedded green, 
comconly calcareous, lithic 
sandstone, siltstone, dark 
carbonaceous mudstone, coal, 
oil shale, claystone, ferrug
inous siltstone. 60-90 m thick 

l1udst one , carbonaceous mudstone, 
feldspathic and volcanolithic 
sandstone, calcareous sandstone, 
carbonaceous shale, coal seams. 
210 m thick 

Structure and 
Relationships 

Structure varies frOm area to 
area. Conformable or disconform
able on Back Cr Gp; unconform
ably, dis conformably , and con
formably overlain by Rewan Fm 
in different places 

Hoderately tightly folded in 
Hebo Synclinorilm, gut dip 
rarely more than 40 ; gentler 
folding and regional E dips on 
Collinsville Shelf. Apparently 

-conformable-on Back-Ck"Gp an~ -
conformably overlain by Rewn Fm 

Very tightly folded and steeply 
dipping; folding becomes less 
intense to 1'1 and N. Similar to 
sequence on Comet Ridge but much 
thicker. Top and bottom relat
ionships as in N part of basin 

loloderately folded in Denison 
Trough; dips gently to S in W 
part of basin. Structurally 
conformable on Black Alley Sh 1:ut 
possibly disconformable 

Dips regionally to E off Comet 
Ridge at low angles; some minor 
cross-folds and.local folds, and 
minor faultill>. Topmost unit of 
BlackWater Gp; conformably or 
disconformably overlain by Rewan 
Fm 

General Remarks 

Abundant Glossopteris flora 
of Permian to L. Triassic age, 

. usually in particular beds. 
Permian on stratigraphic 
pOSition, but may extend into 
L. Triassic. 

No marine fossils. Deposited in 
fluvial, lacustrine, or paludal 
environments. Dominance of 
volcanic detritus contrasts with 
predominance of quartz in under-

-lying -Blenheim Subgp in IT. -'Prominent 
fossil log horizons in places, 
usually associated with tuff or 
tuffaceous sediments. Contains 
probable late V. Permian spores, 
narkedly different from spore 
assemblage in overlying Rewn Fm 

As for Puw in N part of basin 

As for Pml in N part of basin 

1.'. Permian to L. Triassic? 
Probably deposited in paludal 
environment, less commonly 
lacustrine or fluvial. Fossil 
logs in one hOrizon 

-
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Rock t:1lit 
(=p symbol) 

Burngrove 
?orcation 
(Pug) 

'Fall' li:U1 
Por-...atio:J. 
(Pull 

Baralaba Coal 
l·:easures 

(Pul) 

Gyranda 
FOl'IJation 
(Puy) 

Distrib'..."i:ion 

rrO!!1 24 kill S to 64 kill 
f of Bleekuater 

As for above 1;;(0 

units; also lilt of 
COI:let Ridge 

Baralaba to Cracow 
area 

Baralaoa to Cracow 
area 

- - - -

Type Area and 
t:ain References 

B=grove Or if of Bleoz:
vater (~~one et al.,1969) 

E flank of Comet Ridge 
·rr of Blackwater (I·ialone 
et a1., 1969) 

Baralaba (Reid, 1944, 
1945; Olgers et al., 
1966; Dear et al., in. 
press; Hollan et al., 
1969) 

Back Cr near Cracow 
(Derrington et al., 
1959;1'lo11an et al., 
1969; Dear et al., in 
press; Jensen, 1968) 

TABLE 12 (continued) 

Lithology and 
Thickness 

Creen, yellOW, grey, and white 
cherty mudstone, dark grey, blue, 
and bro.n bard sUtstone, silic
eous and possibly tuffaceous in 
part; interbedded to interlBmin
ated siltstone and buff fine 
sandstone; dark grey to black 
shale, grey labile and calcar
eOt:S sandstone. 90 m thick 

Trollgh cross-stratified lithic 
and feldspathic labile sandstone, 
in places quartz-rich and app
roaching sublabile sandstone; 
siltstone, mudstone, interlam
inated mudstone and t1ne sand
stone; calcareous sandstone 
grading into sandy limestone; 
tuffaceous sandstone, volcano-
lithiC pebble conglomerate, rare 
thin beds of green chert and 
l1hite sandstone; minor carbon
aceous mudstone; coal. 115-135 
m thick 

Carbonaceous mudstone and shale; 
mediUl!l to coarse trough cross
stratified feldspstholithic sand
stone; minor lithic sublabile 
sandstone; coal; bands of calcar
eous sandstone noduleu and con
cretiOnary ll'onstone. 210-360 m 
thick 

Green trough cross-stratified 
lithic sandstone, partly tuffac
eous; calcareous sandstone; hard 
thinly laminated green to brown 
mudstone; volcanolithic pebble 
conglomerate; upper part consists 
of hard white and brown fine 
cherty tuff and minor volcanic 
breccia. 480 m thick . 

- - - - - -

StnICtu....-e and 
Relationships 

Structure as for Ra.n<;al Coal 
~ieasures. Confornable between 
the Rangal Coal Neasures above 
and Fair Hill Fm below 

As above, and gently folded on 
1l1f flank of Cocet P.idge. Basal 
formation of Blackwater Gp. 
Conformably overlies German Cr 
Coal Heasures 

Dips west at 100_25 0 along flank 
of Auburn Arch with SOJ:le minor 
folding and faulting. Tightly 
folded ngar Baralaba with dips 
up to 80 and many faults. Top 
formation of Blackwater Gp in 
Baralaba to Craca;' area; prob
ably equivalent to Rangal Coal 
Measures 

As for Baralaba Coal I·leasures 
abave. Conformable on Flat Top 
Fm. Upper tuffaceous member . 
ma;y be equivalent to Burngrove 
Fm 

General Remarks 

Abundant. well preserved plants 
in thin cherty I:ludstone beds. 
Probably deposited in shallow 
lakes 

U. Penaian; abundant fossil 
logs in places. ProbablY 
deposited in fluvial environ
ment; rarely paludal or 
lacustrine 

Abundant Glossopteris flora. 
Probably deposited in part of 
widespread late Permian paludal 
enviroIllllent 

Abundant Glossopteris flora, 
particularly in upper member; 
tuffs from upper member give 
isotopic age of 240 m.y.· 
(\lebb & ncDougall, 1967) 

- - - - - - - -
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I TA1lLE 13. MSTRIllUTION CHART OF PmMIAN SPEXlI~ 

I ~ 
I 

"i1 ... , 
0 6 -a-~ :a 

t~ 
0 

J ~~ ~ 
--- "S~ .8 <I> 

sli ~a ~ ~ 
Cl S g''d ". S ~~ ~ .... Hi H 1=1 '<1> 

H 

~,§~ ~ Jj j d~ 
.,!d 

J ! ~·a j j ;f1 a r<. r<. 'M aj ~! ~. rn 
~ ~ '-" 

I 
I 

Pnc~ymyonia of. etheridgei X 

Notospirifer sp. A X 

Megadesmus of. antiquatus X X I 
EUrydeSma hobartense X X x: 
Astnrtila cf. &!:':£I!hoides X X X X X ? X1 

,~sp. X X X X X X X X 

AViculoEecten Gp. X X X X I 
'Deltopecten limaeformis X X 

Chaenom,ya sp. nov'. A X X 

Myonia cf. ~ X X I 
Ingela~ella profunda X X 

:NotoSEirifer ~, plicata X X~ . . . - . - .- 'c __ ,;; -e"-_ .. 
.' . " 

Merismopteria sp. X X X X I 
Pseudo~yalina sp. X 

Oriocrassatella 9ueenslandioa X 

Megadesmus cf. noblissimus X X 

Stutohburia cf. ~ X X I 
Cypricardinia? cf. gregaria X X 

Modiolus sp. X X 

Notospirifer extensus of X cf X , I 
Chaenom,ya sp. X X X 

NotosEirifer ~ X 

Pseudosyrinx sp. nov. X 

Spiriferellina:sp. X 
I 

~'sp.' X 

Terrakea pollex X 

Taeniothaerus subguadratus X I 
Ingelaxella denmeadi X ; 

StreEtor~chus sp., nov. X " 
, 

PtlchomEhalina sp. X I 
Terrakea or Cancrinella sp. X 

Strophalosia preovnlis vax. warwicki X 

Strophalosia of. preovalis or Jukesi X 

Strophalosia jukesi X 
; 

I 
Strophalosia brittoni X 

Tneniothaerus subguadratus vax acanthophoru X 
-, 

Trigonotreta or Pseudosyrinx sp. X I 
AViculoEecten of. leniusculus X 

I AviculoEecten cf. comptus X 

AViculoEecten cf. ~ X 

AviculoEecten sp. nov. X 

DeltoEecten sguamuliferus X 

Deltopecten sp. X 

Astartelln sp. nov. X I 
Mourlonia (Mourlonin) ap. nov. X 

llembexia sp. nov. A 'X 

Taeniothaerus sp. X I 
Schizodus sp. nov. A X 

Pseud2SY!!:lina cf; mingenewensis X 

StreElopteria cf. eEsS;lehaxdti X 
I 

I 
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TABLE 1 3 (oontinued) I 
8 I 

"a' .~ g Ci' 0 ::i -.i o;la; 0 .. ~1 -.i 

.11 
I> Q .. 

--- :l~ 11 ~ OJ ;1 ~ u Hl' D' 

~ ~a 
H 

~jl 
HOJ'" ~~ ... H ~ H H OJ ~ H Hi, H H Hal'" 

M Jj J J~ ~ J ~ Ji~ ~~ J eel &1 &1~ &1{ 
.e C/] '-" '-" 

'-" 

I 
I 
I 

Parallelodon ap. noV. A X 

Tri~notreta ap. A X 

Gilledia ap. nov. X I 
. Streblochondria? ap. X 

I~larella ova.ta X X 

I~elarella plana X X 

I~elarella plica X X I 
Cancrinella farleyensia X X 

Anddahthua aprinesurensia X X 

stroEhaloaia Ereovalia X X I 
~eoaEirifer (Grantonia) of. hobartensia X X 

'l'errakea ap. X X X X X 
- ""'~. - --- - ~ -- --~ --

Gll2toleda ~ of· X X X 

Canorinella ap. X X X X 
I 

~eoaEirifer ap. A X X X X X .. 
Schizodua ap. X X 

Gl,yptoleda buarabae of X I X I 
NeosEirifer ap. X X X 

~treblol2teria ap," X X X X X 

PeruviaEj,ra. ap. X X X 

Lisaoohonetes ap. X X X2 .. X 
I 

AtomodeaOla ap. i X 

Plekonella. ap. X X 

Cancellosl2irifer ap. X X 
; 

I 
·AviculoEeoten tenuioollia X X ,. 
Palaeoaolen? sp. X . X 

! Trifi!:!notreta ap. X I 
A tomodesma of. !!!ltiloidea X 

Mem:!;desmua ap. nov. X 

Wilki!!ft!a? ap. nov. X I 
Pseudomonotia ap.· nov. X 

IDP-elarella ap. X· 

Chaenomya ap. nov. B X X X1 

stutchburia ~ of of of X X I 
Mourlonia (Platy=teichum) coatatum X X X 

Ingelarella ingelarensia of of X X2 X 

Pachymyonia ap. nov. X of I 
Parallelodon or QYprioardinia X 

Volsellina.? ap. X 

Peleoll!oda gen. et· ap. nov. X 

»embexia ap. nov.B X X2 I 
Cyprioardinia? ap. X X· 

AviouloEeoten of. aubguinquelinea.tua X X 

Sohizodua ap. nov. B X ? 

Notosl2irifer ap. e of of X 

Notoal2irifer ap. B ? X X 

Me~dEiamua ap. ? X X I 
Mourlonia (Walniohollaia)? ap. ·X X X 

Noto!!!la or P;rramua ap. X X 

.~ap. X J X I 
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, tlBLE'13 (~ontinued) 

I 
. 

:l l-
Ii' ~ i 0 .. ~ '" ..=l i 'a1 ...... 0 
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£ CD a e ~ 

iii 
11~ ~J ~~ 

H S go'tl ... , 

~ ~ ~ H Hi, ... H 

JJ~ J gll J )1 J J oj 11 J ~] 0j~ 
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I 
I 

Notomya? sp. nov. X 

Astartidae gen. et sp. nov. A X 

~elarella undulosa X I 
Mourlonia (Mourlonopsis) of. strzeleokiana X I· 

Peruvispira sp. nov. I X 

stutohburia ~ X X I 
stutohburia of. oompresaa I X 

Atomodesma exaratum X 

,~ap. nov. X 

Spiriferellina? ap. X 
I 

Pseudoa~inx? ap. X 
- ---~ 

~ 
,- ., - _.- - - , - ~X2 

- - ~ ~ -~- -
Plekonell! ~- X 

Parallelodon ap. nov. X X2 I 
Conocardium ap. t X2 X X 

P~ostoma? ap. X X X 

Canorinella magnipliea X X2 of of I 
Volaellina? mytiliformia of X X 

Ingelarella mantuanenaiB X X X 

~?~p. X X 

strophaloaia sp. X X2 X 
, ' 

I 
StroEhaloaia ct. typioa X X 

Ingelarella'angu!ata 
,> X1 ,0 

o' X X 

Anthraooneilo ap. X X I 
GIYptoleda glomerata X X 

AtomodeSma (Aphanaia) ap. X2 X X 

Parallelodon ap. nov. :a X X 

Attenuatella ap. X2 X 

Nuoulopaia (Nuoulopaia) ap. X1 X 

Neospirifer ap. B X X 

Termkea~ X I 

I 
I 

Strophalosia ~ X I 

Strophaloaia ~ var. ~ I X 

Strophalosia ~ X it I 
Cleiothyridina ap. I 

Thamnopora ap. I 

Cladochonus sp. I 

: Caloeolispo~a spo nov. X I 
;Ingalarella of. ~', X 

Ingelarella ~ X 

Ingelarella of 0 ~ or mantuanenais X I 
~ngelarella havilensia X 

oI!!!Ielarella ap. X 

~enom.ya?, .<l,f. 'cartnata X 

~ car1nata X .0 _ 
-;-\ 'X 
~ of 0 oOrrugata 

Lioharewia spo nov. 
':".., X .. I 

I!~urlonia '(Platyteichum) oonifome , X 

I 
I 

M?urlonia (Walniohollsia) suboancellata I 

~~omodesma bisuloatum 'X 

~oulopsis (Nuoulanella) sp. it I 
: 



Q.uadratonuou1a sp. 

~sp. 

PBeudomimotis? sp. 

Cyrtoroat:ra? sp. 

Sohizodua sp. nov. C 
Staohella sp. 

''Martinia'' sp. 

Notospirirer ~' 

StreptorhYnchUB pelioanenais 

Produotidaa, gen. at, sp. nov. 

Astartila o~. oytherea 
latartilaaP.·· '. , 

As1;artidaa sen. at. sp. nov. B 

Avioulopeotim sp. A, 

MegadeslllUB ~ 

Strophalosia ot. brittoni var. sattoni 

n~" ,edelfeti 

Tr1sonotreta sp .. B 

1 Basal 'sandstone 
. , 

.. 

. 2 'Siltstone overlying sandstone 

'-UK-

TABLE 13 (continuad) 

x 
x 
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x 
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X 
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X 
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X 

X 

Compiled from species distribution charts in '. 
B.II~R. Reports 100,,123, an4142 modi1'ied tran 
later oollaotiona and other work .by R.M. Doyle • 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



- - - - -
ROck Unit 

(map symbol) . 

Moolayember 
Formation 
(TRm) 

Clematis 
Sandstone 
(TRe) 

Rewan 
Formation 
(TRr) 

Distribution 

On Redcliffe Table
land; between Carbor
ough Ha and Kerlong 
Ra; in Mimosa Syn
cline and to Y; strip 
extending across 11' 
part of basin 

Redcliffe Tableland, .. 
Carborough Ha, Kerlong 
Ra, al'ld Burton Ra; thin 
ridge to broad range 
around Mimosa Syncline; 
S part of Denison 
Trough and across W 
part of basin 

Poorly exposed between 
Clematis Sst and Black
water Gp throughout 
most of basin. Also 
crops out in Folded 
Zone and on E flank 
of Comet Ridge 

- - - - - - - - - - - - -
TABLE'14.' ROCK UHlTS OF THE llIMOSA GHOllP 

Type Area and 
Main References 

Along Injune-Rolleston 
road near Moolayember Cr 
(Reeves, 1947; Olgers et 
al., 1966; l!ollan et al., 
1969, and in press; as 
Teviot Fm, a synonym of 
Moolayember Pm: ¥.al.one 
et al.; 1964) 

Gorge of Clematis Cr in 
Expedition He (.Jensen" 
1926a; Whitehouse, 1955; 
Olgers et al., 1966; 
Mollan et al., 1969, and 
in press; as Carborough 
Sst, a synonym of Clem
atis Sst: Halone et al., 
1964 ( 1966; ~!alone et al., 
1969) , 

Small tributary of Con
suelo Cr 6 km N of Rewan 
homestead (Mollan et al., 
1969, and in press; 
Olgers et al., 1966; as 
part of U. Bowen Coal 
.!easures: Malone et al., 
1964, 1966; I,lalone et 
al., 1969) 

Lithology and 
Thickness 

Green to brown mudstone and lab
ile, rarely sublabile, sandstone. 
Beds commonly calcareous, and 
contain green-brown altered bio
tite? Sandstone consists mainly 
of fragments of volcanic rock 
and miIior feldspar; finer-grained 
to Y. Thick beds of volcanolithic 
pebble to cobble conglomerate 
n~. base in .R; some. beds of·· 
qUartzose sandstone in tramltion 
zone from Clematia Sst. Minor 
carbonaceous shale and fine 
cherty tuff? ~!ainly calcareous 
micaceous lithic sandstone and 

, siltstone in N.~!ax thickness of 
1650 m in }!imosa Syncline; much 
thinner to N and Y , 

Fine to very coarse and pebbly 
thick-bedded croas-stratified 
lithic and feldspathic sublabile 
sandstone and quartzose sand
stone, with interbeds of reddish 
brown micaceous mudstone and 
grey-white siltstone. Volcano
lithic labile sandstone and 
conglomerate common in SE. 
Sandstone generally contains 
large proportion of argillaceous 
or micaceous matrix. l-Iax thick

'ness of 300 m in l!i.mosa Syncline, 
thinner to If; possibly 450 m in 
Carborough Ra ,area 

Red-broliU and green massive mud
stone, red ferruginous claystone; 
green to brown fine ,to very coarse 
and pebbly labile and 'volcano
lithic sandstone, commonly calc
areous; volcanolithic pebble con
glomerate; aublabile sandstone 
near top in places. Grainsize and 
proportion of volcanic detritus 
decreases from E to V'and from 
bottom to top. Coarser-grained or 
sandy basal unit generally over
lain by dominantly mudstone unit. 
Max. thickness of 3600 m in Mimosa 
Syncline, muCh thinner to W; up to 
1050 ,m in N 'part of basin 

Structure and 
Relationships 

Low S dips in 'I; dips up to 250 

off flanks of Springsure Anti
cline; generally preserved in 
synclines, elsewhere dips about 
100 or less. Transitional into ' 
overlying Clematis Sst, but may 
be disconformable in places 
near margin of basin. Unconform
ably overlain by Precipice ~st. 

Preserved in synclines in N with 
limbs dippigg at up to 150

; dips 
at up ,to 15 in .limo'sa Synclineo and synclines to W and up to 25 
off Sprinesure Anticline; low S 
dip in If part of basin. Middle 
unit ,of Mimosa Gp. Transitional 
on Reven Pm in N and in E limb 
of Himosa Syncline, but disc on
formable on or locally overlaps 
Revan Pm to S and 11' 

Structure generally similar to 
that of overlying Clematis Sst. 
Tightly folded in Folded Zone; 
dips gently E off Comet Ridge. 
Basal unit of ~osa Gp. Discon
farmable, or in places uncon
formable, on Blackwater Gp; 
possibly transitional on Black
water Gp in N part of basin. 
May include alight angular un
confo:rmi ty near base in SW 

General Remarks 

Plants, including species of 
DicrOidium, Thinnfeldia?, 
Sphenopteris, Phyllopteris. 
Spore asseoblage indicates 
M. to U. TriaSSiC age. DepOSited 
in rapidly subsiding fluvio
lacustrine, probably reducing, 
environment; presence of acri
tarcha_suggests occasional 
periOds of brackish water 

Plants include species of 
Dicroidium, Cladophlebis, 
Sphenopteris, and Neocalamites, 
Spore assemblage suggest L. to 
~i. Triassic age. Deposited in 
slowly subsiding fluvial environ
ment, possibly mainly in river 
channels rather than flood-
plains ' 

Poorly preserved fossil plants 
in few places. Contains mainli 
L. Triassic spore assemblage 
though deposition may have 
commenced near end of U. Permian. 
Deposited in rapidly subsiding 
shallow lacustrine and partly 
fluvial oxidizing? environment 

-
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Rock Unit 
(cap ByI:1bol)' 

Sagittarius 
Sandstone 
Sember 
(TRs) 

3rumby 
San~tone 
~!emb-er- -
(TRb) 

Distribution Type Area and 
~~ References 

E flank of Comet Ridge Sagittarius Cr 1t km N 
for '2 km S and Ii of of Blackwter (Malone 
Blackwater et al., 1969) 

Arcadia qrarea; -
present but not 
delineated on flanks 
of S Springsure 
J.nticline 

- BrUinbi-Mt, near Arcadia 
Cr, 65 ian llN1f of Inj une 
(Mollan et al., 1969, 
and in press) 

TABLE 14 (continued) 

LithologY and 
Thickness 

Green or grey-green fine to 
medium, rarely coarse and pebbly, 
festoon-bedded feldspathic and 
lithic labile sandstone; grey, 
greenish grey, or oUght green 
fine silty sandstone, siltstone, 
and mudstone; rare carbonaceous 
mudstone and plant-bearing dark 
Siltstone; thin pebble conglom
erate bands; -red-brown mudstone 
interbeds more common near top; 
shale-pebble conglomerate and 
thin cone-in-cone limeetone 
lenses near base in places._ Up _ 
to' 450 m thick 

.' -:; -- - -

Poorly sortea dense tough
lustre-mottled very coarse pebb
ly sandstone with fragments of 
volcanic rocks and grains of 
green chert. Generally fo=s 
ridges. 4.5-9 m thick 

- - - - - - - - - -

Structure and. 
Relationships 

Dips regionally to E at low /lIlglea, 
but folded into many low-amplitude 
ripple folds. Basal l:Iember of 
Rewan Pm in Blackwater area. Mem
ber readily distinguished from 
upper part of formation in which 
red-brown muastone-predominates. 
Hay be equivalmt- to lower part . 
of Rewan- fu in. type area. Locally 
disconformable on_ Blackwater Gp, 
but in places I1JIq be transitionaf 

Dips at up to 250 off fl~ of 
Springsure Anticline and -at lower 
/lIlglea off Arcadia J.nticline. 
Member near base of Re'Jan Pm. 
Locally unconformable on Black
water Gp or on thin basal sequence 
of Rewn Fm 

General Remarks 

No marine faunas or diagnostic 
floras known. Conchostrichons 
in thin limestons bands. Spore 
assemblages suggest mainly 
L. T~ssic age, but cay be 
partly U. Permian. Deposited 
in rapidly subsiding fluvial 
environment 

Fluvial sedimentation. 
L. TriaSSic age based on 
spore assemblages in 
adjacent rocks 

- - - - - - -

• -S • 
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Rock Unit 

(map symbol) 

Rcma Fomation 
. (Klr) 

Distribution and 
TopographY-

SW corner of map 
area; subdued,. 
ma~ covered 
by Cainozoic 
sediments 

- -
me Area and 

Main References 

Along Jlallombilla 
ex for 19 len S of' 
Wallumbilla to=
ship (lBy, 1964; 
Vine et al., 1967) 

Blythes dale 
Fo:z:ma.tion 
(Klb) 

~S margin of map 
area, about 40 len 
SW of Injune; 
'foms 1011 sand
'covered scarps 

0" Along Blyth Cr 
in llama Sheet 
area (Day, 1964) 

Orallo ForIlll. tion S margin ot map 
(Juo) area, about 40 len 
(-Southla.nds SW of Injunel 
Fo:z:ma.tion; Molian genemlly 1011 

et al., in press) relief 

Gubberamunda 
Sandstone 
(Jug) 

Hooray Sand
stone 
(J-Kh) 

SW of InjUne near 
S margin of map 
area; forms low 
rises and cuestas 

N-trend1ng belt in 
SW part of map area I 
forms dissected 
platew:a: with steep 
sCB;t'Ps and rare cuestas 

Type section of 
Southlands Thu 
)8 len WSW of 
Injune 

llama-Injune road 
from 32-)8 len N 
of Roma. (Reeves, 
19471 lB,y, 1964) 

Hoora,y Cr 19 len 
ENE of Tambo (Elron, 
1966) 

- - -
LitholopY and 
. Thickness 

-
Grey laminated silj;stone and 
mudstone, weathering yellow
brown; ha;rd thin-bedded nodUlar . 
calcareous fine sandstone and 
mudstone, . fe=ginized in out
crop; . ¢ tty, locally glaucon-
i tic, sublabile sandstone near 
base. 60 m 'th:ick; thicker to S 

mute" to 'brown tine to medium 
porous quartzose sandstone 
with quartz pebbles and bands 
of claystone clasts; amall
scale cross-bedding, rare 
ripple marks, IIIllllerous wo:z:m 
casts; minor siltstone and 
mudstone beds containing plant 
debris in places. 9-24 m thick 

Upper part. thinly bedded mud
stone, siltstone, and very fine 
qu.a.r:tzose to sublabile sandstone, 
locally calcarecus; rare beds 
of gr::I. tty coarse sandstone. 

. Locally, 15-= ironstone band 
at top 

Lower part. thick-bedded, 
cross-bedded, medium and 
rarely fine-grained, calcar
eotIS argillaceous labile to 
sublabile sandstone, with 
pebble bands. 120-150 m thick 

Medium to th:ick-bedded cross
bedded fine to coarse pebbly 
argillaceous porous quartzose 
to li thic sublabile sandstone, 
with abundant plant impress
ions and clay clasts in some 
beds I quartz-pebble conglom
erate with sandstone matrix 
as above; minor grey-green 
th:in-bedded to lamiDated silt
stone and cls,ystone. 60-15 m 
thick 

Vihi te medium to thick-bedded 
cross-bedded coarse argl.llace-
ous sublabile sandstone contain
ing scattered pebbles, glauconite, 
and some worm tubes; th:ick
bedded cross-bedded pebble cong
lomerate with s8.Itctr matrix as 
above; some beds of feldspathic 
sublablle and quartzose sand
stone, white mudstone, and clay
stone. 120 m thick 

- -
Structure and 

Relationships 

-
Confo:z:mable and' poss':' 
ibly transitional on 
Hooray Sst. Unconf=
ably overlain by laterit
ized Tertiary sediments 
in map area 

Local· member (CJ.a.mvale 
Sst Mbr, Molian et al., 
in press) of Hlythesdale 
En. Possibly disconfo:z:m
able on OraJ.l.o En. At top 
of sequence in map area 

Confo:z:mably overlies 
Gubbersmunda Sst. Lat
emily equivalent to . 
OraJ.l.o En plus lower 
membem of Hlythesdale 
En in Roma. area, and to 
part of Hooray Sst to W 

Conformable, probably 
transitional,. on Wes t
bourne ThI. Laterally 
equivalent to lower part 
of Hooray Sst to W 

Confo=a.ble on Westbourne 
En, but locally basal sands 
have scoured tops of silt
stone units in WestbOurne 
ThI. Contains unconfo:z:mi ty 
of UDk:nlmn magnitude 

- - - -
Ganeml Remarks 

No fossils known in map area; 
elsewhere contains marine Aptian 
macrofauna. Deposited during 
widespread marine transgt"ession; 
thin-bedding and fine grain-size 
sugges t mainly" low-energy deposi t
ioDSl environment 

Unstudie<Lmacroflora. arid micro-" 
flora. Correls ted wi th units 
regarded as L. Cretaceous on 
palynological. data. FllIViolacus trine 
or possibly paralic 

UnstUdied macroflora and micro
flora. Correlated with units 
containing U. Jurassic.1Io L. Cret
aceous spore assemblages (Evans, 
1966b). Fluvial and later lacustrine 

U. JurassiC spore assemblage. Large
scale cross-bedding and coarse grain
size suggest fluvial environment; 
possibly derived fr= S or SE 

lio flora or fauDa kno=. Co=elated 
with U. Jurassic to L. Cretaceous 
uni ts. Possibly fluvial 

-
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Rock Unit 
( £I!l P sll!llbol) 

'iles tbcnu:ne 
For=tion 
(Juw) 

Aden Sandstone 
(Ja) 

Birkhead Formation 
(Jmb) 

Distribution and 
Topop;rapb,y-

SW co= of map area 
and W of Injune along 
S edge of map axea f 
low relief with rare 
cuestas 

n-trending belt 
i:n SW part of map 
area; forms low 
cuestas and strike 

~ ridges 

S part of Mimosa 
Syncli:ae I extends 
W to Billin Or and 
then NNW; mainly 
low relief with 
some low cuestas 

- - - - -

Type Area and 
!.!ai:n References 

Fro~ 1279-1651 ft 
(385.8-503.2 m) i:n 
'I1estbourne 1 
(Gerrard. 1 964; 
Exon, 1966) 

Adori Hill 35 !on ENE 
of Tambo (Woolley, 
1941; !:wn, 1966) 

Along Birkhead Or 
near 'rambo-Alpha 
road. Type section 
from 1880-2244 ft 
(573.0-684.0 m) i:n 
Westbourne 1 (!:wn, 
1 966; Gerrard, 
1964) 

- -

,TA1!LE 15 (contiImed) 

LithologY' and 
'lhickness 

~ey thi:a-bedded to l!ll:limted 
carbonaceous, micaceous, and i:n 
places calcareous, siltstone 
and mtldstone with ferruginous 
(after calcite?) discoidal con
cretions in places, 'thi:a to 
thick-bedded fine to very fi:ne 

, sublabUe to =el,y quartzose 
sandstone, ,calcareous in places, 
usually i:nterbedded with siltstone; 
thin beds of hard calcaxeous silt
stone and sandstone. Low-aDgle 
cross-bedding and small-scale 
slumping common, abundant poorly 
preserved plants. 105-120 m thick 
in W, up to 300? m in syxlCline 
W of Injune 

Medium to very thick-bedded 
cross-bedded white argill
aceous sublabile sandstone 
with pebbly sandstone bands, 
worm 'casts and tubes, plant'-
impressions, and clay clas ts ; 
minor interbeds of thi:a-bedded 
grey to buff siltstone and 
white claystone; some minor 
erosion surfaces in formation. 
60 m thick; lenses out to SE 

SW of area: gr:ey carbonaceous 
siltstone and mudstone, fine 
to medium lithic sandstone, 
thin coal seams, rare thin beds 
of cone-in-cone limestone (1 20 
m), over medium-grained sublabile 
sandstone with calcareous concret
ions, gritty and quartz-rich in 
places i:n basal 6 m 

Injune to Billin Or area I as 
above with additional 45 m of 
fine to coarse cross-bedded 
labile sandstone (Springbok Sst 
!!hr, Mollanet al., in press) 
at top., 

Mimosa Syncline: poorly 
exposed alternating mudstone 
and sandstone, with lIl8ll;Y' coal 
seams up to 1.5 ,m thick (90 m), 
underlain by medium to coarse 
cross-bedded argUlaceous 
calcareous lithic sublabile to 
labile sandstone, locally co~"' 
&Lomamtic 'near base. 30-60 m 
thick . 

- - - -

Structure and 
Re1a tionships 

General Recarks 

Top fo=ation of Injune Or U. J~sic spores and acritarchs. 
Gp. Conformabl.e on Aden Sst Probably largely deposited i:n lakes; 
i:n W; or possibly disconform- cross-bedded sandstone units may have 
able on Birkhead Fm E of been deposited in SJ:lall deltas; presence 
lJarsnoa Anticline. Recognia.. of acritarchs and traces of glauconite 
abl.e throughout large area suggest occasional marine i:acursioIlS 

i:n subsurface by high gamma.-
r8:J' readiDgs on logs 

llicj.dle t..ormat:j.on.....of 
Injune .....: Gp l.n VI; 
lenses out to SE near 
axis of_ 1!a.ra.ng~ ~ti~ 
cline. Conformable 
on Birkhead Fm 

Basal formation of 
Injune Or Gp. Conform
able or locally discon
formabl.e on Hutton Sst. 
Springbok Sst illlr of 
Injune/Eillin Or area 
may be equivalent of 
Adori Sst. Increas e 
in proportion of cal
cite in lower unit and 
coal. in upper unit from 
Wand E probably ren-ects 
changes in depositional 
environment 

- - -

IndeteDminate plants only. 
Conformable between units containing 
M. JurassiC spore assemblage below and 
U ... Jurassic asseI:lbl.age above. "Possibly 
fluvial.; cross-beds suggest N or HE 
provenance 

M .. Jurassic microflora; probable 
Jurassic macroflora. Fluviolacustrine 
chang; ng to lacustrine-pal.udal in E; 
mainly filitviaJ. and lacustrine, and 
rarely paludal, in W 

- - - - -
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Rock Unit 

(map sytlbol) 

Hutton Sandstone 
(Jlh) 

Evergreen Formation 
(Undifferentiated) 
(.ne) 

Ooli te Uember 
(.no) 

1!oxvale Sandstone 
Member (Jlb) 

- - - - - - - - - - - - - - - -
llistribution and 

Topogra;)hy 

Broad siIll10US 
bel t across S 
part of map area; 
low sandy plains 
and rounded hills 

Type Area and 
lIain References 

Near Hutton Cr 
19 km EtlE of Injune 
(Reeves, 1947; 
Whitehouse, 1955) 

',TAl!LE 15 (cont:inued) 

Li thcilopY and 
Thickness 

lledium-grained poorly sorted cross
bedded feldspathic? argillaceous 
sublabile sandstone grading up into 
ma.:i.D1y fine thick-bedded massive 
well sorted quartzose sandstone; 
minor beds of Siltstone, mudstone, 
and pebble conglomerate; mudgalls 
common in sanastons, particularly 
near base; thin-bedded sandstone 
and mudstone near top. 120-225 m 
thick 

Structure and 
. Relationships 

Conformable on Evergreen 
Fm. Thickest in synclines 
and thinnest aver stxuctural 
highs where lower sandstone 
is genera.lly richer in quartz 

Broad siIlllous belt.. _ Type. area and. section Fine to medium liBlJ,t grey fla.ggy Conformab:).e on Precipice 
across S:pa;rt of -- - in outcrop and boreholes micaceoUs feldspatliic? labile to Sst;iocallyoverlapS·· 
map area to W margin; 40 km NNE of Injune. sublabile sandstone grading up into·' Precipice Sst in Eo" One 
mainly soil-cavered . green massive lithic sandstone, member E of liimosa Syn-
plains and scarps on loca.lly ripple-marked, cross-bedded, cline and two members to 
sandstone members and/or calcareous;. thin-bedded and W. To NW, Boxvale Sst 

fissile siltstone and mudstone;,ha.rd ·Mbr thickens and event
white naggy micaceous argillite; ually is sole represent
thin coal seams; thin beds of con- ative of formation 
cretionary limonite; calcareous 

SiIll10US thin belt 
along E limb of 
Mimosa Syncline; 
1011 distinct scarps 
and soil-covered 
slopes 

Broad sinuous belt 
in SW from W margin 
to axis of Mimosa 
Syncline; prom
inent scarps and 
plateau;z: 

Informal unit. 
Best exposures 38 
km SW of Cracow 

Along rawson R, 
N to HE of Injune 
(Reeves, 1947) 

mudstone. Includes 3 members 
described below. lJax thickness 
of 168 m in E; 144 m in type area; 
120minW 

Chemositic mudstone, as in 
Westgrave Ironstone !.lDr, in 
beds 5 cm-1 m thick; thin
bedded ferruginous sublabile 
sandstone; grey fissile and 
massive red-brown ferruginoUS 
mudstone; ironstone beds pro
duced by ferruginization of 
~bedded sediments. 6-12 m 
thick 

Rippls-marked thin-bedded 
fiaggy and micaceous very 
fine qua,rj:zose sandstone, 
wi th wOrm. tubes and inter
beds of grey micaceous sil 1:"
stone, predominant in upper 
part; thick-bedded cross
bedded poorly sorted argill
aceous quartzose sandstone 
dominant in lower 'part; 
middle· part includes thinly 
bedded siltstone, fine sub
labile and quartzose sand
stone, coal, green labile 
sandstone, and bedded iron
stone (possible altere'li 
chamositio mudetone). Max 
thickness 90 m; lenses out 
to E 

Member near top of 
Evergreen liin in E 
limb of Mimosa Syn
cline. Probably e'l.uiv
alent to tipper part of 
1!oxvsle Sst and West-

. grave Ironstone Mbr 

Member in Evergreen Fm, 
which is conformably over
lain by Westgrove Iron
stone Mbr. Middle and 
upper units may be ,time 
equivalents of lower part 
of oolite member. In NW 
conf=able between ~ec
ipice and Hutton Ssts 

General Remarks 

Plants, logs, and one species of 
pelecypod in one bed of unkno= 
affinities •. Palynological data suggest 
IJainly L. JurassiC a.ge, but may extend 
into l!. Jurassic. Fluvial? or brackish?; 
more reworking in upper part 

Rare freshwater? pelecypods, abundant 
plant remainS, spores, and acritarchs, 
which indicate L. Jurassic age. 
Acritarchs associated with oolite 
member and Westgrove Ironstone k1lr. 
Most of Evergreen liin deposited in 
freshwater lake. Lower part of 

·Boxvale Sst Mbr possibly deposited 
in streama or deltas around VI margin 
of lake. 

MiddJ.e and upper parts (Westgrove 
IroDStone Mbr) and oolite member 
possibly deposited during short-lived 
marine incursion. Lensing out of 
Westgrove IroDStone and oolite member 
to N suggests easterly conne:d.on to 
open sea 

-
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Rock lfuit 
(map Bytlbol) 

Precipice -Sand-
stone (.11p) 

'I1estgrove Iron
stone .l!ember 
(.119) 

- -

Distribution and 
Topop;ra.p!!y--

Type Area. and 
Main References 

Li thologr and 
Thickness 

-- --- ----- - ----------~---
Wide to thin siID,lous 
belt along margin of 
Great Artesian 1lasin 

In Precipice Cr and 
adjacenttrlbutaries of 
Da.wson :a (Ylhitehouse, 
1952, 1954) and outlier to H near 

Bluff; forms cillfs, 
scarps, gorges, buttes, 
pl.&uaux, and mesas with 
sandy s oil cover 

Crops out in 
thin sinuous bel to 
between 130xvale 
Sst and Hutton Sst 
frCllll 'II limb of 
Mimosa Syncline 
to near W =gi.n 
of map a:rea; low 
scarps and soil
covered slopes 

Type section in shallow 
boreholes beside Carn
arvon ]evelo~ental 
Road, 40 km tlNE of 
Injune (J.!olla.n et 
a.l., in press) 

Thick-bedded cross-bedded 
poorly sorted Cl.ua..--tzose sand
stone with !:luscovite flakes, plant 
impressions, Cl.tmrtz-pebbls bands; 
very coa..'"Se sandstone to fine con
glomerate particula:rly nea:r bass; 
thin-bedded li thic subl.&bile sand
stone, -l.al:!ina.ted micaCeoUS- silt
stone and white fl.&ggy a:rgil.:lite,
thin coal. seemaand ca:rbona.ceous 
shale near top in SE; includes 
!:lore lutite "in subsurface to S. 
Thickness ra.ng"es from 30 J:l in SE 
to 150 m in NVI; thinner OIl anti
clines than in synclines 

Concretionary ironstone, oolitic 
in pla.ces, chamosi tic? muds tone, 
!:ludstcne, siltstcne.9-24 m thick; 
lenses o .. t to 11" 

- - - - - - - - -

Structure and 
Relationships 

General Remarks 

-- --- ---- --- --------------"----------
Uncon!o=a.ble on Pemian 
and Triassic units; angular 
unconformity in E and centre 
and disconformity in W. 
Grades up into Evergreen 
:Fm. Outliers to Ii indicate 
original deposi tiona.l area, 
erlended \'Iell N of-preSent 
margin -of Creat Artesian 
Basin 

Uember at top of 
Evergreen :Fm 'II of 
lli.J:losa Syncline 

- - -

L. Jurassic spore assemblage in 
ca:rbonaceous interbeds. 1Ja.inl.y 
fluvial; cross-bedding measure
ments indicate mainly E transport; 
thinning and local cnoss-bedding 
directions suggests depositional 
area bounded to E 

.. - .. ~ 

- - - -
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Rock Unit 

(map symbol) 

(Tb) 

Hoy Basalt 
(Th) . 

('l'v) 

Peak Range· 
Volcanics 
(Tp) 

- - - - - - - - - -
TABI8 16. IGlmOt15 ROCKS 

Distribution and 
Topography --

Widespread sheets and 
outliers in SE Clermont 
Stable Block, Denison 
Trough, N part of Bowen 
Basin, and . Mimosa Syn
cline; scattered out
crops elsewhere. Forms 
plateaU% and grassy 
downs 

Scattered plugs NW of 
Anakie form prominent 
conical hills, gener
ally aligned along 
lINE trends 

Isolated areas in N 
part of basin, mainly 
near V margin of 
Connors Arch and E of 
arch, and at Cape 
Hillsborough. Form 
plateaU% with vertical 
cliffs, high mountain
ous country, .and rounded 
or conical hills 

Peak Ra NE and E of 
Clermont. Form 
prominent steep hills 
and mountains 

Lithology and 
~rain Ref erenc es 

Mainly-flood basalta; tholeii-
tic and alkalic olivine baSalt 
and rare trachyandesite and . 
hawaiite flows; mostly fine
grained, slightly porphyritic, 
rarely vesicular; remainder 
vesicular with amygdales of 
zeolites, ca1cit~and chalce-
dony. Piugs, dykes, and rare 
sills of basalt, gabbro,diorite, 
olivine teschenite, and analcite 
basanite. Minor tuff,- voli:aJiici 
conglomerate, and freshwter 
sediments. (Malone et al., 1964, 
1966, 1969; Veevers et al.,1964a,b; 
Olgers et al., ,.966; ·Jensen et al., 
1966; Hollan et al., 1969, and in 
prep.) 

Columnar jointed porphyritic 
olivine basalt-, minor olivine 
dolerite and gabbro, generally 
containing inclusions of anortho
site, peridotite, gabbro, pyroxen
ite, acid plutonic~rccks, corundum, 
spinel, pyroxene,and feldspar. 

. Remnants '.of associated basalt 
flows. (Veevers et al., 1964a) 

!·1ainly acid to intermediate 
flows, pyroclastics, plugs, and 
dykes. Fine-grained porphyritic, 
rarely non-porphyritic, rhyolite 
with contorted flow laminae, inter
bedded with rhyolite breccia, tuff, 
and agglomerate; flow-banded por-· 
phyritic trachyte and soda-trachyte. 
flows and sills; dacite flows with 
columnar jointing in places; ·sodic 
micrograni te plug; basaltic and 
andesi tic volcanics; welded tuff. 
Minor shale and sandstone inter
bedded with pyroclastics at Cape 
HillsboroUgh. (Malone et al., 1966; 
Jensen etnal.,1966) . 

Trachyte, quartz trachyte, per
alkaline rhyolite plugs, dykes 
and flows in S part of Peak Ra; 
rhyolite plugs, flows, and dykes, 
some plugs. with pitchstone 
selvages, rare phonolite plugs . 
in N part of Peak Ra (r.!ollan, 1965) 

Geological Age 

Tertiary. No accurate 
stratigraphic control. 
Some probable Tertiary 
plants in underlying 
sediments ~ places 

Tertiary 

Tertiary spores and 
dicotyledonous leaves 
at Cape Hillsborough,. 

Tertiary 

* Approximate isotopiC ages based on data supplied by A.W. Ifebb. 

- - -
3}-20 m.y. (Probably 
many separate intrusions 
and extrusions) 

- - -
Rela tionships 

Interbedded with, overlain by, 
or overlying Tertiary sediments 
in places. Basalts of Clermont 
Stable Block and Denison Trough 
genetically related to Peak Ra 
and ~!inerva Volc and Hoy Basalt. 
Intrusive into or unconformable 
on pre-Tertiary rocks 

Probably related to flood 
basalts. Intrudes Retreat 
Granite, Anakie .Ietamorphics, 
and Drummond Gp 

Overlie Tertiary basalt and 
Tertiary sediments. Intrusive 
into or uncQnformable on 
pre-Tertiary rocks 

Acid to intermediate differenlt
iates 01' alkali basalt flows 
of Peak Ra area 

-
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Rock: Unit 
(cap symbol)" 

~:inerva Hills 
Volcanics 
('l'r) 

~ 'rilbor~ Gabbro' 
(Tt) 

(K/'l'v) 

(t/Ti) 

(K/Ti) 

(~ti) 

- -

Distribution and 
Top0e?& 

Ii of SpringsUre. 
Prominent peaks, r:!.dges, 
mesas, ani ro>.mded hills 
with relief of up ~o 
240 m 

150 )(];! ID1 of Injune 

On and W of C"onnors Ra 
and Broadsound Ra. On 
ranges: 'ste~ided 
dissected nlateaux and 
hilla. V of- ranges: 
rugged broken hills, 
circular or elongate 
in plan 

On Cape Conway and 
islands in IlE part of 
map area. Hainly 
rugged cliff-bounded 
islandS 

High hill 16 km 3';1 
of Barala be. 

Lang crescentic ridge 
"110 Ian E of Clermont 

Small to medium-sized 
intrusives near ¥.aclaU. 
Mainly subdued top~ 
graph;y, .but some smaller 
bodies form high rugged 
hills . 

hble 16 (continued) 

Lithology and 
IUlin Ref erences 

Plugs, dOl!les, and dykes Qf 
porph;yri tic soda-rh;yoli te and 
quartz trachYte, floy':"bm:ded, 
auto brecciated , colm:mar 
jointed; intruding but c~ 
::-.ag:;:atic with flows of baaalt, 
trach;yte, and trach;ybasalt, 
basaltic ash, pumice, scoria, 
acid aggloaerate.(Veevers at al. 
1964a; Mollen et al., 1969) 

Stocks and one sill of 
tesc~enitic olivine micro
gabbro. (Ilollan et al., in 
press) . 

Fine and even-grained, rarely 
porphyri tic, rh;yoli te Yi th smooth 
or contorted flow banding, rh;yo
lite autobreccia, agglomerate, 
and lapilli tuff; massive por
phyritic, locally flow-banded, 
dacite and trachyte, minor 
toscanite flows and pyroclast
ics; includes plugs and dykes 
of saJ:]e rock types in placea. 
(.Ialone et al., 1969) 

Acid to intermediate, water
laid ash-fall tuff and agglomer
ate, well bedded in places; 
andesite and. rh;yolite flows and 
rh;yolite flows; arkosic carbon
aceous conglomeratic sediments. 
Intermediate to acid dykes. 
(Clarke et al •• in press) 

Y.assive fine to coarse trachyte 
stock, some dykes. (Olgars . 
et al •• 1966) 

~!edium-grained trac~eni te Bill 
with associated trachyte dykes. 
(Malone et al. 1969) 

~lainly. diorite, microdiori te, 
and microgranodiorite cut by 
many dark fine-grained dykes; 
coarse 'and medium-grained 
grant te; granophyre with doleri te 
and rh;yolite dykes. (Jensen et al., 
1966) 

Geological Age 

Tertiary 

Probably Tertiary 

Cretaceous or Tertiary. 
Structural deformation 
and geomorphology sug~est 
they may be pre-Tertiary 

Cretaceous. Y.ay include 
rocks of d:'fferent ages 

Certaceous or Tertiary 

Probably as above 

Y.ay include rocks of 
several ages 

- - - - - - - - -

.. 
IsotopiC Age 

(approx.) 

28-24 m.y. (Probably 
several periods of 
intrusion=and 
extrusion) 

112 m.y.:·(sample 
from Cape Conway 
only) 

70 m.y. 

Relationships 

Probably acid differentiates 
of basaltic ma~, similar to 
parent ma~ of Peak Ra Volc 

Intrudes Hutton Sst 

Unconformable on or intrusive 
into Carboniferous, Perman, 
and Triassic rocks. Possibly 
related to Cretaceous or 
Tertiary (KIT!) intrusive 
activity 

Intruded by granites similar 
to some giving::probable late 
L. Cretaceous 'isotopic ages 

Intrudes Gyranda FIn 

Associated dykes intrude 
Blackwa t er Gp 

r 

Intrude Permian or Devon~ 
Carboniferous rocks. Over
lain by Tertiary volcanics' 

- - - - - - -

, 
N o 
N , 

-



- - - - -
Rock 1JtIit 

(map syiibol) , 

(Ti) 
(=K/Ti) 

(Ki) 

l'~ount Barker 
Granodiorite 
(Kgm) 

Bundarra 
Granodiorite 
(Kgb) 

(C-Mi) 

Distribution and 
Tonogra'Oby-' -

Small intrusion' near 
Cape Hillsborough 

On some islands _ 
in m: part of map area 

Small to mediUI:1-sized 
intrusions in Nebo Syn
clinorium and N part of 
Collinsville Shelf. 
Mainly subdued topo
graphy surrounded by 
high hills of oet&lorph
osed sediments 

83 Ion Y of ieackay. 
liainly foms upland 
valley; some high hills 
capped by met8.!:lorphics 

130 Ion HE of Clermont. 
Occupies area of low 
relief surrounded by 
hills of metacorptosed 
sediments 

, 1 ~ Ion SE of Collinsville 

Several small intrusions 
between Broad Sound and 
'iackenzie R and Fitzroy 
R 

29 Ion liE of St Lawrence 

- - - - - - -
Table 16 (continued) 

Lithology and 
Main References 

Coarse pink alkali granite 
with flat sheet jointinu. 
(Clarke et al.,' in press)' 

~ssive medium-grained pink or 
grey granite, cut by thick acid 
dykes and thin irregular bllsic 
dykes; flat sheet jointing , , 
Colmnon~. (Clarkeet a1.;-"in press) 

Plutons up to 9 Ion across, 
laccoliths, sille, and dykes; 
possibly members of different
iated suite; mainly fine-grained 
porphyri tic hornblende grano
diorite, alkali granite, micro
granodiorite, syenite, 1euco
diorite, 1eucocratic anorthite 
gabbro, _and dolerite dykes. 

(1':a10ne, et a1., 1964, 1966) 

Geological Age 

Late L. Cretaceous 

Probably late L. 
Cretaceous 

Early L. Cretaceous. 
Probably intruded during 
folding of Hebo Syn
c10riUI!l 

N-trending biotite hornblende Early L. Cretaceous 
granodiorite; some high-grade 
contact m'etamorphic rocks pre-
served on top of hill of grano-
diorite in one place. (14a10ne et al ~, 
1964; Isbell, 1955) 

Leucocratic granodiorite ranging 
to alkali granite and syenite 
with increase of hornblende. 
(I,lalone et a1., 1964, 1969; 
Veev~s et a1., 1964b; Jensen 
eLa1., 1966) 

Small hornblende granodiorite to 
diorite stock intruding Lizzie 
Cr Volc. (I'ialone et a1., 1 966) 

Gabbro stocks intruding serpen
tinite; gabbro stocks and sill 
intruding Rookwood Volc and 
Rannes Beds; diorite intruding 
Back Cr Gp; granite stocks 
intruding L. Palaeozoic? meta
morphics. (¥~lone et al., 1969) 

4 small intrusions ranging from 
adamellite to granodiorite; 
~robab1y intrude Carmila Beds. 
(~la1one et a1., 1969) 

Early L. Cretaceous 

Poet-L. Permian 

Permian or younger 

Permian? or younger 

- -

130-120 m.y. 
(probably more than 
one intrusive event) 

125 m.y. 

240 m.y. (sample from 
one intrusion only, 
age of recrystalliz
ation, probably) 

- - -
Relationships 

Intrudes Campwyn Beds 

Correlated with Cape 
Hillsborough granite 
on lithology 

-

One body intrudes Carborough 
Sst; others intrude U.Permian 
B1ack'~ter Gp. Generally 
conformable with structures; 
low-grade but extensive 
contact me1:a::!orphism 

Intrudes Lizzie Cr and Connors 
Volc. Probably related to 
Cretaceous intrusives (Ki) of 
!iebo Synclinorium 

Occupies core of dome in Back 
Cr Gp and Blackwater Gp. 
Correlated with and possibly 
genetically related to Cretac
eous intrusives (Ki) of 130-
120 m.y. age 

Probably related to early L. 
Cretaceous intrusions 

Probably mainly related to 
U. Permian intrusive activity; 
some may be younger 

Lithologically like L.Cretaceous 
part of Urannah Complex 

-

I 

~ 
C4 
I 

-



-

Rock Un:i.t 
(map sytlbol) 

(C~:i) 

Urannah Complex 
(C-!'.r ) 

(C-Mr) 

Auburn Complex 
(C-Ma) 

(~v) 

Distribution and 
Topograpby-

In Connors as and 
Broadaound as 

East of H-fl~~g 
fitzroy R 

32 km S of l-larlborough 

Poorly exposed area 
E of Broad Sound 

Occupies ~~~ of 
Connors Arch from N 
bo=dary of map area 
to 1st 220S. V~-ied 
topography: !:l.ainly 
rJgged, with ~e~y 
upland valleys 

Not delineated within 
complex 

Core of Auburn Arch, 
in SE part of map area. 
Poorly lateritized in 
places 

SY of Hannes 
'E of Theodore 

- - - -

Lithologv am 
Y.ain References 

'Table 16 (continued) 

Geological Age 

Granodiorite, adamellite,alkali 
granite, granite, monzonite, 
gabbro; tracby:te and dolerite 
dykes; so=e intr~sions are comp2x, 
others consist of Olle rock type. 
All intrude Connors Volcanics. 
(t~one et al., 1969) 

Carbon:iferous to Mesozoic 

Large a~ellite stock intr.mi!lg 
Carboniferous and older sediments 

Isolated granodiorite .. hich may 
be connected· with large Pe=ian 
intrusions to E. (;·:alone et al., 
1969; Kirkegaard et al., 1956, 
and in prep.) 

";'cid plutoniC roc;':s probably 
rel~ted to Polygon Granite to E. 
(Kirkegaard et a!., 1966, and in 
prep.) .' 

Post-Carbonif erous 

Unkncnm 

Unknown 

Fine to very coarse massive or 
foliated to gneissic, locally 
porphyritic and/or xenolithic, 
diorite; adamellite and grano
diorite; large amphibolite xeno
liths in diorite and granodiorite; 
porphyritiC, graphic, and leuco
crstic granite and pe~tite, 

Ranges from Carbonifer
ous or older? to Cretac
eous 

apli te dykes; dacite, acid porphyry 
dykes; stocks up to 1t kD across of 
gabbro grading into hornblendite; 
green porphyritic andesite and 
microdiorite dykes up to 6 0 across; 
basalt and dolerite dykes. (t:alone 
et al., 1964, 1966; Jensen et al., 
1966) 

Hornblende-bioti te adamellite (see 
Thunderbold Granite, Paine et aI., 
1970) • Hornblende-biotite adamell
ite and granodiorite, microgranHe. 
(In part Hecate Granite, see Paine 
et a!., 1970) 

Fine to mediUlll-grained granodiorite, 
locally::porphyri tic, micrograno
diorite, minor diorite and monzonite; 
dykes of dacite, andesite, and aplitu. 
(Mallen et al., in press) 

L. Permian 

L. Cretaceous 

!·lainly Carboniferous in 
map area' 

Q.uartz porphyry; rhyOlite, aplite. Unknown 

Part of pre-Permian Camboon Carboniferous or older 
Andesite 

- - - - - - -

• 
~otQPiC Age 

approx,) 

305 m.y. (9 ru:rple from 
ane intrusion only; 
possibly includes other 
ages of intrusion) 

311-290 o.y. (see 
text). Probably 
younger intrusions 
also 

265 m.y. 

125 m.y. 

311 m.y. 

Relationships 

Sim:Uar to and probably 
connected with Urannah 
Complex; probably includes 
intrusions of similar ages 

Possibly ~placed during 
extensive U. Permian period 
of intrusive activity , 

Complex probably mainly 
Carboniferous. Some plutonic 
rocks and mOB t of dykes younger. 
Oldest rocks intrude Connors 
Vole. 

Probably discrete bodies 
wittin complex 
Probably discrete bodies 
wi thin complex 

Includes intrusives~of U.Permian 
age E of t:lap area. Oldest 
rocks intrude pre-Perll1ian part ef 
Camboon Andesite 

Mainly intrusive 

- - - - - -

I 

2 
I 

- -



- - -
Rock Ullit 
(map symbol) 

(Put)** 

(Put)"· 

(Pzs) 

(Ci) 

(D/Ci) 

Retreat Granite 
(Dgr) 

(pzg) 

(pzr) 

Ravenswood 
Granodiorite 
(Pzi) 

- - - - - - - - -
- 'rable 16 (continued) 

Distribution and 
Topogrepb"y --

Around Harlborough 

N. of Marlborough 

72 km S of l'.arlborough 

Large area around llarl-. 
borough. High rugged 
topography - -

1# to S1i of Ehngella. 
High prominent'rotmded 
ridges 

In N'i part of map area. 
Mainly occupy valleys 

In N1i part of map area,' 
near lat 21 0 S 

Large area HE of 
Emerald. ~lainly sub
dlied topography 

Small area 45 Ian 11 of 
Springsure 

Near llaranoa R 100 km 
Nil of Injune 

NY corner of map area 

Lithology and 
Main References 

Biotite ad@lllellite and grano
diorite with basic xenoliths 

Diorite, quartz diOrite, micro
d10ri te, gabbro, llornblende 
gabbro, granite 

Adamellite, minor diorite 

Y.assive serpentinite, schistoae 
near fault contacts, contains 
blocks of microdiorite. 
(l'.alone et -ai~,1969;Kfrkegsi1rd 
et al., 1966, and in prep.) 

Diorite, microdio~te, gabbro, 
and microgebbro sills or 
laccolith. (Jlalone et al., 1964) 

Granite, granodiorite, adamell
ite, xenolithic in places, cut 
by aplite and other fine-grained 
acid dykes. (~!alone et al., 1966; 
Paine at al., 1970) 

Adamellite, biotite-hornblende 
adamellite and granodiorite', 
hornblende granodiorite and 
tonalite; diorite; jointed, 
faulted, xanoli thic, con tam 
many large roof pendants of 
contact metamorphosed sediments. 
(I,lalone et al., 1964,1966; 
Paine et al., 1970) 

Granodiorite to adamellite, minor 
granite and monzonite; small 
amounts of gabbro, diorite, quartz 
diorite, andesite, and tonalite. 

(yeevers et a1., 1964a, b) 

Poorly exposed granite. (Mollan, 
et al., 1969) 

Sheared--diallage-rich gabbro cut 
by tremoli te and chlorite veins; 
associated with tremo1ite and 
chlorite rock. (Mo1lan et a1., 
in press) 

Hornblende-biotite granodiorite, 
adarnelli te, microgranodiori te, 
some microgranite. (Paine et a1., 
1970) , 

Geological Age 

U. Permian 

U. Permian 

U. Permian 

Permian 

U, Carboniferous 

Devonian or Carboniferous 

Devonian 

Ordovician or older 

Silurian 

- - -
235 m.y. 

240 m.y. 

2'35 m.y. 

330; 295-290 m.y. 
(see text) . 

365 m.y. 

450 m.y. 

- - -
Relationships 

Intrudes serpentinite (Pzs) 
and metamorphics (Pzl). 

Intrudes Carmila Beds; basic 
intrusion followed by 'more 
acid intrusion 

Intrudes Rockwood Volc 

Intrudes metarnorphics (Pzl) and 
L. Permian sediments E of map 
area. Intruded by U. Permian 
plutOll1.c rocks 

Intruded into and possibly 
intrusive equivalents of 
Lizzie Cr Volc 

Intrudes Bulgonunna Volc 
and tmconformably overlain 
by Lizzie Cr Volc 

Intrude Ukalunda Beds; may be 
unconformable beneath Drummond 
Basin sequence 

Intrudes Anakie ;'etamorphics. 
Unconformably overlain by 
Silver Hills Volc 

Intrudes? Anakie l'retamorphics 

Unconformably overlain by 
Precipice Sst 

Intrudes Mt liindsor Volc. Part 
of N basement to Drummond Basin 

** These intrusions are related to extensive U.Permian igneous activity mainly centred to E and SE of map area (.!alone et al., 1969; Kirkegaard et al., 1966, and in prep). 

- -

I 
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APPENDIX 

ISOTOPIC DATING OF THE IGNEOUS ROCKS OF EASTERN QUEENSLAND 

by 

A.W. Webb* 

METHODS 

Isotopic ages were measured by both the K/Ar. .. ancLRb/Sr methods. 
The K/ Ar. deter.minations form the bulk of the work, and the intrusive 
rocks were collected with a view to suitability for K/ Ar .. analysis. Consequently, 
most of the samples contain biotite and/or hornblende. Only fresh unweathered 
samples were collected, and most were obtained by drilling and blasting 
1arge~tors." ·o.c~._~~~~_ .co ~ ~." --

Potassium was determined as total potassium by ~8me photometry 
(Cooper, 1963; Cooper et aI., 1966), and the percentage K Wculated from 
the measured atomic abundance of this isotope i~~atural I%e Ar--was ... - . 

. measured by isotope dilution (McDougall, 1966). Rb and .Sr.-were 
w.as~ed by isotope dilution (Compston et aI., 1965), and the present day-

Sri Sr value by direct mass spectrometry on unspiffied Sr separations, 
and also calculated in the process of measurement of Sr. The decay 
constants and natural isotopic abundances used in the calculation of ages 
are as follows: 

40 -10 -1 
K = 0.584 x 10 yr 

40 -10 -1 K: = 4.72 x 10 yr (Aldrich & Wetherill, 1958) 

40K = 1.19 x 10-2 atom % of total K 

40 Ar = 99.60 atom % of atmospheric Ar 

38 Ar = 0.063 atom % of atmospheric Ar 

36 Ar = 0.337 atom % of atmospheric Ar (Nier, 1950) 
87 -11 -1 . 

Rb = 1.47 x 10 yr (Flynn & Glendenin, 1959) 
88 8~ . . 

Sri Sr = 8.3752 (Nler, 1938) 

85Rb/87Rb = 2.5995 (Shields & Garner, 1963) 

* Formerly of the Bureau of Mineral Resources 
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The coefficient of variation (standard deviation express~d as a 
percentage) of the potassium analyses, based on the variation of individual 
measurements about the mean, for over 100 duplicate analyses is 0.24 for 
biotite and 0.33 for hornblende. The precision of- the argon measurements, 
calculated in the same manner as for potassium; is '0.90. Much of this 
error is due to the uncertainty in the argon tracer calibration. For a normal 
K/ Ar mineral age dete~mination (duplicate K, single ~>-where . the grain' 
purity exceeds 98 percent, the probable error at the 95 percent confidence 
level is ! 2 percent, ignoring all uncertainties in decay constants an~i . 
isotopic abundances. The limits of error in a single K/ AT. age are found 
to be approximately equal to the standard' deviation of individual. K/ Ar ages 
measured on a number of samples from the one intrusion. Such agreement 
is presumed to be confirmation that the samples dated were taken from 'a 
single population, and that the mean age is geologically meaningful. Where 
the standard deviation of the measured ages of a group of related rocks is 
significantly greater than the expected error, it would be interpreted as. a 
smearing of the true age by some geological effect. The limits Q40teci fore:; 
the K/ Ar ages of ~groups'of related rocks In"thts paper are the standard 
deviation of the mean. 

Rubidium isotope ratios were measured with a Metropolitan-~ickers 
Mass Spectrometer, type MS2-G. (Compston et aI., 1965)~ A single Sr-enriched 
tracer was used for the strontium determinations, and the 'ratios measured 
on a NucI.id.e, 60° sector, 12-inch :radWf of 8t¥.rvatu~e m~ss' spectro~et~r. 
The precIsIon of measurement of the· Sr/ .... Sr ... rahos WIth the rw.f.hde· was. 
found to be greater than with the MS2, especially when using the . Sr-enriched 
spike, and was usually comparable to that of the directly measured ratios' 
of unspiked samples; " 

The total'rock data for samples from 8~e o~*B intrusion qr7for~~tion 
have been analysed graphically as a plot of Sri Sr against Rb/Sr. 
(Nicolaysen, 1961). The slope of the straight line (isochrori) fitfed to tliese 
points by' a least squares method assuming' errors in both parameters . 
(Mclntyreet al.,~66)8lr: proportional to the age of the samples, and the .' 
intercept on the Sr/ Sr axis is the strontium isotOP\f composition at th~ 
time of 'formation of the samplesa.t v*e of 0.10 x 10- was used for th~. 
variance in the measurement of Sr / Sr in the regression of the data, 
because of the greater precision attained using the Nuclide mass spectrometer. 
The Rb/Sr age and i'nitial ratios are quoted at the 95 percent confidence level. . 
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. SIGNIFiCANCE OF MINERAL AGES 

When comparing or interpreting ages. measured by different methods, 
or by the one method on different minerals, it is necessary to know what 
these ages represent. For the simplest model that of a lava or a quickly 
cooling pluton that has not been reheated, the age of. a. mineral will indicate 
the time at which the radiogenic daughter product began to be retained in the 
mineral. Experimental and field studies made on.the conditions under which 
argon :will diffuse from minerals (Evernden et al., 1960; Hart, 1964) have 
indicated that above about 300°C argon will be lost from mica as rapidly as 
it is generated. At 200°C, the diffusion rate is. sufficiently low that no argon 
is lost during the relatively short time in which the extrusive and high-level 
intrusive rocks cool from 200°C to surface temperature. The K/ Ar mica 
age is therefore the time that has elapsed since the mineral cooled below 
about 200°C, and for rocks of pre-Tertiary age, this time is experimentally 
indistinguishable from that since the extrusion or emplacement occurred. 
These values' of temperatur-es were derived by interpolation between 
temperatures used inshort..:term laboratory studies, and the extrapolation 
of these data to deduce diffusion behaviour over long intervals of 
geological time may introduce a large uncertainty. 

Xt is also assumed that the different activation energies and diffusion 
rates for argon in different minerals will lead to some minerals becoming 
closed systems, with respect to .argon, at higher temperatures than for 
others. Thus., where cooling is slow, it might be expected that cogenetic 
minerals will have distinctly different 'ages'. Conversely, when cooling is 
rapid, no such differences are expected, and agreement in age between 
cogenetic minerals (most commonly biotite and hornblende) is usually 
accepted as an indication of rapid cooling and no subsequ~nt thermal history. 

Outgassing· of radiogentc .argonfrom minerals may occur by heating 
during regional. or contact' metamorphism. The effects of contact metamorphism 
are usuallY'restricted to a relatively narrow zone in the country rocks about 
'the younger intrusion (Hart, 1964) wher.e zones analogous to metamorphic 
isograds can be drawn showing the distances~t which different minerals are 
completely outgassed of argon. Hart (1964) reported that under conditions 
of thermal metamorphism, hornblende retained Significantly greater amounts 
of radiogenic argon than did biotite in the same rock. Aldrich et al. (1965) 
believed the K/ Ar age measured on hornblende to be equal to that measured 
by the Rb/Sr method on muscovite and K-feldspar. These authors concluded 
that in rocks that had undergone metamorphism, the normal order of 
increaSing mineral age is (1) biotite, K/ Ar; (2) biotite, Rb/Sr; (3) muscovite, 
K/Ar; (4) hornblende, K/Ar, muscovite and K-feldspar, Rb/Sr. Hanson & 
Gast (1967) arrived at similar conclusions as to the relative stability of these 

. minerals under conditions of contact metamorphism. Thus, when hornblende 
or muscovite K/ Ar dates are significantly higher than those of cogenetic 
biotite, the first assumption is that the rock has suffered a thermal metamorphism. 
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87Diffusive loss of radiogenic strontium can also, occur; but~"in this case, 
the Sr'may migrate into another mineral phase of the rock. While the 
Rb/Sr mineral ages may reflect the cooling or metamorphic history of the 
rock, in a similar fashion to the K/ A~ages" the rock as a whole may have, 
remained a closed system with respect to rubidium and strontium and 
indicate an age greater than that shown by some of its mineral components", 
(Compston &.Jeffery, 1959). ' ; , 

,', 

Although there appears.to be litt\npublished information on laboratory 
investigations 'of the diffusion rates, of Sr in biotite, the frequent corres- ' 
pondence between Rb/Sr and K/Ar ,ages on this mineral from.all ,environments 
suggests that strontium diffuses at similar rates and at the same temperatures 
as does argon. From measurements made on biotites from the Alpine Fault 
Zone of New Zealand, Hurley et al. (1962) concluded that the diffusion ~ . i • 

coefficients for strontium and argon in biotites are similar at low temperatures. 

The igeal1otalrock age is determined on-a _suite~of-rocks- with- varying 
Rb/Sr ratios, which differentiated from an isotopically.'homogeneous parent 
magma,. The age measured is the time of separation of the different phases 
from' the parental magma and could be distinct from the time at which certain 
minerals in the differentiated fractfon cooled, to near surface temperatures.: 
The difference between the two ages will depend to a large degree on the 
tectonic environment at the time and place of formation and intrusion of the 
magma. Volcanic and high-level intrusive rocks would not be expected to .reveal 
any Significant age difference between mineral and total rock determinations.' 
However, in high-grade metamorphic terrains the difference may be 
considerable. 

, The sequence of increaSing retentivity of radiogenic daughter isotope 
in different minerals'proposed by'Aldrich:et al •. :(1965) may be taken as an 
approximation to the normal behaviour of these mineralS, although departures 
from it are not uncommon. Arriens et ale (1966) described examples where 
the Rb/Sr arid K/ Ar,biotiteages exceeded the Rb/Sr 'K-feldspar ages, and 
evidence will be given in a later section to show that under certain metamorphic 
conditions, the argon retentivities of biotite and hornblende are similar. 

DISCUSSION OF RESULTS " 

, ' 

K/ Armineral ages have been measured on granitic rocks throughout' 
eastern Queensland, and a smaller number, of Rb/Sr total rock and mineral' 
ages were determined on granites and volcanics from selected regions. The 
analytical data are presented in Tables 1-15. 
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The K/ Ar_ages. indicate two major periods of granitic emplacement. 
The older epoch was 'protracted, covering a time interval of 150 million -
years (m.y.) during which several magmatic pulses have been recognized. 
This was followed by 100 million years of quiescence, until the second 
period of granite emplacement, over an interval of about 15 million years, 
took place. Within the older magmatic epoch, a histogram of the K/ Ar ages 
would reveal several apparent maxima of intrusive activity, the time 
interval between many of these maxima being just greater than the expected 
experimental error of the K/ Ar. .. method. The agreement in age between 
cog~netic minerals increases the credibility that the peaks of K/Ar dates.· .. 
record'phases of igneous activity. These episodes occurred 360, 305, 285, 
270, 250, 235, and 220 million years ago, some of the phases occurring 
in widely separated areas, and many of them in the one area. In the younger 
epoch, duri.ng the early Cretaceous, the K/ Ar dating indicates two phases 
of granitic intrusion - 125 and 115 to 110 million years ago. 

The Rb/Sr ~ata shoW jll!s interpretation of the geological history to 
be foo complex, and that many of the apparent intrusive phases recorded 
by the ... K!-Ar-.dating are the result of loss of radiogenic argon, for example, 
in the Connors Arch; where the K!Ar .. dating indicates episodes of intrusion at 
305, 285, and 270 million years ago, the Rb/Sr analyses show that the 285, 
and many. of the 270-m.y~ granites were part of the 305-m.y. period of . 
intrusion. The wide extent of the 305-m.y. phase has become more apparent, 
while the 270-m.y. phase, which on the K/Ar evidence was extremely 
widespread, has been reduced considerably. 

Nevertheless, there may have been as many as seven periods of 
intruSion during the older epoch of magmatic activity, the most widespread 
occurring during the Carboniferous and the late Permian. The former may 
be correlated with granitic intrusions in New South Wales (Evernden. L_ .. --.. -. -. 
Richards, 1962) and probably in north Queensland (Richards et al., 1966), 
while the latter extended into the New England district of New South Wales 
(Evernden &.Richards, 1962; Cooper et al., 1963.; Binns &..-Richards,.l964).--

The intrusions, in.-general, become younger from west to east, with 
Devonian granites in the Anakie Inlier, Carboniferous and Permian intrusions 
in the Connors and Auburn Arches, and Triassic and 'Cretaceous granites at 
the coast. The western limits of the ',regions of Upper Permian and Triassic 
intrusions are remarkably sharp, although older intrusions are known to 
occur to the east of these boundaries, e.g. the- Devonian granites at Mount 
Morgan within the Upper Permian limits, and the pre-Triassic granite at 

) Kilkivan (D~nmead, 1945) east of the Triassiclimit. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-211-

Throughout the whole region, the intrusivN7and8~rusive rocks have 
low and reasonably consistent values of initial· Sr./Sr., of, the order 
0.7035 to 0: 7050. This is comparable with the value measured on many 
present day oceanic and continental basalts, and indicates a possible 
subcrtlstal source for the igneous rocks. 

The ages adopted for the sections of the geological time scale referred 
to in this paper are set out below: 

Jurassic/Cretaceous boundary 

Lower Triassic/Middle Triassic 
boundary 

Permian/Triassic boundary 

Carboniferous/Permian boundary 

Devonian/Carboniferous "boUI'ldary 

135 m.y. (Casey, 196'4) 

220 m.y. (Webb & MCDougan; 1967) . - . 

,230-235 m.y. (Webb & McDougall, 
1967) , 

280 m.y. (Fr'ancls' &W66dlaild, 1964) 

. 362~.Y.:(McDo~gall et ai., 1966) 

Western Area - Anakie Inlier 

In the southern and central regions' of the Anakie.lnlier . .the ... Anakie . 
Metamorphics are intruded by the Retreat Granite. This granite is overlain 
by volcanics and sediments-of.late .. ,De:vonian.age __ (Veevers et al., 1964). 
A single .. K/ Ar .. age.,.of..a ... muscovite from themetamorphics west.of Clermont ... 
indicates a minimum age of 450 m.y. (Table 1) for the finaLphase, of , ... ' 
metamorphism of this unit. Fourteen dates on the Retreat Granite (Table 1) 
have a mean age of 359 + 2 m.y. This date is Devonian to Carboniferous, and· 
therefore at variance with the known field relations. The possibility that. 
some ar.gon loss has occurred, despite the internal agreement between the 
K/ Ar ages, cannot be discounted. 

. In the northern part of the inlier, granites of two ages have been 
recognized in the field. One group of granites, in the Ukalunda/Mount Wyatt 
area, intrudes fossiliferous Middle and possibly Upper Devonian sediments, . 
and is overlain by the Lower Carboniferous Drummond Group (Malone et al., 
1966). The younger granites intrude the Bulgonunna Volcanics, which overlie 
the Drummond Group. 

Minerals from three granites of the older group were dated by the K/ Ar 
method (Table 2). An. age of 330 m.y. measured on one of these samples 
(GA5288) may be close to the age of emplacement, but the ages of the other 
two samples (GAl160, 1161; 295-290 m.y.) are muc:h too young to conform 
with the field evidence. These ages are similar to those measured on the 
younger granites of the region, and may be due to argon loss during this 
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later magmatic phase. Alternatively, they may be a part of this phase of 
intrusion and have not been distinguished from. the older granites during 
the field mapping. A Rb/Sr total rock analysis of sample GAll60 (Table 4) 
is equivocal. The data fit the isochron for the younger granites to within 
experimental error; but the enrichment of radiogenic strontium iI~~am~lf: 
GAl160 is so small, only a slight lowering of the assumed initial Sri Sr 
ratio would be needed to calculate a late Devonian/early Carboniferous age 
for this sample. 

The Bulgonunna Volcanics and the granites which intrude them are, 
closely related in the field, and the possibility that they are intrusive and 
extrusive phases of the one magma has. been suggested •. The Rb/Sr age of 
the Bulgonunna Volcanics (Table 3)' .. is28.7-+.-12 .m.y., and all variance in 
fitting the isochron can be attributed to exPerimental error. The Rb/Sr 
analyses of the total rock samples. of the granites which intrude the Bulgonunna 
Volcanics (Table 4) define an isochron of. 298 + 25 m.y. with no variance in 
e!,_c,e,ss 'of that due t.9 e?q>erimental error. Two~biotites"from the 'granites 
have' Rb/Srages of 286 m.y. (Table 4). The regression of the combined total 
rock and mineral data also defines an isochron to within experimental 
error, with an age of 286 + 3 m.y. It may therefore be inferred that there 
has been no Significant loss of radiogenic strontium from the biotites, and the 
age of 286 m.y. is the preferred one for the granites. 

The apparent reversal in the total rock ages of the volcanics and 
granites when compared with the field observations,is due to the relatively 
poor precision of tile age calculated for the granites. Student's· t=test shows 
that the ,ages and. initial strontium isotopic compositions of'the two. rock units 
are not significantly different at the 75 ·perce.nt level of confidence. If the 
granite's and volcanics are eomagmatic .and coeval, then it is justifiable 
to pool the analyses of the two units. When this is done, an isochron of 
289 +'·9 m.y. is produced. - . 

The Rb/Sr age is close to the average K/Ar .. mineraLage . of, .28.3-+. .. Lm.y. .......... >; 

for the granites (Table 2). This agreement in age lends support to the field . 
observations that this region has remained stable since the Carboniferous. 

.. ' The only granitic intrusion known within'the Drummond Basin occurs 
to the westof Anakie. K/Ar mineral ages on two samples of the intrusion 
(GA1029, 1030) spread between 285 and 300 m.y. (Table 2). Both on field 
and isotopic eVidence, this granite may be correlated with the 285-m.y. old 
granites to the north. 
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Northeastern Area - Connors Arch 

Carboniferous Intrusions 

Bounding the eastern margin of the Bowen Basin for .a distance of over 
320 km, from Bowen in the north to 80 km south of Mackay, is a continuous 
belt of granitic rocks. Isolated granitic intrusions occur for another 80 km 
to the south. These igneous rocks were named the Urannah Complex by 
Malone et ale (1966). Evidence that some of these intrusions are pre-Permian 
was noted 1n the area southeast of. Collinsville, where granite boulder 
conglomerates are interbedded with Lower .Permian Lizzie Creek Volcanics. 
Although phases of apparently different ages were mapped by these authors, 
the extent of the pre- Permian granite was not known. More detailed 
mapping of the igneous rocks north of Normanby by Paine et al. (in prep.) 
has distinguished two dominant lithological and textural types which can be 
distinguished in places on air-photographs. The most widespread type is 
sometimes foliated,and may besheared.and recrystallized~ It is of dioritic 
or tonalitic composition and is intruded by swarms of basic dykes which impart 
a distinctive air.-photo pattern. The other type is.a massive adamellite with 
few basic dykes. There are two large intrusions and several smaller bodies 
of this more felsic type, which is clearly younger than the tonalite. The 
isolated int~usions in the southern part of the Urannah Complex are massive 
and granodioritic. . 

-The K/ Ar .. mineralages measured on samples from the foliated tonalitic - . -
types, .and the massive intrusions in the south of the complex are listed in 
Table 5. Three apparent phases of emplacement occurred at 305, 290.to 285, 
and 270 million years ago"the oldest in the south and the youngest in the 
north. Argreement in age between cogenetic biotite .and hornblende is almost 
universal,..and these ages might be expected to have geological significance. 

Rb-Sr analyses were made on total rock and mineral concentrates 
from members of each of the threeK/ Arage. groups. The' location of. these 
samples is shown in Figure A.. The total rock data (Table 6) define an isochron 
of 288 + 31 m.y. and all pointsfit..the isochron within experimental error. The 
regression of the combined total rock and mineral data shows a large residual 
variance which is not due to experimental error, and an age of 299 + 8 m.y., 
and suggests that redistribution of rubidium and/or strontium within the 
mineral phases has occurred. Four biotite determinations, which'are independent 
of slight differences in the choice of initial strontium isotopic composition, 
indicate ages of 314,.309, 290, and 284 m.y. A comparison of the Rb-Sr and 
K/ Ar ages of these samples is given in Table 7. 
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Two interpretations of the data are possible. 

(1) Because of the low 87 Sr enrichment in the total rock samples, the 
uncertainty in the total rock isochron covers the range of K/ Ar. ages. 
Consequently, the regression of the total rock data within experimental 
error may be fortuitous and the points may actually lie on two or more 
slightly divergent isochrons. The different ages suggested by the K/ Ar 
measurements could therefore be correct, in general if not in detail. 

(2) If the regression of the total rock analyses within experimental 
error is not due to chance, it must indicate that the samples are cogenetic 
and coeval. The spread in both Rb/Sr and K/Ar. .. mineraLages must then be 
due to variable' leakage of radiogenic strontium and argon during a later 
thermal event. The general lack of agreement between the mineral ages 
measured by both methods suggests a smearing effect rather than several 
distinct phases of iritrusion, and this interpretation is considered. to 1;>~ tllE;L .. 
most likely' explanation. Since the~largeO uncertainty in the total rock age 
cannot be reduced, the most realistic minimum estimate of the age would 
be the oldest mineral ages measured by one or both method~, that is, 310 
to 305m.y . 

. The .K/Ar mineral ages in the Urannah Complex show a general 
decrease from 305 m.y. in the south to 270 m.y. in the north (Fig. A), 
and the spread of dates is thought to be due to the variable regional effects 
of the events which occurred about 270 m.y. ago .. ALthis.tLme,.over 3000 ... mof 
volcanics were deposited on the Connors Arch, and many of the dykes. 
cutthig the granites may have been feeders for the extrusives. The region 
subsided while marine sediments were deposited, and at this depth, 
mineralOgical changes which are attributed to a zeolite facies metamorphism 
took place in the volcanics (Jensen, 1964). As.the . granites were buried to 
an even greater depth than the volcanics, the temperatures reached may 
have been sufficient to cause outgassing of argon and redistribution of. 
radiogenic strontium. 

The ·present outcrop of the Urannah Complex may be interpreted as 
the result of differential uplift, which was greater in, the north than in the 
south. The isolated intrusions in the south were cupolas of the batholith and 
the present land surface represents a plane which, in the early Permian, 
sloped: downwards to the north into regions. of higher temperature. , . 

Permian Intrusions 

A sample from one of the batholiths of massive adamellite in the Urannah 
Complex (GA473) was reported by Webb et al. (1963) to have a minimum K/ Ar 
age of 270 m.y .. This intrusion was named the Thunderbolt Granite by Paine 
et al. (in prep.). Several samples from this batholith and similar smaller 
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bodies have now been dated by the K/ Ar and :Rb/Sr methods •. The only 
stratigr.aphic control on the age of the .. Thunderbolt" Granite. is that it 
intrudes. the granites which have been shown to be 305 m.y. old. The- mineral 
ages are shown.in TablesSA.and .. 8B. The mean.K/.Ar-age ... of. .. 265.+ . .1.3 m.y. 
is supported by the two Rb/Sr measurements. The absence of a significant
spread in the' inineral ages, the agreement in age between the two methods, 
and the fteld observations that the granite is younger than the205-m.y. old 
intrusionssuggestthat the a:ge ·of 265 m.y. may be meaningful. 

A Cr.etaceous intrusion, the Hecate Granite (P~tne et al., in prep.), 
of greater areal extent than the Thunder,bolt Granite also intruded the 
Carboniferous granites (F,ig., A) a~d .had .. a .. limited-thermal effect on their " 
K/Ar mineral ages. Near Normanby,.a sequence .. of .. KjAr .. biotite.ages.-, ... 
270 (GM33.5.), . .l8.7.:,(GA534.2).,.J3.2.,(GA5.5.60.), .. .and .. 1.23..m..y .... (GAS3ll)----.. has. "." ,., . 
been measured in a direction normal to the contact.betweenthetwo. granites. 
The 0Idest .. date,.270 m.y.,although being too young, has not been affected 
by the ... Cr.,etaceous intrusion. The two samples with intermediate ages are 
Within a kilometre of the 'tnferre"d contact and exhibit marked loss of argon. 
A similar sequence is found in the·Cathu· State ... FQrest, .. where.ages of 
283 {GA5.346.).,. .. 235. (biotite and .hornblende).(GA11.35.), .and .. 117,m.y .. (GAll.'2Q) ........ -.: 
were meaSured. The cases where ages between 260 and 125 m.yo have 
been found are re"Jricted to the narrow zone surrounding the· Cretaceous 
intrusioIW. Th1!Js, it is unlikely that the intrusion of the Cretaceous granites 
could have been responsible for the general lowering of the mineral ages in 
the Carbonnierous granites. 

The Urannah Complex is intruded by swarms of , dykes which appear 
to be mostabundallt in the Carboniferous granUes, thereby implying'an 
age between.3.05 and 265m,y. for most. of the dykes.-,K/Ar ... ancLRb/Sr. ... 
anaLY$,es of these rocks are given in Tables9A..and, 9B ... The .. ages (255-.25,0 
m.y.) 'al'eyoung~r than that of the Thunderbolt .. Gr.amte, . .and.suggest.that 
there were several ph~ses of dyke intrusion. At least-some of the dykes may 
have been feeders for the extrusive centJres ,of theLizzie,G~ee~ VolcaniCS, 
while other dykes are almost certainly related to Cretaceollls intrusions, 
for example,. the swarm surrounding the 115-m.y. old Mount Abbot Igneous 
Complex (Paine et al., in prep.). . 

Cretaceous IntrUSions 
. . I 

GraniUc rocks of Lower Cretaceous age in the Urannah Complex were 
first reported by Webb & McDougall (1964). Since then,. many other intrusions 
of a similar age have been identified by isotopiC dating. These determinations 
are listed in Table 10. . '. 

The Lower Cretaceous intrusions are found in three regions: within the 
Bowen Basin to the east of the central axis, in the Uranmth. Complex to the 
n:0rtbe~st of the baSin, and in the coastal strip and offshore islands of the 
Proserpine area, where CretaceolUs volcanic rocks also occur. 

i ' 
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Within the. Bowen Basin, the intrusions.are usually small and 
hypabyssal, and'have a porphyritic texture. They are commonly gabbroic, 
but granodiorite also occurs. 

In the Urannah Complex, the intrusions. reach batholithic proportions 
(the Hecate . Granite, Paine et al., in prep.). Here, the dominant rock type is 
adamellite to granodiorite, similar to the 265-m.y. old Thunderbolt Granite 
a few kilometres to the west. 

In the coastal strip and offshore islands the granites are usually 
massive leucocratic high~level intrusions. There is frequently a close 
association between the granites and acid volcanic rocks, and both the 
intrusives and extrusives in this area are younger (115~110 m.y.) than 
the other granites (125 m.y.). The close association between the volcanics 
and granites in the Cumberland IslandS was noted in an unpublished report 
by White.& Browl). (1963), who suggested a Tertiary age for these rocks. The 
g~918gy"oi Jhec,~re.a}\1~s~,ciescrib~(:tbyClarke etal.(1971)., _o'o~"_ 0 

Extrusive. Rocks 

The Lizzie Creek Volcanics contain a marine fauna near the top of 
the formation which-is probably of late ' Sakmarian age ,(Dickins et al., 1964; 
Malol).e et aI., 1966). In the west, they overlie 285-m.y. old volcanics and 
granites, and on the time scale of Francis&'Woodland (1964), the Lizzie 
Creek Volcanics are post~Carboniferous. 

Three K/ Ax ... measurements made on plagioclase from .. basalts-.mapped 
as Lizzie Creek Volcanics are listed in Table 11. Two of these determinations 
indicate .an approximate age of 270 m.y. for this unit, while the third 
(GA53.'l4,.2.29 m.y.) is obviously, too young. Either the third sample has lost 
radiogenic argon, or it does not belong to the ,Lizzie' Creek Volcanics. The 
age' of 270 m~y. determined on the other plagioclase samples lies within the 
Sakmarian (Smith, 1964). These samples were from the northwestern shelf 
region and were not subjected to the burial metamorphism that affected the 
volcanics in the eastern trough. The K/ Ar ages are therefore regarded as a 
reasonable estimate of the age of extrusion of the volcanics. 

In the northwestern part of the shelf, the volcanics are predominantly 
basaltic, but are intruded and overlain by rhyolite. Rb/Sr analyses on 
severa1.of the acid volcanics (TaW 12~eave indicated an age of 230 + 15 m.y. 
for these samples, and an initial Sri Sr ratio of-0.7055 + 0.0007. All 
analyses fit the isochron within experimental error. The mean value of the age 
lies close to that of the Permian~Triassic boundary. SamplesGA5519 and 5532 
are intrusions in the 285-m.y. old granites to the west. The data were not 
included in the regression of the volcanic samples, but plot on the isochron. 
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Acid to intermediate volcanic rocks occur in the coastal region east 
of Proserpine. Some of them are apparently related to granitic rocks which 
have been shown to be of Lower Cretaceous age. Rb/Sr- total rock analyses on 
the Proserpine Volcanics from the Conway Range area, northeast of 
Proserpine, are listed in Table 13. The data fit an isochron of 111 + 5 m.y. 
within experimental error. This total rock age is in close agreement with . 
the K/ Ar ... age .. on. the. dacite'.from Carlisle Island, and .on. the coastal granites, 
and supports the field observations of ·White .& Brown. (1963) that the 
intrusives and extrusives are closely related in age. 

Another indication of the Cretaceous age of the volcanics is given by 
K/Ar total rock dating of a sample from Pentecost.Island, .. (GA5.3.Q4).-.The ... " ... 
rock is composed essentially of alunite .. (KAl3·(OH}6{S04)2)·.and. quar..tz, .and 
the alunite is believed to have been formed by reaction between feldspars 
and sulphur-bearing vapours or solutions ,given off during vulcanism. 
Duplic~te determinations of 106 and 96 m.y. indicate a minimum age of 
l~te ~aI1ly Cretaceous for the vulcanism. 

Southeastern Area 

,1 Reid (1930) and Carey. & .. Br.ow.ne, .(19l8) .. suggested .that.the.granites 
of the coastal belt from Townsville to Newcastle were mainly of late 
Permian age, but it was shown in the preceding section that the granItes 
in the northern part of the belt are Carboniferous, early Permian, or early 
Cretaceous. In the area from Marlborough south to the New South Wales 
border granites occur within the Yarrol and Maryborough Basins and in the 
Auburn Arch and South,Coastal.High., South of the. Surat.Basin the northern 
extension 0f the' New England Batholith crops out. 

Devonian Intr.usions 

The oldest intrusive rocks dated in .this.study.occur at Mount Morgan, 
where the Mount 'Morgan Tonalite intrudes the Givetian Capella. Creek' Beds 
and is unconformably overlain by the Frasnian 'Dee Volcanics (Kirkegaard 
et al.,. in prep.). The age of the tonalite is therefore closely stratigraphically 
controlled. Five K/ Ar ages measured on hornblende from the tonalite 
(Table 1) have a mean of 362 m.y. This date is too young for the stratigraphical 
position of the tonalite (cf. McDougall et al., 1966) and must be explained as due 
to minor argon loss during some subsequent tectonic or igneous episode. 

Plutonic rocks of Devonian ·age, in the zone of .folded Upper Palaeozoic 
strata, appear to be restricted to the area about 'Mount. Morgan. Granitic 
rocks within a radius of 40 km of the town are of late Permian age. 
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Carboniferous Intrusions 

On the western side of the Auburn Complex, the granites intrude 
volcanics which were believed to be of early Permian age (Denmead, 1931, 
1946). K/ Ar.,.mineral ages (Table 5) on granites in this part of the complex 
average .300 .... m.y. (Upper Carboniferous). -Rb/Sr total rock analyses on these 
granites define an isochron of 311 + 29 m.y. and all variance can be attributed 
to experimental error (Table 6). ICit is accepted that the granites intrude 
the volcanics, then the latter cannot be as young as early Permian. Alternatively, 
there may be two volcanic units present; an older, pre-.3l0 m.y. formation, 
and a younger, Lower Permian unit. Dear et al. (in prep.) has mapped two 
volcanic formations - the Torsdale Beds (Carboniferous) and the Camboon 
Andesite (Lower ~ermian) in the area north of Cracow. 

The Similarity of the geological setting of the granites in the Connors 
and.western part of the Auburn Arch suggests that they could be the same 
age. Student's t-tes-t sho\vU7tha~ffe Rb..;Srtotal rock ages of both groups- of 
granites and their initial Sri Sr ratios are not different at the 90 percent 
level of confidence, and the combined data give an age of 305 + 15 m.y. All., 
variance can be attributed to experimental error. This age is -considered to 
be the most reliable. estimate of the Rb/Sr age of these granites, and will 
only be improved upon, with present techniques, if rocks with higher Rb/Sr 
ratios can be found. 

The known Carboniferous granites in the Auburn Complex occur only 
along the western side of the batholith. The reasonable agreement between 
the K/ Ar and Rb/Sr ages suggests that the rocks of the western part of the 
complex were not affected by the magmatic activity that occurred a few 
kilometres to the east in the Late Permian. 

Permian- Triassic Intrusions 

Plutonic activity occurred in the late Permian and early Triassic 
over a wide area of southern Queensland and New England. The K/ Ar . 
results presented here (Table 14) and data published by Evernden & Richards. 
(1962)~ Cooper et al. (1963), and Binns & Richards.(1964) .spread over a 
period of 20 million years, between 250 and 230 m.y. ago. The scatter is 
much greater than the expected experimental error (+ 6 m.y.) associated 
with a single magmatic event. -
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The area of outcrop of the Upper Permian granites is divided into three 
arbitrarily chosen regions for the purpose of examining the spread in ages. 
The results from each region and New England are represented in the 
histograms in Figure B. The total spread in ages from 250 to 230 m.y. 
in each group is almost identical, and no significant differences can be found 
between the groups. 

The recognition of statistically valid differences in the ages within 
anyone group is difficult, due partly to the paucity of data, but mainly to 
the problem of defining subgroups within each group which are acceptable 
on geological.g.rounds. It has been possible to do this in the Marlborough 
area where there is a general trend in the sequence of intrusion from gabbro 
(earliest) to adamellite (latest) which can be demonstrated in the field 
(Malone et al., 1969). When the K/ Arages of these rocks are divided into 
two groups according to rock type (gabbro-diorite and granodiorite-adamellite) 
it is found that these groups have mean ages of 244 + 1 m.y. and 236 + 1 m.y. 
respectively~Application of Student's t-test- to these-data shows that fhere ~ is 
a greater than 99.9 percent probability that the means are significantly 
different. These two groups are differentiated in the histogram in Figure B, 
the shaded area representing the ages determined on the more basic rocks. 

In other areas a distinction of this type cannot be made on 'the evidence 
at present available. In both the Rockhampton/ Aubur.n Complex area and in 
southeastern Queensland, a distinct peak occurs at 235 m.y., identical with 
the younger group at Mariborough, while a smaller number of determinations 
spread down to 250 m.y. 

Rocks 'from the Auburn Complex which give the 250 m.y. K/Ar .. ages 
are strongly banded and recrystallized rocks. (GA.l3.'ZO, .. 5.34.3.) .... "Other. ......... . 
metamorphic. rocks in the . Auburn Complex (GA5.3.4.2, .. 534.4.". 5357.)..have .. K/Ar ........... . 
mineral ages of 235 m.y., which probably reflect the age of the granites which 
intrude them, for example .. GA5345 .. Thus, the 250-m.y. dates measured on 
samples GA1370 and GA5343 may not be a metamorphic age, but be the result 
of incomplete outgassing of argon during the 235-m.y. old intrusive event. The 
granites of Carboniferous age in the west of the complex give no indications 
of having suffered any dynamic or thermal metamorphism since their 
emplacement,so the metamorphic rocks could be even older than Carboniferous. 

Two distinct plutonic episodes can therefore be recognized in the late 
Permian on the basis of the isotopic ages. Gabbroic and dioritic bodies were 
emplaced near Marlborough 245 m.y. ago, and widespread granitic activity 
occurred from Marlborough to New England between 235 and 230 m.y. ago. 
There is no definite evidence in Queensland of a phase of regional metamorphism 
250 m.y. ago corresponding to that recognized in New England (Binns & 
Richards, 1964). If regional metamorphism occurred, if could not have been on 
a large scale, as the older granites of Mount Morgan and the western part of 
the Auburn Complex do not exhibit any marked argon leakage. 
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Granites dated.at. 220 .. m.y.have been.reported.from. the South Coastal 
High and the Maryborough Basin. (Evernden .&.,Bichards , .. 1962; Webb. &. 
McDougall, 1967.) .. 0tl1er. granitic rocks of this age occur to the south in 
the New England Batholith, and to the northwest in the Yarrol Basin. 
(Table 15). North of Rockhampton, a dyke (near Marlborough) and two small _. 
gabbro stocks (in the Connors Arch) also have ages of approximately 220 m.y., 
but there is no evidence of widespread plutonism in the northern area 
during the Triassic. 

COMPARISON OF BIOTITE AND HORNBLENDE K-Ar AGES 

It was stated earlier that the difference in argon retentivity between 
biotite and hornblende under metamorphic conditions suggested by Hart 
(1964) and Aldrich.et.al ... (1965) was not always observed. In the present 
work, K/ Ar.ages.have been measured on 51 pairs. of cogenetic biotite and 
h6rribreride,~and -aliistQgramof tne~ ratfobtotitejhornblende=age is~given=" O~~,~=- , . ~ 

in Figure G. FigureCl contains samples from the Urannah Complex which 
are known to have lost radiogenic argon during burial and. possible thermal 
metamorphism. Some samples included in Figure C2 may also have lost-
argon, but this cannot be substantiated. 

If biotite and hornblende are equally retentive of argon, the mean 
ratio'would be 1.00, whereas in cases where hornblende is more retentive,' 
for example, under conditions of thermal metamorphism, the mean ratio 
would be less than 1.00. The mean ratios in Figures Cl arid {:2 (0.990 and. 
0.998) 'are not significantly different, either from each other or from 1.00. 

The samples represented in Figure Cl were emplaced 305 m.y ~ ago 
and ~ere overlain, or partly overlain by the Lizzie Creek Volcanics 
270 m.y. ago. Evidence of the thermal history during this 35 m.y. interval . 
is lacking. The region was depressed during the early Permian, when a 
large thickness of sediments was deposited on the Lizzie Creek Volcanics. 
It is not known whether the Urannah Complex was buried beneath the deepest 
part of the baSin, or whether it remained partly emergent near the margin 
of the basin. -The· Thunderbolt Granite was emplaced in the Urannah Complex 
265 m.y. ago. \.] 

Jensen (1964) reported the development of prehnite, pumpellyite, 
and perhaps epidote in the lower sections of the Lizzie Creek Volcanics. 
These minerals are characteristic of the prehnite-pumpellyite metagreyWacke 
facies (Coombs: 1961), and investigations by CoombS et al. (1959) and Packham 
& Crook (1960)" suggest that temperatures up to 300°C may have been involved. 
However, this temperature seems excessive, even in a geosynclinal region 
for a depth of about 6000 m. A closer estimate of the temperature at the base 
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of the Lizzie .. Creek.Volcanics d\lring the early .. Permian.may be about 200°C. 
The absence of any.schistosity in the volcanics indicates that heat and static 
load (buriaLmetaPlorphism, Coombs, 1961) were the main factors operating 
at this time •. 

If the granites of the Urannah Complex were overlain by the thickest 
section of sediments and volcanics, then the temperature in the granites 
must have been evep greater than that in the volcanics. The depth at which 
the present granite land surface ·was below the volcanics is not known, but 
indications of regional faulting between the granites and volcanics suggest 
uplift of the granites. in the north. The present outcrop of the Urannah . 
Complex also seems to indicate that the northern region has been tilted 
or ra:ised relative to the southern end. 

The K/ Armineral ages on the Urannah Complex decrease from' ~.o5 m.y. 
in the south to 270m.y. in the north and were interpreted as indicating. 
variable argon leakage from biotite and hornblende from rocks that were 
alr305 m.y:-bld. If theO"K/ Ar. ages. can be~related~to" depth ·of"burial ~(and 
therefore to temperature), then the dating supports the assumption of 
differentia}. uplift from south to north. 

The maximum temperature reached in the granites may have been 
between 200° and 300°C, and could not have continued for more than about 
5 million years (the 265 m.y. age of the Thunderbolt Granite indicates that 
the temperature had fallen by that time, either due to lowering of the 
isotherms or uplift of the granites). 

Damon (1967) calculated from the data produced by Evernden et 301. 
(1960) a:nd.Har..t..(.l964) that low-grade metamorphism. (100° to 150°C) for 
50 m.y. would cause a loss of between 10 and 90 percent of argon froin biotite, 
but less than 10 percent from hornblende. At ... 230.0.C, .. biotite would lose all 
of its 'radiogenic argon in less than 1 m.y., but hornblende would lose only 
about 10 percent in 50 m.y. A temperature of· around 400°C would be needed 
to outgas hornblende completely in 5 m.y. 

The estimated maximum temperature reached in the Urannah Complex 
(about 300 0 e) for 5 m.y. could easily account for the 270 m.y. ages of the 
biotites, but the predicted argon loss from hornblende for this time and . 
temperature appears to be ·underestimated. ijex:tce, under certain low-grade 
metamorphic conditions,. the argon retentivity of hornblende may not be 
significantly greater than that of biotite. The concordance of biotite and 
hornbleride K/ Ar dates could lead to the erroneous· conclusion that the date 
is the time of emplacement or of strong metamorphism. In the present case, 
the K/ Ar age of 270 m.y. could' be accepted as the age of intrusion since 
there is no field evidence to the contrary, and it is the ·Rb/Sr total rock 
age that indicates the leakage of argon from these rocks. 
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This illustrates the care that must be exercised in the in.terpretation 
of K/ Ar ages, but .also shows the details of geological history that can be 
detected when the K/ Ax .method is used in conjunction with the Rb/Sr -
method. Although the Rb/Sr method would-have led to a more correct, but 
still incomplete conclusion, the greater sensitivity of argon diffusion 
to geological events has revealed the finer detail of the geological history. 
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APPENDIX 

Rock Type and Sample Localities 

. . 
The samples listed each have two numbers. The GA-number is the 

official registration.of the sample in the Department of Geophysics and . 
Geochemistry, ANU •. The other number contains the reference to.a.l:250,OOO .. 
Sheet area and the sample identification for the Sheet in the BMR collection, 
e.g. F55/15/1 is sample number 1 collected from the.F55/15 Sheet. The grid 
reference is' taken from the military grid for the particular 1 :250,000 Sheet. 

GA399; 

GA400; 

GA401; 

GA402; 

GA472; 

GA473; 

GA474; 

GA729; . . 
GA812; 

GA831; 

F55/15/1: 

F55/15/2: 

F55/15/3: 

F55/15/4: 

F55/3/12: 

F55/3/14: 

F55/3/15: 
... -. 

" F55/3/3: 

. F55/3/13: 

F55/3/8: 

Retreat Granite; 581200, 2113300; Table 1. 

Retreat Granite; 581000~ 2105500; Table 1. 

ReJ"reat· Gr~nn~; _~91 ~QQ'c ?0~5999 ;~Ta~~e_-.!~. __ _ 

Iretre-at Granite; 585500, 2097300; Table 1. 

Urannah Complex; 661000, 385000; Tables 5, 6. 

Urannah Complex; 620000, 445000; Table 8A. 

Urannah Complex; 627000, 455000; Table 5. 

Adamellite; 569400, 241120; Tables 2, 4 • 

Urannah Complex; 647500, 2409300; Tables 5, 6. 

Granodiorite; 536500, 2415600; Tables 2, 4. 

GA832; F55/3/1: Adamellite; 552700, 2441800; Tables 2, 4. 

GA887;--.G56/1/14: Granodiorite; Mulgildie 1 well, core 14, 
3992'-3993'; lat24°58'S, long 151°08'E; Table 14. 

GA1024; F55/15/9: Retreat Granite; 569600, 2079600; Table 1. 
. -

GA1025; F55/15/11: Retreat Granite; 576000, 2129300; Table 1. 

GAI026; F55/15/12: Retreat Granite; 556700, 211500; Table 1. 

GAI02'7; F55/15/13: Retreat Granite; 562000, 2118000; Table 1. 

GA1028; F55/15/8: Retreat Granite; 5733"00, 2073000; Table 1. 

GAI029; F55/15/14: Adamellite; 571000, 2070500; Table 2. 

GAI030; F55/15/15: Adamellite; 570000, 2069400; Table 2. 

GA1040; F55/11/2: Anakie Metamorphics; lat 22°51 'S, long 147°28'E; 
Table 1. 

GAI053; F55/12/10: Xenolithic granodiorites: A, matrix; B, xenolith; 
273600, 2149500; Table 14. 

I 
I 
I 
I 
I 
I 
I 
I 

- -~I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-227-

GA1054; F55/12/12: Granodiorite; 275500, 2167000; Table'14~ 

GA1067; G56/5/5: Auburn Complex; 337400, 1863900; Ta1:jles' 5, 6. 

GA1068; F55/16/2: Diorite; 267700, 2077400; Table 14. 

GA1069; F55/I6/3: Adamellite;' 269300, 2075500; Table 14. 

GA1072; F55/3/11: Urannah Complex; 662.700, 2393300; TaBles 5,6. 

GA1073; F55/7/1: Adamellite; 581800, 2347800; TabTe2. 

GA.1l36; F55/8/9: Ura.nnah Complex; 241300, 2347600; Table 5. 

GAl13i; F55/8/10: Urannah Complex; 138000, 2346600; Tabl~5. 

GAl138; F55/8/i1: Urannah Co~plex; . 136600, 234'2000; Table 5. 

GAl142; F55/4/2:' Granite;' 171"000, 2384400; table '10'. 

GAl154; F55/4/3: Granite; 171000, ,2385,300; Table 10. 
o .: 

GAl155; F55/12/4: Gabbro; 193000, 2228000; Table 15. 

GAl160; F55/3/17: Adamellite; ·536900, 2387000; Tables 2, '4. 

GAl161; F55/3/18: Adamellite,; 532800, 2387100; Table 2. , 

GAl162; F55/3/24: ,Urannah Complex; 625000, 242390Q; Table' '5. 

GA1163; F55/l2/l1: Diorite; 275200, 2166100; Table' 14. 

GAl164; F55/12/l3: Diorite; 275500, 2167.900; ,Table l4~ 

GAl166; G56/l/1: Granodiorite; 372000; 1988800;, Table 14. 

GAl167; G56/l/2: Granodiorite; '37030,0, 1995200; Table 14. 

I GAl168; G56/5/2: Auburn Complex; 352500, 1849100; Table 14. 
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GA1169; G56/5/3: Auburn' Complex; 350700, 1846700; Table 14. 

GAl170; ;F55/4/5: Urannah Complex; , 121600, 2398000; Table 10. 

GAl187; F55/l2/l: Gabbro; 209500, 2222200; Table 15,' 

GAl189; F55/l2/9: Urannah Complex; '2t'8106, 2190200; Table 5. 

GAl190; G56/5/7: 'Aubur~ C~mpi~x; "310300, 1874000; Tables 5,' 6. 
o. ._ 

" 

GA1243; F55/3/20: Granodiorite; -532500, 2400000; Tables 2, 4. 

GA1244; F55/l1/5: 

GA1245; ~56/l/3: 

GA1246; G56/1/5: 

GA1247; G56/1/6: 

GA1248; G56/1/7: 

Microgranodiorite; '664500, 2243600; Table 10. 

Granodiorite; 412500, 1978200; ,Table 15. 
, . '" 

Granodiorite; 431900, 1961100; Table 15. 

Granodiorite; 431900, 1942700; Table 15. 

Granodiorite; 428400, 1942700; Table 15. 
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GA1249; G56/l/S:Granodiorite; Auburn Complex; 369000, 1923400; 
TaDre'14~ 

GA1250; G56/1/10: Granodiorite; 380400, 1903600; Table 14. 

GA1251; G56/1/12: Granodiorite, Auburn Complex; 341900, 1908400; 
Table 5. 

GA1369; G56/1/9: . Granodiorite, Auburn Complex; 383900, 1919000; 
TafHe 14. 

GA1370; G56/1/11: Granodiorite, Auburn Complex; 355300, 1899400; 
Table 14. 

GA5198; F55/3/23: Granodiorite; 574900, 2423500; Table 2. 

GA5252; F55/3/26:Adamellite, Thunderbolt Granite; 619700, 2457000; 
Tables 8 A, B. 

GA5253; F55/3/27: Granodiorite, Thunderbolt Grariite;614300, 2446800; 
0Ta]jle8A. .= ....• _·_.~o~-"~~·.~.~.~_~·.~=.~=~-" .• ~ .. ~_.~ __ .. __ •. ~".~~-.. " .'~--~ ...... ;" .=--

GA5256; F55/12/14: Granodiorite; 274200, 2149000; Table 14. 

GA5257; F55/12/15: Gabbro; 273300, 2147800; Table 14. 

GA5258; F56/9/1: Pegmatite; 289400, 2156500; Table 16. 

GA5259; F56/9/2: Gabbro; 289700, 2157900; Table 14. 

GA5261; F56/9/4: Granodiorite; 290600, 2162100; Table 14. 

GA5263; F55/12/16: Hornblende gabbro; 278900, 2168000; Table 14. 

GA5264; F55/12/17: Diorite; 275200, 2168000; Table 14. 

GA5265; F55/12/18: Granodiorite; 275500, 2166700; Table 14. 

GA5266; F55/12/19: Diorite; 275500, 2166400; Table 14. 

GA5267; F55/8/12:Granodiorite, Urannah Complex; 147900, 2333500; 
, Table 5. 

GA5269; F55/12/20: Granodiorite; 220500, 2162000; Table 6. 

GA5270; F55/12/21: Granodiorite; 219500, 2190500; Table 6. 

GA5272; F55/3/33: Gabbro; 636700, 2373900; Table 10. 

GA5289; F55/12/3: Granodiorite, Urannah Complex; 207300, 2234000; 
Tables 5, 6. 

GA5290; F55/12/8: Granodiorite, Urannah Complex; 217500; 2189600; 
Table 5. 

GA5291; F55/8/8: Granodiorite, Urannah Complex; 207000, 2294100; 
Table 5. 
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GA5292; F55/3/9: Granodiorite; 528700,' 2402900; Table"2'~' .' 

GA5293; ,F55/7/8: Granodiorite, Urannah Complex; 683100, 2346300; 
Table 5. 

GA5294; G56/5/4: Granodiorite, Auburn Complex; 336300, 1860600; 
Table 5. 

GA532,7; F55/3/105: Diorite, Urannah Complex; 631150, 2443750; 
Table 5. 

GA532Q;, F55/3/104: Diorite, Urannah Complex; 626800, 2446300; 
"Table 5. ' 

GA5329; F55/3/107: "Microdiorite dyke; 65400, 2423100; Table 9~ 

, GA5330; F55/a-/62':" 'G'raiiodiorite; 669'800, 2440950; Taole' 10. 

, GA5331; F55/3/61: Adamellitej665100, 24345QO; Table 10. 

GA5332; F55/3/86.: .Aq~~el~!te;, .6J579~! ,2458100; Tables ~ A, B. 

GA5333; F55/3/101: Diorite" Urann3.h Complex; 622900, 2462200; Table 5. 

GA5335; F55/3/3,7:, ,Granodiorite, Urannah Complex; 643000, 2410900; 
Table 5. 

GA5336; FOS/3/87: 'Diorite, Urannah Complex; 612700, 2458300; Table 5. 

GA5337; G!>6/5/21: Granite; 413500, 1845600; TablEf'14. 

GA5338; :F55/3/38: Adamellite; 629290, 2437450jTabie 8A. 

GA5339; F56/13/10: Tonalite; 330000, 2056400; Table 1. 

GA5340; F56/13/11: Feldspar porphyry dyke; 330300, 2055700; Table 14. , 

GA5341; F56/13/13: Granodiorite; 332000, 2062600; Table 14~ 

GA5342; G56/5/10: Amphibolite; 375400, 1843300; Table 14. 

GA5343; G56/1/l7: ,Banded adamellite; 354200, 1894700; Table 14. 

GA5344; G56/5/12: Biotite gneiss; Auburn Complex; 378800, 1841900; 
Table 14. 

GA'5345; G56/5/13: Adamellite, Auburn Complex; 379000, 1841900; 
Table 14. 

GA6346j F,55/3/113: Diorite, Urannah Complex; 683100, 2397aOO; 
, : Table 5. ' 

,GA5347; F~5/3/106: Adamellite; 656100, 2424700; 'Table 5,' 

GA5348;G56/1/15,: Granodiorite; 379000, 1926000; Table 14. ' 

G~5350; G56/5/14: ' Granodiorite, Auburn Complex; 385400, 1840200; 
T~ble 14. 

,.' 
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GA5351; G56/5/16: - -Diorite; 410700, 1846000; Ta:bH~-14-. 

GA5352; G56/5/18: Granodiorite, Auburn Complex; 383300, 1874800; 
Table 14. 

GA5353; G56/5/19: - Granodiorite, Auburn Complex; 384500, 1885700; 
Table 14. 

GA5354; F55/3/135: -Adamellite, Urannah Complex; '6845000, 2408500; 
Tables 5, 6. 

GA5355; F5-5/3/1T7: Adamellite; 6443500, 2458500; Table 10. 

GA5356; F55/3/118: Adamellite; 648000, 2445500; Table 10. 

GA5357;- G56/5/11: Biotite gneiSS, Auburn Complex; 376600, 1'842400; 
Table 14. 

GA5358; F55/3/127: Adamellite; 624100, 2411700; Table 10. 

GA5359; F~6/9/6: Granodiorite; 35~100, 2157300; Table 14. 

GA5360; F56/13/5: Diorite; 341000, 2087300; Table 14. 

GA5361; G56/1/21: Granodiorite, Auburn Complex; 340500, 1904600; 
Tables 5, 6. 

GA5362;G56/5/15: Adamellite, Auburn Complex; 390800, 1838600; 
Table 14. 

GA5364;G56/5/20: Granodiorite, Auburn Complex; 396700, 1876700; 
Table 14. 

GA5365; F55/3/125: Adamellite; 662600, 2398700; Table9A. 

GA5369; F56/13/15: Diorite; 332400, 2057400; ,Table 1. 

GA5370; F56/13/16: Diorite; 328700, 2054600; Table 1. 

GA5371; F56/13/17: Diorite; 329700, 2053200; Table 1. 

GA5372; F56/13/18: Diorite; 333100, 2053900; Table 1. 

GA5373; F5-5/3/55-: Bas'art; 565800, 2455500; Table 11. 

GA5374; F55/3/56: Basalt; 568860, 2452500; Table 11. 

GA5375; F55/3/68: Basalt; 566700, 2475000; Table 11. 

GA5378; F55/3/36: Granodiorite; 630350, 2423600; Table 8A. 

GA5379; F55/3/108: Gneissic granite, Urannah Complex; 647800, 
2413700; Table 5. -

GA5380; F55/3/109: Adamellite; 630300, 2432800; Table 8A~ 

GA5391;F55/3/42: Adamellite; 546900, 2440500; Tables 2, 4. 

GA5392; F55/3/115: Granodiorite, Urannah Complex; 681100, 2399000; 
, Tables 5, 6. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I -231-

I GA5393'; F56/13/6: Adamellite; 318000, 2064900; Table 14. 
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GA5394-; F55/4/9: Porphyry; 175100, 2447100; Table 10. 

GA5396; F55/3/114:, ,Adamellite, Urannah Complex; 679800, 2401700; 
Tables 5" 6. 

GA5397; F55/8/14: Adamellite, Urannah Complex; 116400, 2372900; 
Table 5. 

GA5398; F55/3/91: Adamellite; 641250, 2444200; Table 10. 

GA5399; F55/3/100: Granodiorite; 629100, 24664QO; Table 10. 

GA5502; F55/7/9A: Porphyry; 674100, 2374000; Table 9A. 

GA5503; F55/7/9B: Porphyry; 674100, 2374000; Table 9A. 

GA5504; F55/7/9C: Porphyry; 674100.,2374000; Table 9A. 

GA5505; F55/7/9D; Porphyry, 674100, 2374000; Table 9A. 

GA5506; F55/7/9E: Porphyry; 674100., 23740.00; Table 9~ 

GA5507; :F55/4/23: Pf'osefpine Volcanics; 139500., 2447800; Table'13. 

GA55e8; F55/4/20: Proserpine Volcanics; 143800, 2447900; Table'13. 

GA5511; F55/4/22: Proserpine Volcanics; 138900, 2445100; Table 13. 

GA5512; F55/4/21: Proserpine Volcanics; 137800., 2445200; Tibl«f13. 

GA5514; F55/3/40: BUIgbnunna Volcanics; 546950, 2438900; Table 3. 

GA5515; F55/3/41: Bulgonunna Volcanics; 546950., 2438850; Table 3. 

GA5517; F55/3/71: Bulgonunna -Volcanics; '564000'12408200; Tli>le 3~ 

GA5518; :F5'5/3/84: Bulgonunna Volcanics; 561700~ 2407500; ,Table 3. 

GA5519; F55/3/143: Acid dyke; 569300, 2436200; Table 12. 

GA5520;' F55/3/69: Acid volcanics; 562050, 2475700; Table 12. 

GA5521; F55/3/74: Acid volcanics; 56'5100, 2448600; Table 12. 

GA5522;' F55/3/75: Acid volcanic; 565100, 2448700; Table 12. 

,GA5523; F55/3/76: Acid volcanic; 564800, 2448500; Table 12. 

GA5524; F55/3/72: Acid volcanic; 572700., 2455600; T~ble l~. 

GA5525; F55/3/78: Acid volcanic; 577200., 2443700.; Table 12. 

GA5528; F55/3/22: Granite; 567200., 2411300; Table 4. 

GA5531; F55/3/119: Granite; 60.060.0, 2480.20.0; Table 10. 

GA5532; F55/3/16: Adamellite; 575200, 2417300.; Table 12. 

GA5534; F55/3/94: 656100., 3475100; Table 5. 
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GA5539; F45/4/33: Proserpine Volcanics; 136600, 24'44100; Table 13. 

GA5546; F55/4/26: Proserpine Volcanics; 137400, 244550; Table 13. 

GA5547; F55/4/27: Proser'pirie Volcanics; 139200, 2445200; Table 13. 

GA5552; F55/4/32: Proserpine Volcanics; 136400, 24'42200; Table 13. 

GA5553; F55/4/25: Dacite; 205800, 2399800; Table 10. 

GA5554; F56/1/20: Granodiorite, Auburn Complex; 328200, 1947200; 
Table 6. 

GA5555; G56/1/22: Granodiorite, Auburn Complex; 321000, 1898100; 
Table 6. 

GA5556; F55/3/131: BUlgOminria Volcanics; 538700, 2394300; Table' 3~ 

GA5557; F55/3/132: BuIgonunna Volcanics; 555900, 2389700; Taole3. 

GA5559;F55/3/134:,Bulgonunna~Volcanics;. 573400, 2429700; 'Table 3. 

GA5560; F55/3/136: Adamellite; 655900, 2427800; Table 5,. 
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I TABLE 1. K/ Ar·AGES. OF PRE-PEVONIAN--AND DEVONIAN-ROCKS .. 

I 
GANo Mineral K Av.K 40Ar*j40K ArAfm Age 

(%) (%) (%) (m.y.) 

I RETREAT GRANITE 

399 Biotite 7.104 7.09 (1)0.02265 7.5 35.3 

I 7.074 (2)0.02284 2.4 355 

400 Biotite 7.118 7.10 0.02212 6.0 345 . 

I 7·.088 
" Hornblende 0.7266 0.726 0.02304 10.8 358 

0.7251 

I 401 Biotite 7.269 7.28 0.02357 3.6 366 
7.285 

" Hornblende 0.7348 ,0.734 . 0.02366 11.5 367 

I " 0'.7323 

402 Biotite ·6.708.-. ,·6.72 0.02238 .. · 5.5 .349. 

I 6.731 
fI Hornblende 0.5735 0.576 0.02290 14.9 356 

I 
0.5777 

1024 Biotite 7.169 7.16 0.02339 2.4 363 
7.152 

I 
-

" 

·1025 Biotite 6.284 6.29 0.02403 3.2 372 
-.".'-" . 6.305 

I 
-:1·><J~tl:-. ,":. 
i0'2ff " Biotite 7.279 7.25 0.02361 10.4 366 

7.227 

I 1027 Biotite 6.331 6.34 0.02337 1.5 363 
6.339 

" Hornblende 0.6396 0.638 0.02273 6.9 354 

I 0.6358 

1028 Biotite 6.737 6.74 0.02343 2.2 364 

I 6.743 

MT MORGAN TONALITE 

I 5339 Hornblende 0.2920 0.291 0.02316 . 23.0 360 

I 5369 Hornblende 

0.2905 

0.3899 0.389 0.02295 21.7 357 
. 0.3872 

I 
I 
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TableJ (cont.) 

-
GANo Mineral K ' Av.K 40 'fO" Ar* K.. Ar Atm .Age 

(%) (%) (%) (m.y.) 

5370 Hornblende 0.3585 0'.360 0.02351 ' 31.1 
0.3608 

5371 Hornblende 0.:4146 0.415 0.02387 34:6 
0.4156 

5372 Hornblende 0.0968 0.0966 0.02306 ' '60.5 
0.0964 

ANAKIE METAMORPHICS 

1040 Muscovite 7.835 7.83 0.03028 1.7 
.' ~ =·~c "==~~.~~~'l'c822.,~. =._~ ~~ 

"...~- ---,.------"'""-..". ~-~-""c__--~-- -

TABLE 2. K/ Ar AGES OF CARBONIFEROUS GRANITES IN THE 'ANAKIE 
HIGH INLIER ' 

GANo Mineral 
" 

K 
, . (%) 

Av. K 
(%) 

DEVONIAN-CARBONIFEROUS GRANITES 
" . 

1160 Biotite 7.481 7.49 
, 7.491 

" Hornblende 0.3882 0.387 
0.3859 

1161 Biotite 7.545 7.56 
',-.1 . 7.566 

5288 

4°Ar*fOK Ar Atm 
, (%) 

~; '. 

0.01859 2.0 

0.01859 9.1 

'0.01834 2.3 
.f:.: .. '. • .~. 

Hornblende 0.4052 
-, . ,0.4102 0.40.8 ,(1)0.02085 "".10.0 

0.4081 , (2)0.02110 50.4 

GRANITES INTRUDING BULGONUNNA VOLCANICS 

729. " "' Biotite -

831 Biotite 

5.784 
5.7,97 

6.252 
6.287 

.'5~79, 

6.27 

.-' (1)0.01803, " 12.0 
",(2)0.01786 7.8 

:: ,(1)0.01737 .. , 3,.2 
(2)0.01819 2.7 
(3)0.01850 2.5 
(4)0.01781 8.0 

365 

370 . 

358' 

458 

Age 
(m.y~'} 

294 
'. : 

294 

290 

3,27. 
330 

286 
283 

2·76 .' 
288 
293 
283 

I, 
I 
I 
I 
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I TABLE 2 (cont.) . 

I ·GANo Mineral K' Av.K 40 Ar.;40K ArAtm Age 
(%) (%) (%) (m~y'~) 

I 832 Biotite 5,;668 5,;65 (1)<h01752 6~3 278 
5-:624 (2)0.01768 4.4 281 

I 1073 Hornblende 0-.4921 0.492 
<h4920 0.01799 11.0 285 

.~. 

1243 

I 
Biotite 6~322 6.33 0:01764 2'~1 280 

6·~343 

" Hornblende 0.3236 0.326 0.01762 22.5 280 

I 
0.3277 ' 

5198 Biotite 5.647 - . 5.65 (1)0.017.83.... .. 2.0 283 ' 
5.652 (2)0.01824, 25.6 289. 

I -"---- =- "- -..== ~--- (3)0.01'746- -2.5 . ·--~-··278, 
" Hornblende 0.4605 '. 0.462 (1)0.01837 26.0 291. 

I 
0.4631 (2)0~01779 ' 10.1 " 282 

5292 Hornblende 0.2341 0.234 (1)0.01768 18.1 281 
0.2333 (2)0.01784 '24.2 283 

I 
.. 

5391 Biotite 6.588 6.59 0.01776 7.5 282 
6.596 

I OTHER INTRUSIONS 

I 1029 Biotite 6.896 6.90 (1)0.01.7,73. 6.9 281 
6~898 (2)0.0188.3" 2.6 298 

" Hornblende 0.5848 0.583 ' (1)0.01788 14.9 286 

I 0.5811 (2)0.01834 15.0 290· 

1030 Biotite 6.038 6.05 (1)0.0189.'1" ' .. 10..4. 300 

I 6.063 (2)0.Olaat " 2.4 297 
(3)0.01811., .... 5.1 287. 
(4)0.01860 1'.8-- 294 

I " Hornblende O~5699 0.571 (1)0'~01812 14.2 287 
0.5720 (2)0.01792 ' 18.5 284 

I 
I 
I 
I 
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TABLE 3. Rb/Sr DATA FOR BULGONUNNA VOLCANICS 
~ > .. 

: 

87Rb/86Sr 87Sr/86Sr 87Sr;86S~+ GANo Sample Rb Sr 
(ppm) (ppm) 

5514 Total rock 118.1 221.3 1.536 0.7105 0.7112 
116.8 218.5 1.542 0.7112 

5515 Total rock 174 .. 1 94.0 5.340 0'.7272 0.7280 
174.3 93.1 5.399 0.7274 

;' ~ 

5517 Total rock 99..0 364.3 . 0.782. 0.7088' , 
97.9 '. 363.4 _ 0.778' . 0.708?. .. , . 

,:5518 Total rock 129.8 227.2 1.648 0.7117 0.7118 

5556. Total rock 152.5 267.5 ' 1.644" 0.7119 .. ' . 

5557 Total rock ~- 87.0 -. 400.0 0.628 _ 0.7080 

5559 Total rock '164.3 108.3 '. 4.375· . :0.7232 

TABLE 4. Rb/Sr DATA FOR GRANITES INTRU:DIN~ BUL'aONUNNA 
'VOLCANICS 

'.' . ;", 

GANo Sample Rb Sr 87 Rb/86 Sr'~ B7Sr /86 Sr 87Sr/86Sr+ Age 
(ppm) (ppm) (m.y.) 

729 Total rock' 131.9 214.9 1.773 0.7117 0.7131 
: : : ..... 

729 Biotite . 377~L 20.5 53:109 0.9285 
,'. . 286 

: . 
831 Total rock 121.8 . 231.6·.}: 'L"519 . 'V .... 

0.7108 '<.' ":'0.7110 

832 Total rock:' 161. 7 152.4 3.067 0.7192 0.7181 

1160 Tbtal rock 138.0' ' .. 263.5 1.511 0.7118 
... 

1243 Total rock 84.5 . 359.9 0.678 0.7076 0.7074 

5391 Total rock 214.4 158.2 3.917 .. 0.7212 0.7216 

5391 Biotite 1082.0- 14.5 214.858' .' . . 1.6106 286 

5528 Total rock 139:5 219.4' . 1.836 0.7123 . 0.7121 

+ Denotes measured ratio 

I 
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I TABLE 5. K/ Ar AGES OF CARBONIFEROUS GRANITES, FROM THE 
- .. . URANNAHANO AUBURNCOMPLEXES .. -

I GANo Mineral K Av!K 40Ar*!OK .. Ar Atm Age 
(%) (%) (%) (m.y.) 

I AUBURN COMPLEX 

I 1067 Biotite 7.161 7.17 0.01906 1.8 301 
7.169 

I 
1190 Biotite 6.116 6.11 0.01920 2.9 303 

6.106 
(j 

1251 Biotite 5.229 5.24 0.01897 .' 1.8 300 

I 5.250 
" Hornblende 0.4364 0.438 0.01884 9.4 298 

·~I· " 0.4391 
"" --"-"--"'---------"-----------=-~----=--=--'--~""=-'---

= _____ --"--c:._-==--__ ~ ______ _ __ = _____ - :o...-~--= 

5294 Hornblende 0.4094 0.408 0.01859 10.8 294 
0.4072 

I 5361 Biotite 6.247 6.24 0.01895 3.8 299 
6.226 

I URANriAH COMPLEX 

I 472', Biotite 7.138 7.14 (1)0.01746 5.7 277 " 
7.136 (2)0.01702 4.2 271 

(A) Hornblende 1.4405 1.42 0.01700. 11.5 . 271 

I 1.4025 
(B) Hornblende 0.4422 0.443 0.01671 30.6 266 

I 
0.4431 

474 Biotite 7.266 . 7.27 (1)0.01-706 66.3 271 
7.281 (2)0.01713 2.2 272 

I 0.7894 
(A) Horhblende 0.7923 0.789 0.01613 16.9 258 

0.7880 

I (B) Hornblende 0.6474 0.647 0.01613 8.0 258 
0.6461 

I 812 Biotite 6.935 6.93 0.01690 6.3 270 
, 6.928 

I 
1072 Muscovite 8.273 8.30 (1)0.01702 2.4 271 

8.317 (2)0.01770 . 1..7 281 
(3)0.01682 3.4 268 

I 
I 
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Table 5 (cont.) I 
GANo Mineral K Av.K 40Ar*;4°K Ar Atm Age 

, (%) (%) (%) (m.y.) I 
1135 Biotite 7.445 7.43 0.01461 2.8 235 

7.419 1 " Hornblende 0.7103 0.708 0.01464 7.9 235 
" " 

. 0.7051 

I 1136 Biotite 7.245 7.23 (1)0'.01756 2.1 279 
7.210 (2)0.01721 1.2 274 

'" I 1137 Biotite 6.711 6.69 ' 0.01712 1.8 272 
0 

6.672 
" Hornblende 0.3795 0.381 0~01674 10.2 267 I ' " 0.3834 

1138 -Biotite --6A92 ~ 6.52 - ·0.01-706-- - "l.~t . _ '" 271 ~ I' 6.457 
" Hornblende 0.3462 0.347 0.01750 13.2 278 

0.3480 I . -

1162 Biotite 6.937 6.96 0.01682 2.6 268 
6.984 

I " Hornblende 0.7913 0.791 0.01719 " 6.2 273 
0.7914 

1189 Biotite 5.213 5.21 0.01950 ' '3.4 307 .• " I 5~203' 

" Hornblende OA926 
0.4737 0.482 0.02000 12.4 315 I 0.4'792 

, 

5267 Biotite 7.606 7.61 (1)0~01768 3.4 281 I 7~608 (2)0.01759 -.-" -2.;8' 279 

" Hornblende 0.6224 0.624 0.01825 10.4 289 
0.6256 I 

5269 Hornblende 0.4737 0.474 0.01913 8.8 302 
0.4746 I 

5290 Hornblende 0.4678 0.467 0.01931 8.1 305 
0.4659 

I 5291 Hornblende 0.4959 0.496 0.01816 11.8 289 
0.4965 't,' 

5293 Hornblende 0.4585- 0.457 0.01802 10.5 286 I 
0.4559 ' 

I 
I 
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I Table 5 (cont.) 

I 
GANo Mineral K Av.K 40. Ar*!.o.K .Ar. Atm Age 

(%) (%) (%) (m.y.) 

I 5327 Biotite 7.880. 7.88 0..0.1647 2.8 263 
7.883 

" Hornblende 0..3854 0..385 0..0.1759 11.6 279 

I 0..3845 

5328 Biotite 7.516 7.51 0..0.1663 3.7 265 

I 7.50.4 

" Hornblende 0.5790. 0..5.78 0..0.1671 6.9 266 
0..5766 

I 5333 Hornblende 0..9921 0.'.995 0..0.1698 56.8 270. 
0..9969 

I 5335 Biotite 7.599- ~7.61 . 0.DI68EL .. -: 2.4· 268 
7.622 .. ,. 

" Hornblende 0..5829 0..581 0..0.1716 14.7 273 

I 0..5790. 

5336 Biotite 7.90.9 7.91 0..0.1666 3.6 266 

I 7 .• 913 

" Hornblende 1.0.624 1.0.61 0..0.1716 5.8 273 
1.0.60.0. 

I 5346 Biotite 7.744 7.74 0..0.1786 6.2 283 
7.736 

I 5347 Biotite 7.552 7.54 (1)0..0.1146 3.7 i87. 
7.525 (2)0..0.1154 9.3 188 

-

I 5354 Biotite 7.722 7.70. 0..0.1775 4.1 282 
7.682 

I 5379 Biotite 7.721 7.74 0..0.1697 4.7 270. 
7.767 

I 
5392 Biotite 7.30.a. 7.32 0..0.1827 1.7 289 

7.332. 

" Hornblende 0..740.6 0..743 0..0.1857 28.9 294 

I 
0..7463 

5396 Biotite 7.467 7.46' 0..0.1826 1.7 289 

I 
7.462 

5397 Biotite 7.10.4 7.0.9 '. '0..0.1683 19.0. 268 
7.0.80. 

I 
I 
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Table 5 (cont.) 

Gi\ No Mineral K Av. K 40Ar*;4°K .- Ar Atm . Age 
(%) (%) .. j' (%) (m.y.) 

5513 Biotite 8.033 8.03 (1)0.01710 2~6 272 
'8.030 (2)0.01690 7.3 269 

5530 Biotite 7.324 7.32 0 . .01698, 4.4 270 
7.312 

5534 Biotite 7.100 7.10 (1)0.01882 2.7 297 
7.1.00 (2)0.01886 8.3 298 

5560 Biotite 7.615 7.64 0:007959 4.2 132 
7.661 

TABLE~6.~ Rb/Sr.~DATA.FOR .CARBOfflF_EROlJS ,GRANITES FROM THE 
.) URANNAH AND.AlTBURN~OMPLE:iE-S-:· -- c_ - --~~~~ 

GANo Sample 'Rb '. . 87 86, 87 86 87 86 + 
Sr Rb/., Sr Sri' Sr '. Sr/. Sr Age 

(ppm). (ppm) (m.y.) 

AUBURN COMPLEX",- WESTERN SIDE 

1067 Total rock 124.9 470.4 0.767. 0.7078 

1190 Total rock 161.4 134.9 3.450 0.7199 

5361 Total rock 97.8 533.0 0.530 0.7065 

5554 TOfalrock' 116.5 333.8 1.007 0.7083 

5555 Total rock 53.8 582.6 0.267 0.7053 

URANNAH.COMPLEX 

472 Biotite 251.8 10.4 69.507 0.9848 284 

812 Total rock 98.6 131.9 2.158 .' 0.7140 

1072 Total rock 111.8 121.7 2.648 0.7150 0.7155 

5269 Total rock 204.5 210.1 2.809 0.7161 0.7168 

5270 Total rock 141.9 261.4 1.566 ' 0.7112 
142.0 261.9 1.565 

5289· Total rock 93.4 330.1 . 0.816 0.7081 

+Denotes measured ratio 

I 
I 
I 
I 
I 
I 
I 
I 
I-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Table 6 (cont.) 

GANo Sample Rb Sr 87Rb/86Sr 87Sr/86Sr 87Sr/86Sr+ Age 

(ppm) (ppm) 

5354 Total rock 75.4 167.6 1.298 0.7103 

5354 K feldspar 248.3 157.6 4.546 0.7235 

5354 Plagioclase 13.9 '271.2 0.148 0.7052 

5354 Biotite 732.3 2.6 809.290 4.1623 

5392 Total rock 134.8 257.0 1.513 0.7111 

5392 
.' 

Biotite 827.1 9.9 242.060 1.8235 

5396 Total rock 152.0 233.6 1.961 0.7135 

5396 K feldspar 451.8 195.4 6.673 0.7334 0.7336 
.. . ___ 4 __ 

5396 Biotite 1054.5 6.9 439.825 2.7068 ' 

TABLE 7. K/ Ar AND Rb/Sr MINERAL AGES OF THE CARBONIFEROUS 
GRANITES OF THE URANNAHCOMPLEX ' , 

GANo Mineral 

472 Biotite 

Hornblende 

812 Bfbtite 

1072 Muscovite 

5354 Biotite 

5392 Biotite 

Hornblende 

5396 Biotite 
" 

5270 cf. ( 1189 Biotite 
( 

Hornblende ( 
( 5290 Hornblende 

5289 Hornblende 

+Denotes measured ratio 

K/Ar Age ' 

274 

269 

270 

273 

282 

289 

294 

289 

,307 

315 

305' 

302 

Rb/SrAge 

284 : 

290 

314 

309 

(m.y.) 

290 

311 

309 
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TABLE 8A. K/Ar AGES OF THE THUNDERBOLT GRANITE 

GANo Mineral 

473 Biotite 

5252 Biotite 

5253 Biotite 

5332 Biotite 

5338 Biotite 

5365 Biotite 

5378 Biotite 

5380 Biotite 

K 
(%) 

7.190 
7.205 

7.543 
7.508 

7.460 
7.416 

7.446 
7.357 
7.403 

7.475 
7.429 

7.401 
7.387 

7.443 
7.463 

7.500 
7.492 

Av.K 
(%) 

7.20 

7.53 

7.44 

7.40 

-7.45 

7.39 

7.45 

7.50 . 

40 Ar* 10K ,,,,Ar Atm Age 
(%) (m.y.) 

0.01699 4.7 270 

0.01655 2.6 264 

0.01632 3.7 261 

0.01659 2.4 264 

. 0.01619 4.1 259 

0.01686 1.7 268 

0.01682 15.0 268 

0.01664 5.0 265 

TABLE 8B. Rb/Sr AGES OF THE THUNDERBOLT GRANITE 

GANo-

5252 

5332 

. Sample 

Biotite 

Biotite 

Rb 
(ppm) 

771.7 

603.5 

., . "87 '86"- -,,-- 87 ' ' 86 
Sr Rbi Sr ' ,Sri" Sr 

(ppm) 

7.8 

5.8 

285.525 

302.016 

1.7988 

1.9120 

TABLE 9A. Rb/Sr DATA FOR THE URANNAH COMPLEX DYKES 

GANo 

5502 

5503 

Sample Rb 
(ppm) 

Total rock 142.0 

Total rock 130.4 

Sr 
(ppm) 

65.6 

54.7 

6.267 0.7284-

6.899 0.7307 

Age 
(m.y.) 

260 

271 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 
I 
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I Table 9A (cont.) 

I GANo Sample Rb Sr 87Rb/86Sr 87Sr/86Sr 87Sr/86Sr+ 

(ppm) (ppm) 

I 5504 Total rock 136.5 35.9' 11.031 '0.7447 0.7463 

5505 Total rock 117.2 98.3 3.445 0.7183 0.7185 

I 5506 Total rock 129.0 55.9 6.662 0.7295 

I TABLE 9B. K/ Ar AGES OF T;HE URANNAH COMPLEX .. DYKES 

I GANo. Mineral K Av. K 40Ar*;4°K Ar Atm Age 
. .<%) (%) (%) (m.y.) 

1 5329 Hornblende 0.4243 0.425 0.01593 15.6 255 
OA255 

I --

TABLE 10. K/ Ar AGES OF THE CRETACEOUS GRANITES 

I 
'\ AND VOLCANICS 

I 
GANo. Mineral K Av.K 49Ar*;4°K Ar Attn Age. 

(%) (%) (%) (m.y.) 

1 OLDER INTRUSIONS 

1170 Biotite 7.178 7.19 (1)0.007079 4.2 117 

I 7.198 - (2)0.007062 3.4 . 117 

... 1244 Hornblende 0.2225 0.222 0.007420 32.2 123 

1 0.2219 
" . Plagioclase 0.2412 0.241 0.007013 45.4 116 

0.2399 

I 5272 Plagioclase 0.1127 0.112 0;008027 37.7 133 
0.1119 

I. 5330 Biotite. 7.689 7.70 0.007560 5.2 125 
7.716 

" Hornblende 0.4236 0.423 0.007696 16.7 127 

I 0.4233 

5331 Biotite 7.466 7.45 0.007397 3.8 123 

I 7.439 

+Denotes measured ratio 

I 
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Table 10 (cont.) . I 
GANo Mineral K Av.K 4°Ar*;4°K ArAtm Age I (%) (%) (%) (m.y.) 

5355 Biotite 7.384 7.40 0.007466 3.6 124 I 
7.414 

5356 Biotite 7.574 7.56 0.007517 15.2 124 I 7.551 
" Hornblende 0.5051 0.506 0.007585 10.9 126 

0.5061 I 
5358 Biotite 7.464 7.45 0.007466 13.5 123 

7.443 I 
5398 Biotite 7.832 7.85 0.007765 2.4 128 

7.a65 I 5399 Biotite 7.539 7.57 0:007446 10.0 123 
7~599 

I 5529 Biotite 7.545 7.56 0.007257 8.2 120 
7.570 

YOUNGER INTRUSIONS AND VOLCANICS I 
1142 Hornblende 0.759 0.760 0.006588 8.8 110 I 0.761 

1154 Hornblende 0.7873 0.790 0.006939 16.5 115 I 0.7936 

5531 Hornblende 0~9956 0.994 0.007012 31.5 116 I 0~9915 

5394 Whole rock 1.717 1.714 (1)0.006370 15.0 106 

I 1. 711 (2)0.005749 23.7 96 

5553 Hornblende 0.3413 0.341 0.006734 43.9 112 
0.3408 I 

TABLE 11. K/Ar AGES OF THE LIZZIE CREEK VOLCANICS I 
GANo Mineral K Av. K 4°Ar*j40K Ar Atin Age. I (%) (%) (%) (m.y.) 

5373 Plagioclase 0.1298 0.129 0.01720 66.0 274 I 0.1288 

I 
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Table 11 (cont.)-

GANo - Mineral K -Av. K '~~Ar*;4°K Ar Atm' 
(%) (%) (%) 

5374 Plagioclase 0.,6319 0.630 0.01420 14.4 _ 
0.6290 

5375 Plagioclase 0.2255 0.227 _ 0.01653 45.6 
0.-2280-

_TABLE 12 •. Rb/Sr DATA FOR THE PERMIAN~ TRIASSIC 
VOLCANICS 

GANo Sample 'Rb Sr . , 87Rb/a6Sr 87.Sr/86Sr 
--

Age 
(m.y.) _ 

229 

264 

87Sr/S.6Sr~ 
---------- ~~-~-~,. -~·--'---(plrm) -~~~~(ppmt- ----~--'-~, ' '. - '0_"--__ ,-"- ____ --"-~_~-~_=::.__.~_-__ o.._~~_._""'_=~ 

5519 Tot.~l rock 93.2 94.4 2.852 0.7151 0.7151 ' 
i .. 

5520 Total rock 72.6 153.7 1.363 0.7097 

5521 Total rock 117.9 126.2 2.692 0.7149 . 

.5522 )';.' Total rock 106~1' _ 196.9 1.556 0.7106 0.7108 
. r; 

5523 Total rock 103.0 200.2 1.486 0.7112 0.7108 

5524 Total rock 70.6 37.3 5.452 0.7245 0.7241 

5525 Total rock 9-1.9 55.1 4.800 0.7214 0.7215 
" , 

5532 Total rock 108.6 61.2 5.133 0.7233 0.7229 

-. - -

TABLE 13. Rb/Sr DATA FOR THE PROSERPINE VOLCANICS 

GANo Sample Rb Sr 87Rb/86Sr 87Sr/86Sr 87Sr/86Sr+ 

(ppm) (ppm) 

5507 
'. , 

Total rock 113.8 199~0 ~- 1.651 '.·0.7067 , 0.7063 

5508 Total rock 51.3 242.7 0.611 0.7047 0.7047 

5511 Total rock . 165.2 . 4.9~6 9.623 0".7193 0.7195 ' 

5512 Total rock _.152.5 41.0 10.745 0.72Q4 0.7209 
: i; 

5539 Total rock 154.9 73.4 6.096 - 0.7133 0.7135 

+Denotes measured ratio 
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Table 13 (cont.) 

Sample Rb Sr 
(ppm) (ppm) 

Total rock ,97.7 161. 7 

Total rock 148.5 51.1 

Total rock 45.4 199.4 

1.744 

8.405 

0.656 

0.7063· 

0.7180 

0.7049 

;I'ABLE 14. K/Ar AGES OF TijE PERMIAN GRANITES 

0.7065 

0.7180 

GANo. Mineral K Av.K 
(%) 

40 Ar*;4~K .. ".Ar._.Atm .... Age 
. (%) 

~ -_ _ • c·o"" _. _ _ _ -

MARLBOROUGH. DISTRIC.T (GABBRO/DIORITE) ........... . 

1163 

1164 

" 

5263 

5264 

" 

5265 

5266 

" 

Hornblende 0.8944 0.897 0.01528 
0.8988 

Biotite· 6.789 . 
6.790 

Hornblende 0.'7613 
0'.7618 

.. 6.79 .... (1).Q..0154.4. 
(2)0.01534 

0.762 0.01538 

Hornblende 0.6154 0.615 
0.6138 ' 

Biotite 7.440 7.44 
- - 7.432 

Hornblende 0.6026 0.601 
0~5990 

Biotite 7.433 7.44 
7.439 

Biotite 7.326 7.33 
7.327 

Hornblende 0 .. 6470 0.648 
0.6482 

0.01542 

0.01512 

0.01522 

0.01512' 

0.01500 

0.01484 

MARLBOROUGH DISTRICT (GRANODIORITE/ADAMELLITE); 

1053A 

" 

Biotite 6.456 
6.476 

Hornblende 0.6753 
0.6729 

6.47 0.01429 

0.674 0.01481 

(%) (m.y.) 

4.8 

42.9 
1.5 

10.8 

12.6 

1.8. 

14.4 

2.5 

.2.3 

11.6' 

40.9 

10.5 

245 

249' 
246 
247 

247 

.243. 

244 

243 

241 

238 

230 

238 

I 
I 
I 
I 
I 
I 
I 
I 

--'1 
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I 
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I 
I 
I 
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I Table 14 (cont.) 

I GANo Mineral K Av.K 40Ar~/OK ArAtm Age 
(%) (%) (%) (m.y.) 

I 1053B Hornblende 0.6563 0.656 0.01"444 '·17.7 232 
0.6565 

I 1054 Biotite ·7 .. 565 --7.57 0.01498 
.. , "2.9 240 

7.583 
" 

" Hornblende 0.6323 0.630. 0.01490 . '13.0 '239 

I 0.6269 

5256 Biotite 7.153 7.14 .,' 0.01459 8.9 235 

I 7.124 
" Hornblende 0.6807 0.681 0.01465 8.1 235 

'0.6817 

I 5257. Hornblende 0.8085 0.804 .0 ~():OI497 .' _c . o· -~7:4' -.. ~'~ -----240 

0.7996 

I 5259 . Biotite 7 .. 687 7.69 0.01475 1.4 .- 237 
7.693 

-

I 5261 Biotite 7 .. 807 7.79 . 0.01445 c_ 2.2 232 
7.772 

,I 5359 Biotite 7.554 7.56 0'.01465 5.1 235 
7.574 

" Hornblende 0.7189 0.719' , 0.01481 13.5 238 

I 0.7200 

1068 Hornblende 1...0005 1.001 0.01467 11.7 . 236 

I 
1.'()O06 

1069 Biotite 7.350 7.35 0.0147-7. ., 2.6 237 
7.349 

I " Hornblende . 0';9035 0.903.' '·0.01493 15.8 240 
0.-'9023 

I ROCKHAMPTON/ AUBURN COMPLEX 

I 
887 Hornblende 0.3188 0.317 0.01555 28.3 249 

0.3151 

1166 Biotite 7.520 7.54 0.01489 2.6 239 

I 7.568 
" Hornblende 0.5858 0.585 0.01511 14.7 242 

I 
0.5836 

I 
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Table 14 (cont.) I 
GANo Mineral K Av.K 4°Ar*/OK. Ar Atm . Age I ,,' '.'1- . (%) (%) (%) (m.y.) 

:'~~:.~,J;"-\'" 

-:'.,. 

1167 Biotite 7.394 7.39 '0.01485 5.9 239 I "'. 

'~:<:'y .. 7.377 
:": .. '" Hornblende 0.4398 0.439 ..0.01460 18.2 235 
~." ; 0.4385 I 
1168 Biotite 7.388 7.39 0.01461 3.3 235 

7.384 I 
1169 Biotite 7.409 7.39 0.01493 2.5 240', 

7.367 I ·:;1'249';' " Biotite 6.918 6.89 0.01470 2.3 236 
6.865 

- '-~~I' --11-- -~~o~--~HornblEmaeO:54()8 
-----=- =---

0.540 -. ---li.01503 14.1 241 
0.5389 

. :;12~50'.~ Biotite 7.059 7.05 0.01455 2.0 234 I ., - -r.A";.:f·f!.~ , 

7.048 
II Hornblende 0.5560 0.558 D.01436 25.2 231 

0.5595 I 
1369 Biotite 6.792 6.77 . 0.01473 2.3·. 23.7 ... 

6.757 I " Hornblende 0.4949 0.495 0.01439 10.9 231 
0.4959 

1370 : Biotite 7.686 ' 7.66 0.01558 1.6- 249 I 
7.635 

5337 Biotite· 7.747 7.73 . 0.01468 3.1 236 I 
7.707 

5340 Plagioclase 0.7300 0.730 .0.01425 12.7 229 I 0.7299 
.-

5341 Biotite 7.445 7.44 0.01474 3.0 237 I 7.435 

5342 Hornblende 0.7828 0.782 0.01483 12.5 238 

I ' I 

0.7821 i 

5343 Biotite 7.759 7.79 0.01563 . 7.4 250 
7 •.. 811 I 

'5344 Biotite 7 •. 921 7.89 0.01427 14.6 229 
7.867 I 

I 
~i 
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I Table 14 (cont.) 

I GANo Mineral K Av; K 40 Ar*!OK Ar Atm Age 
(%) (%) (%) (m.y.) 

I 5345 Biotite 7.586 7.60 0.01414 10.3 - 228 
7.619 

I 5348 Biotite 6.492 6.48 0.01465 28.8 235 
6.477 

~ -

I 
If Hornblende- 0.3763 0.376 0.01512 41.7 242 

- '0.3765 
. 

5350 Biotite 7.577 7.61 0;01449 9.5 233 

I 7:641 
" Hornblende 0.7142 0.718 0.01488 8.0 239 

I 
=- •• 9-.7217 --:; :-= -"--

5351 Hornblende 0.4893 0,.490 0.01526 14.3 245 
0..4909 

I 5352 Biotite 7.013 7.02 0.01413 10.1 228 
7.037 

I 
-it Hornblende 0.7253 0.730 0.01442 16.8 232 
...... 0.7341 

I 
5353 Biotite 6.836 6.83 0.01418 11.1 228 

.. ; 

6.828 -. 
" .. ' 

" Hornblende i(0~-715-8 . 0.777 -"0.01446 25.5 233 

I -O~ 7790 

5357 Biotite 7-.619 7.61 0.01417 5.1 228 

I 
7.605 

5360 Biotite 7.527 7.54 0.01487 4.9 239 
I 

I 5362 

7.558 

Biotite 7-.364 7.34 0.01468 4.1 236 
7.323 

-I 5364 Biotite 7.144 7.14 0.01458 55.B- 234 
7.132 

" Hornblende 0.7101 0.712 0.01443 33.4 232 I 0.7138 

5393 Biotite 7.333 7.37 0.01483 12.8 238 

I 7.398 

il 
II 

---
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TABLE 15. K/Ar AGES OF THE TRIASSIC INTRUS;rYES 

GANo Mineral K Av. K 40 Ar*j40K 
(%) (%) 

1155 ,Pyroxene 0.03 0.03 0.01361 
~ '. 

1187 . Pyroxene 0.0714 0.072 0.01303 
0.0716 

1245 Biotite 7.429 7.40 0.01340 
7.370 

" Hornblende .0.3493 0.349 0.01314 
0.3485 

1246 Biotite 6.361 6.36 . 0.0133& ..... ' . 
6.355 

" H().:rllblepde . ~0.3.516 0.351 .' -,00.01306 
0.3505 

1287 Biotite 5.493 5.50 0.01370 
5.508 

" Hornblende 0:3155 0~315 0.01'357 
0.3152 

1248 Biotite 5.271 5.28 0.01364 
I.' 5.288 

5258 Muscovite 8.612 8.63 0.01347 
8.642 

ArAtm 
(%). 

71.7 

37.0 

2.6 

29.9 

.. 2.6 

16;2 

2.3 

24.6 

3.0 

2.4 

Age. 
(m.y.) 

220 

211 

216 

212 

216 

211 

221 

219 

220 

218 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I' 
I. 
I' 
I: 
I 
II 
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Reference 
Cainozoic, T erti!lfy sed iments, I)lIsalt and some .olcanics om itted 

.Pellk Rilnt}e VolclI n,cs 

Mi nerva H ills Vo l ca n ic~ 

Hoy B<'Isalt 

Tabor Gabbro 

Claystone, silts/one, sandstone, pebbly $;mdslone, 
cong/omer ale, sandstone eresian breccia. 

Rhyolite, dacit#!, trachyle, basiI!r flows and pyrae/aS/ics. minor imrus;ves 

Rhyolite and trachyte Ilows imd plugs 

A.lkaline trllchyte and rhyolire flows, plugs, dom~s and dyl<:9S 

Olivine bllsalt plugs, with mciu:.ions 

Olivine g~bbfO $ill 8nd !lOCks 

~ ""chyle. rhyolite, dacite. an desite flows Md p yroclastics; plugs "nd dykes 

Styx Coa l Measu res 

Roma FormatIon 

Gubberamur.dll, Oralio an d 

Blythesdale Format ions 

In l lme Cr ee~ Group 

Prec' pice, Evergreen and 
Hullon Fo rmations 

Ur~n n 9h Compl e~ 

Moo layember Formaroon 

Ciemlltos Sandsrone 

Rewa " Formari on 

Quartz sandstontJ conglomerllle, siltsto ne, Giubonilceous shala: coar 

Silurone. sublabile 3lmcfslofltJ. sh"le 
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