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ABSTRACT 

The Laverton Greenstone Belt (LGB), located in the northeastern part of the Eastern 

Goldfields Province (EGP) of the Yilgarn Craton, Western Australia, has a total contained gold 

endowment of over 690t. An important feature of the gold deposits in the LGB is their close 

spatial association with granitoids, with many gold deposits located adjacent to, or hosted by, 

granitoids. Recently-proposed genetic models for Archaean orogenic gold deposits have 

emphasised the role of granitoids in the formation of ore-deposits, but differ significantly in the 

nature of that role. Some models suggest that the granitoids are a source of ore-fluids and 

solutes, whereas others suggest that granitoids exert an important structural control on gold 

mineralisation. Such competing genetic models for gold mineralisation variably propose either a 

proximal-magmatic or distal-metamorphic, or less commonly distal-magmatic, source for gold-

bearing fluids, or mixing of fluids from multiple sources.  

Isotope geochemistry and geochronological studies are used to constrain the source and 

timing of auriferous fluids at nine gold deposits in the LGB in an attempt to differentiate 

between conflicting genetic models. To overcome the lack of detailed deposit-scale geological 

constraints inherent to any regional study, hypotheses generated from regional datasets are 

tested in a detailed case-study of the Wallaby gold deposit. 

The Pb-isotope compositions of ore-related sulphides from deposits in the LGB plot 

along the line representing crustal-Pb in the Norseman-Wiluna Belt of the EGP, with individual 

deposits clustering with other nearby deposits based on their geographic location. This trend is 

similar to that recorded in the Kalgoorlie-Norseman region in the southern EGP, and is 

consistent with a basement Pb reservoir for gold-bearing fluids. As such, data are consistent 

with a similar fluid source for all gold deposits. The Nd and Sr isotopic composition of gold-

related scheelite in the LGB clusters very tightly. The inferred ore-fluid composition has a 

slightly positive Nd, similar to ore fluids at other gold deposits in the EGP for which a 

proximal magmatic source is highly improbable. As such, Sr and Nd data are consistent with a 

similar fluid source for the gold deposits analysed in the LGB, but cannot unequivocally define 

that source.  The median S, C and O isotopic compositions of ore minerals from all nine 

different gold deposits studied in the LGB fall in a very narrow range. The only exception to 

this is the more positive 34S of ore sulphides at the Jupiter gold deposit, which is most likely 

the result of highly oxidised host rocks, and the more negative 13C of ore carbonate at deposits 

with reduced black-shale host rocks. 

Redox conditions and mineralisation temperatures for all gold deposits in the LGB are 

similar. Given that these parameters control the isotopic fractionation between ore fluids and ore 

minerals, the lack of variation in the median isotopic composition of ore minerals is consistent 

with their deposition from a similar, if not identical, ore fluid at all nine deposits studied. 

Localised variation in ore mineral isotopic compositions is interpreted to be the result of varied 

physiochemical conditions, such as minor temperature variations or phase separation and 
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associated redox change, at the site of precipitation. Specifically, there is no convincing 

evidence to indicate that there was more than one ore fluid involved in deposition of gold 

deposits within the LGB. 

Monazite and xenotime are common accessory minerals in gold deposits in the LGB. 

Through SHRIMP U-Pb dating of gold-related phosphates, a new temporal framework can be 

placed on gold mineralisation in the LGB through the dating of five gold deposits. Syn-gold 

phosphates have been dated at 2653±5Ma at Mt Morgans, 2649±11Ma at Jubilee, 2654±4Ma at 

Granny Smith, 2657±21Ma at Jupiter and 2650±6Ma at Wallaby. The similarity in age of these 

five deposits to each other, as well as to the previously published age of 2654±8Ma for the 

Sunrise Dam / Cleo gold deposit in the LGB, is important for several reasons. As demonstrated 

above, isotopic data are consistent with a single (proximal or distal) fluid-source for all gold 

deposits in the LGB. The age of gold mineralisation places three major constraints on the source 

of auriferous fluids in the LGB: (1) the Wallaby and Granny Smith gold deposits are not the 

same age as adjacent granitoids, ruling out the exposed granitic rocks as the proximal magmatic 

fluid-source at these gold deposits; (2) the broadly synchronous timing of gold mineralisation on 

a camp-scale provides evidence that there are not deposits of a totally different type or source in 

the LGB, and; (3) the gold deposits are not as diachronous as the granitoids postulated to be 

their source. Magmatic activity that has been invoked as the source of ore-fluids by various 

workers is diachronous over several tens of millions of years in the LGB and the wider EGP. As 

such, the consistent age of gold mineralisation in the LGB not only supports the single-fluid 

hypothesis based on isotope geochemistry, but is inconsistent with a proximal shallowly-

sourced magmatic fluid.  

As a further test, isotopic and geochronological data from the Wallaby gold deposit are 

evaluated to establish if relationships between proximal magmatic activity and gold 

mineralisation there confirm, or are inconsistent with, regional-scale relationships. 

A 1200m thick, basalt-dominated cobble conglomerate hosts gold mineralisation at the 

Wallaby gold deposit. Alkaline dykes, which intrude the conglomerate, comprise a co-genetic 

sequence with increasing fractionation through mafic-monzonite, monzonite, syenite, syenite 

porphyry to late-stage carbonatite. Minor breccia dykes also cut the mine sequence, and contain 

clasts of underlying unexposed granitoids. In the mine area, a pipe-like zone of magnetite-rich 

alteration overprints the conglomerate, and is associated with actinolite-magnetite-epidote-

calcite (AMEC) alteration. Gold mineralisation hosted in a series of sub-horizontal fracture 

zones is associated with dolomite-albite-pyrite-quartz alteration, and is largely confined within 

the pipe. The deposit has a current ore reserve of 2.00Moz Au, and a total resource of 7.1Moz 

Au. 

Several geochronological methods are used to constrain the timing of magmatism and 

gold mineralisation. TIMS U-Pb analysis of magmatic titanite and SHRIMP U-Pb analysis of 

gold-related phosphates are the most precise and accurate geochronological methods. The age of 
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syenite dyke intrusion is constrained to 2664±3Ma, and gold mineralisation is constrained to 

2650±6Ma. The significant hiatus between proximal magmatism and gold mineralisation 

suggests that gold-bearing fluids have no genetic link to the Wallaby Syenite. Additionally, the 

ages of underlying granitoids (2685±7Ma and 2628±8Ma), as determined from SHRIMP U-Pb 

analysis of zircons in granitoid clasts and in the matrix of a breccia dyke, do not overlap with 

gold mineralisation. 

The inferred Rb-Sr and Sm-Nd composition of gold-bearing fluids and syenite dykes at 

the Wallaby gold deposit are similar to each other, and to gold-bearing fluids from other gold 

deposits in the LGB. The Rb-Sr and Sm-Nd isotopic composition of ore-minerals and dykes is 

ambiguous in terms of a genetic relationship between the two, but the hiatus between dyke 

intrusion and gold mineralisation suggests that both share a similar mantle-like signature, rather 

than a direct genetic relationship. Theoretical calculations show that magmatic fluids associated 

with the oxidised Wallaby Syenite would precipitate pyrite with a negative 34S composition. 

However, gold-related pyrite has a restricted, predominantly positive, 34S composition, which 

is inconsistent with derivation from the Wallaby Syenite. Detailed analysis of the C and O 

isotopic composition of carbonate from pre-syenite alteration and AMEC alteration at the 

Wallaby gold deposit indicates, however, that AMEC alteration did form via interaction 

between magmatic fluids and previous alteration. 

The volume of gold associated with the Wallaby gold deposit, and the low solubility of 

gold in hydrothermal fluids, implicates the influx of very large volumes of auriferous 

hydrothermal fluids. No large-scale shear zones nor faults have been identified through which 

such large fluid volumes could pass, so fluid influx must have occurred largely in a unit-

confined brittle-fracture system. This was the 500m diameter AMEC alteration pipe, which 

was a brittle iron-enriched zone in an otherwise massive conglomerate. During and/or following 

deformation, this created a competency contrast, increased fracture permeability, and 

geochemically favourable conditions (high Fe/Fe+Mg ratio) for gold mineralisation, probably 

14m.y., and certainly 5m.y., later than the formation of the AMEC alteration pipe itself. Thus, 

detailed isotopic and geochronological studies negate any direct genetic link between proximal-

magmatic activity and gold mineralisation at Wallaby, supporting the regional geochronological 

and isotopic studies. 

Based on this isotopic and geochronological evidence, auriferous fluids in the LGB had 

a deep-seated source of either metamorphic or deep magmatic origins. The physio-chemical 

attributes of gold mineralisation in the LGB are equivalent to those of orogenic gold deposits at 

similar crustal levels in the Yilgarn Craton. However, it appears that gold deposits in the LGB 

formed about 10m.y. prior to the major gold mineralisation event recorded to the west in the 

Eastern Goldfields, Murchison and Southern Cross Provinces of the Yilgarn Craton. 
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CHAPTER 1.  INTRODUCTION 

1.1 Preamble 

Archaean greenstone-hosted, late-orogenic, structurally-controlled gold deposits, or so-

called Archaean orogenic gold deposits (Groves et al., 1998), make up a significant percentage 

of global gold production and reserves, accounting for over 14 000t of global gold resources 

(Groves et al., 2003). Within Australia, such deposits dominate the richly mineralised Yilgarn 

Craton, and account for the majority of Australian gold production. As such, Archaean orogenic 

gold deposits constitute a significant global gold resource. 

Groves et al. (1995, 2003), Witt and Vandehor (1998), and Hagemann and Cassidy 

(2000) provide comprehensive summaries of the characteristics of Archaean orogenic gold 

deposits, the key aspects of which are summarised here. Deposits are structurally controlled, 

epigenetic, and typically hosted by greenschist-facies rocks, although significant deposits are 

also hosted in higher and lower metamorphic-grade terrains. This variety of palaeo-crustal 

emplacement levels has led authors to refer to a crustal-continuum for host rocks (Groves, 

1993). Ore-bearing fluids are characterised by a relatively uniform low- to moderate-salinity, 

near-neutral, aqueous-carbonic fluid which transports gold as reduced sulphur complexes, but 

has limited ability to transport base metals. Quartz-dominated vein systems predominate in ore 

zones, and contain sulphides (normally pyrite or pyrrhotite) and carbonate. Gold mineralisation 

is vertically continuous over several hundred to several thousand metres, and commonly 

exhibits no mineral zonation other than variation in gold fineness. However, associated 

hydrothermal alteration exhibits strong lateral zonation, commonly on the scale of metres, from 

proximal to distal assemblages. Strong structural control of mineralisation exists on a variety of 

scales, with gold mineralisation hosted by ductile to brittle structures on second- or third-order 

shear zones.  

Several less well-understood features of Archaean orogenic gold deposits in the Yilgarn 

Craton were the focus of discussion at the commencement of this study. For example, (1) the 

timing of gold mineralisation event(s) is poorly constrained by only a small number of 

published reliable ages; (2) the source of mineralising fluids, and the scale and plumbing 

dynamics of hydrothermal systems, remain unresolved aspects of genetic models for gold 

mineralisation in many gold districts, and; (3) it is not known if the close association of many 

gold deposits with granitoids represents a genetic link or a common geodynamic setting. 

Many modern workers (Groves, 1993; Kerrich and Cassidy, 1994; Groves et al., 1995, 

1998, 2003; Hagemann and Cassidy, 2000) propose that parameters of Archaean orogenic gold 

deposits in the Yilgarn Craton vary according to the geochemistry and metamorphic grade of 

the host succession, and that deposits comprise a coherent genetic group in which the majority 

of deposits represent a large-scale hydrothermal event late in the formation of the host granitoid-

greenstone terrain. Under such a model, orogeny driving the formation of gold deposits 
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culminated in the period 2.66 to 2.63 Ga (Witt and Vanderhor, 1998), with the majority of gold 

mineralisation occurring between 2640 and 2625 Ma (Groves et. al., 2000; Kerrich et al., 2000), 

although there were geographically restricted older and younger mineralisation events (e.g. 

Bucci, 2001). Following the dating of supposedly post-mineralisation intrusions at 2663±4 Ma, 

and by analogy to the Superior Province of Canada, Yeats et al. (1999) proposed a variation on 

this model, indicating that gold deposit formation in the Yilgarn Craton was diachronous from 

northeast to southwest over at least 30 m.y. However, subsequent work by Baggott (2001) 

contradicts this study in that it demonstrates that the dated intrusions pre-date gold 

mineralisation. Several workers have proposed that, in places, gold mineralisation results from 

more localised and partitioned processes, and is possibly related to granitoid intrusion (Mueller 

et al., 1991; Knight, 1994; Hall et al., 2000; Witt, 2001; Walshe et al., 2003). Such debate into 

the possibility of early and/or granitoid related gold mineralisation event(s) has significant 

bearing on the precepts underlying genetic models for Archaean orogenic gold deposits. 

Current debate into genetic models for Archaean orogenic gold deposits is primarily 

centred on the source of gold-bearing fluids. However, it is commonly accepted that, 

irrespective of fluid source, gold deposits represent a crustal continuum, and formed under a 

variety of crustal regimes through at least a 15km crustal profile (Colvine, 1989; Foster, 1989; 

Groves et al., 1992, 1998, 2003; Groves, 1993; Hagemann and Cassidy, 2000). By proposing a 

continuum for deposits, it is implied that mineralisation was broadly synchronous at a variety of 

crustal levels, and that the mineralising fluids must therefore have a deep-crustal sub-greenstone 

source. The main proposed sources can be subdivided into proximal fluids derived from 

proximal granitoid-associated magmatic processes (Knight, 1994; Hall et al., 2001), or distal 

fluids derived from deep crustal/mantle processes associated with granulitisation and 

cratonisation processes (e.g. Kerrich and Fyfe, 1981; Powell et al., 1991; Mikucki and Ridley, 

1993), metamorphic devolatilisation (Phillips and Powell, 1993; Groves et al., 1995) or deep 

magmatic processes (Mueller et al., 1991; Qiu and McNaughton, 1999). Variations on these 

models propose mixing of fluids from both proximal and distal sources (Wall and Mason, 2001; 

Walshe et al., 2003). 

The possible genetic relationship of granitoids to gold mineralisation is related to the 

larger issue of the timing and scale of gold mineralisation across the Yilgarn Craton, and thus to 

genetic models for Archaean orogenic gold deposits. Models invoking a genetic relationship 

between granitoids and gold mineralisation typically relate to higher-grade metamorphic terrains 

(Mueller et al., 1991; Knight, 1994), and note the increasingly radiogenic Pb and Sr isotopic 

ratios of ore minerals proximal to granitoid intrusions (McNaughton et al., 1993). However, 

although ore fluid characteristics are commonly cited as evidence for a genetic relationship 

(McNaughton et al., 1993), fluid-wallrock interactions with rocks of different compositions 

make such results difficult to interpret (Ridley and Diamond, 2000). Early work suggesting a 

genetic link between intrusions and Archaean orogenic gold in the Superior Province, Canada 
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(Colvine et al., 1988; Hattori, 1987; Burrows and Spooner, 1987), has been negated by 

subsequent geochronological work and mapping of field relationships (Feng et al., 1993; 

Kerrich, 1994), with most recent authors proposing that associations result from a common 

geodynamic setting in an accretionary regime (e.g. Groves et al., 2003). However, Hall et al. 

(2000) and Walshe et al. (2003) cite a proximal magmatic source for auriferous fluids that 

deposited at least some gold deposits in parts of the Eastern Goldfields Province (EGP) of 

Western Australia. These authors suggest that devolatilisation of shallow upper-crustal felsic 

magmas provides some, or all, of the gold bearing fluid.  

Owing to their shorter fluid pathways compared to deeply-sourced fluids, shallowly-

derived magmatic fluids should have a readily identifiable isotopic signature. Additionally, 

gold-mineralisation with a proximal magmatic source at particular deposits is expected to be the 

same age as nearby granitoids, and regionally as diachronous as the proposed source granitoids. 

This study deals with uncertainties discussed above by attempting to resolve the 

relationship of gold mineralisation to granitoid intrusions in the Laverton Greenstone Belt 

(LGB), which, in turn, hosts four gold deposits with over 100t of contained gold, including two 

world-class deposits. The LGB is well suited to research into the possible genetic relationships 

between granitoids and gold mineralisation because of the close spatial association between 

gold mineralisation and granitoid stocks (Granny Smith and Lancefield gold deposits), syenites 

(Jupiter and Wallaby gold deposits), and felsic porphyry dykes (Sunrise Dam and Jubilee gold 

deposits).  

1.2 Previous Research  

This study primarily aims to determine whether there is a single gold-deposit style, or 

multiple styles, in the LGB, and to differentiate between proximal-magmatic sources and distal 

metamorphic or magmatic sources for the fluids that deposited the gold mineralisation. As 

Archaean orogenic gold deposits are abundant in the Yilgarn Craton, extensive research already 

exists on deposit genesis, including the timing and isotopic characteristics of gold-bearing 

fluids. 

1.2.1 Gold Metallogeny in Archaean Greenstone Belts  

Understanding of Archaean orogenic gold deposits has increased dramatically over the 

last 15 years, with readers referred to Kerrich and Cassidy (1994), Hagemann and Cassidy 

(2000) and Groves et al. (2003) for excellent summaries of this deposit class. Within the Yilgarn 

Craton, similarly comprehensive summaries of the deposit characteristics exist, including 

detailed reviews of the timing of gold mineralisation (Groves et al., 1995, 2000, 2003; Cassidy 

et al., 1998; Witt and Vanderhor, 1998; and Hagemann and Cassidy, 2000). Extensive research 

has also been conducted into the source of gold-bearing fluids that deposited Archaean orogenic 

gold deposits, including the relationship of granitoids to gold mineralisation. Ridley and 
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Diamond (2000) conducted a comprehensive and critical evaluation of all previous work on 

auriferous fluid sources, and Cassidy et al. (1998) undertook a critical evaluation of the 

relationship between granitoids and gold mineralisation in the EGP. 

1.2.2 Tectonic Models for the Eastern Goldfields 

Tectonic models for the EGP can be broadly subdivided into two end-members: those 

proposing formation in an ensialic rift setting, and those proposing formation in a convergent 

plate setting. Currently, there are two ensialic rifting models for the granitoid-greenstone belts 

of the EGP: (1) formation in an intracratonic failed rift, with or without the association of core 

complexes, driven by, but without fluid input from, a thermal anomaly (Archibald et al., 1978; 

Archibald et al., 1981; Groves and Batt, 1984; Groves et al., 1985; Hallberg, 1986; Groves and 

Phillips, 1987; Hammond and Nisbet, 1993), and (2) formation within an intracratonic rift, 

driven by, and with significant input from, a subjacent mantle plume (Campbell and Hill, 1988; 

Campbell et al., 1989; Hill et al., 1991, 1992a; Passchier, 1994; Smithies and Champion, 1999). 

Tectonic models citing a convergent plate environment for the formation of granitoid-

greenstone belts can be subdivided into: (1) formation either within an arc system, or in a back-

arc basin adjacent to a non-genetically related arc (Barley and McNaughton, 1988; Barley et al., 

1989; Jolly and Hallberg, 1990; Morris, 1993; Morris and Witt, 1997; Nelson, 1997), and (2) 

formation related to lateral accretion of exotic sialic/island-arc derived crust at a convergent 

margin (Eisenlohr, 1992; Myers, 1992; Swager et al., 1992; Myers, 1993). Additionally, some 

models cite a combination of tectonic settings, namely the interaction of a mantle plume in a 

subduction setting (Nelson, 1998). 

1.3 Aims of Thesis 

The LGB hosts (resource and production) over 650t of gold ( 22Moz), and, as such, is 

one of the premier gold districts in Australia. Limited regional studies have been undertaken in 

the area, and, in particular, the source and timing of gold bearing fluids is equivocal. This study 

aims to further understand the relationship between granitoids and gold mineralisation in the 

LGB. To achieve this, the research aims to characterise the isotopic signature of ore fluids in the 

LGB, directly date gold-mineralisation and critical magmatic bodies, and undertake a detailed 

isotopic and geochronological case-study of the Wallaby Gold deposit, which has been 

proposed (Wall and Mason, 2001) to have a proximal magmatic auriferous-fluid source. 

Particular emphasis is placed on the determination of precise magmatic ages of intrusions, and 

similarly precise ages for gold mineralisation. In order to achieve the principal aim, the 

following secondary objectives are targeted: (1) to document the Wallaby gold deposit and its 

environs in order to provide a framework for more detailed work; (2) to accurately and precisely 

date gold mineralisation and key intrusions in host sequences to provide a geochronological 

framework for the LGB, and to determine the relationship of magmatism to gold mineralisation; 
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and (3) to constrain hydrothermal plumbing dynamics, including fluid source regions, in order 

to identify a probable fluid and gold source or sources for gold deposits in the LGB. 

1.4 Research Methodology 

To determine the source of auriferous fluids, and thus the relationship of granitoids to 

gold-mineralisation, both field and laboratory work was undertaken. Because the study is 

regionally based, applicable previous work in the area was compiled and integrated with new 

data into new interpretations. 

1.4.1 Data Compilation 

This study utilised previous research into the LGB from several different sources, 

including: (1) research published in national and international journals; (2) unpublished PhD 

and Honours theses; (3) Minerals and Energy Research Institute of Western Australia 

(MERIWA) research projects; (4) Australian Minerals Industry Research Association (AMIRA) 

research projects; (5) data from projects undertaken by the Predictive Mineral Discovery – 

Cooperative Research Centre (pmd*CRC); and (6) industry funded research. 

Information from MERIWA, AMIRA and pmd*CRC research has been used only when it 

has been released from confidentiality, and only industry-funded research from the supporting 

company, Placer Dome Asia Pacific, has been used. 

1.4.2 Field Work 

Field work based in the Laverton region included; (1) logging of, and sample collection 

from, drill core through the Placer Dome owned Keringal, Sunrise Dam, Granny Smith and 

Wallaby gold deposits; (2) sample collection from drill core through the non- Placer Dome 

owned Jupiter, Lancefield, Mt Morgans and Red October gold deposits; and (3) collection of 

regional ore-minerals and carbonate samples from drill spoils, drill core, historical workings, 

and outcrops outside the above deposits. 

1.4.3 Laboratory Work 

Laboratory analyses undertaken on samples from major gold deposits and regionally 

gold-mineralised structures are summarised below. 

Petrographic documentation, including microprobe analyses, of gold-related minerals 

and key host rocks is required in order to determine both the nature of gold mineralisation and 

to provide a framework for more detailed isotopic and geochronological studies. 

Geochronological techniques used in this study include: (1) SHRIMP U-Pb analysis of titanite 

and zircon to determine the age of key granitoids, and of monazite and xenotime to date gold-

mineralisation; (2) Ar-Ar analysis of biotite and fuchsite to constrain the age of gold 

mineralisation; and (3) TIMS U-Pb analysis of magmatic titanite to accurately date igneous 
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intrusions. To characterise ore-fluid isotopic ratios, several methods are used, including; (1) Rb-

Sr, Sm-Nd and Pb-Pb radiogenic-isotope studies to characterise the potential source(s) of 

solutes in ore-fluids; and (2) C, O and S stable-isotope analyses of ore minerals  to provide 

regional characterisation of alteration phases and to constrain the source of gold-bearing fluids. 

1.5 Terminology 

The large amount of research on Archaean gold deposits by different research groups 

has led to proliferation of various terms used to describe them: the have been variously termed 

mesothermal, greenstone-hosted, slate-belt hosted, turbidite-hosted, Mother Lode-type or gold-

only deposits. To avoid confusion, the term orogenic gold deposit, as proposed by Groves 

(1993), is used to describe all such deposits in this thesis. A world-class gold deposit is defined 

as one for which a measured and indicated resource, plus past production, is more than 100t 

( 3.0 Moz) of gold (Robert and Poulsen, 1996). 

This study is based on the Eastern Goldfields Province (EGP) of the Yilgarn Craton, 

specifically to the south and west of Laverton, Western Australia, which is referred to as the 

Laverton Greenstone Belt, or LGB (Figure 1.1). The structurally complex Laverton Tectonic 

Zone (LTZ), contained within the LGB, trends through the centre of the belt (Figure 1.1). The 

Wallaby gold deposit is associated with a suite of alkaline dykes. Rock compositions vary from 

mafic monzonite to carbonatite, and the entire suite is referred to as the Wallaby Syenite. The 

conglomeratic sequence hosting the deposit has been informally named the Wallaby 

Conglomerate by Purdie (1999), a term which is used in this study. 

Metamorphism is heterogeneous throughout the EGP but greenschist facies 

predominates. Where primary structures or textures can be determined, the prefix meta- is 

omitted for ease of description. Igneous rocks are classified following IUGS terminology 

(Streckeisen, 1976; Le Maitre et al., 1989). The term granitoid is used in this study to describe 

all rocks of granitic composition. Monzogranites are most common in the EGP, although 

compositions vary from tonalite to syenogranites. The sedimentary rock classification used for 

this study follows the sandstone terminology of Packham (1954). The fold classification 

nomenclature used is that of Ramsay (1967).  

A table summarising all acronyms used in the thesis is given below in Table 1.1. 
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Figure 1.1 Location of study area within the Eastern Goldfields Province. Adapted from Fitton 
(1998). The Laverton Greenstone Belt comprises all basalt and sedimentary rocks in the map, 
whereas the Laverton Tectonic Zone is restricted to the N-S trending zone within the dashed lines 
at the centre of the map. 

 The Sunrise Dam gold deposit is split by a tenement boundary into the northern Sunrise 

Dam deposit, and southern Cleo deposit, which were mined by Placer Dome and Anglo Gold, 

respectively, although the entire deposit is now owned by Anglo Gold. For ease of description 

in this study, the deposit is collectively referred to as the Sunrise Dam gold deposit. 

Samples have been collected from both solid drill core and percussion chip drilling (RC 

= reverse circulation). Drill spoils are defined as the remnant chips around old drill holes, and 

are used only where the drill samples are no longer available. 

Table 1.1 Acronyms used in the thesis. 

Acronym Meaning Acronym Meaning 
Geographical Methods / Analytical 

LTZ Laverton Tectonic Zone RC Reverse circulation (drilling) 
LGB Laverton Greenstone Belt SHRIMP Sensetive high resolution ion micro-

probe 
EGP Eastern Goldfields Province TIMS  Thermal ionisation mass spectrometry 

Geological Organisations 
HFSE high field strength element UWA University of Western Australia 
AMEC Actinolite-magnetite-epidote-chlorite 

(alteration) 
CGM Centre for Global Metallogeny 

BCM Biotite-calcite-magnetite (alteration) AMIRA Australian minerals industry research 
association 

  PMD*CR
C 

Predictive mineral discovery – co-
operative research centre 

 

Study Area 
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1.6 Organization of the Thesis 

This thesis is organised into text and appendices. Figures and tables are presented 

within the text, and sample descriptions, graphic logs of drill core, details of analytical 

techniques, and analytical results are presented in appendices. 

The thesis text is separated into three sections and ten chapters. The first section, 

Geological Setting and Gold Metallogeny of the Laverton Greenstone Belt, introduces the thesis 

and synthesises the geology and gold-metallogeny of the EGP and LGB for the research 

component. Section Two, The Wallaby Gold Deposit: A Test Study of Proximal Magmatic vs. 

Distal Sources for Auriferous Fluids, is a detailed case study of the Wallaby gold deposit, and is 

separated into three Chapters detailing the geology, geochronology, and isotopic-ratios of 

magmatic, ore and alteration minerals. Section Three, Geochronological and Isotopic Data for 

Gold Deposits of the LGB: A Single Regional-Scale Hydrothermal System or Diachronous 

Mineralisation, is divided into two chapters, which, in turn, detail the timing and isotopic 

composition of auriferous fluids, respectively, from nine gold deposits in the LGB. Section four, 

Constraints on the Source and Timing of Gold Bearing Fluids in the Laverton Greenstone Belt, 

is separated into two chapters, a critical evaluation of current genetic models for gold 

mineralisation based on new geochronological and isotopic-geochemical data, and a conclusion 

and summary, including suggestions for future work and exploration recommendations. 

Appendix A lists the location of samples analysed in this study. Scanning electron 

microscope analyses are presented in Appendix B. Detailed petrographic descriptions of rocks 

from the Wallaby gold deposit are given in Appendix C. In Appendix D, whole-rock 

geochemical analyses are listed. Geochronological methods used in this study are detailed in 

Appendix E, and graphic logs of drill-core are presented in Appendix F. In Appendix G, Pb 

assays of gold-related pyrite from gold deposits in the LGB are presented. Methods of isotope 

analysis are given in Appendix H, and multi-element assays of galena-bearing veins are 

presented in Appendix I. In Appendix J, a review of the isotopic composition of carbon and 

oxygen reservoirs in the EGP is presented. 
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CHAPTER 2.  REGIONAL GEOLOGY 

2.1 Introduction 

There are two stable Archaean cratons within the Western Australian Shield, the Pilbara 

Craton in the north, and the larger Yilgarn Craton in the south, both of which are surrounded by 

orogenic belts, metamorphic complexes and sedimentary basins. Gee et al. (1981) subdivided 

the Yilgarn Craton into the high-grade metamorphic gneisses of the Western Gneiss Terrane 

(Figure 2.1; Narryer and Southwest Provinces) and the greenstone-granitoid belts of the central 

and eastern Yilgarn. The Western Gneiss Terrane hosts no significant orogenic gold deposits. 

The Boddington gold deposit, which is hosted by a low metamorphic-grade greenstone belt 

faulted in contact with gneiss (Wilde et al., 1996; Allibone et al., 1998; McCuaig et al., 2001), is 

a remobilised porphyry ±Cu-Mo-Au deposit or intrusion-related deposit (McCuaig et al., 2001), 

and, as such, is not further discussed here. 

2.2 Archaean Granitoid-Greenstone Provinces of the Yilgarn Craton 

Archaean granitoid-greenstone terrains comprise narrow belts of folded and 

metamorphosed mafic and ultramafic rocks, intermediate to felsic volcanic rocks and associated 

clastic sedimentary rocks. Belts are situated between extensive areas of granitoid and granitic 

gneiss, and typically have a linear to arcuate shape resulting from complex deformation 

associated with NNW- or NNE-trending crustal-scale faults and granitoid emplacement (Myers, 

1997). Metamorphic grades vary from prehnite-pumpellyite to upper amphibolite, and depend 

on formation depths and proximity to granitoids. As such, metamorphic grade is typically lower 

in the cores of the greenstone belts (Ridley, 1993). Greenstones in the Yilgarn Craton formed 

between ca 3.0 Ga and 2.65 Ga (Pidgeon and Wilde, 1990), with most granitoids intruding 

between ca 2.71 Ga and 2.6 Ga (Hill et al., 1989; Campbell et al., 1993). 

Gee et al. (1981) subdivided the granitoid-greenstones of the Yilgarn Craton into the 

Eastern Goldfields, Murchison, and Southern Cross Provinces based on major 

tectonostratigraphic associations, and designated boundaries based on arbitrary lines through 

separating granitoid-gneiss complexes. The subdivisions of Gee et al. (1981) are widely 

recognized as being outdated. For example, Myers (1997) reinterpreted the Yilgarn Craton into 

superterranes, which he defined as fault-bounded composite rafts of sialic crust, separated by 

crustal-scale faults and lineaments (Figure 2.1), and further subdivided these into tectono-

stratigraphically separate terranes. Hence, the widely accepted naming scheme of Gee (1981) is 

used in this study, but is applied to the geological subdivisions of Myers (1997). Subdivision of 

such provinces lacks consensus of definition by modern workers, as reviewed further in section 

2.2.3. It is realised that significant recent work has been undertaken on the regional geology and 

tectonic framework of the Yilgarn Craton, and specifically the EGP, but this work is related to 
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AMIRA Projects, which are still confidential at the time of writing and hence cannot be quoted 

here. 

 

Figure 2.1 Location of the major granitoid-greenstone belts and superterranes of Myers (1997). In 
this study, the widely accepted Province naming convention of Gee (1981) is applied to Myers’ 
(1997) subdivisions of the Yilgarn Craton. Major faults mark the boundaries of provinces. 
EG=Eastern Goldfields Province; M=Murchison Province; N=Narryer Province, SC=Southern 
Cross Province; and SW=Southwest Province. Adapted from Myers (1997). 

2.2.1 Murchison Province 

The Murchison Province covers around 100 000 km2 in the northwest Yilgarn Craton 

(Figure 2.1), and comprises N- to NE-trending granitoid-greenstone belts. A detailed tectonic 

and lithostratigraphic framework for the Murchison Province has been facilitated by 1:500 000 

mapping carried out by the Geological Survey of Western Australia (Watkins and Hickman, 

1990; Watkins et al., 1991), and by detailed geochronological work in the province (Pidgeon 

and Wilde, 1990; Watkins and Hickman, 1990; Wiedenbeck and Watkins, 1993; Schiotte and 

Campbell, 1996; Wang et al., 1996; Grigson, 1998; Pidgeon and Hallberg, 2000), as 

summarised below. 

Early workers divided the Murchison Province into a formalised stratigraphic sequence, 

comprising the Murchison Supergroup, which, in turn, represents two supracrustal sequences 

(Fletcher et al., 1984; Browning et al., 1987; Pidgeon and Wilde, 1990). However, owing to the 

isolation of separate greenstone belts, modern workers (Grigson, 1998; Pidgeon and Hallberg, 

2000) have divided supracrustal units in the province into four informal stratigraphic 

assemblages. The assemblages represent four stages of volcanism and sedimentation at 2950-

study area 
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2920, 2800, and 2760-2740 Ma (Grigson, 1998). Older supracrustal units (2800 Ma) range in 

composition from komatiitic to felsic, and are widely distributed in the Meekatharra-Mount 

Magnet greenstone belt, whereas younger (ca 2750 Ma) supracrustal units, dominated by felsic 

volcanic rocks, have a restricted distribution. 

The lowest sequence in the Murchison Province is the Luke Creek Group, a laterally 

continuous 10km thick sequence of tholeiite, magnesian basalt, minor komatiite and laterally 

extensive BIF. The sequence has been dated at ca 3Ga using conventional U-Pb in zircon 

(Wiedenbeck and Watkins, 1993), Sm-Nd isochrons of mafic volcanic rocks (Fletcher et al., 

1984), and Pb-Pb models ages of galena (Browning et al., 1987). The overlying Mount Farmer 

Group has a maximum preserved thickness of 5km, and comprises several volcanic centres and 

an epiclastic basin, which, in turn, is composed of intermediate to silicic volcanic rocks, 

volcaniclastic rocks, and associated terriginous sedimentary rocks. Pyrite in a shale horizon in 

the Mount Farmer Group yields a Pb-Pb model age of ca 2.7 Ga (Dahl et al., 1987), whereas 

mafic volcanic rocks give Sm-Nd model ages of ca 2.8 Ga (Watkins and Hickman, 1990). 

Four suites of felsic volcanic plutonic rocks have intruded the Murchison Supergroup. 

Early granodiorites and monzogranites intruded at 2919 12 Ma (SHRIMP U-Pb in zircon; 

Wiedenbeck and Watkins, 1993), and have subsequently been metamorphosed to pegmatite-

banded gneiss. Younger monzogranites intruded as voluminous sub-horizontal sheets at ca 

2700-2680 Ma (SHRIMP U-Pb in zircon; Wiedenbeck and Watkins, 1993), and now comprise 

much of the areas between greenstone belts. Two suites of post-folding granitoids intruded at ca 

2640 and 2600 Ma respectively (SHRIMP U-Pb in zircon; Wiedenbeck and Watkins, 1993), and 

were cross-cut by late-stage dolerite and gabbro dykes. 

The greenstone belts of the Murchison Province form as linear belts parallel to crustal-

scale lineaments, or as arcuate supracrustal belts wrapping around granitoid plutons and 

batholiths (Wang et al., 1993). Watkins and Hickman (1990) interpreted four phases of regional 

deformation; initial horizontal recumbent folding and thrusting, two stages of tight upright 

folding with E-W and N-S trending fold-axes, and a final stage of regional shearing. Based on 

work on the Meekatharra-Mt. Magnet greenstone belt, Grigson et al. (1990) reclassified early 

recumbent folds as a thrust and nappe tectonic scheme, and interpreted E-W and N-S 

compression as initial E-W transpression associated with strike-slip shearing, followed by co-

axial compression associated with ductile dip-slip shearing. Additionally, Grigson et al. (1990) 

included late brittle deformation associated with granitoid emplacement in the deformation 

history of the Murchison Province. 

Metamorphic grades vary from prehnite-pumpellyite to greenschist facies, with 

amphibolite-facies metamorphism in the southwestern part of the Province. 

The majority of gold deposits in the Murchison Province are hosted by greenschist- to 

lower-amphibolite facies BIFs and ultramafic rocks, although subsidiary amounts of gold are 

hosted by mafic volcanic rocks and granitoids (Grigson et al., 1990). Gold deposits typically lie 
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within 1km of brittle-ductile secondary structures, which, in turn, are spatially linked to regional 

structures (Grigson et al., 1990). Typically, gold mineralisation is hosted in either brittle-ductile 

quartz veins and stockworks, or in strata-bound BIF-hosted deposits. Dating of granitoids using 

SHRIMP U-Pb in zircon indicates that deformation, granitoid magmatism and gold 

mineralisation took place between 2.7 Ga and 2.6 Ga (Watkins and Hickman, 1990). At Mt 

Gibson, gold mineralisation has been dated, using SHRIMP U-Pb in zircon, at 2630 10 Ma 

(Yeats  et al., 1996). As such, gold mineralisation in the Murchison Province was coeval with 

Archaean orogenic gold mineralisation in the southern EGP (Groves et al., 2000).  

2.2.2 Southern Cross Province 

The Southern Cross Province contains several N- to NNW-trending greenstone belts, 

and is bounded to the west by the Youanmi Fault, and to the east by the Ida Fault (Figure 2.1). 

The greenstones form narrow and elongate to arcuate belts, reflecting structural deformation 

from both granitoids and N- to NW-striking tectonic lineaments (Barley and McNaughton, 

1988). 

Supracrustal units in the Province comprise a lower tholeiitic basalt, magnesian basalt, 

komatiite and BIF sequence, an upper sedimentary and volcanic sequence, and overlying 

terrigenous sedimentary rocks (Walker and Blight, 1983). Quartz-rich sandstones, currently 

preserved as schist and quartzite, underlie these sequences in places, and were possibly 

deposited unconformably on the granitic basement (Gee et al., 1981). 

The lower sequence has been dated at ca 3.0 Ga (Fletcher et al., 1984; McNaughton and 

Dahl, 1987). Overlying silicic volcanic rocks and rhyolites in the upper greenstone sequence 

yield a conventional U-Pb in zircon age of ca 2730 Ma (Pidgeon, 1986; Pidgeon and Wilde, 

1990), which is interpreted as the minimum age of all greenstones in the Province. The 

uppermost sedimentary sequences have conventional U-Pb in zircon ages of ca 2670 Ma 

(Pidgeon, 1986). 

Granitoids intruded the greenstones in two phases: older multiphase granodiorite and 

monzogranite plutons, and younger syenogranites. Zircons in the older suite yield ages of 2700–

2650 Ga (Qiu et al., 1995), with dykes of the younger suite intruding from roughly 2640 Ma 

(Kent et al., 1996) to 2620 Ma (Bloem et al., 1995). Mafic E-W-trending Proterozoic dolerite 

dykes represent the final stage of intrusive activity in the Province. 

Peak metamorphic assemblages in the greenstones are upper-amphibolite facies 

(Ahmat, 1988). Metamorphic grades decrease sub-parallel to intrusive contacts; broad thermal 

aureoles around granitoid domes indicate that amphibolite-grade metamorphism resulted from 

solid-state granitoid doming (Mueller, 1997). 

Granitoid emplacement, and associated metamorphism, has been dated using Pb-Pb 

isochrons at ca 2.7 Ga (Bickle et al., 1983; McNaughton and Bickle, 1987), which is also the 

interpreted age for synchronous structural deformation. A single dominant foliation exists in 
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most greenstones, indicating that deformation resulted from a progressive event (Gee, 1995). 

Most lithological contacts dip between 70 and 90 , and form as part of tight to isoclinal, locally 

overturned, folds with upright axial planes (Keats, 1991). Supracrustal successions are deformed 

around granitoid domes, with intense mylonitisation up to 15km wide in some places, and 

contact-parallel shear zones common to many granitoid contacts. Mueller (1988) interpreted 

four deformation events in the Southern Cross Province: (D1) Tight upright folds resulting from 

NE-SW compression; (D2) NW-trending ductile shear zones and shear bands cross-cutting D1 

folds; (D3) brittle-ductile faults trending broadly E-W and NE-SW; and (D4) late-stage NE-SW 

trending faults, which offset earlier structures by up to 2km. 

Gold deposits in the Southern Cross Province have similar deposit characteristics to 

greenschist-hosted Archaean orogenic gold deposits elsewhere in the Yilgarn Craton and 

globally. However, increased temperatures and pressures of deposition, and the resulting 

changes in rock rheologies and mineral stabilities, cause a variation in both alteration-

assemblages and structural styles. Gold deposits have strong structural and stratigraphic 

controls, with most gold mineralisation located on the upper contact of the lower mafic and 

ultramafic sequence. Deposit classification schemes based on alteration assemblages have been 

proposed by various workers (Witt, 1991; Mueller and Groves, 1991), with gold deposits 

subdivided into amphibole class (lower-amphibolite facies), diopside class (middle-amphibolite 

facies) and diopside-K-feldspar class (lower-granulite facies). 

2.2.3 Eastern Goldfields Province 

The EGP is the most richly mineralised (Au, Ni) province in the Yilgarn Craton, and, as 

a result, is the focus of a large amount of research. A large number of tectonic models have 

been proposed to explain the well-documented stratigraphic succession of the EGP, and, as 

such, several associated classification schemes exist for its tectonostratigraphic terranes, 

domains and zones (Table 2.1). The gold-rich Kalgoorlie-Norseman area is the most highly 

studied area of the Yilgarn, and consequently contains the most complicated tectonic 

subdivisions. These subdivisions are summarised and compared in Table 2.1. 

Classification schemes based on the pioneering work of Gee (1981) have evolved over 

the last 20 years, although no consensus exists as to a modern classification scheme. As a result, 

the Province naming scheme of Gee (1981) is applied here to the geological subdivisions of 

Myers (1997), as Myers’ (1997) subdivisions most accurately represent current tectonic models, 

and are of appropriate detail for this study (Figure 2.2; Table 2.1). 

Lithostratigraphy 

The oldest stratigraphic successions in the Eastern Goldfields are located in the 

Norseman Terrane, and comprise silicic volcanic rocks and overlying oxide-facies BIFs. 

SHRIMP U-Pb in zircon dating of rhyolites yields formation ages of ca 2950-2930 Ma (Nelson, 

1997). 
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Table 2.1 Classification schemes for the Yilgarn Craton and Eastern Goldfields. Detailed maps of 
each subdivision are in: (1) Gee et al. (1981); (2) Barley and McNaughton (1988); (3) Swager et al. 
(1992); (4) Myers (1993); (5) Myers (1997); and (6) Nelson (1997). *The classification scheme of 
Myers (1997) is used for this study. 

 
The majority of greenstones in the EGP formed between ca 2715 and 2660 Ma, and are 

distinctive in the fact that the western half comprises large volumes of komatiites with a virtual 

absence of BIFs that are, in contrast, common in the remainder of the EGP. Various workers 

have referred to this region as the Norseman-Wiluna Belt (Gee, 1979; Hallberg, 1986; Barley 

and Groves, 1989; Barley et al. 1989; Swager et al., 1995), but its boundaries are poorly 

defined. Additionally, extensive regional thrusts and faults, in conjunction with the lack of 

outcrop, make detailed stratigraphic reconstruction of the EGP difficult. However, recent 

geochronological studies have facilitated not only the reconstruction of a geological history for 

the area, but have also enhanced the tectonic understanding of the EGP (e.g. Nelson, 1997; 

Fletcher et al., 2001). 

Barley et al. (1989, 1992) subdivided the EGP into two broad stratigraphic associations 

separated by the Keith Kilkenny Lineament in the north (Figure 2.3). The western association 

Reference Subdivision style Regional subdivision in Yilgarn Primary subdivisions in 
EGP and boundaries 

Secondary subdivision 
style 

(1) Gee et al., 
1981 
 

Provinces; arbitrary 
lines through 
granitoids separate 
greenstone belts of 
varying structural 
trends and 
lithostratigraphic 
assemblages 

Murchison, Southern Cross and 
Eastern Goldfields Provinces 
and Western Gneiss Terrane 

EGP; bounded to the 
west by Southern Cross 
Province 
 

- 
 

(2) Barley and 
Groves (1990); 
Barley et al. 
(1989); Barley 
& McNaughton 
(1988) 

Greenstone belts and 
subdivision further 
terrane subdivision; 
areas of varying 
tectono-stratigraphic 
associations and 
structural histories 

Western Gneiss separated into 
Northwestern and 
Southwestern Gneiss, provinces 
remain the same 

Separate EGP into 
Norseman-Wiluna Belt 
and Northeast Goldfields 
Province; bounded to the 
west by Southern Cross 
Province 

- 

(3) Swager et 
al. (1990) 
Swager et al. 
(1992); Swager 
(1997) 

Terrane/domain; 
fault bounded 
tectonostratigraphic 
terranes or varying 
stratigraphy and 
structural history 

Northwestern and parts of 
Southwestern Gneiss 
differentiated as ‘older gneiss’. 
Southwestern gneiss 
differentiated as ‘high grade 
granitoid-greenstone terrane’ 

Menzies, Kalgoorlie, 
Kurnalpi and Norseman 
Terranes; bounded to the 
west by Callion Terrane 

Terranes separated 
into a large number of 
domains; areas of 
varying stratigraphic 
units and deformation 
history separated by 
faults or shear-zones 

(4) Myers, 
(1990); Barley 
et al. (1992); 
Kerrich and 
Cassidy (1994); 
Myers (1992); 
Myers (1993); 
Yeats et al. 
(1999) 

Redefinition of 
terrane boundaries 
and names; fault 
bounded 
tectonostratigraphic 
terranes 

Northwestern Gneiss renamed 
Narryer Terrane, parts of 
Murchison, Southern Cross and 
all of Southwestern Gneiss 
renamed SW Yilgarn 
Composite Terrane, Barlee 
Terrane bounded to the west by 
Yellowdine Terrane 

Kalgoorlie Terrane; 
bounded to the east by 
Kurnalpi Terrane, 
bounded to the west by 
Barlee Terrane 

Addition of further 
domains, and 
redefinition of domain 
boundaries 

(5) Myers 
(1997)* 

Superterranes/ 
terranes; fault 
bounded composite 
rafts of sialic crust 
 

Narryer, Murchison, Southwest 
Composite, Southern Cross and 
Eastern Goldfields Terranes. 
Southern Cross, Southwest and 
Murchison boundaries 
redefined 

Kalgoorlie, Gindalbie, 
Kurnalpi, Edjudina and 
Laverton Terranes; areas 
of varying stratigraphic 
units and deformation 
history separated by 
shear zones  

Addition of further 
domains, and 
redefinition of domain 
boundaries 

(6) Swager 
(1993); Nelson 
(1997); Swager 
and Nelson 
(1997) 

Terrane/domain; 
areas of varying 
depositional history 
and stratigraphy 
 

Narryer, Murchison, 
Southwest, Southern Cross and 
Eastern Goldfields Terranes. 
Southern Cross, Southwest and 
Murchison boundaries 
redefined 

Kalgoorlie, Gindalbie, 
Kurnalpi, Edjudina and 
Laverton Terranes; 
bounded to the west by 
Barlee Terrane  

Addition of further 
domains, and 
redefinition of domain 
boundaries 
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comprises interlayered komatiites, magnesian basalts, tholeiitic basalts (with minor rhyolites), 

BIFs and sulphidic shales. Basalt is typically pillowed, and interlayered with co-magmatic sills 

and minor rhyolite. The eastern association comprises interlayered tholeiitic basalts, and calc-

alkaline volcanic rocks and associated clastic sedimentary rocks. Calc-alkaline assemblages are 

dominated by andesitic to dacitic rocks, but range in composition from basalt to rhyolite, and 

are located around several sub-aerial volcanic centres (Hallberg, 1985). In areas distal to 

eruption centres, pyroclastic and feldspathic sedimentary rocks are interlayered with tholeiitic 

basalts and sulphidic shales.  

The majority of the EGP formed during a stage of intense volcanic activity at ca 2715–

2665 Ma (Nelson, 1997). Although age distributions do not following any regional trends, early 

magmatism was dominated by the tholeiitic basalts and komatiites characteristic of, but not 

restricted to, the Norseman-Wiluna Belt. In the Menzies-Norseman region, Archibald (1997) 

documented komatiites trending from lower Mg-rich sequences formed in channel-facies 

environments, to upper low-Mg picrites and picritic basalts. Although the early tholeiitic 

volcanic rocks have been dated, based on SHRIMP U-Pb in zircon from a tonalitic intrusion, at 

2719 5 Ma (Nelson, 1997), further SHRIMP U-Pb in zircon dating of stratigraphically 

constraining felsic rocks indicates that major episodes of komatiitic volcanism occurred 

between 2710 and 2700 Ma (Nelson, 1997; Swager, 1997; Cassidy et al., 2002). Nelson (1997) 

proposed a single episode of komatiitic volcanism at around 2705 Ma, and Foster and Lambert 

(1993) interpreted this as part of a globally recognised 2701 20 Ma event. In the Kalgoorlie 

Terrane, slate-chert and BIF sequences, which represent a depositional hiatus, overlie mafic and 

ultramafic volcanic rocks, and yield SHRIMP U-Pb in zircon ages of 2692 4 Ma (Kapai Slate: 

Nelson, 1997). 

Overlying felsic magmatism, which characterises the northeastern Goldfields, took 

place at ca 2685-2715 Ma (Rattenbury, 1993; Brown et al., 2002; Cassidy et al., 2002), but was 

limited to isolated volcanic centres; the majority of felsic magmatism occurred at ca 2685-2670 

Ma, and formed a thick sequence overlying the older mafic-ultramafic complexes (Nelson, 

1997). Felsic associations vary between terranes in the EGP, but typically comprise interlayered 

tholeiitic basalts, calc-alkaline volcanic rocks and felsic volcaniclastic rocks. 

The youngest sequence in the EGP comprises granitoid- and supracrustal-derived 

sedimentary rocks; feldspathic arenites, polymictic conglomerates and turbiditic shales 

predominate, although, in places, basin-margin facies are preserved. Sedimentary rocks 

represent coarse clastic, possibly fluviatile (Swager, 1995), sequences deposited in syn-tectonic 

basins oriented sub-parallel to regional structures, thus indicating tectonically controlled 

sedimentation in a similar manner to sedimentation in the fault-flanking basins of modern 

orogenic belts (Barley et al., 1989). 
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Figure 2.2 Map of the EGP showing the geological subdivisions of Myers (1997). 

 

Sedimentation occurred over an extended period in the EGP, with formation of a back-

arc basin in the Kambalda sequence at 2700-2715 Ma, sedimentation of a volcano-bound basin 

in the Spargoville sequence at 2700-2683 Ma, two episodes of intra-arc rift basin formation in 

the Kalgoorlie sequence at 2681-2670 Ma and 2661-2655 Ma, and basin formation within a 

remnant-ocean basin in the Kalgoorlie sequence at <2655 Ma (Krapez et al., 2000). Swager 

(1995) also noted a turbidite-facies-derived greywacke unit in the southern EGP, but interpreted 

it as a lateral continuation, and thus a deep-water facies equivalent of, polymictic conglomerate. 

Following compilation of previous data and dating of sedimentary rocks throughout the EGP, 

Krapez et al. (2000) interpreted age data as being consistent with sedimentary recycling of 

coeval volcano-plutonic arcs, uplifted basin-floor, dissected-arc successions and cratonic 

basement. 
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Figure 2.3 Geological map of the Eastern Goldfields Province showing major tectonostratigraphic 
associations, regional faults, and lineaments (adapted from Barley et al., 1992). 

In addition to ultramafic, felsic magmatic and sedimentary associations, other less-

extensive associations have been recognised in the EGP. Swager (1995) reported a bimodal 

association of tholeiitic basalts and rhyolites/dacites in the Gindalbie Terrane (Figure 2.2), and 

an association of BIFs interbedded with laterally extensive, calc-alkaline affinity, basalt-

andesite-dacite complexes in the Edjudina Terrane. Although the isolated andesitic volcanic 
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centres are interpreted as part of the overlying eastern sequence, Rattenbury (1993) reported 

such centres as lying stratigraphically above and below a marker unit interpreted as an upper 

part of the underlying western sequence. 

Granitoids 

Sofoulis (1963) broadly categorised granitoids in the EGP into internal and external 

granitoid suites proportional to their location either within, or adjacent to, greenstone belts 

(internal), or in the intervening granitoid-gneiss complexes (external). Internal granitoid 

intrusions have been further subdivided into pre-, pre- to syn- and post-regional folding (D2) 

suites based on structural and geometrical grounds (Archibald et al., 1981; Witt and Swager, 

1989; Swager, 1995), and also into petrographical and geochemical suites (Cassidy et al. 1991; 

Hill et al. 1992b; Champion and Sheraton, 1993; Witt and Davy, 1993; Wyborn, 1993; 

Champion and Sheraton, 1997; Champion and Cassidy, 2002; Table 2.2). 

External granitoids typically comprise biotite-bearing monzogranites with enclaves of 

older banded gneiss (Bettenay, 1988). They form as part of extensive granitoid-gneiss 

complexes and, in the past, have been proposed to represent a possible basement for the EGP. 

However, contemporary workers interpret external granitoids as deeper level, high-strain 

equivalents of the ‘early’ internal granitoids discussed below (Swager, 1995). Intrusion was 

broadly synchronous with deformation and metamorphism of surrounding greenstone belts, and 

resulted in broad high-grade metamorphic zones in greenstone belts adjacent to regional 

granitoid contacts (Barley and Groves, 1990). 

Structural differentiation of internal granitoids is based on their timing with reference to 

the deformation history of the EGP (Table 2.2). Witt and Davy (1993) and Swager (1995) 

classified internal granitoids into pre- and post-folding suites, and an additional late-stage suite. 

Pre-folding internal granitoids intruded pre- to syn-D2 deformation, and contain a S2 

foliation. Granitoids intrude both as elongate ellipsoidal complexes, cropping out in the cores of 

regional F2 anticlines (Swager, 1995), and as sub-horizontal sheets, with local evidence of 

intrusion by stoping during emplacement at mid-crustal levels (Williams and Currie, 1993; 

Nelson, 1997). Compositions are diverse, and include granodiorites, monzogranites and 

tonalites. SHRIMP geochronology has constrained the age of early granitoids to 2685-2670 Ma 

(Nelson, 1997), thus indicating that early granitoid emplacement was synchronous with early 

greenstone formation. Geochemical studies indicate that pre-folding granitoid plutons are the 

intrusive equivalent of, or have a similar source to, felsic extrusive rocks of a similar age 

(McCulloch and Compston, 1981; Fletcher et al., 1984; Fletcher et al., 1994; Nelson, 1997). 

Post-folding internal granitoids typically intruded late- to post-D3 deformation, and are 

only overprinted by late-stage faults and fractures. In the Kalgoorlie region, although granitoid 

plutons contain a foliation indicative of continued shortening, they are emplaced across D2 folds 

(Swager, 1995). Plutons are typically composed of monzogranite, with subordinate diorite, 

granodiorite and tonalite, and intruded via diapiric uprise associated with local deformation and 
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contact metamorphism. SHRIMP U-Pb in zircon dating (Hill et al., 1992b; Swager, 1995; 

Nelson, 1997) indicates that post-folding granitoids intruded at 2665-2660 Ma. 

A structurally late suite of highly fractionated granitoids and syenites intruded both 

along, and adjacent to, major crustal structures at ca 2650-2600 Ma (Hill et al., 1992b). This 

suite corresponds to a felsic alkaline suite documented by Smithies and Champion (1999), and 

to the late-tectonic stocks and dykes of an alkaline suite recorded by Swager (1995; Table 2.2). 

Although compositionally diverse, structurally late granitoids have many features in common 

with A-type granitoids of crustal derivation, including high total alkalis, an anhydrous primary 

mineralogy and an enrichment in some HFSE (Smithies and Champion, 1999). Smithies and 

Champion (1999) also interpreted significant compositional differences between late felsic 

alkali suites to represent regional source heterogeneity, and interpreted the suite to have resulted 

from a poorly recognised late tectono-thermal event, which, in turn, was broadly synchronous 

with the intrusion of voluminous felsic fractionated granitoids, crustal extension and widespread 

gold mineralisation. 

Geochemical granitoid subdivisions are based on TAS composition, mineralogical 

assemblages and minor element enrichments, but structural factors including spatial 

associations, timing of intrusion and deformation are also incorporated. Major sub-divisions 

have been defined by Cassidy et al. (1991), Hill et al. (1992b), Witt and Davy (1993), Wyborn 

(1993), Champion and Sheraton (1993, 1997) and Champion and Cassidy (2002), and are 

summarised in Table 2.2 with reference to Champion and Sheraton’s (1997) classification 

scheme. Champion and Sheraton (1993, 1997) have integrated geochemical classifications with 

spatial and geochronological classifications of granitoids throughout the EGP, with readers 

referred to Champion and Cassidy (2002) for a more detailed summary and revision of this 

classification in light of recent geochronological data (e.g. Fletcher et al., 2001). 

Witt and Davy (1993) elaborated on common structural classifications by further 

subdividing pre- and post-regional folding granitoids into eight suites based on silica content, 

mineralogy, LREE anomalies and source rocks, and, as a result, associated suites of calc-

alkaline and alkaline affinity as I- and A-type, respectively. Cassidy et al. (1991) interpreted the 

evolution of granitoids from a syn- to late-tectonic, calc-alkaline I-type suite to a post-tectonic, 

late syn-volcanic, A-type alkaline suite as representing an evolving tectono-thermal event. 

Wyborn (1993) further subdivided granitoids on a petrographic basis, and interpreted trace 

element patterns to represent multiple ‘re-magmitisation’ events, which, in turn, would 

invalidate the use of tectonic discrimination diagrams to determine tectonic settings of 

granitoids. The geochronological relationship of the various classification schemes is shown in 

Table 2.3. Intrusion of pre- and post- regional-folding granitoids is broadly separated in time. 

However, owing to regional partitioning of geological events, the ages of the two suites overlap. 
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Table 2.2 Comparison of the granitoids classification scheme of Champion and Sheraton (1997) to 
other major geochemical and structural granitoid classification schemes.  

 1 Association 1=syn-volcanic to syn-tectonic calc-alkaline; Association 2=syn-tectonic to late-
tectonic; Association 3=latest volcanic to post-tectonic.  
2 Suits of Witt and Davy (1993) also subdivided into pre- or post-regional D2 folding.  
3 Group 1=early banded gneisses and migmatites; Group 2=mafic tonalite to granite; Group 3= 
granodiorite to granite suite. 
4 RF = regional folding. 
 

The composition of most granitoids in the EGP is more potassic than typical Archaean 

tonalite-trondhjemite-granodiorite (TTG), with many authors (Champion and Sheraton, 1993, 

and references therein) favouring an andesitic or crustal TTG precursor. Additionally, granitoids 

typically show limited spatial variation in geochemistry throughout the EGP, with the exception 

of granitoids on either side of the Ida Fault (Figure 2.2), which have multi-element variabilities 

indicative of two distinct basement terranes (Smithies and Witt, 1997). 

The integrated spatial, chronological and geochemical classification of Champion and 

Sheraton (1997) is the most widely used classification in published literature on the EGP (e.g. 

Cassidy et al., 1998, 2002; Smithies and Champion, 1999). The most recently refined version of 

this classification (Champion and Cassidy, 2002) is broadly similar to earlier versions, and is 

used in this study. 

Structural History 

A regional deformation history is widely accepted for the EGP (Platt et al., 1978; 

Archibald et al., 1981; Swager and Nelson, 1997). D1 comprises recumbent folding associated 

with thrust stacking and sequence repetition, and is followed by D2 ENE-WSW regional 

shortening and associated upright folding. D3 is associated with continued shortening and 

resulting strike-slip faulting, with some workers (Swager et al., 1990) interpreting oblique 

north-striking dextral faults in the Kalgoorlie area as a separate D4 deformation event (Table 

2.4). Geochronological SHRIMP studies of deformed granitoids constrain the age of D2 to 

2667-2657 Ma, and D3 to 2663–2645 Ma (Nelson, 1997). 

 

Champion and Sheraton 
(1993, 1997), Champion 
and Cassidy (2002) 
Major 
Groups 

Subgroups 

Perring 
et al. 
(1989) 

Cassidy et 
al. (1991)1 

Witt and Davy (1993)2 Wyborn 
(1993)3 

Swager 
(1995)4 

High-Ca Low- and 
high-Ca 

Internal & 
external Groups 1 & 2 

Woolgangie (post), Bali 
(post), Twin Hills (pre), 

Goongarrie (pre) 

Groups 1, 
3 & 4 

Pre- and 
post-RF 

Low-Ca Low- and 
high-Y 

Internal & 
external Groups 2 & 3 Woolgangie (post) Groups 3 

& 4 Post RF 

High 
HFSE  Internal Group 3 Dairy (post), Minyma 

(pre)  Post RF 

Mafic 

Lawlers, 
Liberty, Maori 

Queen, Mt 
Lucky, 

Porphyry 

Internal Group 2 Liberty (post), Rainbow 
(pre) Group 2 Post RF 

Syenite - Internal Group 3 Gilgarna (post)  Post RF 
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Table 2.3 Time-scale showing granitoid emplacement in the EGP according to several varying 
classification schemes: (A) Smithies and Champion (1999); (B) Nelson (1997), RFG = regional-
folding granitoid; (C) Swager (1997); (D) Champion and Sheraton (1997); (E) Hill et al. (1992a). 

 
 

Varying structural histories, and an early extensional regime, have been identified in 

some parts of the EGP (Table 2.4). Hammond and Nisbet (1992) and Williams and Currie 

(1993) identified early north-south basinal extension expressed as sheared granitoid-greenstone 

contacts. Hammond and Nisbet (1992) further interpreted D2 fault imbrication as representing 

high-angle reverse faults splaying off a major décollement at depth. Drummond et al. (1993) 

proposed a five-stage deformation history for the EGP based on the Kalgoorlie Seismic Section 

(Table 2.4). A De2 extensional detachment resulting from emplacement of concave tabular 

granitoid bodies, with gneiss domes as core complexes, is the only major difference between 

this interpreted structural history based on seismic cross-sections and the more commonly 

proposed four-stage deformation models (Table 2.4). Davis (in press) recognised an increased 

complexity within the previously recognised regional deformation history of the EGP. Davis (in 

press) broadly subdivides the overall tectonic history into two major contractional orogenies 

separated by less distinctive extensional phases. The first orogeny broadly equates with ‘D1’ of 

previous workers, and involved several stages of approximately NNW-SSE directed shortening. 

The second orogeny represented a major switch in the principal stress axis to approximately 

ENE-WSW, and encompasses the ‘D2’, ‘D3’ and ‘D4’ events of previous workers, comprising 

several discrete episodes, the duration and timing of which probably vary from region to region. 

Metamorphism 

Barley and Groves (1987) recognised amphibolite-facies metamorphism in the 

Kambalda area as the earliest stage of metamorphism, and related it to sea floor alteration 

similar to that in modern ophiolite complexes. In the remainder of the EGP, regional 

metamorphic grade varies from prehnite-pumpellyite to middle-upper amphibolite facies (Binns 

et al., 1976). 
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The majority of granitoid-greenstone belts are regionally metamorphosed to mid-

greenschist facies or lower, with higher-grade amphibolite-facies contact metamorphism 

restricted to belt margins adjacent to gneissic granitoids, and to contact aureoles surrounding 

granitoid plutons. Binns et al. (1976) named the regional metamorphism characteristic of central 

low-strain regions of the greenstone belts ‘static’ metamorphism, and calculated that P-T 

geotherms represented low-pressure metamorphism. Static metamorphism is characterised by 

mineral assemblages of cummingtonite and cordierite-anthophyllite in mafic rocks (Ridley, 

1993). Metamorphic isograds vary zonally around granitoid intrusions and toward the centre of 

greenstone belts, and, as such, low-grade metamorphic centres characterise broader greenstone 

belts (Binns, 1976). 

Table 2.4 Deformation histories for several areas of the Eastern Goldfields Province. 

Event 
Study 

Process 

Swager et al. 
 (1990) 

[Kalgoorlie] 

Hammond and 
Nisbet (1992) 

[Laverton–Wiluna] 

Drummond et al. 
(1993) 

[Seismic line] 

Williams and Currie 
(1993) 

[Leonora] 

DE NNW-SSE extension 
  

Low-angle shears 
along granitoid-
greenstone contacts 

Basin formation- 
growth faults and 
half-graben formation 

Shear zones on 
gneiss/granitoid-
greenstone margins 

D1 
Recumbent folding 
and thrusting 
 

Thrust stacks and 
recumbent folds 

NNW directed 
thrusts and 
stratigraphic unit 
repeats 

Basinal shears and 
high-level thrust faults 

Thrust faults and 
stratigraphic unit 
repeats 

DE2 Extensional faulting - - 

Extensional faults 
affecting entire upper 
and middle crust, core 
complex emplacement 

- 

D2 
Upright folding, 
regional ENE-WSW 
shortening 

ENE-WSW shortening 
- upright NNW-
striking folds 

ENE-WSW 
shortening - thrust 
imbricates above 
deep detachment 

ENE-WSW 
shortening - upright 
folds, regional 
cleavage development 

ENE-WSW 
shortening - upright 
folds and cleavage 
development, 
reactivation of 
earlier shears 

D3 
Regional shortening 
resulting in discrete 
sinistral and dextral 
strike slip faulting 

ENE-SWS shortening 
- NNW-striking 
sinistral wrench faults 
and en echelon folds 

N-S striking high 
level dextral fault 
zones 

NW-NNW striking 
sinistral faults and 
shears, NE-striking 
faults 

N-S striking dextral 
shear zones with 
NNW sinistral 
reactivation 

D4 
Continued broad E-
W shortening 

Oblique north-striking 
dextral faults - - - 

 

Peak metamorphism was synchronous with late-D2 to D3 transpressional deformation, 

and with syn-D3 granitoid emplacement (Swager et al., 1992; Ridley, 1993), thus constraining 

the age of regional greenschist metamorphism to ca 2660–2640 Ma (Nelson, 1997). However, 

Williams and Currie (1993) interpreted metamorphic assemblages of andalusite, chloritoid and 

hornblende porphyroblasts in the Leonora area as representing syn-extensional (De, Table 2.4) 

metamorphism, and proposed that metamorphism predated D2 upright folding. 

Gold Mineralisation 

Gold mineralisation in the EGP is typically structurally controlled by brittle-ductile 

shear zones that are linked to crustal-scale regional faults (Archibald, 1987; Barley et al., 1989). 

Gold is epigenetic, and is transported by near-neutral, low-salinity H2O-CO2 fluids at 

temperatures between 300 and 400ºC and pressures of 1 – 2 kbar (Mikucki, 1998). Radiogenic 

isotope studies indicate that mineralising fluids contain components derived from greenstone 
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belt lithologies, underlying crustal and mantle sources, and, in places, meteoric sources (Groves 

et al., 1995; Hagemann and Cassidy, 2000; Ridley and Diamond, 2000). 

The majority of gold mineralisation in the Eastern Goldfields is associated with 

Archaean orogenic gold deposits (Groves et al., 2000). Gold mineralisation is broadly 

contemporaneous with deformation, metamorphism and granitoid intrusion (Groves and 

Phillips, 1988). Alteration assemblages are typically retrograde with respect to regional peak-

metamorphic assemblages, and, in places, are associated with reactivation of earlier structures. 

However, widespread dating of gold mineralisation, summarised by Witt and Vanderhor (1998) 

and Groves et al. (2000), indicates an absolute timing of gold mineralisation of ca 2640-2625 

Ma. The 30 m.y. disparity between gold mineralisation and metamorphism is difficult to 

reconcile with regional relationships which indicate that gold mineralisation was synchronous 

with metamorphism (Witt and Vanderhor, 1998). Two possible explanations proposed by Witt 

and Vanderhor (1998) are that further geochronological studies will reveal more widespread 

2630 Ma granitoids, or that a younger event has reset isotopic signatures of 2660 Ma gold 

mineralisation. 

2.3 The Laverton Greenstone Belt 

Gower (1976) produced the first subdivision of the Leonora-Laverton area, proposing 

four ‘structural sectors’ bounded by tectonic lineaments (Table 2.5). Hallberg (1985) modified 

and consolidated these subdivisions (Table 2.5), proposing two geological ‘sectors’ (Murrin-

Margaret and Merolia) and two intervening ‘tectonic zones’ (Keith-Kilkenny and Laverton). 

Hallberg’s (1985) subdivision was primarily based on zones of coherent structure separated by 

structural discontinuities, with secondary reference to coherent lithostratigraphy. Unlike 

Gower’s (1976) subdivision, Hallberg (1985) interpreted intervening zones of structural 

discontinuity as broad tectonic zones, varying from several kilometres up to 60 km wide, rather 

than simple tectonic lineaments. 

Based on detailed mapping in the western parts of the Leonora-Laverton area, 

Vanderhor and Witt (1992) proposed that sectors and tectonic zones be described as terranes 

(Table 2.5). Such terranes are defined as tectonostratigraphic units containing stratigraphically 

and structurally similar successions, and are similar to those defined by Swager (1995) for the 

southern EGP. The Yerilla and Minerie Terranes correspond to Hallberg’s (1985) Keith-

Kilkenny Tectonic Zone and Murrin-Margaret Sector, respectively. Additionally, the area to the 

west of the Yerilla Terrane was named the Leonora Terrane. With the advent of widespread 

aeromagnetic surveys, Vanderhor and Witt (1992) further subdivided the Yerilla Terrane into 

five domains of similar structural history and stratigraphic sequences, but separated by 

truncating shear zones. However, Rattenbury (1993) proposed that it was possible to correlate 

many stratigraphic sequences over large areas of the EGP, and that most faults do not provide 

sufficient transection of sequences to warrant separate domain status. Ojala (1995) proposed a 
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reclassification of the LGB subdivision based on Hallberg’s (1985) study, and placed emphasis 

on stratigraphic, as well as structural, coherence. Ojala (1995) based his classification on 

‘domains’, renaming the western half of Hallberg’s (1985) Murrin-Margaret Sector, the 

Laverton Tectonic Zone and Merolia Sector as the Margaret, Laverton and Merolia Domains, 

respectively (Table 2.5). 

Based on recent, in part unpublished, geochemical, aeromagnetic, seismic and 

geochronological data, Cassidy et al. (2002) propose the most updated tectono-stratigraphic 

subdivision of the Laverton, and Leonora, areas. Interestingly, the subdivision of Cassidy et al. 

(2002) is broadly similar to early work in the region by Gower (1976). The subdivision of 

Cassidy et al. (2002) is used in this study because of its incorporation of the most recent 

research (Figure 2.4, Table 2.5). 

Table 2.5 History of tectono-stratigraphic subdivisions in the Leonora-Laverton area. Subdivision 
boundaries are represented by dark grey areas, and are undefined. MoSZ = Moriarty Shear Zone; 
MGSZ = Mt George Shear Zone; KKFZ = Keith Kilkenny Fault Zone; STL Sefton Tectonic 
Lineament; AMC = Agnew – Mt Clifford Sector. Grey areas represent the limits of classification 
schemes. 

2.3.1 Previous Studies 

The earliest research into the LGB was by Jackson (1904), and, between 1904 and 

1979, over 130 studies have been published on the geology and mineral deposits of the LGB. 

Readers are referred to Hallberg (1980) for a detailed bibliography of these studies. 

Hobson and Miles (1951) completed early studies of the LGB as part of a study on the 

Mt Margaret Goldfields. Hallberg (1985) carried out 1:50 000 mapping and geological 

descriptions in the Leonora-Laverton area, and summarised and incorporated all the above-

mentioned studies published before 1982. 

The Laverton (Gower, 1976) and Edjudina (Williams et al., 1976; Chen, 1999) 

1:250000 AGSO maps cover the LGB, and include detailed explanatory notes. Preliminary 

mapping by the AGSO has been carried out at 1:100 000 for the Mt Vardon (SH51-2-3341), 

Subdivision scheme and separating tectonic lineaments  
Study    MoSZ &                                     Celia         Childe Harold         Ida                     STL 

   MGSZ              KKFZ             Lineament            Fault              Fault 

Gower (1976)  
 

Malcolm 
Sector Murrin Sector Margaret 

Sector Merolia Sector 

Hallberg 
(1985) 

Keith-Kilkenny 
Tectonic Zone Murrin-Margaret Sector 

Laverton 
Tectonic 

Zone 

Merolia 
Sector 

 

Vanderhor 
and Witt 
(1992) 

Yerilla Terrane Minerie 
Terrane  

Ojala (1995)  Margaret Domain Laverton 
Domain 

Burtville 
Domain 

 

Cassidy et al. 
(2002) AMC 

Malcom 
Sector Murrin Sector Laverton Sector, 

including LTZ 
Merolia 
Sector 
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McMillan (SH51-2-3441), Laverton (SH51-2-3340), Burtville (SH51-2-3440), Lake Carey 

(SH51-6-3339), and Mount Celia (SH51-6-3439) map sheets. 

In the LGB, several detailed genetic studies of gold deposits have been completed over 

the last 10 years. Theses include Lancefield (Hronsky, 1994), Mt Morgans (Vielreicher, 1994), 

Granny Smith (Ojala, 1995) and Sunrise Dam (Brown, 2002). Additional less-detailed work in 

the area includes work on gold mineralisation at Mt Korong (Falconer, 1983), structural controls 

on BIF-hosted gold mineralisation near Laverton town (Booth, 1992; Munro, 1994), a genetic 

study on the Jupiter gold deposit (Duuring, 1996), and stress mapping related to structurally 

controlled gold mineralisation at Sunrise Dam (Mair et al., 2000). Purdie (2000) carried out 

detailed facies analysis and sedimentological studies of the Wallaby Conglomerate. 

Additionally, a regional study of aeromagnetic data by Williams and Whitaker (1993) covers 

some of the LGB. 

2.3.2 Lithostratigraphy 

The lithostratigraphy of rock units in the LGB is broadly similar to that recorded 

elsewhere in the EGP. The earliest detailed reconstruction of the geology of the LGB was 

undertaken by Hallberg (1985), who divided the greenstone stratigraphy of the Murrin-Margaret 

Sector (Table 2.5) into two associations: a lower Association 1 and an upper Association 2. 

Although Hallberg (1985) did not classify rocks to the east of the Ida Fault (Figure 2.4), he 

noted similarities with rocks of Association 2. 

Association 1 greenstones only crop out in the eastern two thirds of the Margaret 

Anticline (Figure 2.4), and comprise tholeiitic basalts, high-Mg basalts, clastic sedimentary 

units, BIF, graphic chert/shale, and ultramafic units. Based on a simplified reconstruction of the 

Margaret Anticline, Hallberg (1995) estimated the thickness of Association 1 greenstones at 

around 7km. Greenstones of Association 1 have not been dated. However, based on their 

stratigraphic position beneath regionally extensive ultramafic units in the lower part of 

Association 2, Cassidy et al. (2002) suggest that Association 1 rocks are older than 2705 Ma, 

the age of province wide ultramafic activity. Association 2, which represents the remainder of 

the LGB, comprises andesitic volcanic rocks, basalts, ultramafic rocks and feldspathic 

sedimentary rocks, and is marked by an absence of quartz-rich sedimentary rocks. The lower 

parts of Association 2, below regionally extensive ultramafic units, are characterised by thick 

volcanic sequences, including the Bore Well, Ida Hill, and Welcome Well volcanic centres 

(Cassidy et al., 2002). SHRIMP U-Pb in zircon dating constrains the Bore Well complex to 

2708±4 Ma (Barley et al., 1998). Above ultramafic units in Association 2, younger felsic 

volcanic rocks, dominantly associated with bimodal basalt-rhyolite volcanic centres, formed 

between 2690 and 2680 Ma (Nelson, 1997; Brown et al., 2002). Hallberg (1985) estimates 

Association 2 to be 3.5-4km thick, and to conformably overlie Association 1. 
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The youngest rocks in the LGB are late supracrustal sedimentary successions, including 

the Wallaby Conglomerate. These late siliciclastic basins commonly lie adjacent to domain-

bounding structures, and are constrained by SHRIMP U-Pb analyses of detrital zircons to 

<2675±4 Ma in the Alabama Sandstone, 1km south of the Wallaby gold deposit (Cassidy et al., 

2002), and to <2673±5 Ma in the Wallaby Conglomerate (AMIRA P437A). These rocks, which 

host major gold deposits at both Wallaby and Lancefield, are interpreted to be analogous to late-

stage conglomerates in the southern parts of the EGP (Brown et al., 2002). 

 

Figure 2.4 Interpreted solid geology map of the Laverton Greenstone Belt (modified from Fitton, 
1998) subdivided into Sectors following Cassidy et al. (2002). 

2.3.3 Granitoids 

Champion and Cassidy (2002) have undertaken the most comprehensive and recent 

research into granitoids in the LGB, parts of which are detailed below. The high-Ca and low-Ca 

granitoid groups of Champion and Cassidy (2002) are the most voluminous granitoids in the 

LGB, comprising 60% and 20% of all exposed granitoids, respectively. Most of these granitoids 

are biotite-bearing granodiorites, trondhjemites or monzogranites (Champion and Cassidy, 

2002), and occur both internal to greenstone belts, and in larger granitoid masses between 

greenstone belts. The volumetrically minor high-HFSE, mafic and syenite granitoids commonly 

form within, or marginal to, greenstone belts. Although only a small number of granitoids have 

been dated in the LGB, the ages of the geochemical suites of Champion and Cassidy (2002) are 

similar in the LGB to elsewhere in the EGP (Table 2.3). Important temporal trends include: (1) a 

temporal overlap of high-HFSE granitoids and felsic volcanism of similar chemistry from 2720 

to 2680Ma; (2) a change from high-HFSE, mafic and intermediate-felsic extrusive magmatism 

study area 
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(bimodal and calc-alkaline) to voluminous high-Ca magmatism at ca 2685-2680 Ma (Champion 

and Cassidy, 2002); and (3) a switch from high-Ca and mafic granitoid magmatism to low-Ca 

and syenite magmatism at 2665-2655 Ma, with peaks in low-Ca magmatic activity at 2650 and 

2640 Ma (Cassidy et al., 2002). These temporal variations in magmatic activity have been 

interpreted by various workers as indicators of changing tectonic regimes, with readers referred 

to Champion and Cassidy (2002) for a full review of the tectonic implications of magmatic 

activity. 

High-HFSE granitoids have been dated in the LGB at 2716±3 Ma and 2703±4 Ma 

(Dunphy et al., 2003), making this potentially the oldest intrusion event, although elsewhere in 

the EGP ages range from 2720-2680 Ma. High-Ca and mafic granitoids range in age from 

2703±5 Ma (Fletcher et al., 2001) to 2660±5 Ma (Cassidy et al., 2002). Sheraton and Cassidy 

(2002) interpreted mafic granitoids to represent subvolcanic equivalents of the intermediate and 

felsic volcanic rocks of Association 2 greenstones in the LGB. SHRIMP U-Pb in zircon ages for 

low-Ca granitoids in the LGB range from 2657±4 Ma to 2638±2 Ma (Fletcher et al., 2001). 

Smithies and Champion (1999) separated late-stage felsic alkaline rocks (syenitic composition) 

into four geographically and geochemically distinct suites. Syenitic intrusions in the LGB fall 

into the Ninnis suite, which, in turn, formed along, or adjacent to, the Ninnis and Duketon faults 

(Figure 2.2). Although there are no age constraints on syenites in the LGB, SHRIMP U-Pb in 

zircon dates elsewhere in the EGP vary from a maximum of 2664 Ma (Hill et al., 1992a) to a 

minimum of 2631 Ma (Nelson, 1998). 

2.3.4 Structural History 

Detailed structural analysis of the LGB has largely been limited to mine-scale studies 

and confidential company reports. Previous deposit-scale workers (Hronsky, 1993; Vielreicher, 

1994; Ojala, 1995; Brown, 2002) record a structural history for the LGB similar to elsewhere in 

the EGP (Archibald et al., 1978; Hammond and Nisbet, 1992; Williams and Whitaker, 1993; 

Swager, 1997; Chen et al., 2001; Table 2.4): deposit-scale structural studies are detailed in 

Chapter 3.  

The earliest deformation increment recorded in the LGB, De, is reflected in the 

voluminous ultramafic event at 2705 Ma, with evidence for this event recorded in extensional 

shearing on batholith margins (Williams and Whitaker, 1993). De involved low-angle extension, 

with top-down to the southeast movement, and resulted in the development of a series of basins, 

with movement accommodated by northwest-southeast transfer faults (Blewett et al., 2002). D1 

involved N-S shortening and resultant inversion of greenstone basins, reactivation and thrusting 

on DE extensional structures, and macro-scale folding about east-west axes (Blewett et al., 

2002). In the LGB, D2 is similar to D2 recorded elsewhere in the EGP, and is caused by broadly 

E-W shortening and resultant refolding of F1 folds, reactivation of D1 structures into major west-

directed thrust faults (Blewett et al., 2002). Importantly, D2 deformation resulted in extensive 
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stratigraphic duplication, with the development of extensive imbricate thrust-stacks throughout 

the LGB. Blewett et al. (2002) interpret late-siliciclastic basins, such as the basin hosting the 

Wallaby and Lancefield conglomerates, as forming in intermontane basins during piggy-back 

thrusting, or in roll-over anticlines during D2. D3 is associated sinistral movement on major 

domain-bounding faults, and is followed by dextral shearing (Swager, 1997; Chen et al., 2001; 

Blewett et al., 2002). D3 occurred late in the structural history of the LGB, with sinistral shear 

zones cutting ca 2640 Ma low-Ca granites (Blewett et al., 2002). Blewett et al. (2002) interpret 

3D modelling in the Leonora-Laverton areas to indicate significant late reactivation and 

extension on deep penetrating faults. 

2.3.5 Metamorphism 

The general distribution of metamorphic grade in the LGB is similar to that recognised 

for the wider Yilgarn Craton by Binns et al. (1976). The cores of greenstone belts have 

undergone low-grade metamorphism, whereas areas adjacent to granitoid plutons, and on the 

margins of belts abutting major granitoid/gneiss complexes, have undergone higher-grade 

contact and regional metamorphism, respectively. 

Hallberg (1985) documented widespread greenschist metamorphism within the LGB, 

and smaller areas of prehnite-pumpellyite facies metamorphism south of Laverton, and in the 

southern Margaret Sector (Figure 2.5). A narrow zone of amphibolite-facies regional 

metamorphism surrounds all greenstones, and the northeastern margin of LGB abuts a narrow 

belt of pyroxene- and hornblende-facies contact metamorphism (Figure 2.5). 

 

Figure 2.5 Metamorphic facies distribution for the LGB. Metamorphic grade distributions are 
similar to those recognised by Binns et al. (1976) for the Yilgarn Craton. From Hallberg (1985). 
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2.4 Summary 

The Archaean Yilgarn Craton of Western Australia comprises the granitoid-gneiss 

terranes of the Narryer and Southwest Provinces, and the granitoid-greenstone terranes of the 

Murchison, Southern Cross and Eastern Goldfields Provinces. The Murchison and Southern 

Cross Provinces contain ca 3.0Ga greenstones, whereas the younger EGP is dominated by ca 

2.7Ga greenstones. 

The EGP comprises several NNW-SSE-striking greenstone belts separated by granitoid-

gneiss complexes. Although some sequences formed ca 2950-2900 Ma, greenstones, including 

associated sedimentary rocks, predominantly formed between 2715 and 2660 Ma. The 

Norseman-Wiluna Belt, which formed 2710-2700 Ma, predominantly comprises mafic to 

ultramafic sequences, and makes up the western part of the EGP. The adjoining northeastern 

Goldfields comprises a younger sequence of interlayered tholeiitic basalts, calc-alkaline 

volcanics rocks, and associated sedimentary rocks, which formed at 2685-2670 Ma (Nelson, 

1997). Several other distinctive, but areally insignificant, sequences also exist in the EGP. 

Granitoids which intruded the EGP have been broadly classified according to their 

location either within, or external to, greenstone belts. Internal granitoids are further subdivided 

using a variety of classification schemes, including their structural timing, petrology, and minor 

element ratios. Early high-HFSE, mafic and high-Ca granitoid intrusion occurred from pre-2710 

Ma to around 2665-2655 Ma (Champion and Sheraton, 1993), at which point a switch to more 

voluminous low-Ca and minor syenitic magmatism is recorded (Champion and Cassidy, 2002). 

Syenite magmatism is more common to the northern part of the EGP, with small intrusive 

bodies, commonly less than 10km in width, emplaced along major tectonic lineaments. 

The EGP has undergone extensive metamorphism and deformation. Four main stages of 

deformation have affected the EGP: (D1) N-S thrusting and recumbent folding; (D2) regional 

ENE-WSW compression and upright folding; (D3) E-W shortening and broadly N-S-striking 

strike-slip faulting; (D4) continued E-W shortening and oblique dextral/reverse faulting. The 

majority of greenstone belts have undergone greenschist-facies metamorphism, and typically 

have lower-grade ‘cores’, higher-grade margins, and narrow high-grade contact-metamorphic 

aureoles surrounding internal granitoid plutons and batholiths.  

Gold mineralisation was broadly contemporaneous with metamorphism, deformation, 

and syn-kinetic granitoid intrusion, although alteration assemblages are retrograde with respect 

to peak metamorphism. Deposits are typically structurally controlled, epigenetic, and most 

formed at ca 2625 to 2640 Ma. However, owing to the lack of a substantial number of accurate 

dates for gold mineralisation, and the ongoing debate into the possibility of a genetic 

relationship between granitoids and gold mineralisation, the possibilities that a more 

geographically-restricted older gold event preceded the more widespread 2640-2625 Ma event, 

or that there are various ages of gold mineralisation related to individual granitoid plutons, have 

not been ruled out. 
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In the LGB, an older succession of basalts, clastic sedimentary units, BIF, and 

ultramafic rocks crop out in the core of the Mt Margaret Anticline, and represent the lowest 

exposed part of the stratigraphic sequence. Based on their stratigraphic position underneath 

regionally extensive ultramafic units, various workers interpret this succession as being older 

than 2705 Ma. Overlying this older succession is a more extensive sequence of greenstones, 

comprising extensive ultramafic units, basalts, BIF and felsic volcanic rocks, dominantly 

associated with bimodal basalt-rhyolite volcanic centres. Volcanic rocks are constrained by 

SHRIMP U-Pb dating to between 2690 and 2680 Ma (Nelson, 1997; Brown et al., 2002). Rocks 

to the east of the Ida Fault are less well constrained, although Hallberg (1985) recorded 

similarities between these units and other greenstones elsewhere in the LGB. The youngest 

rocks in the LGB are late-stage siliciclastic sedimentary rocks, which, in turn, are commonly 

located adjacent to major transcrustal faults. Mid-greenschist facies metamorphism overprints 

all rocks in the LGB, with restricted zones of prehnite-pumpellyite facies metamorphism south 

of Laverton, and small areas of amphibolite-facies metamorphism adjacent to granitoids at the 

margins of the greenstone belt. The timing and nature of granitoid magmatism, as well as the 

structural history of the LGB, are similar to that recorded elsewhere in the EGP. 
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CHAPTER 3.  GEOLOGY OF GOLD DEPOSITS IN THE LAVERTON GREENSTONE BELT 

3.1 Introduction 

Gold mineralisation in the Laverton Greenstone Belt (LGB) is hosted by gold deposits 

with a range of styles (Table 3.1). The LGB hosts two world-class gold deposits, 22 deposits 

containing over two tonnes of gold, and over 25 smaller deposits, with a total contained gold 

endowment of 690t (22Moz, Table 3.2). The Wallaby gold deposit was discovered in 1998, 

and, in conjunction with Sunrise Dam, adds to over 430t ( 14Moz) of gold discovered in the 

last decade in the LGB. Such recent discoveries represent a significant increase in the gold 

prospectivity of the LGB, and make it one of the premier gold districts in Australia. 

An important feature of gold deposits in the LGB is the predominance of sedimentary 

host rocks, particular BIF and chert. Only two significant deposits (>10t Au) do not contain 

sedimentary rocks in the host sequence. Also important in the LGB is the close spatial 

association between gold mineralisation and granitoids, with six out of nine deposits reviewed 

here having a spatial association with granitoids. 

3.2 Deposit Styles 

The nine gold deposits on which research is carried out as part of this study (see 

Chapter 1) can be broadly subdivided according to host rocks and deposit style (Table 3.1). A 

regional map showing the location of studied deposits is presented in Figure 3.1. A close spatial 

association with both granitoid plutons (e.g. Granny Smith and Jupiter) and dykes (e.g. Jubilee 

and Wallaby) is an important characteristic of many gold deposits in the LGB. Importantly, 

granitoids don’t host significant amounts of gold mineralisation, but do play an important role in 

localising gold mineralisation. As such, the deposit grouping of ‘granitoid associated’ is used to 

represent these deposits (Table 3.1). 

Gold deposits are discussed in the following chapter in order of host rock age and 

deposit style (Table 3.1). 

Table 3.1 Subdivision of gold deposits in the LGB in order of deposit style and host rock. 

Deposit Major Grouping Subsidiary Host Rock Alternate Grouping 
Keringal ultramafic hosted - mafic hosted 
Red October mafic hosted - - 
Lancefield sediment hosted conglomerate granitoid associated 
Mt Morgans sediment hosted BIF - 
Sunrise Dam granitoid associated porphyry/BIF  sediment hosted 
Jubilee  granitoid associated porphyry basalt hosted 
Granny Smith granitoid associated granodiorite sediment hosted 
Jupiter granitoid associated syenite  
Wallaby granitoid associated syenite sediment hosted 
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Table 3.2 Gold resources of the LGB listed in order of decreasing gold resource. Data from a 
variety of published and historical data sources compiled by Placer Granny Smith geologists. 
Deposits analysed in this study are shown in bold type. Wallaby data from June 2001 resource, 
Sunrise data from June 2001 Sunrise Dam resource and December 2000 Cleo resource. 

Deposit Tonnes Grams Au (t) Au (oz)
Sunrise/Cleo 56 813 540 3.59 247.85 7.97M 
Wallaby/Just-in-Case 66 765 000 3.21 214.14 6.88M 
Granny/Goanna/Windich 43 269 825 1.65 71.33 2.29M 
Lancefield 8 963 400 6.90 61.87 1.99M 
Mt Morgans 6 767 629 4.71 31.88 1.02M 
Red October 2 081 015 5.89 12.26 394153 
Keringal 5 235 755 2.08 10.89 350026 
Safari Bore 3 484 388 2.91 10.14 325995 
Ida H 2 449 134 4.09 10.02 322104 
Beasley Ck 3 362 000 2.25 7.56 243006 
Butcher Well 31 93 489 2.25 7.19 231162 
Golden Delicious 4 341 000 1.54 6.69 214932 
Whisper 2 650 000 2.51 6.65 213851 
Jubilee 2 331 000 2.81 6.55 210591 
Transvaal (Mt Morgans 1 706 721 3.35 5.72 183760 
Rumour 2 650 000 2.10 5.57 178919 
Lord Byron (Jasper Hills) 2 300 000 2.20 5.06 162683 
Jupiter (Mt Morgans) 5 233 718 0.96 5.01 161179 
Mikado 1 156 483 4.15 4.80 154464 
Burtville 1 237 921 3.39 4.19 134857 
Linden Mining Centre 665 167 5.50 3.66 117570 
Fish (Jasper Hills) 950 000 3.80 3.61 116064 
Admiral Hill (Admiral Group) 1 900 829 1.59 3.02 97191 
Childe Harold/ Phoenix 812 621 2.43 1.97 63379 
Kangaroo Bore/Mt Celia Group 1 310 000 1.45 1.90 61070 
Euro Group 484 016 3.54 1.72 55146 
Gladiator 139 138 11.73 1.63 52473 
Hillside 1 064 000 1.46 1.55 49944 
Innuendo 560 000 2.50 1.40 45011 
Craiggiemore 135 046 9.49 1.28 41187 
Laverton Group 316 812 3.88 1.23 39479 
Mary Mac 281 707 3.79 1.07 34347 
Garden Well 350 000 2.52 0.88 28357 
Barnicoat (Cock of the North) 403 074 2.17 0.87 28105 
Mt Margaret Group 332 656 2.55 0.85 27253 
Bindah 96 558 8.69 0.84 26979 
Second Fortune 46 086 14.96 0.69 22167 
Misery 207 720 2.64 0.55 17631 
Augusta 116 593 4.42 0.52 16582 
Gladiator North 170 000 1.93 0.33 10549 
Jerusalem Group 29 812 9.40 0.28 9007 
Crawford’s Patch Group (Crawford's, Bindan, 
Cornucopia, Anna's Brew, Federal Flag) 132 221 1.93 0.25 8197 

Jubilee Group 7 049 32.25 0.23 7308 
Sailor Prince Group 6 580 25.08 0.17 5306 
Fairfield 32 808 4.83 0.16 5097 
Mt Lebanon 1 733 30.70 0.05 1711 
Red Flag 2 460 20.73 0.05 1640 
Rowena Group 2 184 19.43 0.04 1364 
Hawks Nest 165 201.50 0.03 1069 
Mt Barnicoat 1 396 23.55 0.03 1057 
Just in Time 1 695 10.20 0.02 556 
Mount Lucky 396 42.08 0.02 536 
Kiora/West Barnicoat 405 28.70 0.01 374 

 

 



 

Chapter 3: Gold deposits of the Laverton Greenstone Belt 

34

 

 

Figure 3.1 Regional geology map of the LGB (after Fitton, 1998) showing the location of gold 
deposits reviewed in this chapter. The Laverton Tectonic Zone (LTZ) is shown bounded by white 
dashed lines. 

3.3 The Keringal Gold Deposit 

The Keringal gold deposit is located 33km SSW of Laverton (Figure 3.1). The deposit 

is owned, and was mined, by Placer Dome Australia. Ore blending at the time of mining 

prevented accurate reconciliation. The pre-mining reserve was 4.81Mt of ore containing 10t Au 

at an average grade of 2.09 g/t, with a resource of 5.2 Mt of ore at an average grade of 2.08 g/t 

Au for a total of 10.89t Au. Unless otherwise referenced, all information in the following 

section is based on an anonymous unpublished Placer Dome report. 

3.3.1 Host Rocks 

Gold mineralisation is hosted by a sequence of basalts, ultramafic rocks, and minor 

aplitic porphyry dykes (Figures 3.2 and 3.3). Basalts are tholeiitic and display well preserved 

and largely undeformed pillow margins. Ultramafic rocks represent units of a nickel-depleted 

komatiite sequence. Steeply-dipping aplitic dykes intrude both the basalt and at basalt-komatiite 

contacts, and are typically less than 5m thick. Host rocks have undergone greenschist facies 

metamorphism. 
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The deposit is localised at the contact between mafic and ultramafic rocks, although 

ultramafic rocks host the majority of gold mineralisation. Porphyry dykes are mineralised in 

places, but do not host significant amounts of gold. 

3.3.2 Proximity to Intrusive Rocks 

Narrow, volumetrically insignificant, pre-gold aplite dykes intrude the mine sequence 

within the deposit. Late-stage gently east-dipping lamprophyre dykes are concentrated on the 

eastern margin of the deposit. A small granitoid pluton, roughly 450m in diameter, is interpreted 

(Fitton, 1998) to underlie Tertiary cover roughly 2km east of the deposit. 

3.3.3 Ore-body Geometry and Structural Controls 

 Structural Setting of Gold Mineralisation 

The Keringal gold deposit lies in the central eastern section of the Laverton Tectonic 

Zone (LTZ, see Chapter 2). Significantly, the deposit is adjacent to the Barnicoat Shear, a N-S 

striking shear zone with a traceable strike-length of over 75km (Figure 3.1). Gold mineralisation 

is localised at the contact of ultramafic rocks and a structurally transposed basalt wedge. 

The structural history of the deposit is summarised in Table 3.3. Formation of the 

Barnicoat Shear Zone (BSZ) represents the earliest phase of deformation recorded at the 

deposit, with mineral elongations plunging both gently north, and, to a lesser extent, steeply 

east. The BSZ is interpreted to have formed as a basin bounding structure during early 

extension. D2 is expressed as reverse reactivation of the BSZ. D3 resulted in late transpressive 

reactivation of the BSZ with associated dextral movement and translocation of the basalt wedge 

on which the deposit is now centred. 

Gold mineralisation forms over a strike length of roughly 1.5km, with individual lodes 

5-20m thick. In places, near-surface supergene enrichment has created laterally extensive ore 

zones (Figure 3.3A). Shear-hosted ore zones strike N-S, and dip steeply east. 

 

Table 3.3 Structural history of the Keringal gold deposit. 

Event 1 Geological expression at the Keringal gold deposit 
D1 not recorded Formation of the BSZ as a basin-bounding extensional fault 
D2 Broad E-W compression Reactivation of BSZ with reverse movement 
D3 Broad E-W transpression Reactivation of BSZ with dextral movement 
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Figure 3.2 Plan section of the Keringal gold deposit. Cross sections A and B are shown in Figure 
3.3. 

 

Figure 3.3 Cross-section through the Keringal gold deposit at (A) 6800 080mN and (B) 6 799 
840mN showing the relationship between ore zones and the basalt-ultramafic contact. 

 Structural Controls on Mineralisation 

Gold mineralisation is localised at the apex of a structurally emplaced basalt wedge, 

with subsidiary mineralisation hosted by shear zones bounding the wedge (Figure 3.3). The 

localisation of shear-zones at the contact between basalt and ultramafic units acts as the main 

structural control on gold mineralisation. The splaying of the N-S trending shear into two 

discrete dextral shear zones around the rigid, less-deformed mafic wedge, creates the zone of 

greatest dilation, and thus most intense fluid focussing and highest gold grades. High grade ore 
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shoots are localised adjacent to E-W striking quartz tension gashes. The structural timing of 

gold mineralisation has not been recorded. 

3.3.4 Alteration and Mineralisation Styles 

Gold mineralisation is mainly hosted within quartz veins and associated alteration halos. 

Proximal gold alteration is characterised by quartz-sericite-albite-carbonate-pyrite±pyrrhotite± 

arsenopyrite assemblages in basalt, and by quartz-carbonate-fuchsite-pyrite±sericite 

assemblages in ultramafic rocks. Zonation from proximal to distal alteration, which is 

independent of host rock, is characterised by a change in carbonate from siderite and ankerite to 

calcite, and by a reduction in pyrite. Porphyry dykes host low-grade gold mineralisation, with 

similar alteration mineralogy to other host rocks, but with increased albite and argillaceous 

alteration. Gold forms as free grains (<50 m) or as micro-inclusions within pyrite. 

3.3.5 Ore Geochemistry 

No work has been carried out on the geochemistry of the gold ore or gold-related fluids 

at the Keringal gold deposit. 

3.4 The Red October Gold Deposit 

The Red October gold deposit is located 80km south of Laverton in the southern part of 

the LTZ (Figure 3.1). The deposit, mined by Sons of Gwalia, contained a total resource of 

12.25t Au at an average of 5.9g/t. All geological information is based on a detailed report of the 

mine completed by Barker (2001) unless otherwise referenced. No access to plans or cross-

sections was possible for this study. 

3.4.1 Host Rocks 

A mafic and ultramafic volcanic and sedimentary succession hosts the Red October 

gold deposit. Host strata are cut by the steeply west-dipping Red October Shear Zone (ROSZ), 

and are subdivided into a footwall and hangingwall sequence below and above the ROSZ, 

respectively. All rocks are overprinted by greenschist facies metamorphism. 

The footwall sequence dips 55  west, and comprises a strike-continuous sequence of 

massive fine-grained pillow basalt. Along strike, this unit consistently forms the footwall to 

gold-mineralisation. 

The mineralised ROSZ marks the contact with high-Mg basalts of the hanging wall 

sequence, and hosts 70% of all gold mineralisation. Remnant discontinuous graphitic shale beds 

remain within the ROSZ, and are associated with low-grade gold mineralisation (see Section 

3.4.4, Figure 3.5D). 

The hangingwall sequence comprises fault-bounded imbricate thrust-slices of 

moderately-dipping layered peridotite, pyroxenite, high-Mg basalt and interflow sedimentary 
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rocks (Figure 3.4). Peridotite forms continuous units intercalated with both high-Mg basalt, and, 

to a lesser extent, overlying pyroxenite. Pyroxenite units vary from 1-50m in thickness, are 

discontinuous along strike, and decrease in thickness away from the ROSZ. High-Mg basalt 

units are continuous along strike, vary from 1-15m in thickness, and contain narrow (<0.5m) 

layers defined by varying grainsize and mineralogy. Late-stage felsic, intermediate and 

lamprophyric intrusive rocks intrude the hangingwall sequence. 

Narrow (<5m) quartz-feldspar porphyry and intermediate dykes are commonly 

discontinuous down dip and along strike. Fine-grained massive lamprophyre dykes up to 13m 

thick also intrude the host sequence. 

Gold is mainly hosted by the ROSZ at the contact of pillow basalt and high-Mg basalt, 

with subsidiary gold-mineralisation hosted by adjacent interflow sedimentary rocks and in 

cross-faults. 

3.4.2 Proximity to Intrusive Rocks 

Within the deposit, felsic-, volumetrically insignificant intermediate-, and 

lamprophyric- dykes are common. Although post-dated by felsic and intermediate dykes, gold 

mineralisation has formed on the ultramafic contact of one lamprophyre dyke, but the timing 

relationship between lamprophyre dykes and gold mineralisation has not been fully recorded. 

The Red October gold deposit lies roughly 1km NE of a granitoid dome, the mineralogy 

of which is unrecorded owing to an absence of field studies is this and other reports. 

3.4.3 Ore-body Geometry and Structural Controls 

 Structural Setting of Gold Mineralisation 

Based on aeromagnetic data interpretation, the north trending ROSZ lies on the western 

limb of a northerly plunging anticline. In the deposit area, a thrust-duplex hosts gold 

mineralisation at the intersection of the ROSZ and sub-parallel thrust zones. Locally, structures 

are concentrated at the contact of pillow- and high Mg-basalt units (Figure 3.5A). 

Structural geometries at the Red October gold deposit predominantly fit a dextral 

wrench regime for deformation associated with gold mineralisation. A summary of the 

structural history of the deposit is presented in Table 3.4. Igneous units dip 65 280 , whereas 

primary bedding (sedimentary interflow units) dips 37 220 . The first stage of deformation is 

expressed as a high-angle imbricate thrust complex resulting from E-W compression. In the 

mine area, D1 is expressed as the faulted contact between footwall and hangingwall sequences, 

which, in turn, dips 45-65  west. Anti-riedel oriented (55-70   020-070 ), weakly mineralised 

(<2g/t Au), 0.5-2m thick shear-zones pre-date formation of the ROSZ, and are the only 

expressions of D2 in the mine area. The ROSZ is the dominant structural feature in the deposit 

associated with D3, and dips 70-80 280 . Several different fault and vein sets, which are 
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associated with the ROSZ, form in a dextral wrench orientation, with a gently north-plunging 

movement direction and a principal horizontal compressive stress oriented 070 .  

Gold mineralisation along the ROSZ is recorded over a strike length of 800m, and is 

open both north and south, as well as down dip. High-grade ore zones are up to 100m long and 

10m wide. 

 

Figure 3.4 Photograph of a mineralised shear zone in the Red October gold deposit (Barker, 2001). 
In this example, the shear zone is localised at the contact between pyroxenite and peridotite units in 
an ultramafic sequence. 

Table 3.4 Structural history of the Red October gold deposit. 

Event 1 Geological expression at the Red October gold deposit 
D1 E-W compression Formation of gently north-plunging anticline with development of imbricate thrust complex 

on the western limb, including sheared contact between footwall and hangingwall sequences 
D2 not recorded Formation of moderately dipping NNE-ENE dipping shear zones 
D3 070 -250  compression Development of ROSZ and associated veins and fault in orientation consistent with dextral 

wrench regime 

 Structural Controls on Mineralisation 

Most gold mineralisation is hosted by the ROSZ. The ROSZ lies on the limb of a 

regional anticline; in the mine area, it is localised by the competency contrast between 

successive basalt units. Shear zones in wrench orientations associated with the ROSZ host 

subsidiary gold mineralisation, but, more importantly, focus auriferous fluids into sedimentary 

interflow units. 

Within the ROSZ, two major high-grade ore shoots plunge roughly 60 185 . These 

shoots do not correspond with the intersection of any of the wrench-oriented faults or shear 

zones associated with the ROSZ. Barker (2001) interpreted the shoots to have formed during D3 

deformation in a 2 orientation. 
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3.4.4 Alteration and Mineralisation Styles 

Most gold mineralisation is hosted by quartz veins within the ROSZ (Figure 3.5B) and 

in associated wallrock alteration halos (Figure 3.5C), with subsidiary gold-mineralisation hosted 

by overlying, interflow sedimentary rocks (10%), and cross-faults (5%), as well as alluvial clay 

(15%). 

Gold mineralisation is characterised by quartz-carbonate breccia veins containing 

pyrite, pyrrhotite, and arsenopyrite (Figure 3.5B and C). Proximal alteration zones extend 0.5m 

from veins, and comprises sericite-pyrite-pyrrhotite-arsenopyrite alteration assemblages. Distal 

alteration is restricted to carbonate mineralisation, which can extend up to 10m from veins. 

Quartz veins contain up to 150g/t Au, at an average of 8g/t, whereas proximal alteration zones 

commonly contain 0.5-5g/t Au. 

Shear zones other than the ROSZ, which are only mineralised in close proximity to the 

ROSZ, comprise narrow (0.1-1m) discontinuous brittle-ductile stockwork zones overprinted by 

the same alteration mineralogy as the ROSZ. Gold mineralisation hosted by interflow 

sedimentary rocks forms similarly, with the highest grades in sedimentary rocks adjacent to the 

main ore shoots. 

Gold forms as free grains in silica-flooded alteration zones and breccia veins, and as 

micro-inclusions within sulphides in quartz veins and proximal alteration zones. 

 

Figure 3.5 Photographs of (A) basalt-ultramafic contact, (B) typical ore breccia veins, (C) alteration 
associated with breccia veins, and (D) black shale in a mineralised shear zone (Barker, 2001). 
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3.4.5 Ore Geochemistry 

No geochemistry on the ore fluid geochemistry or gold ore has been recorded for the 

Red October gold deposit. 

3.5 The Lancefield Gold Deposit 

The Lancefield gold deposit is located roughly 8km north of Laverton in the northern 

part of the LTZ (Figure 3.1). The deposit was mined by Western Mining Corporation in the 

1980’s, and is currently owned by Metex Resources. The deposit has a resource of 

8.9Mt@6.9g/t Au, for a total of 59t contained gold. This review is based on the PhD thesis of 

Hronsky (1993), unless otherwise referenced. 

3.5.1 Host Rocks 

Gold mineralisation is hosted within a north- to north-east striking, 30-60  east-dipping 

sequence of ultramafic, mafic volcanic and sedimentary rocks. The stratigraphic sequence in the 

mine area is shown in Figure 3.6. Carbonaceous schists and cherts host most gold-

mineralisation, although tholeiitic basalt, dolerite, and felsic intrusive rocks all host subsidiary 

gold mineralisation. Least-altered mafic rocks contain a mineral assemblage consistent with 

lower-amphibolite peak metamorphic conditions ( 450 C). 

 

Figure 3.6 Stratigraphic column through the mine sequence at the Lancefield gold deposit (after 
Hronsky, 1993). 
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Figure 3.7 Cross Section of the Lancefield gold deposit (after Hronsky, 1993). 

3.5.2 Proximity to Intrusive Rocks 

Locally, several small circular monzonite to monzodiorite stocks intrude the mine host-

sequence, and crop out immediately to the west of the deposit (Figures 3.7 and 3.8). The only 

other intrusive rocks in the mine area are volumetrically insignificant feldspar-quartz porphyry 

and dolerite dykes, and similarly minor altered dykes of undetermined origin. 

Regionally, the area is dominated by the foliated and lineated recrystallised gneissic 

Windarra-Lancefield batholith, which crops out 1.5km SE of the deposit. The orientation of 

regional metamorphic isograds in the mine area is consistent with syn-metamorphism intrusion 

of the batholith. Significant post-emplacement strain has been accommodated along the margins 

of the batholith.  

3.5.3 Structural Controls and Ore-body Geometry 

 Structural Setting of Gold Mineralisation 

Lancefield is located at the northern end of the LTZ on the eastern edge of the main 

zone of tectonic disruption (see Chapter 2). On a mine scale, gold mineralisation is restricted to 

two major shear-hosted ore bodies; Main Lode and West Lode (Figure 3.8). Subsidiary gold 

mineralisation is hosted in the Telegraph pit (Figure 3.8). Lodes are hosted by brittle-ductile 

dextral reverse shear zones, which, in turn, have been localised by graphitic sedimentary rocks. 

Shearing was continuous throughout gold mineralisation. Main Lode is flanked by schistose 

mafic wallrocks, which, away from the lode, grade into massive basalt and dolerite, whereas an 

envelope of strongly deformed mafic schist flanks West Lode. A pervasive fabric (SA) 

overprints the mine sequence, ranging in amplitude from millimetre- to decimetre-scale. 

Lineations on lodes plunge 40 075 , and are consistent with oblique dip-slip to dip-slip 

reverse movement. The structural history of the deposit is summarised in Table 3.5. 
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Table 3.5 Structural history of the Lancefield gold deposit (after Hronsky, 1993). 

Event 1 Geological expression at the Lancefield gold deposit 
D1 Broad E-W compression Regional, upright, open folding event which forms the Margaret 

Anticline to the west (see Chapter 2) 
D2 Broad E-W compression Locally restricted upright folding associated with emplacement of 

the Windarra-Lancefield Batholith 
D3 Broad E-W lateral compression with 

extension and attenuation of overlying units 
Local upright folding associated with emplacement of the Footwall 
Granitoid 

D4 ENE-WSW to E-W compression Synchronous formation of 1) major flexures of West Lode, Main 
Lode and Footwall Ultramafic Unit, 2) attenuation of the lode-
hosting sequence against the Footwall Ultramafic Unit, and 3) 
structural emplacement of ultramafic rocks to the south of the mine 
area 

 

 

Figure 3.8 Geological plan of the Lancefield mine area (after Hronsky, 1993). 

The Main Lode is typically 2-4m wide, whereas the smaller West Lode typically is 

typically 1.5m wide. Both ore zones parallel local N- to NE-striking strata and dip 30-50 E, 

with most ore contained along 600m strike length. 

 Structural Controls on Gold Mineralisation 

The structural controls on gold mineralisation at Lancefield are summarised in Table 

3.6 in order of scale. Regionally, the deposit is located on the eastern flank of the Windarra-

Lancefield batholith. The district-scale structural setting is repeated on a mine-scale by the 
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localisation of mineralisation on the eastern flank of the footwall granitoid body (Figure 3.8). 

The protruding rigid body exerted a fundamental control on the geometry of the overlying rock 

sequence and mineralisation-hosting structures (Hronsky, 1993). The manifestation of this 

control is an ESE plunge common to: (1) the axes of most of the major flexures of the lode 

zones and other geological axes; and (2) the major ore shoots on both lode zones. The upper 

contact of the Footwall Ultramafic Unit becomes transgressive to the overlying lithological 

sequence, with underlying lithological units successively attenuated against the footwall 

granitoid contact (Hronsky, 1993; Figure 3.7), which is consistent with structural control by the 

granitoid on the orientation of footwall strata. On a smaller scale, strain is partitioned into the 

less competent graphitic units within the mine sequence, resulting in the preferential localisation 

of auriferous shear zones within such units. 

Table 3.6 Structural controls on gold mineralisation at the Lancefield gold deposit in order of scale. 

Scale of control Structural control on mineralisation 

District Laverton Tectonic Zone 

Local Windarra-Lancefield batholith 

Mine Footwall Granitoid and related geometry of footwall rock units 

Ore shoot Flexures in bedding and associated dilatant zones 

 

The structural timing of the deposit is difficult to ascertain, as only a single distinct 

schistose fabric, SA, overprints the mine sequence. SA had a protracted history, spanning 

multiple recorded deformation increments in the Lancefield area (Hronsky, 1993). However, 

within a local deformation history, Hronsky (1993) interprets mineralisation to be syn-D4 (Table 

3.5). 

On a mine-scale, geological surfaces contain east-dipping bedding-parallel flexures. 

Such flexures are continuous with, and fractally related to, crenulations in SA. The three-

dimensional orientation of the lode surface, as controlled by these flexures, controls the location 

of ore shoots, with gold-mineralisation preferentially concentrated in zones of dilation during 

deformation. Main Lode contains four distinct ore-shoots, and West Lode contains a single 

shoot. 

3.5.4 Alteration and Mineralisation Styles 

Gold-mineralisation forms in bedding-parallel zones of high strain, and has two 

texturally distinct forms: (1) quartz dominated veinlets; and (2) fracture-controlled sulphide 

and/or carbonate segregations. Gold-related alteration is associated with quartz-sulphide-

carbonate assemblages, with concentric zoning of alteration around lodes reflecting a 

progressive increase in S, CO2 and K metasomatism toward proximal alteration zones. 

Proximal gold-related alteration comprises quartz-ankerite-pyrrhotite-chlorite-

arsenopyrite-muscovite assemblages. From intermediate to distal, four other alteration zones are 
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recorded at Lancefield: (1) sulphide zone; (2) muscovite zone; (3) biotite zone; and (4) chlorite 

zone. Alteration zones typically extend <30m from ore zones. 

Most gold in Main Lode forms either in solid solution with arsenopyrite, or as micro-

inclusions (<0.5 m) in sulphides. In West Lode, gold forms free grains, typically in quartz 

gangue (Hronsky, 1993). 

3.5.5 Ore Geochemistry 

Gold mineralisation is enriched in Au, Ag, As, Sb, S, Mo, Pb, Cd, Te, W and Sn. In 

addition, gold-related leaching of graphitic shale and chert host rocks creates the distinctive 

enrichments in Zn, Cu and light rare-earth elements La, Ce, Pr, Nd, and Sm. 

The dominant metasomatic phases associated with ore fluids are CO2, K+ and H2S. 

Hronsky (1993) interpreted chlorite stability fields in all but the inner alteration zones to 

represent steeper than usual CO2 activity gradients toward lodes. Such steep gradients are 

consistent with the restricted lateral extent of gold related alteration (<30m), and support highly 

channelised fluid flow during gold mineralisation. 

Pressure-temperature trapping conditions for fluid inclusions are consistent with a 

formation temperature of 280±30 C and a formation pressure, interpreted (Hronsky, 1993) to 

represent a value between lithostatic and hydrostatic pressure, between 1 and 2kb, but most 

likely 1.4kb. 

The ore fluids at Lancefield contain CO2-CH4-H20-NaCl. Ore fluid phase ratios vary 

from 20 to 95 vol. % carbonic phases (XCH4+CO2 of 0.11-0.89). The average CO2/CH4 ratio is 

around 10, giving an XCH4 of 0.01-0.09 and an XCO2 of 0.1-0.8. The average salinity is roughly 5 

wt.% NaCl. 

3.6 The Mt Morgans Gold Deposit 

The Mt Morgans gold deposit is located about 40km WSW of Laverton, and is external 

to the LTZ (see Chapter 2, Figure 3.1). The deposit contains a total of 32t Au, at an average 

grade of 4.71g/t. Most gold mineralisation is hosted in the Westralia pit, with subsidiary 

mineralisation in the King Street, Recreation Reserve, Ramornie and Transvaal pits (Figure 3.9). 

The following review is based on Vielreicher (1994) unless otherwise referenced. 

3.6.1 Host Rocks 

In the mine-area, host rocks dip steeply east, and comprise a lower basalt unit, a 

mineralised BIF, and overlying komatiite units (Figures 3.10 and 3.11A). In addition, two 70m 

thick ultramafic units, and several porphyry dykes, intrude the mine-sequence. The variably 

pillowed hangingwall basalt forms part of a roughly 100m thick basalt sequence. Distal to 

mineralisation, relict spinifex textures in the ultramafic footwall unit are consistent with 

formation as a komatiite flow. Quartz- and quartz-feldspar porphyry dykes intrude the mine 
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sequence in three phases; pre-mineralisation dykes which broadly parallel BIF horizons, and 

two stages of dykes which broadly parallel gold lodes, and have a pre- and syn- to post-gold 

timing, respectively (Figure 3.10). However, Vielreicher et al. (2002) re-interpreted pre-gold 

dykes parallel to gold lodes as having a broadly syn-gold timing. Volumetrically insignificant 

sub-horizontal lamprophyres also intrude the mine sequence post- gold-mineralisation. 

In the Westralia pit, gold mineralisation is mainly hosted by BIF, with basalt and 

komatiite immediately bounding BIF typically containing <0.25g/t Au. Mixed carbonate-oxide 

facies BIF units, which dip 60-80  east, have been boudinaged into lenses of maximum 

dimension 10x100m during syn-gold shearing. The most eastern BIF is bounded by 2-3m thick 

graphitic schist beds. In satellite pits, basalts intruded by quartz- and quartz-porphyry dykes host 

gold-mineralisation. 
Based on mineral assemblages in least-altered rocks, the host sequence has undergone 

upper-greenschist to lower-amphibolite grade metamorphism. This equates to peak temperatures 

of 350-370 C, and pressures of <300MPa or equivalent burial depth of <10km.  

 

 

Figure 3.9 Schematic block diagram of the area surrounding the Mt Morgans gold deposit showing 
the relationship of open pit mines to structural corridors. The main ore hosting structure is the 
NNW-striking Mount Morgans Shear Zone (MMSZ). The main pit is the Westralia pit (W), which 
is surrounded by four satellite pits; K=King Street pit, R=Ramornie pit, RR=Reserve pit, and 
T=Transvaal pit (after Vielreicher, 1994). 

MMSZ
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Figure 3.10 Photograph of the south face of the Westralia pit showing the stratigraphic sequence 
from a massive basalt (bas) footwall to the ore-hosting and structurally disrupted BIF and 
enclosing rhyolitic porphyry dykes, to the hangingwall ultramafic schist (tcs) (modified from 
Vielreicher, 1994). 

3.6.2 Proximity to Intrusive Rocks 

Within the mine area, ore-hosting BIF is variably flanked by quartz- and quartz-feldspar 

porphyry dykes. Dykes pre-date gold-mineralisation, and are interpreted to play an important 

role in regionally localising gold mineralisation to specific parts of BIF horizons.  

A roughly 8x30km ovoid granitoid pluton intrudes greenstones roughly 5km SSW of 

the Mt Morgans gold deposit. The composite zoned syenogranite yields a SHRIMP U-Pb in 

zircon age of 2703±4 Ma (Fletcher et al., 2001). 

3.6.3 Ore-body Geometry and Structural Controls 

 Structural Setting of Gold Mineralisation 

The closest regionally extensive structure to the Mt Morgans gold deposit is the Celia 

Lineament, a regionally continuous structure interpreted to represent a tectonic dislocation. 

Within the mine area, the predominant regional structure is the Mt Morgans shear zone 

(MMSZ), a strike-extensive NNW-trending deformation zone associated with early regional 

compression (Figure 3.9). The presence of a large number of lamprophyre dykes is consistent 

with a close spatial association of the deposit to a major trans-crustal structure. 

The structural history of the Mt Morgans gold deposit is summarised in Table 3.7. 

Vielreicher (1994) documented a structural history identical to that recorded for the EGP at the 

time of publication (see Chapter 2). D1 is recognisable as NNW-SSE shearing related to 

extension; D1 is expressed regionally as sheared greenstone-granitoid contacts, and locally as 

bedding (BIF) parallel shear zones. 

D2 is associated with ENE-WSW compression, and is expressed regionally as the E-

verging SW-plunging Margaret Anticline and as transcrustal NNW-trending, possibly 

reactivated, strike-slip shear zones (Figure 3.11B). Upright folding, sinistral flexural slip along 
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bedding, and parasitic folding were all also associated with D2. In the mine area, D2 resulted in 

the overturning of strata into sub-vertical orientations, as well as the formation of parasitic folds 

in BIFs, anticlockwise kinks in bedding, and development of minor E-W to ESE-WNW shear 

zones. Prolonged D2 compression caused both sinistral strike-slip movement along existing E-W 

shear zones, and the formation of dilatant jogs where shear zones intersected kinks in BIF units. 

D3 is characterised by NNE-trending strike-slip shear- and fault-zones (Figure 3.11B). 

Zones dip steeply east, and exhibit minor oblique-normal movement. Vielreicher (1994) 

interprets D3 to be related to SE-NW compression, which, in turn, resulted from a combination 

of regional ENE-WSE compression and local N-S compression from emplacement of the nearby 

Danjo syenogranite. However, given that the Danjo syenogranite intruded at 2703±3 Ma, and 

that mineralisation is constrained to <2659 Ma, this interpretation is unlikely. 

The final stage of deformation, D4, is characterised by the formation of regionally 

extensive conjugate fault and fractures sets trending WNW-ESE and NE-SW, and exhibiting 

normal movement. In the mine area, D4 is expressed as gently W-dipping faults and minor 

reactivation of S3 fault- and shear-zones. 

 

Figure 3.11 (A) Geological plan of the Mt Morgans open-pit. (B) Structural map of the Mt Morgans 
open pit showing ore bodies at the intersection of D2 and D3 shear zones (after Vielreicher, 1994). 
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The main zone of gold mineralisation forms in the Westralia pit along a 1km strike 

length zone of the MMSZ. Although mineralisation is semi-continuous along this zone, discrete 

elongate zones, roughly 20-100m long, of high-grade ore (>5g/t Au) trend parallel to BIF units 

in the pit (Figure 3.11B). Ore zones dip sub-parallel to BIF units, and ore shoots plunge toward 

the SE. Subordinate ore zones form in reactivated ENE-WSW D2 shear zones (Recreation 

Reserve and King Street pits, Figure 3.9), on NNE-SSW trending D3 shear zones both away 

from D2 structures (Ramornie pit, Figure 3.9) and at intersections with smaller D2 structures 

parallel to the MMSZ (Transvaal pit, Figure 3.9). 

Table 3.7 Structural history of the Mt Morgans gold deposit (after Vielreicher, 1994). 

Event 1 Geological expression at the Mt Morgans gold deposit 
D1 Broad E-W extension Greenstone-granitoid and bedding parallel shear zones 
D2 Broad E-W compression Upright folds and associated parasitic folds, transcrustal NNW-trending strike-slip shear 

zones, sinistral flexural slip along bedding and associated anticlockwise kinks in bedding 
D3 N-S compression NNE-SSW fault and shear zones, dextral reactivation of S2 faults and shear zones 
D4 not recorded Conjugate WNW-ESE and NW-SW gently dipping brittle faults and fractures, minor 

reactivation of S3 structures 

 Structural Controls on Mineralisation 

Gold mineralisation formed syn-D3 deformation. Gold mineralisation is mainly hosted 

by BIF units at the intersection of D2 and D3 shear zones (Figure 3.11), with subsidiary 

mineralisation hosted by reactivated S3 structures away from structural intersections. 

Specifically, most gold-mineralisation is hosted at the intersection of the MMSZ and the 

northern Westralia and southern Transvaal structural corridors (Figure 3.11B). Ore-shoots 

plunge 30-60  toward 150 , which is co-incident with the intersection between D3 shear zones 

and steeply E-dipping BIF units, as well as the intersection between BIF units and D2 fold 

hinges. However, the intersection between S3 shear zones and BIF units is the critical control on 

high-grade ore shoots. 

Indirect structural controls are also exerted on gold mineralisation by pre- and syn-D3 

deformation associated with dyke intrusion. Dykes have intruded zones of dilatancy surrounding 

the BIF units, increasing the competency contrast with surrounding basalt and ultramafic units.  

Table 3.8 Structural controls on gold mineralisation at the Mt Morgans gold deposit. 

Scale of control Nature of structural control on mineralisation 
District Trans-crustal structures 
Local Danjo syenogranite batholith(?) 
Mine D3 shear and fault zones, intrusion of dykes adjacent to BIF 
Ore shoot Intersection of D3 and D2 shear zone in BIF 

3.6.4 Alteration and Mineralisation Styles 

Gold mineralisation is concentrated in zones of structural deformation, and is typically 

associated with fine quartz-dolomite veining and associated pipe-shaped chlorite-rich alteration 

envelopes. Alteration associated with ore zones varies from a few centimetres around quartz 

veins to 10-20m wide chlorite alteration halos around ore shoots. Hydrothermal gold-related and 
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metamorphic alteration assemblages are difficult to distinguish owing to the similarity of 

mineral assemblages. However, gold mineralisation is broadly associated with carbonation, 

chloritisation and sulphidation.  

Proximal gold-related alteration of BIF is characterised by chlorite-siderite-quartz-

pyrite-chalcopyrite assemblages. Further from gold lodes, carbonate speciation changes from 

dolomite-ankerite in intermediate zones, to calcite in distal alteration assemblages. Distal 

alteration contains the assemblage calcite-stilopmelane-quartz-pyrite±chlorite±pyrrhotite± 

bismuth tellurides 

Mafic, ultramafic and intrusive rocks do not commonly host high-grade gold 

mineralisation. Distal gold-related alteration of basalts is associated with epidote-chlorite-

calcite-albite±titanite assemblages. Ultramafic rocks are overprinted by distal gold-related 

tremolite-talc-dolomite-magnetite-titanite alteration, and, more distally, by chlorite. Quartz- and 

quartz-feldspar porphyries are overprinted by distal gold-related sericite-silica-albite-

carbonate±sulphide alteration. Distal alteration halos extend up to 200m from ore zones. 

Sulphides associated with proximal gold alteration include pyrite and chalcopyrite, with 

trace pyrrhotite, sphalerite and galena. Gold commonly forms in solid solution with pyrite and 

chalcopyrite, with rare free-gold grains recorded in quartz-dolomite veinlets and in fractures in 

pyrite and chalcopyrite. 

Based on both the similarity between metamorphic and auriferous alteration, and gold-

formation temperatures roughly 30 C less than metamorphic temperatures, Vielreicher (1994) 

interpreted gold mineralisation to have occurred immediately post peak-metamorphism. 

3.6.5 Ore Geochemistry 

Gold mineralisation is associated with the bulk addition of Si, S, and minor K and Al. 

Ore zones are enriched in Ag, Cu, Te, and Ba. Gold has a constant fineness of roughly 866, with 

minor iron and zinc. 

Geobarometric studies are ambiguous, giving pressures varying from 150MPa to 

380MPa. However, most of the geobarometric data fall at the lower end of this scale, 

Vielreicher (1994) interprets this to represent formation pressures, which, in turn, equate to an 

emplacement depth of 4-5km. However, Vielreicher (1994) also interprets data to support 

emplacement pressures of 150-300MPa, equating to 4-10km deep. Based on compositional 

analyses of gold-related chlorite, carbonate, and arsenopyrite, gold mineralisation formed 

around 330-345 C. 

Reconnaissance fluid-inclusion studies are consistent with a CO2, CH4 and NaCl bearing 

ore fluid. The bulk ore fluid contains 7 wt% NaCl, and has an XCO2 of 0.25 based on mineral 

analyses. 
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3.7 The Sunrise Dam Gold Deposit 

The Sunrise Dam gold deposit is located 50km south of Laverton in the central eastern 

part of the LTZ (Figure 3.1). Anglo Gold currently owns the deposit, although a pre-mining 

tenement boundary split the deposit, with the northern half of the deposit (Sunrise Dam) mined 

by Placer Dome (previously joint venture with Aurion Gold, previously joint venture with Delta 

Gold), and the southern section (Cleo) mined by Anglo Gold, although Anglo Gold now wholly 

owns the deposit. The deposit contains over 230t Au at an average of 4.1g/t Au. The following 

study is based on Brown (2002) unless otherwise specified. 

3.7.1 Host Rocks 

The Sunrise Dam gold deposit is hosted by an upward-facing sedimentary package. The 

strata are divided into hangingwall and footwall sequences above and below the Sunrise Shear 

Zone (SSZ, Figure 3.12). The footwall sequence dips gently ESE, and comprises a lower coarse-

grained, 250m thick, volcaniclastic unit overlain by a thick turbiditic BIF and siltstone package. 

An ultramafic dyke, which is up to 50m thick in places, intrudes the volcaniclastic sequence. 

Concordant holocystalline microdiorite sills, 100m thick, intrude the turbiditic package, but 

terminate against the SSZ, and are absent in the hangingwall sequence. The hangingwall 

comprises a massive sequence of volcaniclastic rocks. Rhyodacite dykes intrude the host-

sequence throughout the deposit, and form two populations; feeder dykes dipping 60 E and 

stratigraphically higher dykes dipping 25 NW and trending sub-parallel to the SSZ. Post-gold 

E-W trending lamprophyre dykes also intrude the mine sequence. 

Most ore is BIF-hosted, with subsidiary volcaniclastic, rhyodacite and ultramafic hosted 

ore. All rocks in the deposit have been overprinted by lower greenschist metamorphism. 

 

Figure 3.12 Cross section through the Sunrise Dam gold deposit (after Brown, 2002). 
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3.7.2 Proximity to Intrusive Rocks 

Within the mine-area, pre-gold mineralisation rhyodacite dykes have an intimate spatial 

relationship to gold-mineralisation, particularly in the Western Lodes (Section 3.7.3). 

Several small granitoids crop out in the local mine-area. The Pink Lady (0.5km x 1km 

lateral extent) and Golden Delicious (0.5km x 1.5km lateral extent) granitoids crop out 1km and 

5km NNE of Sunrise Dam, respectively, and are both spatially associated with minor gold-

mineralisation (Table 3.2). A small and large granitoid have been interpreted (Fitton, 1998) 

from aeromagnetic data, under lake clay 1km and 4km NNW of Sunrise Dam, respectively. 

 

Figure 3.13 Plan section of the Sunrise Dam gold deposit, from Brown (2002), showing ore grade 
distribution around rhyodacite dykes at the 100mRL (320m below surface).  

3.7.3 Ore-body Geometry and Structural Controls 

 Structural Setting of Gold Mineralisation 

The Sunrise Dam gold deposit lies in the central southern part of the Laverton Tectonic 

Zone. A major N-trending shear zone, which was identified from aeromagnetic data, lies 

roughly 3km east of the deposit. 

The structural history of the deposit presented by Brown (2002) is the same as has been 

published for the wider LGB (Chapter 2), and is summarised in Table 3.9. D1 deformation is not 

recorded in the mine area. D2 is expressed as the large scale Sunrise Anticline and associated 

mainly dextral-reverse SSZ. Two stages of fabric formation are associated with progressive D2 

compression, early SSZ-parallel fabrics dipping 30  NW, and later sub-horizontal north 

striking cleavages. D3 is associated with NE-SW compression, and is primarily expressed as en-

echelon ore zones that make up the Western Lodes (Figure 3.14). 
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Gold mineralisation at Sunrise Dam forms two structural styles: (1) gently-dipping low-

grade shear-hosted ore zones; and (2) more steeply-dipping higher-grade zones (Figure 3.14). 

Low-grade disseminated gold mineralisation formed within, and synchronously to, the SSZ and 

the Upper Shear Zone (USZ, Figure 3.14) along a strike length of 1300m; ore bodies are 

commonly 10m thick, and dip roughly 30 NW. High-grade steeply dipping lodes (Western 

Lodes, Figure 3.14) contain multi-stage brecciated veins, and have a close spatial association 

with rhyodacite dykes. The steep to moderately west-dipping Western Steep Lode and the 

steeply east-dipping Western Deep Lode meet at, and partially offset, the Sunrise Shear Zone 

(Figure 3.14). Individual Western Lodes dip 60 E, with a sequence of en echelon lodes forming 

NE-trending ore zones. 

Table 3.9 Structural history of the Sunrise Dam gold deposit, after Brown (2002). 

Event 1 Geological expression at the Sunrise Dam gold deposit 

D1  Not recorded at Sunrise Dam 
D2 NE-SW compression and relaxation Formation of mine-scale anticline, ESE-directed thrusting, formation of the SSZ 
D3 NE-SW compression Formation of Western Lodes 
D4 N-S extension Intrusion of E-W trending lamprophyre dykes 

 

Figure 3.14 Cross-section of the Sunrise Dam gold deposit showing two different structural styles of 
gold mineralisation (Brown, 2000). Gently dipping low-grade gold mineralisation is hosted in the 
Sunrise and Upper Shear Zones, whereas higher-grade ore is hosted in the more steeply dipping 
Western Steep and Western Deep lodes. 

 Structural Controls on Mineralisation 

The major structural controls on gold mineralisation are summarised in Table 3.10. The 

close spatial association between gold mineralisation and both BIF and rhyodacite dykes is 

consistent with strong structural controls on gold mineralisation. The SSZ is interpreted to be a 

trans-crustal fluid conduit responsible for tapping deeply-sourced auriferous fluids. The syn-D2 
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intrusion of rhyodacite feeder dykes beneath the SSZ and USZ into iron-rich BIF and 

volcaniclastic rocks created pressures shadows into which auriferous fluids were focussed 

during D3 deformation. As such, the highest-grade ore shoots are localised within and around 

rhyodacite bodies. Additionally, lower grade ore-shoots within the Sunrise and Upper Shear 

Zones form where variations in dip of the shear zones create dilatant jogs (Mair et al., 2000). 

Brown (2002) interprets gold-mineralisation in the Sunrise and Upper Shear Zones to be 

syn-D2 deformation. The Western Lodes, which cut the Sunrise Shear Zone, are interpreted to 

have formed syn-D3 deformation. 

Table 3.10 Structural controls on gold mineralisation at the Sunrise Dam gold deposit in order of 
scale. 

Scale of control Structural control on mineralisation 
District Laverton Tectonic Zone 
Local Anticline in BIF units 
Mine D2 and D3 shear zones 

Ore shoot Dilatant zones adjacent to rigid rhyodacite bodies, dilatant jogs 
in gently dipping ore-hosting shear zones 

 

3.7.4 Alteration and Mineralisation Styles 

Mineralisation in the Sunrise and Upper Shear zones, which is characterised by 

disseminated low-grade (<5g/t) ore, is commonly hosted in folded and deformed quartz-

carbonate veins. The Western Lodes are characterised by high-grade (1-100g/t), steeply-dipping 

and variably brecciated quartz-carbonate veins. Where Western Lode ore zones cut rhyodacite 

porphyry dykes, gold mineralisation forms in thin crackle-breccias. 

Within the SSZ, quartz-carbonate veins and associated dolomite-sericite-albite-pyrite 

altered wallrock host gold mineralisation. Gold-related alteration is zoned, progressing from 

intermediate dolomite-chlorite-pyrite±sericite alteration to wide (10-100m) distal calcite-

chlorite alteration zones. 

In the Western Lodes, gold is hosted within multi-stage quartz-carbonate veins and 

associated dolomite-sericite-pyrite-arsenopyrite-tennanite alteration assemblages. Unlike SSZ-

hosted gold mineralisation, alteration surrounding the Western Lodes rarely extends more than 

20cm from veins, with little mineralogical zonation away from proximal alteration other than a 

reduction in fine-grained sulphides. Opaque vein minerals include pyrite, arsenopyrite, 

tennantite–tetrahedrite, chalcopyrite and electrum tellurides. 

In the Sunrise and Upper Shear zones, gold forms in solid solution with pyrite. In the 

Western Lodes, gold forms as microscopic- to centimetre-scale grains in the vein matrix, on the 

margins of breccia fragments, and in pyrite-replaced wallrock (Brown, 2002). 
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3.7.5 Ore Geochemistry 

No whole rock geochemistry on gold ore has been published from the Sunrise Dam gold 

deposit. Geochemistry on individual gold grains (Brown, 2002) shows elevated Ag, Pb, As and 

Te concentrations. 

Three phases of gold-related fluid inclusions have been recorded at Sunrise Dam; CO2, 

CO2-H20, and H20 dominated. Brown (2002) interprets the variation to represent progressive 

unmixing of a single low-salinity ore fluid. Gold-related fluid inclusions have a trapping 

temperature, calculated from isochors, of 280 C, and pressure of 0.8-1.3Kb, which is equivalent 

to an emplacement depth of roughly 4km. 

3.8 The Jubilee Gold Deposit 

The Jubilee gold deposit is located roughly 55km south of Laverton, and 6km NE of the 

Sunrise Dam gold deposit (Figure 3.1), in the central eastern part of the LTZ. Mining was 

completed in 2002 by the current owner Placer Dome. The deposit has a total contained gold of 

6.2t at an average grade of 2.7g/t. The following review is based on Titley (2001) unless 

otherwise referenced. 

3.8.1 Host Rocks 

The Jubilee gold deposit is hosted in a basalt sequence intruded by quartz-feldspar 

porphyry dykes. Host rocks are divided into western and central sequences either side of the 

major Western Shear Zone (WSZ, Figure 3.15). Over 1km of movement is interpreted on the 

WSZ, and, as such, it is not possible to correlate units either side of the shear zone.  

A series of basalt flows make up the central sequence, and host the majority of gold 

mineralisation. Basalts are locally pillowed, with flow-top breccias common. Five individual 

basalt flows, which vary from 10-25m thick, and dip 30 090 , have been recorded in the 

central sequence. The western sequence comprises a lower feldspar porphyritic basalt, a central 

narrow black shale unit (<1m), a volcanic interflow sedimentary unit, and an upper basalt unit. 

The central sequence and WSZ have been intruded by two stages of feldspar porphyry 

dykes, early Type 1 quartz-feldspar porphyry dykes, and later Type 2 porphyries. All porphyry 

dykes dip steeply to the west in the central sequence, but dip steeply east where they have 

intruded the western shear. A third porphyry dyke phase intrudes as a single dyke bounding the 

mine sequence to the east. Additionally, a now foliated and talcose dyke intrudes the western 

sequence, and crops out on the western side of the Jubilee pit. 

All rocks in the Jubilee mine sequence have undergone greenschist facies 

metamorphism. 
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Figure 3.15 Schematic cross section through the Jubilee gold deposit (after Titley, 2001). 

3.8.2 Proximity to Intrusive Rocks 

Several phases of quartz-feldspar porphyry dykes and sills intrude the mine sequence in 

the mine area. Porphyries host gold-mineralisation, although gold-lodes attenuate rapidly where 

they cut dykes (Figure 3.16). Additionally, a mafic intrusion bounds the western side of the 

deposit. No nearby granitoid plutons are recorded.  

 

 

 

 

Figure 3.16 Plan section of the Jubilee gold deposit showing rock-types and grade distribution 
(after Standing, 2002b). 

EW 

Gold lodes
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3.8.3 Ore-body Geometry and Structural Controls 

 Structural Setting of Gold Mineralisation 

The Jubilee gold deposit lies on the central eastern part of the LTZ. Locally, the deposit 

is located on the WSZ, a regionally continuous shear zone with an interpreted offset of around 

1km (Davis, 2000). The local presence of pre-gold porphyry dykes, and associated chlorite-

magnetite alteration, provide a competency contrast and favourable geochemical conditions 

(increased Fe/Fe+Mg) for gold mineralisation. 

Structural analysis of the Jubilee gold deposit is limited to a study carried out by Davis 

(2000) based on six oriented drill holes. Initial deformation is characterised by the formation of 

steeply E-dipping, NNE-trending shear zones with top-block south movement. D2 E-W 

compression reactivated and dilated D1 shear zones, with ongoing compression forming open 

upright folds. D3 is characterised by continued E-W compression associated with zones of 

dilation on pre-existing E-dipping shear-zones, and formation of W-dipping tensional quartz 

veins. The final stage of deformation was limited to brittle fracturing with no significant 

movement nor deformation. 

Type 1 porphyry dykes are interpreted to have intruded pre- to syn-D1 shearing, 

whereas Type 2 dykes intruded syn-D2. Gold mineralisation is interpreted to be syn-D3. 

There are two styles of gold mineralisation at Jubilee. The majority of gold is hosted in 

a stacked sequence of four major and two minor shear zones dipping 25-35 115 . These shear 

zones are localised at the contacts between individual basalt flows, and, importantly, have a 

consistent spacing of roughly 40m. Subsidiary gold mineralisation is also hosted in a steeply 

( 70 , Figure 3.15) west-dipping shear zone intimately associated with the major NNE-trending 

WSZ. Within the WSZ, a 1m wide buck-quartz vein with a narrow alteration halo hosts gold. 

Sub-horizontal lodes are up to 200m wide and 400m long, and vary in thickness from <1m in 

the eastern parts of the deposit to 12m thick adjacent to the WSZ. Sub-vertical mineralisation 

in the WSZ extends over 300m in strike length, and is 1m thick. 

Table 3.11 Structural history of the Jubilee gold deposit. 

Event 1 in mine area Geological expression at the Jubilee gold deposit 
D1 Extension NNE-trending WSZ and N- to NE-trending foliation 
D2 E-W compression Reactivation and dilation of D1 shear zones, D1 parallel shear zones, open upright folding, NNW-

trending crenulation cleavage 
D4 not recorded Reactivation of D1 shear zones, dilation of E-dipping ore-hosting shear zones, formation of W-

dipping tension fractures, NNW- to WNW-trending transverse faults splaying from D1 shear zone 
D4 not recorded Post-Au brittle fracturing 

 Structural Controls on Mineralisation 

Davis (2000) interprets gold-mineralisation to have formed syn-D3 compression along 

reactivated D1 and D2 structures, as well as in W-dipping tension fractures. 

East dipping lodes dip sub-parallel to strata, and are located at the contact between 

individual basalt flows. Davis (2000) interpreted the competency contrast between the fine-

grained and pillowed flow tops with the coarser grained flow bottoms to control the location of 
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these ore zones. The steeper dipping lode is localised within the large-scale WSZ. A summary 

of structural controls on mineralisation is given in Table 3.12. 

Table 3.12 Structural controls on gold mineralisation at Jubilee listed in order of scale. 

Scale of control Structural control on mineralisation 
District LTZ, broadly N-trending shear zones 
Local WSZ 
Mine Quartz-feldspar porphyry dykes and associated alteration adjacent to black shale and 

ultramafic units and reactivation and dilation of early shear zones 
Ore shoot Contacts between successive basalt flows 

3.8.4 Alteration and Mineralisation Styles 

Porphyry dyke intrusion is associated with a pervasive chlorite-magnetite alteration, 

forming a magnetic core to the deposit visible in aeromagnetic data. 

Gold mineralisation is associated with carbonate-sericite-pyrite-silica-fuchsite 

alteration, and forms in association with quartz veins along steeply west-dipping and gently 

east-dipping shear zones. Gold-related alteration is most widespread along east-dipping shear 

zones, where it is associated with wide buck-quartz veins and pervasive wallrock alteration. In 

the WSZ, alteration is restricted to narrow selvages around quartz veins. 

Pyrite is the dominant sulphide in ore zones, with accessory chalcopyrite and galena. 

Gold forms fine (<5 m) inclusions within pyrite, and small (<5 m) grains of free gold. Gold 

also forms rare millimetre-scale grains in quartz veins in close association with galena, and rare 

visible free gold in quartz veins. 

3.8.5 Ore Geochemistry 

No data have been published on the geochemistry of gold bearing fluids or gold ore at 

the Jubilee gold deposit.  

3.9 The Granny Smith Gold Deposit 

The Granny Smith gold deposit is located roughly 20km south of Laverton in the central 

northern part of the LTZ (Figure 3.1), and was mined as a joint venture between Placer Dome 

and Delta Gold. The deposit contains a total of 74t Au, with 45t Au production at an average 

grade of 1.65g/t. The deposit is located on the eastern margin of the Granny Smith Granodiorite 

(GSG), which is an ovoid elongate pluton roughly 2km x 5km in plan section. Gold 

mineralisation is hosted at the contact between the granitoid and a surrounding turbiditic rock 

package (Figure 3.17) in three discrete deposits; Granny, Goanna and Windich. The following 

section is based on Ojala (1995) unless otherwise specified. 

3.9.1 Host Rocks 

Sedimentary host rocks comprise argillite, arenite, lithic greywacke, conglomerate, BIF, 

chert and carbonaceous shale beds. Debris flow and turbidity currents controlling sedimentation 
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were derived from a source area dominated by andesitic volcanic rocks. The Granny Smith 

pluton is a zoned calc-alkaline, I-type, magnetite-bearing diorite to granite. The bulk of the 

pluton comprises biotite-hornblende-granodiorite, with more mafic to porphyritic marginal 

zones. Porphyry and aplite pegmatite dykes are common throughout the deposit. Based on 

hornblende geobarometry, the GSG crystallised at roughly 1 kb or 3.6km depth. 

A small monzodiorite intrusion in the Windich area, and a diorite sill in the Goanna pit, 

represent the only other significant intrusive bodies in the mine area. The monzodiorite intrusion 

has a REE pattern consistent with a more mafic source, or a higher degree of melting of the 

same source, as the GSG. The diorite sill is both petrographically and geochemically different to 

the GSG. Volumetrically insignificant carbonatite and lamprophyre dykes also cut host rocks, 

and are interpreted to be related to the younger nearby Mt Weld Carbonatite (2064±40 Ma 

Rb/Sr model age; Willet et al., 1989). 

The GSG is surrounded by a 200-300m wide contact metamorphic aureole. The pluton 

is progressively mantled by an inner hornfels zone, in which all sedimentary textures are 

destroyed, an outer andalusite-bearing slate, and a slate with mica spots (Ojala et al., 1993). All 

host rocks have been overprinted by lower-greenschist facies metamorphism. 

Figure 3.17 Cross section through the Granny Smith gold deposit showing ore zones and their 
relationship to the granitoid-sedimentary rock contact (modified from Ojala, 1995). 

3.9.2 Proximity to Intrusive Rocks 

All ore zones form adjacent to granitoid bodies. At the Granny and Windich deposits, 

zones of high-grade gold mineralisation are localised at the igneous sedimentary contact. At the 

smaller Goanna pit, mineralisation is localised by a shear zones roughly 200m west of a small 

diorite sill. 
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The GSG, and a genetically related pluton immediately to the south, are the only 

volumetrically significant intrusive rocks in the area.  

 

Figure 3.18 Plan of the Granny Smith pit showing the complexity in both structural deformation 
and gold mineralisation (modified from Ojala, 1995). 

3.9.3 Ore-body Geometry and Structural Controls 

 Structural Setting of Gold Mineralisation   

The Granny Smith gold deposit lies in the central part of the northern section of the N-S 

striking LTZ (see Chapter 2). Deposit- and regional-scale shear zones are continuous, and the 

deposit is unaffected by major post-mineralisation deformation. 
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The five deformation sequences described by regional workers for the LGB (Chapter 2) 

have been recorded at the Granny Smith deposit and surrounds (Ojala, 1995), and are 

summarised below.  

Table 3.13 Deformation history for the Granny Smith mine area. 

Event 1 in mine area Geological expression at the Granny Smith gold deposit 
D1 Broad NW-SE compression Isoclinal folding in BIF, reverse faults with minor back-thrusts 

D2 Broad E-W compression N-S fabric, regional rotation of greenstone belt 

D3 Broad E-W compression Reactivation of D1 thrusts, shearing parallel to dyke and pluton margins, gold-
mineralisation 

D4 - E-W striking, N- and S-dipping normal faults with centimetre scale displacement 

D5 - Small irregularly spaced kink-bands 

 

The earliest stage of deformation, D1, is expressed as isoclinal folds in BIF units; the 

orientation of F1 fold axes varies from the regional trend, plunging 30-60  NE. Large-scale 

thrusts associated with D1 crop out in the open pits, and are associated with drag folds and 

small-scale back thrusts. It is difficult to derive the orientation of tectonic transport during D1 

because of post formation modification. However Ojala (1995) interprets it to be towards the 

NW or NNW. 

D2 is expressed as a N-S striking S2 foliation overprinting F1 isoclinal folds in the mine 

area. D2 compression may have re-activated D1 thrusts, although such reactivation may have 

resulted from progressive D1 deformation. S2 is not expressed in hornfelsed rocks surrounding 

the GSG, which prevents unambiguous determination of the relative timing of intrusion. The 

lack of parallelism of F1 fold axes adjacent to the pluton supports an absence of rotation of strata 

into parallelism with regional shear zones during D2, which, in turn, is consistent with 

emplacement of the GSG post-D1 to syn-D2. 

D3 was contemporaneous with gold mineralisation, and resulted in the reactivation of D1 

thrusts, the formation of thrust-parallel shear zones in sedimentary rocks, and shearing along 

dyke and pluton margins. D3 structures cut the GSG, although it is likely that D3 had a similar 

orientation to D2, and formed as a continuation of D2. 

D4 deformation resulted in E-W striking, north- and south-dipping normal faults. Faults 

show centimetre scale movement, and, as such, have not affected the current geometry of gold-

mineralisation or D3 structures. Small widely spaced kink bands are the only evidence of D5. 

The GSSZ is mineralised along a continuous strike length of around 3.5km. The width 

of the structure varies from <5m in sedimentary rocks, to over 30m in granodiorite. 

 Structural Controls on Mineralisation 

All ore zones at the Granny Smith deposit are hosted in the N-striking Granny Smith 

Shear Zone (GSSZ); the specific nature of the shear zone varies between pits. A summary of the 

nature and geometry of ore-controlling structures is presented in Table 3.14. 
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The GSSZ, and associated secondary shear zones, wrap around the GSG and are  

variably hosted within the sedimentary package, along the sheared contact of intrusions, or in 

conjugate fracture zones within granitoids. In the granitoids, the GSSZ forms wide sub-

horizontal deformation zones and associated low-grade ore, whereas, along igneous/sedimentary 

contacts, and within the sedimentary package, the GSSZ dips more steeply and contains 

narrower zones of high-grade ore. 

Table 3.14 Nature and geometry of shear zones controlling gold mineralisation at Granny Smith. 

Structure 
Pit 

orientation 
(dip  strike) 

strike length thickness host-rock 

Goanna 35 090  900m 5-10m sedimentary rock 

Granny Smith 50 090  on contact 
sub-horiz. in granitoid 

1000m 10-30m ig./sed. contact and granitoid 

Windich 60 090  on contact 
sub-horiz. in granitoid 

<200m 5-10m ig./sed. contact and granitoid 

 

Gold mineralisation post-dates the GSG, as implied by gold-associated fractures in the 

pluton and dykes, as well as deformation of the granitoid and porphyry contacts. As such, 

mineralisation is interpreted to be syn-D3. 

Stress modelling is consistent with localisation of ore-shoots by increased hydrothermal 

fluid flux into zones of dilatancy during deformation. These zones form where the dip of the 

GSG margin becomes more gentle, creating a ramp-flat geometry. As such, structural controls 

on gold mineralisation at Granny Smith are exhibited on a variety of scales (Table 3.15). 

Table 3.15 Structural controls on gold mineralisation at the Granny Smith gold deposit. 

Scale of control Structural control on mineralisation 
District Laverton Tectonic Zone 
Local GSG 
Mine Orientation of pluton, location of graphitic shale beds 
Ore shoot Ramp-flat geometry of pluton margin 

3.9.4 Alteration and Mineralisation Styles 

Two stages of gold mineralisation are recorded at Granny Smith; early gold 

mineralisation associated with haematite alteration, and later main-stage gold mineralisation 

associated with sericite-carbonate alteration. Haematite-related gold mineralisation is hosted by 

the GSG, and is interpreted to be related to magmatism. However, owing to the limited extent of 

this style of alteration, it is not economically important, and is not discussed further here. 

Granitoid-hosted gold-related alteration is associated with networks of fracture 

controlled millimetre-scale brecciated carbonate-quartz veins. Proximal gold-related alteration 

is distinctively bleached by ankerite-sericite-pyrite-albite±chlorite alteration, and is associated 

with conjugate carbonate-quartz-pyrite hairline fractures. In addition, less common early albite-

carbonate±sericite±pyrite±chlorite alteration and late undeformed clear quartz veins with 

sericite-carbonate-albite-pyrite±chlorite alteration haloes have also been recorded. Intermediate 
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alteration comprises sericite-calcite-chlorite±biotite assemblages, and distal alteration is 

characterised by cryptically zoned chlorite-calcite alteration. 

In sedimentary rocks, proximal gold alteration is associated with sericite-ankerite-silica-

pyrite-albite assemblages. Zonation from proximal to distal alteration is difficult to characterise 

owing to the abundant chlorite and sericite in unaltered sedimentary rocks, although a gradual 

decrease in both deformation and alteration intensity is common. 

In all ore zones, gold grade is proportional to sulphide content. Pyrite is the dominant 

sulphide, although it rarely exceeds five percent volume. Other sulphides common to ore zones 

include pyrrhotite, chalcopyrite, galena, sphalerite and arsenopyrite. In places, barite forms on 

sulphide grain margins. Gold forms as both irregularly shaped grains of native gold along 

margins and fractures in sulphides, and as inclusions within sulphides. Additionally, several 

different tellurides form micron-sized grains in quartz veins associated with gold mineralisation. 

3.9.5 Ore Geochemistry 

Gold mineralisation in both sedimentary and granitoid host rocks is accompanied by 

significant enrichments in the elements Ag, Se, As, Sb, Te, W and Bi, and metasomatic 

enrichment in Na2O, K2O and CO2. Furthermore, Mo, Sn, Pb and Bi are enriched in 

sedimentary-hosted ore.  

Gold typically contains a small amount of iron (<2.5 wt % Fe), and 5-11 wt % Ag, 

which corresponds to a fineness of 890-910. 

Fluid inclusion studies are consistent with a formation pressure of 0.7-1.3kb in distal 

parts of the system, and 2-2.6kb in proximal parts of the system. Studies of mineral systematics 

indicate formation of proximal alteration at roughly 8km depth. 

Chlorite and arsenopyrite geothermometry is consistent with formation of proximal and 

distal mineralisation at 350 C and roughly 300 C, respectively. This correlates well with fluid 

inclusion minimum trapping temperatures of around 325±50 C for proximal gold-related 

alteration zones. Ore fluids commonly comprise CO2-H20-NaCl±CH4. Fluids have a mean 

salinity of 2 wt % NaCl (bulk salinity 3 wt % NaCl), and a range of XCO2 values from 0.2-0.6. 

Because of phase separation, it is not possible to calculate XCO2 values for the ore fluid. 

Wallrock alteration assemblages are consistent with a slightly alkaline ore fluid with a pH of 

5.9. Trace methane is common. 

3.10 The Jupiter Gold Deposit 

The Jupiter gold deposit is located roughly 35km WSW of Laverton, and is external to 

the LTZ (Figure 3.1). The deposit was mined by Homestake Gold of Australia, and is currently 

owned by Barrick Gold. The deposit contains a total of 5t Au at an average grade of 1g/t, with 

past production of 3.8t Au at 2.6g/t. This section is a summary of Duuring (1996) and Duuring 

et al. (2000) unless otherwise referenced. 
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3.10.1 Host Rocks 

The Jupiter gold deposit is hosted by a quartz-alkali-feldspar syenite stock, the Jupiter 

Syenite, in a tholeiitic pillow basalt sequence (Figures 3.19 and 3.20). At depth, the syenite 

forms a coherent pluton, which grades into dyke swarms vertically and horizontally away from 

the main body, including four main elongated E-W trending near-surface stocks up to 50m 

wide. Several quartz-feldspar porphyry dykes cut host rocks in the mine sequence, and dip 

steeply ( 75 ) north and steeply ( 75 ) southeast (Figures 3.19 and 3.20). The foliated contacts 

of dykes contain rare silicified fragments of both basalt and syenite. All rocks in the mine-

sequence have undergone greenschist facies metamorphism. 

Northwest- to NE-dipping shear zones, which cut the syenite, host the majority of gold 

mineralisation. Owing to the greater density of brittle fractures in the syenite than surrounding 

basalts, most ore is hosted within the syenite stock, with significant but subsidiary 

mineralisation hosted in adjacent basalt units (Figure 3.20). 

 

Figure 3.19 Plan of the Jupiter gold deposit (after Duuring, 2000) showing the relationship between 
syenite, shear zones and gold minerlisation. Cross-section A-B is shown in Figure 3.20. 

3.10.2 Proximity to Intrusive Rocks 

Gold mineralisation has an intimate spatial association with the Jupiter Syenite. No 

other significant granitoids crop out near the Jupiter gold deposit. 
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3.10.3 Ore-body Geometry and Structural Controls 

 Structural Setting of Gold Mineralisation 

The Jupiter gold deposit, which lies on the overturned western limb of the Margaret 

Anticline (see Chapter 2), is located roughly 10km NE of the major trans-crustal Celia 

Lineament. Several NNW trending, 60 E dipping, dextral faults have been recorded within 1km 

of the Jupiter gold deposit (Duuring, 2000). 

A summary of the structural history at the Jupiter gold deposit is presented in Table 

3.16. The first stage of deformation consisted of regional ENE-WSW compression, and 

associated formation of the Margaret Anticline (regional D2, see Table 2.11). D2 is expressed in 

the mine area as reverse, sinistral, NW- and NE-trending shear zones, which, in turn, host gold-

mineralisation and cut previously folded basalts units. D3 involved the formation of sub-vertical 

breccia zones, which dip 70 E and exhibit 1m of movement, and sub-vertical N-trending 

brittle faults with <3m of movement. 

Most ore is hosted within gently-dipping shear zones trending NE and NW (Figure 

3.20). The Jupiter Shear Zone (JSZ), which dips 40 NW, is the most significant gold-bearing 

structure at the deposit, with subsidiary gold mineralisation hosted within NE-striking shear 

zones which dip 20-50  E and W. Lower-grade gold mineralisation is hosted within brittle 

fracture zones between shear zones (Figure 3.20). Steeply-dipping (60-90 ) N- and E-striking 

shear zones also cut host rocks, but do not host gold mineralisation. 

     A                     B 

Figure 3.20 Cross section of the Jupiter gold deposit (after Duuring, 1996). Location of the cross-
section is shown in Figure 3.19 

Shear zones contain gold mineralisation where they cut the syenite stock and adjacent 

wallrocks. As such, the shear zones are commonly mineralised over a continuous 200x200m 

area, with lodes varying from 5-10m in thickness. 
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Table 3.16 Structural history of the Jupiter gold deposit. 

Event 1 Geological expression at the Jupiter gold deposit 

D1 ENE-WSW compression  Formation of Margaret anticline, intrusions of Jupiter Syenite 
D2 ENE-WSW compression Formation of auriferous shear zones 
D4 N-S extension N-S trending sub-vertical to steeply E-dipping faults and breccias with <3m offset 

 Structural Controls on Mineralisation 

A summary of the structural controls on gold mineralisation is presented in Table 3.17. 

The intrusion of the Jupiter Syenite is interpreted to be syn-D1 to early D2. Gold mineralisation 

is syn- to late-D2 (regional D3; see Table 2.4), as supported by auriferous NE- and NW- trending 

shear zones that transect folded greenstones. As such, the primary structural control on gold 

mineralisation is the formation of D3 shear-zones, which, in turn, are localised by the 

competency contrast between syenite stocks and surrounding basalt (Figure 3.19). 

The highest grade ore shoots are in the hangingwall of shear zones in the Jupiter 

Syenite. Ore shoots are associated with zones of the most intense deformation, and thus highest 

concentration of quartz stockworks. 

Table 3.17 Structural controls on gold mineralisation at Jupiter listed in order of scale. 

Scale of control Structural control on mineralisation 
District Not recorded 
Local Competency contrast between syenite and basalt 
Mine Gently NE- and NW- dipping shear zones 
Ore shoot Zones of most intense deformation  in syenite 

3.10.4 Alteration and Mineralisation Styles 

Gold is primarily hosted within sulphidised wallrock inclusions in veins, as well as in 

proximal hydrothermal alteration zones. Quartz veins can be subdivided into three styles: (1) 

shear hosted; (2) discrete; and (3) stockwork. Shear-hosted veins are 2-10cm thick, and are 

hosted by shear zones in all rock types. Shear-hosted veins contain crustiform vuggy quartz and 

sulphides. Discrete veins are 5-15cm thick, and are oriented parallel to gently NW-dipping shear 

zones; veins are commonly 2-3m apart, have a similar mineralogical composition to shear-

hosted veins, and show antitaxial crack-seal growth textures. Stockwork veins form randomly 

oriented networks of 1-5mm wide veinlets adjacent to shear zones within the Jupiter Syenite. 

Shear-hosted mineralisation is commonly mantled by alteration halos <1m wide in 

basalt, <5m wide in syenite, and 1-2m wide in quartz-feldspar porphyry dykes. Alteration halos 

around discrete veins range from <1cm in syenite to <5cm in basalt. In zones of intense 

stockwork veining, narrow (<5cm) alteration halos coalesce into larger alteration zones. 

Stockwork related alteration extends 5m and 2m from shear zones in the hangingwall and 

footwall, respectively, of shear zones. 

 Zonation of gold-related alteration is similar in all mineralisation styles and host rocks. 

Distal alteration comprises calcite and ankerite replacement of ferromagnesian minerals, 

sericitisation of feldspars, and the addition of minor quartz. Intermediate alteration zones show 
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an increase in calcite, ankerite, quartz, albite and sericite, and proximal alteration zones 

comprise quartz-calcite-ankerite-albite-sericite-pyrite-chalcopyrite assemblages. 

Shear hosted and discrete veins contain quartz-pyrite-chalcopyrite-sphalerite-galena-

molybdenite, whereas stockwork veinlets typically contain quartz-calcite-ankerite-pyrite-

chalcopyrite-sphalerite. Gold forms free grains with dendritic form, as fracture-fill in pyrite and 

galena, or as a rim on pyrite or galena. 

3.10.5 Ore Geochemistry 

The average gold fineness is 950±15 (n=15). Based on silicate mineral assemblages 

associated with gold mineralisation, Duuring (2000) proposed that gold mineralisation formed at 

200-400 C and 2-4kbar. Geochemical analysis of ore fluids has not been undertaken at the 

Jupiter gold deposit. 

3.11 The Wallaby Gold Deposit 

The Wallaby gold deposit is located 25km SW of Laverton on the western margin of the 

LTZ (Figure 3.1). The following review is based upon analysis of drill-core at Wallaby. 

Fieldwork was carried out from May to July 2000, with follow-up sampling carried out in 

August 2001. A more detailed description of the deposit is given in Chapters 3-5 as a detailed 

case study of granitoid related gold-mineralisation. 

At the commencement of mining, the deposit has an ore reserve of 18.1Mt at 3.4g/t gold 

for 62t Au, and a total resource of 67.1Mt at 3.3g/t gold for 220t. 

3.11.1 Host Rocks 

A 1200m thick, unbedded polymict conglomerate unit hosts the majority of gold 

mineralisation (Figures 3.21 and 3.22). A fractionated suite of co-genetic alkaline dykes has 

intruded the conglomerate in the core of the deposit. Dykes host low-grade ore only. 
Regionally, the Wallaby conglomerate is pervasively chlorite-calcite altered, and has 

been overprinted by greenschist facies metamorphism. 

3.11.2 Proximity to Intrusive Rocks 

The Wallaby gold deposit is intimately associated with a syenite dyke swarm (Figure 

3.22). Within the deposit, gold mineralisation overprints dykes. There are no other granitoids 

near Wallaby. 
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Figure 3.21 Simplified stratigraphic column of host rocks at the Wallaby gold deposit. 

 

 

Figure 3.22 Schematic N-S cross-section (632200mE) of the Wallaby gold deposit based on 
geological modelling by Placer Granny Smith geologists. Aeromagnetic TMI is shown as a bar, and 
represents a line through the circular magnetic anomaly associated with the deposit. 
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3.11.3 Ore-body Geometry and Structural Controls 

 Structural Setting of Gold Mineralisation 

The Wallaby gold deposit is located on the western flank of the Laverton Tectonic 

Zone. Regional-scale structures in the proximity of the deposit have a similar N-S orientation to 

other structures in the tectonic zone. The Chatterbox shear-zone, a strike extensive and variably 

mineralised structure, intersects the surface about 1km west of the Wallaby gold deposit. 

Bedding, as measured from rare grit or smaller pebble horizons, dips gently SE (Purdie, 

2000). Toward the centre of the deposit, bedding and gold lodes are sub-parallel, whereas 

bedding steepens away from parallelism with gold lodes in southern parts of the deposit. Davis 

(1999) interprets this flexure in bedding to be the result of structural deformation.  

Gold lodes at Wallaby form a stacked series of ore zones. There are two types of lodes: 

(1) thick (average 7m) sub-horizontal to gently NE-dipping lodes, and (2) narrower, moderately 

NE-dipping lodes. The majority of ore is contained in sub-horizontal lodes. Gently-dipping 

shear zones are interpreted as being linking structures (Davis, 1999), which, in turn, are 

important as auriferous fluid conduits. 

The structural history of the Wallaby gold deposit is outlined in Table 3.18. The 

Wallaby conglomerate is a tectonically late conglomerate (Chapter 2), and consequently has not 

persevered many of the deformation increments recorded elsewhere in the LGB. As such, it is 

difficult to place deposit-scale deformation in a regional framework. D1 is expressed as the 

formation of the 250m thick Wallaby Shear Zone (WSZ), which undercuts the deposit and pre-

dates gold mineralisation. D2 deformation is synchronous with gold mineralisation. The broad 

orientation and sub-horizontal dip of ore zones is consistent with D2 comprising ENE-WSW 

compression with a vertical 3.  

Table 3.18 Structural history of the Wallaby gold deposit. 

Event 1 in mine area Geological expression at the Wallaby gold deposit 
D1 - WSZ 
D2 ENE-WSW compression Shearing on the margins of gold lodes, pervasive crenulation 

 Structural Controls on Mineralisation 

No large-scale shear zones, which may have acted as fluid conduits, have been recorded 

in association with ore zones. As such, it is likely that the ore zones acted as the fluid conduits, 

which is consistent with deposition of gold mineralisation in a brittle regime. 

Marginal shearing is common to many ore zones, with shear strain accommodated by 

phyllosilicate-rich zones external to lodes (Davis, 1999). Given that the broad orientation of 

lodes is consistent with ENE-WSE compression (D2), such marginal shearing is consistent with 

formation of gold lodes syn-D2. 

Davis (1999) interprets ambiguous kinematic indicators in ore zones as being consistent 

with a lack of significant movement. As such, the thickest ore zones form in the zones of 

greatest sub-vertical dilation. Ore grade is broadly consistent between lodes. 
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Table 3.19 Structural controls on gold mineralisation at the Wallaby gold deposit in order of scale. 

Scale of control Structural control on mineralisation 
District Laverton Tectonic Zone 
Local Chatterbox and Wallaby Shear Zones 
Mine Competency contrast; brittle actinolite-magnetite alteration pipe vs. least altered conglomerate 
Ore shoot Orientation of lodes perpendicular 3 / parallel so 1 

 

3.11.4 Alteration and Mineralisation Styles 

The Wallaby gold deposit lies on a large ovoid magnetic anomaly, which, in turn, 

results from magnetite in a wide actinolite-magnetite-epidote-calcite (AMEC) alteration zone. 

AMEC alteration forms a broadly pipe-shaped body, which, in turn, dips roughly 50° 185° 

(Coggon, 2000). AMEC alteration is related to a metasomatic influx of magmatic fluids related 

to syenite dykes (see Chapter 5).  

Proximal gold-related alteration is characterised by dolomite-albite-quartz-pyrite-

sericite±muscovite±fuchsite alteration assemblages, with trace chalcopyrite, rutile, molybdenite, 

ilmenite, galena, tennantite, sphalerite, pyrrhotite, magnetite and biotite. Gold related alteration 

penetrates <1-2m into wallrocks, which is consistent with formation in a brittle environment. As 

such, the transition from proximal to distal alteration is sharp, and commonly spans <1m. 

Intermediate to distal gold-related alteration assemblages exhibit a progressive lowering in 

intensity of dolomite-albite-quartz-pyrite–sericite alteration. 

Gold typically forms 1-10μm grains either included in, or adjacent to, pyrite, and also 

forms rare grains of free gold. 

3.11.5 Ore Geochemistry 

Gold-mineralisation is associated with strong metal enrichments in Mo and W and 

moderate enrichments in Sb, As, Pb and Ba. Additionally, ore zones show significant 

enrichment in S, CO2, K2O, and LILE over unaltered conglomerate (Mason, 2001). 

Fluid-inclusions in distal chlorite-altered conglomerates comprise H20-CO2-NaCl fluids. 

Preliminary physiochemical data on fluid inclusions associated with chlorite, AMEC and gold-

related conglomerate have been recorded by Hagemann (2002), and are detailed in Table 3.20. 

Hagemann (2002) interpreted three main fluid-events from the data, early fluids associated with 

AMEC alteration, later gold-related fluids, and fluids distal to the gold deposit associated with 

chlorite-altered conglomerate.  

Early hydrothermal fluids associated with AMEC alteration are characterised by hot, 

medium- to high-pressure, saline and liquid-rich H20-CaCl2 MgCl2 NaCl fluids. Gold-related 

fluids are characterised by homogenous, low-salinity, low-CO2 aqueous-carbonic fluids. 

Unmixing pressures correlate to a depth of emplacement to 5-8km. 
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Table 3.20 Fluid inclusion data for alteration events at the Wallaby gold deposit listed in order of 
age. 

Event 
Temperature 

( C) 
Pressure 
(Mpa) XCO2 

Salinity 
(eq. wt%) 

Chlorite alteration 270 (homogenisation) - 0.6 3.5-4.5 NaCl 
AMEC alteration 425±40 335±95 - 20-30 CaCl2  
Gold-related alteration 270±50 190±60 0.05-0.3 3-6 NaCl 

 

3.12 Summary 

Several features of the geology and geochemistry of gold deposits in the LGB are 

common to many deposits, irrespective of gold endowment. A deposit summary is presented in 

Table 3.21, with individual features compared below. All gold-deposits studied in this chapter 

have many similarities to other Archaean orogenic gold deposits of the Yilgarn Craton (Groves 

et al., 1995, 2003; Hagemann and Cassidy, 2000). 

The majority of gold mineralisation by gold endowment is hosted in sedimentary 

sequences, including the five largest deposits in the LGB (Table 3.1). Deposits commonly have 

a close intra-deposit spatial association with intrusive rocks, although kilometre-scale proximity 

to intrusive rocks varies between deposits. All deposits show a strong structural controls on gold 

mineralisation, with mineralisation commonly hosted within shear zones. Both steeply- and 

gently-dipping shear zones are common, as are both brittle and ductile structures. The nature of 

the structural control is highly variable, but the aspect common to all deposits is a competency 

contrast between host rocks. All deposits in the region have a similar structural timing, forming 

synchronously with broadly E-W oriented compression correlated to regional D3 (see Chapter 

2). Ore geochemistry and mineralogy is similar in all deposits, with disparity typically resulting 

from varied host rocks and depth of emplacement. 
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3.13 Summary of Features Critical to Localisation of Gold Minerlisation 

3.13.1 Common Feature of Gold Deposits 

Gold mineralisation is hosted in a wide variety of deposit styles in the LGB. However, 

by comparing individual aspects of deposits (Table 3.21), many similarities exist. A broad 

similarity in ore fluids is reflected in common mineralisation temperatures, ore assemblages, 

and ore fluid compositions. These features are also common to orogenic gold deposits 

throughout the EGP (Groves et al., 1995, 2003). As such, deposits most likely for a coherent 

group of orogenic gold deposits. 

3.13.2 Host Rocks 

The most important feature of host-rocks is the association of multiple types of rock 

with varying competency in a single gold deposit. Competency contrast is probably a critical 

feature to the deposit-scale localisation of gold mineralisation in the LGB, and is discussed 

further under the structural features of the deposit (Section 3.13.4). 

The chemical composition of host rocks also plays an important role in localising gold 

mineralisation in the LGB. Geochemically favourable host rocks (Groves et al., 1995), such as 

high Fe/Fe+Mg rocks (BIF, actinolite-magnetite altered basalt) or reductive graphitic 

sedimentary rocks (graphitic shale and chert), are well represented in the LGB. 

3.13.3 Proximity to Intrusive Rocks 

An intra-deposit association of gold mineralisation to intrusive rocks is a feature 

common to all gold deposits in the LGB. A variety of intrusive rocks are spatially associated 

with gold mineralisation. As such, gold deposits can be subdivided on a physical and 

geochemical basis into dyke-associated and pluton-associated deposits. 

Pluton-associated deposits include Granny Smith, Jupiter and Lancefield, whereas 

dyke-associated deposits include Mt Morgans, Sunrise Dam, Jubilee and Wallaby. The 

relationship between deposit location, ore-shoot location and intrusive rock is summarised 

further under the structural features of the deposit (Section 4.13.3) and in Table 3.22. 

Similarly to intra-deposit rock-type variation, the competency contrast between 

intrusive rocks and wallrocks appears to be the main reason for this association, and is discussed 

further under the structural features of the deposits (Section 3.13.4). 

3.13.4 Structural Controls 

Structural localisation of gold mineralisation is common in Archaean orogenic gold 

deposits throughout the Yilgarn Craton and globally (Groves et. al., 2003). Structural controls 

on gold mineralisation in the LGB are exhibited on a variety of scales.  
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With the exception of the Wallaby gold deposit, all gold-mineralisation in the LGB is 

hosted either within shear-zones, or within veins and alteration zones localised by a shear zone. 

As such, the control on the formation of shear zones represents the major feature critical to 

formation of gold deposits. Although gold-bearing shear zones vary in strike-length, orientation 

and thickness, specific features that localise shear zones are common to all deposits in the LGB. 

Table 3.22 Relationship between gold mineralisation and intrusive rocks in the LGB. 

Intrusive rock 
form 

Deposit Deposit location with respect to 
intrusive rock 

Ore shoot location with 
respect to intrusive rock 

Pluton Lancefield Adjacent Unrelated 
 Granny Smith Adjacent On contact  
 Jupiter Hosted within Within stock 
Dyke Mt Morgans Adjacent On contact 
 Sunrise Dam Adjacent On contact 
 Jubilee Adjacent Unrelated 
 Wallaby Adjacent Unrelated 

 

 Competency Contrast of Host Rock 

All host-sequences in the LGB show a strong competency contrast between major and 

minor host rocks on two-scales: (1) intermediate-scale (1-2km) localisation of ore-fluids, and 

(2) mine-scale (<1km) localisation of structures. One or both of these controls influences all 

deposits studied. An example of this is Granny Smith, where a large granitoid pluton has a 

regional influence on localising fluids, and black shale beds localise shear zones on a mine scale 

(Ojala, 1995). Other examples are summarised in Table 3.23. 

On a regional-scale, localisation of auriferous fluids is commonly related to large-scale 

features such as anticline geometry or regional shear zones. However, in places, the competency 

contrast between host rocks can be significant enough to have a regional affect. Granitoid 

plutons are the most common cause of localisation of ore fluid due to competency contrasts of 

host rocks, with similar examples outside the LGB (e.g. Tarmoola, Duuring et al., 2001; 

Porphyry, Hodkiewicz, 2003). Commonly, plutons in more ductile greenstone sequences create 

heterogeneities in the local stress field, with hydrothermal fluids channelled into the regional-

scale low mean-stress zones (e.g. Granny Smith, Ojala, 1995). However, owing to the 

unfavourable ore-hosting characteristics of granitoid plutons (e.g. low Fe/Fe+Mg), granitoid 

hosted gold does not represent a significant amount of the gold endowment in the LGB.  

On a mine-scale, localisation of ore fluids through competency contrast of host rocks 

occurs in two ways: (1) localisation of shear zones in ductile units, commonly graphitic 

interbeds in sedimentary packages (e.g. Lancefield, Granny Smith), and (2) formation of dilatant 

zones in pressure shadows (e.g. Sunrise Dam) or along contacts with brittle intrusive bodies in 

ductile host-rocks (e.g. Granny Smith).  

Gold endowment is proportion to the size of ore hosting structures, or host-rock bodies. 

The larger features, for example the pipe-shaped magmatic (AMEC) alteration halo hosting the 

Wallaby gold deposit or the Granny Smith Granodiorite pluton, host the largest deposits, 
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whereas similar features on a small scale, for example porphyry dykes and related alteration at 

the Jubilee gold deposit or the Jupiter Syenite stock, host smaller gold deposits. The gold 

endowment of individual deposits is also related to the more complex interplay between 

regional and local structures and geochemistry at the site of mineralisation. This is discussed in 

more detail in subsequent Chapters. 

Table 3.23 Summary of the effects of competency contrast of host rocks on localisation of gold 
mineralisation on a variety of scales in the LGB.  

Deposit Local structural control caused by competency contrast of host rocks 

Keringal  Mafic wedge in ultramafic succession 
Red October Pillowed basalt and high-Mg basalt units 
Lancefield Granitoid pluton in greenstone sequence, with graphitic shale and chert beds localising shear zone 
Mt Morgans Porphyry dykes localising shear zones 

Porphyry dykes localising dilatant zones 
Sunrise Dam Porphyry dykes localising dilatant zones 
Jubilee Porphyry dykes and associated alteration localising shear zones 
Granny Smith Granitoid pluton 
Jupiter Granitoid stock localising shear zones 

Granitoid stock localising brittle fracture zones 
Wallaby Actinolite-magnetite alteration pipe 
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CHAPTER 4.  GEOLOGY OF THE WALLABY GOLD DEPOSIT 

4.1 Introduction 

The Wallaby gold deposit is located 25km SSW of Laverton, in the north-eastern part of 

the Eastern Goldfields Province. Over 170 vertical diamond drill-holes, and around 50 inclined 

diamond drill-holes, have been drilled into the deposit by Placer Dome before excavation in late 

2001. This study is based upon analysis of drill-core only. All drill-hole locations and details for 

samples presented here are given in Appendix A. The main period of fieldwork was carried out 

from May to July 2000, with follow-up sampling carried out in August 2001. 

A brief description of the deposit is given in Chapter 3. A more detailed case study of the 

geology of the deposit is presented here, with additional geochronological and isotope data 

presented in Chapters 5 and 6, respectively. The aim of this case study is to test the hypothesis that 

gold mineralisation is genetically related to proximal magmatism (Wall and Mason, 2001; Walshe 

et al., 2003; Chapter 1). 

At the commencement of mining, the deposit has an ore reserve of 18.1Mt at 3.4g/t gold 

for 62t Au, and a total resource of 67.1Mt at 3.3g/t gold for 220t. 

4.2 Deposit Geology 

A 1200m thick, unbedded polymict conglomerate unit hosts gold mineralisation; in the 

deposit area the conglomerate is overlain by 5-50m of aeolian and alluvial material and lacustrine 

clays (Figure 4.1). The Wallaby conglomerate stratigraphically underlies a 1500-2000m thick 

sequence of interbedded siltstone, sandstone and wacke (Standing, 2002b), but the precise nature 

of the contact is unknown. Underlying the Wallaby conglomerate, a 250m thick ductile shear zone, 

the Wallaby Shear Zone (WSZ), marks the boundary with a thick sedimentary package. In the 

centre of the deposit, a suite of five alkaline dykes are associated with a large pipe-shaped 

actinolite-magnetite alteration zone. Gold is hosted in a stacked series of sub-horizontal lodes, with 

thinner lodes between the major lodes dipping moderately-NE (Figure 4.1). 
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Figure 4.1 Schematic N-S cross-section (632200mE) of the Wallaby gold deposit based on three-
dimensional modelling of geological drilling data by Placer Granny Smith geologists. Aeromagnetic 
TMI is shown as a bar (blue=low TMI, red=high TMI) and represents a line through the circular 
aeromagnetic high associated with the Wallaby gold deposit. 

4.2.1 Underlying Sedimentary Rock 

Deep drilling has intersected a sedimentary sequence underlying the Wallaby 

Conglomerate: a simplified stratigraphic column is shown in Figure 4.2. The 225m thick ductile 

WSZ marks the base of the Wallaby Conglomerate, and overprints both the base of the Wallaby 

Conglomerate and the top of the underlying sedimentary rocks. Within the WSZ, underlying 

sedimentary rocks comprise a fine-grained pelitic to cherty unit (Standing, 2002b; Figure 4.3). 

 

Figure 4.2 Simplified stratigraphic column showing the WSZ at the boundary between the Wallaby 
Conglomerate and underlying sedimentary rocks. 
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Figure 4.3 Photograph of drill core intersecting the sedimentary rock package underlying Wallaby 
Conglomerate (WBAD207W1, 1473.6-1479.3m) showing the contact between sheared (brown, 
laminated) and undeformed (grey, massive) pelitic rocks. 

The only deformation expressed in sedimentary rocks underlying the thick shear zone is a 

weak foliation defined by secondary sericite (Figure 4.4). The package comprises a 35m thick unit 

of fine-grained pelitic sedimentary rock (Figure 4.4), a 13m thick BIF unit, and an underlying fine-

grained argillite, which has now been altered to a muscovite-dolomite-chlorite-quartz schist. 

Importantly, the pelitic sedimentary rock unit was initially interpreted as a volcaniclastic unit 

(Wall and Mason, 2001). However, zircons within this unit have ages consistent with detrital 

derivation (see Section 5.3), leading to the reinterpretation of the unit as a detrital sedimentary 

rock. 

Figure 4.4 Photograph of the fine-grained meta-sedimentary rock underlying the Wallaby 
conglomerate (WB223AD-W1 1498m). 

4.2.2 Wallaby Conglomerate 

The Wallaby conglomerate, which varies between clast- and matrix-supported, contains 

basalt, andesitic felsic-porphyry and minor BIF, rhyolite and syenite clasts varying from sub-

centimetre to several tens of centimetres in diameter. Bedding, defined by weak clast alignment 

and rare discontinuous upward-fining sand layers, dips on average 45  SE (Purdie, 2000). 

Greenschist-facies regional metamorphism overprints the conglomerate.  
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Figure 4.5 Photograph of a typical sample of the Wallaby Conglomerate (WBAD191 169.9m) showing 
a large rhyolite clast on the left, and variably chlorite altered basalt, BIF and smaller rhyolite clasts.  

The Wallaby Conglomerate comprises basalt ( 50%), andesite ( 20%), feldspar porphyry 

( 15%), quartz-feldspar porphyry ( 5%), dolomite ( 5%), BIF ( 1%), and quartz ( 1%) clasts 

(Purdie, 2000). Syenite and rhyolite clasts also form a component of the conglomerate, but are 

difficult to differentiate from quartz- and quartz-feldspar porphyry clasts in hand specimen. Rare 

discontinuous sandstone horizons are similar in composition to the matrix of the conglomerate. 

The Murrin and Laverton Domains (this study, Chapter 2) contains volcanic and sedimentary 

rocks of similar composition to clasts within the conglomerate, indicating that they are the likely 

source region for the Wallaby Conglomerate (Purdie, 2000). Trace- and immobile-element 

concentrations in clasts are consistent with a volcanic-arc derivation for both basalts and rhyolites 

(Purdie, 2000).  

Purdie (2000) suggested that the Wallaby Conglomerate was deposited in a fan 

environment dominated by mass-flow, with transportation in a grain-modified debris flow, 

possibly associated with high-density turbidity currents in the proximal section of an alluvial fan, 

fan delta or submarine fan. Owing to the similarities in clast composition and type, it is likely that 

the Wallaby Conglomerate is either continuous with, or formed in a tectonically-equivalent 

neighbouring basin to, both the Lancefield conglomerate 35km north of Wallaby, and the 

Kangaroo Island conglomerate 2km south of Wallaby. 

4.2.3 Overlying Sedimentary Package 

The Wallaby Conglomerate is overlain by fine-grained laminated clastic sedimentary 

rocks several hundred metres stratigraphically above the Wallaby gold deposit (Wall and Mason, 

2001; Standing, 2002b). Layering is defined by thicker arenaceous layers and thinner silty layers 

(Figure 4.6). The contact between the Wallaby Conglomerate and the overlying sedimentary rock 

unit is not recorded. 



 

Chapter 4: Geology of the Wallaby Gold Deposit 
 

81

Figure 4.6 Photograph (Wall and Mason, 2001) of drill core intersecting the laminated sedimentary 
rock unit overlying the Wallaby Conglomerate (WBS0091C, 120m). 

4.2.4 Wallaby Syenite Intrusions 

A suite of five alkaline dykes, which intrude the Wallaby Conglomerate in the centre of 

the Wallaby gold-deposit, represents a co-genetic (see Section 4.4) fractionation sequence. Early 

intrusive units vary from mafic monzonite to monzonite, and these have fractionated into syenite, 

syenite porphyry and finally into a carbonatite. Hematite alteration, probably derived from 

oxidising magmatic fluids, overprints most dykes to varying degrees. Cross-cutting relationships 

suggest the same sequence of intrusion (see Section 5.3), with the five recorded rock types forming 

end-members of an evolving suite, with some intrusions showing evidence for mixing of multiple 

magma types. Brief petrographic descriptions of dykes are presented below, with more detailed 

work presented in Appendix B. All plagioclase is albitic, with only trace amounts of calcium 

present (Table 4.1; Appendix C). 

Table 4.1 Summary of microprobe analyses of feldspars from least-altered Wallaby Syenite dykes. 
bdl=below detection limit. Complete data are given in Appendix C, and sample details are given in 
Appendix A. 

Monzonite –W86 Mafic Monzonite –W6 Syenite –W72 Syenite Porphyry –W73              Rock Type 
Oxide 
wt. % 

Plagioclase 
(n=19) 

Plagioclase 
 (n=15) 

Plagioclase 
(n=13) 

Plagioclase 
 (n=15) 

K-Feldspar 
 (n=15) 

SiO2 68.44 ±0.51 65.33 ±2.15 67.88 ±1.08 68.43 ±0.55 64.50 ±0.69 
TiO2 0.03 ±0.06 0.04 ±0.06 0.03 ±0.05 0.02 ±0.05 0.15 ±0.11 

Al2O3 19.65 ±0.21 21.19 ±1.14 19.94 ±0.66 19.98 ±0.19 18.66 ±0.27 
Cr2O3 0.02 ±0.06 0.01 ±0.04 0.01 ±0.03 bdl bdl 
Fe2O3 bdl bdl bdl bdl bdl 

FeO 0.14 ±0.13 0.08 ±0.12 0.04 ±0.11 0.03 ±0.08 bdl 
MgO bdl bdl 0.02 ±0.05 0.01 ±0.04 0.02 ±0.06 
MnO bdl bdl bdl bdl 0.01 ±0.04 
CaO 0.03 ±0.10 1.82 ±1.53 0.03 ±0.06 0.17 ±0.18 0.04 ±0.06 

Na2O 12.22 ±0.39 10.95 ±1.02 12.07 ±0.54 12.19 ±0.24 0.29 ±0.14 
K2O 0.03 ±0.05 0.06 ±0.07 0.19 ±0.51 0.01 ±0.03 16.6 ±0.18 

End-member comp. An0.2Ab99Or0.8 Rim An2.4Ab97.0Or0.5 An0.1Ab98.5Or1.1 An0.8Ab99.0Or0.0 An0.2Ab2.6Or97.1 

  Core An11.6Ab87.9Or0.2    
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 Mafic Monzonite Dykes 

The earliest intrusions comprise mafic biotite-, amphibole- and pyroxene-monzonites. 

Dykes commonly exhibit chilled margins, and, in places, show quench textures indicative of 

peperitic intrusion (Figure 4.7A). Dykes vary in colour from dark grey to brick red, depending on 

the amount of haematite alteration (Figure 4.7B). Early dykes are porphyritic, with aegerine 

phenocrysts, varying in length from sub-millimetre to around 3mm, in a red to dull-brown 

aphanitic groundmass (Figure 4.7B). More evolved mafic monzonites are medium- to coarse-

grained, speckled dark-grey, and have a massive equigranular texture (Figure 4.7C). Pyroxene-, 

amphibole-, and biotite-monzonites represent end-member compositions of the mafic monzonite 

(Figure 4.7).  

Mafic monzonites comprise biotite (0-40%), aegerine-augite (0-30%), amphibole (0-30%), 

K-feldspar (10-20%), garnet (melanite, up to 15%), apatite (<5%) and minor microcline, calcite, 

titanite, quartz and zircon, and commonly have a massive texture (Figure 4.8B and C). 

 

Figure 4.7 Photographs of (A) a haematite-stained mafic monzonite dyke with quench-textured 
margins (WBAD017, 286.2m), (B) a hematite-stained porphyritic mafic monzonite containing 
amphibole crystals in a fine-grained groundmass (WBAD131 169.1m), and (C) a mafic monzonite with 
large component of biotite and aegerine-augite giving a characteristic grey speckled appearance 
(WBAD131 301.3m).  
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Figure 4.8 Photomicrographs of mafic monzonite in  plane and polarised transmitted light (WBAD131 
301.3m). A-A=aegerine-augite, Ap=apatite, Bt=biotite, Mc=microcline. 
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Monzonite Dykes 

Monzonite dykes, which cross-cut earlier mafic monzonite dykes (see Section 5.3), have 

weakly chilled margins and a massive texture with a dark- to light-grey speckled appearance 

(Figure 4.9). Dykes, which contain a lower modal percentage of biotite, pyroxene and amphibole 

than earlier mafic monzonites, contain minor quartz. Varying degrees of haematite alteration give 

monzonite dykes a brick red to dark brown colouration. 

Monzonite dykes are characterised by K-feldspar (70-90%), biotite (1-10%), relict 

amphibole (0-3%) and minor plagioclase, apatite, zircon, quartz and titanite (Figure 4.10). 

 

Figure 4.9 Photograph of typical light-grey massive monzonite (WBAD087 250.8m). 

 

Figure 4.10 Photomicrographs of mafic monzonite (WBAD087 242.7m) in plane and polarised 
transmitted light. Ab=albite; Ap=apatite; Bt=biotite. 
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Syenite Dykes 

Syenite dykes, which cross-cut earlier monzonite dykes, are commonly red-brown from 

hematite alteration (Figure 4.11): unaltered monzonite is grey to creamy-grey. Abundant, blocky, 

cream feldspar phenocrysts give this rock a massive appearance, with finer-grained interstitial 

minerals commonly heavily altered.  

Syenite dykes are characterised by albitised K-feldspar (80-90%), biotite (5-10%), 

plagioclase (0-20%), calcite (<5%), garnet (<5%) and apatite (<3%) assemblages, with accessory 

zircon and titanite (Figure 4.12). 

Figure 4.11 Photograph of a red-brown syenite with characteristic cream blocky appearance resulting 
from albitised K-feldspar crystals with haematite dusting (WBAD131, 230m).  

 

Figure 4.12 Photomicrographs of syenite dyke in plane and polarised light (WBAD131, 230m). 
Ab=albite, Zr=zircon. 
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Syenite Porphyry Dykes 

Syenite porphyry dykes, which cross-cut syenite dykes (see Section 5.3), contain 

distinctive 1-5cm long K-feldspar phenocrysts (Figure 4.13) in a fine-grained groundmass. Syenite 

and syenite porphyry dykes form end members of a fractionation sequence, with many dykes 

exhibiting partial phenocryst formation. Additionally, partially resorbed xenoliths of syenite are 

common in syenite porphyry dykes. 

Syenite porphyry dykes contain K-feldspar phenocrysts (50-80%) in a K-feldspar (10-

20%), calcite (5-10%), apatite (0-5%), biotite (0-5%), and muscovite (0-5%) groundmass (Figure 

4.14). 

 

Figure 4.13 Photograph of syenite-porphyry with characteristic K-feldspar phenocrysts (WBAD199 
501.3m). 

 

Figure 4.14 Photomicrographs in plane and polarised light of syenite porphyry showing albitised K-
feldspar phenocryst in albitised groundmass of finer-grained K-feldspar (WBAD199 501.3m).  
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Carbonatite Dykes 

Carbonatite dykes have variable mineralogy, and, although commonly containing over 

80% carbonate, represent an end-member of a syenite-carbonatite fractionation sequence, with 

carbonatitic syenites, containing 10-50% calcite, common in the mine sequence. Carbonatite dykes 

have a massive to flow-aligned appearance, and typically contain coarse-grained aegerine-augite, 

apatite and titanite in a haematite-stained calcite groundmass (Figure 4.15).   

Carbonatite dykes are characterised by white to pink calcite (20-100%), with lesser 

amounts of pyroxene (0-30%), apatite (0-20%), biotite (0-10%), magnetite (0-5%) and accessory 

titanite (Figure 4.16). 

 

Figure 4.15 Photograph of carbonatite (WBAD105 374.5m) showing aegerine-augite crystals in a 
characeristic haematite-stained calcite groundmass. 

 

Figure 4.16 Photomicrographs of carbonatite dyke (WBAD105 374.5m) in plane and polarised 
transmitted light showing apatite, pyroxene, and titanite grains in a calcite groundmass. A-
A=aegerine-augite; Ap=apatite; Cc=calcite; Ti=titanite. 
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4.2.5 Lamprophyre Dykes 

Narrow biotite lamprophyre dykes intrude rocks in the mine area. Dykes have a massive 

fine-grained texture, and are predominantly composed of biotite, magnetite, and calcite. Vesicles 

in the dykes are consistent with emplacement at high crustal levels. 

4.2.6 Breccia Dykes 

Rare breccia dykes intrude the host sequence as narrow diatremes. Dykes commonly have 

sharp intrusive margins sub-parallel to sub-vertical core, making thickness interpretation difficult. 

However, most dykes appear to be 0.5-2m thick. Dykes contain a variety of fragments, ranging 

from lithic clasts to crystal fragments, as well as fragments of Wallaby Conglomerate wallrock. 

Mason (2000) recorded clasts of both metaluminous hornblende-biotite granitoids and weakly-

altered dolerites. Such clasts are consistent with the dyke having passed though a variety of 

greenstones and granitoids underlying the Wallaby Conglomerate. Importantly, zircons are 

common in both the matrix of the rock, and as inclusions within quartz grains. Most clasts 

comprise angular and poorly-sorted quartz grains, although plagioclase and K-feldspar grains also 

occur (Figure 4.18). The matrix consists of an ultra-fine grained rock flour. 

 

Figure 4.17 Photograph of a breccia dyke from the Wallaby Gold deposit showing a variety of lithic 
and crystal clasts (WB0207ADW1, 1022.4m). 

 

Figure 4.18 Photomicrograph  in (A) plane and (B) polarised light of a breccia dyke (WB0207ADW1, 
1022.4m) showing zircon grain in quartz grain. 
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4.3 Alteration 

4.3.1 Alteration of the Wallaby Conglomerate 

Three large-scale events overprint rocks at the Wallaby gold deposit: regional 

metamorphism, magnetite-actinolite rich alteration, and gold related alteration. Volumetrically 

insignificant contact metamorphic alteration and alteration of conglomerate clasts that pre-dates 

the deposition of the Wallaby Conglomerate also occur.  

Alteration Pre-dating Deposition of the Wallaby Conglomerate 

Most clasts in the Wallaby conglomerate were unaltered before deposition. However, 

significant hydrothermal alteration has overprinted some clasts. Additionally, rhyolite, quartz- and 

quartz-feldspar porphyry clasts have also undergone preferential, or pre-sedimentation, haematite 

alteration (Figure 4.19).  

Figure 4.19 Photograph of a sample of the Wallaby Conglomerate (WBAD146, 145.4m) showing 
hematite-altered volcaniclastic clast. In this case, the clast is part of a volcaniclastic conglomerate, 
with matrix visible on the left hand side of clast. 

Regional Alteration 

Regionally, the Wallaby conglomerate is pervasively chlorite-calcite altered, with intact 

primary coarse-clastic textures almost completely preserved. Abundant chlorite, albite, calcite, and 

minor epidote and leucoxene typify this regional alteration (Figure 4.20). Calcite forms in the 

matrix, in larger carbonate masses, and in brittle fractures and in pressure shadows associated with 

rhyolite clasts (Figure 4.20A). The genesis of calcite in this assemblage is discussed in Chapter 5. 

Chlorite alteration is only evident away from the deposit. On the margins of the gold 

deposit, chlorite-altered conglomerates host ore zones, although most gold mineralisation is 

restricted to actinolite-magnetite altered conglomerate. A more detailed petrographic description of 

chlorite alteration is presented in Appendix B6. 

Calcite in regional chlorite-alteration assemblages (see section 6.7) typically forms in the 

pressure shadows of clasts, or in fractures associated with weakly deformed clasts. As such, it is 

likely to be associated with deformation, although it is difficult to differentiate introduced calcite 

from remobilised calcite. 
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Figure 4.20 (A) Photograph of chlorite-albite-calcite altered conglomerate (WBAD197 239.6m) typical 
of regional alteration surrounding the Wallaby gold deposit. (B) Photomicrograph in plane (B) and 
polarised (C) transmitted light showing chlorite-albite alteration of a mafic clast (WBAD191 169.9m). 

Actinolite-Magnetite-Epidote Alteration 

The Wallaby gold deposit coincides with a large ovoid magnetic anomaly, which, in turn, 

results from magnetite in a wide actinolite-magnetite-epidote-calcite (AMEC) alteration zone. 

Biotite-calcite-magnetite alteration (see next sub-section), which also has a significant magnetic 

signature, is restricted to narrow zones proximal to intrusions and does not affect the large-scale 

magnetic signature of the deposit. As both gold mineralisation and dykes contain little to no 

magnetite, it is possible to model the geometry of AMEC alteration through modelling of the 

magnetic susceptibility of conglomerates (see Section 4.3.4).  

AMEC alteration is characterised by the assemblage of actinolite (20-40%), albite (5-

50%), epidote (0-40%), magnetite (1-5%), biotite (0-20%), calcite (0-5%) and minor quartz, 

titanite, chlorite, pyrite and garnet (Figure 4.21). Matrix-forming minerals occur both as 

replacement minerals in the matrix, and, less commonly, as coarser-grained space-filling minerals 

(Mason, 1999). Mason (1999) identified four generations of veinlets in AMEC altered 

conglomerate: (1) replacement actinolite veinlets, (2) replacement actinolite-albite-magnetite-
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pyrite-titanite veinlets, (3) less common calcite-chlorite fracture fill veinlets, and (4) late stage 

tension-gash calcite veinlets. A more detailed petrographic description of AMEC alteration is 

presented in Appendix B7. 

 

Figure 4.21 (A) Photograph of dark-green AMEC altered conglomerate (WBAD090, 275.3m) and 
photomicrographs in (B) plane and (C) polarised light showing albitised K-feldspar in a fine-grained 
groundmass typical of this alteration style. 

 

Biotite- Calcite- Magnetite Alteration 

Biotite-magnetite-calcite (BCM) alteration forms narrow zones adjacent, but not restricted 

to, the margins of carbonatite dykes. However, as many dykes are sub-vertical, the vertical 

orientation of core makes this relationship difficult to qualify. BCM alteration, which gives 

conglomerates a black to dark-brown appearance, is texturally destructive (Figures 4.22A and 
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4.23). Thin brittle calcite biotite fractures are common in BCM altered rocks. BCM alteration 

overprints AMEC alteration (Figure 4.22B). 

BCM alteration is characterised by the assemblage biotite (30-40%), calcite (5-50%), 

albite/sericite (20-70%), magnetite (5-50%), quartz (1-2%), pyrite (1-5%) and trace hedenbergite, 

actinolite, andradite garnet (Mason, 1999), chalcopyrite, titanite, rutile, and tourmaline. A more 

detailed petrographic description of BCM alteration is given in Appendix B8. 

Ferguson and McCuaig (1998) interpreted the proximity of BCM alteration to intrusions, 

and the association of hedenbergite-andradite with BCM alteration zones, as being consistent with 

formation as a metamorphic skarn.  

 

 

Figure 4.22 Photograph of (A) conglomerate showing intense overprinting by texturally destructive 
black BCM alteration and white calcite fracture-fill veinlets (WBAD105 372.5m) and (B) narrow 
BCM alteration zone adjacent to AMEC alteration zone (WBAD190 479.4m). 
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Figure 4.23 Photomicrographs in plane and polarised light showing texturally destructive BCM 
alteration (WBAD105 372.5m). 

4.3.2 Alteration Internal to Intrusions  

Two types of hematite alteration, which are related to gold alteration and undoubted 

magmatic fluids, respectively, overprint dykes to varying degrees. Dykes have also undergone 

pervasive retrogressive alteration. 

Pervasive hematite alteration of dykes, which is unrelated to any structures or veining, is 

interpreted to be related to oxidising magmatic fluids. Hematite forms an ultra-fine dusting 

through all phases of the Wallaby Syenite, and is commonly difficult to identify in thin section, 

even in brick-red rocks (e.g. Figure 4.7A and B). 

Hematite alteration related to gold-mineralisation is shown in Figure 4.24, where there is a 

progressive change in colour from grey (unaltered monzonite) to red (hematite altered monzonite) 

to green-tan (gold-related alteration). The hematite is related to gold-alteration, and varies from 

halos around quartz stringer veins distal to gold mineralisation, to pervasive hematite alteration 

associated with stockwork quartz veinlets in intermediate alteration zones.  

All dykes are heavily retrogressively altered by albite (after feldspars), and chlorite and 

sericite (after mafic minerals). Owing to the proximity of gold mineralisation to dykes, it is 

difficult to separate retrogressive alteration from distal gold-related alteration. 
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Figure 4.24 Photograph of drill-core showing progressive increase in intensity of gold related 
alteration from grey to brick-red to green (WBAD061, 306.8-314.6m). Alteration varies from haloes 
around quartz-stringers in distal zones (C), to pervasive hematite alteration in intermediate zones (B), 
to more typical gold alteration assemblages in proximal gold-alteration zones (A). Core tray is 1m 
wide. 

4.3.3 Alteration Associated with Gold Mineralisation 

Gold related alteration typically comprises proximal dolomite-albite-quartz 

muscovite sericite fuchsite assemblages (Figure 4.25), and an intermediate to distal alteration 

assemblage of dolomite-albite-pyrite-sericite-quartz haematite. Typically, haematite alteration is 

preserved in clasts in zones of moderate gold-mineralisation, but is overprinted by proximal gold-

related alteration. Gold alteration is texturally destructive, and ore zones commonly display 

marginal shearing on one or both margins (Davis, 1999; Figure 4.25B). 

Gold alteration overprints all rock types at the Wallaby gold deposit, and is commonly 

hosted by AMEC altered conglomerate, although chlorite-altered conglomerate also hosts ore in 

places (Figure 4.1). Ore zones are attenuated in dykes. Although there are rare examples of 

intrusions containing >5g/t Au, ore zones in dykes commonly contain lower gold-grades than in 

adjacent conglomerate-hosted ore. Thicker ore zones penetrate dykes, and are associated with 

characteristic dolomite-albite-quartz-pyrite-sericite-muscovite alteration, but are associated with 

more intense wallrock haematite alteration (Figure 4.24) compared with conglomerate hosted ore. 

 
Caption on following page 

A 
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Figure 4.25 Photographs of (A) brecciated (WBAD145, 211.1m), and (B) sheared (WBAD145, 208.3m) 
ore, (C) photomicrographs in plane and polarised transmitted light of proximal gold alteration 
assemblage in breccia zone (WBAD145, 211.1m); inset shows gold grain in fracture in pyrite. 

Proximal gold-related alteration assemblages are characterised by dolomite (20-50%), 

albite (10-35%), pyrite (2-15%), sericite (0-15%), quartz (1-3%), muscovite (0-3%), and trace 

biotite, fuchsite, magnetite, ilmenite, rutile, molybdenite, chalcopyrite, galena, tennantite, 

sphalerite, and pyrrhotite. Gold typically forms 1-10μm grains either included in, or adjacent to, 

pyrite (Figure 4.25C), and also forms rare grains up to 60μm in diameter. A detailed petrographic 

description of gold-related alteration is given in Appendix B9. 

4.3.4 Modelling of Magnetic Alteration to Depth 

The magnetic signature of the Wallaby gold deposit, which results from AMEC alteration 

(see Section 4.3.1), has been modelled to depth as a moderately plunging pipe (Coggon, 2000). 

Modelling is based primarily on drill-core magnetic-susceptibility data, and secondarily on 

additional aeromagnetic and ground-magnetic data.  

To derive the model, a 3D model was first created by taking the weighted average of all 

magnetic susceptibility data. The 3D model was then varied to create a best fit to both drill-core 
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and aeromagnetic magnetic data. Drilling at the deposit has intersected the weakly magnetic 

regional chlorite alteration on most sections, providing a lateral boundary to the model. Most data 

come from shallow drilling (<400m), but several holes >1000m deep correlate well with the 

predicted down-dip extension of the modelled pipe. 

The best-fit shape to the magnetic data is a broadly ellipsoid to rectangular pipe, with a 

moderately-magnetic outer rim mantling a weakly magnetic core. The pipe dips 50° 185° 

(Figure 4.26) and has a broadly rectangular shape in plan section (Figure 4.27). Overlaying grade-

control data on the magnetic model shows that gold mineralisation is mostly confined to the 

magnetic wallrocks, but also extends into non-magnetic wallrocks in northwestern parts of the 

deposit. The highest gold grades are developed in the moderately-magnetic rim of the modelled 

pipe, with lower grades in the weakly-magnetic core (Figure 4.27). 

The two main orientations of dykes at Wallaby, which are north-south strike with a 

vertical dip and east-west strike with a 45-50° south dip, give an intersection lineation that plunges 

sub-parallel to the axis of the magnetic zone. Furthermore, zones of highest magnetic-

susceptibility have planar boundaries in section (Coggon, 2000), consistent with control by 

structural controls of similar orientation on both magmatic intrusion and AMEC alteration. 

AMEC alteration extends much further from dykes in the footwall over the pipe than in 

the hangingwall. Importantly, this is consistent with at least some fluids responsible for AMEC-

alteration post-dating dyke emplacement. 
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Figure 4.26 North-south cross-section through the central part of the Wallaby gold deposit showing 
the magnetic susceptibility of wallrocks, and thus the location of AMEC alteration (model and image 
by J. Coggon). 

 

Figure 4.27 Plan section (290RL; Figure 4.1) through the Wallaby gold deposit showing gold grade 
overlain on the predicted down-plunge magnetic susceptibility (Coggon, 2000). Magnetic susceptibility 
is contoured with hot colours representing high values. The contours highlight the broadly 500x800m 
rectangular shape of the modelled pipe. 
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4.4 Geochemistry of Wallrocks 

In the following section, whole-rock geochemical data are presented from least-altered 

dykes, dykes with quench-textured margins, and rhyolite clasts within the Wallaby Conglomerate 

(Table 4.2). Analyses were undertaken using fusion ICP-MS, with analytical details, including 

lower-detection limits, presented in Appendix D. Also included in this section are data from XRF 

analyses on rhyolite clasts and a ‘felsic intrusion’ carried out by Purdie (2000). 

4.4.1 Geochemistry of Dyke Rocks 

The Wallaby Syenite represents an alkaline suite of dykes, which intrude in the order 

mafic monzonite, monzonite, syenite, syenite porphyry and carbonatite. This represents evolution 

from crystallisation of high-temperature mafic minerals (amphibole, pyroxene and biotite) to 

lower-temperature felsic minerals (feldspar), which correlates with an iron-magnesium depletion 

trend on an AFM diagram (Figure 4.28, Table 4.2). 

 

Figure 4.28 AFM plot for Wallaby Syenite dykes showing fractionation from early Fe-Mg rich dykes 
(aegerine-augite, amphibole and biotite rich mafic monzonite and monzonite) to more evolved 
feldspar-rich dykes (K-feldspar rich syenite and syenite porphyry). 

Wallaby Syenite 

Rare earth enrichment patterns are similar in all dykes (Figure 4.29), although the degree 

of HREE enrichment varies between the carbonatite and other dykes, with (La/Y)Norm ratios 

varying from 47 in the syenite porphyry to 175 in the carbonatite. REE enrichment increases in the 

order of syenite, syenite porphyry, monzonite, mafic monzonite and carbonatite, although field 

relationships suggest that the dykes intruded in the order mafic monzonite, monzonite, syenite, 

syenite porphyry and carbonatite (see Section 5.3). REE patterns are steep and show a linear fall in 

enrichment from LREE through to HREE with no Eu anomaly. The carbonatite shows extreme 

enrichment typical of carbonatites globally (Figure 4.29; Wooley and Kempe, 1989).  
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Table 4.2 Fusion ICP-MS data for whole-rock analyses of the five intrusive units of the Wallaby 
Syenite (major element oxides by XRF); WR70=monzonite; WR71=mafic monzonite; WR72=syenite; 
WR73=syenite porphyry; WR74=carbonatite;WB101, WB102, WB89=quench textured dykes; WB59, 
WB95, WB100=syenite clasts. Sample and drill-hole details are given in Appendix A1 and A2, 
respectively. MRG1 and SY4 standards were used for internal check: +=measured value, *= certified 
value. 

 W70 W71 W72 W73 W74 W101 W102 W89 W25 W59 W95 W100 MRG1+ MRG1* SY4+ SY4* 
Wt%                 
SiO2 49.40 60.20 58.50 55.20 9.85 51.10 51.20 54.40 75.40 71.50 71.00 71.40 39.4 39.32 49.7 49.9 
TiO2 0.76 0.45 0.28 0.33 0.10 0.64 0.64 0.62 0.26 0.30 0.26 0.28 3.7 3.69 0.25 0.287 
Al2O3 13.80 16.90 16.60 18.00 2.26 16.80 16.80 16.80 12.20 14.60 14.60 13.20 8.45 8.5 20.8 20.69 
Fe2O3 6.65 3.83 2.53 2.63 1.93 7.75 8.35 6.65 2.17 2.13 2.98 1.10 18 17.93 6.2 6.21 
MnO 0.19 0.08 0.09 0.09 0.12 0.11 0.10 0.11 0.04 0.04 0.03 0.06 0.17 0.17 0.11 0.108 
MgO 5.40 1.64 0.80 0.65 0.51 2.48 2.47 1.89 0.82 0.72 1.06 0.21 13.6 13.49 0.47 0.54 
CaO 7.40 3.10 3.67 4.62 42.60 6.10 5.15 5.25 2.55 1.64 1.99 4.21 14.8 14.77 7.65 8.05 
Na2O 4.83 5.75 5.55 5.25 0.95 5.75 7.50 8.25 6.10 5.90 6.45 6.00 0.71 0.71 7 7.1 
K2O 3.68 4.16 5.65 6.20 0.86 1.05 0.22 0.21 0.20 0.96 0.34 0.74 0.29 0.18 1.69 1.66 
P2O5 1.21 0.25 0.16 0.13 1.66 0.46 0.48 0.48 0.09 0.14 0.08 0.08 <0.01 0.08 0.13 0.131 
LOI 5.20 2.20 2.80 3.40 34.20 6.40 5.60 5.00 0.60 2.60 1.40 3.20 1.20 1.19   
Total 98.52 98.56 96.63 96.50 95.04 98.64 98.51 99.66 100.43 100.53 100.19 100.48     
ppm                 

V 123 65 44 60 32 129 130 98 36 30 27 11 526 526 5 8 
Cr 96.5 28.6 49.7 <20 <20 80.3 237.0 190.8 736.1 344.9 622.0 588.5 431 430 <20 12 
Co 24.7 9.5 4.6 4.1 6.5 29.0 31.0 28.7 9.0 6.7 9.1 6.1 87 87 3 2.8 
Ni 77.6 8.4 2.1 31.7 <1 34.9 45.3 34.0 146.6 56.0 96.8 70.3 187 193 10 9 
Cu 8.3 12.8 41.4 14.8 57.0 123.3 164.3 126.2 22.0 41.4 70.1 20.8 134 134 7 7 
Zn 149 69 65 79 33 63 67 49 <30 <30 31 <30 190 191 100 93 
Ga 17.4 18.4 17.1 18.2 3.7 16.5 17.5 14.1 11.7 13.4 18.5 15.2 18 17 35 35 
Ge <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.8 0.8 1.0 <0.5 1.2 1.1 <0.5 1-4 
As <5 5.8 9.6 <5 5.6 18.1 17.6 17.0 <5 5.9 8.0 9.7 <5 0.73 <5 0.1-2.0 
Rb 131.4 114.3 106.3 126.4 11.0 31.4 6.7 7.2 5.9 26.5 14.1 19.3 7 8.5 55 55 
Sr 3227 2548 2178 2630 14633 329 386 357 288 148 250 231 287 266 1,183 1191 
Y 35.5 16.8 18.0 20.1 73.8 37.7 30.9 39.0 5.0 7.4 3.7 4.0 12.5 14 123.4 119 
Zr 25! 260 308 402 450 315 314 331 108 136 116 126 99 108 526 517 
Nb 27.5 8.5 15.4 17.3 5.0 10.1 10.9 11.2 3.2 3.2 2.7 3.4 20.4 20 12.5 13 
Mo 14.8 2.4 <2 <2 <2 2.3 <2 2.0 5.1 2.1 3.6 3.0 <2 0.87 <2 0.2-3.0 
Ag 0.6 <0.5 <0.5 1.3 1.1 0.7 0.7 0.6 <0.5 0.5 0.7 1.1 <0.5 0.11 0.7 0.6 
Sn 2.2 2.2 1.0 <1 <1 1.9 2.6 1.4 1.5 <1 3.2 3.7 3 3.6 11 7.1 
Sb 1.0 1.2 6.1 1.6 2.8 6.0 4.9 6.6 1.4 4.4 2.5 2.4 0.6 0.86 0.8 0.01-0.3
Cs 5.4 3.8 1.0 1.1 <0.1 2.8 1.0 0.8 0.7 1.7 1.0 1.6 0.4 0.57 1.4 1.5 
Ba 3010 2417 4463 2838 2371 488 57 1047 275 160 190 219 46 61 354 340 
La 161.7 119.7 110.0 92.2 725.0 160.9 160.9 164.6 7.7 14.1 13.8 23.8 9.72 9.8 63.67 58 
Ce 313 205 174 178 1271 312 308 324 15 28 26 42 25.0 26 121.8 122 
Pr 41.0 23.3 19.3 21.4 153.8 36.7 36.2 38.6 1.7 3.3 2.8 4.4 3.73 3.4 14.98 15.0 
Nd 165.4 82.9 70.1 79.5 566.5 131.9 130.6 139.7 6.6 12.2 10.3 15.3 18.16 19.2 59.69 57 
Sm 25.7 11.4 10.2 11.5 71.3 20.5 19.8 23.4 1.3 2.5 1.7 2.1 4.26 4.5 12.76 12.7 
Eu 6.6 3.0 3.0 3.2 17.4 6.6 5.2 6.7 0.4 1.2 0.5 0.7 1.431 1.39 2.018 2.00 
Gd 17.9 8.0 7.4 8.0 50.5 15.6 14.1 17.7 1.1 2.4 1.4 1.7 4.07 4 13.98 14.0 
Tb 1.7 0.8 0.8 0.8 4.1 1.6 1.4 2.0 0.1 0.3 0.1 0.2 0.55 0.51 2.62 2.6 
Dy 7.0 3.5 3.5 3.4 15.7 7.8 6.0 8.5 0.7 1.7 0.8 0.7 2.68 2.9 18.22 18.2 
Ho 1.1 0.5 0.6 0.6 2.3 1.3 1.0 1.4 0.2 0.3 0.1 0.1 0.49 0.49 4.33 4.3 
Er 2.6 1.3 1.5 1.4 5.0 3.3 2.9 3.8 0.5 0.7 0.4 0.4 1.17 1.12 14.13 14.2 
Tm 0.3 0.2 0.2 0.2 0.5 0.4 0.3 0.4 0.1 0.1 0.1 0.0 0.139 0.11 2.310 2.3 
Yb 1.8 1.1 1.3 1.3 2.8 2.6 2.0 2.6 0.5 0.7 0.4 0.3 0.78 0.6 14.68 14.8 
Hf 5.6 4.8 5.4 6.3 0.9 6.9 6.8 7.3 2.8 3.4 3.0 3.0 3.7 3.76 10.2 10.6 
Ta 1.0 0.5 0.7 1.0 0.1 0.6 0.6 0.6 0.4 0.3 0.3 0.3 0.9 0.8 1.0 0.9 
W 3.2 2.1 29.9 8.0 1.4 1.9 5.0 14.3 1.7 0.9 2.0 0.9 0.5 0.3 <0.2 0.2-15.0
Tl 0.5 0.6 0.7 0.8 <0.05 0.1 <0.05 <0.05 <0.05 0.1 0.1 0.1 <0.05 0.055 <0.05 0.2-0.5 
Pb 108.1 40.6 75.1 42.8 43.0 18.8 11.8 10.8 6.5 <5 15.7 <5 <5 10 12 10 
Bi 0.6 0.1 0.2 0.4 0.1 <0.06 <0.06 <0.06 <0.06 <0.06 1.3 <0.06 0.13 0.13 0.36 0.1-0.3 
Th 12.0 20.8 26.2 20.9 17.8 30.8 30.3 43.7 5.6 5.5 3.9 5.2 1.03 0.93 1.42 1.4 
U 5.2 5.5 13.8 7.9 2.3 5.0 4.6 5.8 1.3 1.2 1.1 1.2 0.26 0.24 0.82 0.8 
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Normalised incompatible-element plots for the Wallaby Syenite suite vary slightly 

between different syenitic dykes (mafic monzonite, monzonite, syenite and syenite porphyry), and 

considerably between carbonatites and other dykes (Figure 4.30). The mafic monzonite is enriched 

in Ce P and Sm Yb, and both the syenite and syenite porphyry are depleted in Cs. Incompatible 

element concentrations, measured using XRF on a reduced suite of elements (Purdie, 2000), in a 

felsic dyke broadly correlate with concentrations determined using ICP-MS in this study, but there 

are differences in Ba, U, Sr and Zr concentrations. 

 

Figure 4.29 Chondrite-normalised (Boynton, 1984) REE plot for the five intrusive phases of the 
Wallaby Syenite. A globally-averaged carbonatite (Wooley and Kempe, 1989) is shown for 
comparison. 

 

Figure 4.30 Primitive-mantle normalised (Sun & McDonough, 1989) trace-element plot of a felsic 
intrusion (XRF= Purdie, 2000) and the five intrusive phases (ICP-MS) of the Wallaby Syenite. 

REE enrichment patterns in the Wallaby Syenite can be used to group the syenite 

regionally. Smithies and Champion (1999) divided the late alkaline syenite intrusions of the EGP 

into four geographically and geochemically distinct suites. Geographically, the Wallaby Syenite 
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falls into the Ninnis suite: REE concentrations in the Tin Dog Syenite (H. Smithies, pers. comm., 

2001), which is a member of the Ninnis suite, are similar to those in the Wallaby Syenite (Figure 

4.31).  

Incompatible element concentrations in the Wallaby Syenite broadly correlate with those 

in the Ninnis Suite syenites (Smithies and Champion, 1999), although there are significant 

variations in Ba, Sr, P and Ti concentrations (Figure 4.32). 

 

Figure 4.31 REE plot of the Wallaby Syenite and the Tin Dog Syenite (H. Smithies, pers. comm., 
2001). The Tin Dog Syenite is a member of the Ninnis Suite (Smithies and Champion, 1999). 

 

Figure 4.32 Trace-element element plot of syenites of the Ninnis suite (Smithies and Champion, 1999) 
and the Wallaby Syenite suite. 

Quench Textured Dykes 

Dykes with quench-textured margins (Figure 4.7A) have similar REE concentrations to 

least-altered mafic monzonite dykes (Figure 4.33), and also have similar incompatible-element 

concentrations to Wallaby Syenite dykes (Figure 4.34). However, Rb, Ba, and Sr are all depleted 

in dykes with quench textures (Figure 4.34) relative to Wallaby Syenite dykes. 
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Figure 4.33 Graph of the REE concentrations of dykes with quench textures and least-altered dykes of 
the Wallaby Syenite suite. Dykes with quench textures have a similar composition to mafic monzonite 
dykes. 

 

Figure 4.34 Plot of trace-element concentrations in quench-textured dykes compared to dykes from 
the Wallaby Syenite suite.  

4.4.2 Geochemistry of the Wallaby Conglomerate 

Clasts within the Wallaby Conglomerate are significantly depleted in REE and trace-

elements (Figure 4.35) compared to the Wallaby Syenite. However, XRF analysis of clasts by 

Purdie (2000) shows that some clasts (RP7; Figure 4.36) have similar REE and trace-element 

concentrations to dykes analysed in the same study. 

  

Figure 4.35 Diagrams of (A) REE and (B) trace element concentrations in rhyolite clasts  (WBAD197 
239.6m, WBAD146 145.4m, WBAD090 277.8m and WBAD197 252.1m) from the Wallaby 
Conglomerate compared with dykes from the Wallaby Syenite suite. 
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Figure 4.36 Plots of (A) REE and (B) trace element concentrations in rhyolite clasts from the Wallaby 
Conglomerate. Data acquired using XRF on a reduced suite of elements (Purdie, 2000). 

4.4.3 Interpretation 

In a study of felsic alkaline igneous rocks in the Eastern Goldfields, Smithies and 

Champion (1999) noted that the geochemistry of syenites is a poor reflection of tectonic setting. 

Specifically, they noted that using the discrimination diagrams of Eby (1992), Nb/Y ratios of 

syenites from the EGP fall in the fields of a full range of tectonic environments. Consequently, 

such tectonic discrimination diagrams are ambiguous when classifying Archaean igneous rocks, 

and are thus not used here. 

Wallaby Syenite 

The similarity in both REE and trace-element concentrations in all dykes from the 

Wallaby Syenite suite is consistent with the formation of dykes as a co-genetic alkaline intrusion 

suite through closed-system fractionation of a single magmatic source. As incompatible element 

concentrations are between 5x102 and 5x106 higher in hydrothermal solutions than typical 

wallrocks (Michard, 1989), variations in incompatible element concentrations between dykes 

probably results from variable hydrothermal overprinting in different samples. The irregular 

incompatible element concentrations in the carbonatite dyke are probably the result of the extreme 

mineralogy, up to 100% calcite in places. 

The absence of a negative Eu anomaly suggests that Ca-rich plagioclase has not been 

separated from the melt during the evolution of the dykes. However, this does not preclude 

fractional crystallisation, as Ca-poor feldspars predominate in the Wallaby Syenite (Table 4.1). 

However, Nb/Y and La/Y ratios are constant in different phases of the Wallaby Syenite, and are 

broadly parallel to the linear trends of other syenites in the Eastern Goldfields Province (Figure 

4.37A; Smithies and Champion, 1999). This implies that there is no significant change in the 

partition coefficients of these elements with respect to magmas from various intrusive phases. As a 

constant partition co-efficient is indicative of a constant mineral assemblage, it is unlikely that 

fractional crystallisation took place. Additionally, if fractional crystallisation of feldspar occurred 

during the genesis of the dykes, there would be a systematic variation in K/Rb, Ca/Sr, K/Ba, Rb/Sr 

and Rb/Ba values (cf. feldspar fractionation in Landenberger and Collins, 1996); this trend is not 

apparent in the data (Figure 4.37B). 

A B
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 A.                   B. 

Figure 4.37 (A) Plot of Nb/Y and La/Y ratios of Wallaby Syenite dykes. Data plot on a line through the 
origin and are broadly constant between phases of the Wallaby Syenite suite. (B) Plot of K/Rb, Ca/Sr, 
K/Ba, Rb/Sr and Rb/Ba ratios in Wallaby Syenite dykes. Ratios are relatively constant with respect to 
changing wt.% SiO2 in different phases of the Wallaby Syenite suite. 

Regionally, these late felsic alkaline-intrusions have many features in common with A-

type magmas (Smithies and Champion, 1999). In a study of Palaeozoic A-type granites, 

Landenberger and Collins (1996) determined that Ga, Rb, Nb, Y, Pb, Th and U were incompatible 

in source magmas. Thus, in a melt evolving by fractional crystallisation, such elements would be 

expected to progressively increase in concentration. This does not happen in the Wallaby Syenite 

(Figure 4.38), further supporting the lack of fractional crystallisation during magma evolution. 

 

Figure 4.38 Plot of Ga, Nb, Pb, Rb, Th, U and Y vs. SiO2 for Wallaby Syenite dykes showing no 
increase in concentration of cations in progressively evolving melts, which, in turn, is consistent with a 
lack of fractional crystallisation during magma evolution.  

Small circular plutons or stocks typify syenites of the Ninnis Suite (Smithies and 

Champion, 1999). The probable lack of fractional crystallisation of the Wallaby Syenite does not 
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preclude the presence of a larger stock or pluton underlying the Wallaby Syenite, as lithological 

variation in dykes is not necessarily reliant on fractional crystallisation. 

The order of increasing enrichment in REE of the dykes does not reflect the order of 

intrusion (see Section 5.3), suggesting that REE enrichment in dykes reflects igneous mineralogy. 

Quench-textured Dykes 

The similarity in concentration of REE between the mafic monzonite and quench-textured 

dykes suggests that the two represent textural variations of genetically related dykes. However, 

there is significant variation in the concentrations of the more mobile elements, K, Rb, Ba and Sr 

between these two intrusive phases. These elements typically behave similarly to each other in 

post-crystallisation processes such as hydrothermal leaching (Rollinson, 1993). As such, variation 

in the ratios of these mobile elements between any two dykes is consistent with variation in pre-

crystallisation processes, whereas variation in the absolute concentration, but with similar ratios of 

K, Rb, Ba and Sr between two dykes is consistent with post-crystallisation modification. At 

Wallaby, both quench and non quench-textured dykes have broadly similar K/Rb and K/Ba ratios 

(Table 4.3), which is consistent with both dykes forming from the same magma. As such, variation 

in the absolute value of K, Rb, Ba and Sr is most likely the result of edge effects, with quench-

textured dykes sampled on the margin of the intrusion, and thus more likely to have undergone, for 

example, hydrothermal alteration. 

Table 4.3 K/Rb and Rb/Ba ratios of mafic monzonite dykes and quench-textured dykes. 

 K/Rb Rb/Ba 
Mafic monzonite 33.6 14.3 
Quench-textured mafic monzonite 29.5 8.5 

Wallaby Conglomerate 

In comparison to dykes of the Wallaby Syenite suite, rhyolite clasts analysed in this study 

contain orders of magnitude lower REE concentrations, and incompatible element concentrations 

are also dramatically lower in clasts than dykes (Figure 4.35). Such variation suggests that the four 

rhyolite pebbles analysed are unrelated to the Wallaby Syenite. This is also supported by the 

presence of volcanic and volcaniclastic textures in such pebbles (Figure 4.19). 

XRF analyses of rhyolite clasts (Purdie, 2000) show a similarity in REE and immobile 

element concentrations between clast RP7 and the Wallaby Syenite dykes. However, RP7 is 

depleted in Rb, Ba, K, Sr and Zr in comparison to the dykes. Notably, this same suite of elements, 

with the exception of Zr, is depleted in quench-textured dykes in comparison to Wallaby Syenite 

dykes (Figure 4.34). If the dykes are related to clasts analysed by Purdie (2000), such clasts may 

actually be globular peperites formed from dyke intrusion into a water-saturated conglomerate. If 

such clasts were in fact globular peperites, it is more likely that their incompatible and rare earth 

element concentrations would be similar to quench-textured dykes (sampled on margin of the 

dyke) than least-altered dykes (sampled in the centre of the dyke), as both would have had similar 

interaction with wallrocks during emplacement, and be similarly affected by secondary processes. 
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In terms of this possibility, there is a strong correlation between incompatible element 

concentrations in quench-textured mafic monzonite dykes and clast RP7 (Figure 4.39). Although 

Zr is relatively depleted in RP7, Zr depletion is also apparent when the felsic dykes analysed by 

Purdie (2000) are compared with those of the same suite analysed in this study (Figure 4.30). As 

such, it is likely that variations in Zr concentration is related to laboratory variations, for example, 

incomplete dissolution of zircon grains. In order to substantiate this link, fusion ICP-MS analysis 

of clast RP7 would be required. However, this is not possible, as Purdie (2000) did not curate any 

research samples, and the issue must remain unresolved. 

Geochemical analyses are consistent with the presence of two populations of rhyolite 

clasts. Both populations of rounded clasts have undergone magmatic/pre-sedimentary hematite 

alteration. Most clasts have a volcaniclastic or volcanic origin, with K-feldspar phenocrysts and 

rounded quartz-eyes, with a subsidiary population representing a syenite of somewhat similar 

composition to the Wallaby Syenite. More detailed geochemistry of the second population is 

needed to resolve whether the composition of the second population is identical to the Wallaby 

Syenite, consistent with derivation via peperitic intrusion of dykes, or if the composition is only 

similar, consistent with derivation from a syenitic intrusion in the provenance area of the Wallaby 

Conglomerate. 

 

Figure 4.39 Incompatible element plot of Wallaby Conglomerate clasts RP7 and RP3 (Purdie, 2000) 
compared to those in quench-textured mafic monzonite dykes. 

Regional Correlation 

Trace element concentrations vary between the Wallaby Syenite and the Ninnis Suite (Tin 

Dog Syenite). However, the use of all trace-elements as a comparative tool between 

geographically separate rocks is not appropriate, as incompatible elements are more mobile than 

REE, and are thus more likely to be modified by post-emplacement processes. As such, it is likely 

that the close spatial association with a gold hydrothermal-system affected incompatible element 

concentrations in the Wallaby Syenite suite. However, the similarity in the concentration of less 
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mobile REE between the Tin Dog and Wallaby Syenite supports the placement of the Wallaby 

Syenite into the Ninnis Suite of Champion and Smithies (1999). 

4.5 Fluid Inclusion Studies 

Preliminary physiochemical data on fluid inclusions associated with chlorite, AMEC and 

gold-related conglomerate have been recorded by Hagemann (2002), and are detailed in Table 4.4. 

Hagemann (2002) interpreted three main fluid-events from the data, early fluids associated with 

AMEC alteration, later gold-related fluids, and fluids distal to the gold deposit associated with 

chlorite-altered conglomerate.  

Early hydrothermal fluids associated with AMEC alteration are characterised by hot 

(425 40 C), saline (20-30 eq. wt% CaCl2), and liquid-rich H20-CaCl2 MgCl2 NaCl fluids. A 

subsidiary population of medium-temperature (330 C) and salinity (13 eq. wt% NaCl) H2O-

MgCl2 NaCl KCl fluids of equivocal origin are also recorded in AMEC alteration zones. 

Gold-related fluids are characterised by homogenous, low-salinity (3-6 eq. wt% NaCl), 

low-CO2 (0.05-0.3 X CO2) aqueous-carbonic fluids. Based on unmixing temperature and 

pressures, gold mineralisation is interpreted to have formed at a temperature of 270 50 C and at a 

pressure of 190 60MPa, which correlates to a depth of emplacement to 5-8km. 

Fluid-inclusions in distal chlorite-altered conglomerates comprise low salinity (4.6 0.9 eq. 

wt% NaCl), moderate CO2 (X CO2 0.6) H20-CO2-NaCl fluids. Although no trapping temperatures 

are calculated, the homogenisation temperature of aqueous-carbonic fluid inclusions (Table 4.4; 

271 6 C) are more likely to represent trapping temperatures than aqueous fluid inclusions 

(Dugdale and Hagemann, 2001). 

Table 4.4 Physiochemical data on fluid inclusions associated with chlorite-, AMEC- and gold-altered 
conglomerate. 

Alteration Flinc. Type Comp. NaCl 
(wt%) 

Homog. 
Temp. 
( c) 

Trapping 
Temp. 
( c) 

Pressure 
(MPa) 

Chlorite Carbonic CO2 - -  - 
 Aqueous-carbonic H20- NaCl -CO2 4.3±0.0 271±6 271±6 - 
 Aqueous NaCl±KCl  4.9±1.7 150±26  - 
AMEC Aqueous H20-CaCl2 21.2±2.9 (CaCl2) 234±37 440±60 335±95 
 Aqueous-vapour H20-CaCl2 23.3±1.1 (CaCl2) <353±401 -  
 Aqueous-vapour H20-NaCl±KCl± MgCl2 14.4±3.1 330±60 330±60  
Gold Aqueous H20-NaCl 11.7±1.7 196±15 - - 
 Aqueous-carbonic H20-NaCl-MgCl2-KCl 4.1±0.8 197±41 270±150 190±60 
 Carbonic  23 

3.9 
- 
177 - - 

1Minimum temperature as complete homogenisation not achieved. 
 

4.6 Structural Geology  

At the time of the initial field work, most drill-core at the Wallaby gold deposit was 

vertical and unoriented, making structural measurements impossible. The following section is 
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based on Davis (1999), a structural study of the deposit based on analysis of both vertical drill-

holes and some oriented drill-holes. 

4.6.1 Deposit Architecture 

Bedding, as measured from rare grit or smaller pebble horizons, dips gently SE (Figure 

4.40). Toward the centre of the deposit, bedding bends into sub-parallelism with sub-horizontal 

gold lodes. In the southern parts of the deposit, bedding steepens away from parallelism with gold 

lodes (Davis, 1999). 

Vertical drill core at the Wallaby gold deposit precludes accurate recording of the 

thickness and orientation of dykes. Three-dimensional modelling of geological data by Placer 

Granny Smith geologists suggests that the dykes form two main sets; north-south striking with a 

vertical dip, and east-west striking with a 45-50° south dip. Lesser numbers of smaller dykes 

intrude parallel to these main dykes, and, in places, monzonite and syenite dykes form larger 

bodies or sub-horizontal sills. 

To date, no large-scale structures have been recorded that could have bounded the deposit 

or acted as fluid conduits. A single, 200m thick, gently-dipping shear zone underlies the deposit 

(the WSZ), and comprises a gently-dipping ductile zone in which high strain is manifested as a 

pervasive planar foliation resulting from flattening of conglomeratic pebbles (Davis, 2001). 

Symmetric or ambiguous pressure shadow asymmetries are common in the WSZ, and only a weak 

expression of a stretching lineation is present (Davis, 1999). 

 

Figure 4.40 Contoured equal area stereonet plot of poles to bedding of the Wallaby conglomerate 
(Davis, 1999). Bedding is measured from rare grit or smaller pebble horizons, and has an average 
orientation of 30 160  (n=64).  

4.6.2 Structures Controlling Gold Mineralisation 

The dominant structures controlling gold mineralisation are a stacked series of sub-

horizontal gold-mineralised brittle fracture zones with sheared margins, linked by narrower, more 

steeply dipping, shear zones (Figure 4.41). Shear zones are commonly associated with quartz-

dominated breccia veins of variable thickness. Mine geologists at Wallaby have determined the 

orientation of gold lodes through 3D correlation of gold mineralised zones. 

N
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All shear zones are associated with intense gold-related alteration (see Section 4.3.3). 

Quartz-dominated breccias in ore zones are characteristic of formation under conditions where 

fluid  pressure has exceeded the strength of the encompassing rock mass (Davis, 2001). Breccias 

typically contain angular fragments of wallrock, varying from centimetre-scale to over 10cm in 

places, in a cloudy quartz matrix. Locally, zones of breccia fragments parallel the vein margin. 

Breccia veins are restricted to, and closely parallel, ore zones. 

Narrow ( 10cm) ductile shear-zones mantle most ore zones along one or both margins. 

Planar ductile fabrics commonly form in the micaceous zones of gold-related alteration on the 

margins of breccia veins, becoming mylonitic in places. Ductile shear zones contain fracture zones 

defined by sericite and pyrite alteration. Davis (2001) reports that such fracture zones, and 

associated gold-related alteration, cross-cut breccia fragments. 

Pyrite in breccia veins has grown across elongate quartz grains that define the shear fabric. 

In phyllosilicate-rich ductile shear zones bordering breccia veins, pyrites have asymmetrical 

orientations mimicking S-C fabrics expressed in micas, and also across shear fabrics.  

 

Figure 4.41 Three-dimensional model of gold mineralised zones at the Wallaby gold deposit. Major 
sub-horizontal shear zones associated with gold mineralisation are shown in purple and blue, and 
smaller shear zones linking these major shear zones are shown in red and yellow. Near-surface zones, 
shown in brown and green, have been cut by surficial erosion (Adapted from ore modelling by Placer 
Granny Smith geologists). 

Kinematic indicators in ore zones are extremely rare, with almost a complete absence of 

co-existing shear planes and shear-lineations, clasts associated with asymmetric pressure shadows, 

or S-C oriented deformation fabrics. Davis (2001) recorded an equal proportion of topside-north 

and topside-south kinematic indicators of shearing in gold related shear-zones. Rare plunge 

lineations along shear zones are consistent with NNW movement (top-side north) or SSE (top-side 

south), with a preferential orientation of 3 339  Davis (2001). 
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4.6.3 Interpretation and Regional Structural Correlation 

Davis (2001) interprets a graduation of hydraulic breccias into more typical hydrothermal 

breccias within a single vein as being consistent with fault-related deformation in conjunction with 

fluid over-pressuring. Breccia formation is consistent with a low number of catastrophic cataclastic 

events during vertical extension, and most likely resulted from the combination of fluid pressure 

and a horizontally applied stress. The ductile shear zones surrounding gold-mineralised shear 

zones contain fracture zones defined by sericite and pyrite alteration. Davis (in press) interpreted 

this as being consistent with pyrite deposition, and thus gold-mineralisation, being late in the 

structural evolution of the Wallaby gold deposit. A hypothesis of vertical compression facilitating 

gold formation is supported by the formation of the basal shear through coaxial shortening, which, 

in turn, is analogous to pure shear associated with vertical compression. The lack of a dominant 

movement direction in the shear zones further supports the hypothesis of co-axial deformation, 

implying that no significant material movement has taken place across structures controlling gold 

mineralisation.  

Davis (1999) proposes that breccia veins formed during D2 compression, but that the 

vertical compression resulted from orogenic collapse from gravitational pressure associated with 

magmatic emplacement, causing an increase of vertical compression ( 3), such that 1 became 

vertical. Such magmatic emplacement is interpreted not only to drive gravitational collapse, but 

also to provide thermal gradients suitable for driving large-scale fluid movement. The subsequent 

change in regional stress-configurations from horizontal to vertical compression is interpreted by 

Davis (in press) to lead to enhanced fluid flow and formation of sub-horizontal shearing associated 

with gold-mineralisation. However, geochronological and isotopic studies of magmatic and gold 

related minerals suggests that gold mineralisation significantly post-dates local magmatism 

(Chapters 5 and 6), effectively negating this hypothesis. 

The absence of pervasive sub-vertical cleavages in ore zones, which elsewhere in the 

Yilgarn are associated with D2 compression, suggests that gold-mineralisation post-dated D2 

compression (Davis, 1999). However, Davis (in press) also noted that heterogeneities in 

deformation partitioning have resulted in differing timing and intensity of D2 through the Yilgarn, 

and hence this is not definitive 

4.7 Summary 

The polymict Wallaby Conglomerate, which is over 1200m thick, hosts gold 

mineralisation at the Wallaby gold deposit. Regionally, the Wallaby conglomerate is pervasively 

chlorite-calcite altered, with intact primary coarse-clastic textures showing little to no textural 

destruction. In the mine area, the conglomerate is overprinted by a wide AMEC alteration zone, 

which, in turn, is directly responsible for the increased magnetic susceptibility of the 

conglomerate. The best-fit shape to the magnetic data is a broadly ellipsoid to rectangular pipe, 

which dips 50° 185°, with a moderately magnetic outer rim mantling a weakly magnetic core 
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(Coggon, 2000). A suite of five alkaline dykes intrudes the Wallaby Conglomerate in the centre of 

the gold-deposit. BCM skarn alteration forms narrow zones adjacent, but not restricted to, the 

margins of the carbonatite dykes. Ore zones form a stepping series of sub-horizontal lodes 

associated with a proximal alteration assemblage of dolomite-albite-quartz±muscovite sericite  

fuchsite (Figure 4.25), and an intermediate to distal alteration assemblage of dolomite-sericite-

pyrite-silica haematite. 

The rare earth and trace element composition of Wallaby Syenite dykes is consistent with 

formation as a co-genetic suite with a single magmatic source. It is unlikely that fractional 

crystallisation was involved in magma genesis. Rare dykes with quench textures indicative of 

peperitic intrusion are of the same composition as early-intrusive mafic monzonite dykes. Some 

clasts of the Wallaby Conglomerate have similar composition to some dykes, possibly indicating 

peperitic intrusion of early dyke. This can be resolved with further research. 


