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ABSTRACT 

The go ld metallogeny of Australia is predominantly confined to the Archaean 
and Palaeozoic Provinces. The Archaean gold occurrences are predominantly 
hosted in ultramafic-mafic dominated greenstone be l ts, with less associated 
to felsic-volcanic and sedimentary sequences. Most gold occurrences are 
confined to shear zones or faults, and adjacent 
discoveries of economic laterite-hosted deposits, 

host rocks. Recent 
are presently under 

investigation and will supply a significant proportion of production in the 
future. 

The Proterozoic gold deposits of Australia , are confined to geosync l inal 
sequences, commonly turbidites (eg: Telfer), with other hydrothermal 
deposits associated directly to granites. An important feature of the North 
Australian Craton deposits, is the spatial association of most deposits to 
granite bodies, although a genetic link has not been established 
conclusively. The Roxby Downs deposit in South Australia i s a un i que 

occurrence of gold in association to copper, uranium and R.E.E. This 
deposit is tentatively re l ated to intraplate alkaline-magmatism, with 
furt her work necessary • 

The most significant recent discovery of gold minera l izat i on in Austra l ia is 
This epithermal 

is tentatively 
minera l ization, 

related 
in the Drummond Basin in Queensland. 
associated to acid-volcanic centres, 
mineralization within the Georgetown Inlier. The latter mineralization 

to 
is 

Permo-Carboniferous, in a Proterozoic (and possibly Archaean) sequence of 
schists. It is tentatively suggested that all the go l d mineralization i n 
northern Queensland may be related to single tectonic event, a feature which 
requires further study . Other mineralization in the Phanerozoic inc l udes 
the turbidite-hosted metamorphogenic deposits of Victoria, the rift re lated 
deposits in New South Wales and magmatic related deposits in Queensland. 

The gold deposits in Austra l ia may in the future be classified in a tectono­
geo logical framework, similiar to the layout of this dissertation, 
particularly once further data becomes available on recent discoveries. 
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1. INTRODUCTION 

The history of gold mining in Australia extends back to 1823, with the first 
discovery of the precious metal near Bathurst in New South Wales (Blainey, 
1963 in King, 1975). Since this time, the gold industry in Australia has 
fluctuated quite dramatically, particularly around the 1850's during the 
gold rush days. Currently there is a resurgence of interest in all aspects 

of the metal from exploration to mining. With this in mind the choice of 

Gold Metallogeny of Australia as a topic for this dissertation was a timely 
one. 

It would be presumptuous to think that this dissertation has adequately 
described the many tens of thousands of gold occurrences in Australia in 
detail. The main objectives are rather, to describe the major occurrences 
of gold, the geological and tectonic framework of these occurrences, and to 
present a more or less standardized format in which further discoveries of 
importance may be included. Previous workers in this field have to a large 
extent confined descriptions to individual deposits or provinces, without 
taking note of the grander scale of features. A number of obvious 
constraints are applied (or inevitable) in a study such as this, including 
availability of data (eg. lack of 1:250 000 Geology Sheets and 
descriptions), and a lack of personal experience in the areas described. 
Where pOSSible, the latest available information is used, including non­
scientific publications such as the Gold Gazette and the Mining Journal. 

The broad frames of reference in this dissertation are time boundaries, the 
Archaean, Proterozoic and Phanerozoic, which also reflect fundamentally 

different tectonic regimes. Within this framework the most important gold­
rich geological provinces are described in terms of general geology, 
tectonic environment (and in some instances evolution), and gold 
mineralization. The latter concentrates on the different styles of 
mineralization in each area, and in some instances, the different deposits 
of an area. 

The availability of information within the framework presented, is reflected 

in the detail (or lack thereof), in which each domain is described. With 
recent developments in the industry being so rapid, little information is 
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available on the newer deposits, particularly in Western Australia and 
Queensland. It is suggested, that format of the dissertation as presented, 
is suitable for the inclusion of new information, and the future 
classification of all the gold deposits in a broad tectonic and geological 
framework. 

The final section of this dissertation is a synthesis of the important gold­
provinces, identifying areas of potential, and various features occurring 
consistently throughout a single area or including adjacent areas. The 
conclusions drawn in this section, are based on the research undertaken 
during the writing of this dissertation. It is hoped that this dissertation 
supplies a general background to the geological a~d tectonic framework of 
the many different types of gold occurrences in Australia, for those 
unfamiliar with the Gold Metallogeny of Australia. 
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2. GEOLOGICAL AND TECTONIC FRAMEWORK OF AUSTRALIA - General Review and 
Nomenclature 

The Australian continent can be subdivided into three broad geological 
provinces, the Western, Central and Eastern Cratons (Figure 2.1 a). The 
tectonic provinces of the continent have been described in many publications 
including Brown et al., (1968), Compston and Arriens (1968), Warren (1972), 
Rutland (1973, 1976, 1981), Denmead et aI., (1974), Fisher and Warren 
(1975), Plumb (1979 a,b), Gee (1979), Hunter (1981), and Harrington and 
Korsch (1985 a,b) amongst others. Some of the above publications 
specifically refer to a selected tectonic province while others concentrate 
on the Australia-wide concepts. The tectonic framework adopted for this 
dissertation is modified after Plumb (1979 a, Figure 2.1 b), with the 
geological framework after Palfreyman (1984, Figure 2.2). Within the 
individual tectonic provinces (Figure 2.1 b), detailed descriptions of the 
geology and tectonics include those by Gee (1979; Western Australian 
Shield), Plumb (1979 b, Northern Australian Precambrian), Groves and Batt 
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Figure 2.1 (a) Geological framework of the Australian continent 
(Palfreyman, 1984); (b) Tectonic framework of Australia, used in this 
dissertation (slightly modified after Plumb , 1979 a) . 
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sub-divisions of the Australian continent 

( 1984; Western Austral i an Shield), Glickson ( 1976; Western Australian 
in New South Greensone Belts), 

Wales) and, 
Harrington and Korsch, 

Solomon and Griffiths (1972; 
(1985 a,b; Palaeozoic 

Tasman Orogenic Zone). 

The nomen~lature used in describing the tectonic history of Australia is as 
varied, as the publications available. For the purposes of this 
dissertation the following terminology is used (after Bates and Jackson, 
1980; Warren, 1972; Plumb 1979 a). 
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Tectonic Province: this refers to a large area with a characteristic group 
of features which serve to distinguish it from adjacent areas. The features 
are tectonic such as lithologies and strucutre. A tectonic province may 
contain cratons, fold belts, basement inliers, sedimentary basins and mobile 
belts. 

Craton : is a 
following a 

part of the Earth's crust which has attained stability 
number of orogenic cycles, and is usually in areas that have 

been subsequently covered by Platform Cover sequences. A craton may consist 
of a number of different tectonic units (eg . Yilgarn Craton). 

Orogenic Cycle: is an evolutionary cycle involving intitial deposition of 
sediments and or volcanics (Geosynclines), followed by deformation 
(Orogeny), and plutonism/metamorphism (Metamorphic Belts). 

Orogeny : is the process by which geosynclinal sequences form mountain belts 
by deformation (thrusting, folding and faulting in the outer and upper 
layers, and plastic folding in the inner and deeper layers), metamorphism 
and plutonism (in the inner and deeper layers). 

Orogenic Belt: is a mobile belt which has been subjected to post-orogenic 
tectonism. 

Mobile Belt: is a geosyncline which has been subjected to the early phases 
of an orogeny. 

Transitional Domain: an area of late- to post- orogenic tectonism associated 
with the last stages of cratonisation and is transitional between orogenic 
and cratonic domains. 

Orogenic Domain: is in part equivalent to an Orogenic Belt and a Mobile 
Belt. The domains were belts of intense tectonism involving the filling and 
deformatioQ of ortho-geosynclines or the development of metamorphic and 
igneous complexes prior to cratonization. 

Fold Belt: i s a synonym for Orogenic Belt . 
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Platform Cover: is a group of sedimentary basins which developed more or 
less at the same time and in the same way, and overlie the immediately 
preceeding Orogenic Domain and Transitional Domai n, and spread across older 
Cratons and Platform Covers. 

The above terminology is necessarily simplified to allow flexibility in 
interpretation of different tectonic units. A geochronological order 
simplifies the discussion of geological and tectonic units, and their 
evolution. The Archaean conSists of the Pilbara and Yilgarn Cratons , the 
Proterozoic conSists of the North Australian Craton, the Gawler Craton, the 
Curamona Craton, the North-east Orogens and the Central Australian Mobile 

• Belts, and the Phanerozoic is dominantly the Tasman Geosyncline (Figure 
2.1). 

This chronological framework reflects the complete history of Australia and 
hence the evolution from Archaean tectonics to modern plate tectonics (see 
Windley, 1984). The Archaean in Australia is an area of stability from 2300 
Ma, which influenced the emplacement and deposition of Proterozoic rocks, in 
a dominantly geosynclinal (basinal) environment. The Phanerozoic rocks in 
Australia show the characteristics of active plate margin tectonics, a 
feature not readily observed in earlier terrains. In preference to 
presenting an all encompassing tectonic model of evolution for the 
Australian continent, the individual provinces descriptions in the following 
sections consist of a review of tectonic processes affecting those areas, 
and the geological characteristics. 

* The term Geosyncline is adopted in preference to Orogen or Fold Belt to 
avoid confusion with sub-divisions wi t hin the Tasman tectonic province. 
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3. ARCHAEAN 

The Archaean of Australia consists of the Yilgarn and Pilbara Cratons in the 
Western Australian Shield, (Figure 3.1) and possibly some minor Archaean 
basement fragments in the North Australian Craton (Plumb, 1979 a,b). The 
geological and tectonic evolution of Archaean rocks in general, has been 
discussed previously by numerous authors including Glickson (1976), Condie 
(1975,1981), Goodwin and Smith (1980) and Windley (1984). With particular 
reference to the evolution and geology of the Western Australian Archaean 
cratons, key papers include; Compston and Arriens (1968), Glickson (1976), 
Gee (1979), Gee et aI., (1981), Hickman (1981), Groves and Batt (1984) and 
Hallberg (1986). In this dissertation the geology of the two cratons is 
predominatly taken from Gee (1975), and the interpretative geology and 
tectonics is taken from Gee et aI., (1981) and Groves and Batt (1984) . 

.;~~; Euosco AWUlEIIN kim,,,,,,, 
//;; 

//.~; TO hon-,ccnou. "~QUf.llc.tj 

1. YllGARN (RATON 

2. PILBARA (RATON 

3. Pine Creek. 

o· 

)(). 

500"," 

ARCHAEAN 
120· 

Figure 3.1 : Distribution of Archaean rocks in Australia (Modified after 
Palfreyman, 1984 and Plumb. 1979 a). 

20· 

lO· 
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3.1 Yilgarn Craton 

3.1.1 Geology 

The Yilgarn Craton consists of three major structurally and geologically 
distinct provinces (Figure 3.2), the Southwestern, Murchison and Eastern 
Goldfields Provinces (Gee, 1975). The Southwestern Province consists of 
shallow water sediments which have been deformed and metamorphosed 
repeatedly, and intruded by mafic and ultramafic rocks, which formed the 
Western Gneiss terrain. The granite-greenstone terrains are the Murchison 
and Eastern Goldfields Provinces, consisting of pre-, syn- and post-tectonic 
granitoids (70%) and greenstone belts (±30%). The pre-tectoniC types are 
gneisses, that occur predominantly in the Southwest Province, with minor 
occurrences in the other provinces. The syn-tectonic (± 2.6 Ga) granites 
are discrete domal and/or coalesing plutons with indistinct intrusive 
contacts and a strong tectonic fabric. The post-tectoniC granitoids have 
distinct contacts with, and are discordant to the syn-tectonic granitoids 
(Gee et al., 1981), and greenstone belts. 

The main deformational and metamorphiC event in the Yilgarn Craton occurred 
at 2.2 Ga, represented by a zonation from a lower-amphibolite facies (high­
grade regime) in the southwest, gradational to a greenschist facies (low­
grade regime) in the northwest. 

Groves and Batt (1984), subdivide the Yilgarn Craton, on an interpretative 
and metallogeniC basiS, with further subdivision of greenstone belts on the 

basis of types of depOSitories, interpreted from lithological associations. 
The level of erosion in greenstone belts is predominantly higher in the 
north and lower in the south (Gee et al . , 1981). The main lithological 
associations in the greenstone belts are the mafic-ultramafic volcanic, 
felsic volcanic and sedimentary associations . The mafic-ultramaf ic 
association comprises tholeiites, komatitic basalts and peridotites. The 
komatitic _ lavas do not have a specific association to lower levels of the 
stratigraphy (Gee et al., 19B1), a feature that has been regarded as 
characteristic to greenstone belts (eg. Barberton Greenstone Belt, 
Belt, Anhaeusser, 1976). There is however a close spatial and 
temporal relationship between tholeiites and komatiites in the stratigraphiC 
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Figure 3.2 Geology of the Yilgarn Craton (after Gee, 1975). 
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successions of the Yilgarn Greenstone Belts, and peridotites may occur in 
the felsic volcanic or sedimentary associations. 

The felsic 

agglomerates, 
1981), and 

volcanic association consists of complexes containing 
tuffs, minor lavas and subvolcanic intrusives (Gee et al., 

in some instances ignimbrites and ash fall tuffs. The 
ignimbrites and ash fall tuffs indicate a change from submarine to sub-
aerial volcanism which occurred on a local scale. A further suggestion by 
Gee et al., (1981), is that beds of graded ash-tuff and cherts in the 
generally coarse agglomerate sequences, could possibly represent caldera 
deposits. The tectonic environment for the felsic volcanism (prior to 
becoming subaerial) is a quiet sea floor, with individual volcanic centres 
(Gee et al., 1981), and associated chemical sedimentation . As mentioned 
above the volcanism may have become subaerial at a later stage. 

The sedimentary association commonly occurs at higher levels 
stratigraphy and consists of conglomerates, sandstones and 
indicating a shallow marine basin depository. Chemical sediments 

in the 
shales, 

(cherts) 
occur within the sedimentary successions, usually in association with felsic 
volcanics, indicating a possible deeper water reducing environment, relative 
to the clastic sediments (the latter containing evidence of cross-bedding 
and mud cracks, Gee et aI., 1981). 

The interpretative review of Groves and Batt (1984) of the West Australian 
Archaean, defined four major tectonic terrains on the basis of lithologies, 
structure and mineralization. This subdivision is in essence similiar to 
that proposed by Lowe (1982), which defined older (3.55 - 3.3 Ga) greenstone 
belt volcanic sequences accumulated in a shallow water depository as 
anorogenic volcanic platforms, and younger (2.8-2.6 Ga) greenstone belts 
with volcanic sequences deposited in deeper water depositories. The Groves 
and Batt (1984) subdivisions are high grade gneiss terrains, granite­
greenstone terrains, intracratonic basins and late-Archaean complexes (Table 
3. 1), of -which the granite-greenstone terrains are further divided into 
older and younger greenstone belts, and rift-phase or platform phase 
greenstone belts. The charactersitics of the Groves and Batt (op cit) 
subdivisions are shown in Tables 3.1 and 3.2. 
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usoditioas Generally lubceoAomk ulcnsively mIMraliz.cd. Maj(H" malor '-Cdimentary ore 'tnc:rall~ pood~ 
(with II\IIjor usociaJloru include lAorthosile- usodlliolll lnelU": dCPOlill of 1M world, mll'lCflliud. IlthOLlp they 
review anldc. wornile. 'I'oit&nic- or II komatiile Nl-CII :t PGE indlldina: lI\IIy hew t.#\I!l b,uc'mclal 
wbert appro- Icdimmlat)'·hOlled dillCmlMled (Minion el .1. 1911). il '1U1lu·pcbble CQflllomcnl~ IUpoihl and pc,m&l.ite Sn· 
ptlate) Cu, IIltramar ... nlllk lnulliin Ii) volnl\Ollenlc Fc,CII·Zn AII'U (PrctOrilil 1911) T. a.uoelalioru. Hown'cr. 

Hi·Cu. l!r'lifotm Au, .nd maul'l'e lulphld~ ii) SlIpctioNypc 81F ewhed they eIIert an lmpotlllli 
pesmathc Sn·TI (IUldy relaled lUocialion (Fflnklfn CI .1. fe (Birky and Jamn 1913) eonuo! on U depolitl 
10 roun," 'flAhoilh) 1911) Olher depolil Iypes indude located II 0( adjacent 10 lhe 

Ill) Vokanic· .nd SIP·hosled Iitatiform Mil, dillCminalec1 unconformilY ",ilh ovedyill' 
All (Boyle 1919); plob;abJy CII in altered bas.alu. """'I~_ Lower Proterozoic: 
lar,eiy mellmorpho,cnic hosted Au and Imall Pb·lo·P sedimentary 5t;>Quentc:l -
depO.lill (Kerrl~h .nd dqJOSill lbe so-aUed ullCOnfonll.lly· 
Fryer 1979) Irpe U dtpcWu (Nub CI al. 

Iv) pe,mltlle Sn-T.·LI 1911) 
v) layered Intrusion chromile· 

Ubut_lIle'Rganellle 
(Anhacul5t;l t9'6bl 

'1'1) AI,om.·lype lUF Iron 

Table 3.1 Features of different Archaean terrains including metallogenesis 
(Groves and Batt, 1984). 

Oida" unatru (l.' 3.0 G.) YDun,er lerrallll (l.0 -1.7 CH) 

Plalform-phase IfU(UtonCi 

I . Muimum upowre Df lernln II a. 50000 kmJ (ean Pilbara) 1. Muimum eltpoilire or teH.ln is c:a. 300000 kll'lJ (Mun:hlaoct ud 

1. Ho uneqlllvocaJ basement upoud; sialic ba.!ement Inferred frorn 
Southern CrOll Provincu) ,. earlier lIalit ttull UpOIed In MIme lenlJIlI: dalle enUllnfURd Ia IndirOCI evidence others 

3. Gross leaon.ic pallern of more or leu cqlll'lp"ea: I"nllold domes l. GrO$l ltetonlc pallern of more or leu cqui'lpac:ecI a:nuUtold do_ 
wilh InlCfVenln, , reerutonc. wilh inlcrvcninllrcenltollCl 

4. Fwmalion inltrYlI )00-500 M.; mc:lImorphlsm al ](asl)OO Ma Ifter 4 •. Formation inlervIIIOO-)OO M.: IMlImorphlsm a, bit lOG Mlltler earlicu 'I'olanla e.rUnl volanks 
J. Coherent 'I'okanic Jirltl,rapby; Indil'ca evidence of more or leu J. Cohelrnl vol,anl, nrali,r1Iphy; Indirect evldtnce o( mOte of Ic$s 

a)lUllAl lhlcknc:u of ,rHllIlone pUc camllnl Ihicknesl of I'celllione pUe 
6. BaJ.aJIJ dominale voit&lIic 5t;>QuenCc:l; kOltllllllc. and felil. volanlct: 6. Basalu dominale volCllnlc 5t;>Qucnc:u; komalUtc. .nd (eWe voI~ 
~. r.re 

7. Veil' IblUow·water depositional environmenlJ; scdimenlllncilidc 1. V,ri.ble depositional environmenlJ, but 'I'cry ahlllow-wliu buIas nrc 
lubaerlailo $hallow,wlter volcanlcl • . llie ICdlmenll. evlporltes '00 

Of .!nenl; JCdimenu include wUow-.. ter dutla, tlitbldilCli I1WI SIP ,"tCliOtllt)' lapllU 
,. AnomalOLlI meallo,enic associllions Indllde evaporative barile, small t. Widespread volcanic-bOIled Ind SIF·hOllec1 , old dcpodu. GcllCTll.l1 

Ph- and sulphlle-rich 'I'oicano,tI1ic maulve sUlphldC$ and porphyry. rct.ti'l'ely ImaU 'I'ol<:ano,enie maul'l'e CII'Zr1 lulphldCIII1Wl kOUlllilte-
Ilyk Mo-Cu. Fe-,ulphidCli I~. Gold deposit. 'mallind dllpcr$Cd. associaled Ni-Cla deposits arc wfdely dlspcned. Fc-sulphi6el c::ommon. 
~matiite.uwdated Ni-Cu "polill Ibnnl. Mineralil.ltion potenllal ~ineraliullOD polentlal hit.hcr IhaA oIdu c::ounlU~, bu.1 Iowa lMII 

IIn.pll.uc 1JttRI1_ 

Older lun.iru (3.S- 3.0 G.) YOIilllcr Itrraim (3.0-1.' Ca) 

Rlfl·pIwc arCCfUlOMS 

I. Mulaallaa ~pOIlirc of terraln is ca. 10000 km' (West Pilbara) I. Muinlum t.lpG1\lre" ca. lSOOOO km' (Honanlll,WUIIN Bell) 
2. Developed oa carUcr Itetlllione belli or pili form phIlO 1. Probubly parlly <lcvdopcd on carlicr pwform-pbasc IIC1nUlOGCS and - patlly on tbinned sialic crUll 
). GrOll tOCIOnic: palltln II Unear 1. GrO$l ltelOnic p:lllcrn markedly linear wltb don .. le ..,..uloid dames 

and linke-dip fauiu 
4. FonutJoa inlcrval unknowllo 4. Formalion interval probably la, than 100 M • . 
S. Thkk lurbic1itc 5t;>Q1IoIInca; cotrlpkIJ atnliarlphy where volc.nla S. Complu 'I'okilnic malivapby: tnly have dOAple zona domln.w:d by ..... ~ rch;ic volcania 
f. Felde voJeanIq llIdIor komaliltc. prCHnl wher. ¥olcanlct: OC"CIIr 6. Komaliltes and/or ftble 'I'olc:an.\cs wldapt.-d; lbidt 'I'~ woqucn.c:u 

de¥elopc:d 
7. Variable MCilmcolaty envlronmentl, but domlnlnt dcpolhlon In dctp 7. Variable depwltlunat en'l'ironmentl rlllIt/i. rrora lubactlatlo deep 

trouahs; ICdimmll dom.lnaled by tUlbiditc:a Wlter 11011,111 in Idal UlnCl ot rift: scdlmol1lJ Include IlirbidUCi and 
lulphld!c Ihaln/thetlS 

I. Vlrlable rpctaJlolenlc IWOdatlOIU Include So.. or BI ·rkh ,old deposltl, t. M.jor mellUolcnlc ISSOl:iallon'; commonly spalial overlap or two ()( 
unaU 'I'olcano,enie musivc Cu·Zlt .ulphides and lmall pbbrold· more major minerallzalion lypc1. lmportalltlkposiu inc:Julk 
~ted N~ depositl. MJner.Hulion polcnllal,rcller ,han vuleaposcnic m;win Cu·Zn .ulphidn, komaliite,u"Xilllcd NI-Cu 
adjlcenl pwform·pbasc ,r«,"lones. but much to,,"cr IMn 101Jn;fr depolill and 'I'olc~tnic·hosled ,old deposits. Gldlesl mineraliu.tlon 
~nlcrp&rU poleJlli~1 of .ll ,r«nllone tCllailU 

Table 3.2 
greenstone 
1984). 

Characteristic features of platform-phase and 
belts, within older - and younger terrains (Groves 

rift-phase 
and Batt, 
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The Yilgarn and Pilbara Cratons of Western Australia. contain some of the 
largest gold deposits currently being exploited. Recent studies of 
mineralization and the cratons include those by Woodall (1979). Groves and 
Batt (1984). Ph ill ips (1985 a. b) • Groves et a I. • ( 1985). Ph i II i ps (1986). 
and Groves et al .• (1986). The studies of styles of mineralization in the 
Archaean (in addition to those above) include; Groves et al .. (1984). 
Hodgson (1985) and (in part) Rossiter (1984). 

3.1.2 Gold Mineralization 

The distribution of gold deposits in the Archaean of Western Australia is 
shown in Figure 3.3. The most obvious feature of the West Australian 
Cratons is the abundance of gold deposits in the Kalgoorlie region. "the 
Golden Mile". and the apparent lack of deposits. in the western portions of 
the Yilgarn Craton. and in the Pilbara Craton. The majority of deposits 
occur within greenstone belts in these cratons . Important Western 
Australian Archaean gold deposits have been classified according to host 
rock composition and style of mineralization by Groves et al .• (1985). and 
this classification is given on Table 3.3. The characteristics of the gold 
deposits in the Western Australian Shield can be summarized as follows 
(from Phillips. 1985 a; Groves et aI.. 1985). 

i. most deposits occur in B.l.F.'s (banded iron formations) or 
tholeiitic basalts or dolerites. 

ii. most deposits have a strong structural control in the form of 
faults. shear zones or stockworks. 
iii. most deposits have a larger down dip extension than surface width or 

length dimension. 
iv. most deposits in sub-amphibolite metamorphic facies rocks have 

distinct alteration haloes (K-mica. ankerite-siderite and iron sulphide 
alteration surrounded by carbonation). 

v. within the deposits gold occurs as sub-microscopic grains associated 
to sulphides in the alteration assemblage or B.l.F. types. rather than the 
quartz veins (with exceptions). 

vi. distinctive metal associations with gold. usually one of; silver. 
levels of base-metal arsenic. boron and tungsten. 

concentrations. and no apparent 
with generally low 

zonation of metals. laterally or vertically . 
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Statistics are to Dece~ber 1977 and based on records of the W,A. Mines Oep­
art~nt except for Mararoa-Crown and Princess Royal which are to June 1978 

'--------------------------------------------------------------------" based on _ine records, 

Figure 3.3: Distribution of important gold depOSits in the Yilgarn Craton 
(Woodall, 1979) . 

Host Rocks in 
Mineralization Important Maximum Orde:ror Size: of Ore: Shoots 
Style De:posits Size: Importancc length width depth Ore: Mineralogy Alteration 

Alteration haloes ± Goldcn Mile 1000+ Tholeiitic IIlsm 1m l<.Ism quartz pyrite Restricted K'mica, 
quartz vein systems in Oroya I dolerite, tu '0 In (±pyrrhotite) Fe-sulphides, more 
shear zones (low SonsofGwalia Au tholeiitic basalt, -2km 50 m 1,5 km ±carbonate extensive 
metamorphic grade) Harbour Lights ultramafic rocks, ± K-V-Cr-mica clltbonation 

granitoids ±chiorite 
± arsenupyrite 

Persistent laminated Mararoa-Crown 70+ Tholeiiticbasalt, loo,m 0,5 m 100m Quartz with Restricted K, Cr· 
quatu veins (low Princess Royal , tholeiitic 10 '0 '0 very minor mica, chlorite, 
metamorphicgrade) Great Fingal! Au dolerite, 1,2 km 10m 30U m Fe-sulphides amphibole , 

ultramafic rocks carbonate 

Quartzstockworks MtCharlotte 50+ Granophyric IU.m 25m 'u'm Quartz, K-mica Restricted K·mic:a, 
(low metamorphic Paddington , units in In 10 '0 carbonate, Fe·sulphide, more 
grade) Au dieferentiated '00 m 50 m 1,5 km Fe·sulphides extcnsive 

tholei itic ±arsenopyrite carbonalion, 
dolerite, anenopyrite 
felsic porphyries 

Disseminated Big Sell 12U Alteredbasaltl IDIom Sm IU.m Muscovite, Biotite-rich 
strltaboltfld deposits (Spargoville) 1 dolerite '0 10 10 K·feldspar, envelope around 
(nigh metamorphic Au (greywackc) '00 m .om 1,5 km Fe-sulphides, lode schist 
grade) quartz 

BIFreplacement Hi1150 45 Oxide facies BIF, W,m 1m IU.m Quartz, chert, Some carbonation 
deposits (Jow to higb Lancefield I ferruginous 10 to '0 Fe-sulphides ± and chlorite, rare 
metamorphic grade) Copperhead Au cheri, 450 m 45m 850 m carbonate micas 

Westralia shale, carbonate carbonaceous 
Nevoria facies BfF material 
Water Tank Hill 

Table 3. 3 Classification of Archaean gold depOSits, giving characteristic 
features and examples of different styles of mineralization (Groves et al., 
1985). 
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Of importance when considering the Western Australian Shield, is the 
identification of different types of mineralized and tectonic terrains. 
Groves and Batt (1984) proposed a model of the tectonic framework of Yilgarn 
and Pilbara Craton which is a modification on a theme previously proposed by 
Gee et al., (1981) and Lowe (1982). This interpretative model of Groves and 
Batt (op. cit.) distinguishes two main phases of greenstone belts 
developments, (Table 3.2) the Platform-phase and Rift-phase (Figure 3.4). 

The Platform-phase 
younger terrains 
lithologies (eg. 

greenstone belts occur in older terrains (3.5-3.0 Ga) and 
(3.0-2.7 Ga), and have characteristically shallow water 
vesiculated pillow lavas). The older platform phase 

greenstones are poorly mineralized due to the restricted komatiitic 
magmatism which has previously been interpreted as a source rock for gold 
mineralization (Keays, 1984; Groves and Batt, 1984). This lack of 
komatiitic magmatism has been related to a lack of, or poor rate of 
extenSion. The younger platform phase greenstones have a more extensive 
volcanic record, and developed in a tectonically-active platform environment 
(Lowe, 1982; Groves and Batt, 1984). 

The Rift-phase greenstone belts have also been identified as younger and 
older belts, with the older belts being poorly mineralized, which is also 
related to the relatively small amount of extension and hence, low amount of 
subsidence and magmatism (Groves and Batt, 1984). The younger rift-phase 
greenstone belts host the best gold mineralization due to the relatively 
large amount of subsidence and magmatism, which resulted in extensive 
komatiitic volcanism. 

A schematic section through an evolving younger terrain greenstone belt is 
shown on Figure 3.5, whereas a section through older and younger rift-phase 
greenstones with associated mineralization is shown on Figure 3.6. 

The different types of gold-deposits (see above) can be related to the type 
of tectoniC setting, for example the deposits hosted in B.I.F.s can be 
related t~ the initial stages of rifting (Figure 3.5), while those hosted in 
shear zones are related to post-depositional deformation and metamorphism in 
younger rift-phase greenstones (predominantly). 
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~ Fel,ic volcanic bell : abundant felsic volcanic centres 

L~::;;I Graben buin sequence; cl.stic :sediment, -mainly turbiditn 

(!';\d Rut baain "QUlnel: b.lIllt, koma!iiles, sulphidlc Iha''', . plct.alie I,dlmenla, BIF ab.,nl 

I ... v" "I Plallorm/''''lnli''l bUin nqlllru::I: mainly baun" BIF or ,hallow .toter therty •• dim'fltl 

0 Gold deposit> 501 Au • Volcanogenic eu-I" depo15il )0 10,0001 Cu+Zn 

0 Gold depo,it > 101 Au 0 Porphyry·sly~ Cu·~o deposit> 10,0001 Cu+Mo 

* Pilbara gold deposit. > 21 Au • Tin-tanlalum or lungsten deposit > 10,OOOt W or Sn-l a 

• IDA nickel d.poail )0 !G.OOOl Ni • Major barlle deposit 

• VPA nlckal depoIU > 10,0001 Ni + Iron ora deposit> 10001.41 F, 

• Olhaf nJekel deposits > 10,0001 Nt 

platform-phase and rift-phase Figure 3.4 Schematic distribution of 
greenstone belts of the Yilgarn and Pilbara 
units (Distribution of felsiC vo.lcanlcs 

Cratons. and related tectonic 
Is generalized). Metallogenic 

Batt. 1984). associations as shown (Groves and 
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Figure 3,5 Tentative model for the evolution of greenstone terrains 
through platform- and rift- phases based on the Yilgarn Craton (Groves and 
Batt. 1984), Vertical scale exaggerated, 
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The genesis of gold deposits in the Archaean has been researched in detail 
in the past (eg. Fripp, 1976 ; Kerrich and Fryer, 1979), and presently the 
metamorphic replacement model of Phillips et aI., (1984) is gaining support. 
Hodgson (1985, 1986) reviewed various genetic aspects of Archaean gold­
deposits and these are summarized on Table 3.4 . The epigenet ic model of 
Phillips et al., (op cit) (Figure 3.7) involves the generation of H20-C02 
rich fluids of low salinity from metamorphism, which carried gold as 
sulphide complexes. The deposition of gold (particularly in the Western 
Australian greenstone belts), was due to either structurally favourable 
traps or to a high iron content in the host rocks. The high iron content 
(either FeO in silicates or Fe304 in B.I.F . s), is oxidized and complexed 
with the sulphides in solution, to precipitate (by reduction) pyrite and 
gOld-metal. The syngenetic B.I.F. deposition of gold also occurs in the 
Archaean environment, for example at Vubachikwe in Zimbabwe (Fripp, 1976), 
although this is still contentious (Phillips et aI., 1984) . 

Feature 

Rocks 
Mafic to ultramafic volcanics 
(in contact with) 
Sedimentary rock belt 
(especially if) 
Timiskaming-type sediments 
with red chen and porphyry 
clasts 

Porphyry intrusion or extrusion 

Structures 
Fundamental faulls or 'breaks' 
Local faults and folds 

Mintralization and a/uTarion 
Carbonatized zones 

Genetic significance 

Ultimate source rocks for gold? 

Indicates fundamental fault 

Broad dilatational zone dunng 
final oblique-slip stage of 
movement on fundamemal faults 
with associated sedimentary, 
igneous and exhalative­
hydrothennal activity 
Gold mobilizing agent or high­
level offshoot of immediate 
source (via magmatic fluids ) of 
gold 

Magma conduits 
D ilatational environment causing 
fluid degeneration by 
decompression or 'throttling', 
leading to mineralization and 
aheration 

Gold-related hydrothermal 
activity 

Silicification; pyritization; K- or Subsurface, gold-depositing 
Na-metasomatism; qUiI'tZ- hydrothennal activity 
carbonate-sulphide veins 
Baritic chemical sediments Exhalative hydrothennal activity, 

potentially with gold? 

Table 3.4 : Genetic features of Archaean gold depOSits , with significance in 
terms of exploration (Hodgson, 1986). 
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Figure 3.7: Metamorphic replacement model for the genesis of Archaean gold 
depOSits (Groves et aI., 1984; Phillips et aI., 1984; Phillips, 1985 a). 
(A) Seawater alteration of volcanic-rich pile, addition of H20, CO2 and 
Sulohur , (6) emplacement of sediments and felsic-volcanics , (C) bur i al 
metamorphism/deformation causing devolatilization. releasing H20-C02 rich. 
auriferous fluid into channel ways. (D) (E) (F) (G) deposition of gold in 
response to fluid-wallrock interaction. 

One important type of gold-deposit in the Archaean which has only recently 
named after the Hemlo depOSits in received attention, is the I Heml 0 type I 

the Marathon Greenstone Belt, Superior Province, 

these occurs as disseminations in 
The gold Canada. 

felsic volcanics, 
within 

usually 
a sedimentary/volcanic 

depOSits 
adj acent to 
1985). 

rocks contact (Robinson and McMillan, 
No significant mafic or ultramafic component occurs in the 
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stratigraphy nearby and the deposits have an absence of quartz veins, and an 
absence of the common element association in adjacent sedimentary host 
rocks. Of importance is the occurrence of these deposits in a high grade 
metamorphic terrain, which was previously regarded as unprospective. The 
Big Bell deposit in Western Australia is regarded as being of the same type 
as the Hemlo deposit (Phillips, 1985 b) (see below). The genesis of the 
disseminated Hemlo type of deposit is still questionable, with syngenetic 
and epigenetic models being proposed. The syngenetic model is based on the 
occurrence of these deposits near the basin margins (defined by sedimentary 
facies), and the epigenetic model is based on the close association of these 
deposits to granite plutons marginal to greenstone terrains (Key features 
from Phillips 1985 b). More deposits of this type must be studied prior to 
presentation of a complete genetic model. 

The majority of gold-deposits in the Western Australian Archaean occur in 
the younger rift-phase greenstone sequences of the Norseman~Wiluna belt in 
the Yilgarn Craton. In excess of 2 000 deposits are known, of which the 
Kalgoorlie Golden Mile deposits are the most important (Table 3.5; Figure 
3.4). In the context of this dissertation four main types of deposits are 
recognized (after Phillips, 1985 a, and Woodall, 1979). 

i. Kalgoorlie type: hosted by mafic or ultramafic sequences and some 
felsic and sedimentary sequences, with extensive carbonate and chloritic 
alteration, and greenschist metamorphism. The distribution of gold is 
related to shear zones and/or quartz veining. This type of deposit includes 
the Golden Mile, Oroya and Charlotte styles of mineralization, in the Golden 
Mile and at other Mines such as at Norseman and Great Fingall Mine. 

ii. B.I.F. type; hosted in banded iron formations (B.I.F.s), and 
includes deposits such as Hill 50, Bullfinch, Watertank Hill and Lancefield 
deposits. 

iii. Hemlo type; disseminated gold mineralization, lack of carbonate 
alteration, generally low grade high tonnage in a high grade metamorphic 
terrain (amphibolite facies) and includes the Big Bell deposit. 

i v • other types including laterite hosted deposits such as 
BoddingtoD, and alluvial deposits associated to most of the above types of 
depos i ts. 
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Location Depos it/Type Tonnes Host Rock M1neraliZlltion 

EASTERN GOLDFIELDS PROVINCE 
Ka 1 good ie Golden Hile 1000 doled te vein (shelr zone related) 

OroYi!I 200 basalt/sediments breccia vein nelr contact 
Ht Charlotte 50 granophyre quartz vein 

leonora Sons of Gwalia 90 amph 1 be 1 He quartz vein 
Norseman Mararea-ero",," 69 baSi 1t quartz vein 

Princess Royal 46 basalt quartz vetn 
Wiluna wil una 46 basalt quartz vein 

laverton lancefield 18 banded iron-formation . di sseminated 

Kanewna White Feather 7 conglomerate quartz vein (Kanown. Ha i n Reef) 
Red Hill 1 felsic quartz vein 

Karrt>a 1 da Hunt basalt quartz vein 
Victory basalt/sediments quartz vein 

SOlrTH[RN CROSS PROVINCE 

Bullfinch Copperhead 21 banded iron-formation disseminated 

Ma. rve 1 loch Harvel loch 1 basalt quartz vein 
Neveriil 2 banded iron-formation dissemi nated. quartz veins 

Southern Cross Frasers 9 basalt quartz vein 

MURCHISON PROVINCE 

Big Bell Big Bell- 110 schist disseminated in altered Iblfic 

Cue Great Fingall 39 dolerite quartz vein 
Golden Crown 1 dolerite quartz vein 

Mt Magnet Hill 50 42 banded iron-fonmation dis semi na ted 
Hill 60 2 banded iron- formation disseminated, quartz veins 
St George 4 banded lron-fo~tlon disseminated 
Water Tank Hill 1 banded iron-formation disseminated. quartz veins 
Morning Star 3 baSI 1t quartz vein 

Meeka tha rra Paddys Flat 28 ? schist quartz vein, porphyry 

PIlBARA BlOCK 
Marb1eBar Comet ul tramaflc vein 

• includes published reserves 

Table 3.5 : Major gold producers in the Yilgarn and Pilbara Cratons, Western 
Australia (Phillips, 1985 a). 

The Kalgoorlie types account for most of the gold production (~80%), with 
the B.l.F. type contributing + 10%, and the remaining past-production mostly 
from Hemlo type. 

Kalgoorlie Type DepOSits 

Previous work specifically on the Kalgoorlie depOSits includes that by 
Phillips (1985 a), Woodall (1975, 1979) and Phillips (1986). The depOSits 
of the Golden Mile (Figure 3.8) are predominantly hosted in the Golden Mile 
Dolerite, _with some in the adjacent Paringa Basalts, and the Black Flag Beds 
(minor). Three styles of mineralization are recognized, the Golden Mile 
style, the Oroya style and the Charlotte style. The characteristics are 
summarized on Table 3.6. 
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• 
, l(/ Regional .yncUn.' zone 

Figure 3.8: Regional geology of 

the Kalgoorlle area, with 

location of the Kalgoorlle and 
Hunt Mine deposits. (Phillips, 

1985 aj. 

The Golden Mile style of mineralization is concentrated around the 
Kalgoorlie Syncline (Figure 3.8). in lode structures which are generally 
parallel to the axis of the syncline. in the Eastern Lode system. The 
Western Lode system has well developed lode structures dipping east or west 
and extending to a depth of 1 km (Phillips 1985 a) within the Golden Mile 
Dolerite. Paringa Basalt and Black Flag Beds. Metamorphism of the dolerite 
is upper greenschist facies (Phillips. 1986). with original magmatic 
textures and structures preserved. The dolerite is tentatively identified 
as a single magmatic event (sill intrusion) with chilled margins and a 
differentiated central portion. with 10 units defined (Travis et al .• 1971. 
and Clark. 1980; in Phillips. 1986). The Paringa Basalt is the footwall 
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Style Gold Hos t Rock Structural Setting Miner.'ogy/A 1 teration 

Golden M'ile 10001 Golden Mile Colerite . 
occasion.l1y Paring! 
B.salt .nd porphyry 
dykes 

.) Steeply dipping Y~ins 
tnat follow shear lone 
system. With or without 
quartz 

.) Pyrite, r.re arsenopyrite , 
tourm.l1ne. free gold very 
rare. 0 . 1 to 10 .... lones 
of carbonate .1ltratlan. 
Gold mostly 1n alteration 
zone 

Oroyl 

Charlotte 

Other 

200-3001 

SOl 

lIinor 

Paring' Basalt. 
rarely inferflow 
sediments 

Golden Mile Dolerite. 
nearly all in 
granophyre 

Black Flag Beds. 
other rock types 

b) Commonly near sediments 

1. Shallow plunging ore 
pipes ntlr top of Basalt 
and shear zones (e.g. 
Oroy. Shoot) 

2. Brecc ia zones in 
B.s.lt near interflow 
sediments (e.g . lewis 
lode) . 

3. Immediate footwall of 
interflow sediments and 
sediments themselves 
(e . g. OHW Shoot) 

Two quartz vein sets 
l ocalized between steep 
obl i que shear lones . 
within the granophyre 

Stratabound. but nelr 
shear zones 

b) Rich ; tellurides . free gold. 
base meu1 sulp~ddes 

Complex, vtry r i ch. Pyrite. 
numerous tellurides, vanadium 
mica, free gold, tourmaline. 
galena, sphalerite . and 
ch. l copyri tt 

Quartz veins with 'nkerite/ 
siderite. scheelite .nd 
albite : pyrite (nearer 
surface) or pyrrhotite 
(deeper). Mvscovi te. 
carbonate. pyrite alteration 
with pyrrhotite at depth. 
Rare tellurides. Gold in 
alteration lone 

Pyrite. pyrrhotite. 
arsenopyrite 

Table 3.6: Most important styles of mineralization in the Kalgoorlie Gold 
field. (Phillips. 1985 a). with a summary of main characteristics . 

sequence to the dolerite sill intrusive (Figure 3_9 a) . varying from a 
pillowed high- magneSian flow. upward to a tholeiitic flow_ Gold 
mineralization occurs preferentially in the upper portions of the basalt 
toward the dolerite contact. 

The Black Flag Beds consist predominantly of carbonaceous black shales. 
greywackes and thin cherts in the lower portions, and siltstones, shales, 
and felSiC breccias and tuffs higher in the sequence. Some shale units are 
intercalated with the Paringa Basalts_ 

The dolerite is the main host to mineralization of the Golden Mile style, 
with a marked association of alteration to mineralization. The alteration 
type and distribution, is intimately associated to the iron content of the 
host rocks (see above), as summarized in Table 3_7 (Phillips, 1986)_ The 
broad zonation is from an outer extensive chloritic alteration zone to a 
carbonate zone, to an inner pyrite (gold) zone_ The pyrite alteration zone 
is used as a visual cutoff during mining operations . The alteration is 
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Figure 3.9 a. Stratigraphy of the Eastern Lode system through the Lake 
View Shaft, Kalgoorlie. Mineralization is confined to fractures, 
predominantl'y in the upper U9 and U8 units of the Golden Mile dolerite . 
(Phillips, 1986). 

caused by the introduction of CO2, potassium, sulphur and gold to the 
system by a fluid generated by metamorphism at depth (Phillips, 1986). 

The second important style of mineralization in the Kalgoorlie-type deposits 
is the Oroya style (Table 3.6). This mineralization occurs sub-parallel to 
and near the contact between the Golden Mile Dolerite and the Paringa 
Basalt, (Figure 3.9 b). Mineralization also occurs in lodes with restricted 
zones of alteration (predominantly carbonation). The mineralization is free 
gold, pyrite, tellurides and vanadiferous micas (Table 3.6). The best known 
example of this mineralization is the Oroya Shoot. 

The Charlotte Style of mineralization is confined to a granophyric host in 
the Golden Mile Dolerite, as quartz stockworks and minor veins in zones of 
tensional deformation (Phillips, 1985 a). The orebodies are terminated by 
fault dislocations (Figure 3.9 c). Alteration around the stockworks and 
individual veins is generally very minor 1-5 cm, but may be extensive where 
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Actinu\ilt' 

Chlorite 

Cubanale 

Pyrite 
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Distribution 

Outside Colden Mile, re~ional edent, 
nol in mille: ellyironment 

Throughout Coldt'll Mile. dominant 
zone in mille environment 

lOO-m-th!ck zones through e~tern 
and western lode syslt-ms , 
narrower zones alound pyrite 
alteration 

1- to 5-m-thic:k zones within shear 
zones, synonymous with economic 
:lOU subeconomic gold "lodes" 

Regional mdamorphic 

Mild c4rhonalion of Colden 
Mile Dolerite during gold 
mineralization 

Intense ~·atbonalion of 
Colden Mile Dolerite 
duriug guld 
mineralization 

Intense sulfide. carbonate. 
and muscovite alteration 
during gold 
miner:.&lization 

Asst'mhlage 

Actinollte·albite-chl 0 rile­
quartz 

Chl<lrite-cald',!-ankerite­
albite-paragonite. 
quutz. magnetite , 
siderite, pyrite 

Ankerite-quartz­
muscoyite-albite­
siderite. pyrite 

p"rite-quartz-ankerite­
albite-mwcu·dfl1-
siderite. dolomite. 
tourmaline 

Table 3.7 : Alteration zones within the Golden Mile Dolerite associated to 
mineralization (Phlll ips, 1986). 

, v " II V , , , , , , 
~ GOLDENHl[OOLERlT£ 
~ o PARINGA BASAlT 

~ HETASfDI1EtfTS 

lZ1 GOLD lOOES 

Fig."re 3.9 b. Droya Style 

mineralization. in the Oroya 
Shoot and other lodes, in the 
6rownhill syncline (Phillips, 

1985 al. The '6 Lode S.ystem' and 

Cygnet ore bodies are examples of 
Golden Mile Style mineralization. 

there is a coalescing of veins. The dominant alteration is carbonation. 
The granophyre has acted as preferential host rock due to the variation in 
tensile competency relative to adjacent rock types (Phillips, 1986). Fluid 
access of mineralizing solutions is via faults in the footwall. 

The gold deposits in the Great Fingall Mine area (ie. Great Fingall and 
Golden ~rown) are examples of Charlotte style of mineralization. where 
mineralization is hosted in the granophyric phase of a differentiated mafic 
sill (Figure 3.10). Recent work in the area (Gold Gazette, Nov. 101986), 
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involving the re-evaluation of reserves previously abandoned as uneconomic, 
has delineated 230000 t at 4.5 g/t. The mineralization is 1.5 to 2.0 % 
sulphides consisting of pyrrhotite, galena, arsenopyrite, pyrite and 
sphalerite in gold-rich quartz veins (Woodall, 1975, 1979). 

The Norseman Goldfield deposits, are tentatively included as Kalgoorlie type 
deposits, hosted in upper greenschist facies tholeiites and high-magnesium 
lavas, and minor metasediments (Phillips, 1985 a). The gold bearing 
sequence has a higher average iron-oxide content (in the order of +12 wt%) 
relative to adjacent rock types. The alteration hosted Princess Royal gold­
mineralization, differs from the folded and laminated quartz veins of the 
Crown and Mararoa mineralization. The latter consists of free gold, pyrite 
galena, sulphides (minor) and tellurides (minor). Alteration of wallrocks 
is biotite-carbonate and chlorite-carbonate. These deposits, although 
occurring in the tholeiites, have yet to be genetically modelled, and hence 
are tentatively included in the Kalgoorlie type deposits, most likely of the 
Oroya style or a variation of the Golden Mile style (similiar to those 
deposits occurring within the upper portion of the Paringa Basalt). 

Other deposits which are included in the Kalgoorlie type of deposit, are 
(after Phillips, 1985 a) Kanowna Main Reef (vein hosted in turbidite flow 
conglomerate), Red Hill (quartz veins in a dacitic porphyry stock) and 
numerous deposits in the Norseman Wiluna Belt (Figure 3.3). 

S.I.F. Type Deposits 

The B.I.F. type deposits are characterized by a general restriction to iron 
formations (including jasper/chert horizons) with quartz veining and an 
apparent strong structural control (Phillips, 1985 a). Approximately 10% of 
t he Yilgarn gold production comes from B. I.F. hosted deposits in the 
Murchi son Southern Cross and Eastern Goldfields Provinces. Deposits include 
Hill 50, Bullfinch, Lancefield, Water Tank Hill, Nevoria, Westralia (?) and 
St George (?) (Phillips, 1985 a, Woodall, 1979) (Figure 3.3). 

The deposits are hosted in rocks consisting of laminated quartz-magnetite 
iron formations, with interspersed chert or jasperlite horizons. The origin 
of these types of deposits is controversial, with syngenetic and epigenetic 
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Based on studies of the Water Tank Hill deposit, 
and Phillips (1985 a) proposed an epigentic origin 

within the metamorphic replacement model. Features of the deposits include 
laminations and/or banding (iron-rich bands hosting gold mineralization), 
and an association of zones of gold-enrichment to quartz veins normal to the 
bedding of the B. I . F .. These features are observed also at the Nevoria Mine 
(Phillips et al., 1984). 

Hemlo Type Deposits 

The Hemlo type deposit is characterized by a lack of quartz veining and 
carbonate alteration, and occurrence in a high grade (upper amphibolite) 
metamorphic terrain. The Big Bell deposit (Figure 3.3) is an example of 
this type of deposit and it has been studied in some detail by Chown et al., 
(1984) and Phillips (1985 a,b). The greenstone sequence in the mine area 
has been divided up into five units (Chown et al., 1984): Unit I, 100m 
thick unit of quartz-plagioclase-biotite gneisses; Unit II, 600m thick unit 
of mafic and ultramafic rocks; Unit III, 200 m thick unit of felsic and 
mafic rocks; Unit IV, porphyritic felsic rocks intruded into Unit III, and 
Unit V, 300m mafic rocks (Figure 3.11). The complete sequence has been 
metamorphosed to upper-amphibolite facies, and the host sequence is Unit IV. 
The metamorphism of the sequence appears to be spatially associated to the 
intrusion of granitoids on the margin of the greenstone belt (Phillips, 1985 
b), which overprinted earlier low grade metamorphism (greenschist) which is 
characteristic of other greenstone sequences in the Yilgarn (Phillips, 1985 
a; Chown et aI., 1984). 

The gold-mineralization at Big Bell is interpreted (based on rock chemistry 
and limited fluid inclusion work) as being emplaced prior to, and 
remobilized during the peak metamorphic event (Phillips, 1985 b) . Current 
information on the Big Bell deposit is insufficient to allow a complete 
understanding of the timing involved in the genesis of the deposit. 
Phillips (1985 b) suggests the deposit has features of a metamorphic 
replacement genesis. 
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Figure 3.11: a. Reqlonal geological setting of the Big Bell gold deposit , 
(Chm;n et aJ., 1984). 

b. Local geology of the 8ig Bell gold deposit (Chown et al., 
1984). 
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3.2 Pilbara Craton 

3.2.1 Geology 

The Pilbara Craton (Figure 3.12 a) consists of domal granitoids and elongate 
belts of volcanic and sedimentary greenstone belts. The granitoids are 
preferentially associated to, and intruded into the volcanic sequences, with 
the sedimentary sequences dominantly consisting of deformed deep water 
turbidite successions. The evolution of the Pilbara Craton has been 
discussed by Gee (1979), Hickman (1981), Groves and Batt (1984), Blake and 
McNaughton (1984), and Muhling et al., (1984, and references therein). The 
geochronology of the Pilbara Craton has not yet been fully resolved, due to 
the Wide dispersion of granitoid and sedimentary/volcanic ages. There are 
two distinct age groups of granites/gneisses at 3500-3300 Ma and 3050-2850 
Ma (Blake and McNaughton, 1984), which are synchronous with known ages of 
sedimentary and volcanic sequences (eg. Warrawoona Group, 3500-3300 Ma). A 
detailed study of the Warrawoona Group, in eastern Pilbara Craton, by Barley 
(1984), located areas of intense hydrothermal alteration and indications of 
shallow water volcanism similiar to that known in the Barberton Greenstone 
Belt in South Africa. This indicates that the older granite-greenstone 
terrains (Pilbara and Barberton) had a distinctive volcanic evolution 
differing to that for the younger terrains (eg. Yilgarn or Zimbabwe Belts). 

3.2.2 Gold Mineralization 

The Pilbara Craton as previously mentioned, is dominantly an older platform­
phase greenstone belt terrain which has a low potential for gold­
mineralization and preservation. The overall lack of komatiite sequences 
which are potential source rocks (Keays, 1984), and the intense 
silicification and carbonation of the volcanic sequences, reduce the iron 
content of the rocks, thus reducing the potential for concentrating gold 
(Barley and Groves, 1984; Barley, 1984; see earlier section discussion of 
ore genesis). The most notable occurrence of gold mineralization is the 
Comet deposit at Marble Bar a quartz-carbonate-pyrite replacement lode 
hosted in basic volcanics. Other depOSits include the Blue Spec Goldmine, 
the Bamboo Gold Mine and the North Pole deposit (Figure 3. 12 b). The Blue 
Spec deposit occurs near Nullagine (Figure 3.12 a). 
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Figure 3.12 a. Regional geology of the Pilbara Craton (Hickman, 1981) , 

b. Local geology and distribution of gold deposits i n the 

PHbara go ldfield (McMath , 1953). 
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The older terrain of the Pilbara Craton contains insignificant 
mineralization compared with the deposits of the Yilgarn Craton, in 
particular the Eastern Goldfields Province and the Murchison Province. 
Potential however exists for deposits along the margin and beneath the 
margin of the Hammersley Basin, where better preservation may have occurred. 
An interesting deposit in the Pilbara Craton, known as the 'Nullagine Group' 
of deposits, occurs in the basal 30 metres of conglomerate of the 'Nullagine 
Series' (McMath, 1953). These deposits appear, from limited ava i lable 
information, to be similiar in nature to the Witwatersrand deposits in South 
Africa, having a close association to lenticular pyritic horizons . The 
pyrite is nodular, similiar to the Witwatersrand pyrite, up to 5 cm in 
diameter (David, 1950). Grade on these deposits (after David, op . cit.), 
based on 5000 t mined, was approximately 19 g/t ( . 63 oz/t) with lower grades 
to 3.7 g/t (2.4 dwt/t). Reserves of these deposits are unknown. Original 
genetic models suggest gold deposition from solution, but the presence of 
water-worn gold particles (Just in Time Mine NW of Nullagine) suggest a 
detrital origin (David, 1950 p222) . 

Numerous other small mines/deposits occur in the Pilbara Craton, but 
geological data is sparce. The most important features of the Pilbara 
deposits, are the small sizes and generally low tonnages and the majority 
can be regarded as Kalgoorlie type. Due to a high degree of hydrothermal 
alteration in the eastern portion of the Pilbara Goldfield (see above) , 
potential may exist for Hemlo type deposits, with the alteration leaching 
out a large component of the gold content prior to metamorphism and 
deformation. 
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4. PROTEROZOIC 

The Proterozoic rocks of Australia are confined to the North Australian 
Craton. the Central Australian Mobile Belts. the Northeast Orogens. the 
Curamona Craton and the Gawler Craton (Figures 2.1 and 4.1). In addition to 
the main tectonic units of the above provinces. a large number of platform 
cover sequences are identified within the Proterozoic (Figure 4.1). The 
charactersitic of the tectonic units in the Proterozoic. is that they were 
all subjected to a number of orogenies. Detailed descriptions of different 
tectonic units include those by Compston and Arriens (1968). Fisher and 
Warren (1975) and Plumb (1979 a.b). The major tectonic province 
descriptions are taken from Plumb (1979 a.b). and geological framework from 
Palfreyman (1984). Only the orogenic provinces of Proterozoic rocks. are 
considered in this dissertation. 
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Figure 4.1: Distribution of Proterozoic rocks in the Australian continent 
(after Palfreyman, 1984 and Plumb. 1979 a). 
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4.1 North Australian Craton 

4.1.1 Geology 

The North Australian Craton (Figure 4.2) is an orogenic province which was 
finally cratonized at 900 Ma, as evidenced by the deposition of the North 
Australian Platform Cover. The Halls Creek Inlier is a typical example of 
an area which underwent an orogenic cycle during its evolution. The initial 
history of the area was the deposition of geosynclinal sediments and 
volcanics (2200 Ma) on an inferred Archaean basement (Plumb, 1979 b) . These 
deposits were metamorphosed at 1960 Ma during the Tinkalara metamorphic 
event, a generally low grade event with interpreted high grade belts beneath 
North Australian Platform cover. Until 1850 Ma, the Halls Creek Inlier was 
cratonized through a period of transitional tectonism. 

The Halls Creek Province contains turbidites and baSic volcanics (minor and 

volcanics) of the Halls Creek Group which have been intruded by early Lamboo 

( 

(-Co ve r 

PINE CREEK 
GEOSYNCLINE 

( 

o NO 290 490 600 

Ko 

Figure 4.2 : Major tectonic units of the North Australian Craton (after 
Plumb, 1979 and Palfreyman, 1984). 
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Complex basic rocks (Plumb, 1979 b) . Deformation and greenschist to lower-
granulite facies metamorphism, formed the Tinkalara Metamorphics and related 
Mabel Granodiorite. The trans it ional tectonism that followed involved the 
late-Lamboo Complex rocks, the Whitewater Volcanics, and high level granites 
(eg. Bow River Granite) (Plumb, 1979 b). The stratigraphic succession in 
the Halls Creek Province is summarized in Table 4.1. 

Unit 

LAMBOO COMPLEX 

LAIl Lomboo Complvt 

Bow Rivet, Lerida, Lennard etc. 
Gn.nirle$ 

WhltCWll\et Volcanics 

Castlcrcaah Hill , Bickleys etc. 
Porphyries 

LJriy lAmbao CQmp/u 
Kon~orow Granite 

Mabel DowlU Granodiorite 

Tick.lara Mcla,morphics 

Womb.uella Quart!:; Gabbro 

McIotosh Gabbro 

Alice Downs Ullrabasics 

Woodward Dolcrito 

HALLS CREEK GROUP 

Undifl'crcndatcd 

Olympia Formation 

BiJcay Formation 

Saunders Creek Formation 

Dina Don, Downs Formation 

Main rock [ypn. Thickness in m 

Massive coanc'a:raincd Itanite. 
IdamC:\Litc , IIranodiorilc 

~~~~~~t~i~~~~~~s~~~s~o~~v&: 
aallomcralc. Up to 12000 

Porphyritic microaranitc, 
qUllflz·fcldspat·porphyty 

Granite locally ,ncissie 

FOU.11cd aranodioritc, tonalite 

Sehisl. 3.mphibolhe, pau,neiss, 
,tanwile 

Onhopyroxene quartz ,abbro, norite, 
tonaliu~ 

Gabbro ,troelolile. dolerito ) 

P),rcn;enite, peridotite, 
anonhosite, tcbist 

D)'kn and sills or UTillili:u:d dolerlte 

Sub,fCywacke, phyllite, slate. schist. 
So me rhyolite tuff 4t coniliomerate. 
Up to 6 000 

Subareywacke, siltstone (turbidi,") 
minor limestone .t cona1omerate. 
3000+ 

Buic lavll . tuffaceous ,reywackc 4t 
.UUtooc. ISO-I 500 

Quartz sandstone, qu:un aTeywackc. 
0-190 

Bualt, tull', tuffaceous ,rcywacke. )00+ 

Remarks 

Intrude Whitew,uer Vole. 
Minot Cu Sn 

Unconrormable on Halls Cr Gp. 
Minor Cu Pb F 

Comaamatie with Whilewilter Vole 

West Kimbcrley. Putly anatectic, partly posl­
Whitewater Vole 

Eut Kimberley. An:llectie ,tanite durin, 
Tickalara metamorphism 

East Kimberley hi,h-arade metamorphic equivalent 
of Halls Cr Gp 

West Kimberley. Mostly antedates melamorphbm 

Ea..st Kimberley. Geneticany relared. 
Antedate Tickalara Met. Nt PI Cr Cu 

Intrude Halls Ct Gp throuahout provinCe 

Au (HQlls Cruk) 

Cu Au, Prominent dolomite beds 

u 

Cu. Oldest unit in province 

Table 4.1 
1975). 

Stratigraphy of the Halls Creek Province (Plumb and Derrick, 

The Pine Creek Geosyncline consists of early Proterozoic sediments with 
interlayered tuffs overlying Archaean basement granite complexes (Needham et 
aI, 1980) . Deformation and metamorphism of the sediments occurred at 1800 
Ma, resulting in tightly folded greenschist facies metamorphic strata in the 
central ~reas, and isoclinally folded amphibolite facies metamorphic strata 
in the west and north-east areas. Post-orogenic granites intruded the 
early-Proterozoic strata, and are of Carpentarian age (Figure 4.3). 
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Figure 4.3: Simplified geology of the Pine Creek Geosyncline (Stuart-Smith 
et a1.. 1980). 
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Figure 4.4 Regional geology of the Arunta Block. showing known gold 
occurrences (after Shaw and Stewart. 1975). 
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A simiJar history is evident in the Arunta Block (Figure 4.4). This block 
has been interpreted as a possible equivalent of the Halls Creek Inlier, 
with similar ages of lithologies, periods of metamorphism (1800 and 1700 Ma) 
and plutonism (1700 and 1600 Ma). Additional features of the Arunta Block 
are the occurrence of a major thermal event at 1470 Ma and migmatization at 
1050 Ma (Plumb, 1979 b) . The tectonic evolution of the Arunta Block has 
been described by Shaw and Stewart (1975), Plumb et al (1981), Stewart et al 
(1984) and Shawet al (1984). The Arunta Block contains three tectonic 
divisions, the Northern, Central and Southern Provinces, with distinct 
structural, lithological and metamorphic histories (Shaw et ai, 1984). The 
lithologies in the area are divided into three divisions (Stewart et ai, 
1984); Division consisting of mafic, felsic and aluminous qualities with 
lesser amounts of calc-silicate rock and marble. Division 2 consists of 
flysh-like sequences, and Division 3 contains rocks of dominantly platform 
facies, such as orthoquartzites (Figure 4.5). 

Q 

o 

o f.:.='~":"""....c:;..~ 
E~ ~...!.:.::::.";::::..::='-& ""~--' 
rn =~7:':,,..::...-,.:..~:;';:=~ 
• ='~~"'!~";~~f':!.r.··""··-o ~-,,,, .... ,,_,,,-,.,,,,,,, 

. ...:Ij 
Lar,t Iml small dolS or dashn inJicau~ .. no .... n and inferred 

trends oflilholoJic layedn,. respectiyely. RZ - R.edbank Derormed Zone. HZ - Harty Creek Ddormed ZClne, UZ - Odny·Mount Saini hill Fault Zone, Wf .. Walilbanba 
FilUh Zone. Inil iab in bOllom lefr corners of sheet areu denali: nlmes as rollows: A, A/reoto; AS, Alice Sprill,T; UC, Borrow Cluk; H. Humu""sQur,; HI, JI. , hlund 
Rocks; HR, Hay River; HU, Huck ilia; Ie, lIIo,'Wo Cruk; lM, uke Mac'kay; LR, uJfldcr Ril'er., MeD, MocDlJl/uld; MD, Moun' Doreen; Ml, Mount Licbi,; MP, Meum 
Ptdr, MR. Mount Rcnnir, MS, MOII-n' Soliloirr. MT. Moun' Thta; N, Nopptrby, T. Tobtrmory; TG, Tht' GrOll;IU; W. Wrbb. 

Figure 4.5 : Geological and tecton ic sub-divisions of the Arunta Block 
(Stewart et a1.. 1984). 
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The tectonic evolution of the Arunta Block, 
(Shaw et a I, 1984) 

inyolves several 
with the Division extension and compression 

deposited during the initial 

cycles of 
lithologies 

being stages of rifting. The 
sediments (although interrupted by deformation, metamorphism 

deposition of 
and plutonism) 

Even! and 
approximate age NOrlhrrn Province Central Province Southern Provinc-e 

Alice Springs Orogeny Ovenhrust,ins. local Faulting; local meta- Overthrust;oa:. ITc-cn· 
400·300 Ma T((roaression morphi~m up to gr«n- ~chi ~l metamorphism, 

~chisl lones of inlcn!,C' 
deformation 

Platform cover Georgina &sin Ngali" Buin Amadeus Basin 
deposition 900-300 Ma 

laIC igneous rocb 
7)0 Ma Mud Tank Ciubonalilc 
900 M. Rare dolerite and Rare dolerite Abundant dolerite; 

troctolile gabbro. dachc 

OrmislOn Event Local lones of Local lones intense Amphibolite meta-
1050-900 Mil deformation, local dc-rormation, local morphism, migmalile. 

granite granite- loca! granile, add 
vokanics 

Intrusion or Potassic-uhramafit 
Mordor Compkll: intrusives; unmeta-
!ISS Ma morphoKd 

Anmatjira Event Gretnschist meta· Pouible miSmatite Possible sranite 
ISOO-I400 Ma morphism; 'S-type' and local granulite intrusion 

granites metamorphism 

Aileron Event Granulite metamorphism, local amphibolite Amphibolite meta-
(includes Chewings many ,ranites, minor metamorphism at morphism, 'I-t)'pc' 
phase) pegmatite southern margin granites., local 
1'50-1600 Ma diorite. dolerite. 

ultramanc rocks 

Strangways Event Possible local,ranu- Granul ite metamorphism. Not evident 
t800-1750 Ma tite metamorphism. mismatite. anatcctic 

sranites in NW and NE sranite 

Deposition of Quartzite. shale, Quarlzile, rare pelitic Metamorphosed Quartl 
Division 3; carbonate. and meta· gneiss, schist. and arenite. shale. cong-
Early Proterozoic morphosed equi\'alenH, calc·silicate rocks, lomerale. e.g. h,upa-

e,.s, Reynotd~ Ranse e_g, Mo:ndip Meta· tab Metamorphic 
Group morphics Complex 

Conlact relationship Unconformity Inferred unconformity Probable unconformit), 

Deposition of Aluminous and siliceous Pelitic and calcareous Metasediments. calc-
Division 2A: metasediments. calcar- rocks. amphibolite. e.,. silicate rocks, orlho· 
Early PrOterozoic eous rocks., amphibolite. upper Hartl Range gneiss. e., . Hayn 

e_g. lander Rock beds Group Metamorphic Complex 

[kposition of Not evident Layered granitic gneiss. Layered granitic or 
Divhion 28: e.g. Entia Gneiss, lower granociiorilic gnein; 
Early Proterozoic Ham Ranse Group amphibolite 

Conlact relationship Faulted: diuupted Oi\". 26 locally uneon- Di\'. 1 thrust over 
by stanite formable on OJ,·. IA: Di'·. 26 al northern 

elsewhere fauhed margin 

Deposition of Not evident Calcareous and pelitic NOl evident 
Division 1A: rocks; quartzoftlds-
Early Proteroloic pathic jl:nd~s. e.I. 
or earlier Cadne)" Metamorphic~ 

[kpor.ition or Felsic and mafic granu- Fc-Isic and mafie p,ranu- Not e\"idenl 
Di ... i~ion 16; lites. oYerlain by meta- lite~. subordinate 
Earl)' Proterozoic ~ediment~. Anmatjira metasediment~, e.g. 
or earlier Range S[(an8way~ Metamorphic 

Complex 

Table 4.2 : Summary of the stratigraphic and tectonic evolution of the Arunta 

Block (Shaw et al., 19B4). 
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reflects the increasing 
carbonate sequences}. A 

stability of the block (as shown in Division 3 

summary of the tectonic evolution of the Arunta 
Block is given in Table 4.2. Other areas which have a similiar history are 
the Granites-Tanami Block and the Tennant Creek Inlier (Figure 4.2). 

The Granites-Tanami Block (Figure 4. 6) consists of a series of steeply 
dipping tightly folded sedimentary and volcanic rocks, (the Tanami Complex), 
which have been tentatively correlated to the Halls Creek Group in the Halls 
Creek Province (Dow and Gemuts 1969, in Blake and Hodgson, 1975). The 
complex has been intruded by post-orogenic granites and is overlain by 
lithics and tuffaceous sandstone, acid lavas and pyroclastics of the Mount 
Winnecke Formation. This formation is intruded by the Winnecke Granophyre 
which is 
op ct . }. 

inferred to be co-magmatic with the acid volcanics (Dow and 
The stratigraphy of the block is shown in Table 4.3. 

Gemuts 

The Tennant Creek Block (Figure 4. 7) contains the most significant 
occurrences of gold mineralization in the North Australian Craton, 
associated with the early-Proterozoic Warramunga Group. The Warramunga 
Group (Table 4.4) consists of greywackes, lithic sediments (including 
turbidites, Elliston, 1963 in Large, 1975 a) and volcanics . This sequence 
is overlain unconformably by the arenaceous Tomkinson Creek Beds and Hatches 
Creek Group, the latter containing interbedded acid and basic lavas (Crohn, 
1965; Crohn, 1975; Large, 1975 a). 

Cainozoic 

Mesozoic 

Palaeozoic 

Quaternary: aeolian, alluvial and 
lacustrine deposits 
Tertiary: laterite, calcrete, silcrete 
Cretaceous 1: Larranganni Beds, 
Hazlett Beds 
--- unconformity - - ­
Post Cambrian?: Lucas Formation, 
Pedestal Sandstone 
Lower Cambrian : Antrim Plateau 
Volcanics 
- - - unconformity - - -

Adelaidean? Redcliff Pound Group : includes 
Erica Sandstone and Kearney Beds 
- - - unconformity ---

Carpentarian Birrindudu Group: includes Gardiner 
Sandstone, Talbot Well Formation, 
Coomarie1 Sandstone 
--- unconformity ---

L. Proteroloic Winnecke Granophyre. Lewis Granite, 
unnamed granite, Pargee Sandstone, 
Mount Winnecke Formation, 
Supplejack Downs Sandstone 
--- unconformity ---

Archaean or Tanami complex: Killi Killi, Mount 
L. Proterozoic Charles, Nanny Goat Creek, Nongra 

and Helena Creek Beds 

Table 4.3 Summary of the 
stratigraphy of the Granites-Tanam! 
area (Blake and Hodgson, 1975). 
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Figure 4.6 : Outcrop geology and mineralization of The Granites-Tanami Block 

(Blake and Hodgson. 1975). 



o PtIst Proterozcie 

~ 1 COllJentorian 

~ lower Prot.-ozoC 

Formation name 

Carra man 

Bernborough 

Whippet 

-39-

Figure 4.7: Simplified geology of 
the Tennant Creek Block (Crohn, 
1975) . 

Hatches Creek 
Group 

Lithology Approx. thidcness 

Iron-fn-e facies grarwac:kes, lithic 
(meters) 

500 
raywackes, and minor shales 

Hematite facies elsie turbidites, tuffaceous graywackes, 500-1,500 
argillaceous iron-formations, rhyolitic 

Magnetite facies 
pyroclastics, and ash-flow tuffs 

500 felSIC turbidites, chloritic siltstones, argillaceous 
iron-formations 

Rhyolitic lavas, pyroclastics, tuffs, and shales 0-100 

Massive sandstones, minor graywadc.es, and shales 300 

Table 4.4 Stratigraphy of the Warramunga Group, Tennant Creek Block 

(Large, 1975 a) . 

4. 1.2 Gold Mineralization 

The gold _mineralization of the Tanami depOSits (Figure 4.6) is confined to 
the Mount Charles Beds within the Tanami Complex, within a NE trending 
fracture 
hematite 
Grani tes 

zone. 
bodies 
depOSit, 

Lodes are lenticular quartz 
in siliceous sediments, with 

mineralization occurs in 

bodies and quartz-jasper­
minor greywackes. In The 

discontinuous thin quartz 
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veinlets, and wide quartz-calcite veins, as well as in the host rocks of 
schists and thin-banded quartzites (Tanami Complex). The veins are steeply 
dipping, concordant lodes, restricted to one stratigraphic horizon, and may 
be genetically related to the intrusion of late stage (post-orogenic) 
granites or to the regional deformation and low grade metamorphism (Blake 
and Hodgson, 1975). Recent re-evaluation and development in The Granites­
Tanami Block, i ncl udes the re-establ i shment of mi II i ng operati ons at The 
Granites mine (reserves 1.08'~t at a grade of 10.2 g/t) (Gold Gazette, 
November 10, 1986) . 

The gold mineralization in the Tennant Creek Block, is mostly confined to 
the Carraman Formation of the Warramunga Group in the Tennant Creek 
Goldfield (eg. Juno, Peko and Warrego Mines), with minor occurrences in the 
Hatches Creek Group (eg : Great Davenpoort Mine)(Figure 4.7). 

Regional control on mineralization, 
\~ith folding and ENE trending shear 

in addition to lithology, is structural 
zones. The folding is second order, and 

may be associated to first order anticlinal (or domal) folds, or synclinal 
folds. The lithological control is dominantly sedimentary (eg magnetite 
facies) and a close association to B. I.F. horizons. In all mines, a 
magnetite-chlorite core-zone carries the highest grade of gold and bismuth 
mineralization with copper occurring associated to an outer talc-magnetite 
zone (eg. Juno '~ine, NO.2. Orebody, Figure 4.8 and Table 4.5). The 
orebodies are magnetite and/or hematite rich. The shape is lenticular or 
pipe-like, transgressive to the strata, with the economic concentrations of 
gold, having a close spatial association to the hematite facies of the 
Carraman Formation. The Juno Mine, No. 2 Orebody is associated to second 
order anticlinal folds (Large, 1975 a,b), with a clear alteration zonation 
(Figure 4.8), the core of which has a preferential enrichment of gold and 
bismuth mineralization. The footwall of the orebody is chloritized, in 
places bleached, and contains magnetite-quartz-pyrite veins, which are 
interpreted as the hydrothermal fluid channelways . The Warrego and Peko 
Mines contain similiar gold-copper(-bismuth) mi neralization alteration 
patterns, and preference for second order structures as the Juno Mine. The 
B.I.F . horizons, which are spatially associated to the orebodies, have acted 
as geochemically favourable sites for mineral deposition (in part due to a 
high carbonate content)(Large, 1975 b). 
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Figure 4.8 Geological cross-section of the Juno No. 2 Orebody. Juno Mine 
Tennant Creek Block (Large. 1975 b). 

SILICATE - METAL SIS. Wt%S 
OXIOE ZONE ORE MINERAL • • 
ZONE Min. Max. Mh Max. 

II Native gold - - 0 0 

MAGNETITE B\O 1 PbjCu2) e IS.Se)23 0·5 0·8 8'2 11.1 
CHLORITE Wittite? 

J=-"OB1 - B~Pb3Cu2IS.Se)15 1·1 3·5 120 15'2 

Junite 

I{ 
Bi

2
IS.5e)3-- Bi6 Pb

2
Cu

2
IS.Se)12 2·1 38 14·6 18·5 

Bismuthinite- Aikinite series . 
. ' .... . 

Emplectite Cu Bi~ 55 193 17-8 19-3 ... . ' ..... .. ' . '.:: : 
:Cil; Chalcopyrite CuFeS

2 "" 34'9 
MAGNETfTE .' .. :.:. ;::.:".:: 

502 Pyrite Fe~ "" 

Table 4.5: Zonati on and ore mineralogy relationships. Juno Mine Tennant 
Creek Block (Large 1975 b). 
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The Warrego Mine mineralization is dominantly pyrite, chalcopyrite, 
bismuthinite and gold, while the Peko mine contains chalcopyrite, gold and 
other metal sulphides (eg sphalerite and pyrhotite). The majority of 
orebodies which crop out in the Tennant Creek Goldfield have a deep level of 
oxidation, in places containing supergene gold and copper enrichment. 

The minor gold deposits of the Hatches Creek Group (eg. Great Davenpoort), 
occur in faults and shear zones in quartzites, and 
sequences (Crohn, 1975), as auriferous quartz veins. 
deposit is significant as it occurs within the Hatches 

in sandstone-shale 
The Great Davenport 

Creek Tungsten Field 
which contains wolframite, scheelite, chalcopyrite and bismuthinite 
mineralization. Some of the tungsten lodes carry minor gold concentrations 
which suggests a possible genetic link to the deposits of the Warramunga 
Group. The lodes have distinct alteration haloes in the dominantly 
arenaceous sandstone, and acid to intermediate volcanic sequence wall rocks. 
The dominant gangue minerals are quartz and muscovite (greisen7). An 
outcropping granite 5km to the south of the mine may be genetically related 

to these tungsten (-gold) deposits (Crohn, 1975). Recent developments in 
the area include the Explorer 46 mine which contains resources of 200 OOOt 
at a grade of 1.8g/t ( Gold Mining Magazine, September, 1986). 

The gold mineralization of the Tennant Creek Goldfield, has the 
characteristics of "magmatic-related" type gold occurrences. Large (1975 
a) , envisages a basinal deposition of the Warragunga Group (geosynclinal) 
interspersed with off-shore volcanics including rhyolites tuffs and ash flow 
units. The sedimentary facies which occur are related to the depositional 
environment, with the last stages of volcanism associated with a period of 
east-west folding, during which granites re-intruded the sedimentary pile. 
This last period of volcanism and deformation, generated hydrothermal cells 
(adjacent to the granitic intrusions), in which fluids, when moved in 
response to lithostatic pressure and temperature, began leaching elements 
and metals from the enclosing sedimentary pile. Localization of 
mineralization was structurally and lithologically controlled by shearing 
and second order folds and BIF horizons respectively. The mineralization in 
the Hatches Creek Group appears to be related to a magmatic source (7) which 
may have remobilized metals and elements from the Warramunga Group rocks at 

depth (as indicated by the presence of gold and bismuth), in addition to 
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deriving elements (tungsten) 
intrusions (which may also lie 
in the Tennant Creek Goldfield 

from sediments adjacent t o the granite 
at depth). The origin of gold-bearing fluids 
is at present speculati ve. 

The mineralization in the Pine Creek Geosyncline is dominantly uranium with 
minor associated gold. Needham and Roarty (1980) define a number of 
different types of mineral deposits , based on geological associations and 
deposit type. The gold mineralization within this classification , occurs in 
three main types: 
(a) stratabound deposits in the Masson and Cahill Formation close to areas 
of basement rocks, associated to uranium mineralization. 
(b) stratiform deposits in the Koolpin Formation, Garowie Tuff and Kapalga 
Formation, either singularly or in association to uranium or base metals and 
(c) vein type deposits associated with Carpentarian granites, and is related 
to tin, silver, lead, tungsten, tantalum, copper and bismuth mineralization. 

The distribution of the above types of deposit 
a generalized section (Figure 4.9 b), 
mineralization. 

is shown on Figure 4.9 a, and 
shows the distribution of 

The stratabound deposits (type a) are located in breccia zones in 
carbonaceous pelitic rocks adjacent to crystalline carbonate rocks, and are 
the dominant source of uranium in the province. The Jabiluka Two deposit is 
the only uranium deposit which contains economically recoverable gold (529 
000 tonnes at 15.3gm/t) . All the deposits have an alteration halo of 
chloritization which occurred at about 1610 Ma. 

The stratiform (type b) gold deposits are of two types, gold in tuffs and 
ashstone of the Gerowie Tuff, and gold-uranium in the carbonaceous shale of 
the Koolpin Formation. The Howley Anticline to the west of the post­
Orogenic Cullen granite, contains gold mineralization in the cores of folds 
and where there is a change in the pitch or deformation of folds. The 
favourable _ horizons for mineralization are chloritized carbonaceous schists 
(with Quartz and carbonate), tuff beds and chert-banded s iltstones. The 
Cosmopolitan Howley mine which contains fold mineralization occurs at the 
contact between graphitic shale and underlying chlorite schists (Needham and 
Roarty, 1980). In two areas in the geosyncline, the Margret Syncline and 
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Figure 4. 9 a: Distribution of Mineral Fields in the Pine Creek Geosyncline 
(after Needham and Roarty. 1980). 

Howley Anticline, the gold depOSits are adjacent to granites and associated 
with tourmalinites . Nicholson (1980), suggests that these tourmalinites 
were deposited by submarine exhalative volcanism, and the metals in the 
system were preferentially leached from tuffs in the sequence. The leaching 
of the tuffs was a result of the late post-orogenic granitic intrusions into 
the syst~m generating a convection cell of sea-water, through the 
sedimentary/volcanic pile. 

The gold mineralizat ion is dominantly associated to banded ferruginous 
sediments, indicating a lithological control on mineralization which may be 
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Figure 4.9 b: The position of stratabound mineralization in an idealized 
stratigraphie cross-section of the Pine Creek Geosyncline (Needham and 
Roarty. 1980). 

related to a change in brine chemistry (Nicholson, 1980), 
some of the fluids may have been magmatic and related 
(Needham and Roarty, 1980) 

or alternatively 
to the granites 

The vein type (type c) gold deposits, are dominantly hosted in the Burrell 
Creek Formation, and controlled by emplacement in shear zones. The Union 
Reef mines are an example of this type of mineralization, which occur in 
close spatial association to the Cullen granite, in a NNE-trending shear 
zone (Needham and Roarty, 1980). The host rocks are tuffaceous greywacke, 
slate and siltstone, with some metamorphics. This mineralization is 
interpreted as having a partial magmatic origin, with fluids being related 
to the post-orogenic granites (ie. Cullen granite). 

The recent discovery of the Coronation Hill, gold and 
within the confines of the Kakadu National Park, extends 

platinum 
the gold 

deposit, 
potential 

of the area significantly. Preliminary work has indicated enough potential 
reserves to make Australia self-sufficient in platinum. 
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The gold mineralization in the Arunta Block is minor, with the Claraville 
goldfield being the most important (Warren et aI, 1975). These deposits 
occur in an area tectoni sed by the 400-300 Ma Alice Springs Orogeny (Warren 
et aI, 1975 , in the Central and Southern tectonic zones, 
about 100km NE of Alice Springs (Figure 4.4). The host rocks are granulite 
and amphibolite facies metamorphics of dominantly Division 1 lithologies 
(Stewart et aI, 1984). The gold mineralization occurs in tensional joints, 
consisting of quartz-pyrite-calcite-siderite (gold in pyrite, undeformed 
terrain). The mineralization in the deformed terrain is quartz-pyrite­
chalcopyrite. The age of emplacement of mineralization is unclear, with a 
genesis synchronous to deformation, and remobilization of older deposits due 
to the deformation being proposed (Warren et aI, 1975). Burlinson and 
Mackie (1986), suggest that the mineralization was leached from volcanic 
assemblages in the basement complex, by fluid generated during retrograde 
greenschist metamorphism at 335-310 Ma (ie: the Alice Springs Orogeny), and 
deposited in structurally favourable sites. 

4.2 Gawler Craton 

4.2 . 1 Geology 

The Gawler Craton basement is of possible Archaean age (Plumb, 1979 a), with 
the main rock units of the craton (sensu stricto) related to the Kimban 
Orogeny from 1855 Ma (a high grade metamorphic event). From 1700 to 1650 Ma 
syn-orogenic granites were emplaced, and the cratonization occurring after a 
period of transitional tectonism from 1550 to 1450 Ma. The products of this 
transitional tectonism are the Mundi Mundi granite and the Gawler Range 
volcanics and granites (Figure 4.10). Deposition of the Central Australian 
Platform Cover at 1400 Ma was the final stage of cratonization. The Gawler 
Range Volcanics have recently been dated (Cooper et al., 1985) at 1631 Ma 
and the granites at 1514 Ma, thus extending the period of transitional 
tectonism back 100 Ma, to immediately after the emplacement of the syn­
orogenic granites, suggesting a more or less continuous cycle of magmatism. 

The occurrences of rifts and interpreted occurrences of calderas, lineaments 
and grabens tending predominantly to the north-west were first identified by 

Crawford (1963), and re-defined by Branch (1978). These structures are 
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Figure 4.10 
1975) • 

Simplified geology of the Gawler Craton (after Thomson. 

probably related to the graben structure tentatively identified as hosting 
the copper-uranium-gold-silver Roxby Downs deposit (Section 4. 2.2) . Further 
data (Webb et aI, 1986) indicates the development of these structures is 
related to the second and third stages of the Kimban Orogeny. 

The Stuart Shelf is 
the eastern margin of 
These shallow water 

a succession of shallow marine sediments deposited on 
the Gawler Craton, adjacent to the Adelaide Fold Belt. 

sediments were deposited on a stable shelf marginal to 
Belt rifting, which continued into the Cambrian . the Adelaide Fold 

Deformation of these rift-related sediments (Adelaide Fold Belt) occurred i n 
the late Cambrian. 
but did not affect 

during the Delemarian Orogeny which lasted 
the Stuart Shelf sediments (Thomson et al., 

until 450 Ma, 

1975} • 
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The main geological units of the Gawler Craton are shown on Figure 4.10. 
with the stratigraphic succession of the area given in Table 4.6. 

4.2.2 Gold Mineralization 

Within the tectonic and structural boundaries of the Gawler 
deposits incl ude the Roxby Downs. Tarcoola . Glenoth and Earea 
The Roxby Downs deposit occurs in the northern part of the 

Craton. gold 
Dam deposits. 
Stua rt She If 

basement sequence. and the in-situ content of gold (and other metals) makes 
it one of the largest resources of gold. outside South Africa. The deposit 
contains 
( Roberts 

an estimated 2000 million tonnes of ore with a grade 0.6gft gold 
and Hudson. 1983). 

Two types of mineralization are recognized in Roxby Downs deposit. strata-
bound and transgressive. consisting of uranium. rare earths. gold and silver 
mineralization . The stratabound mineralization occurs within the Olympic 

Tectonic units 

EASTERN COVER 
(CAMBRIAN) 

Sediments and volcanics 

Kulpara Limestone 
Mount Terrible Formation 
UI'>:CONFORMITY g 

Intrusives 

f------------- ----------- --- -------- ---
UNIT J. EASTERN COVER 

(ADELAIDEAN) 
Tent Hill Formation 
UNCONFORMITY 7 
Tapley Hill Formation 
Sturt Tillite Equivalent 
UNCONFORMITY 6 
Pandurr. Formation 
UNCONFORMITY S 
Roopen. Volcanics (c. 1345 m.y.) 
Uacky Point Formalion 
UNCON FORMITY 4 

basic dykes? 

f------------------------ ------ ---- -----
UNIT 1, YOUNGER PRECAM· Gawler RanGe Volcanics (c. ISlS 
BRIAN BASEMENT. Middle to m.y.) 
Early Carpentarian Post-Kimban Moonll Porphyry? 
Tectonic Phase 

UNCONFORMITY 3 (inferred) 
Corunna Conalomeralc and Tar­
coola Beds 
UNCONFORMITY 2 
Add volcaniC'S or Nuyts Archi­
pelaao (c. 1580 m.y.), Moonabie 
Formation and volcanics therein 

T 4. UNCON FO RMITY I (inferred) 

UN" I. OLDER PRECAMBRIAN 
BASEMENT comprisini Lower 
Proterozoic sediments and laler in­
trusives converted to Cleve Meta­

-morphics and 'Gneiu Complex' by 
Kimban Tectonic Phase in early 
Carpentarian 

Clevc Metamorphics inclurJing 
Hutchison 'Group' and Middle­
back Group. Warlow Quartzite 
and olher mel~diments of 
'Gneiss Complcx' 

basic and rhyolitic dykes, !)Ca­
malites, granites of Cultana. 
Graniles of Charleston, Spilsby, 
N. Eyre Pen., Hiltaba and Kokatha 
(c. 1500 to 1450 m.y.) Moonta'? 
(c. 1500) 

I rlnitcs of Tarcoola, Nuyts Archi­
pc:Jago and Fowlcl"$ Bay (c. 1 SSO 
to 1600 m.y.) 

Burkitt Granite (c. 1680 m.y.), 
granit~ of W. Eyre Peninsula 
and gneissic grani tcs of southern 
Eyre Peninsula 'Gneiss Complex'. 
Basic and ultrllbasic inlrusivClo 

Table 4.6 Stratigraph ic units of the Gawler Craton (Thomson, 1975). 
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Dam Formation (Figure 4.11), and consists of a bornite (minor chalcocite) -
chalcopyrite-pyrite assemblage. The transgressive mineralization occurs 
above the stratabound mineralization zone and consists of a chalcocite­
bornite assembly (Roberts and Hudson, 1983). Gold mineralization appears to 
be spatlally related to zones of quartz-sericite alteration. (Roberts, 
1986). The mineralization is confined to a north west trending graben zone 
buried below the sediments of the Stuart Shelf (Roberts and Hudson, 1983) . 

A tentative genetic model for the deposit has been presented by Roberts 
(1986). The mineralization is confined to a graben structure, and the 
transgressive deposits may have been deposited by a large hydrothermal cell 
generated by the intrusion of alkaline granites (Roberts, 1986). The age of 
the mineralization is constrained by the age of the host rocks (1580Ma, 
Roberts and Hudson, 1983) which is synchronous with Gawler Range volcanism 

(1631 Ma - 1400 Ma; Cooper et aI, 1985; Webb et aI, 1986). The host rocks 
are derived from the erosion of the Hiltaba Suite of granitoids (1550 Ma) 
and the Gawler Range volcanics (i 1700-1300 Ma)(Webb et aI, 1986). 

Fluid inclusion studies (Roberts, 1986) indicate a common source for 
mineralizing fluids, which deposited the two types of mineralization at 
different temperatures. This may indicate a potential association of 

0 COVfA 

ICl ..... ..,.. 
GMEMf'IEI..O fO'UIATIOH OI..V ..... c DAM fORMAllOM 

ME. ... EJI. MEMKRI 

f;:) , ........ 0 ~ ... Ot_tt.~ 
ICl ....... ut ..... ee .. t;l atooka 

1;J Low., ...,... O'l W ...... 

- 1"Ioc0ll10fllltl, fJ a'ock H_ tlto 

• ,- D Low., 01' .... , • ... "'C~ 

Figure 4.11: (a) General ized east-west cross-section of Olympic Dam/Roxby 
Downs deposit . (b) Diagrammatic representation of the transgressive and 
stratabound mineral ization, of the Olympic Dam/Roxby Downs deposit (Roberts 
and Hudson, 1983) . 
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stratabound mineralization to marginal faults on the graben structure, (an 
early mineralizing event related to an ascending granite magma), with the 

in part derived from transgressive mineralization being a later event, 
originally deposited stratabound mineralization. The possible association 

alkaline granitoids is at of mineralization to an intra-plate setting and 
present speculative (Roberts, 1986). 

The Tarcoola deposit consists of a vein swarm of narrow steeply-dipping 
gold-quartz veins, hosted in the Taracoola Beds. The mineralized 
veins/veinlets are adjacent to, and in some places transgressive into 
basement granites (Johns, 1975). The Earea Dam deposit occurs in quartz­
ironstone in association to basic dykes, within granites exhibiting evidence 
of hydrothermal alteration (Johns, 1975). 

4.3 Central Australian Mobile Belts 

4.3.1 Geology 

The Central Australian Mobile Belts developed between the stabilized North 
Australian Craton and the Gawler Craton. The majority of this area is 
covered by platform cover with the exception of the Bangemall Basin, the 
Paterson Province and the Adelaide Fold Belt (Figure 4.12). The Paterson 
Province may be a remnant of a Proterozoic mobile belt marginal to the 
Pilbara Craton, active from 1700 Ma to 1400 Ma (Gee, 1979 b). Plumb (1979 
a) correlates the Rundal Metamorphic complex of the Paterson Province with 
the Hammersley Basin (2300-1950 Ma), and the basement of the Paterson 
Province to the basement of the Musgrave Block (high grade metamorphics). 

The Paterson Province occurs on the eastern margin of the Bangemall Basin 
(Figure 4.13) and has previously been interpreted as a part of this basin 
(eg Gee, 1975; Goode and Hall, 1981). Goode and Hall (1981) recognised a 
close association of the province to a regional NE trending gravity high, 
interpret~d as a fold belt extending into the Central Australian Musgrave 
Block. A tentative correlation is suggested with the Petermann Orogenic 
Belt (Plumb, 1979 a, Preiss and Forbes, 1981). Within the Paterson Province 
inliers of basement, such as the Rundall Inlier of middle-Proterozoic age, 
overlie the sediments of the late Proterozoic (Goode and Hall, 1981), as a 
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result of folding and some faulting. 

Figure 4.12: Main Orogenic units 
of the Central Australian Mobile 
Belts (After Palfreyman, 1984) . 

The Adelaide Fold Belt is predominantly a deformed geosynclinal sequence, 
developed in a continental rift setting with the Gawler Craton to the west 
and the Willyama and Mount Painter Inliers to the east,· being original 
basement material (Thomson et aI, 1975) (Figure 4. 14) . A review of the 
develoment of Adelaidean Basins in Australia by Preiss and Forbes (1981), 
identified the earliest sedimentation in the trough associated with rifting 
and basic volcanism (1100Ma), with coarse clastics on the Stuart Shelf, and 
mixed clastic-carbonate sequences in the geosyncline. From 1000-800 Ma the 
sedimentation was a mixed clastic-carbonate sequence, followed by (800-570 
Ma) glacial and clastic sediments (Preiss and Forbes, 1981). Deformation of 
the Adelaide Geosyncline occurred during the Delamerian Orogeny which 
occurred up until 450 Ma. 

4.3.2. GQld Mi neralizati on 

The Telfer Gold deposit is the best known deposit within the Paterson 
Province, It is hosted in the turbidite facies Telfer Formation , of the 
Yeneema Group (Figure 4.12). 
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Figure 4. 13: Generalized geology of the eastern Bangemall Basin and the 
Paterson Province , Western Australia (after Goode and Hall, 1981). 

The mineralization is strata-bound, in two carbonate-bearing siltstone 
members, in a thick sequence of arenites siltstones, mudstones and 
carbonates (Yeneena Group). The Middle Vale Reef (MVR) contains the best 
mineralization (10gft) and is separated from overlying E1 and E2 ore 
horizons in typical Bouma sequences (Leeming, 1985). The major structure in 
the area is the Main Dome, an elliptical pericline, which has localized 
mineralization around it. The gold occurs in the lower siltstone member, as 
quartz l~monite beds and may be either a syngenetic or an epigenetic 
replacement deposit. (Turner, 1980 in Leeming, 1985). The epigenetic model 
involves the intrusion of a 600 Ma granite, 25km west of the deposit, acting 
as the heat source for the generation of hydrothermal solutions. 
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Figure 4.14 Geology of the Adelaide Fold Belt (Geosyncline), South 
Australia (Thomson et aI., 1975). 
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An interesting aspect which was overlooked by Leeming (1985), when 
considering the genesis of the deposit, is that the circulating hydrothermal 
fluids may have been generated in the classic metamorphogenic style 
associated to the deformation and metamorphism of the sequence. The domal 
structure formed at this time and acted as a localizing feature for the 
migrating fluids. 

The gold-mineralization in the Adelaide Geosyncline is dominantly alluvial 
with some minor vein-hosted deposits. These latter deposits include 
stockworks and veins which become numerous in the southern part of the 
geosyncline. The origin of these minor gold deposits hosted in Adelaidean 
sediments, is possibly the remobilization of basement deposits during 

metamorphism and granitic plutonism (Dalamerian Orogeny) deformation, 
(Johns, 1975). 

4.4 Northeast Orogens 

4.4.1 Geology 

The Northeast Orogens including the Mt.Isa Block, the Georgetown, Coen and 
Yambo Inliers, developed marginally to the North Australian Craton (Figure 

4.15). The Mt . Isa Block is an area of orogeny, with an initial stage of 
sediment and volcanic deposition, followed by deformation and metamorphism, 
and the intrusion of granites from 1700 Ma. From 1670-1620 Ma, a regional 
unconformity developed, related to a metamorphic and granite intrusion 
event, and from 1490-1460 Ma the final deformation of the block occurred. 
The Coen, Yambo and Georgetown Inliers shared a common evolution with 
deformation , high grade metamorphism and plutonism at 1575 Ma and 1470 Ma . 
At 970 Ma the Georgetown Inlier underwent a period of retrograde 
metamorphism, one of the final events of stabilization. 

The geology and structure of the Georgetown Inlier have been discussed by 
Branch (t966) and Oversby et al . , (1975) . The tectonic evolution of the 
Georgetown Inlier is synchronous to the Mt. Isa Block, marginal to the 
Northern Australian Craton with periods of high grade metamorphism, 
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Figure 4.15: Distribution of important tectonic domains in the Northeast 
Orogens (after Palfreyman, 1984 and Plumb, 1979 a) . 

deformation and plutonism at 1575 t~a and 1470 Ma, followed at 970 I~a by 
retrograde metamorphism during the final stabilization of the Precambrian 
basement. Subsequent to this stabilization, the area was intruded by 
granitic rocks during the Palaeozoic (Silurian-Devonian) (Oversby et ai, 
1975), such as the Forsayth Granite, the Dunbano Granite (both part of the 
Forsayth Batholith), the McKimons Creek Granite and the Dido Granodiorite. 
The Precambrian Basement rocks are amphibolite and granulite facies rocks 
(originally mudstones, siltstones, sandstones and some mafic lavas), and 
some granitic rocks such as the Esmeralda and Robin Hood granites (Oversby 
et ai, 1975). Recent dating in the Georgetown Inlier (Black and McCulloch, 
1984) suggests that the basement sequences (Candlower Formation and 
Einasleigh metamorphics, both part of the Ethridge Group) may be up to 2500 
Ma old (Archaean), which is older that the Mt . Isa Block and may . be a 
provenance area for sediments in the Mt. Isa sequence (Black and McCulloch, 
1984). AVFilable maps of the Georgetown Inlier do not define the individual 
rock units mentioned above, and the general geology of the area is shown on 
Figure 4.16. a. 

The Georgetown Inlier was affected by two tectonothermal events at 400 Ma 
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and 300 Ma (Black and McCulloch, 1984) which resulted in the intrusion of 
Permo-Carboniferous granitoids. Cover on the inlier includes sediments and 
volcanics of Proterozoic to Cainozoic age. The area is 
numerous ring complexes and areas of cauldron subsidence 
(Figure 4.16 b). 

characterized by 
(Branch, 1966) 

The Coen Inlier (including the Yambo Inlier) is a northward extension of the 
Georgetown Inlier, consisting of a Precambrian basement of metamorphic and 
granitic rocks, and of middle Palaeozoic granitic (adamellite) rocks (Figure 
4.17) (Oversby et ai, 1975). These middle-Palaezoic rocks are the possible 
source of gold mineralization in the area, as are the Permian, high level 
granites which intruded the inlier. With the close similarity of geology 
between the Co en and Georgetown Inliers, it is expected that a similar 
volcanic province (as outlined by 8ranch, 1966) could exist. 

4.4.2 Gold Mineralization 

The gold mineralization in the Georgetown Inlier is dominated by the 
recently commissioned Kidston Mine (Figure 4.15) on the northern side of the 
Lochaber Ring Complex (Branch, 1966). The mineralization at Kidston is in a 
well developed breccia pipe, (Mining Magazine, January 1986), which appears 
to be spatially associated to the Permo-Carboniferous Lochaber Granite 
(Branch, 1966). The breccia pipe is near vertical with the mineralized zone 
on the southern side (Wise's Hill), dipping slightly shallower toward the 
north (Mining Magazine, January 1986). This indicates that mineralizing 
fluids slightly post-date the breccia pipe and were confined to zones of 
higher permeability in the pipe. The gold occurs dominantly as free gold 
(90%) with the remainder contained in pyrite and arsenopyrite. The late 
stage veining is a quartz-carbonate assemblage with sphalerite, galena 
arsenopyrite and pyrite. The alteration is dominantly sericite and 
carbonates. 

The Geor~etown Inlier contains numerous gold deposits including those of the 
Croydon Goldfield which occur in the Croydon volcanics as either narrow 
steeply dipping (near vertical) as thicker shallower dipping (15-45 E) 
quartz filled fractures (Wall and Withnall, 1975) . Further gold 

mineralization occurs in the Esmeralda Granite at Croydon, where shear zones 
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Geology of the Georgetown Inlier showing distribution of 
ring complexes, cauldrons. and major structural elements (Branch, 1966). 
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intersect zones of graphitic granite. The gold occurs with silver in a 
quartz gangue with arsenopyrite. Between Georgetown and Forsayth 
(Precambrian) granite mineralization is gold with galena and pyrite and 
minor amounts of chalcopyrite and sphalerite . The host rock is brecciated 
and altered granite . 

The basement Etheridge Formation, west of Forsayth, contains coarse gold in 
quartz reefs, and the Einasleigh Metamorphics at Percyville contain gold 
bearing quartz veins (with traces of bismuth, tungsten, lead, copper, zinc 
sulphides), narrow rhyolite and pegmatite dykes. The host in these latter 
deposits is greisenized schists. 

The gold mjneralization in the Coen Inlier occurs (predominantly) within the 
Devonian granitic rocks of the Cape York Peninsular Batholith, and in 
adjacent Proterozoic metasediment contact rocks. The main fields of past 
production include the Alice River field (14kg al luvial, 94kg/2845 tonnes 
ore, accessory stibnite) and the Hamilton field (682 kg allUVial, 
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1372kg/34194 tonnes ore). The Hamilton deposits are predominantly in joints 
and fractures with some veining within granodiorite. Whitaker (1975) 
indicates that mining in the Hamilton field was not profitable below 45g/t, 
a grade which currently would be regarded as economic. 

The Coen field contained the largest deposit of the area, the Great Northern 
mine (2180kg/26200t ore), and the mineralization is dominantly shear zone 
hosted (Coen Shear Zone). Other gold fields include the dominantly alluvial 
Wenlock Field, derived from quartz veins in the Kintore adamellite (mid­
Proterozoic), and the Claudie River Field of quartz veins in schists, 
associated to faulting. 

4.5 Curnamona Craton 

The Curnamona Craton contains the Broken Hill Block and the Mt. Painter 
Block (in addition to platform cover sequences). The Broken Hill Block (cf. 
Willyama Inlier) is in part equivalent to the Gawler Craton, and is the 
basement to the eastern part of the Adelaide Fold Belt (Plumb, 1979 a). The 
main metamorphic event in the area was 1700-1650 and the final stabilization 
was synchronous with the Gawler Craton from 1550 Ma-1450 Ma. Only very 
minor gold occurrences are recorded in the Curnamona Craton (Blissett, 1975; 
Johnson and Gow, 1975), and are not discussed further in this dissertation. 
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5. PHANEROZOIC 

The geological and tectonic evolution of the Phanerozoic Terrains in eastern 
Australia (Figure 5.1). is at present poorly understood with numerous 
proposed models. The Tasman Geosyncline* is the tectonic province of 
eastern Australia which is subdivided into four main fold belts. the Lachlan 
Fold Belt. the New England Fold Belt. the Hodgkinson Fold Belt. the 
Kanmantoo Belt (Figure 5.2) (Plumb. 1979 a; Palfreyman. 1984) and basinal 
terrains such as the Drummond Basin. General descriptions of the tectonic 
units. history and evolution of the Tasman Geosyncline include those by 
Solomon and Griffiths (1972). Scheibner (1973). Packham and Leitch (1974). 
Williams et a!.. (1975) Fisher and Warren (1975). Rutland (1976). Dayet al 
(1978). Plumb (1979 a). Crook (19BO) pelham.(1983). Adams et a!.. (1985). 

SOOKm 

PHANEROZO[ 
(excl uding platform-cover) 

120 • 

20· 

30· 

1.Lachlan Fold Belt 
2.New England Fold Belt 
3.0rummond Basin 
4.Hodgkinson Basin 
5. Kanmantoo Fold Belt 
6.0undas Trough 

Figure 5.1: Distribution of Phanerozoic rock units of Australia. excluding 
Mesozoic and Cainozoic cover sequences. (modified after Palfreyman. 1984. 
and Plumb. 1979 aJ. 

* The term Geosyncline is adopted in preference to Orogen or Fold 8elt to 
avoid confusion with sub-divisions within the Tasman tectonic province. 
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Figure 5.2: Schematic distribution of the major tectonic subdivisions of 
Tasman Geosyncline. 

and Harrington and Korsch (1985 a,b). No single description of the tectonic 
framework of the Tasman Geosyncline accounts for all the observed features 
(see Packham and Leitch, 1974), although some of the more localized 
descriptions are independently complete (eg. Crawford and Keays, 1978). 
The Kanmantoo Fold Belt is discussed within the framework of the Lachlan 
Fold Belt (Central Area) due to the relatively insignificant gold 
mineral ization. 

The geological and tectonic evolution of the Tasman Fold Belt can be 
simply summmarized as follows: 

material, 
( Kanmantoo 

i. development of a marginal sea on oceanic 
adjacent to the stabilized Australian Precambrian 

Belt) 

crustal 
Craton. 

ii. deposition of predominantly deep water sediments 
and formation of an island arc to the east , (Lachlan Fold Belt) 
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iii. deformation of complete sequence due to an arc-
continent collision, and development of ophiolite sequences. 

iv. granite plutonism in the eastern part 
(predominantly) related to subduction and possibly crustal thickening. 

v. development of multiple volcanic arcs and shallow 
basinal sequences east of the Tasman Geosyncline (New England Fold Belt). 

vi. deposition of Hodgkinson Fold Belt in part 
synchronous with the New England Fold. 

vi i. deposition of Drummond Basin synchronous with the 
early development of the New England Fold Belt. 

After the Archaean Yilgarn Craton, the Lachlan Fold Belt is Australia's 
richest gold province, having produced in excess of 770 tonnes of gold up 
until 1977 (Woodall, 1979). Other gold-rich Phanerozoic provinces are the 
New England Fold Belt and Hodgkinson Fold Belt, in addition to the Drummond 
Basin. The Drummond Basin historically was one of the so-called gold 
I barren I provi nces in eastern Austra I i a, unti I the recent di scoveri es of 
high-grade epithermal-type gold mineralization in 1985 (Australian Business, 
September 4, 1985). The full extent of these new discoveries is yet to be 
ascertained, but in the relevant section below, a preliminary evaluation of 
the potential in the area, and associated areas in terms of tectonic 
environment, geological framework and mineralization style is presented from 
the available information. 

5.1 Lachlan Fold Belt 

The Lachlan Fold Belt (Figure 5.1), is the largest tectonic province within 
the Phanerozoic Tasman Geosyncline and consists of three related areas, the 
Southern (Tasmania), the Central (New South Wales and Victoria), and the 
Northern (Queensland) areas. 

5. 1. 1 Geology 

Southern Area - Tasmania 

The Southern Area of the Lachlan Fold Belt in Tasmania is confined to the 
northeast corner and the Dundas Trough in the west . The Dundas Trough is a 
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Figure 5.3: Geology of Tasmania (modified after Williams et aI., 1975 and 

Adams et ai, 1985). 

volcano-tectonic depression containing acid volcanics, basic volcanics, 
clastics, sedimentary sequences, ultramafic-mafic complexes and minor 
Devonian granitoids, while the northeast corner is predominantly quartzites 
and turbidites of the Mathinna Beds, with widespread Devonian granites 
(Figure 5.3). The Dundas Trough occurs between two Proterozoic basement 
blocks, the Rocky Cape Region and the Tyennan Nucleus (Figure 5.4). 
Deposition of sediments, volcanics and serpentinites in the Dundas Trough 
was initiated following deformation during the Pengiun Orogeny (700-750 Ma, 
Adams et al., 1985). The presence of ultramafic-mafic complexes within the 
Dundas Trough may indicate (in part) an oceanic crust as basement to the 
sequences, similar to the postulated marginal basin 
(Solomon and Griffiths , 1972; Crawford and Keays, 
1984; Adams et aI., 1985). 

environment in Victoria 
1978; Crawford et al., " 

The main stratigraphic units in the Dundas Trough region (Figure 5.5) are 
the Success Creek Group (shallow to moderate depth " sediments) , the Crimson 
Creek Formation (volcanics, cherts and mudstones), and the Dundas Group 
(quartz flysch with felsic volcanics)(Adams et al . , 1985). Inliers of 
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Figure 5.4: Tectonic elements of Tasmania (modified after Williams et aI, 
1975, and Adams et a I, 1985 and others). 

Proterozoic Oonah formation rocks in the Dundas Trough, indicate (inpart) a 
continental crustal basement to the Cambrian sediments (Figure 5.5). Local 
geology of the Dundas Trough in the vicinity of Rosebery and Queenstown is 
shown on Figure 5.6. Deformation of the Dundas Trough was during the 
Tabberabberan Orogeny (~ 390 Ma, Adams et al., 1985), with relatively minor 
deformation during the mid-to-Iate Cambrian, due to uplift of the basement 
Tyennan Nucleus (Adams et al., 1985). The uplift in the Tyennan Nucleus, 
initiated the deposition of the Owen conglomerate. 

Corbett (1981), tentatively identifies the presence of poorly preserved 
caldera structures in the Dundas Trough, from the occurrence and 
distribution of lavas, ash flows and pyroclastics of rhyolite to andesite­
basalt com20sition. These caldera structures may be the concentrating 
mechanisms of mineral deposits in the trough (Corbett, 1981; Cox 1981; 
Woodall,1979). 

The northeast corner of Tasmania consists of the Marthinna Beds and Devonian 
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1985). 

Granitoids in roughly equal proportions (Figure 5.3). The sediments 
Marthinna Beds (turbidites etc.) are interpreted as a marginal basin 
with the granites (ie Scottsdale and Blue Tier Batholiths) emplaced 
375-335 Ma post-orogenically. 

Central Area - New South Wales and Victoria 

of the 
fi II, 
from 

The Cambrian Kanmantoo Fold Belt is the oldest and most westerly unit of the 
Tasman Geosyncline (Figure 5.7). The deposition of sediments and volcanics 
in this area was terminated by the Cambro-Ordovician Oelmerian Orogeny, 
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Geology of the Mt.Lyell/Rosebery district, Tasmania (Adams et 

which affected the Adelaide Fold Belt to the West. The Lachlan Fold Belt to 
the east, is a complex series of troughs, basins and ophiolite sequences, 
which were emplaced during and after the Delmerian Orogeny. Deformation in 
the Lachlan Fold Belt occurred in late - Ordovician to middle- Devonian, 
after a period 
Bel t (Plumb, 
Victoria, are 
Keays, 1978), 

of transitional tectonism which stabilized the Kanmantoo Fold 
Fold Belt 1979 a) • 

a series 
which have 

The oldest rocks of the Lachlan in 
(Figure 5.8 a) (Crawford and of 'greenstones 

been interpreted as remnants of crustal material 
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(ophiolites), from a marginal sea developed by rifting of a thin continental 
crust, on the margin of the Australian Plate (Crawford and Keays, 1978; 
Crawford et al., 1984). Crawford et al (1984), further interprets the 
setting as being similar to the Western Pacific-type settings, with island 
arcs and back-arc basins. These linear 'greenstone' belts (Stavely, 
Heathcote and Mt. Wellington Belts, Figure 5.8 a) separate basinal sequences 
of greywacke-shale, of the 8allarat and Melbourne Troughs. The chemistry of 
the three 'greenstone' belt lithologies varies, and at present only the 
Heathcote Belt has been studied in detail (Crawford et al., 1984). 

Powell (1983), also supports a back-arc basinal model for the western part of 
southern Tasman Geosyncline. The major difference between the Powell (op. 
cit) and Crawford et al •• (1984) models, is the former has an Ordovician 
oceanic crust, mid-Silurian · ensialic setting and dominant control on 
tectonic evolution by regional dextral shearing, while the latter is oceanic 
setting with an arc-continent collision. A detailed analysis of the 
sedimentary successions by Powell (1983), and an interpretation of the 
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Figure 5.7: Main tectonic units of the Southern Area of the Lachlan Fold 
Be 1 t (after Wooda II, 1979). 
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b Palaeozoic geology of Victoria (Spencer-Jones and 
Vandenberg, 1975). 
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tectonic evolution (Figure 5.9), outlined a paleogeographic reconstruction 
as shown in Figure 5.10. An alternative to the above models is presented by 
Crook (1980), who interprets the evolution as being a fore-arc basinal 
setting, which to a large extent is obviated by the data presented by 
Crawford et aI., (1984). 

The eastern part of the Lachlan Fold Belt in Victoria is dominated by the 
Wagga Metamorphic Belt (WMB) and syn-to post-Silurian granitoids. The Wagga 
Metamorphic Belt, is a zone of high-temperature low-pressure metamorphism 
(Powell, 1983) , previously interpreted as a trench zone (Solomon and 
Griffiths, 1972), a marginal basin (Scheibner, 1973), a marginal sea (Cas et 
aI., 1980) and a back arc basin (Powell 1983). Further to the east a 
complex series of granites younging to the east (Powell, 1983) of S- and 1-
type affinities have been identified (Chappell, 1984). Sources for these 
granites are dominantly crustal, and crustal + mantle derived material 
respectively, indicating supra-crustal and under-plating origins (Chappell, 
1984). The emplacement of granites in this eastern zone required a thick 
crust, and is generally related to a major melting event at 400 ~ 20 Ma 
(Chappell, 1984). The greywacke shale sequences in this eastern area have 
been derived from the Adelaide Fold Belt and/or the Trans Antarctic 
Mountains (Wyborn and Chappell, 1983). 

The late Devonian to late Carboniferous history of the Lachlan Fold Belt, is 
generally related to stabilization of the belt, wi th basin deposition in 
Queensland (eg. Drummond, Adavale and Burdekin Basins) and New South Wales 
(Lambie Group). These basins contain deformed molasse-type sediments, acid 
volcanics, high level granites and some development of cauldron structures 
in Victoria (Plumb, 1979 a). 

In New South Wales, the Central Area of the Lachlan Fold Belt is sub-divided 
into a number of different tectono- stratigraphic units (Scheibner, 1974) 
(Figure 5. 11). All of these different units have been described as 
synclinori~l or anticlinorial zones. Only those zones defined as 
synclinorial will be discussed, because they contain the most significant 
occurrences of gold. The main synclinorial zones are the Cobar - Mineral 
Hill Zones, the Bogan Gate Zone, the Cowra-Yass Zone, the Hill End Zone and 

the Captains Flat Zone (after Scheibner, 1974 and Markham, 1975). 
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Model of tectonic evolution of the Lachlan Fold Belt (Powell, 

The Cobar-Mineral Hill Zones consist of two distinct zones of sediments, the 
older early-Silarian Ballast Beds (various sandstone units, quartzites 
slates and phyllites, minor mafic lavas) of the Mineral Hill Zone in the 
east, and the late-Siurian Cobar Group consisting of conglomerates, 
greywacke sandstones of the Chesney Greywacke Suite, the Great Cobar Slate 
and the CSA Siltstone (Gilligan 1974 a). The late-Silurian rocks of the 
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Palaeogeographic reconstructions of the Lachlan Fold Belt 
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Cobar Zone also includes the Ootha Beds, which have also been recognized as 
fragments in the New England Fold Belt. Other important lithologies of the 
Zone are shown on Fi gure 5.12. The volcanics and granites in the area (eg. 
Mt. Hope Volcanics) are of late-Silurian or Devonian age. The formation of 
the zone is inferred to be as a result of tensional rifting and subsequent 
sedi mentation and volcanism during this period. 

The Bogan Gate Zone consists of Ordovician sediments (including greywackes, 
sandstones, limestones, slates etc) and a Silurian volcano-sedimentary 
sequence, with Siluro-Devonian and Devonian intrusives (Figure 5.13). The 
ages and distribution of various units in the Bogan Gate Zone are at present 
poorly understood with a variety of different boundaries proposed 
(Fitzpatrick 1974 , Gilligan and Scheibner, 1978, and B.P . Minerals 
Australia, unpublished data). The preferred geological distribution of 
units is that proposed by Fitzpatrick (1974), as shown in Figure 5.13. 

Structural deformation in the sequence of volcanics and sediments gives an 
overall fabric trending northerly (Fitzpatrick, 1974). Basic dykes occur 

toward the western margin of the 
spatially associated to granite 
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C. Bogan Gate Syncl inorial Zone 
D.Forbes Anticlinorial Zone 
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F.Molong 5th . Coast Anticlinorial Zone 
G.Hill End Synclinoria l Zone 
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B 
-. 
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Figure 5.11 : Major tectonic elements of New South Wales, defined as 

synclinorial and anticlinorial zones. (Scheibner, 1974) . 
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series of serpentinites and basic intrusives occur on the south-eastern 
margin and have been interpreted as a dismembered ophiolite sequence 
(Fitzpatrick, op. cit.). This fragment of ophiolites may represent the 
original basement to the Boqan Gate Zone or to the Forbes Zone to the east . 
The latter appears probable due to the presence of major thrust faults 
associated to the occurrence (Figure 5.13). 

The Cowra-Yass Synclinorial Zone is dominated by volcanics with a lesser 
sedimentary component than other zones (Figure 5.14). The volcanics are 
dominantly acid in composition (Gilligan , 1974 b). The formation of the 
zone has been interpreted as a volcanic rift in the south and a volcanic 
arch in the north (Gilligan, 1974 b). The ages of rocks in the zone are 
dominantly mid-to late-Devonian acid volcanics and sediments, early-Devonian 
acid volcanics and sediments, and granitic intrusions (Gilligan op. cit.). 

The Hill End Zone (Figure 5.15) consists of dominantly sedimentary rocks 
with some volcanics. The sediments consist of late-Silurian to middle­
Devonian flysch sequences (shales, greywackes and conglomerates), while the 
volcanics consist of late-Ordovician andesites, mid-Silurian rhyolites and 
dacites, with other late-Silurian acid volcanics. The zone may have formed 
as a marginal sea evolved from a rift (Scheibner, 1974). The dominance of 
sediments in the sequence indicates a more passive environment than the 
Cowra-Yass or Bogan Gate Zones. 

The Captains Flat Zone (Figure 5. 14) is a fault-bounded volcanic rift zone 
consisting of mid~ to late-Silurian volcanics and sediments, and early to 
late Devonian sediments, intruded by early-Devonian and Carboniferous 
granites (Gilligan, 1974 c). 

The major difference between the rift zones in New South Wales and those in 
Victoria is that the former were active during the Silurian, a feature not 
observed in the latter. This is amply displayed by the relative abundance 
of volcanic~ in New South Wales as compared to Victoria, and the occurrence 
of numerous volcanic related mineral deposits (Section 5. 1.2). 
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Figure 5.13: Geology and mineral deposits of the Bogan Gate Synclinorial 
Zone (Fitzpatrick, 1974). 
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Figure 5,15 : Geology and mineral deposits of the Hill End Synclinorial Zone 
(Stevens, 1974). 
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Northern Area - Queensland 

An important portion of the Lachlan Fold Belt which has not been reviewed in 
detail, is the Northern Area in Queensland, (Figures 5.1 and 5.2) previously 
identified as the Lolworth-Ravenswood Block and the Anakie Inlier (Olger, 
1972; Fisher and Warren, 1975; Day et al., 1978). 

The Northern Area of the Tasman Geosyncline is the exposed part of the 
Thomson Orogen of Murray and Kirkegaard (1978), which is covered by basinal 
cover sequences to the south-west (eg. Cooper Basin)(Figure 5.16). The 
Lolworth-Ravenswood Block consists of early-Palaeozoic sediments and 
volcanics including the Cape River Beds (a sequence of tuffaceous arenites, 
siltstones and black shales, Murray and Kirkegaard, 1978) and Mount Windsor 
volcanics (dominantly acid volcanics, with locally abundant andesites and 
basalts). Other important lithologies are the Argentive metamorphics and 
the Running River Metamorphics, which may (in part) be metamorphic 
equivalents of the Cape River Beds (Murray and Kirkegaard, op cit) (Figure 
5.16) . 
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Figure 5.16 : Simplified geol ogy of the Lolworth-Ravenswood Block (Mu rray 
and Ki rkegaard, 1978). 
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The Lolworth-Ravenswood Block contains two periods of granite emplacement . 
The Ravenswood Granodiorite Complex has up to 8 different sub-units, and 
ages confined to 454 ~ 30 Ma and 394 ~ 30 Ma (mi d- or late-Devonian and 
late-Silurian or early Devonian respectively). All rocks of the Complex are 
strongly deformed. The Cape River Beds and Mount Windsor volcanics, are 
interpreted as part of a Cambro-Ordovician volcanic island arc system, 
separated from the Georgetown Inlier by a marginal sea (Murray and 
Kirkegaard, 1978). 

The Anakie Inlier consists of low-grade metamorphics (Anakie Metamorphics) 
intruded by late Devonian granodiorites, in the south. The metamorphics are 
contained in two units, an older albite-muscovite-quartz schist and a 
quartz-albite-chlorite-actinolite-epidote schist (Murray and Kirkegaard, 
1978). At present the geology of the Anakie Inlier is poorly understood, 
but current active exploration in the area, will help in the delineation of 
geology and history of the area. 

5.1.2 Gold Mineralization 

Important gold deposits of the Lachlan Fold Belt are shown on Figures 5. 17. 
The most important deposits occur in the central Lachlan Fold Belt, 
particularly in the Ballarat Trough. 

Southern Area - Tasmania 

The main gold producing areas in the southern area of the Lachlan Fold belt, 
are the Rosebery and Mt. Lyell deposits in the Dundas Trough (gold-base 
metal association), and the Beaconsfield, Lefroy and Marthinna deposits in 
the north and northeast (generally gold only). 

The Rosebery zinc-lead-copper deposit 
Dundas Trough (Figure 5.6 and 5.18), 

caldera structures of Corbett (1981). 

is in the Mt. Read volcanics of the 
possibly related to the postulated 

Gold was initially discovered and 
mined in the gossan, overlying the sulphide orebodies. The average grade 
was 3.8 g/t gold in the sulphide bodies (Burton, 1975; Green et al., 1981). 
Alluvial deposits of gold derived from ore-bodies, contributed substantially 
to the production in early days of mining (Hall et al., 1965) . The main 
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Figure 5. 17: Distribution of Important gold deposits of the Lachlan Fold 
Be It (after Wood a II, 1979). 

sulphides of the orebody at Rosebery are chalcopyrite, sphalerite, pyrite 
and galena, with the distribution of gold grades having an apparent spatial 
association to the distribution of zinc grades (Green et al., 1981). The . 
origin of the sulphide mineralization is interpreted as submarine exhalative 
with a volcano sedimentary association. 

The Mt. Lyell deposit (Figures 5.6 and 5.18) is a similar form and style to 
the Rosebery deposit, with a higher degree of deformation. The gold occurs 
i n the sulphide orebodies, with a gold-rich gossan originally being mined. 
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Figure 5.18: Important gold producing areas in Tasmania (after Wi lliams et 
aI, 1975, Adams et aI, 1985, Burton et aI, 1'975). Geology same as Figure 
5.3. 

(Solomon and Elms, 1965; Walshe and Solomon, 1981), with grades ranging from 
0.4-2 .0 gft Au (Reid, 1975). The deposit occurs in the same volcano­
tectonic rift system hosting the Rosebery deposit, with the period of 
volcanism (mineralization) being of the longer duration (Cox, 1981), and 
changes in facies in the associated sequences possibly related to caldera 
collapses (Cox, op . cit). 

The Beaconsfield gold deposit has yielded in excess of 26,6 t of gold until 
1977 (Woodall, 1979) , with a current resurgence of interest defining 670 000 
tonnes of ore at 24 gft gold . (Gold Gazette, Nov. 10. 1986) . The deposit 

occurs within the Cambrian Caroline Creek sandstone (Register of Australian 
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Mining 1981) marginal to the Tertiary Tamon Fracture Zone (Figures 5. 4. and 
5.18). The mineralization appears to be in fracture controlled quartz 
veins, dislocated by later faulting (Naldart and Threader, 1965). Age and 
genesis of the mineralization are not available but may be related to the 
Devonian Tabberabberan Orogeny (i 400 Ma). 

The Lefroy deposits occur on the western margin of the Mathinna Beds in 
highly deformed sediments, as an enechelon fault system (Noldart and 
Threader, 1965). t~ain mineralization is pyrite, stibnite, chalcopyrite and 
arsenopyrite, and gold associated to the pyrite and stibnite. Supergene 
enrichment of the upper portions of the reef was the primary source of gold 
(grade i 30 g/t), and only minor patches of pyrite ore at depth, contained 
greater than 3 g/t gold. (Noldart and Threader, 1965). This mineral ization 
may be related to the intrusion of Devonian granites at depth, similar to 
the Mathinna deposits to the east (Figure 5.19)(Green, 1975). 

The Mathinna deposit (Figures 5.18 and 5.19) (and associated deposits) occur 
in a 70km long NNW trending shear zone between two major batholiths, the 
Blue Tier and Scottsdale Batholiths, (Noldart and Threader, 1965; Williams 
et al . , 1975). The Mathinna Beds are a series of lower- Palaeozoic 
(Devonian) sandstones, siltstones and shales with transgressive quartz veins 
in the shear zone. Associated sulphides include asenopyrite, pyrite, 
chalcopyrite sphalerite and galena. Gold appears to be free in the quartz 
veins. The gold-bearing shear zone developed during the deformation of 
sediments during the Tabberabberan Orogeny and mineralization is synchronous 
or slightly post-dating this event. Production from Mathinna field is 
estimated to be 8.4 t of gold metal (Woodall, 1979) . 

Central Zone - New South Wales and Victoria 

The most important gold producing district in the Tasman Geosyncline, is the 
Ballarat Trough Region of the Lachlan Fold Belt in Victoria (Figures 5. 7 and 

5.20) The mineralization of the Lachlan Fold Belt in Victoria, has been 
previously described by Baragwanath (1953), Coldham (1953 a), Thomas (1953), 
(and other references in Edwards, 1953), McAndrew (1965 b), Bowen and 
Whiting (1975), Woodall (1979) and (in part) Leeming (1985). The 

distribution of important goldfields in Victoria is shown on Figure 5. 20. 
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Figure 5.19 Distribution of gold occurrences and deposits in NE Tasmania 
(Naldart and Threader. 1965). 

There are seven distinct but related types of gold mineralization in the 
Lachlan Fold Belt (Bowen and Whiting, 1975). 

(i) Veins in sedimentary rocks concordant 
(ii) Veins in sedimentary rocks - discordant 
( iii) 
( i v) 

(v) 

(v i) 

(v i i ) 

Veins in igneous rocks 
Disseminated deposits 
Shallow alluvial deposits 
Deep leads 
Nuggets in a surficial environment. 

The most important gold deposits are hosted in quartz veins, concordant to 
sedimentary strata usually in anticlinal strucutres . The most important of 
these deposits are those in the Ballarat - Bendigo Goldfield in the eastern 
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Figure. 5.21 Cross-sections of saddle reefs In the Bendigo Goldfield 
(a.b.c, Thomas, 1953; d Woodall, 1979). 

portion of the Ballarat Trough (Figure 5.20). Examples of this type of 
mineralization are shown in Figure 5.21. One of the notable features of the 
gold occurrences in the Ballarat Trough, is the concentration of deposits 
toward the eastern side. Woodall (1979) notes the restriction of Ordovician 
graptolites in this area, even though the lithologies across the trough are 
similiar. ?eerbower (1968, p 432), suggests that graptolites in general may 
be preserved in anoxic environments, and destroyed in an oxidixing 
environment, which by implication, may be interpreted as indicating deep and 
shallow environments in the same depository (respectively). The presence of 
organic matter decaying in an anoxic environment may supply sulphur to the 
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system, and reduce any iron present to form the pyritic black shales, 
commonly found in association to gold depOSits in the Ballarat Trough 
region . Subsequent low-grade metamorphism and deformation would remobilize 
some sulphur from these beds, as well as fluids. The formation of fluids 

derived from metamorphism and deformation, of a sedimentary pile 
(particularly turbidites), and subsequently leaching metals from surrounding 
rocks, and depositing these metals in structurally or chemically suitable 
traps, is often referred to as the 'metamorphogenic' type ore system 
(Pirajno, 1985). The intrusion of Devonian granites in the area may be 
partly responsible for the generation of fluids in the system. 

The source of gold in the depOSits, is at present unresolved, but the 
Heathcote greenstone belt (Crawford et al., 1984), may represent a source 
area, similar to that proposed for greenstone belt gold mineralization in 
the Archaean (Keays, 1984). The depOSits around Ballarat are possibly 
related to deformation during the Tabberabberan Orogeny, but as yet no 

detailed work has been undertaken on the timing of the mineralizing events. 
The mineralization in the Ballarat West goldfield is conformable in a 20 to 
30m thick horizon containing numerous carbonaceous black slate beds, which 
generally are North-north-east trending anticlinal structures (Figure 5.20). 

Within the Bendigo gold field, gold mineralization is confined to 13 
adjacent sub-parallel anticlines (Figure 5.22) and is generally known as 
saddle reefs, examples of which are shown of Figure 5. 21 . General features 
of the Ballarat and Bendigo Goldfields include a generally low overall 
sulphide content. Tonnages and production figures from various mines are 

detailed in Bowen and Whiting (1975). 

Discordant veins in sediments are usually confined to reverse faults (eg. 
New Normandy Mine, Ballarat East), and show a marked enrichment where faults 
intersect any indicator beds of black carbonaceous shale (Bowen and Whiting, 
1975) . The faults are commonly steeply dipping, and where they intersect 
anticlinal axis, tend to flatten and cut across bedding toward adjacent 
syncinal axis (Bowen and Whiting, 1975) . 

Veins in igneous rocks are generally confined to basic dykes of middle­
Devonian age (Vandenberg, 1978), particularly in the Walhalla district . 
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Figure 5.22 : Distribution of anticlinal axial-lines in the Bendigo 
Goldfield (after Thomas, 1953 and Woodall, 1979). 

Mineralization occurs either along, 

shears and fractures within the dykes 
or sub-parallel to dyke walls, 
(Bowen and Whiting, 1975). 

or in 

Disseminated gold occurrences are apparently confined to pitted slates 
(Bowen and Whiting, 1975) with unknown internal distribution. The Golden 
Mountain Mine near Tallangalook, produced 142 kg of gold from 56 000 tonnes 
of ore and is the largest known example of this type of gold occurrence 
(Bowen and Whiting, 1975) . This deposit occurs in a pyritic hornfels 
adjacent to the Strathbogie granite (probably Devonian). The disseminated 
style of mineralization is poorly documented. It is however probable , that 
the gold minerazlization is related to the granite intrusion , and gold was 
derived from a pre-existing gold occurrence, such as an enriched sedimentary 
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horizon or bedded veins (Bowen and Whiting, op. cit.). 

The deep lead deposits are alluvial occurrences, preserved by Tertiary 
Basalt flows as exemplified in the Ballarat West Goldfield. Mineralization 
is confined to gravels or wash up to 1 metre thick, and can occur to depths 
of 150m (Bowen and Whiting, 1975). The alluvial deposits of Victoria were 
responsible for the initial gold rush during the 1850's. The deposits are 
spatially associated to other types of mineralization particularly vein 
deposits. The nuggets of the Victorian Goldfields are famous, particularly 
the Welcom Stranger, with a net weight of 71 . 06 kg. Occassional nuggets 
continue to be found in the gold-fields by people using metal detectors. 

The Lachlan Fold Belt in New South Wales contains numerous occurrences of 
gold mineralization, particularly in synclinorial or rift areas. The 
different rift zones described in Section 5.1.1 contain gold mineralization 
in different environments, which tend to reflect the differences in rift 
geology. In areas dominated by sediments, free gold occurs in 

metamorphogenic type deposits, while in areas with dominantly volcanic 
rocks, gold occurs (mostly) in association to base metals in massive 
sulphide deposits. It is beyond the scope of this dissertation to describe 
all the gold deposits in New South Wales, and hence the emphasis is on 
describing the different types of deposits in the main zones of the area. 

The Cobar-Mineral Hill Zone contains two important types of gold occurrence, 
base-metal (probable volcanogenic origin) type, and stockwork quartz vein 
type. The most important is the base-metal associated deposits, such as 
those in the Cobar Mining Field (Figure 5.12). Here the sulphide 
mineralization occuring within sediments of the Cobar group, consists of 
three types, (Thomson, 1953 p 893), siliceous, siliceous-pyritic, or massive 
sulphide types. The siliceous type consists of disseminated gold and 
chalcopyrite within a silicified slate. Associated sulphides include 
pyrrhotite and pyrite with minor occurrences of galena, sphalerite, 
arsenopyrit~, native bismuth, bismuthinite and galena-bismutite (?). The 
latter two types of mineralization rarely have associated gold 
mineralization. These deposits (base-metal associated) are interpreted as 
structurally modified volcanogenic massive sulphide deposits (Gilligan, 1974 
a), with original controls on deposition of mineralization, being facies 
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variations in the succession. Remobilization of sulphides (and gold) may 
have occurred during deformation by shearing, as is evident by broad 
silicification and alteration zones associated to areas of deformation 
(Gilligan. 1974 a). 

The Canbelego Area (Figure 5.12), hosts the second type of gold 
mineralization found in the Cobar-Mineral Hill Zone, as stockwork quartz 
veins. This mineralization is associated to an unconformity between a lower 
highly deformed phyllite schist and quartzite unit (Grilambone Beds), and 
the overlying early-Devonian polymictic conglomerate and sediment unit. In 
a broad sense the mineralization occurs within a second order parassitic 
synclinal fold on a major fold (Gilligan. 1974 a). Genesis of this type of 
mineralization is conjectual at present but is most likely a metamorphogenic 
type related to the deformation during Devonian age deformation. 

The Bogan Gate Zone contains three main types of gold mineralization, 
(Fitzpatrick, 1974) in addition to a fourth recently discovered type. The 
three main types are (i) gold associated with Basic (Dioritic) Intrusives 

(ii) Gold associated with acid igneous rocks 
and (iii) Gold in quartz veins in sediments. 

The gold mineralization in basic intrusives appears to be related to major 
lines of weakness which controlled the emplacement of the basic intrusives. 
which may have been the source of gold (Fitzpatrick, 1974). Gold occurs 
within quartz reefs with minor associated sulphides. The most important of 
these deposits. is the Barmedman deposit which yielded 254 kg of gold 
(Fitzpatrick. op. cit.) (Figure 5.13). Gold mineralization is associated 
with acid igneous rocks and occurs along the margins of granite and porphyry 
intrusions and rhyolite-dacite volcanics. The largest field of gold 
occurrences is the Cullinga Gold Field (Figure 5.13). which produced in 
excess of 1240 kg of gold . Gold is usually patchy in quartz reefs. with 
minor . sulphides. The origin of the gold mineralization may be related to 
the associa~ed igneous rocks, or possibly to the zones of weakness occurring 
on the margins of those rocks. The gold occurrences in sediments are 
relatively insignificant and appear to be structurally controlled 
(Fitzpatrick, 1974) . These deposits are not related to any nearby igneous 
rocks. 
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Figure 5.23: Locality map of the Temora Gold Deposit, Bogan Gate Zone (F. 
Pirajno unpublished information) . 

The recent discovery of the Temora Gold deposit, has sparked off a major 
gold exploration boom in the Bogan Gate Zone, for epithermal type 
mineralization, which was previously not recognized in the area. The area 
is referred to as the Temora Belt, and is confined to the western margin of 
the Bogan Gate Zone (Figure 5.23) . Host rocks are propylitically altered 
volcanics (andesites), which have been extensively replaced by chalcedonic 
silica. At present very little information is available , with current 
exploration and evaluation under way. The reserves at the Temora deposit 
are estimated at 5.6 Mt at 2.5 g/t gold and 7 g/t silver. The ore body at 
Temora is characterized by an ore bearing, pyritic, chalcedonic core 
surrounded by a zone of pyropyllite-alun ite-pyrite, within the surrounding 
extensive propylitic alteration. The altered andesite volcanics are 
overlain by underformed sedimetns. Age of the mineralization is tentatively 
proposed as mid- to late-Devonian. 
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The Cowra-Yass Zone contains base metal associated gold deposits and quartz­
gold vein deposits. The base-metal associated deposits are of minor 
importance in terms of tonnages, but may in some places be representative of 
deeper levels of an epithermal system. The quartz-vein gold occurrences 
such as the Tyies prospect and the Blue Jacket Mine, may be the upper 
portions of an epithermal system. The alteration products identified at the 
latter deposits include sericite, chlorite and carbonate within the acid 
volcanic host rocks. Mineralization at the Blue Jacket Mine is transgressive 
into overlying shale units, 
processes (Gilligan, 1974 b). 

and may be related to late stage subvolcanic 
In light of the recent discoveries at Temora, 

it is highly probable that this area has potential for further epithermal 
gold occurrences. 

The Hill End Zone contains a number of different types of gold occurrences, 
(Figure 5. 15) sub-divided on the basis of host rock lithology (Stevens 
1974). These include those hosted by acid volcanics, slates, basic and 
intermediate volcanics, and those contained in faults and folds. Acid 
volcanic-hosted gold deposits are frequently altered (eg . Wisemans Creek 
area; talcose and sericitic schists hosting mineralization), commonly with 
quartz, sericite and clays with some carbonate alteration. In terms of 
genetic models, these deposits may be epithermal deposits not previously 
identified as such, although Stevens (1974) recognized a hot spring or 
fumarolic origin for some of the deposits . 

Deposits from the Hill End Zone hosted in slates, appear to have the 
characteristics of metamorphogenic type deposits described earlier. Gold 
occurs in quartz veins associated to structural features such as faults and 
joints, and as saddle reefs in anticlines adjacent to carbonaceous shale 
horizons . These deposits show no apparent spatial association to any 
igneous rocks. (Markham 1975). Grades of gold in these deposits range from 
1 to 1000 g/t, with the gold usually occurring free and occasionally with 
associated sulphides. The gold mineralization associated to basic rocks, is 
usually cOQfined near the margins or contact of slates with volcanics. In 
general these contacts, may have acted as fluid channel ways for mineralizing 
fluids, which deposited gold in structurally favourable sites . Faults and 
folds have also acted as fluid channel ways for the deposition of gold 

mineralization but in overall terms, folds are the most important (see 
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above). 

The Captains Flat Zone, although of a similar tectonic origin to previous 
zones, has a paucity of gold occurrences and an abundance of base-metal 
sulphide occurrences (eg. Woodlawn, Captains Flat). Minor gold occurrences 
are recorded from the northern part of the zone (Gilligan, 1974 c). 

It is important to note the numerous gold occurrences in the anticlinoral 
zones in the Tasman Fold Belt (Figure 5.7). These occurrences are of 
relativel'y minor importance when compared to those in the synclinorial zones 
and have been described in Markham and Basden (1974). Numerous occurrences 
of alluvial gold are noted in the New South Wales portion of the Lachlan 
Fold Belt, particularly in areas of metamorphogenic or slate hosted primary 
gold deposits (Markham and Basden (op. cit.). A genetically important 
occurrence of gold mineralization, outside the synclinorium zones is the 
Brown's Creek Copper - Gold skarn deposit in the Molong rise (Figure 5.7). 
This deposit occurs on the contact between Ordovician limestones and 
Carboniferous granites (Taylor, 1983) . The origins of gold and copper are 
tentatively concluded to be the sediments (active leaching by a meteoric 
water dominated hydrothermal cell generated by the intrusion of granite) or 
the granite (magmatic late-stage differentiates). 

Northern Area - Queensland 

The two main tectonic elements of the Lachlan Fold Belt in Queensland are 
the Lolworth - Ravenswood Block and the Anakie Inlier (Murray and 
Kirkegaard, 1978; Palfreyman, 1984). The Lolworth - Ravenswood Block is 
particularly rich in gold occurrences, with the main (historical) producing 
areas around Charters Towers and Ravenswood (Murray, 1975). The mines 
around Charters Towers are in simple or composite quartz veins in the 
Ravenswood Granodiorite Complex. Veins are controlled by fractures and 
shear zones with some enrichment at fault intersections (Murray, 1975). The 
deposits, aTe spatially associated to a series of sub-parallel diorite dykes 
trending north-east, which are normal to an interpreted north-west trending 
alignment of folds (Blatchford, 1953). The veins appear to be locally 
structurally controlled around the axis of these folds (Blatchford, 1953), 
although imformation on controls of mineralization is sparce. Originally the 
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deposits were classed as 'mesothermal', and occurred dominantly shallower 
than 600m, and up to 50m from surface (Blatchford, 1953) . 

The Lolworth-Ravenswood Block is currently being re-evaluated in search of 
new gold deposits, as evidenced by the Disraeli - Highway discoveries, 35 km 
south-west of Charters Towers (Gold Gazette, Nov. 10, 1986). The Ravenswood 
deposits are similiar in nature to those at Charters Towers but tend to have 
a higher sulphide content (Blatchford, 1953). The association of minor gold 
deposits (Murray, 1975) to volcanics, post-dating (possibly Carboniferous) 
the Ravenswood Granodiorite Complex, constrains the mineralization to the 
Carboniferous or later (Murray, 1975). The deposits occurring in the 
complex, are the only gold deposits hosted in granites, of any significance 
in the Lachlan Fold Belt, indicating that these deposits have been generated 
through processes different to other deposits in the belt (ie possibly 
related to deep seated Carboniferous granites). 

The Anakie Inlier contains little known gold mineralization but as discussed 
in Section 6, potential does exist for discovery. The known mineralization 
is quartz-gold lodes in the Anakie Metamorphics (Olgers, 1972), and ages 
have been interpreted as Permian. 

5.2 New England Fold Belt 

5.2.1 Geology 

The New England Fold Belt (Figure 5.24) developed from late - Silurian, with 
an initial deposition of calc-alkaline volcanics and limestones (Day et al., 
1978). The New England fold Belt is possibly the most structurally complex 
area in eastern Australia, and this is reflected in the interpreted tectonic 
models proposed for it. Harrington and Korsch (1985 a,b) define nine 
tectonic periods of evolution for this Fold Belt, subdivided into four sets 
on the basis of similarity of tectonic features. This subdivision of 
tectonic ~nits, describes the features characteristic to different areas, 
but does not present a cohesive tectonic model for the belt. The model 
preferred is by Day et al., (1978). 

The main tectonic and structural features of the New England Fold Belt are 
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shown on Figure 5.24. The Yarrol Province contains remnants of an island 

arc system (Calliope Island Arc), with a marginal basin separation from the 
main Australian continent, and possible basin and slope sediments to the 
east. This volcanic arc was deformed during middle Devonian tectonism which 
may have been in part synchronous with the Tabberabberan Orogeny in the 
Lachlan Fold Belt. The presence of extensive ultramafic rocks in the Yarrol 
Basin, of 'suspected' Devonian age (Murray, 1974) indicates the potential 
for an arc, back-arc basin system developed on oceanic crust. 

Development of an Andean-type volcanic arc is interpreted along the western 
margin of the New England Fold Belt, during late-Devonian and early­
Carboniferous times (Day et al., 1978). East of this volcanic are, 
deposition of marine shelf sediments occurred, consisting of dominantly 
volcano-clastic sediments and primary volcanics, with late carbonate 
sediments in the early Carboniferous. Deeper water sediments occur to the 
east of these sediments. Granite batholith emplacement in the Yarrol Basin 
Province reduced the amount of sedimentation into the Basin. 

In the south and central zones of the New England Fold Belt, calc-alkaline 
volcanism was evolving towards acidic members, while sedimentation occurred 
in marginal environments (eg. Wandilla and Woolomin Slope and Basin 
sequences). Granite intrusion occurred on the western margin of the 
Woolomin slope and basin environment, with deformation and metamorphism 
affecting all the sequences from the late Carboniferous to early Permian 
(Day et al., 1978). The main period of tectonism in the New England Fold 
Belt, was terminated in the middle- to late-Permian Hunter Bowen Orogeny 
(Plumb, 1979 a). Overall the tectonism can be subdivided into two (areas 
or) types (i) oceanic-basin areas with intense folding, low grade 
metamorphism (intermediate pressure, and local areas of low pressure 
amphibolite facies metamorphism, and 

(ii) marginal marine shelves with characteristic thrusts , open folds and 
low grade metamorphism (Plumb, 1979 a). 

Further sedimentation, 
Hunter-Bowen Orogeny, 
and lithological units . 

granitic plutonism and deformation occurred after the 
resulting in the present distribution of structural 
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5.2.2 Gold Mineralization 

The New England Fold Belt is generally a gold-poor tectonic province with 
the exception of the Mount Morgan, Gympie, Cracow, Hillgrove and Eidsvold 
goldfields (Woodall, 1979) (Figure 5.25). The Mount Morgan deposit is the 
largest of these goldfields having produced in excess of 245t of gold. The 
deposit occurs within the "probable early-Devonian" Capella Creek beds in 
the Yarrol trough (Frets and Blade, 1975) (Figure 5.25). The main ore 
minerals are pyrite, chalcopyrite, pyrrhotite and magnetite, with native 
gold and gold tellurides. The genesis of this deposit is uncertain (see 
Frets and Blade, 1975), but the main features suggest an epigenetic deposit 
of Devonian age, similiar to numerous other deposits in the Tasman Fold 
Belt, and possibly predates the intrusion of the Mt. Morgan tonalite near-by 
(Frets and Blade, 1975). The gold-copper mineralization appears to be the 
last phase of a mineralizing event which formed the deposit. 
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Figure 5.25: Distribution of important gold occurrences in the New England 
Fold Belt (Woodall, 1979). 
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The Cracow area (Figure 5.25) contains the Golden Plateau deposits, a series 
of quartz-filled veins, fissures and breccias (Ransom and Knight, 1975), 
within the early - Permian Camboon Andesites . The gold is usually 
associated with the sulphides (pyrite, sphalerite, chalcopyrite, bornite) in 
the lodes. The surface trends of lodes show a northeast orientation of two 
zones, linked by a third zone trending east-west. The genesis of the 
deposit is unclear, but Knight (1971, in Ransom and Knight, 1975) has 
interpreted from aerial photographs a possible caldera structure which may 
be related to the deposit. In light of the above features the deposit is 
regarded as hydrothermal, (Section 5.4). The deposit occurs on the margin 
of the Bowen Basin and the Auburn Arch (Figure 5. 25). 

The Gympie Goldfield (Figure 5.25) produced over lOOt of gold from gold­
quartz reefs (Jones and Carruthers, 1965). These deposits are similar to 
those within the Drummond Basin (Section 5. 4) . The mineralization at Gympie 
has an apparent close spatial association to beds of carbonaceous shales. 

Gold occurs in the free form, and associated to minor sulphides (ie . pyrite, 
galena chalcopyrite, sphalerite and hessite (Murray, 1975) . Records of 
mining operations and geology are rare from this field . The mineralization 
is of two possible origins, either hydrothermal, related to the intrusion of 
acid intrusives in the area, or metamorphogenic, 
and dewatering during deformation of the basin. 

derived from metamorphism 
The former is likely with 

only minor deformation affecting the area during the intrusion of granites. 
The gold depOSits are poorly documented (in some instances) and understood. 

5. 3 Hodgkinson Fold Belt 

5.3.1 Geology 

The third main tectonic province in the Tasman Fold Belt is the Hodgkinson 
Fold Belt (Figure 5.26), which is separated from the New England Fold Belt 
by the northern fragment of the Tasman Fold Belt (Day et al . , 1978; Plumb, 
1979 a; ealfreyman, 1984). The Fold Belt was deposited (in part) on an 
older Proterozoic basement complex, the Georgetown, Co en and Yambo Inliers. 
The succession in the Hodgkinson Fold Belt consists of quartz-rich flysch 
and mafic volcanics (subjected to pre-lithification slumping and 

deformation) with overlying shallow marine carbonate rich sediments (Figure 
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5. 26) . The latter sediments are Silurian - Devonian in age. Controls on 
sedimentation may have been rifting adjacent to the Precambrian basement, 
with volcanics related to an Andean-type volcanic chain in the east (Day et 
aI., 1978). 

Of particular importance is the late-Carboniferous and early-Permian acid 
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volcanism and plutonism which affected the Hodgkinson Fold Belt (Day et al., 
1978; Branch, 1966). This period of igneous activity also affected the 
Proterozoic Georgetown, Coen and Yambo Inliers, and (probably) the late 
Devonian Drummond Basin (see Section 6). Although the timing of these 
events is uncertain, there is a high probability of the events being related 
(Section 6). 

The Broken River Embayment is part of the Hodgkinson Basin which was 
developed in a fault (one-side) bounded trough, between the Precambrian 
Georgetown Inlier (fault contact), and the Lachlan Fold Belt's Lolworth­
Ravenswood Block (Murray, 1975). The geology of the Broken River Embayment 
is dominantly shallow water and trough sediments in the lower part of the 
stratigraphy (shales, siltstones, sandstone turbidites and greywackes) with 
dominantly turbidites grading up into shallow water limestones in the top of 
the stratigraphy. Deformation occurred during the late-Silurian, early 
Devonian (including granite intrusions) early-Carboniferous and late­
Carboniferous. This deformation included folding, doming and basin 

development. 

5.3.2 Gold Mineralization 

The gold mineralization known from the Hodgkinson Basin is predominantly 

alluvial from the Palmer River Goldfield, 
derived from gold quartz veins in sediments 

with a small proportion 
(Murray , 1975). 

being 

Little published data is available on this area. The mineralization in 
quartz lodes is dominantly free gold, pyrite and arsenopyrite, with minor 
amounts of chalcopyrite, sphalerite and galena. The deposits may be 
genetically related to intrusives (at depth) (Murray, 1975) . The ages of 
granites in the area appear to be dominantly late-Carboniferous to early­
Permian, intruding flysch-type sediments of the same age and Devonian shelf 

sequences. 

The most important aspect of the volcanism that has affected the Hodgkinson 
Basin, and poss i bly generated the gold mineralization, is the development of 
calderas and cauldrons in the Georgetown Inlier at the same t i me (Section 

4.4) . These calderas, have associated gold mineralization such as that at 
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Kidston, and the potential exists for significantly more gold occurrences in 
the Hodgkinson Basin, marginal to these granite bodies. 

5.4 Drummond Basin 

5.4.1 Geology 

The Drummond Basin consists of three sedimentary cycles separated by periods 
of volcanism (Dlgers 1972, Murray, 1975). The first cycle is dominantly a 
shallow water (and some continental) sedimentary sequence, followed by a 
period of continental sedimentation west of the Anakie Inlier, and a final 
sedimentary cycle which deposited volcanic and lithic sediments over the 
whole basin. The intervening periods of volcanism occurred in late-Devonian 
or early Carboniferous, and early-to mid-Carboniferous extending through the 
third sedimentary cycle . The sedimentation was terminated by volcanism in 
the late-Carboniferous, and by east-west compression giving rise to broad 
gentle folds and by acid magmatism. The main geological units of the 
Drummond Basin are shown on Figure 5.27. Of particular note are the two 
elongate northerly trending zones of late-Carboniferous acid volcanic 
centres, generally andesitic in composition. 

5.4.2 Gold Mineralization 

The Drummond Basin until recently, contained only a single known mineral 
occurrence, the Coolan gold mine. This deposit lies within late-Devonian to 
early-Carboniferous rhyolitic volcanics, hosted by andesites (Murray, 1975 
b). The mineralization was related to a thin shear zone laterally 
persistent, within a zone of silicification (Murray op. cit.) . Primary gold 
was fine grained and associated with pyrite (Coldham, 1953 b), in the main 
vein which ranged up to 15 cm in width, consisting of dominantly quartz 
gangue. 

Recent work in the area has resulted in the discovery of a major gold 

deposit at Pajingo, approximately 120 km north-west . of the Mt. Coolan 
Deposit (Australian Business, September 4, 1985) . This deposit is expected 
to produce in excess of 1.7t gold per annum (1 . 4 Mt at 12.6 g/t) when it 
comes on stream in 1988. The mineralization is epithermal, associated with 
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Figure 5.27 Geology and important gold deposits in the Drummond Basin 

(simplified after Olgers, 1972 and Australian Business, Sept. 4, 19B5). 

lower-Carboniferous acid volcanic centres, which show an apparent trend to 
the north, parallel to a similar trend in the east which passes through the 
Mount Coolan deposit (Figure 5.27). Another gold occurrence recently 
discovered,~is the Bimurra ~ospect, 34 km north of Mt. Coolan in a similiar 
geological setting to Pajingo. The deposit is possibly the higher levels of 
an epithermal system which has been preserved (Gold Gazette, March, 1986). 
Alteration of the rocks at Bimurra prospect, included silicic, quartz­
sericite, argillic and propylitic, indicative of the hydrothermal nature of 
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the deposit. 

The mineralization is pyrite, marcasite, gold, silver sulphide, galena and 
magnetite. Pyrite is spatially associated to zones of intense alteration. 

Gold can occur either as free gold or in pyrite. 

Initial genetic modelling, based primarily on the Bimurra prospect, 

indicates the mineralization is most likely related to caldera collapse 
structures as shown in Figure 5.28 (Gold Gazette, 1986). It is to be noted 
that this is a tentative interpretation and includes the mineralization at 
Cracow, previously discussed in Section 5.2.2. The characteristics of these 
deposits (Pajingo, Bimurra) indicate epithermal mineralization (Figure 
5.28). 
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Figure 5.28: Schematic section showing the relationship of mineralization 
to caldera structure, in the Drummond Basin (Gold Gazette , March, 1986). 
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6. SYNTHESIS AND CONCLUSIONS 

The current boom in gold exploration in Australia has resulted in the 
exploitation of numerous small deposits, previously regarded as sub­

economic. These depoists are poorly documented, and at present only limited 
information is available. The Yilgarn Craton in Western Australia is the 
centre of this boom, with new discoveries including the laterite-hosted 
Boddington deposit. Other new depOSits are vein/shear zone hosted deposits 
occurring near surface (open pit mining) with grades above 3g/t. 

The majority of deposits in the Yilgarn Craton are associated to mafic­
ultramafic host-rocks, with a lesser number of depOSits aSSOCiated to felsic 
vo lcanics and sediments. The potential for further gold occurrences is 
predominantly in mafic host rocks, within zones of faulting, shearing or 
deformation. The known gold mineralization is preferentially associated to 
rift-phase greenstones in younger granite-greenstone terrains. The Big Bel l 
deposit, is a 'Hemlo type' deposit in felsic volcanics, with a strong 
lithological and structural control. The charactersitic features of this 

depOSit, include alteration of felsic volcanics, prior to deformation and 
the mineralization. The deposits hosted in B.I.F.s are presently poorly 
documented and understood. Areas of future research that may help in the 
elUCidation of genetic aspects of this type of depOSit, includes the 
determination of total iron content, in, and surrounding the known deposits 
(depletion or enrichment zones), and total chemistry of the B.I.F.'s in 
relation to interpreted tectonic environments. Gole (1981), has undertaken 
some work in this direction, which may be used as a basis for future work. 

The gold deposits hosted in laterites (eg. Boddington) are important 
additions to the types of Archaean gold deposits. In economic terms, the 
deposits are low-grade large-tonnage deposits suitable for open pit 
explOitation, but importantly these depOSits result (in part) from near­
surface migration and enrichment of gold. The latter is important, due to 

the extensive cover on the Yilgarn Craton, and the present limited amount of 
information on gold in the surficial environment. ExplOitation of these 
deposits should assist in understanding of this environment, and 
particularly assist in exploration in areas of cover (laterite, calcrete, 
Silcrete etc). 
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Areas with greatest potential for discovery are the Murchison Prov ince, and 

the Norseman-Wiluna Sub-province in the Yilgarn Craton, for Hemlo type and 
Kalgoorlie type respectively. The Southwestern Province has potential for 
further laterite hosted depos its, and the Southern Cross Subprovince has 
potential for B.I.F.-hosted deposits. 

The Proterozic rocks of Australia offer only limited potential for further 
discoveries due to the extensive erosion in these domains. The Roxby Downs 
deposit is an example of preservation beneath younger cover, of a unique 
gold occurrence. It is suggested, that in the Proterozoic Provinces 
described in this dissertation, further deposits occur either close to, or 
beneath latter cover sequences, particularly in the North Australian Craton. 

Due to the ages and orogenic history of the Proterozoic rocks in Australia, 
detailed tectonic analysis are presently at an early stage. 

The Georgetown, Yambo and Coen Inliers have the best potential for 
mineralization, of all the Proterozoic terrains in Au stralia., This 
mineralization is tentatively related to the Permo-Carboniferous granites 
and volcanics within the Proterozoic basement sequence. Available data is 
insufficient to propose a definitive model of evolution for the 

mineralization, but is is tentatively suggested that the ring complexes and 
cauldrons of the Inlier (Branch, 1966), and related mineralization, are 
geneticly related to the mineralization and deposits in the Drummond Basin 
(epithermal high level deposits). The deposits of the Drummond Basin are 
tentatively dated as Permo-Carboniferous, re lated to acid volcanic centres, 
which may be equivalent to the eroded upper portions of the ring complexes 
in the Georgetown Inlier. Although this is a tentative suggestion, in terms 
of regional exploration, and tectonic history of the area, this requires 
further detailed research, to evaluate the possibility, that these spatially 

separate occurrences of gold mineralization, may in fact be different 
manifestations of the same tectonic event. 

The other gold occurrences in the Proterozoic terrains of Australia, are 
predominantly metamorphogenic or possibly magmatic related deposits. The 
controls on these mineral occurrences are structural and some lithological. 

The Phanerozoic gold deposits of Australia are predominantly metamorphogenic 
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(turbidite-hosted) and hydrothermal deposits. The potential for further 
mineralization, is best in far north Queensland related to the Permo­
Carboniferous magmatic/tectonic event mentioned above. It is likely that 

further gold occurrences/deposits will be discovered in the Drummond Basin, 
related to these acid volcanic centres. Furthermore, it is suggested that 
in the Drummond Basin, marginal to the Anakie Inlier and the Lolworth­
Ravenswood Block, potential exsists for disseminated Carlin type gold 
occurrences. Controls on this type of mineralization would be structural 
and lithological. The turbidite-hosted deposits of New South Wales and 
Victoria are primarily related to a Devonian period of deformation and 
metamorphism. 

As discussed above, the suggestions are tentative and further detailed work 
in selected areas is necessary. 

Aside from the suggested relationship of deposits in the Georgetown Inlier 
and the Drummond Basin, the most important conclusions of this dissertation 

are as follows : 
(i) The broad tectonic framework of gold deposits in Australia is 

presently poorly understood and further work in this area is suggested. 
(ii) The majority of deposits may be broadly classified in terms of 

tectonic environment and associated lithologies. 
(iii) Archaean gold deposits can be classified as Kalgoorlie type, 

Hemlo type or B.I.F. type deposits. 
(iv) Proterozoic gold deposits are either metamorphogenic types or 

related intra-plate magmatism (eg. Roxby Downs). The gold deposits of the 
Proterozoic domains are also related to Palaeozoic magmatic activity, 
particularly on the margins of the Proterozic Australian continent (eg. 
Georgetown Inlier). These deposits are included in the Proterozoic section 
of this dissertation, as a matter of convienence. 

(v) Phanerozoic gold deposits are predominantly Palaeozoic in age, due 
to the relatively active tectonic history during this time. Mesozoic and 
latter history of Australia, is dominantly a period of stability and 

development of stable platforms. 
(vi) Considerable potential for more gold depo sits in the surfical 

environment exists, including areas of Western Australia and the 

historically high producing areas of eastern Australia. 
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(vii) The alluvial deposits of the Palmer River Goldfield, in the 
Hodgkinson Basin, may be related to the erosion of the elevated Proterozoic 
Inliers (ie: Georgetown, Co en and Yambo), hence accounting for the large 
amount of alluvials in relation to primary occurrences. 
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