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INTRODUCTION .

This paper describes the Kimberley to Mount Isa

‘region between latitudes 11°s and 22°S, and longitudes.

123°E and 141°E°__Exposureg of Proterozoic rocks total

about 650 000 km®

s in a belt which followé fhe coast,
and, extends up to 500 kn inland. The inland part oF
the fegion is covered by Phanerozoic basins,

The region contains severél major mineral deposifs:
Mount Isa lead-zinc-copper; Hilton and McArthur River
lead-zipc; . Mary Kathleen, Rum_Jungle, Ranger, Nabarlek,
Koongarra, and Jabiluka uranium; Yampi Sound, Frances
Creek, Constance Range, and Roper River iron, The.early

gold discoveries in the Katherine-~Darwin and East

Kimberley regions provided muchrof the impetus for

. development of the region. The region also encompasses

the large Phanerozolic deposits of bauxite at Gove and

Mitchell Plateau, manganese at Groote Eylandt, and

" phosphate in northwest Queensland. The value of mineral

production in the region greatly exceeds that of the
pastoral industry, and will increase in importance ;s
nevw deposits come.into production. Mining has provided
the locus for development of almost all of the major
towns, and has stimulated the pastoral, agricultural,
and secondary industries,

The area has a monsoonal climate, with a wet
gummer., Mean annual rainfall ranges from 1600 mm
around Darwin to 400 mm inland, afdund Halls Creek and
_Mpgé}_}ggiﬁ;élqggfthe‘go;stﬂggggggg daily maximum
temperatures range from about 32°C in January to 29°C
in July, while inland the range is from about 38°C

in.January to 26°C in July,
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The Kimbefley'to Mount Isa region contains
Precambrian rocks ranging in age from Archaean, right

through the Proterozoic, to the base of the Cambrien,

_ The area was largely stébilized by the eﬁd of the Lower ‘
‘Proterozoic (except for the Carpentarian Mount Isa

Orogenic Domain in the east) and was then covered by a

succession of Carpentarian, Adelaidean, and younger

‘mildly deformed platform cover rocks,

This paper summarizes two decades gf regional
geological mapping by tﬁé Bureau of Mineral Resources
and the Geological Surveys of Queensland and Western
Australia., Geological Sheets, at the scale of
f:250 000, are available for the whole area (see
Sheet index on Fig. 1 (in map folder). Remapping at
1:100 000 scale has g;éun in the Mount Isa/Cloncurry/
Westmoreland region and the Katherine-Darwin region.
bomprehensive syntheses of the geology of many areas
have not yet been published and the remapping has shown
that some modification of published work is necessary;
this paper incorporates conéiderable unpublished work.
Detailed stratigraphic tables and correlation charts
are presented as a key to interrelationships between
1:250 000 Sheet areas; readers may refer to the maps and
Explanatory Notes for more data where necessary.

MAJOR TECTONIC ELEMENTS

The Kimberley to Mount Isa Region encompasses the
North Australian Orégenic Province and overlying North
Au;;;;li;;_;iatfoim“bover ;£f£hg Tectonic Map of
Australia aﬁd'New Guinea (GSA, 1971), togethér with

some older (Rum Jungle) and younger (Mount Isa) domains
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belonging to the West and Central Australian Orogenic

Provinces, respectively. (The Granites/Tanami and

‘Tennant Creek Orogenic Domains are discussed elsewhere-

in thie volume). All these units are overlain by

elements of the Central Australian Platform Cover.
The principal tectonic elements of the region
are shown in Figure 2,

The oldest established rocks are in the Rum

- .Jungle Complex and adjoining Litchfield Bleck, where

Archaean metasediments, granites, and gneisses ére

unconformably overlain by the*Lower Proterozoic Fine
Creek Geosyncline succession. The Litchfield Block
is also intruded by extensive late Lower Proterozoic

granites, ' .
The Pine Creek Geosyncline (Walpole et al., 1968)

is a large inlier of Lower Proterozoic low-grade to

\high-grade metasediments and dolerite intrusives. The

major tectonic elements of the geosyncline are revised
following the work of Smart, et al. (1974) - (Fig. 4).
The full extent of the geosyncline is obscured by cover
of younger basins; similar rocks in basement inliers of

eastern Arnhem Land, Murphy Tectonic Ridge, and the

Big Toby/Yaringa Block, ave possibly continuous with the
geosyncline ih the subsurféceo The Tennant Creek Block

also includes similar rocks. Post-tectonic granites and
acid volcanics, emplaced within the geosyncline during
the late Lower Proferozoic and early Carpentarian, are

assigned to transitional tectonism (GSA, 1971),

* BMR has recently decided to use Nullaginian (Dunn et al.,
1966) in place of Lower Proterozoic.
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The Halls Creek Province (Daniels & Horwitz,

1969) contains metasediments and metavolcanics of the
Halls Creek Group, and Lower Proterozoic plutonic
intrusive and metamorphic rocks of the Lamboo Complex
(Dow & Cemuts, 1969; Gellatly et al., 1968), The
Halle Creek Group may oe of Archaean age, but the main
metamorphism occurred during the Lower Proterozoic, at
a similar time to that of the Pine Creek Geosyncline.
The younger late and post-tectonic granites and acid
volcanics of the Lamboo Complex represent transitional
tectonism (GSA, 1971)., The Granites/Tanami Block
(Blake & Hodgson, 1974) is probably a continuation of
the province.

Exposﬁres of the Halls Creek Province are now

confined to inliers within two linear zones of repeated

localized deformation, the Halls Creek and King Leopocld

Mobile Zones (Traves, 1955). The Halls Creek Mobile

Zone is the East Kimberlay Geosuture of Rod (1966).

Both Traves and Rod extended the zone norrhwards to the
area of the Litchfield Block, west of Darwin. The mobile
zones were active from at least the Lower Proterozoic to

the end of the Palaeozoic, and during this long period of

time they bounded»the stable Kimberley and Sturt Blocks

and controlled development of various sedimentary basins.
The Halls Creek Province was originally more extensive than
its present outcrop and there is no firm evidence that

the mobile zones exercised any control on the or1g1na1

development of the provxnce (Dow & Gemuts, 1969). The
Halls Creek Province and Halls Creek Mobile Zone are

distiﬁct features which should not be confused; the
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- niobile_iones9 as described, are younger than the

province.

The Fitzmaurice Mobile Zone was defined by Sweet,

et al., (1973a) as the area within which the Adelaidean
Fitzmaurice Group occurs; it lies within the Halls
Creek Mobile Zone of Traves (1955).

The oldest member of the North Australian
Platform Cover is the late Lower Proterozoic Kimberley
Basin, which was developed on the.Kimberley Block and

adjoining Halls Creek and King Leopold Mobile Zones,

- The succession rests unconformably on the rocks of the

Halls Creek Province and has been iargely eroded from
the mobile zones during subsequent deformation and
uplift, Aw;y from thg;mobile zones deformation is very
mild, |

The major unit of the North Australian.Platform

Cover is the McArthur Basin, within which the Carpentarian

Tawallah and McArthur Groups, and the Adelaidean or
Carpentarian Roper Group,- and their stratigraphic
equivalents (Fig. 7), were deposited. The basin is
bounded by the Murphy Tectohic Ridge in the southeast
and the Pine Creek Geosyncline in the northwest, and
unconformably overlies the rocks within them. To

the north, south, and east the basin éxtends beneath
younger cover or the sea; the subsurface limits are
unknown. The rocks in the basin were mildly to

moderately deformed during the Adelaidean,

Thé Northwest Queensland Province, to the -

southeast of the Murphy Tectonic Ridge, contains

stratigraphic equivalents of the McArthur Basin region
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and locally extends mto the Northern Territoryo ‘I'he

Um_

' ma:l.n wnit in the province is the Mount Isa Orogenic

Doma.in (GSA 1971) which contains more intensely
" defomed and metamorphosed equivalents of the Carpen-

-+ tarian McArthur and Tawallah Groups. The Mount Isa

of (Carter et al., 1961) separated by a tectonic welt

A of basement rocks, the Kalkadoon-Lelchhardt Block

: (Dernck et al., in prepo), containing granitic and
acid volcanic rocks which may be related to the

)

: i _ - domain contains the Eastern and Western 'Geosynclines'
l transitional domains beneath the McArthur Basin, In

the norﬁhwest the Western !'Geosyncline! passes into

less deformed equivalents, provisionally called the

Platform Cover (GSA, 1971). Other Lower Proterozoic
basement inliers occur in the Big Toby/Yaringa Block

i : " 'Lawn Hill Platform', a part of the North Australian
l ~ and Murphy Tectonic Ridge. The mildly deformed South

L

Richolson Basin contains the South Nicholson Group,

a correlative of the Roper Group of the McArthur

~

Basin, and post-dates the main deformation of the

underlying 'Lawn Hill Platform' and adjacent Mount

Isa' domain.

i
1
i l The Carpentarian Limbunya Group and Mount
i Parker Sandstone/Bungle Bunglev Dolomite sequences
are almost certainl& continuous with the Birrindudu
E Group, with which they correlate (Blake & Hodgson,

1974), and so are included within the Birrindudu

%“'!”_‘ B - “Basin on the Sturt Block. = T T
i ' ; - ]




[ 1]

|- " s
~Flll N N - NN N O B ay Em W B
|
A

;‘f—“"'_' 2 | . g =7=
The oldest representative of the Centrél
Australian Platform Cover in the region is the very

mildly deformed Adelaidean Victoria River Basin which

developed on the Sturt Block, and is defined here
(after I.P. Sweet, pers. comm.) as containing the

Wattie, Bullita,'ToImei, and Auvergne Groups, the

Bullo River Sahdstone, Stubb and Wondoan Hill

Formations, and Helicoptef Siltstone and Wade Creek

Sandstone sequence (Fig. 6). The thicker, more deformed,

and partly equivalent, Fitzmaurice and Carr Boyd Groups

werévdeposited in the adjoining Fitzmaurice/Balls
Creek Mobile Zone; they do not belong to thévbasina
The Victoria River Basin succession unconformably
overlies, in various places. the Hgils Creek
Province, the GranitégyTanami Block, the Pine Creek

Geosyncline, and the Birrindudu Basin. The late

‘Adelaidean glacial successions of the East Kimberley

are not assigned to any named basin,

The Arafura Basin (Plumb, 1965) contains the

undeformed late Adelaidean Wessel Group and unconform-
ably overlies the McArthur Basin., The sﬁccession
passes up into a thick sequence offshore, about which
little is known, including its upper age limit. The
flat-lying Bukalara Sandstone overlying the southern
McArthur Basin is probably an equivalent of the Wessel
Group, |

All the units just described are finally

unconformably overlain by various Phanerozoic covers
of the Georgiha, Oid, Daly River, Wiso, Canning,
Bonaparte Gulf, Money Shoals, and Carpentaria Basins,

vhich are not discussed in detail in this paper,

e+ et e sy e g eD @ ¢ 0m
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. The tectonic evolution of northern Ausfralia

from the early Precambrian to the Recent has been

controlled by a regionally uniform péttern‘of linea~

ments, trending roughly northwest and north~northwest to

-:_ﬁorth-northeast; - westerly trends are locally important.

The lineaments have controlled both sedimentation and
subsequent deformation. The relative importance of the

trends is difficult to determine., The northerly-

~ trending structures include the largest faults in the

region, with both strike-slip and vertical displacements,
and associated folding., The northwest-trending structures
include considerable reverse faulting and over-folding,
with minor strike-slip faulting, and may have been a
fundamentai trend in'Ehe pre-cratonic tectonics of the
basement.

INTER-REGIONAL CORRELATIONS AND GEOCHRONOLOGY

Field relationships and correlation of rock
sequences, supported by isotopic agé studies; have
provided a chronostratigraphic frémework for the
Kimberley to Mount Isa region (Fig. 3).

Pine Creek Geosyncline area

Rum Jungle Complex., The younger granitic members

give U-Pb zircon ages of 2500 or 2550 m.y. (Richards
et al., 1966) and a Rb-Sr total-rock age of about
2400 m.y. (Richards & Rhodes, 1967). The high
initial 87Sr/86Sr ratio obtained on the granites

éuggests that they were derived from reworked oldeg_

crustal matérial;'_The adjacent Waterhouse Granite is

_about 2450 m.y. old (P.J. Leggo, BMR, unpubl.).




LN3S3¥d 340438 SHVIA 40 SNONMTIN NI 39V

S

(WO AL Mol b Al 0 LA ANLAT i e ) g Y )

ALBERT EDWARD GROUP

100 —[®
BI:X a-saaa

QUERQIN GROUP ?
.

Bukolgra Sundstam/

m Pegaer Pirg: Volconics

4 & A 8 ASS

7 Cor Formation
800 — MUMANE e T HousE Ncouksa powss croue 67 RAAA AL =
WESSEL_ GROUP t g Ny
T T
900 ~— ? ) ? -
?
1000 LR 3

GLIDOEN GROLZ

noo

.

. AUVERGNE GROUP
®3838 : 142 .
1200 — ; : o
13471 204/0 828 & 10"} S/ a0, Wandoon Wil Formotions Bursast /Naraky
EUL/‘LV"‘{\AAN::\;/"%JV fMtscon Sn Mor. ) SOUTH NICHOLSON Pitaon Gronn
1300 — SaTTIE GROIP 01220 * / W/ \ '// \V'4 \\’ GROUP 7 Synau:no ORIES -
e [-a-;o ' ? ; dpzn aaouv’j ; s 12,0 o nzg :j ,o,,m_ upouv . L
rYOuN
55 55 s5 55 55 \35
A
1500 -~ ? Mz ARTMURL. (0| MOUNT ISA
g ]%1560 2. GROUP GROUP ETC.
0018 Chain Ry MbE . Corrers Ean
1600 = N s P S
TawaLLAw GROU souns G
1700 — ? XIMBERLEY BASIN YV VY VVVY | nASLINGDEN T LY <
SUCCESSION wROUF |G'!—|7-o-,.',‘€ .IA”b . £y vil
Har? Dowente 1 River wICCHH b 4 Chtldee vokenrs w 17045470 = o+ A wadra E sOLD'E‘d'
1800 —\\”\\”E aif,\!()w&@/ £aitn Fivae © iddy Granees 1058050 g 1oty Granete i Tewisa  cae 2 b
2 Cullen 0/c. Grerims - teigyn s + o 4+ 01925 sttt et +4+ %18a3 ey + -';I‘j";:;f CROUP GKOWP
-msa- w.eao 80 1T > Bow Kiver src Granrres Gicoy Groaute Nicnalson Grenre > Crnites
1900 N T T T warrewoter Voiconcs s ssVss 55 ss w8 shss 6 i
*1961227 5555 55 *++ 5§ 55 S5 SS 55 55 S5 55 S5 44 55445+ 0954278 3 3 H

2000 Tickatara Merzmorphics

Mobel Downs Grenociceils

N Bradshow

AYA\Y/A\A\N ‘?/I WINING
Y/ NN

+
? , -

Grenite [VW-'\-’-WV\%,_ Yor.ngc Mekrmorphizs
2100 = 2000 M3+++4 (Cummins Ronge PINE CREEK GEOSYNCLINE =
? area } SUCCESSION ? ?
2000 VVVVY Y ~
?
2300 = } Mc rtsh Gaboro L4 o
MV/A\V/A/A\V/A\W/A\V/A\ ‘/'l-" Downs Ul'rapasics
2400 - + 000 word Dolerite i
. ?
2300 — 5 -
) *++4°2400- 2550 Rum wngie Complas
2600 — 57 5575575527 557557 55 55 55 55 L
® 27007 v+ ++
2700 —{ V™ -
HALLS CREEK GROUP
2000 —| YV V¥V V VUV ruvY

N VNN N 44 VYN
: v

2

ANANAAAL A
Aowr? Birrie Baas -

K0

1300

€30

2%

[ JINOZOY¥IL104d ll?MO’\l NVIU‘!LNBdHVOl

NY3QI1v13av

NY3VHOUY

1961 £ 27 lsotopic age determination in millions of years v vvv Basic voicanics

aaas Giocial rocks + 4 ++ Graonitic intrusives

Ty € ANA Acid volcanics NN KN Besic intrusives
Figure 3. Time Relationships of Principal Precombrian rock wnits

5% 55 58

VWA Uncontormity
?
l Age uncertain

NT/3

w
o

Regionral metamorshism



-

4

- A - N N A O EN W . R

1]

'ﬁiil 

Pine Creek Geosyncline. The Rum Jungle Complex

brovides a maximum age for the ﬁnconformably overlying
Pine Creek Geosyncline succession. The metambrphism

producing the anatectic Bradshaw Granite of eastern

Arnhem Land is now correlated with the deformation of the

geosyncline, and is dated at 1944 + 75 m.y. by a Rb-Sr

total-rock isochron (A.w° Webb, AMDL Rep. An 1814/73,

unpubl. ).

Post-tectonic granites and acid volcanics. Wides-
pread emplacement of discordant granite; and acid
volcanics, between the folding of the Pine Creek
Geoéyncline and initiation of the McArthur Basin and
Mount Isa Geosyncline, is an important tectonic event

in northern Australia. The Cliffdalg Volcanics define

the base of the Carpentarian (Dunn et al., 1966).

Eight total-rock samples of Cliffdale Volcanics

"give a precise Model I Rb-Sr isochron of 1770 + 20 m.y.

(Webb, op. cit.). The Norris Cranite, which intrudes

the volcanics, is of the same age (1773 + 24 moy.). -

The Nicholson Granite has given a less precise Model I

total-rock isochron of 1843 + 83 m.y. from five widely
spaced samples, but there is considerable uncertainty
as to its field relationship to the Cliffdale Volcanics.
McDougall et al. (1965) obtained similar K-Ar and
Rb-Sr ages from individual samples of these granites.
They also obtained an age of 1825 + 25 m.y. by total-

rock and biotite Rb-Sr analyses of a single sample of

....Giddy—Granite -in-Arnhem-Land; -single biotite K-Ar -ages

are about 1760 m.y. (Giddy Granite) and 1750 m.y.

(Caledon Granite).
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Compston & Arriens (1968) report preliminary Rb-Sr

data by PoJ. Leggo and G.H. Riley from the Katherine=

Darwin region: the Cullen Granite and related_bodies are

1820 to 1830 m.y. old. Three samples of Edith River

Volcanics gave a total-rock Rb-Sr isochron of about

1750 m.y. The Malone Creek Granite (about 1750 m.y. by

single sample Rb-Sr method), Mount Bundey Syenite (1725

m.y., s8ingle sample concordant total-rock znd mineral

Rb-Sr isochron) and Grace Creek Granite (1710 m,y,, three

total-rock samples, Rb-Sr isochron) may be significantly |
younger. K-Ar biotite ages (Hurley et al., 1961) are all
considerably younger (1720-1520 m.y.).

Halls Creek Province, Kimberley Basin

The Halls Creek Group resembles the Pine Creek

Geosyncline successioﬁa Its younger age limit is

provided by high-grade metamorphic equivalents, the

"Tickalara Metamorphics and Mabel Downs Granodiorite,

wvhich give a precise Model I total-rock and mireral Rb-Sr
isochron of 1961 + 27 maYyo (Bofinger, 1967)° This age is
the same as that obtaine; for the Bradshaw Oranite. Rb-5r
analyses of single samples of granite from the Cummins
Range give a less reliable minimum age of about 2100-2250
m.y., while a single pegmatite sample, intruding the Halls
Creek Group, gives an age about 2700 m.y. This latter
result is the only reason for assigning a possible
Archaean age to the Halls Creek Group,

Late Lamboo Complex. The acid Whltewater Volcanlcs

and assoclated h1gh—1eve1 1ntrus1ves rest unconformably
on the Halls Creek Group and are intruded throughout the

Kimberleys by coarse-grained granitesf The volcanics had
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been conéidered to. be early Carpentarian (é.é; Dunn
et als, 1966; Plumb, 1968; Dow & Gemuts, 1'96'9) but
. can now bé shown to be significantly older thén the
Cliffdale Volcanics. o '

The coarse—-grained granites give Rb=Sr isochrons

of 1874 + 32 m.y. or 1854 + 14 m.y. in the East

Kimberley (Bofinger, 1967), and a comparable 1880 + 50
m.y. in the West Kimberley (Bennett & Gellatly, 1970).
Bofinger obtained a Model IV Rb-Sr isochron of 1823 +

17 m.y. for the Whitewater Volcanics and associated

intrusives, whereas Bénnett &'Géllatly report a preliminary
age.of 1940 + 110 moy. for different sampling siteé° These
ages are all statistically indistinguishable. Bofinger's
Whitewater isochron conflicts with the intrusive relation-
ships of thé coarse-ééained granites, and shows variations
due to initial 87Sr/86Sr ratios and open system chemistry;
"his sample sites lie near zones of deformation in the Halls
Creek Mobile Zone., Bennett & Gellatly recommend further
work,

The Kimberley Basin was correlated with the Carpent-

arian McArthur Basin (eoge.Dum et al., 19665 Plumb, 1968),
but is now shown to be significantly older than the
Cliffdale Volcanics,

. The maximum age limit to the succession is given by
the underlying coarse-grained granites. The younger limit

is given by the Hart Dolerite, which intrudes all units up

to the Pentecost Séndstone (Fng,6)o The dolerite gives a
-precise-Model I total=fock and mineral isochron, controlled
by granophyres, of 1800 + 25 m.y. (Bofinger, 1967).

Concordant results are about 1807 m.y. for Carson Volcanics
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(Rb-Sr isochron based on 2 total-rock analyses) and a

Model III shale total=-rock Rb-Sr isochron of 1789 +

58 m;yo'for the Wyndham Shale.,

McArthur Basin

Three main suite# are recognized in thé bgsin: the
oldest‘is & quartz arenite/basic volcanic suite (typified
by the Tawallah Group), which is overlain by a carbonate
suite (McArthur Group), which in turn is overlain with

regional unconformity by an arenite-lutite suite (Roper

' Group)o Different nomenclatures are applied to other

parts of the basin (Fig. 7). The South Nicholson Group
in the South Nicholson Basin is correlated with the
Roper Group,

The absolute oider limit to theAsuccession is given
by the Cliffdale Volésnics (1770 m.y.) or, less reliably,
the Grace Creek Granite (1710 m.y.). The top of the

‘Tawallah Group is fixed by the age of emplacement of the

comagmatic Packsaddle Microgranite and Hobblechain

Rhyolite Member, with a total=rock Rb-Sr isochron about

1600 m.y. (Webb, op. cit.). Glauconites from the

underlying Aquarium Formation gave a young Model I Rb-Sr

isochron of 1473 + 56 m.y. (Webb, op. c¢it.); McDougall
et al. (1965) recorded individual glauconite samples
ranging in age from 1470 to 1580 m.y.

The only control on the McArthur Group is a model

lead age of 1560 moy. from the McArthur River lead-zinc
deposit (Richards, 1963),

~“Glauconite ages from the Crawford Formation of

the Roper Group range from 1100 to 1280 m.y. by the K-Ar

method and 1270 to 1390 m.y. by the Rb-Sr method
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(McDougall et al., 1965)} 1390 moy. is regarded as a

minimum age for the formation., The upper age limit to ‘

the group is provided by dolerite sills intruding all

units, K-Ar mineral ages range from 876 to 1280 m.y.
(McDougall et al., 1965; Webb, op. cit.); 1280 m.y. is
regarded as a minimum estimate only. ‘

The Mullera Formation of the South Nicholson Group

gave a shale total-rock Rb-Si isochron of 1510 + 120 m.y.
(R.R. Harding, BMR, unpubl.), This indicated age is
‘0lder than the granites and metamorphism in the Mount Isa
domain ~ - which are thought to be older than the South |
Nicholson Group; an inherited isochron from detrital
mica is possible. For the present the Roper and Squth o
Nicholson Groups are considered to be Adelaidean of

Carpentarian. fus

Northwest Queensland Province

N Three major rock suites within the Mount Isa region
et al., 1966). Isotopic age determinations so far support
these correlations, although the pattern is complicated
by metamorphic overprints and, sometimes, by isochrons
based on different rock tyﬁes from multiple intrusions.
The predominantly acid volcanic Tewinga Group is
broadly correlated with the Cliffdale Volcanics., It is
Aunconformably overlain by quartz arenite/basic yolcanic
suites of the Haslingden and Malbon Groups, which
correlate vith the Tawallah Group, and these in turn are
Qvgglgin»px_ga;ppngjg_sgites”of_theuMbuntrisa,rﬂhry

Kathleen, and Portal Groups and equivalent units (Fig. 10),

which broadly correlate with the McArthur Group. These

can be correlated with those of the McArthur Basin (Dunn

P — X R s " L B T A i e e i el
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sequeﬁces are.then unconformably overlain.by.the South
Nicholson Group, which.is thought to post-date all the
métamorphism and granite intrusion of the_Houﬁt Isa
Orogenic Domain, but it is not impossible that the |
latest metémorphic and igneous activity was continuing
in the 'Eastern Geosyncline'! while deposition began in
the South Nicholson Basin, 250 km to the norfhwest.

Kalkadoon-Leichhardt Block., The Kalkzdoon Granite

is a multiple intrusion intruding. the Tewinga Group,

| It is unconformably overlain by the Haslingden, Mary

Kathleen, and Mount Isa Group equivalents; the ybunger
phases of the Kalkadoon Granite noted by Smitﬁ (1967)
have not been found in areas so far mapped in detail.
The Wonga and Ewen Granites also-infrude the Tewinga
Group; the Ewen Graﬁ{te is unconformably overlain by

the Haslingden Group while the Wonga Granite has no

"demonstratable relationship'to younger units. The

isotopic age data is still not clear.

A single sample of Ewen Granite gave a total-rock

and mineral Rb-Sr isochron of 1780 + 20 m.y. (McDougall
et al., 1965), Four widely spaced total-rock samples from

the Kalkadoon Granite gave a Rb-Sr isochron of about

1760 m.y. (Richards, 19é6)° Farquharson & Wilson (1971)
derived A variety of isochrons between 1788 and 1930 m.y.
from different groupings of widely spaced samples of
different rock types in the Kalkadoon and Ewen Granites.
More recent Rb-Sr work (Page & Derrick, 1973),
which is still continuing, gave a preliminary isochron
of 1699 + 172 m.y. for the Kalkadoon Granite. A granite-

diorite mass in the Blockade Block, 20 km east of the
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Kalkadoon-Leichhardt Biock, which was mapped as:
Kalkadoon Granite by Carter et al, (196f), gave a firm
isochron of 1681 + 68 m.y.; this granite can probably

be grouped with the Wonga Granite, in which sepérate‘Rb-Sr

isochrons (R.W. Page, pers, comm.) demonstrate at least two
distinct phases, one 1665 + 16 m.y. old, and another 1738 +

20 m,y. 0ld. Rhyodacite from the Leichhardt Metamorphics,

near the base of the Tewinga Group, has given a Rb-Sr total-

rock isochron of 1694 + 45 m.y., but the field relationships

with the Kalkadoon Granite are still unclear. The Big

Toby Granite, intrusive into the Big Toby/Yaringa Block

west of Mount Isa, has given a firm 1744 + 47 m.jo isochron.,

-

Mount Isa Orogenic Domain. The maximum age of the

Haslingden Group is possiblyvthat of the unconformably

underlying Leichhardé?’[etamorphicso The top of the

Haslingden Group is fixed by the Sybella Granite,

intrusive into the Judenan Beds (equivalent to Myally Beds)

and unconformably overlain by the Mingera Beds (Fig. 10).

Individual phases of the Sybella Granite give separate
total-rock Rb-Sr isochrons of 1646 + 15 m.y., 1577 +
12 mey., and 1537 + 40 m.y., in agreement with field
intrusive relationships (Hill et al., in prep.; Page &
Derrick, 1973)o These ages agree with the Packsaddle
Microgranite at the top of the Tawallah Group.
Upper limits to the sequence are given by the

post-Portal Group metamorphism and granites. Younger

phases of the Burstall and Naraku Granltes glve total-

Mrock Rb—Sr isochrons around 1400 mey. (R.W. Page, pers,

comm,) while the,metamorphism is reflected in

anomalously young Rb-Sr isochrons around 1400 to 1560
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ﬁoyo for some'éuites from fhe Tewinga-Groupv(Page &
.Derrick, 1973). A variety of old and young granifes,
And hetamorphic rocks, yield widespread K;Ar ﬁica
afges"of about 1350 to 1450 m.y. (Riéhards et al., 1963).

Victoria River Basin/Bast Kimberley region

Correlations (Fig. 6) are obscured by major faults
and facies changes between sequences, Field relationships
indicate independent correlations of the Angalarri
Siltstone with the Helicopter Siltstonef Golden Gate
Siltstone, and Goobaieri Formation (I.P. Sweet, pers.
comm, ). Dow et al. (1964) showéd an unconformity above
.the 'Mount John Shale'; but subsequently defined the shale
as a conformable member of the Wade Creek Sandstone (Dow
& Gemuts, 1969). The Legune Formation and Lalngang
Sandstone correlate ;;11 with the Pincombe Formation and
Stonewall Sandstone (Pontifex & Sweet, 1972), The Tolmer
\Group is almost identical to the Wattie and Bullita-Groups
(Sweet et al., 1973a).

Detailed correlation between the late Adelaidean
lacial successions is well established (Dow & Gemuts,
1969; Roberts et al., 1972).

Structural and stratigraphic considerations make
it unlikely, though not impossible, that the Wattie

and Bullita Groups are as old as the Roper Group.

Bofinger (1967) obtained the following shale total-

rock Rb-Sr isochrons from the Carr Boyd Group: the

Golden Gate Siltstone 1184 + 123 m.y. (Model 12} the

Glenhill Formation 1080 + 80 m.y. (Model II); and the

Pincombe Formation 911 + 149 m.y. (Model 1), The

Mount John Shale Member at 1128 + 110 m.y. (Model I)
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. is in agreement with field correlations. A combined

Model III shale isochron for the Maddox and Matheson

Formations gave 1042 + 51 m.y.; correlation of the

Glidden Group with the Glenhill Formation is consistent

with their successions, although not decisive.
A.W. Webb (AMDL Rep. An 4067/74, unpubl,) obtained
a shale total=-rock Rb-Sr isochron of 1431 + 440 m.y.

from five samples of the Wondoan Hill Formation with a

very wide scatter of data, whereas K-Ar and Rb-Sr dates
on glauconites gave 1100 to 1200 m.y. (R.W. Page, pers.

comm,), For the Stubb Formation and Angalarri Siltstone

Webb obtained Model I shale isochrons of 1347 + 298 m.y.

and 838 + 142 m.y., fespectively, with four samples

defining each isochron. The appaient anomalies between

these data and field';élationships have not been properly

assessed yet; statistically the célculated ages do overlap,
Bofinger (1967) obtained the following shale total=-

rock shale isochrons from the late Adelaidean glacial

successions: Landrigan and Moonlight Valley Tillites

739 + 30 m.y. (composite Model III); Johnny Cake Shale"

Member 686 + 72 m.y. (Model 1); Throssell Shale 684 +

85 m.y. (Model 1); Elvire Formation 653 + 48 m.y. (Model

1); and Timperley and McAlly Shales 665 + 43 m.y.

(composite Model I).

Birrindudu Basin

The Limbunya Group and Bungle Bungle Dolomite/Mount

Parker Sandstone correlate well (Sweet et al., 1974), and

" both sequences are overlain with marked ﬁnconfo;mity by

- the Victoria River Basin succession. Blake & Hodgson

(1974) correlate their Birrindudu Group with the Bungle
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Bungle Dolomite and Mount Parker Sandstone.

" The Limbunya Group must be significantly older than

" the dated Stubb and Wondoan Hills Formations and Mount

John Shale Member, and glauconite from the top of the

basal unit of the Birrindudu Group has been dated at
1550 to 1620 m.y. (AMDL Rep., 3473/73, unpubl.). These

data are consistent with correlation of the Bungle Bungle

Dolomite and Mount Parker Sandstone or the Limbunya Group

with the McArthur and Tawallah Groups of the McArthur Basin,

Arafura Basin

The Wessel Group (Fig. 6) is undeformed and overlies

the McArthur Basin with marked unconformity. Farther south

—

the Bukalara Sandstone and Cox Formation show a similar
structural setting and are virtu&ll& identical lithologically

to the Buckingham Bay Sandstone and Raiwalla Shale; they

can probably be correlated. Both sandstones contain

~Scolithus., Glauconite from the Elcho Island Formation has

been dated by K-Ar at 770 m.y. and by Rb-Sr at 790 m.y.

(McDougall et al., 1965), These ages provide a minimum a

for deposition of the Wessel Group.

REGIONAL GEOLOGY

HALLS CREEK PROVINCE

(Principal references: Dow & Gemuts, 19693 Gellatly et al.,
1968; Gemuts, 1971),

Daniels & Horwitz (1969) applied the term Halls Creek
Province to fhe exposures of metasediments and metavolcanics
of the Halls Creek Group and the younger crystalline Lamboo
Complex in the northern part of Western Australia, The

stratigraphy is summarized in Table 1.



TABLE 1: SUMMARY OF ARCHAFAN(?) AND LOWRR PROTRROZOIC STRATICRAth.
HALLS CREK PROUVINCE '

Unit . Thickness
3 o

Main Rock en

Remarks

LAMBOO COMPLEX

Late Lamloo Complex
bow River, lerjda, lennard
etc. Granites

"Wnhitewater Volcanics Ub to 12 000

Castlereagh Hill,
Bickleys etc.
Porphyries

Farly Lamboo Complex

Kongorow Qraﬁite

Mabel Downs Granodiorite

\
¥ombarella Quartz Gabbro

McIntosh Gabbro

Alice Downe Ultrabasica

Woodward Dolerite
FALLS CREEK GROUP
Undifferentiated " Up to 6000

rAnA

Olympio Formation 3000+

Biscay Pormation . 150 - 1500

~

Saunders Creek 0~ 19
Formation :

. Ding Dong Dowvnp ' 300+
" Formation L

l 3 Tickalara Metamorphics

T . S . -

Fassive coerse-grained granite,
adamellite, granodiorite.

Rhyodacite ash-flow tuff &
lava; tuttfaceous siltstone,
sandstone & agglomerate.

Porphyritic microgranite, quartz-
feldspar-porphyry.

Granite locally gneissic.,

Foliated granodiorite,
tonalite

. Schist, amphibolite, para-
~ gnelss, granulite.

Orthopyroxene quartz gabbro,
norite, tonalite,

Gabbro, troctolite, dolerite.

Pyroxenite, perddotite,
anorthoaite, schist.

Dykes and s8ille of uralitized
dolerite,

Subgreywacke, phyllite, slate,
schist, Some rhyolite tuff &
conglomerate. =

L L |
OULgTEywalRE, Bia

minor limestone & oong

¥
i

Basic lavas, tuffaceous greywaocke
& siltstone.,

"Quartz sandetone, quarte
greywacke. d

Basalt, tuff, tuffaceous
greywacke,

Intrude Yhitewater Velc.
Minor Cu, Sn.

Unconformable on Halls Cr Cp.
Minor Cu, }bv, F.

Comagmatic with Whitewvater Vole,

3

Vest Kimhér]ey. Partly anatectic,
partly post-Whitewater Volc.

East Kimberley, Anatectic granite durin;:
Tickalara metamorphism,

East Kimberley high-grnde metamorphic
equivalent of Halls Cr Cp.

West Kimgeriey. Mostly antedates
me tamorphiem, g

East Kimberley. Genetically related.
Antedate Tickalara Met. Ni, Pt, Cr,
Cu.

Intrude Halls Cr Gp throughout province.

Cu, Au, Prominent dolomite beds.

v.

Cu. Oldest unit in province.

'<P ’
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Halls Créek‘Group

The Halls Creek Group consists of a tightly folded

. geosynclinal succession of basic volcanics passing_up into

thick monotonous turbidites. No basement to thevsuccessioﬁ
is éxpoéedo In the West Kimberley only the ﬁpper unit, the
Olympio Formation, containing some rhyolite, rhyolite tuff,
limestone, and conglomerate is recognized. There is no

evidence, from the limited exposures in small inliers, of

‘the original configuration of the geosynclire in which the

grbup was deposited.

The sediments have been multiply folded along trends
which alternate between parallel to fhe Halls Creek and
parallel to the King Leopold Mobile Zones: at least two
phases in the East Kimberley, and at least three in the
West Kimberley.

In most areas the rocks belong to the greenschist

facies of metamorphism, but in the East Kimberiley

progressive zones have been recognized up to the granulite
facies of the low-pressure intermediate facies serieéo
Polyphase metamorphism, up to amphibolite facies, is
recognized in the West Kimberley, with moderately high-
temperature/low-pressure conditions followed by high-
temperature/high-pressure snd, finally, low temperature/
high~pressure conditions. In the East Kimberley, rocks
abo#e greenschist facies are mapped as Tickalara Metamor-
phics, but in the West Kimberley are left as Halls Creek

Group.

Lamboo Complex

Matheson & Guppy (1949) applied the term Lamboo

Complex to the intrusive and high-grade metamorphic rocks
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of the basement complex, and Gellatly et alo (1968) added
the Whltewater Volcanicso

Early Lamboo Complex. Extensive sills, laccoliths,

and dykes of mafic to ultramafic rocks were intruded

before the main (Tickalara) metamorphism. In the West

Kimberley at least one probable fold period, antedating

intrusion of the mafic rocks, is recognizedok Differentiation

layéring and segregation are present in some intrusions,
Regional (Tickalara) metamorphism was accompanied by

anatexis and granite intrusion (Mabel Downs Granodiorite,

Kongorow Granite). Isotopic dating suggests that some of

the massive granites (such as at the Cummins Range) and
pegmatites were emplaced prior to the Tickalara metamorphism,

Late Lamboo Complex. The extensive acid post-tectonic

Whitewater Volcanics were accompanied by comagmatic high-

level intrusives. They post-date the Tickalara metamorphism.
In the East Kimberley there is a sfrong unconformity between
the Whitewater Volcanics and Halls Creek Group, but the
angular discordance is less well deveioped in the West
Kimberley., All these rocks are intruded by large post-
tectonic batholiths of coarse-grained porphyritic granite

to granodiorite such as the Bow River and Lennard Granites.

In the King Leopold Mobile Zone the late Lamboo
Complex was intensely sheared and folded about southeast
axes before deposition began in the Kimberley Basin, but
deformation in the Halls Creek Mobile Zone at this time

was relatively mild. Since then the rocks of the Halls

--Creek -Province have béén repeatedly faulted and uplifted

along the Halls Creek and King Leopold Mobile Zones.
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PINE CREEK GEOSYNCLINE

(Prinéipal reference: Walpole et al., 1968),

L The Loﬁér Proterozoic Pine Creek Geosyncliﬁe overlies
Arcﬁaean basement in thg'west, and is unconformébly-
oveflain by the Carpentarian McArthur Basin in the east
(Figo 2), In ‘the sonthwest it is unconformably overlain
by the Adelaidean Victoria River Basin and Palaeozoic Daly
River Basin. The western margin of the geosyncline appears
to have been controlled by the northern extension of the
Halls Creek Mobile Zonéo The major tectonic elements of the
géosyncline are illustrafed in Figure 4 and the stratigraphy
is summarized in'Table 2,

The exposed geosyncline is only an inlier of a larger .-
structure whose limits are unknown.
Smart et al .(1974)  have shown that the

metamorphic and migmatite complexes in western Arnhem Land

.are the result of Lower Proterozoic metamorphism of the

geosynclinal succession, rather than Archaean basement on
the eastern margin of an intracratonic basin (Whlpole
et al. (1968), The recent isotopic age determination

(1944 m.y.) of the Bradshaw Granite, which is correlated

with the Nanambu Complex (Dunnet, 1965), supports this

revision. OSmart et al. now describe the geosyncline as
a eu-miogeosynclinal couple, with intense orogenesis and

metamorphism in the eugeosyncline (Eastern Trough) and

miogeosynclinal conditions in the Western Trough (Central

Trough of Walpole et al.). The troughs may have been

—séparated-by~a~Median‘Ridge*through‘the‘SbﬁfﬁﬁAIligafBi

River valley (Figo. 4).
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TABLE 23 SUMMARY OF LOWER PROTEROZOIC STRATIGRAFIY, PINF CREEK GEOSYNCLINE AND
McARTHUR RIVER BASEMENT INLIERS AND LOWER PROTEROZOIC TO CARPENTARIAN
TRANSITICNAL CRANITES AND ACID VOLCANICS

Thicknéss

3&.10 Intrusives

greywacke, quartz sandstone,
greywacke.

Dolerite, epidiorite, amphibolite,
gabbro,

PINE CRFEK GEOSYNCLINE (Katherine-Darwin Region).

Nanambu, Nimbuwah Comglexes.

Myra Falls Metamorphics

Chilling Sandstone

" FINNISS RIVER GROUP

450

1500

Massive to foliated granite grading
through migmatite & gneiss into
pelitic, arenitic, & amphibolite
schist & quartzite.

ngrtz sandstone,

Greywacke, siltstone, conglomerate
(Burrell Cr, Noltenius Fms); Acid

lavas, intrusives (Berinka, Meew
Volcs); basic lavas (Dorot Volc&.

Unit Main Rock Types Remarks
m
POST-TFCTONIC GRANITES AND
ACID VOLCANICS
Sheridan Formation 150 - Lithic greywacke, conglomerate, Locally derived valley-fill deposits
shale, feldspathic sandstone, overlying Fagan Volo,
YOUNGER(?) GRANITES
Norris Granite. Biotite granite, adamellite, Intrudes Cliffdale Volc.
granophyriq leucocratic granite. Sr, Wo.
- Jimbu Granite Granophyric porphyritic microgranite. Inlier beneath Katherine R Gp,
Crace Creek Granite . Granophyric microgranite, adamellite.
.Hount Bunéey Cranite, - Porphyritic granite, adamellite, Katherine-Darwin region
Mount Goyder Syenite. syenite. Isotoplo ages similar to or
= Younger than Edith R Vole.
Malone Creek Granite Aplitic granite.
VOLCANICS
Cliffdale, Scrutton, Fégan, 150-1000 Porphyritic acid volcanice, ash-flow U (P Pandanus Creek) & minor Cu in
Bickerton, Spencer Creek, tuffy interbedded tuff, siltstone, Cliffdale Volc. U (Coronation
Edith River Volcanics feldspathic sandstone & greywackejy Hill1, Scinto, El Sherana) in
some dolerite intrusives, Edith R Volc.’
ARRHEM LARD BASEMENT
Giddy, Caledon Granites Porphyiitic or granophyric granite May include both younger and
& adamellite, fayalite granite. older granites,
OLDER(?7) GRANITES . '
Cullen, Burnside, Wolfram Coarsely porphyritic & even-grained Katherine-Darwin region, Source
Hill, Yeuralba, Allia, massive biotite-(muscovite)- of complex Sn, Au, Wo, Mo, Cu,
Jim Jim etc. Granites (hornblende) granite, adamellite, Ag-Pb deposits (e.g. Pine Creek,
granodiorite, & tonalite. Union Reefs, Maranboy, Wolfram
Hill fields etc.)
Richolson Granite Massive, porphyritic & even-grained Murphy Tectonic Ridge. Uncertain
’ bilotite granite & adamellite, relationship with Cliffdale Volu.
Litohfield Complex Biotite granite to tonalite 'Western Fault.Zone‘, Pine Cr.
intrusives. Garnmetiferous gneiss, Geosyn, Two phases: late Lower
migmatite, metabasics. Proterozoic discordant granites
and Archaean basement,
Ritarango Beds 3000+ Lithic or feldspathic quartz Probably Lower Proterozoic.

Overlain unconformably by
Fagan Volo, but probably
unconformable on Mirarrmina
Complex.

Sills & dykes {1 = ine Cr Geosyn.
& Mirarrmina Complex.

Metamorphosed South Alligator &
CGoodparla Gps. Mantled migmatic

domes. U (Ranger, Koongarra,
Jabiluka, Nabarleki.
'Western Fault Zone',
Geosyn.

Pine Cr

Host rocks of Au, Sn, Cu,
Ag-Ph-Zn in Burrell Cr Fm.



‘Table 2 (Cont.)

BATCHELOR GROUP

Stag Creek Volcanics

~

McARTHUR BASIN BASEMENT INLIERS

Bradshaw, Myaoola Granites,
Mirarrmina Complex

Grindall, Mﬁrphy Metamorphics

'ARCHAEAN BASEMENT INLIERS

Rum Jungle Complex

- Hermit Creek Me{amorphics

siltstone, conglomerate (Beestons,
Crater Fms); stromatolitic dolomite,
siltstone (Celia, Coomalie Dols).

Altered basalt, agglomerate
(*greenstone').

Massive and gneissic garnetiferous
granite & adamellite; cordierite-
garnet granulite, paragneiss,

Chlorite-muscovite slate, phyllite,
& greenschist; sheared greywacke,
volcanics,’ .-

Sohist, paragneiss, granite, coarse
granite,

Schist, granulite, amphibolite,
serpentinite.,

. §
Unit Thickness Main Rock Types Remarks
_— o - . —_—

SOUTH ALLIGATOR GROUP 6000+ Carbonaceous pyritic dolomitic shale, U (Ranger, Koohgarra, Jabiluka,
stromatolitic dolomite (Koolpin Fm)j Nabarlek, South Aliigator field)
chert, siliceous siltstone (Gerowie in Koolpin Fm,

: ChertS; siltstone, greywacke '
siltstone (Fisher Cr Slist).
3
. GOODPARLA GROUP 5500+ Arkoée, conglomerate, siltstone . Fe (Frances Creek) in Masson Fe.
Mt Partridge Fm)j quartz U-Cu (Rum Jungle) & Fb-Zn
greywacke, siltstone (locally pyritic, (Woodcutters, Browns) in Gelden
carbonaceous ) (Masson Fm)j Dyke Fm.
carbonaceous dolomitic Ipyritic) ’
shale, carbonaceous (pyritic)
siltstone, chert, dolomite (Golden
Dyke Fm).
1500 Arkose), greywécke, quartz gréyuacke, Phosphate in Coomalie Dol.

Unconformably overlies Rum
Jungle Complex.

Unconformably overlain by
Mt Partridge Fam. : .

Correlated with Nanambu &
Nimbuwah Complexes.

Correlated with Fine Cr
Geosyn.

Unconformably overlain by
Batchelor Gp.

Unconformably overlain by
Noltenius Fm.




T

]
)

T S NS W N N ..

Archaean Easehént inliers

The Rum Jungle Complex is unconformably overlain

by the Lower Proterozoic Batchelor Group, but has domed

up the‘ybunger rocks during late Lower Proterozoic
folding, as in mantled gnéiss domes (Rhodes, 1965).
Rhodes recognizes six units (in order of decreasing age):
schists and gneisses, granite gneiss, metadiorite, coarse
granite, large-feldspar granife, and leucocratic'granite,

all of which are older than the Batchelor Group.

‘ The Hermit Creek Metamorphics at tﬁe southern end
of the Lifchfield Block are unconformably overlain by the

Noltenius Formation (Sweet et al., 1973a)., Similar rocks

within the Litchfield Complex are also unconformably -

overlain by the Noltenius Formation, but most of the poorly
exposed complex consisSts of late Lower Proterozoic granite.

Pine Creek Geosyncline (Katherine-Darwin region)

The stratigraphic units of the Pine Creek Geosyncline
show complex facies changes (Fig. 5). The maximum preserved
thickness in the Western Trough probably does not exceed
6000 m (Walpole & Crohn, }965), but may be greater in the
poorly exposed Eastern Trough,

The basic Stag Creek Volcanics unconformably underlie

the Goodparla Group in inliers along the Median Ridge.

Walpole et al. considered them to be Archaean basement,
but they could be part of the Lower Proterozoic geosynclihal
successionf and represent a classic eugeosynclinal initial

stage of basic magmatism.

“&hé‘aﬁiiff which followed the volcanism may have

established the Median Ridge, about which the thick

"~ (3000 m) immature arkosic Mount Partridge Formation was

* Now confirmed (Smart et al., 1974)
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deposited, grading laterally and vertically into the

siltier Masson Formation of the Western Trough.

Walpole et al., postulate an easterly source area dbut
Needham & Smart (1972) suggest an easterly lateral change
into lutites in the Eastern Trough. Arkosic rocks

alterﬁating with stromatolitic dolomite (Batchelor Group)

vere deposited on the Western Fault Zone at this time.
These sequences all grade vertically, and to some extent

laterally, into the carbonaceous, dolomitic, and sometimes

pyritic lutites of the Golden Dvke and Koolpin Formations.

Stromatolitic bioherms developed within the Koolpin Formation
along the Median Ridge, and the formation grades vertically

and laterally into the Fisher Creek Siltstone.

Tectonic movements along the Western Fault Zone
produced the westerly derived turbidites and local

volcanic lenses of the Finniss River Group, the Burrell

Creek Formation being generally finer-grained than the

Noltenius Formation. This event has not been detected in

the Eastern Trough, although deposition of the South -

Alligator Group was probably continuing., The youngest

rocks in the geosyncline are the quartz-rich arenites of

the Chilling Sandstone, which were laid down over a much

more restricted part of the Western Fault Zone than
indicated by Walpole et al. (Sweet et al., 1973a).

The rocks of the central and western areas have been
moderately to tightly folded a%out regional axes, trending

from 300° in the southeast, through 360°, to 020° in the

“northwest, and the regional métamorphism only reached the

low greenschist facies. In the Eastern Trough deformation

ig intense and the fold trends are variable (Smart et al.,
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1974)c = Regional metamorphism reached the almandine

- amphibolite facies in the Nanambu Complex, and there is

a gradation from schist, through migmatite, into massive

anatectic granite cores in the Nanambu and Nimbuwah

Complexes. Faulting occurred over a long period: it
apparently affected development of the'geosyncline in
areas such as the Western Fault Zone and Median Ridge;
reverse and normal faults accompanied the folding; and
post-Carpentarian and post-Adelaidean faulting also
.deformed thé geosyncline, )

Sills of tholeiitic dolerite, commonly metamorphosed,

were emplaced both before and after the main folding,

McArthﬁr Basin basement inliers

Inliers within the Murphy Tectonic Ridge (Murphy

Metamorphics), easterrd Arnhem Land (Grindall Metamorphics,

Bradshaw Granite, and Mirarrimina Complex), and possibly

-the Big Toby/Yaringa Block (Yaringa Metamorphics) contain

similar rocks to the Pine Creek Geosyncline and might be
continuous with it in the subsurface (Figs 2, 4).

The Median Ridge is‘éligned with the younger Urapunga
Tectonic Ridge. All the high-grade metamorphic rocks form
a west-trending belt to the north of this line, with
metamorphic grade decreasing southwards into the Grindall
Metamorphics, Metamorphic grade reaches the biotite~
cordierite-almandine subfacies of the granulite facies in
the Bradshaw Granite (a complex of metamorphic rocks and
anatectic granite). Volcanigenic rocks in the Grindall
Metamorphics-and Mirarrmina Complex are consistent with a

eugeosyncline. Structural trends are ddminantiy easterly.
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Ashstone is recorded from the Murphy Metamorphicéo-

The connection of the Murphy and Yaringa Metamorphics to

the Pine Creek Geosyncline is less certain.

It can be.postulated that the Pine Creek Geosynéline
was a large westefly trending strﬁcture, deflected.to thé
north at its westem end against the Halls Creek Mobile
Zone, and divided into a eugeosyncline in the northeast and

a miogeosyncline in the southwest.

Ritarango Beds

Beneath the ﬁattén Trough in centr;l Arnhem Land
locally derived lithic and feldspathic arenites appear to
rest unconformably on the Mirarrmina Complex, They were
intensely sheared by closely spaced strike-slip faults before
the unconformably overlying Fagan Volcanics were deposited.
No related sequence iérknown anywhere else in northern
Australia. The beds may reflect local initiation of the
Batten Trough and are assigned to transitional tectonism.

Post-tectonic granites and acid volcanics

Late Lower Proterozoic to early Carpehtarian post-
tectonic granites and acid volcanics intrude or overlie the
Lower Proterozoic metasediments in the Pine Creek Geosyncline
and all basement inliers; they are unconformably overlain
by the McArthur Basin succession (Fig. 7), and represent an
important tectonic and geochronological event in northern
Australia (together with the slightly older late Lamboo
Complex of the Halls Creek Province and slightly younger

rocks of the Kalkadoon-Leichhardt Block). They were

Agééignéa entirely to the Carpentarian by Walpole et al.
(1965, 1968), but it is now.thought that some of the granites

may be significantly older than the Cliffdale Volcanics.
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The volcanic foeks ere widespread beneath‘the
ﬁcArthur Basin,.but granites are only exposed in the
inliers which were basement ridges or basin margins
during deposition in the McArthur Basin (Fig; 8).
This may be fortuitous because of the limited extent of
the inliers, but the initiation of sedimentatlon in the
McArthur Basin has been attributed to uplift of the
marginal areas during granite emplacement (Walpole et al.,

1965, 1968), The granites and volcanics may also be

‘related to waning activity in the geosyhcline; they

_represent typical transitional tectonism (GSA, 1971).

The acid volcanics all appear to be of about the. same
age. They are mostly massive porphyritic ash-flow tuffs, .
Subordinate interbedded sediments occur in some formations.
The rocks ﬁere only very mildly to moderately deformed
before deposition in the McArthur Basin began, Small
_locally derived valley-fill deposits (Sheridan

Formation) were laid down on the Fagan Volcanics before

the Parsons Range Group was deposited.
There appear to be two groups of granites, although

the age relationships of the older (e.g. Nicholson and

Cullen Granites) are stilllunresolved. The apparently older
granites are contact aureole or mesothermel granites.

They intrude metasediments discordantly, have narrow to
moderate contact thermal metamorphic aureoles, and may
antedate the volcanics. The younger granites (e.go

Norris and Grace Creek Granites) either intrude or have

- —isotopic ‘ages younger than the volcanics and are

spatially associated with the volcanics; their fabrics

and minerals are typical of subvolcanic granites.
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The Giddz and Caledon Cranites of eastern Arnhem

Land also appear to be subvolcanic granites: they

have granophyric textures, monoclinic K-feldspar,
spatial and petrological (both contain fayalite) affinity

with volcanics, and depth zoning, but they are complex

bodies which may include older granites, The dated

sample (1825 + 25 m.y.) possesses both subvolcanic
(including fayalite) and contact aureole features.

KIMBERLEY BASIN

The Kimberley Basih is a relatively undisturbed
structural basin over 160 000 km2 in area, which was
developed on the.Kimberley Block in the far north of
Western Australia (Fig. 2). It is flanked by the Halls
Creek and King Leopold Mobile Zoﬁes to the southeast and

southwest respectively, from which most of the basin

succession has been eroded; the succession in the basin

.rests unconformably on the igneous and metamorphic rocks

of the Halls Creek Province. The succession comprises
the Speewah, Kimberley, Bastion, and Crowhurst Groups,
of late Lower Proterozoic age, and is unconformably
overlain by various Adelaidean sequences around the
margins of the basin., To the north and west the basin
is flanked by the.Timor Sea.. beneath which the basin is
unconformably overlain by the Phanerozoic bééins of the
Northwest Shelf. The stratigraphy of the basin is

summarized in Table 3 and Figure 6.

~__ The Speewah Group only crops out along the
southwestern and southeastern margins of the basin,
where steep dips prevail adjacent to the mobile zones,

It contains mainly feldspathic and quartzose arenites,
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Moola Bulla Formation

Feldspathic sandstone, conglomerate, 3000+

greywacke, siltstone,

3'

TABLE 3: SUMMARY OF LATE LOWER PROTEROZOIC STRATIGRAPHY, KIMBERLEY BASIN
Unit Main Rock Types Thickness Remarksr
Wotjulum Porphyry Quartz-feldspar porphyry. 60-600 Minor Cu
Hart Dolerite Tholeiitic dolerite, granophyre. Up to 3000 Fluorite (Speewah); Fb (Costeos), minor Cu.,
Fish Hole Dolerite Epidotized vesicular dole;‘ite° L 900 Minor Cu common.
&
. m 3
E £ ( Hibberson Dolomite Dolomite, dolomitic breccia, sandstone. 25+ Stromatolites
£ 2 ( Collett Siltstone Siltstone, rarely pyritic; dolomite. 60 ~
€ < ( Liga Shale Green shale, minor siltstone. 45
. ( Hilfordy Formation Quartz sandstone, siltstone, shale. 30 Possibly equivalent to Mendena Fm,
z . -
S & ( Cockburn Sandstone Quartz sandstone; micaceous sandstone, shale. 500+
5 &£ ( Wyndham Shale Green shale, fine sandstone. - 690
= &= ( Mendena Formation Quartz sandstone, siltstone, dolomite. 110 Cu traces
( Pentecost Sandstone Quartz & feldspathic sandstone, 420-1300 Fe (Yamgi); some stratabound Cu.
( siltstone, glauconitic sandstone i
~ ( Blgee Siltstone Red siltstone, 'sandstone, limestone, 40-480 Teronis Mbr contains stromatolites,
2B ( : dolomite. some stratabound Cu.
= % g Warton Sandstone Quartz & feldspathic sandstone, siltstone., 240-900 Heavy mineral bands (rutlle, zircon)
= locally.
% ( Carson Volcanics Tholeiitic basalt, spilite; sandstone, 360-1100 Cu in flow tops and fractures; bedrock to
. ( siltstone, chert. bauxite (Mitchell Plateau).
( King Leopold Sandstone Quartz sandstone, conglomerate, 900-1200 Radiometric anomalies common.
( Luman Siltstone Siltstone, shale. 100
( Lansdowne Arkose Feldspathic sandstone, arkose, siltstone, 350-480
( Shaleo
( Valentine Siltstone Chloritic siltstone, sandstone, rhyolite 30-T5
2o tuff, :
é £ ( T™unganary Formation Sandstone, arkose, shale, siltstone. 200-300
A © ( 0'Donnell Formation Subgreywacke, shale, siltstone, granule Up to 300 Some radiometric anomalies & heavy
o ( sandstone. mineral banding
Revolver Creek Formation  Amygdaloidal basalt, quartz sandstone, ~ Up to 1200 Equivalent to Kimberley Gp,
siltstone, arkose. E . o
Red Rock Beds Quartz sandstone, conglcmerate, siltstone, 2100 Equivalent to Speewah &

Kimberley Gpse.
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: subordinate lutites, and minor écid volcanics. Glau~

conité.indicates marine conditions. A basal greywacké
grif, derived from the underlying Whitewater Voléanics,
is widespread in the east, Pacies and thipknesé chénges
are'compléx; in general the arenités thin and become

less feldspathic to the west (Gellatly, et al.,71970).

The Kimberley Group crops out throughout the basin

and contains mainly mature quartz-rich arenites, deposited

uniformly over wide areas. The Bastion and Crowhurst Groups

are only preserved in the east. The tholeiitic Carson
Volcanics vary widely in thickness and contain pillow lavas,

The Elgee Siltstone redbeds show the most marked facies

changes: the thickness increases, the sand/shale ratio

decreases, and the stromatolitic dolomites (Teronis Member)

thicken to the south;wThe feldspar content in the

Pentecost Sandstone decreases southwards and the presence

‘of glauconite indicates marine conditions for this unit at

leaste In the northwest a shoreline is indicated by the
presence of basal conglomerate and beach bréccia, abundant
sand, and halite pseudomorphs in the Elgee Siltstone,_and
by fossil beach sands in the Yampi Sound iron ores at

the bése of the Fentecost Sandstone. These variations all
agree with a consistent pattern of palaeocurrents from
the norfh, which wefe interpreted by Gellatly et al.

(1970) as steady longshore ocean currents,

The Revolver Creek Formation, Moola Bulla Formation,

| and Red Rock Beds are outliers of the Kimberley Basig

succession equivalents preserved in the Halls Creek Mobile
Zone, Facies changes and types of sediment show that the

mobile zone was tectonically active at this time (Dow &
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" Gemuts, 1969), although the mobile zone contributed .

little detritus to the basin prbper; local derivation

- from the mobile zone is only apparent in:the Speewah

Group. At this time, the direction of the palaeocurrents

was from the northeast (Gellatly et al., 1970), but later

. there was a change to north in the King Leopold Sandstone;

- Speewah Group equivalents were not deposited in the
northeast beneath the Revolver Creek Formation.

The tholeiitic Hart Dolerite sills intrude units up

.td at least the Pentecost Sandstone. It is one of the
major dolerite bodies of the world, and underlies the

whole basin (160 000 kmz), with a composite thickness of

~up to 3000 m, Individual sills are up to 2000 m thick, i

with granophyre differentiates up to 250 m thick at the

top of the fhicker s8ildls. The sills are most extensive in
“the SpeewahAGroﬁp, and contaiﬁ large blocks of sedimentary
rocks, several kilometres square and several hundréd metres
thick, which have been rafted along fracture planes and

are completely enclosed in dolerite. Only small inliers
are exposed in the central part of the basin, where the
total thickness of dolerite is unknown.

Post-depositional deformation of the Kimberley Basin

'was in response to movements in the marginal mobile zones.

Deformation of the Halls Creek Mobile Zone is dominated by
left-lateral strike~slip faulting on numerous major faults;
individual horizontal displacements up to 30 km and vertical

displacements up to 5 km have been demonstrated (Dow &

Gemuts, 1969; Plumb, 1968). Deformation along the King
Leopold Mobile Zone was by steep reverse faulting and

overturned folding, with only minor étrike—slip faulting
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 (Gellatly et al., 1968; Sofoulis et al., 1971). ~ -

Movements along both mobile zones have occurred

throughout the Proterqzoic and, to a lesser extgnf; the

Palaeozoic. The Kimberley Basin rocks were locally

metamorphosed'up to amphibolite grade in the Yampi ;rea

(Sofoulis et él., 1971) about 1550 and 600 m.y. ago~

(Bennett & Cellatly, 1970). Deformation of the basin
falls off rapidly away from the mobile zones and reflects

movements on a basement fracture pattern parallel to the

mobile zones,

McARTHUR BASIN

The McArthur Basin is a relatively undeformed
structure containing mainly shallow-water sediments, which
are exposed over about 170 OOO.km2 in the Northern

Perritory around the western side of the Gulf of

Carpentaria, It is bounded by, and unconformably

‘overlies, the Lower Proterozoic iniiérs of the Fine Creek
Geosyncline, Murphy Tectonic Ridge, and northeast Arnhem
Land; the succession also unconformably overlies late
Lower Proterozoic to eari§ Carpentarian post-tectonic
_acid volcanics and granites. In the north, south, and

east the basin extends beneath the unconformably overlying

covers of the Adelaidean Arafura Basin, the early

Palaeozoic Georgina and Daly River Basins, and the Mesozoic

Carpentaria Basin respectively, so that the full extent of

the basin is unknown.

The SQCCGSSiOd_isﬂnP_tg.12;kmuihigk,hand_comprises
three major subdivisions., Different stratigraphic
nomenclatures have been applied in widely separated areas

where the original formations can no longer be recognized
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(Fige 7). The three main units are as follows:  the

" Tawallah Group and equivalents, which consist of quartz-

rich arenites and subordinate basic volcanics, carbonates,
and lutites up to 6 km thick; overlain by a dominantly

carbonate sequence, the McArthur Group and-equivalents,

up to 5.5 km thick; on which rest with regional

unconformity the Roper and Malay Road Groups, which consist

of alternating quartz arenites and micaceous lutites up to

_5 km thick. The stratigraphy of the McArthur Group has
. recently been revised (Plumb & Brown, 1973); a previously

- postulated barrier reef (e.gey Smith,1964; Plumb & Paine,

1964) is not present., The Tawallah and McArthur Groups,
together with the underlying Cliffdale Volcanics, comprise
the type section for the Curpentarian (Dumn et al., 1966).
fhe Roper Group migh%wbe Adelaidean or Carpentarian

depending on final determination of the age of the type

"Adelaidean. The stratigraphy of the basin is summarized

in Table 4.
A number of distinct tectonic elements are recognized
within the McArthur Basin (Fig. 8). A very much thicker

Carpentarian succession was deposited in the 50-60 km wide

northerly trending fault-bounded Batten Trough than on the

adjoining Arnhem, Caledon, Bauhinia, and Wearyan Shelves,

The east-bounding Emu and Koolatong Faults were active during

deposition, and the Parsons Range Fault, on the northwestern

side was, by analogy, also probably active, In the south,

however, the western margin to. the trough is gradatigng}.

South of the Mallapunyah Fault the similarity of the

stratigraphy within the trough to that on the Wearyan and
Bauhinia Shelves may indicate proximity to the southern

limit of the Batten Trough. An exceptionally thin
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Thi‘ﬂi«.nn:u

¥odn Rock Typep

Rec.rks

(Batten Trough = Arnbem Bay area)

¥ilberforce P . .. 1%0
1::‘ edon Sh'lf; ' )

MUY RISC GROUP 700
(Archea Shelf)

TAVALLAH GROUP

; 4000-5000
(dearynn Shelf,

Batten Trough =

Mcirthur River area)

EATHERIKE HIVER GROUP 18002700

{Arohes Shelf)

T

l
i

Init rnd locality
5 )
Dolzpite sillg .
ROPER CRCUP 500 - 5600
" (Tkrowhrut bosin) .
MALAY ROAD CROUP 1550+
(Caledon Shelf)
r
0 ~ 5500
[ 1250
<
H »
&
< .
h Patten Sub-Croup 1000
>
&
]
A
&
3 Eillengarrah Forpation 1000
1
o
4 Uzmboloopa Sub-Group Up to 3250
£
=
=)
bl
bt
al
Al Eatten Troush - Blus 4500
& ud Bay ores
=3
F =
© 4
-]
x
£
-
#
(| Tecto, d, d 750+
Yoaryan Shelf i 150
Ce)edon Shelf -~ Plue 1600
¥ud Biy area
1 BGOOD CROUP 4000

| POr of Fasterton Fa)j ncic volcunieo (i

- ~  ———————Vrabolrte ts & ¥Iit Prinzh Volo, FeCrv Fa)}
. ¢ o (turfccoous) martz rrayenoke (Cu:nit GCreywacve,
s RS {locelly}; doloatte,

Quirtz snn atonr, o:por ferruginous eenistone, shale
(Liczen, gbner, bessie Cr Ssts}y ajcacecus siltstone
(tednnru in)y nicreevus pla:con:tic sandstone (Cra<ford
Fo); interbedded miciceous fine sundstons, siltstone, &
shale (Corcoran, Cobnnbirimd Fms, Miivok Sub=Cp),

Quartz sanistons (Mnllizcn, Astell Ssis)g micaceous
ailtstone, quartz greyvacke (vi r.r, Pc!assco i‘:g)l
black shale (Wigr.e Fo)s glauconttiic san:ictons X

(Pobassoo fn).
Dominantly carbomate rocks

Chert—unrtr sandstone, conslomerate (Scythe Sst );
dolonite, siltstone, shule, chert, oolitic chert (Avos,
Duny-aminnie, Stott Fas); dolomite, dololutite, sone
stromitolites (Balbirini Pol),

Dolomitic sflistone, sandstone, shale (Lymott Fn)s
interlaninated siltstone—chert (Yalco Fn)j quarts
* sandstone (Stretton Sat); chert, cherty siltstone

(Looking Cinsa Fg

Qurt.. sandstone, dolomite, ahale.

Ferruginous & dolonitic sandatone & ailistone, dolonite

vyah Fe); dolomite, dololutite, abundant
strom:tolites (Azelia, Exmeruspa, Teema,Rewcrd Dols)y
flapry sandatone (5:toola tat); nltermating Jolormite

. (stromntolites), dolcmitie ailtatone & sandstone z
(Toopardnde Fo)j dolopitic, tuffaceous, bituninous,

& pyritic slale (furney Creek Fm), basic to intermedicte
volcanics (7Azeld- mg.

Siltstone, shale, dolomite (Xnolatons S1tst)y chert breccia
(3truwbridse Preccin); black stule, dolomitic siltstons &
shale (%t ff) (Vin:zhton Sitst); siliceous ailtstone, chert
(Conwry Fn, 7or:ia Cre Sltst); dolomitic siltstone,

chert—quarte sandstone, conglomernts (Yarravirrje Pn)g
interlaninsted siltstone—claystone, fe)dnapnthlc fine-
craioed sendstone (Hr-i('urid]l Fo)s feldspathie tuffaceous
eiltstone, pelletel & ooliwde chert, interlanimated
siltstone-olaystone, dolomitic eiltetons (Dath Xa Fp).

Doloaitic & cherty siltastore; dolonite, stromatolitio
dolomite; dolomitic, feldsputhic, & quartr sandatones
(Virand, Kook-barra Cr Frs); feldspathic chert—quarte
ssndstone, omernte (Mt Rirch Sct)j oolitic chert

Ko rra Cr Fo)j busic to internediaste volcanics
Y.dwarru ¥olc 1lr of K-oknburm Cr Pa).

bolomu, stromatolites conmon; dolomitio siltstone,
sanistone, chert (Knrng Dol).

Dolonitic siltstone, chert, sanistone, dolomite,

stroeatolites (Blue ¥ud Bay Beda), plus Yerrawirrie,

Baiguridgl & Bath Ra Fms,

Dolomitio & cherty siltstone & sandstone, dolomite,
stromntelites, conzlomerate ﬂnr.—\vul, Murourvl,
.Gwixura ¥cs); micaceous silistone, pyritic sandstons

S1ipne Cr Sitct); quartr samistons (Ruralas,
Inrwarune Sets).

Riougeous doloaitic siltstone, shale, & fine sandstone

Quartx sanistone, conplomerste (Pone Cr Fo, Marparet Hill
€r1)s dolomite, stromsatolites, dolonitic siltatone &

asndstone, chert, oolites (Doock Cr Pu).

Quartz and feldapatidc sendstonss, conglomerate
(Yiyintvy, Sly Creek, ¥utholinmd Sats, -~stcoreland €rl,

Frsterton Fa), Sibordinate busic to internediate
voleanics,

\Prters Cr, Seitlement Cr Vnles, Cold Or Volg

& Tanunbirini Vole, 'tbrs of Hasterton Foj; colenits,

dolraitic siltatone & sandstone (i-llocurans, McDermotg
Pra}; glanconitic sandstone & siltatooe (A7 ariun Fa

Roeje Cr Snt). :

Quarts sandstons, minor feldsprthic or ferruginous

-sandstons, conglomerate (Fooinlrie Fm, Kc¥ay,
cdforth S:ta); basic volcanics (various mure_of.

. Mest Eranch Vole, Forlol-ia Fm
dolomitic afltstone & sunistone, astltatone, shalo,

glauconite (Cotteg, MeCuw, Di-nond Cr Fay).

Intriwde Roper, Kt Rizg, Kntherine R, &
tnlay Road Cpi,

Fe (Poper R) in Shervin lrcnitone Mor of

Mclirn bn. Overlies llcArthur & KL Rigg Sps

vitk regicnal unconformity,

Unconformnbly overlies Vilberforce Becda.
Correlated vith Hoper Cp.

Locally unconforamble on Batien Sub-Gp.

Llocally unconformable on . Usboloega
Sub-Gp. B

Correlated with BEatten Sub-Cp,

Fb-2n (ILY,C.) in H.Y.C. Pyritic Sh bor

of Barnpey Cr Pn, Mimor Pb in Emmeru pa Dol

& Cu 1n Jmelis Dol & Tooguninie Pm,

~

Succeasion brondly similar to that at
MeArthur Rieer although detalled
correlations not possible - Vaughton
Sltst probably equivalent to Barnmey
Cr Fo,

Yipor b, Cu in Kooknburra Cr Fm.

Migor Pb, Time equivalent of Keirthur
Cp. Uneonformable on Tawallah Cp,

Thickness includes Yarrawirrie,
Baiguridri, & Bath Ry Fas.

Base & top not exposed, Correlates
with Ncirthur Gp & unpormost
Parsons Ra Cp,

Secticn iscomnlelaly sxposed. lateral
egquivalent of Mcirthur Cp,

Pb-Zn (Ruiscn). Carrelated with
Ycirthur Gp & uppermost Tavallsh Gp.

-~

U (Veatmcrelend) in dolorite dykes in
Vestmoreland Cpgl, Minor U ip Peters Cr
Vole. Cu (kedhank)} ia breccia pipes 98
Cold Cr Volo ldr,

U (ABC) §n McAddens Cr Volc Mr of .
Kombolpie Pm, Correlated with

Tawalleh-Cp.-Several-unsonformities

in succession, Croup includes Eifth R
Vole (see Tnble 2), .



Table 4 (Comt,)

Tnit and Locality’

Ihicknesp

Yaln Racy Topes

", FAR30MS RAMGE GROUP
(Batten Trouh -
Blue Yud Bry ares)

Crootle Eylanit Beds
Caledon Shelf

Mount Ronnar Sr-1dstone
(Cuhdcn Shelf

Pount keid Reds

Tirapunya Tectonie Ridge)

/

6000

150 |

60

Quarte monistone (M-ttacuria, Flentrs Datshy
rusrie eanidstone, ferrusirouve nnd feldapathie
sanictanes, siltrtone, delnpite al:

In)s siltatons, shale, dolroite {Enr.ra Sitat},

Munrtz sandstone, arrillncacus sanistone, quarta
grayvacko, ahale, conclooerntie

Quirtz sanistons, concloasrate

PorphyTitic rhyolite overlain by eandstione &
congloanrate

Correlated with Tawallah Gp,

Lateral cq|d;nl-nt of all or part of
Tavalleh Cp 10 Blue Mud lay,

Lateral couivalent of all ar mart of
Trvallah Gp -rear Arnhes Bay.

Posxibly enuivalent Lo Tavallah Cp
4 C11ffiale Voloj correlation
uncertain,
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Carpentarian succession at Urapunga indicates a westerly

trending ridge (Urapunga Tectonic Ridge) between the Arnhem

_and Bauhinia Shelves. Eastward extrapolation of this

ridge into the area of little outcrop near the coast
appears to offset the Batten Trough, and it may be that the
trough developed as two separate structures, separated by

the ridge. The Mount Callanan and Edith Falls Basins, in

the extreme west, are marginal downwarps in which abruptly
‘thickened sequences of Kombolgie Formation were deposited
while;, in the southeast, the Tawallah Group thins abruptly
onto the Murphy Tectonic Ridge.

The Batten Trough first developed in the north, where
it controlled éccumulation of both the Parsons Range and
McArthur Groups; the older Ritarango Beds may have been
laid down in an even earlier forerunner of the trough,
\In the McArthur River area to the south, the trough only
achieved full significance during McArthur Group times;
possible earlier effects are only seen as facies changes
in the Tawallah Group, without marked differences in total
thickness. During Roper Group times the zone of maximum
sedimentation shifted westﬁard onto the Bauhinia Shelf,
The thickness decreases gradually to the north and east,
and it is unclear what influence, if any, the Batten

Trough faults had on Roper Group sedimentation. The

Chambers River Fault controlled the westerly limit of the

Roper Group. The name Maiwok Sub-Basin is applied to the
area where-the Maiwok Sub=Group was deposited. The Malay
Road Group in northeast Armhem Land probably accumilated
in a distinct basin, which_was separated from the Roper

Group by a ridge along the site of the preceding Batten

_Trough,
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ESﬁbsequent deformation of the'basiﬁ has been ﬁost
intense within the Batten Troﬁgh; complex large-écale
block faulting uplifted thé trough into the present-day
anticlinorium or horst° Another zone of faulting
concentrated along the Urapunga Tectonic Ridge.

Tawallah Group (and equivalent) sedimentation in

the McArthur Basin began with the deposition of up to
3000 m of uniform cross-bedded quartz-rich sandstone

(Yiyintyi Sandstone and equivalents). These sandstones

are thickest, best sorted, and most uniform within the
Batten Trough and, in the McArthur River region, appear
to have been derived from the northeast. Source direc-
tions on the Wearyan and Arnhem Shelves were from the

east and west respectively. The Westmoreland Conglomerate

includes near-shore qqnglomerates.and arkoses, derivedrfrom
the adjacent fault-bounded(?) Murphy Tectonic Ridge, which
was only transgressed intermittently. In the west, the

Kombolgie Formation locally contains quartz greywackes

in the marginal possibly fault-controlled(?) Mount Callanan
and Edith Falls Basins. -
The deposition of the basal arenites was followed

by widespread flood basalt volcanism (Peters Creek

Volcanics etc.), The volcanics are thickest and
repeaﬁed throughout the Tawallah and Katherine River
Groups on the Wearyan, Bauhinia, and Arnhem Shelves, but
they die out rapidly to the north in the Batten frough

and are absent in the Parsons Range Group. This seems to

contradict-the commonly accepted hypothegis of an

association of flood basalts with major fractures, and
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indicates a crustal structure beneath the trough . .

different to that beneath the shalves and marginal
ridges.

The initial volcanics (Peters Creek Volcanies

'etco) are followed by sandstone alternating with

siltstoné, carbonates, and the later volcanics already

referred to., The presence of glauconite in some units

~indicates shallow-marine conditions. The carbonates

contain stromatolites locally, and considerable terrig-
inous material. Sandstones predominate in the Batten
Trough, while carbonates are best devel&ped on the Arnhem
and Wearyan Shelves. Several periods of erosion inter-
rupted sedimentation on the Arnhem Shelf, particularly
around domes overlying basement ridges. Regional facies

variations indicate a general southwesterly provenance

for the detritus laid down on the Arnhem, Bauhinia, and

Wearyan Shelves, and in the southern part of the
Batten Trough.
The Tawallah Group equivalent on the Urapunga

Tectonic Ridge (Mount Reid Beds) is only 30 m thick,

On the Caledon Shelf the Mount Bonner Sandstone and

Groote Eylandt Beds (up to 600 m thick) represent the
whole of Tawallah Group, and progreséively transgress
onto a stable basement ridge centred around Gove Peninsula
and Blue Mud Bay.

On the Arnhem and Wearyan Shelves déposition of the
fTaﬁEIlah"Gréug“waB followed by a period of erosion, but
ih the Batten Trough sedimentation continued without a

‘break into the McArthur Group.
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The McArthur Group is bést.known from the

McArthur River area. The Batten Trough successions

of the Blue Mud Bay and Arnhem Bay (Habgood Group)

‘areas are similar (Figo 7)o The equivalents on the

Arnhem and Wearyan Shelves (Dook Creek Formation and

Karns Dolomite) are mainly shelf carbonates like the

Umbolooga Sub-Group, although precise correlations are
not possible, On the Bauhinia Shelf the Umbolooga
Sub-Group is directly overlain by the Roper Group or

Mount Birch Sandstone. The Vizard Formation on the

Urapunga Tectonic Ridge is equivalent to all or part _
of the Umbolooga or Batten Sub-Groups, or both;' facies
changes preclude precise correlations. The shelves may
have been largely areas of non-deposition during the

period when the Batten Sub-Group was laid down, except

on the Caledon Shelf where the younger units transgress,

‘without significant changes in thickness, the thin

Blue Mud Bay Beds.

The Umbolooga Sub-Group and equivalents were
deposited in an arid hypersaline environment alternating,
commonly cyclically, between supratidal, intertidal, and
shallow subtidal conditions. Dolomite alternates with
giltstone and sandstone. The presence of stromatolites,
halite pseudomorphs, oolites, mud cracks, ripple marks,
cross-beds, and red oxidized terriginous sediments attest
to the environment. Similar conditions existed over most

of the McArthur Basin, Thin potassium-rich tuffs are

_ scattered through the sub-group and basic lavas were

extfuded locally near the base of the sequence northwest
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of Borrolool_ao During a later major transgression

. shale containing considerable tuffaceous material

(Barney Creek Formation) was laid down in deeper water.

At McArthur River the Bulburra Depression developed

' locally adjacent to the active Emu Fault; Brown (1969)

has estimated that the depth of water may have been as
much as 300 to 800 m, Up to 530 m of shale was deposited

in the depression, including the H.Y.C. Pyritic Shale

Member which ccntains the bedded sphalerite and galena
of the H.Y.C. orebody (Croxford & Jephcott, 1972).

The Vaughton Siltstone of the Blue Mud Bay area may

correlate with the Barney Creek Formation. A regression

resulted in a return to shallow shelf conditions

(Reward Dolomite) at the top of the sub-group.
Subsequent tectonic adjustments are indicated by

local unconformities at the base of the Batten Sub-Group,

and by conglomerates at the base of the Yarrawirrie and

Gwakura Formations in Arnhem lLand., Sedimentation appears

to have been largely restricted to the Batten Trough area,
vhere the carbonate basinal facies of the Batten Sub-Group
and equivalents was laid down in shallow to moderately
deep water. The carbonate detritus probably derived

from erosion of the shelves, and much of the abundant

fine terriginous material may have been transported by

wind, Potassium-rich tuffs are locally abundant in the

Bath Range Formation in Arnhem Land.

Further tectonic adjustments ar§ iqd}ggﬁeq_py<ﬁhe

presence of conglomerates, and by transgression of the

Mount Birch and Smythe Sandstones across older units.
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The pfesence of stromatolitic dolomites.and oolites
in the overiying units indicate a return to a shallow.
shelf environment. Local basic volcanics are inter-
bedded with feldspathic sandstone in the Yalwarra

Volcanic Member on the Urapunga Tectonic Ridge.

The erosional unconformity below the Roper and

Malay Road Groups is believed to be of the same age as

the folding and metamorphism in the Mount Isa Orogenic

Domain. The groups are characterized by mica-rich

- siltstone and quartz greywacke alternating with clean

quartz sandstone, typical of the unstable shelf
association., Shallow-marine conditions are indicated

by glauconite. The regional facies changes in the Roper

"Group suggest a general southwesterly provenance but the

source of the Malay Rohd Group is unknown., Oolitic

sideritic and hematitic iron ores (Sherwin Ironstone

Member) were deposited in the Roper River area.

Tholeiitic dolerite sills intrude the Roper, Mount

Rigg, and Katherine River Groups on the Arnhem Shelf and
Urapunga Tectonic Ridge, ;nd the Malay Road Group on the
Caledon Shelf. They antedate the main deformation.
Deformation has been mainly in response to complex
block faulting on pre-existing basement faults. It is
most intense on northerly trending faults along the
Batten Trough. Movements in the McArthur Basin are
dominated by vertical displacements of up to 7.5 km.
Horizontal displacements cannot be detected, but tﬁe

forerunners of the McArthur Basin strﬁc{ﬁiéé; seen as

- pre-McArthur Basin faults in'the Lower Proterozoic

Ritarango Beds, developed as a right-lateral strike-
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- slip fault’s&stem.' The Roper’Grouﬁ'in the northeastern
part of the Bauhinia Shelf has been deformed by north-
trending right-lateral:strike;slip-faults, and on the
Arnhém-Shelf a similar.stréss field has reéﬁlﬁed in the

'_formation of a Qell-developed pattern of joints.' A zone'.
ofkwest—frending hiéh—angle reverse faults extends along
the Urapunga Tectonic Ridge.' The northwest-trending
Buiman and Calvert Faults are striking.features on the

- Arnhem and Wearyan Shelves, but show little displacement;
minor left-lateral st:ike-slip can be seen in places.

The similar trénding Mallapunyah Fault is more obscure
and has considerable vertical movement, north block down.
Deformation of the McArthur Basin ceased before the
Arafura Basin developed.

NORTHWEST QUEENSLAND PROVINCE

\(Principal references: vCarter et al., 1961; Glikson &
Derrick, 1970; Derrick et al., 1971, in prep.;
Giikson et al., in prep.).

The Northwest Queensland Province (Figs 2, 9)
contains Lower Proterozoic to Adelaidean(?) rocks
equivalent to the McArthur.Bésin and Pine Creek
Geosyncline, but was the site of more intense tectonic

activity than in the McArthur Basin during the Carpen-

tarian. Precambrian rocks are exposed over about
i | 80 000 km>, including the South Nicholson area of the
| ‘ Northern Territory. ‘In the nortﬁweét the.Murphy TectonicA
—‘._—_“_—_ ""‘_."_—Ri‘d'gefgépériités“th‘ta‘ province :E"oTn“_‘t'-l‘l'e—I‘TC:‘AI‘‘l:hur”Ba's'Vi'l'l','_~ but T T '"T"”'* T
f - ) elsewheré the province is bounded by cover rocks of the

!‘ e r Palaeozoic Georgina Basin or Mesozoic Eromanga and

l Carpentaria Basins. Tectonic activity increases in
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TEBLE 5 @ SIMFAKY OF LOJER PHOTEROZOIC(T) TO ADEYAIDEAN(?) ﬁnnrcwm. HORTH EST CUREIGLAND PROVIICE
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Thickne Hain Rock Types ' fermrks
(=)

Nount Birnig Deds 160 Sandatone, -hnl's, sanly siltztone, dolonite, Found in Inchess wren: Glacinla probebly

eulvalent to Lieonl iphd Valley Tillite in East
Little Burke Tillite 20 Boulder tillite. Vizierlry. Ioulders minly Precarbrinn pranite,

metnaedinent, & ortavelcanics: unt=rlles H Cambrinn,

SCUTH NECHOLSON DASIH ‘
[ Tidna Sandstone © 300-350 Quarte sandstone. Correlaled with Hittiehsh Sst.

Mittiebuh Sandstone $00~2700+ Quartz sandntons, arkoss, plauconitic anndstone,

Hullera Formation 375-24 © Siltstone, shale, quarte samistone, glauconitic Vurious members recopnizad, Cimmenly micacmona,
& ferrusinous sanistonea,

Train Range Iron-benring Member 150-600 Quarte aanlatone, siltstone, ferruginous sandatone, Herber of Mullera Fm, Fe (Constance Rnnce)
00l {tic ironstona,

Constance Sandstone 300-1650 Quartr samistone; micaceous & plauveconitic siltstone. Uneonfurmnbly overiiesa units of ‘lavn Hill
: Pintform', Virioua menliers sappeil.

Faloney Formation 0-1500 Conglomerate, quarte sandstone, feldspathie Facien variant of lower Constunce Sst,
sandstone,

Pilp: ndstone . 300 ) Feldspithic sanistone, conslomerate, siltstone, Correlated with Sth Richolaon Gp.
‘Lawl BILL P FOaN!

Weberrn Gronite Red medium—grained granite. Intrules Ploushed 'wuntain Neds; narrow
contoct zone; some masociated greisen
nnd pegentite,

Laxn 111 Formation 600=15007 Sandstone, graphitic shale, acid volcanics. Minor cross—utting Ph,

Ploughed Mountain Beds 3000+ Sandstone, dolomite, siltatone,

!

Paradise Creek Formntion 30604 Dolomite, siltstone, sandstone, Stromatolites common, Stratifors Po-Zn

(Lody horetta), Cv (Ledy Annie).

l Sunpowder Creek Formation up to 00 31)tatone, shale, sandstone, Stratabound Cu {Mnunt Oxide, Mnemoth).

Outerops transitinnnl into M lea
Crogente Domain, g

Fich:lins Bedp 1200 Dolomite, sfltstone, sandstone, chert, Part of HMcdrthur Gp.
& Bluff Ranpe Beds 2700 . Snndstone, lineatons, dolomite, siltstone, Correlated vith McArthur Gp.

4vally Bed : 500+ Peldepnthio sandstone, Smill domes benesth Plourhed Mountain
Beds; moin cutcrop in Mt Ise

I Cropenic Domain to south,
8
a Fish River Parmtion T5-200 Feldapathic eandatone, quarts sandstone,
1] . Peters Creek Volcenios 500+ Basic to scid volconics,”anndstone, dolomite,
; Vestmoreland Conglonmerate 100 Sandstone, cunrlomarate, Unconformably overlies Nicholson Gr.
2 , .
Benmyra Beds 500 Acid & basio volcanies, sandstone, conglomerate, Unconformably overlies Murphy Metamorphios.
1 Carrars Range Yormtion 2300 Aoid to basic volcanics, conglomerate, sandatone, Correlated with Haslingden & Tovallah Gps.
<
i MOWTT_ISA ORCCHNIC DXMAIN
i
:f WESTERN 'GEOSYRCLINE'
i Basi¢ intrusivey Dolerite, metadolerite. Rare dvkea in Mt Isa Gp. Dyke swarms
H in lover Haslinrden Cp in north-
‘[ trending fractures,
? ¥-gnrine Shale 210 Calcareocus ahale, some pyrite, Some pyrite and carbonnceous material.
i Kennedy Siltstone 306 Siltztone, dolomitic quartsite, Some slump(?) breccia
H P’ Spear Siltstons 170 Dolomitic siltstone, shale. Contains alkite-rich marker bed.
g Urquhi rt Shale 900 Ferruginous ryritio shale, tuff, . Cu-Pb-Zn (llount Isa, lUlton, Mount_Rovit).
i % Soda & potngh-rich marker bedes common,
«| Fotive Beo Siltstone 780°¢ Dolomitio siltstone, minor tuff. Tuff forms thin mnrker beds,
' 1) Breaknway Shale 1000 GCrey shale, minor siltstone, i
. Moominrra Siltatone 1200+ Dolomitic siltstone, shale, Some pyritic iron-rich bands,
! E Wnrrina Park Quartzite 100+ Quartzite, ferruginous siltatone, Formerly pnrt of Myally Redsj good marker
2 bed, locally unconformable on Mynlly Beds.
Minpe up to 1400 Conglomerate, quartsite, shale, siltstone. Unconformable over Sybella Gry possible
i ecuivalent of Rt Isa Gp,
Surnrise Creek Pedy up te 6000 Samisteone, dolnito, -lltltu:n, shale, Anomalous Pb-Zn tonen in rocks similar to
canglomerats, Bt Isa CP nt Crystal Cr, Cu in quartsites
k in lower part of sequence, Stromatolites
slsc present, Possibly equivelent te
) . lower Mary Kathleen Cp,
Sybell renit Biotite granite, gneisscse granite, micro- ¥ Pour aeparate phases in complex, Intrudes
granite, quarts diorite, - pegmatite, Hnslinsden Gp veat of HL Isa Pault;
p d overloin unconforarbly by Mingera Beds,
) InforTpd to be older than Mt Isa Gp,
. - . Pegnmat.ites contain heryl, rare esrthe, &
& 3 . oescovite, Diorites related to contasimtion
. . of rranite by basic roek. :
g Carters Bore Rayulste g 150 Rhyolite, granite parphyry. | 1180 present at top of Myally Peds)
. poraibly comagmatic with ella Gr.
% Judenan Beds - . 1500+ Guartrite, echist, amphibolite, e
" Byelly Beds o 400 to 10 000 Quarteite, siltstons, shale, conglomerate. __Eesentially umineralized;_unconformmble - - — - —————
E I T RS m - 3 oo . i M R e urder Mt 1sa Gp; very feldepmthic, gos
] § Eastern Creek Voleanios 3600 to 7200 Metabasalt, quartette, O1 & U nineralizaticn related Lo basic dykes. - -~
. o Leander Quirtsite 1500 Quartzite, metabasalt, Essentinlly unoineraliced. 2
E 0 Mount Cuide Quartzite 6000+ Cuarteite, greywncke, conglom-rate, d Unconformihle cn Knl¥adoon Gr & Arpvila Pmj .
) é» 2 5 ) .3 - . " My Dovnas Grelss ¥br is petacmorphosed
kN . : : ) g ) : sa S g ey equivalent adjncent to Sybells Cr,
. ) g . . " X = . Extensively intruded by dolerite,
. »; * - " - st on N I
E - 3 .
| . = . B % :
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T:=ble 5 (Cont,)

Unit Thickness ¥in Rock Types Remcris
o
EASTERR 'GROSYNCLIRE! .
~unrhy Gonclorerate 300 Conglomerate, arkose, quartzite, sandstone locally Overlies Corella Fz unconform.bly; probably
ferruginous. post-nrtanorehic, but fault-bounled in graben
struoture, Some vein and reintad alluvial Au,
Brsie dyvken Dolerite, Post-petnrmorphism und grantite intruag .n.
Possibly fiml tectonic event, at 1340 m.y.
Burstall) Granite Cranite, aplite, pesmntite, porphyry dykes. Kinor fluorite; poxaible source af U
{Ihry Xathleen).
Horilu Granite GCranite, aplite, Intrudes Corella Fmj some skarn in contnct
rones; possibly two ares of intrusion present,
Tcany Creek Ficrogranite Microgranite, porphyritic rhyolite, 51118 in Corelln Fmj some U-bearin: pegmatiteo.
dinmleru Crrnite Grunite, aplite, Intrudes Tevinmn & Mnlbon Cps & Answver Slute.
Y Soma roethyst.
¥illiams Gronite Granite, microgrunite, soda aplite. Intrudes Soldi~re Cap & Hary Rathleen Gps,
Rasic intrusives Dolerite and netadolerits, Dykrs nand 8ills of pre~ to post-metamorphio
age.
Lunch Crnsk Calbro 1500+ Cabbro, diorite, Porms layered zjll in Corella Fm, but
intrinded by Durostnll Gr.
. |4bite Blov Pormation 915-1000 Siltstone, phyllite, shale, limestone. Conformible and unconfermable uver Ihry
. S f&4Delghton fuartzite 190~2700 Quarteite, ailistone. Kithlean Gp, #sgentially ummin rolized, but
& &|Roxpere Quarteite 1000-21.00+ (uartaite, caloareous ailtatone. posaibly ecuivnlent to upper Mt lea Cp,
[N ] :
[Mount Philip Agglomerate 200+ Tuff, agplomerste, c.leareous granofels, Possibly hlm'ly altcred & fractured Cecrella Fam,
Corella FPurmation 1500+ Calcareous granofels, limestcne, schist, Cu in limertone, pelite, & phyllite; some
quartzite, metabaealt. sulphide~bearins shale., Rumerous radiometric
% anomalien or U deposits (e,g. Mory ¥athleen).
B Po-Zn (Durold River). Scapolite-rich.
'-'?1 Hnrizo Slate 2600+ Slate, siltstons, marl, sandstone. Facies equivalents of Carella Fn, Stratabound Cue
i & Kuridnla Pormation 2400+ Quartzite, schist, slate, Sume Pb~Znanomalies nnd prospects. Siltstone member -
% | Stovely Formation 600~ 2400+ Cnlcareous grunofels, siltaotone, shale. contains some shnllov vater structurese
. | Ansver Slate 6007 Slate, siltstone, chert, schist, )
= Overhang Jnspilite 500+ Jnapilite, lipestone, shale, marl, silicecous breccia. Contains barite & Mnj transitional into Mitakoodi Qste
2 { Ballare Quartsite 500-2000 Cuartsite, conglomernte, Mmestonae, Unconformable on basement complexj partly equivalent
. to Hitakoodi Qzte
5 €{ Mtakoodi Quartsite 25004+ Quurtu'.-,' lilta\on;, minor basalt, Minor Cuj conformable under Mary Kathleen Gp.
2 & ¥arraba Volcanice 1000-3000 Mctobnsalt, siltstone, limestons, Cu associnted with dolerite,
ak
81 Toole Craek Metavolcanica Metabasalt, phyllite, chert, sandstons,. Videspread Cu, some scheelite. Some deposits
gc Veatherly Creek (uartsite 5500+ Qunrtzite, siltstone, miceceous samistone, stratabound, othera related to dolerite
a petabasalt, and cranite, Overlnin unconformably by
]qe Snake Creek Metaturbidites Schist, metagreyvacke, metabasalt, Mary Ksthleen Gp.
a
¥orsn Crenite(?) Gneissio granite, Surrounded by regionnl metasorphic aureoles
in Corella Fm, Fit cnly seen to intrude
Argylla Pm, My form basement ridge north
of Mary Knthleen, but may possibly be younger.
BASDAENT INLIERS gl
KALKADOON-LEICHHARDT BLOCK .
L] #
Brajo intrusives Dolerite, metadolerite. " Some dykes possibly antedate Eastern and
Veatern ‘Geosynolines'.
Knlkadoon Cranite Cranite, granodiorite. Intrudes bnse of Tewinga Cp, & overlein by
Haslingden Cp and Surprise Cr Beds,
Even Granite Cranite,
& Argylla Pormation 1000+ Rhyolite, dacite, quito, tuff. Unconformity with Ballara Qet. Pavoured
° sope for Cu mineraliration. P.rtly e uivalent
13 ) to base of Soldiers Cap Gp.
- o ~
E Rapoa Lm Yotabasalt up to 700 Motnbasalt, quartsite, Cu traces in flow tops.
= .
] Leichhardt Metamcrphics 4000+ Hhyolite, rhyodascite, schist, gnelss, Cu related to basic dykes ond flovs,
DIC TOBT-YARINGA BLOCK
Tobty Gr. s Cranite, biotite rranite, granodiorite. Pormerly part of Sybella Gr, but isctoplo
.age older, Intrudes Yarinma Mestamorphics.
1500+ Schist, pneiss, migmtite, porphyritie Possibly equivalent to Mirphy Mctanorphics,

JYarinca Mcotamorphigs

rhyolite.

or to marts of younger May Downs Goeiss,
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" the Mount Isa/Cloncurry area, ..'

1ntenslty to the southeast, and reaches a maximum in

The stratigraphy is summarized in Table 5 and

Figure 10. -The oldest rocks are the Lower Proterozpic(?)

* basement inliers of the Yaringa and Murphy Metamorphics,

~which are intruded by post-tectonic granites. The main

basement inlier, the Kalkadoon-Leichhardt Block is

younger and contains the 5 km thick, eérly Carpentarian,

B, mainly'acid metavolcanic, Tewinga Group‘'and granite

intrusives (e.g; Kalkadoon Granite), which can be broadly

correlated with the Cliffdale Volcanics and granites of

the Murphy Tectonic Ridge. The unconformably overlying

——

Carpentarian Mount Isa Orogenic Domain and 'Lawn Hill

Platform' correlate with the McArthur Basin., Quartz

arenite/basic volcanic suites up to 15 km thick, the

7 Haslingden and Malbon Groups and equivalents can be

correlated with the Tawallah Group (5 km thick), while the

conformably and unconformably overlying predominantly

carbonate successions, ﬁp‘to 5 km thick, of the Mount Isa,

Mary Kathleen, and Portal Groups and equivalents correlate

with the McArthur Group (5.5 km thick).

The Mount Isa

domain, and to a lesser extent the flawn Hill Platform?',

was intensely deformed before the 6.5-km thick quartz

arenite/lutite sequence of the Adelaidean(?) or

Carpentarian(?) South Nicholson Group, and equivalent

Pilpah Sandstone, was deposited. These are correlated with

—I"‘ —-——————the~5=kmthick Roper Group, &
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Basement inliers .

The metasediments of the Big Toby/Yaringa Block and

Murphy Tectonic Ridge probably correlate with those of the

Pine Creek Geosyncliné. The Big Toby Granite was formerly

mapped as part of the Sybella Granite, but is now shown
to be a separate older body (Hill et al., in prep.).
The main mass of basement rocks is confained in the

Kalkadoon-Leichhardt Block, a north-trending inlier 300 km

long and up to 30 km wide flanked by'the younger 'Eastern!

— and 'Western Geosynclinés'; the Blockade Block, 10 km

north-northwest of Mary Kathleen, is a small inlier of

similar rocks. Structurally the Kaikadoon-Leichhardt

-

Block has essentially a faulted western margin, a western

core composed mainly of Kalkadooﬁ Granite and elongate
inliers of recrystaliized acid volcanics, and an eastern

flank of Tewinga Group, progressively younging eastwards.

‘The Kalkadoon Granite is a complex of multiple granitic

and granodioritic intrusions which probably post-date
the Téwinga Group, although it is only seen intruding the

Leichhardt Metamorphics. The Ewen and Wonga Granites both

intrude the Argylla Formation. Possible younger phases

-of Kalkadoon Granite intruding the younger Haslingden

Group (Smith, 1967) have not been confirmed by the current
detailed mapping.

The oldest rocks of the Tewinga Group are rhyolite

and rhyodacite porphyries and ash flows of the Leichhardt

_Metamorphics which become progressively more recrystallized

»-féwards the Kalkadoon Granite. _Roof pendants of highly

recrystallized volcanics within the core zone, although

mapped as part of the same formation, have not been



proved to be the same age. Subaerial to submarine

flows of the Magna Lynn Metabasalt thin to the north and

i égst and havé been extruded_over a predominantiy east-
diéping pélaeoslope. Some flows 6§cupy northeast-
trgﬁding palaeovalleys., Rhyodacitic ash flows ana_sills

of the Afgylla Formation were deposited over large areaé

of the Kélkadoon-Leichhardt block and beneath the Eastern
'Geosyncline'; quartzite interbeds appear to increase
in abundance from west to east.

Mount Isa Orogenic Domain

The rocks of the Mount Isa Orogenic Domain were

deposited in Eastern énd Western 'Geosynclines', to the

east and west of.the'Kalkadoon-Leichhardt Block; fheir e
presérved sections are up to about 16 000 m and 27 000 m
fhick respectively., 'They-éontain numerous troughs,

shelves, and hinge-lines which have not yet been completely

~delineated. Only one, the Mount Isa Trough, corresponding

almost exactly with the Western 'Geosyncline!, has been
named (Glikéon et al., in prep.).

The rocks in most of the Moﬁnt Isa domain are similar
to those in the lMeArthur Basin, but some of the units,
particularly the volcanics, are thicker, and deformation,
metamorphism, and igneous activity was more intense,

An suboceanic environment ﬁay have existéd to the east
of Cloncurry. Metamorphism, deformation, and granite

intrusion are most intense in the Eastern 'Geosyncline!.

The basic volcanics of the Soldiers Cap Croup, to the

! . extruded in deeper water than the epicontinental volcanics

of the Malbon and Haslingden Groups farther west (Glikson

I , et al., in prep.). The units of the Soldiers Cap Group
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""distances indicates extrusion from long fissures

T e Ty

are comparable with the Alpine flysch facies (Snake -

Creek Metaturbiditeg), étable shelf ortthuartzite facies

'(Weatherly Creek Quartzite), and éugeosynclinal volcanic

facies (Toole Creek Metavolcanics)s The Snake Creek

Metaturbidites may correlate with quartzite in the upper

- part of the Argylla Formation, and thus antedate the main

‘Mount Isa Orogenic Domain,

The Weatherly Creek Quartzite and Toole Creek.

Metavolcanics may correlate with the Marraba Volcanics and

' Mitakoodi Quartzite of the Malbon Group, The Marraba

Volcanics and Mitakoodi Quartzite represent a period of
subaerial tﬁoleiitic £a§a1t extrusion followed by |
extensive near-shoie deposition of coarse to medium sands. -
The sandé were derived from relatively mature areas of_the
Tewinga Group and KalKadobn-Leichhardt Block to the south
and west, | |

By contrast, in the Western fGeosyncline'; the

conglomerates in fhe Mount Guide Quartzite at the base of

the Haslingden Group were derived from relatively rugged

areas of the Kalkadoon—Léichhardt Block to the east.

The conglomerates and associated arkosic grits grade up
into massive bross-bedded arenites representative of a
more stable trough or shelf margin. Near Mount Isa the

Eastern Creek Volcanics rest conformably on the Mount

Guide Quartzite but in the horthwest they directly overlie
the Ewen Granite basément, with a coarse arkosic conglo-

merate.af the base. Continuity of basalt flows over large

(Robinson, 1968), which were possibly localized along

the western margin of the Kalkadoon-Leichhardt'Block;
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The succeeding arenites of the ﬁzallz and Judenan Beds

thicken from 400 m south of Mount Isa to 10 000 m in the
north; They are highly feldspathic, ripple-marked and

cross-bedded, and southwesterly to northwesterly

- palaeocurrent directions north of Mount Isa indicate a

‘possible source area near the Big Toby/Yaringa Block.

The thin but persistent acid lava and tuff beds (e.g.

Carters Bore Rhyolite) at the top of the Myally and

. Judenan Beds may have been associated with the intrusion

of the Sybella Granite into the Haslingden Group.

Uplift, tilting, and erosion accompanied emplacement
of the Sybella Granite, and the basal beds of the Mount

Isa Group, the Warrina Park Quartzite, disconformably

overlie the Myally Beds or, locally, the Eastern Creek

Volcanics. The Surprise Creek Beds to the north-northeast

of Mount Isa are apparently conformable oﬁ the Myally Beds
but onlap and rest unconformably, on the Kalkadoon-
Leichhardt Block, through conglomeratic arkosic grit,
quartzite, and shale. To the west of Mount Isa shalé

and conglomerate of the Mingera Beds unconformably

overlie the Judenan Beds and Sybella Granite.

In the Eastern 'Geosyncline' the Ballara Quartzite

at the base of the Mary Kathleen Group resembles the

lower Surprise Creek Beds; it onlaps the eastern side
of the Leichhardt-Kalkadoon Block, from which it was

derived as a sheet sand deposit typical of a 'linear

~-clastic shoreline " ~(Selley; 1970)+ -Farther-east, - - - — -

detrito-chemical processes produced the Overhang
‘Jagpilite in a shallow quiescent shelf environment

marginal to mature exposures of Malbon and Tewinga Groups.



R IE .
H . i
| L

)

.

1

i

_ _ ~44~
'Hinge-linés related to basement ridges_and
| penecontemporahébus faults (Smith, 1969) controlled
facies changes during sedimentation,_especiélly in the
| Western 'Geosyncline', The Mount Isa Grou@ was deposited
in the Mount Isa Trough of the Western 'Geosyhcline';
 _the éequence consists mainly ;f dolomitic siltstone and
'shale, with soﬁe ferruginous dolomite, potash-rich and
soda-rich beds, and minor occurrences of halite and
ngpsum. Subsidence culminated with the deposition of the

Urquhart Shale, when sulphide-bearing carbonaceous shale

- was deposited in a euxinic environmenf to produce the
Mount Isa and Hilton lead-zinc orebodies.

The Surprise Creek Beds included two laterally
equivalent facies: g\fhelf facies, containing stromat-
olitic dolomite, separates a deeﬁer water silt-shale
facies in the east from the similar facies of the Mount
Isa Group, to the west. Only equivalents of the lower
part of the Mount Isa Group are represented, and
equivalents of the ore-bearing beds are absent. Simiiar
relationships obtain in the Batten Trough and adjoining
shelves in the McArthur Basin,

In the Eastern 'Geosyncline' north-~trending
basement ridges extended throﬁgh Mary Kathleen and
east of Cloncurry. The Mary Kathleen Group beds laid
down on these ridges include thin beds of Ballara

"Quartzite, and the Corella Formation. The presence of

- .—8capolite_and. stromatolite-bearing carbonates, siltstone,

and sandstone in the Corella Formation suggests a shallow
hypersaline shelf environment similar to that of the

Umbolooga Sub-Group in the McArthur Basin. The black
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shales etc. of fhe Marimo Slate and equivalent

formations were deposited contemporaneously in a broad

" trough between blocks composed of the Malbon and.

 Tewinga Groups, and the Soldiers Cap Group. Pillow and

amygdaloidal basalts are common east of Mary Kathleen
but rare to the west. Equivalents of the Urquhart
Shale appear to be absent from the Mary Kathleen Group
except possibly in the topmost part of the Corella

Formation at the Dugald River lead-zinc deposit. The

'Portal Group is locally unconformable on the Mary

. Kathleen Group, and probably correlates with the upper

part of the Mount Isa Group. A fluvial channel sand

(Deighton Quartzite), overlain by shallow shelf

carbonates, shale, and siltstone (White Blow Formation),

DS

similar to the Corella Formation, is reminiscent of the
uppermost part of the McArthur Group at McArthur River
\(Smythe Sandstone and overlying units).

Low~amphibolite and greenschist facies metamorphism
has affected the Eastern 'Geosyncline', but the Western
tGeosyncline!' is only slightly metamorphosed, except
adjacent to the Sybella Granite. Intense folding is
predominant in the east, and faulting in the west. An
early post-depositional period of mainly vertical fault
movements in both the Vestern and Eastern !'Geosynclines!
was followed by conjugate strike-slip faulting, with
displacements of up to 25 km. Both periods of faulting
R B e s

by, or post-dated, a period of high-level granite intrusion

in the east.
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‘'Lawn Hill Platform'

The 'Lawn Hill Platform' contains less deformed

- stratigraphic equivalents of both the Haslingden and

Mount Isa Groups (Fig. 10). In the northwest, adjacent

to the Murphy Tectonic Ridge, the sequences afe correlated
with those of the McAfthur Basin to the north. More
detailed mapping will almost certainly result in further
subdivision and corfelation of the units so far mapped.

Exposures of the Haslingden Group (Myally Beds) and

its equivalents, the Carrara'Range Formation, Benmara Beds,

and Tawallah Group, are restricted, but show the rock types

typical of this part of the sequence: interbedded arenites

and_volcanic rocks.

Most e%posures consist of the overlying carbonate
sequences which are probably part-eguivalents of the Mount
Isa Group; precise correlations have yet to be established.
bncbnformities have recently been noted within the Fickling
gggg (I.P. Sweet, pers. comm.). 'Facies changes are apparent
between successions and a_ pattern of troughs and sheives,
similar to those in the Mount Isa domain, may emerge from
further mapping.

The Mingera Beds and Gunpowder Creek Formation are

transition beds similar to the lower parts of the Mount
" Isa or McArthur Groups. The Mount Oxide and Mammoth copper
déposits occur near the top of the Gunpowder Creek Formation.

In the type area the oVerlying Paradise Creek Formation

‘consists of a shallow-vater carbonate sequence with abundant
‘stromafolites; to the west they pass into a more terriginous
sequence of dolomitic and carbonaceous siltstone and

sandstone, mostly mapped as Ploughed Mountain Beds. The

Lady Loretta lead-zinc deposit and Lady Annie copper
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deposit occur in shales of the Paradise Creek Formation

within the zone of facies changes. Terriginous

- sediments increase in the upper part of the Ploughed

Mountain Beds and overlying Lawn Hill Formation; the
latter is also characterized by acid volcanics, and

contains vein lead deposits associated with graphitic

slate, The general succession of facies in the Fickling

Beds is similar to that in the McArthur Group - shelf

dolomite (Umbolooga Sub-Group) overlain by dolomitic

siltstone (Batten Sub—Grbup), followed by feldspathic

sandstone, siltstone, dolomite etc.

South Nicholson Basin

The South Nicholson Group and its probable

stratigraphic equivalent (Pilpah Sandstone) has the
same unstable shelf facies characteristics as the
Roper Group - mica-rich siltstone and quartz greywacke

élternating with quartz sandstone. The sequence of

Constance Sandstone/Mullera Formation/Mittiebah Sandstone.

resembles the Limmen Sanq§tone/MAinoru Formation/Abner
Formation of the Roper Group. Scattered glauconite |
throughout fhe succession indicates shalldw—marine
conditions, The sequence is thickest in the weét,
beyond a basement ridge of Murphy Metamorphics.

Regional facies changes indicate an easterly provenénce
from the uplifted Mount Isa domain., The Constance Range
iron deposit has a similar facies of oolitic siderite
and hematite to thé deposit in the Roper Group. The
Aégﬁfﬁrﬁiégg{g;gaﬁasigﬁgé 651y-;e¥;igiidi&ndé}g£ﬁea;' o
mainly in responée to eastefly trending faults,
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Bungle Bungle Dolomite<;ndicateAatgleasf local westerly _ ..
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' BIRRINDUDU BASIN

(Principal references: Dow & Gemuts, 1969; Sweet et al.,
1974)

The Birrindudu Basin is a mildly deformed basin, about

_120 000 km2 in area, overlying the Sturt Block across the

Western Australia/Northern Territory border. The basin
succession comprises the laterally continuous Birrindudu

Group (Blake & Hodgson, 1974), Limbunya Group, and Mount

_ Parker Sandstone/Bungle_Bungle Dolomite, and is overlain with

a major.regional unconformity by the Victoria River Basin

succession., It is for this reason that we consider that

" the Redcliff Pound Group (Blake & Hodgson, 1974), a

correlative of the Victoria Basin succession, should not be
included in-the Birr@g@udu'Basin. |

The stratigraphy is summarized in Table 6 and
Figure 6. Most of the Limbunya Group formations can be
identified in the Mount Parker Sandstone/Bungle Bungle
Dolomite sequénce (1.P. Sweet, pers. comm.). |

The basal arenites, -the Stirling and HMount Parker

Sandstonés, are thickest in the east and west, with a
basement ridge between. The succeeding sediments reflect
alternating transgressions and regressions with
stromatolitic dolomite and associated dolarenite, deposited
on intertidal, supratidal, and shallow subtidal shelves,
alternating with shale deposited in a deeper water reducing

environment. The easterly thinning of the sand beds in the

provenance from the adjacent Halls Creek Mobile. Zone.
The Birrindudu Basin was mildly folded, faulted,

and eroded prior to development of the Victoria River




TABLE 6: U2 RY OF ADELATUFAN AND CARPEIVARIAN STRATIGRATIY, VICTURIA RIVER AP BIRRINDIR! BASINS AND EAST KIVRIRLET R:G1ON

. Unig Thicknesg © Muin Rock Types ' Ree:rka
(a
1.
’ l SLACIAL SUCCEISICRS
ALDIRT ZDJARD GROUP 1260-1800 Shnle, siltatone, sanistone (Flat Roci, Flvire ¥ma, Timcerley Uneonformahle on Duerdin fip; unconformnhly
- Sh)s auarte sandstone (Mt Forster, lijuless Ssta): delomite overlain by I Caobrian Antrias Plnteau
J (Boonall bol). Vole.
” LOUISA DO/NS GROUP 4000 Tillite, dolomite, sandsi.zs (Fgon Fm)s feldspnthlc samistone, Unconforzable on Kunian!'{ Gpy unconfor-
subgreywacke, mincr shale & do)omne (Yuw‘bl, Tean Fas )y shale, mably overlain by L Cuwbrian, Corralates
¥ siltstone, fine sandstene (MeAlly Sh, Lubbock Fn). with Albert Edward Cp.
. DUFRDIR CROUP - : 630 Tillite, dolowmite, conglonernte (F.rioo, Koonliiht Valley Unconformble on Victoris R & Birrindidu
. Tilliteca); dolonitic smnistons, subprevuucke (Frawk R Sat)s Busin suscessions & older units enst of
siltstone, shnle (micaceous), sunictone, subpreywacke lnlle Cr Paclt.
(Renfore Fa).
KUNIANDT CROUP 1000 Tillite, dolomite, feldspathie anndstone (Lanirican Tillite): Unconformable on Glidden Gp & older
shale, siltstone, annictone (Mirarn Fn); ferruginous units in li-113 Cr/Kin; Leopold Robile
’ sanlatone, greywicke, minor shnle (Ht Bertrom Sat Zones, Kimberley Block. Correlates
' Stein P}, . with Duerdin Gp,
s
MOUNT HOUSE GROUP 450+ Tillite, dolomite, aundstone (Yalsh Tillite)y shale, fine Unconformnble on Kisberley Basin

sandstone (Throssell Sh); rerruginou- or dolomitic snndatone, succession, Correlates vith Duerdin Gp.
! ! siltatone (Trpine, Estpurha Pma). .

NJCTCORA RIVEM L:€TN SVUCCESSIOR

Billo River S-n’stong 320 Ferruginous.and feldsp~thic sandstone; conglomerate, Unconforzable on Auvergne Gp,

1035 Guartz sanistone, miror siltstone & dolomite (Jasper Gorge, llnconf oreable on Stukb & Vonio-n
Pinkarten, Spencer Satz, Saddle Creel Fn); siltstone, shale Till Fos.

Ancnlarry S1ist); dolomite, dolemitic siltstone & snndatons 5
v Lloyd Cr, Shonl Reach Frg).

Stubd & Wondoan Fi1) Poremtions 260 Sandstone, shale, siltstone, Unconformable between Auvergne & Ty
Bullita Gps, Stubb Fa relatiorship '

reviced,

Viie Creek Sardstone 360 Quartz sandatona, Lo Unconforsnble on Bursle Bungle Dol.
¥ount John Sizie Yeober Shale, siltstone, minor sandstone. fleljcopter S}tst correlates vith
Ancnlarri Sitat; Wade Cr Sst (upper)
with Jnspar Corge 5st; Mt John Sh Hbr -
& Wnde Cr St (lower) with Stubbd & ¥
Vondoan J1i1l Pma. J

BULLITA GRGTP 5 850 Dolomite, dolomitic siltstona (Ticber Cr, Sk:1) Cr, Banynn Fms); Conformable on ¥Wnttie Gpj unconformnbly
. siltstone, ahnle, dolomitic sandstone (Bynoe mh:‘.tqe Cr overlein by Jondoan 1111 Pa, Mnor Fb
Frs)s sandstone(Veaver, Pt Gordon Ssta), in Skull Cr, banyen FB83 Cu in Bynoe Fm.

WATTIE CROUP 930 Quartz sandstone (¥ickh=n Pn, Hurhie, Henve, Senle Ssts) Unconf ormble on Limbunya Gp.
) alternuting with siltcione & sandstone (Burtawnrta, Mt bnnford,
Gibbie Ppa).

TOLMER GROUP 600 Siltatone, sandstone (Muldivs

l Feljcopter Silt-tone 155 laminated siltatone, shale, Osmond Ra, East Kimberley.

. S i Cr. P}y dolonite, Unconformible on Plos Cr Geosyn)

i siltatone (fiinde DPol). unoonforsnbly overlsin by L Casbrian

' , Antrim Plateau Volc. Corroleted with

: ¥attie plus Dullita Goase

¥

: CRE TZMAURICE. MOBILE ZON L

CARR BOYD GROUP . 9000 Cuartz sonistone (Hensman Seot)j black (pyritic) shale, siltstons, Northern pnrt of Halls Cr Mobile Zoms.

fine sandstone, minor nuarte sandstons or quartz greywacke Unconformzble on Revolver Cr Pm,

(Gollen finte S1tst); quartr snndstone mltarncting with siltstons, Larboo Ccoplex, or iladls Cr Cp, Moat’
shele, fins sanistene (Lisandell, Glenhill, Pincombe Fmalg formntinnas sepnroted by unconformities,
quart:z randstone, ferruginous or feldapathic candstons, mipar Hensman Sst & Colden Gate S}tst correlate
shale & corglomerate {Stonevnil Sat, Bumilccot Ra Beds), with Auverpne Gb. Fe in Golden Gate

51tst (Pompeys P{llar) & Bandicoot Ra
Bedan,

FITZ¥AURICE CROUP 3665+ Quart: scndstone, minor siltstone & conglomerate (¥orle R Pm, Pitzomurice Mobile Zone, Unconformable
. o ¥ Ialagnng Sat); shale, ailtetons, fine sandstone (Goobaieri Fm); on Pine Cr Geosyn or Lamb-o Camplex.
= alierpeting quarts sandstone & siltstone (Legung m;. Uncnnforzity above Coobaiery Fm. Goobaieri Pm
. e 5 correlates with Anpnlarri Sitst, & '
- . P . . . * 5 'k Lerune Fu/ lalngang Sst with Pinconbe
= : Pn & Stonevall Sst.

0POLD MOPILE 20KTS s o . ' o o
EY TLOCK - ’ 2
Quarts sandstone (Harms, Porman Ssts)s micacecus or black * : Unconformblc on Klnb-rlq hﬂn

shale & siltstone, winor sandstone (Hatheson, Fn'dox Fms). - -~ wuccesasion; unconformably averlain by
3 i d : Kuniandi Gp, Correlation uncertain;

_CLLIDEE GROUP : . 550

could oorrelote.vith Clenhil) Fm. . -

k-. v PIRITIMImO RLSIH SUCCE AR ' i . BT BT armir e B 0L . R wom
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 LIFSUNYA GROWP T “Dolomite (Pear Tree, Mallubah, 18); T 777 “Carrelntsd with Birrindudu Cp,
E i ) © dolomite, siltatone, chert, snndatone (Jlr-erv, Amos Fnoh, L .

Blue Hole, Fravnea, Killrloc Fea; Kunir- Sltat i qulrtl

) sarulatone GHEE!W-, }u-n-xh'\rsnn Sats}. X

ungle P:nole Dnlot ' 1450 . Dolomite, dolonitic shale, m.urt: mmton. )
Ko:ne P:rker n.ltom S

U L S

Osmond Ra, East H-birloy. B
Unconformnble on Ked Rook Beds,
© Correlated with Liaburyn Cp,

15:°=300 Querts. nnd.-tom.

[S—

- Unconformable on Kimberley hlin,.:
» succesaicn in.Louiss Downe arem, ~ ~ . © - -
. £ el ¢ Poasibly ooﬂehtu with Mt hrklr o
L PR . Sat, ® F

alambo_Srndat,

1004 " Quarts l_lndlton, 'ehurt-p-hbli breccia
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Basin, Intensity of deformation increases westwards

~towards the Halls Creek Fault.

VICTORIA RIVER BASIN AND EAST KIMBERLEY EQHIVALENTS
(Principal references: Sweet et al., 1973a,b, 1974;
Dow & Gemuts, 1969; Roberts et al., 1972; Dow et al., 1964)

The Adelaidean stratigraphy of this area is summarized

in Table 6 and Figure 6. I.P, Sweet (pers. comm.) has

recently recognized an unconformity beneath the Jasper
Gorge Sandstone and removed the Stubb Formation from the
Auvergne Group.

The Victoria River Basin covers zn area of about

160 000 km2 on the Sturt Block; it lies across the -

Northern Territory/Western Australia border and is
virtually uﬁdisturbed,*except near its western boundary
with the Fitzmaurice/Halls Creek Mobile Zone. The basin
succession is relatively tﬁin (up to 3400 m) and comprises
a typical stable shelf association -~ quartz sandstone,
carbonate, and shale - deposited in a Pparalic or sha;low-
marine environment. Important environmental indicators
are glauconite (shallow marine), stromatolites (intertidal
or shallow subtidal), halife pseudomorphs (hypersaline),
and mud cracks (sﬁbaerial). Unconformities in the sequence
reflect periods of erosion, accompanied by only mild
warping. |

Much thicker successions (up to 9000_m) were deposited

along narrow belts in the adjoining Fitzmaurice, Halls Creek,

andKing Leopold Mobile Zones (Fitzmaurice, Carr Boyd, and =~

Glidden Groups). Correlations with the Victoria River Basin

succession (Fig. 6) depend largely on the similarity of

lithological successions and the apparent continuity of
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outcrop betweehrunits mapped in various places as

Angalarri Siltstone, Golden Gate Siltstone, and Goobaieri

- Formation (I.P. Sweet, pers. comm.). The total spccessibhs
are only partly equivalent, and soﬁe of the facies chénges

, support the correlations; the'Goiden Gate Silfstone,-for

N .. examble, has a near-shore facies in the west and a deep.

pyritic black shale facies in the east, while the Glenhill

Formation shows a local_easterly provenance, consistent

with erosion on the Sturt Block at that time.

The Adelaidean rocks of the mobile zones consist

1
T

entirely of terrigenous detritus laid dqwn on unstable

_\' | shelves, mostly in relafively shallow waters. rIfhe presence
of glauconite in some units indicates that they, at least,
are marine;: complex facies changes are common. Unconfor-
mities are common and separate thick (5000 m) rhythms
composed of basal sandstone grading up into predominantly
éiltstone. Syndepositional faulting is apparent. The
mobile zone sediments have been subséquentiy deformed by

large left-lateral strikeeslip and thrust faults. They

are locally tightly folded, cleaved, and metamorphosed

GILACIAL SUCCESSIONS

(Principél references: Dow & Gemuts, 1969; Roberts et al.,
1972) |

Well exposed late Adelaidean glacial successions
“rest unconformably on a vafiety of rocks in thé Kimberley

and Vlctorla Rlver reglons, and are unconformably overlaln

i . adjacent to, or within, major shear zones.

i _ _ by the Lower Cambrlan Antrlm Plateau VOlcanlCS (Table 6
Pig. 6)s Precise correlatlons are possible between the

different areas, and the sequences are divided into a lower
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“unit (Duerdin, Kuniandi, and Mount House Groups), and an

unconformably overlying upper unit (Albert Edward and

Louisa Downs Groups). The glacial periods represented by

the lower parts of the sequencés are referred to as the

Moonlight Valley (lower) and Egan (upper) Glaciations

respectively. The Little Burke Tillite in northwest

Queensland (de Keyser, 1972), which underlies Cambrian

rocks of the Georgina Basin, shows remarkable similarities

to the lower glacial successions.

Glacial pavements are common and the tillites are of

. undisputed glacial origin. Dolomite is commonly closely

associated with the tillites, and the overlying sequences
consist mainly of siltstone or shale.

ARAFURA BASIN

RS

The Arafura Basin (Fig. 1) is an undeformed inter-

cratonic basin, on the north coast of the Northern

- Territory, which transects most of the structures in the

unconformably underlying McArthur Basin and Pine Creek
Geosyncline. Palaeotopographic features in the basement
are preserved, and much of the sediment was derived from
the immediately adjacent McArthur Basin area.

 The exposed succession (Table 7) comprises the

1450-m thick late Adelaidean VWessel Group. Most of the

basin underlies the Arafura Sea, where a largely unknown
sequence may continue up into the Palaeozoic; estimated
depths to aéromagnetic basement indicate over 10 000 m of

~section and Money Shoals No 1 well intersected a thin '

Silurian section (Balke et al., 1973). The thick Mesozoic
and Cainozoic sections unconformably overlying the western

Arafura Basin héve been assigned to the Money Shoals

Basin (Williams, Forman, & Hawkins, 1973).
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TABLE T

SUMMARY OF ADELAIDEAN STRATIGRAPHY, ARAFURA BASIN
AND EQUIVALENTS

Unit Thickness Main Rock Types
m
) (Elcho Island Formation 150+ Feldspathic, micaceous,
( glauconitic sandstone &
siltstone; quartz sandstone;
: dolomitic siltstone.
{Marchinbar Sandstone 240 Quartz sandstone
‘%(Raiwalla Shale ca. 600 Argillaceous dololutite, shale,
& ( .o fine-grained (micaceous)
e ( sandstone.
& ( -
ﬁéBuckingham Bay Sandstone 150-450 Quartz greywacke, quartz

sandstone, conglomerate.

Cox Formation 45+ Micaceous siltstone, shale,
gquartz sandstone.

v

Bukalara Sandstone 30—300 Feldspathic sandstone, quartz
sandstone, conglomerate.

- s am
|
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The Bukalara Sandstone and Cox Formation shows a

similar'structufal relationship to the southern part of

the McArthur Basin as the Vessel GrOﬁp to the north,:and

" are lithologically very similar to the lower part of the
Vessel Group. The glauconite isotopic age of about

- 790 m.y. from the Elcho Island Formation is considered

firm evidence of a late Precambrian age for the sequence,

despite the presence of Seolithus-like structures,

h previously considered to be confined to the Phanérozoie,

in both the Buckingham Bay and Bukalara Sandstomnes.

" The presence of scattered glauconite throughout fhe
Wessel Group indicates deposition on a shallow marine e
shelf. The alternation between arenites and carbonate-
rich lutites can be explained by variations in the rate
of erosion and supply of teirigenous material, perhaps due
“to climate, rather than variétioné in the depth of water.

The carbonate-rich lutites may reflect arid periods, the
fine terrigenous material being introducéd by wind; - the
arenites were laid down éuring periods of increased
erosion in the source areas due to minor uplift or a

wetter climate.

PHANEROZOIC HISTORY

The Kimberley to Mount Isa region has been exceptionally
stable throughout the Phanerozoic. Close parallelism of
Tertiary, Mesozoic and early Palaeozoic land surfaces are

apparent in.many areas. The geoiogical histoxy was

~ ~domina¢ed4by—emergence-andnsteadyférosion,»,-V-.,,, : _V,Na.,wml.ﬁﬁ,mu .

" The Lower Cambrian flood basalts (Antrim Plateau

Volcanics and equivalents) extend from the East Kimberley

to Nicholson River area. 'Early Palaeozoic sediments were
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deposited in the Georgina, Daly River, Ord, Wiso, Canning,
and Bonaparté Gulf Basins_around the beriphery of the
exposed Predambr;an rocks, but thick accumulations,
including late Paiaeozoic rocks, were'confined.to the
northwest, in-the Canning and Bonaparte.Gﬁlf_Basins. The -
Palaeozoic basins were.largely controlled by old
Precambrian structural features., Thick deposits of

phosphaté accumlated in the eastern Georgina Basin.

Thick accumulations of Mesozoic sediments were

confined to present-day offshore areas of the Northwest

Shelf and Money Shoals and Carpentaria Basins. A late
Mesozoic transgréssion is represented by thin scattered
outliers of Lower.Cretaceous rocks.scattered throughout
the region, The Groote Eylandt manganese was deposited
during this period. : -

The Cainozoic was a period of weathering, erosion,

.and broad uplift, with widespread development of Tertiary

laterite. The deep weathering severely modified
outcropping mineral deposits, and formed major deposits
of bauxite, such as the Cove deposit developed on Lowerxr
Cretaceous claystones, and the Mitchell Plateau deposit
overlying basalts of the Lower Proterozoic Carson
Volcanics.

REGIONAL PATTERNS OF MINERALIZATION

The Kimberley to Mount Isa Region shows many regional
patterns of mineralization which provide valuabie clues

to exploration.

- -COPPER - - - 2o msmmmm 5 mesmm % e

Copper is widespread throughout the region, but most
of the occurrences are small. Most of them are found in

the northwest Queensland Province and thé Kimberley Region,
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Tﬁq main associations are significant - basic igneous

rocks and sedimentary associations. .

Basié igneous_focks. Sparse disseminated copper is .
common, and sometimes ubiquitous, in most:df'the tholeiitic

basalts of the region. Primary sulphides, secondary oxides

or éarbonates, and in places native copper, are all present.

Although concentrations in amygdales at the tops of flows

are known, economic deposits only occur in structurally

-suitable situations: _— ' .

(1) Structurally prepared host rocks of favourable lithology
(e.g. black shale, dolomite, acid volcanics) in juxtaposition
with basic igneous rocks, such as dykes or fauvlted lavas. -
Examples include deposits in the Mary Kafhleen Group (e.g.

Great Australia and Mount Elliot), and in the Tewinga Group

(e.g. Blockade, Brooks et él., 1974). Mount Isa is also
suggested as an example of this type (Smith & Walker, 1971),
although others (e.g. Bennett, 1965) favour a syngenetic
origin, |

(2) Faults and shears within basic igneous rucks. Most

deposits are small., Examples are the Success and Lone Hand

in the Marraba Volcanics (Brooks et al., 1974), and

uneconomic deposits within the Eastern Creek, Peters Creek,
and Carson Volcanics, and the Mégna Lynn Metabasalt.

(3) Breccia pipes in the Gold Creek Volcanic Member at
Redbank.

Sedimentary associations. Copper mineralization can

. be-associated. with specific beds (excluding. _ igneous rocks) - _

but economic¢ concentrations again depend on proximity to

suitable gtructures. The majority of deposits are associated

with near-shore facies, particularly in carbonate associations. '
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In the'Northwest Queensland Province most’of the deposits
occur in equivalenfs of the Mount Isa Groub: Mount Oxide
“and Mammoth-at the top of the Gunpowder Creek Formation,
Lady Anhié in the Paradise Creek Formation, and depﬁsits
of the Mary Kathleen Group, particularly in the middle part

~ | “of the Corella Formation and in the ﬁarimo and Answer Slates,

Around McArthur River small.deposits occur aldng shears

within dolomite and éiltstone of the Umbolooga Sub-Group:

Kilgour and Coppermine Creek ih the Amelia Dolomite,

Yah-Yah at the top of the Tooganimie Formation, and Turnbull
aq@ Sgulb in the Emmerugga Dolomlte. Copper has.been
recorded at many levels in the Kimberley region. The

Ilmars, Angelo, and Saunders Creek Prospects are

associated‘with doloﬁitic shale of the ﬁiSCay Formation
(Halls Creek Group).“,In the Kimberley Basin succession
sedimentary copper has been investigated in the carbonate-
\redbed facies of the Teronis Member of the Elgee Siltstone,
and in interbedded siltstone and sandstone of the Fenetcost
Sandstone and Mendena Formation.

At Rum Jungle, in the Pine Creek Geosyncline, copper
is associated with the uranium deposits. Copper is commonly

associated with acid volcanics and granites throughout the

Kimberléy to Mount Isa region, but the deposits have gensrally

'
=

proved to be small. Exceptions are the Mount Cclin and

Mount Lindsay deposits adjacent to the Burstall Granite near

Mary Kathleen.

!

GOLD
 Most of the gold deposits are small and were mined
during the late 19th and early 20th centuries. Much of the

gold was won from alluvial deposits. The primary deposits
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volcanic rocks and dolerite dykes.
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aré generally quartz reefs in favourable structural
situations; associated sulphides are common. The
deposits aie all found in orogenic domains and, although
the original source of the gold is obscure, most show_a
stratigraphic control.
In the East Kimberley the deposits around ggllé

Creek are confined to a narrow zone along the boundary

of the Biscay and Olympio Formations (Dow & Gemuts, 1969).

Shale is a favourable host rock but some.deposits occur in

The deposits in the Pine Creek Geosyncline (Walpole

QAMTIE TP Y DA PN £ R 7 A L e R

et al., 1968) fall into two groups. Those in the . -

Brocks Creek and Golden Dyke areas are restricted to

pyritic shales, contaiﬁing nodules and lenses of quartz,
in the Golden Dyke Formation. The deposits of the Pine
Qgggg region are clustered about the Cullen Granite and
related bodies; they are associated with faults and shear
zones in greywacke and slate of the Burrel Creek and Masson
Formations, and have compiex mineral associations such as
gold-copper-lead-zinc, |

Small deposits in the Northwest Queensland Province
are reported from the stratigraphically equivalent Overhang
Jaspilite (Top Camp diggings), the lower part of the

Surprise Creek Beds (Bower Bird/Sunday Gully fields), and

the Mingera Beds. All occur as auriferous fissure quartz

veins in shales.

Iron deposits occur at several stratigrapﬂic levels
in the region. The only evidence of a regidnal stratigraphic

control are the Roper River (Canavan, 1965) and Constance
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Range (Harms, 1965):deposits, which occur in the broadly
equivalent Roper (McMinn Formation) and South Nicholson
(Mullera Forﬁatioﬁ) Groups respectively. Both deposits

cbnsist of several beds of hematitic, sideritic, and

. chamositic oolites and feiruginous sandstone'depositéd in

a very shallow basin, perhaps nearshore.
The Yampi deposits in the West Kimberley occur in the

Pentecost Sandstone, (Kimberley Group) and are interpreted

‘as fossil iron beach sands (Gellatly, 1972). The hematite

beds at Pompeys Pillar and Bandicoot Range in the Adelaidean
Carr Boyd Group of the East Kimberley were also deposited
in a near-shore environment.

The Frances Creek hematite deposit in the Lower

Proterozoic Pine Creek Geosyncline was formed by supergene
enrichment of iron-rich sediments in the Masson Formation,

while the Pritchards Lode at Mount Bundey (magnetite and

‘minor sulphides) is a product of magmatic gegregation, oxr
contact metasomatic replacement, resulting from the
intrusion of the Mount Goyder Syenite (Walpole et al., 1948).
Numerous small unec;ﬁomic irongtone bodies throvghout

northern Australia were formed by supergene enrichment during

Tertiary weathering.

LEAD=-ZINC

The outstanding example of stratigraphic distribution
of mineralization in northern Australia is lead-zine
minéralization in the Carpentarian McArthur Group, and its

equivalents, throughout the McArthur Basin and Northwest

~ “Quéensland Provincé. Prime examples are the H.Y.C. deposit -

in the Barney Creek Formation at McArthur River, and the

Mount Isa, Hilton, and Mount Novit deposits in the
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Urquhart Shale of the Mount Isa Group. Lesser examples

are the Bulman deposit in the Mount Rigg Group of Arnhem

' land, the Lady Loretta (Paradise Creek Formation) and

Lawn Hill (Lawn Hill Formation) deposits on the 'Lawn

Hill Platform!, and the Dugald River deposit in the

Corella Formation of the Eastern 'Geosyncline', together
with numefous minor occurrences in the Fickling Beds, fhe
Karns Dolomite at Calvert Hills, the Vizard Formation at
Roper River,'and the smaller deposits in-the MeArthur River

area, such as Cooley, Cooks, Cox, Bald Hills, W-Fold, and

" Reward.

The H.Y.C., Mount Isa, Hilton and Mount Novit deposits

show rémarkaple analogies. They occur abbut the middle
of the McArthur or Mount Isa Group sequences. They were
deposited in troughs flanked by shallow shelves. Sections
on the shelves are incompléte and equivalents of the ore-
beds are missing. The ores are finely laminated. The
host rocks are laminated carbonaceous, pyritic, dolomitic
shales deﬁosited in restricted depressions. Tuffaceous
material is abundant. Evaporites lower in the sequence
could have provided brines.l The orebodies are adjacent to
major faults; the Emu Fault at McArthur River was active
during depositign of the ore-beds, and the Mount Isa Fault
may have been active. The structural énd'climatic
conditions appear ideal for a restricted reducing
environment, and analogies can be drawn with modern Réd
Sea brines,

All these conditions - stratigraphic position, rock
types, and structural setting - are met by the Vaughton.

Siltstone in Arnhem Land, It must be considered a prime
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_ of the Lower Proterozoic Golden Dyke Formation.
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exploratibn tafgetr particularly adjacent to the
Koolatong Fault, although exploration is hamperasd by
lack of outcrop, and no mineralization has been reported
so far. |

The Lady Loretta, Lawn Hill, and Dugald River deposits

may also fit the same pattern, but full details of their
settings are not known to us,

Most of the other deposits listed occur in shelf
-dolomite. Disseminated galena is comﬁon in certain
forﬁations and secondar& concentfations have been formed
by mobilization along suitable étructures. The Bulman
deposit.is a special case of scattered pods of hassive
galena in massive dolomite, immediately above a dolerite
si}l. The iead may haye been derived from the dolerite or
by mobilization of ;é&imentary galens in the dolomite during
heating by the dolerite; we prefer the latter. The
\Coolex deposits at McArthur River occur in brecciated
dolomite of the Cooley Dolomite Member, a facies equivalent
of, and immediately adjacent to, the H.Y.C. Pyritic Shale
Member. Bodies of coarse galena are developed within
dolomite in the Emvu Fault Zone adjacent to the main
H.Y.C. orebody.

Small occurrences of lead are known in other carbonate
units, such aé in the Victoria River and Birrindudu Basins,
The Woodcutters (Roberts, 1973) and the nearby Browns
prospects at Rum Jungle occur in graphitic dolomitic shale

Small occurrences of galena are associated with;;afiéﬁs‘

igneous rocks of the region. Some production took place

from the Costeos deposit (Sofoulis, 1968) in the East
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Kimberley whefe galena occurs in quartz-filled shears
within the Haft Dolerite.
TIN-WOLFRAM

All tin and wolfram'deposits are asgociated wifh
post-tectonic (tfansitional fectonism) granites. Moet
of'the.production has come from fault and fissure deposits
in country rocks around.the Cullen Granite and related

bodies in the Katherine~Darwin region. Minor production

has come from deposits within granites‘pf'the Vlest

Kimberley and the Murphy Tectonic Ridge.
URANIUM

Northern Australia has been the principal source of
uranium in Australia. Future production is likely to
follow thié pattern, although significant uranium deposiis
have been discovered ;ecently in southern Australia.

Production from the Mary Kathleen deposit exceeded that

from the Lower Proterozoic rocks of the Pine Creek

Geosyncline, even though this lattef area contained the
largest number of deposits. However, the.Pine Creek
Geosyncline is now the main exploration target because of
the recent discoveries of large deposits at Ranger, |

Nabarlek, Koongarra, and Jabiluka in the Alligator Rivers

area. Dodson & Prichard (1974) have described the main
features of the region. |

The principal feature which the deposite in Lower
Proterozoic rocks bave in EOmmon is  their stratigraphic
contfol; they all occur in carbonaceous shgle or chlorite_ii
schist of the stratigraphically equivalent Golden Dyke

Formation (Rum Jungle) and Koolpin Formation (El Sherana,
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Rockhole, Palette, Ranger, Nabarlek, Koongarra, and
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Jabiluka), They are situated adjacent to basement

highs of the'Rum Jungle Complex and Median Ridge. They

- are localized in suitable structures such as folds or

fractures (Rum Jungle, South Alligator Vailey), or in
shears and collapse structures near or at the margins of
granitic and metamorphic complexes (Ranger, Koongarra,
etc.)o

Although found in the Carpentarian Mary Kathleen

Group, the Mary Kathleen deposit shows some analogy to the

Alligator Rivers deposits, in that it is situated above

a basement ridge of the Eastern 'Geosyncline' and is

adjacent to the Burstall Granite. -

The many other deposits associated with the Lower
Proterozoic and Carpetitarian rocks of northern Australia

are relatively small, The early Carpentarian acid Edith

‘River Volcanics (Coronation Hill) and Cliffdale Volcanics

(Pandanus Creek) have yielded small amounts of ore and

contain numerous radiometric anomalies. The radio- .
activity of conglomerateé in the King Leopold Sandstone,
Lansdowne Arkose, and 0'Donnell Formation of the lower
Kimberley Basin succession is due to thorium. Small
prospects are located within the Carpentarian basic
rocks of the McAddens Creek Volcanic Member of the
Kombolgie Formation near Katherine (ABC), the Peters
Creek Volcanics near Westmoreland, and the Eastern Creek

Volcanics north of Mount Isa. The Westmoreland deposit

" ocecurs in joints and fractures adjacent to a trachyandesite:

dyke (a possible feeder to the Peters Creek Voicanics)

which intrudes the Westmoreland Conglomerate.
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