
----r OC U'l'--J 1 

GEOLOGY OF THE 
T ANAMI GOLD MINE, 

NORTHERN TERRITORY 

by 

'} tt "''<, 
Andrew. J. Tunks (BSc. Hons.) 

Submitted in fulfilment of the requirements for the degree of 
Doctor of Philosophy WI- .I_ ~ 

'- -· L )_ \ <{11 ¥ atJJJJJI'~ 

University of Tasmania 
May 1996 



I 

This thesis contains no material which has been accepted for 
the award of any other higher degree or graduate diploma in 
any tertiary institution and, to the best of the author's 
knowledge and belief, the thesis contains no material 
previously published or written by another person, except 
where due reference is made in the text of the thesis. 

Andrew J Tunks. 

ii 



This thesis may be made available for loan and limited 
copying in accordance with the Copyright Act 1968. 

iii 



This thesis is dedicated to people from my past 

Br Rudolph Opitz 

· Mr Pat Waldron 

and to people from my future 

Andrea, Grace and Joseph 

iv 



ABSTRACT 

The Tanami Gold Mine (TGM) is situated 600km NW of Alice Springs in the 

Paleoproterozoic 'Granites-Tanami Inlier' of Northern Australia. The deposit, which was 

discovered in 1904 and has been mined intermittently since, is one of several gold-only 

deposits that occur in the inlier. 

The host rocks to gold mineralisation at the TGM are a sequence of northwest-dipping, 

interbedded tholeiitic pillow-basalts and volcaniclastic-st:jimentary rocks. The sediments 

were deposited by mass-flow mechanisms in a below wave-base subaqueous 

environment. The wholerock geochemistry of the basalts is similar to that of rift tholeiites, 

consistent with an intracontinental tectonic setting at the time of basalt eruption. The 

presence of hematite and high-grade metamorphic detritus in the sedimentary lithologies is 

also consistent with an intracontinental tectonic setting. 

The deformational history of the Tanami area involved two sub-orthogonal episodes of 

folding that generated northeast-trending Fl folds and northwest-trending F2 folds. 

Interference between the two fold generations has created dome and basin interference 

patterns. Illite-crystallinity measurements of sandstones and siltstones from the TGM 

indic~te diagenetic temperatures, probably less than 250°C. 

The metamorphic grade, intensity and number of deformations at the TGM are less than at 

the 'Granites Gold Mine and elsewhere in the inlier. The host rocks to the mineralisation at 

the TGM (Black Peak Formation) are therefore interpreted to be younger than at the 

Granites (Ditjiedoonkuna Suite). Intracontinental rifting during the Palaeoproterozoic 

Leichardt rifting event (1810-1740Ma) created a small rift basin into which the Black Peak 

Formation was unconformably deposited onto a Archaean/Paleoproterozoic metamorphic 

basement. 

The Granites-Tanami Inlier is intruded by at least two distinct granite suites; the Mt 

Winnecke Suite (1830-1815Ma) and the Gregory Suite (1800-1790Ma). The granites in 

both suites are dominantly reduced, I-type granites that are enriched in incompatible 

elements. 

Gold mineralisation at the TGM is hosted within a complex sinistral wrench-fault array 

and associated veins and alteration halos. The main mineralised faults trend approximately 

NS and dip steeply east. Subsidiary structures trend at 030° and 070° and dip southeast. 

Economic gold mineralisation occurs within quartz-carbonate veins and in the surrounding 

sericite + quartz +pyrite± carbonate alteration halos. High-grade southeast-plunging, 

oreshoots are present where the mineralised fault trends intersect. Detailed structural 

studies indicate that the main mineralising event post-dated the bulk of Fl shortening, and 

was synchronous with the emplacement of felsic dykes into the mine sequence. Stress 
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vi 
inversion calculations, based on fault striation populations, have revealed that at the time 

of the Au mineralising event, cr1 was sub-horizontal and SE-NW directed with cr2 sub

vertical. This contrasts with the pre-mineralisation deformation which occurred under a 

similarly directed 0'1, but with 0'3 sub-vertical. Flipping of the stress axes has allowed for 

the formation of steeply-dipping faults that were effective fluid focussing zones during the 

mineralisation event. A range of internally deformed vein textures and the presence of 

crack-seal and extension veins are evidence for cyclic fault rupturing caused ,by variations 
> 

in the fluid pressure, shear stress and permeability of the fault ·zone. 

Mass balance calculations undertaken on the sericitic alteration assemblages that are 

spatially associated with Au mineralisation indicate addition of K, and volatiles (mainly 

C02 and S), and leaching of Si and Na, which caused minor volume loss during the 

metasomatic event. Fluid inclusion studies have revealed the presence of high-temperature 

(300°C), low-salinity (5 wt.%) fluids with low C02 contents. Sulfur and oxygen isotope 

data are consistent with a hybrid magmatic/contact-metamorphic origin for the ore-forming 

solutions, which are inferred to be related to granite emplacement. During migration 

through the footwall the fluids, partly re-equilibrated with wallrocks to acquire their 

characteristic isotopic and geochemical compositions of ()34S=12%o, ()18Q:::::l0%o, K/Rb = 

330. 

Mineralising solutions were weakly.acidic (pH= 5), reduced (S04=/H2S = 0.001) and 

had a high I.S content (0.006 molal); Gol,d was predominantly transported as AuHSO, 

although Au(HS)2- may have also been important, particularly if the pH or I,S was higher 

than estimated. Gold deposition most likely occurred due to H1S loss associated with 

sulfidation reactions as magnetite and hematite, present in the wall rocks, were altered to 

pyrite. Phase separation occurring due to fluid pressure drops in dilational fault zones may 

have also been locally important for gold deposition. 

The ultimate source of gold at the TGM remains unclear. Two possibilities are suggested: 

i) gold was magmatically sourced, and was partitioned into an exsolved magmatic

hydrothermal fluid during magma crystallisation, or ii) gold was present as detrital gold in 

the contact aureole of the grallite and was scavenged and remobilised by magmatic and/or 

contact metamorphic hydrothermal fluids. In the second scenario, Au mineralisation in the 

underlying metamorphic basement may have provided a source of detrital gold in the 

sedimentary lithologies of the Black Peak Formation. 
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CHAPTERl 

INTRODUCTION 

1.1 INTRODUCTION 

The Tanami Gold Mine, located 650 km northwest of Alice Springs, is one of several 

significant Au deposits in the Palaeoproterozoic Granites-Tanami Inlier of the Northern 

Territory. The Granites-Tanami Inlier is becoming one of the major gold provinces of 

Northern Australia. 

Gold was originally discovered at Tanami in 1904, and the Tanami Gold Mine has been 

worked intermittently since then. Large scale, open-cut mining commenced in 1987 and 

finished in January 1994. During this time, approximately seven million tonnes of ore were 

mined at an average grade of 2.1 git Au. New deposits in the area south of the original 

mine site are currently being evaluated (mining re-commenced at Dogbolter, 10 km south 

of the Tanami Gold Mine in December 1995) and are expected to increase the total 

resource to over 1,000,000 ounces of gold. These new deposits oc_cur along strike from the 

Tanami Gold Mine. 

1.2 OBJECTIVES 
This research program was intended to document the geological setting, characteristics and 

genesis of Au mineralisation at the Tanami Gold Mine by: 

• Documenting the geology of the host rocks to the mineralisation at the Tanami Gold 

Mine and the surrounding areas. 

• Establishing the structural history of the Tanami region, and determining structural 

controls on Au mineralisation. 

• Describing the style(s) of Au mineralisation and its related alteration. 

• Establishing the chemistry of the ore forming fluids using fluid inclusion and stable 

isotope techniques and speculate on their possible source(s). 

• Providing a model for Au mineralisation in the Tanami region. 

1 
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1.3PREVIOUS WORK 
Compared to other Proterozoic Inliers in Northern Australia the Granites-Tanami has 

received little attention from geologists. This is probably related to the generally poor 

exposure, deep weathering, and (until the mid 1980's), the lack of significant known 

mineral resources. 

The Bureau of Mineral Resources began an investigation of the Granites-Tanami Inlier in 

the early 1970's as part of an Australia-wide regional geological mapping program. From 

this work they compiled the first detailed geological study of the Granites-Tanami Inlier 

(Blake et al. 1979). This study describes the stratigraphy and rock-types of the inlier, 

provides some information on the deformation and metamorphism history in the area. 

The geology of the Tanami Gold Mine was described by Nicholson (1990) based on the 

initial results of drilling and mining completed in the late 1980's. Plumb (1990) reviewed 

the geology of the inlier based on the work of Blake et al. (1979). 

1.4FIELDWORK 

This research is based on data and samples gathered during four field seasons from 1992 to 

1995. In the first two years, field research was focussed within the lease boundaries of the 

Tanami Gold Mine, and involved logging of diamond drill core and detailed mapping 

within the open pits. During the final two field seasons 1 :25000 scale mapping and 

regional geochemical sampling was conducted to gain a broader perspective on the 

geology of the Tanami area. 

1.5 THESIS ORGANISATION 

This thesis is divided into three major sections: 

1) Regional studies (Chapters 2 & 3) describes geology of the Granites-Tanami Inlier, and 

presents new data and interpretations concerning the geological evolution of the inlier. 

2) Mine-Scale Geology (Chapters 4 & 5). Which describes in detail the stratigraphy, 

sedimentology and whole rock geochemistry of the host sequence at the Tanami Gold 

Mine. 

3) Alteration and mineralisation (Chapters 6, 7, 8 & 9) focuses on the characteristics of the 

gold mineralisation including; structural controls, vein and alteration paragenesis, and 

fluid inclusion and stable isotope results. A genetic model is provided in Chapter 9. 

2 
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1.6 CONVENTIONS AND ACRONYMS 

The name Tanami Gold Mine and associated acronym (TGM) is used specifically for the 

series of open cut mines within Mining Lease-153 (MLS 153; Fig. 1.1). It does not include 

the prospects/deposits at Dogbolter, Redback Rise, and Jim's Find, even though they occur 

along strike from the TGM (Fig. 1.1 ). 

A local mine grid established over MLS 153 by Zapopan N.L has been used for locations 

within that area (Fig. 1.2). Outside MLS 153 standard A.M.G coordinates are used. All 

structural measurements and directional data have been corrected to true North. 

Throughout the figure captions in this thesis the following abbreviations are used PPL = 

Plane Polarised Light; XPL = Cross Polarised Light. Mineral abbreviations are explained 

on a case by case basis in the figure captions. 

All samples referred to in the thesis are given by their field numbers. If collected from 

drilling the sample number will have a three letter code followed by a drill hole number 

and a down hole depth (e.g. TDD32-124 is a sample from 124m down hole from diamond 

drill hole 32). Samples collected from open pits are prefixed by the either the initials of the 

pit or the first two letters of the pit name followed by a number (e.g. HR-19 is sample 19 

from the Hurricane Repulse Pit). All sample details and their University of Tasmania 

catalogue number are given in Appendix 1. 

During the course of this thesis, it has been necessary to redefine parts of the stratigraphy. 

Informal names have been assigned to the newly interpreted units, and are italicised for the 

sake of clarity. 

1.7 METALLOGENY OF THE AUSTRALIAN PROTEROZOIC 

The metallogeny of the Australian Proterozoic has been the subject of several review 

papers, including Wybom et al. (1988), Rutland et al. (1990), Davidson and Large (1994) 

and Solomon and Groves (1994). Other papers (e.g. Plumb 1990; Blockeley and Myers 

1990 and Needham and De Ross 1990) have discussed the mineralisation of the major 

Proterozoic inliers on a case-by-case basis. 

The Australian Proterozoic is characterised by large stratiform sediment-hosted base metal 

deposits. All of these deposits are confined to post-Barramundi Orogeny basins, and in 

particular the 1700 to 1600 Ma sedimentary sequences (Rutland et al. 1990). This class of 

deposit includes the Broken Hill, McArthur River, Cannington, Century and Mt Isa Pb-Zn

Ag deposits. Also found in rocks of this age are the high-grade uranium deposits of the 

East Alligator and Pine Creek areas (Rutland et al. 1990). 
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There appears to be few deposits associated with the Barramundi Orogeny (Etheridge et al. 

1987), or related to Palaeoproterozoic granites in general. The exceptions to this rule are 

the possibly granitoid-related deposits of the Pine Creek Inlier (Etheridge 1990; Stuart

Smith et al. 1993; Hein 1994; Matthai 1994). The lack of granite-related mineralisation is 

thought to be related to the unfractionated nature of Palaeoproterozoic granites (with the 

exception of some granites at 1840-1820 Ma and 1600-1500 Ma), which prevented the 

concentration of elements such as Au, Mo, Sn and Cu by magmatic processes (Wybom et 

al. 1988). 

Despite the presence of five significant Proterozoic gold producing areas in Australia 

(Olympic Dam, Telfer, Tennant Creek, Pine Creek and Granites-Tanami), and records of 

gold production from elsewhere (e.g. Halls Creek, Gascoyne Province), until fairly 

recently, gold exploration has remained largely focussed on the Archaean and/or 

Phanerozoic sequences. In recent years, more attention has been given to the Proterozoic, 

leading to the recognition of a Prot~rozoic copper-gold association (Davidson and Large 

1994), distinct from the classic porphyry Cu-Au association (e.g. Sillitoe 1989). Four 

categories of Cu-Au deposit confined to the Proterozoic have been identified by Davidson 

and Large (1994): 

• Iron oxide dominated, breccia hosted, Cu-U ±Au spatially related to felsic intrusions 

(e.g. Olympic Dam). 

• Stratabound Au-Cu bearing iron formations (e.g. Starra). 

• Unconformity style U ± Cu/PGM/Au Deposits (e.g. Jabiluka). 

• Iron oxide dominated Au ± Cu mineralisation associated with ductile deformation. 

(e.g. Tennant Creek). 

Several theories have been put forward to explain the diversity of mineral deposits in the 

Proterozoic. Davidson and Large (1994) have postulated that mineralisation in many cases 

is related to high salinity, low LS, high /02 fluids. Fluids of this type can form in 

extensional settings containing oxidised and/or evaporitic sedimentary sequences. Oxidised 

Proterozoic granites that are temporally associated with ore formation can act as heat 

engines, and in some cases are the ultimate source of fluids. Rutland et al. (1990) 

suggested that the post-Barramundi sequences are characterised by extensive felsic 

granitoids and volcanics, which were rich in metals and radiogenic elements. Furthermore, 

the extensive evaporitic carbonate sequences probably provided highly saline oxidised 

fluids that had excellent metal-transporting capabilities, which when combined with 

shallow granitic heat sources and fluid focussing provided by deformation, formed the 

various Au-(Cu) deposits. 
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CHAPTER2 

REGIONAL GEOLOGY OF THE GRANITES
TANAMI INLIER 

2.1 INTRODUCTION 

Due to poor exposure aiid deep weathering, the geology of the Granites-Tanami Inlier is 

poorly understood compared to other Proterozoic inliers throughout northern Australia 

(Fig. 2.1). This chapter summarises the tectonic setting of Australia in the Proterozoic, and 

details previous interpretations of the province-~cale regional geology of the Granites

Tanami Inlier. In addition, the geochemistry of the granites exposed within the inlier is 

examined. 

2.2 TECTONIC SETTING OF AUSTRALIA IN THE PALAEOPROTEROZOIC 

During the last decade the prevailing view of Australian Proterozoic tectonics was that 

proposed by Etheridge et al. (1987). They suggested that by the Early Proterozoic 

Australia was essentially cratonised, and vertical accretion was the primary mode of 

crustal , formation. Consequently, the Proterozoic was largely characterised by 

intracontinental tectonics. Supporting evidence for this model includes: i) the similar 

tectonostratigraphic histories of the Palaeoproterozoic inliers in Australia, ii) the uniform 

nature of felsic magmatism across northern Australia (the Barramundi igneous suite; 

Etheridge 1990), and iii) the lack of andesites and rocks of oceanic crustal affinities (Page 

et al. 1984; Etheridge et al. 1987; Wyborn et al. 1987; Wyborn 1988). 

Originally it was proposed that intracontinental tectonics was driven by extensive 

underplating at the base of the crust. This resulted initially in continental extension, 

subsequent sedimentation and finally compressional deformation as a result of crust

mantle delamination and A-subduction (Etheridge et al. 1987; Wyborn et al. 1987). 

However, Ellis (1992) has shown that A-subduction is not a viable mechanism due to the 

positive buoyancy of the delaminated lithospheric slab. More recently it has been 

suggested that Proterozoic intracontinental tectonics was probably driven by plate tectonic 

forces (Solomon and Groves 1994, Etheridge and Wall 1994). However, the thermal and 

compositional structure of the continental lithosphere led to substantially less partitioning 

of 'deformation into narrowly defined plate boundaries. This allowed extensional and 

compressional deformation to propagate further into continental interiors than in the 

Phanerozoic (Etheridge and Wall 1994). 
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Etheridge et al. (1987) proposed a three-fold tectonic-stratigraphic subdivision for the 

development of Palaeoproterozoic basins that involved: 1) an early rift phase dominated by 

coarse elastics and mafic volcanics; 2) a middle, finer grained elastic sedimentary 

sequence that locally contains carbonates, iron formations and carbonaceous units; and 3) 

an upper turbidite facies that may be synorogenic. Sediments deposited during these large 

basin-forming events have been termed the Barramundi Sequence (Etheridge 1990). The 

major, continent-scale Barramundi Orogeny (1870-1850 Ma) terminated basin formation 

and was accompanied by the emplacement of an extensive and uniform suite of I-type 

granites and volcanics (Etheridge et al. 1987; Wyborn et al. 1987; Wyborn 1988; Etheridge 

and Wall 1994). The period immediately following the Barramundi Orogeny is inferred to 

have been a further period of crustal extension and basin formation. In many cases, these 

younger basins directly overlie the Barramundi Sequence (e.g. Rutland et al. 1990). The 

younger basin-forming events are termed the Leichhardt Event (1810-1740 Ma) and the 

McArthur Event (1740-1600 Ma) by Etheridge and Wall (1994). They are distinguished 

from the Barramundi Sequences by basal units which contain abundant bi-modal volcanics 

and quartz-rich elastics that grade upwards into finer elastics, carbonates and evaporites 

(Rutland et al. 1990). 

Several authors including Myers (1990), Myers et al. (1994) and Cooney (1995) have 

proposed an alternative model for the evolution of the Proterozoic of Northern Australia 

whereby numerous fragments of continental crust were assembled by plate tectonic forces. 

Final amalgamation of the Australian continent is interpreted to have occurred between 

1300 and 1000 Ma as part of the Rodinian Supercontinent (Myers et al. 1994). Three major 

cratons are thought to have formed from amalgamated Archaean nuclei by 1800 Ma, with 

each subsequent cratonic amalgamation marked by individual orogenic events. The 

amalgamation events resulted in repeated tectonism along the southern margin of the 

North Australian Craton, including the Strangways (1880-1870 Ma) and Arglike Events 

(1680-1660 Ma; Myers et al. 1994). Evidence to support a plate tectonic model includes: 

· the pr~sence of igneous rocks with oceanic affinities (e.g. Tyler and Thome 1990); the 

possible formation of oceanic crust and development of foreland basins associated with 

several orogens, for example, the Capricorn Orogen resulted from the amalgamation of the 

Pilbara and Yilgarn Cratons at 2000-1800 Ma (Myers et al. 1994). Furthermore, Solomon 

and Groves (1994) showed that the presence of mineral deposits characteristic of 

convergent continental margins, the carbon isotopic compositions of diamonds, and granite 

compositions all pointed to the Halls Creek, King Leopold and Arunta Inliers as sites of 

Archaean and/or Paleoproterozoic subduction. 
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2.3 REGIONAL STRATIGRAPHY OF THE GRANITES-TAN.AMI INLIER 

The stratigraphy outlined in this section is summarised from the available literature on the 

Granites-Tanami Inlier, much of which has been reported by Blake et al. (1979). The 

· information provided here is a necessary background to the discussion in Section 3.7, 

where the regional stratigraphy is revised based on new findings stemming from the 

current study. 

2.3.1 Archaean Gneisses 

Until recently, the oldest rocks exposed in the Granites-Tanami Inlier were thought to be 

the Palaeoproterozoic sediments and volcanics of the Tanami Complex (Blake et al. 1979). 

However, Page et al. (1995; 1996) discovered a late Archaean (2600-2500 Ma) basement 

that underlies much, if not all of the Granites-Tanami Inlier. This basement crops out at 

two separate localities; the Billabong Complex (southeast of the Granites Gold Mine), and 

in Browns Range Dome (Fig. 2.2). The Archaean basement is largely composed of 

gneissic granitic rocks (Page et al. 1995; 1996), which at Browns Range Dome are 

juxtaposed with Proterozoic granitic rocks, although the nature of the contact is unclear 

(Page et al. 1995; 1996). 

2.3.2 Tanami Complex (Palaeoproterozoic) 

The Tanami Complex has been divided into five separate units by Blake et al. (1979) on 

the basis of distribution and lithological components (Fig.2.2). The Kiili Killi, Mt Charles, 

Nanny Goat Creek, Nongra and Helena Creek Beds were interpreted as possible lateral 

equivalents. The distribution of the various units that make up the Tanami Complex is 

illustrated in Figure 2.2. 

The Mt Charles Beds are the host rocks to Au mineralisation at the Tanami Gold Mine 

(TGM). They comprise a sequence of fine- to medium-grained greywacke, phyllite, 

banded iron formation, chert, basalt and minor felsic volcanic rocks. The Mt Charles Beds 

are well exposed by mining at the ·TGM, but poorly exposed elsewhere. Exposure is 

confined to low, rounded hills where subcrop is close to 100%, but in situ outcrop is less 

than 10%. Detailed mapping of the Mt Charles Beds in the TGM area combined with a 

new interpretation of geophysical data, has led to the subdivision of this sequence into 

three informal units: 
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Footwall sequence: This unit is not exposed. It's extent has been interpreted from 

aeromagnetic data (NTGS 1990 survey) and a minimum thickness of 200m is inferred but 

it could be significantly thicker. Based on a similar magnetic response to the Hangingwall 

sequence and lithologies present as float to the east of the TGM, the Footwall sequence is 

interpreted as a thick elastic sedimentary sequence. 

Mine sequence: At the TGM, four 80-150m thick basaltic units occur and are separated by 

100-200m thick sedimentary sequences. Each basaltic package consists of several massive 

to pillowed basaltic bodies that vary from 2 to 30m thick. The units are intercalated with 

thin sedimentary horizons that vary from <1 to 15m thick. The total thickness of the Mine 

sequence at the TGM is approximately lOOOm. The sedimentology and stratigraphy of the 

Mine sequence and the whole rock geochemistry of the basalts are discussed in Chapters 4 

and 5 respectively. 

Hangingwall sequence: This dominantly elastic sedimentary sequence is well exposed at 

Mt Charles and to the west of the TGM. Mapping has shown that the Hangingwall 

sequence has a minimum thickness of 2000m, and grades upward from coarse-grained 

sandstone at the base to silicified siltstone chert and minor jaspilite at the top. Several thin 

felsic volcanic units occur to the west of Mt Charles. Blake et al. (1979) assigned them to 

the Mount Winnecke Formation, suggesting an unconformable relationship with the Mt 

Charles Beds. However, mapping during the current study has shown that these isolated 

outcrops are steeply dipping and tightly folded in a similar fashion to the nearby Mt 

Charles Beds and on this basis, the felsic volcanics are interpreted to be part of the 

Hangingwall sequence rather than the Mount Winnecke Formation. Blake et al. (1979) 

have identified felsic volcanics in the Mt Charles Beds at other localities, but is not 

specific. 

Brief descriptions of the other units of the Tanami Complex have been summarised from 

Blake et al. (1979): 

• Kiili Kiili Beds: schistose greywacke, lithic arenite, siltstone and mudstone, with minor 

quartzite, chert, mafic and felsic volcanic rock (Fig. 2.2). 

• Nanny Goat Creek Beds: a sequence dominated by volcanic rocks including ignimbrite, 

porphyritic rhyolite, mafic lavas and intrusions, with minor greywacke, lithic arenite 

and phyllite (Fig. 2.2). 

• Nongra Beds: interbedded phyllitic shale, siltstone, greywacke and lithic arenite. This 

unit crops out in the northeast part of the inlier (Fig. 2.2). 

• Helena Creek Beds: lithic arenite, greywacke, conglomerate and minor acid volcanic 

rocks that are exposed at the northern margin of the inlier (Fig. 2.2). 
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2.3.3 Late Palaeoproterozoic Formations 

Unconformably overlying the rocks of the Tanami Complex are the late Palaeoproterozoic 

Pargee Sandstone, Supplejack Sandstone and the Mount Winnecke Formation (Fig. 2.2). 

The Pargee and Supplejack Sandstones are probable lateral equivalents, with maximum 

thicknesses of approximately 1500m. Both formations consist of sublithic arenite, 

conglomerate and greywacke (Blake et al. 1979). The Mount Winnecke Formation 

contains abundant felsic volcanic and minor elastic sedimentary rocks, and is intruded by 

the Winnecke Granophyre. Thermal aureoles around the Winnecke Granophyre are 

generally less than one metre wide, indicating high level intrusion, and are characterised 

by abundant tourmaline. Based on the lack of significant contact metamorphism, the 

textural types of intrusive rocks present, and the similar wholerock geochemistry the 

Winnecke Granophyre and the Mount Winnecke Formation were interpreted to be co

magmatic (Blake et al. 1975). 

2.3.4 Birrindudu Basin (Mesoproterozoic) 

Sedimentary rocks of the Birrindudu Basin unconformably overlie the late 

Palaeoproterozoic Formations, the Tanami Complex and the numerous Archaean

Palaeoproterozoic granites. Two major sedimentary sequences have been recognised in the 

Birrindudu Basin: the Birrindudu Group which is unconformably overlain by the Redcliff 

Pound Group (Fig. 2.3). Only the Birrindudu Group is present in the immediate area of the 

TGM (Fig. 2.3). The Gardiner Sandstone is the basal formation of the Birrindudu Group 

(Blake et al. 1975), and crops out extensively in the Tanami area, where it forms low strike 

ridges dominated by sublithic arenite with minor conglomerate siltstone and shale. The 

Talbot Wells Formation conformably overlies the Gardiner Sandstone, and consists of 

chert with lesser sublithic arenite, quartz arenite and shale. The youngest unit of the 

Birrindudu Group is the Coomarie Sandstone, which is composed of sublithic arenite with 

minor quartz arenite, siltstone and shale. The total thickness of the Birrindudu Group is 

approximately 6000m (Blake et al. 1979). Page et al. (1976) reported a K-Ar age of 1560 ± 
20 Ma for glauconite from the top of the Gardiner Sandstone. 

2.3.5 Phanerozoic Stratigraphy 

The oldest Phanerozoic rocks exposed in the Granites-Tanami region are the Antrim 

Plateau Volcanics (Fig. 2.3), a sequence of flat-lying Cambrian tholeiitic basalt lavas with 

intercalated chert.and sandstone beds (Blake et al. 1979). In the Granites-Tanami Inlier the 

thickness of the volcanics is mostly less than several tens of metres (Blake et al. 1979). In 

contrast, the maximum reported thickness of the Antrim Plateau Volcanics is 

approximately 1500m in the Kimberley region (Bultitude 1976). 
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Scattered outcrops of younger flat-lying Palaeozoic rocks such as the Pedestal Beds (Fig. 

2.3), occur throughout the inlier (Blake et al. 1979). Within the study area only one 

· Palaeozoic (Cretaceous) unit has been identified. Flat lying quartz arenites forming a broad 

mesa crop out at 7778000mN 564000mE (Map 1 Appendix 8; map-pocket). These rocks 

have been assigned to the Larranganni Beds based on the presence of marine fossils (M. 

Griffiths pers. comm. 1995). 

2.4 INTRUSIONS 

Granite emplacement has been localised within large domal structures throughout the 

Granites-Tanami Inlier (e.g. Browns Range Dome; Fig. 2.2). The granites range from 

Archaean to Palaeoproterozoic in age (Page and Sun 1994; Page et al. 1995, 1996), 

although due to poor exposure, only a limited number of age determinations have been 

obtained. Apart from previously discussed Archaean granite-gneisses, two Proterozoic 

suites can be defined: the Mount Winnecke Suite, with a U-Pb age range of 1815-1830 

Ma; and a later unnamed post-orogenic suite that has a U-Pb age of between 1790-1800 

Ma (Page and Sun 1994). The later suite (herein called the Gregory Suite) is thought to 

include the Granites Granite, the Slatey Creek and Lewis Creek Granites, parts of the 

Browns Range Granite, together with several unnamed plutons in the core of the Coomarie 

and Frankenia Domes (Fig. 2.2). The nature of the doming involving the granites and the 

Birrindudu Group is discussed further in Chapter 3. 

2.4.1 Petrology of the Mount Winnecke Suite 

The petrology of the Winnecke Granophyre has been investigated by Blake et al. (1979). 

The main rock type is pink to grey granophyre that is commonly porphyritic and consists 

of K-feldspar, plagioclase, quartz and biotite phenocrysts within a micrographic 

groundmass. Other rock types include non-porphyritic adamellite with rare xenoliths and 

porphyritic rhyolite. Whole rock geochemical analyses of eight samples of the intrusive 

rocks and six samples of the volcanic rocks are have been obtained in this study 

(Appendix 2). 

2.4.2 Petrology of the Gregory Suite 

During regional field mapping in the Granites-Tanami Inlier, AGSO (formerly the BMR) 

sampled and analysed most of the granites for petrology and also major and trace element 

compositions. Brief descriptions of the major granites of the Gregory Suite, summarised 

from Blake et al. ( 1979), are provided in the following sections. Figure 2.2 shows the 
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geographical location of the major granites in the Granites-Tanami Inlier. Detailed 

descriptions of the granites that crop out near the TOM are provided. Twenty-six samples 

were collected for this study and analysed for their whole-rock geochemical composition. 

Thirteen were collected from diamond drill core from the Coomarie and Frankenia Domes 

(Blake 1975). The others were collected from surface outcrop, open pits or drilling in the 

vicinity of the TOM (Fig. 2.4). 

Granites Granite 

The Granites Granite consists of pink to grey, locally porphyritic, biotite adamellite with 

associated minor aplite and pegmatite. Feldspars are generally euhedral to subhedral, and 

quartz is generally strained and locally granulated. Biotite has been partially altered to 

chlorite. Other minerals present include muscovite and epidote, with accessory allanite, 

apatite, fluorite, sphene and unspecified opaques. 

Lewis Granite 

The Lewis Granite consists of pink to grey, medium to coarse-grained muscovite- and 

muscovite-biotite-adamellite, with lesser biotite adamellite and cross-cutting pegmatite and 

aplite. There is a well-defined alignment of phenocrysts close to granite margins that 

parallels the contact and is interpreted to represent a flow foliation (Blake et al. 1979). 

Pegmatite and aplite dykes are common and most quartz grains are unstrained. Feldspars 

are anhedral to euhedral and commonly altered to clay and sericite. Primary muscovite is 

well preserved and biotite is partially altered to chlorite. Accessory minerals include 

apatite, fluorite, sphene, tourmaline and opaques. 

Slatey Creek Granite 

Muscovite, biotite-muscovite, biotite-adamellite, and minor biotite-granodiorite 

characterise the Slatey Creek Granite. Pegmatite and aplite dykes are common and the 

granite is locally weakly foliated. The mineralogy consists of quartz (typically strained), 

sericite-altered plagioclase and K-feldspar, muscovite ± biotite. Accessory minerals 

include allanite, apatite, sphene, fluorite and zircon. 

Browns Range Granite 

Brief descriptions of the granites from this area have been provided by Hodgson (1975), 

who stated that most the granites are medium grained and non-porphyritic. Biotite and/or 

muscovite are characteristic. The granites are locally schistose, although the schist referred 

to may in fact be the Archaean gneisses identified by Page et al. (1995, 1996). 
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Coomarie Granite and Frankenia Granite 

With one exception all samples collected from the Frankenia and Coomarie Domes were 

petrographically similar. The majority of the granites examined are intensely weathered, 

and vary in colour from pink to white-pink (Fig. 2.5A). They consist of medium- to 

coarse-grained (1-5mm) randomly oriented, subhedral to euhedral crystals of feldspar (30-

40%) and laths of biotite (10-20%). Quartz (40-50%) occurs interstitial to these earlier

formed minerals and is typically unstrained (Fig. 2.5B). The feldspars are sericite-altered 

and stained by limonite making their relative abundances difficult to determine. Staining of 

two samples with sodium cobaltinitrite revealed approximately equal proportions of K

feldspar and plagioclase. Biotite has been partially altered to chlorite along cleavage 

planes. Small ( < 0.3mm) crystals of apatite occur as solid inclusions in most primary 

minerals and trace amounts of zircon are present as inclusions within quartz. 

One sample collected from the Frankenia Dome (BMR-59) is weakly deformed, and has a 

distinctive mineralogy (Fig. 2.5C). Euhedral to subhedral K-feldspar (15-25%) has been 

completely altered to clay and stained with limonite. Quartz (50%) varies from euhedral to 

intergranular anhedral and has strongly undulose extinction. Within individual quartz 

grains, subgrains have formed and are separated by sutured grain boundaries. Lath-like 

plates of muscovite (30%) and biotite ( 5-10%) define a weak shape-preferred foliation. 

Biotite occurs as dark red-brown, pleochroic grains, and as colourless to pale yellow 

pleochroic plates (lepidolite?). Accessory minerals include minor apatite, tourmaline and 

zircon., Opaque phases (< 5%) have all been oxidised to hematite. The deformation 

observed is significant as it indicates that the granites are not entirely post-deformational. 

Apertawonga Granite 

A small granite crops out southwest of the Apertawonga ridge in the south of the study 

area (Fig. 2.2). This is the best exposure of granite in the study area, and allowed 

relationships within the granite to be examined. The majority of the granite is a medium

to coarse-grained pink granite, similar to the Coomarie and Frankenia Granites. This phase 

is cut by thin ( <lm), fine-grained aplite dykes (Fig. 2.50). There is no obvious preferred 

orientation for the cross-cutting dykes which have straight and complex contacts with the 

surrounding granite. The aplite dykes contain abundant euhedral to subhedral feldspar. K

feldspar (25%) has well-preserved microcline twinning and perthitic structure. However, 

anhedral plagioclase (20%) has been completely altered to clay ± sericite and is stained 

with limonite. Anhedral quartz (45-50%) and small irregular laths of biotite (<5%) are also 

present. Zircon is rare, occurring as inclusions in quartz crystals. Two whole rock 

geochemical analyses of the granite (AP-2 & AP-4) and two of the aplite dykes (AP-1 & 

AP-3) are presented in Appendix 2. 
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Figure 2.5 A) FR-2A Handspecimen of granite collected from the Frankenia Granite showing 
typical equigranular texture. 

Figure 2.5 B) BMR 05 Photomicrograph (XPL) of granite from the Coomarie Dome. Note the 
complete sericitisation of the plagioclase, whereas K-spar is relatively unaltered with crosshatch 
twinning (top left) and perthitic structure preserved. 

Figure 2.5 C) BMR 59 Photomicrograph (PPL) of weakly deformed muscovite-biotite granite. 
Muscovite indicated by arrows. 

Figure 2.5 D) AP-2 Photomicrograph (PPL) of weathered aplite from the Apertawonga granite 
(AP-1). Opaque mineral is hematite. 

Figure 2.5 E) Aplite from the Hurricane-Repulse Pit. This dyke is intruded parallel to S0 in the 
surrounding fine-grained sandstones and siltstones of the Mine sequence. 

Figure 2.5 F) HR-FDl Photomicrograph (PPL) of alteration within an aplitic dyke from the TGM. 
The black arrow points to a crosscutting quartz vein. PL = relict feldspar now completely altered to 
sericite. 

Figure 2.5 G) RDH 100-126.5 Handspecimen of mafic dyke with quartz-carbonate vein. Collected 
from diamond drill core at the Redback prospect approximately 10 km south of the TGM. 

Figure 2.5 H) RDH 100-129.5 Photomicrograph (PPL)of a chilled margin (top and right) within a 
mafic dyke from the Redback Rise prospect. This dyke has intruded into basalt (bottom and left). 
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Felsic dykes (from the TGM) 

Eight felsic dykes are exposed in open pits at the TGM (Fig. 2.5E). The dykes have been 

intensely altered, and primary textures almost completely destroyed. In thin section, relict 

feldspars have been completely replaced by sericite. These pseudomorphs are set in a 

groundmass of sericite, clay and minor muscovite. The dykes are cross-cut by veinlets with 

a microcrystalline quartz infill but no primary igneous quartz was observed (Fig. 2.5F). 

Two samples of the felsic dykes were analysed by XRF for the whole-rock geochemical 

database (Appendix 2). One sample (HR-FDl) is from an east-west trending dyke in the 

central part of the Hurricane-Repulse Pit, whereas sample BO-FDl is from the Bouncer 

Pit, where the dykes trend east-north-east. 

MaficDykes 

In 1995, exploration drilling by the Central Desert Joint Venture (CDN) at Redback Rise 

to the south of the TGM i~tersected several narrow mafic to intermediate dykes (Fig. 2.4). 

Field relationships are uncertain, however an intrusive origin is consistent with the 

observed chilled margins and discordance to bedding (Fig. 2.5G, H). The dykes consist of 

euhedral to subhedral plagioclase (25%) partly enclosed by interlocking subhedral K

feldspar (20%), h?rnblende (15%) and minor clinopyroxene (<2%). Quartz (20%) is 

largely anhedral and interstitial to the feldspars. Small (<0.2mm) laths of biotite (<10%) 

are preserved as inclusions within quartz. Fine grained ilmenite comprises less than 1 % of 

the dykes. Although no clear timing relationships are evident, the dykes have been affected 

by intense chlorite-carbonate-sericite alteration. Feldspar has been completely sericitised 

and ragged patches of carbonate and chlorite are present through-out the samples. Five 

XRF whole rock geochemical analyses of the mafic dykes are included in Appendix 2. 

2.5 GEOCHEMISTRY OF THE FELSIC INTRUSIONS 

As well as studying the petrology of the granites AGSO, also analysed many samples for 

major and trace elements by XRF. This largely unpublished data were made available to 

the author by Dr L.A.I. Wybom, and have been combined with petrology and whole rock 

analyses from the 26 samples collected during this study. The samples collected by the 

author were analysed by ICP-MS (Inductively Coupled Plasma-Mass Spectrometry) at 

Genalysis (Perth) for a large suite of major and trace elements (Appendix 2). Table 2.1 

lists the major and trace element data of samples with the lowest and highest Si02 values 

from each granite pluton. Values for an 'average' I-type granite from the Lachlan Fold 

Belt (Chappell and White 1992) are also provided for comparison. 
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Pluton MWF MWF MWG MWG BRD BRD SCG SCG TGG TGG TLG TLG APG APG TCD TCD TFG TFG TMD TMD TFD TFD LFB 

Si02 71.46 72.00 71.40 77.00 67.32 75.59 69.67 80.81 71.21 76.48 60.57 73.23 72.73 83.43 69.18 78.08 74.87 79.15 53.48 55.62 66.25 74.87 69.50 
Ti02 0.47 0.57 0.53 0.12 0.54 0.27 0.32 0.37 0.33 0.04 0.73 0.15 0.30 0.05 0.57 0.26 0.28 0.12 0.93 1.00 0.58 0.33 0.41 

Al203 13.02 12.90 12.80 12.10 15.11 11.70 15.48 10.74 14.32 12.84 16.74 14.09 13.98 10.20 14.14 10.58 9.26 13.23 14.36 14.36 16.25 13.98 14.21 
IFe 3.50 3.65 4.05 1.35 3.35 2.52 2.71 0.21 2.53 0.57 5.60 1.81 2.49 0.64 5.56 1.30 6.28 0.73 8.16 7.05 5.12 1.18 3.23 
Fe20 3 0.89 0.50 1.10 1.00 1.44 0.61 0.63 O.Ql 0.30 0.15 2.90 0.46 2.36 0.44 5.43 1.17 6.15 0.60 1.79 1.00 4.86 0.99 1.01 
FeO 2.61 3.15 2.95 0.35 1.91 1.91 2.08 0.20 2.23 0.42 2.70 1.35 0.13 0.19 0.13 0.13 0.13 0.13 6.37 6.05 0.26 0 19 2.2::! 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.10 0.11 0.01 0.00 007 
MgO 0.47 0.59 0.32 0.04 1.51 0.61 0.90 O.Q7 0.54 0.06 2.44 0.34 0.55 0.10 0.22 0.20 0.17 0.15 7.46 6.14 0.86 0.40 l 38 
Cao 1.65 0.39 1.58 0.33 2.07 1.08 2.89 0.02 1.72 0.59 5.78 0.70 0.02 0.04 0.06 0.06 0.06 0.06 3.29 4.62 0.15 0.04 3.07 
Na20 2.43 2.30 2.65 3.00 3.92 2.92 3.70 0.17 3.41 3.83 3.57 3.07 0.53 0.72 1.49 0.58 0.30 1.13 0.94 2.28 1.38 0.80 3.16 

K20 5.23 5.75 5.40 5.65 3.32 2.57 2.98 4.57 4.51 4.99 2.02 4.98 1.57 2.89 0.51 0.12 0.20 3.43 2.83 1.63 2.89 4.10 3.48 

P20s 0.15 0.15 0.09 0.16 0.20 0.08 0.03 0.01 0.11 0.01 0.22 0.22 0.02 0.00 0.03 0.00 0.00 0.02 0.23 0.23 0.06 0.02 0.11 
LOI 1.30 0.00 0.00 0.00 1.93 0.00 0.00 0.00 0.58 0.32 1.81 1.16 5.83 3.22 7.52 5.10 5.00 3.68 7.99 7.44, 5 56 2.37 x 
Total 99.68 98.30 98.82 99.75 99.27 97.34 98.68 96.97 99.26 99.73 99.48 99.75 98.03 101.30 99.28 96.29 96.42 101.70 99.77 100.48 99.11 98.08 98.62 

ASI 1.06 1.25 1.00 1.07 1.13 1.25 1.07 2.05 1.07 1.01 0.93 1.26 5.48 2.33 4.66 8.91 11.28 2.34 1.43 1.07 2.94 2.42 0.99 

Ba 652 715 858 14 956 79 742 457 696 99 522 190 800 380 86 23 25 1100 320 330 540 460 519 
Ce 100 113 165 104 86 129 69 73 102 15 53 47 46 11.8 13.5 2.1 12 84 72 74 48 43 66 
Cr 6 198 x 239 38 278 223 211 x x 21 1 12 4 48 8 6 2 135 130 88 18 20 
La 49 56 83 53 . 52 64 36 37 55 9 26 25 60 6 30 2.6 2.8 42 37 39 26.5 23.5 31 
Li 43 25 59 3 20 116 71 4 70 4 29 194 12 1.5 10.4 11 4.3 1.6 48 42 12 19 5 x 
Mo 2 3 7 5 2 3 5 4 2 2 2 3 x 0.5 1 x 0.5 x x 0.5 0.5 0.5 11 
Nb 13 13 20 11 12 30 9 10 16 37 10 22 5.5 11.5 8.5 7.5 8 7 4.5 4.5 4.5 6.5 x 
Nd 43 46 59 39 34 44 22 25 42 10 26 20 26.5 3.7 11.2 1.9 2.6 27.5 30 30 19 16 8 
Ni l x 6 6 20 7 12 8 4 1 6 4 11 4 49 6 5 3 86 82 41 9 19 
Pb 19 23 38 27 19 27 28 28 37 70 11 39 38 24 20 4 4 26 6 8 6 4 164 
Rb 302 303 307 393 78 320 136 171 194 168 65 511 155 240 27 9.8 15 185 66 54 96 114 235 
Sr 79 67 83 10 352 45 411 46 160 39 479 40 34 13 31 11.4 9.4 43 52 175 14.5 8.4 20 
Th 35 35 37 41 16 59 15 23 22 11 9 21 13.5 27.5 9.8 12.5 29.5 24 19 19 10.4 13 x 
u 9 8 9 11 4 40 3 5 5 18 2 16 3.2 2.9 2.7 1.6 1.9 4 3.7 3.9 2.7 28 31 
y 55 54 83 87 11 39 15 26 24 55 28 20 7 7.4 6.4 3.3 12 13 18 16.5 13 9.8 150 
Zr 224 242 369 119 189 178 137 206 208 35 207 83 100 100 150 100 300 100 150 250 100 150 

MWG = Wmnecke Granophyre, MWF =Mt Winnecke Formation, BRG =Browns Range Granite, SCG = Slatey Creek Granite, TGG =The Granites Granite 
TLG =The Lewis Granite, APG = Apertawonga Granite, TCD =The Coomarie Granite, TFG =The Frankenia Granite, TMD = Tanami Mafic Dyke, TA= Tanami Felsi Dyke 

LFB = Average I -type from the Lachlan Fold Belt Data from Chappell & White ( 1992). X = Below Detection or not analysed for. 

Table 2.1 Whole rock major and trace element analyses for granites from the Granites-Tanami Inlier. 

The highest and lowest Si02 contents from each granite are listed. All analyses listed in Appendix 2 
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With the exception of the mafic dykes, all the samples collected during this study were 

strongly weathered (including samples from AGSO stratigraphic drilling). Element 

mobility during weathering has been documented in a variety of settings (e.g. Latham and 

Schwarcz 1987, Middelburg et al. 1988, Thomber 1992). Within the granites major and 

trace elements have been strongly mobilised by weathering. Table 2.2 compares analyses 

of 'fresh' granites from the AGSO database and the weathered samples analysed during this 

study. Comparison of the data shows that K, Na, Ca, Sr, U and Y have been leached, 

whereas Si has been added. Importantly, weathering has strongly affected the 

ferric/ferrous-iron ratios with ferric-iron more prevalent in the weathered granites. 

Strongly weathered samples have therefore been excluded from the variation diagrams, 

discussed below, that use effected elements. 

AGSO SAMPLES THIS STUDY 
Average Standard Average Standard 
(n=49) deviation (n =26) deviation 

Si02 72.71 3.01 74.53 4.50 
Ti Qi 0.30 0.17 0.25 0.14 

AI203 13.74 1.22 13.95 2.16 
I.Fe 2.24 1.08 2.56 1.74 

Fe203 0.69 0.53 2.37 1.75 
FeO 1.55 0.84 0.19 0.13 
MnO 0.00 0.00 0.01 0.01 
MgO 0.55 0.46 0.37 0.25 
Cao 1.24 0.95 0.07 0.04 

Na20 3.02 0.79 0.93 0.64 
K20 4.68 1.05 2.09 1.51 
P205 0.10 0.06 0.02 0.02 
LOI 0.64 0.76 4.91 1.39 
Total 99.21 0.36 99.69 2.24 

Fe203/LFe 0.32 0.18 0.88 0.10 
ASI 1.17 0.22 5.88 4.21 

Ba 
' 

526 278 362 301 
Ce 82 43 43 34 
Cr 134 109 15 20 
La 44 23 29 23 
Li 56 48 9 5 
Mo 1 3 1 0 
Nb 15 8 7 2 
Nd 31 17 18 14 
Ni 5 4 11 12 
Pb 32 12 19 12 
Rb 266 135 122 79 
Sr 131 112 23 11 
Th 26 14 17 8 
u 10 8 3 1 
y 33 23 9 4 
Zr 161 71 121 52 

Table 2.2 Comparing the average values for all Granites-Tanam1 granites sampled and analysed by 
AGSO (49 samples) with granites sampled and analysed for this study (26 samples). 
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The granites of the Granites-Tanami Inlier are high in Si02, K20, U and Th, they are low 

in MgO, NaO, CaO and P20 5 when compared 'to average I-type granites (Chappell and 

White 1992). Based on the classification scheme of Shand (1947), all samples are 

peraluminous, with values of Al20 3/(CaO+K20+Na0) in the range of 1.3 ('fresh') to 50 

(strongly weathered). Using a plot of Fe20 3/Fe0 against SiQ2 (after Lehmann 1990; Fig. 
-

2.6), most of the fresh granites fall beneath the dividing line between the magnetite and 

ilmenite fields using the scheme of Ishihara ( 1977). The strongly weathered samples plot 

exclusively in the magnetite field. As reported above, the original descriptions of the 

various granites by Blake et al. (1979) contain unspecified iron-oxides as opaque phases. 

With the exception of the mafic dykes from Dogbolter that contained ilmenite, all samples 

collected during this study were too weathered to distinguish the original opaque 

mineralogy. When examined on aeromagnetic images the large domal granites of the 

Gregory Suite typically have a low magnetic signature, indicating a lack of magnetite and 

a probable reduced nature. 

On plots of Cao and Na20 + K20 versus Si02 (Fig. 2.7), the granites of the Granites

Tanami Inlier have been classified as calc-alkaline using the alkali-lime index of .Peacock 

(1931). Only the AGSO and mafic-dyke data were used for this classification, due to the 

weathered nature of the surface samples. The calc-alkalj classification of many Proterozoic 

granitoids has been discussed by Etheridge et al. ( 1987) who found that in general most 

'Barramundi' age Proterozoic granites are too silica enriched to properly define an iron

enrichment trend on a standard AFM diagram. For this reason, the classification of 

Proterozoic granites as calc-alkaline is considered unjustified by Etheridge et al. (1987). 

The Granites-Tanami granites can also be classified using the I & S type classification of 

Chappell and White (1974; 1984; 1992). The best discriminator is the ASI index of Zen 

(1986), which must be applied with some caution, because the index is susceptible to 

alteration and weathering. ASI values for the granites analysed during this study vary from 

0.9 to 16.7. The higher values were obtained from granites that have been almost 

completely leached of K, Na and Ca during weathering and can be discounted. Omitting 

strongly weathered samples, the bulk of the 'fresh' rock data falls between 0.9 and 1.3 (Fig. 

2.8). S-type granites have ASI greater than 1.1, whereas I-types may be~ 1.1 at levels of 

Si02 > 72%. (Wybom et al. 1992). The presence of hornblende and small amounts of 

clinopyroxene in the most mafic granites and biotite in the more felsic granites from the 

Granites-Tanami Inlier are consistent with an I type classification. 
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Wyborn et al. (1992), found that Australian Proterozoic granites could be subdivided into 

five classes, based on characteristic patterns on multi-element, primitive-mantle 

normalised, abundance variation diagrams. These five types summarised from Wyborn et 

al. ( 1992), are: 

• 1) I-type, Sr-depleted, Y-undepleted, restite dominated. 

• 2) I-type, Sr-depleted, Y-undepleted, fractionated low in incompatible elements. 

• 3) I-type, Sr-depleted, Y-undepleted, enriched in incompatible elements. 

• 4) I-type, Sr-undepleted, Y-depleted. 

• 5) S-type, Sr depleted, Y-undepleted. 

This classification is useful because it provides some indication of the degree of 

divergence away from primitive mantle values (ie., their common source). Within the five 

· fold division, two sub-groups are obvious: Sr-depleted, Y-undepleted; and Sr-undepleted, 

Y-depleted. Tarney et al. (1987) and Wyborn et al. (1988) regarded this distinction as 

source-inherited and related to the presence of plagioclase in the source region for the Y

undepleted or Sr-depleted group and the presence of garnet for the Sr-undepleted, Y

depleted. This is, in tum, related to the depth Of partial melting, with plagioclase-residual 

source areas being shallower than garnet residual source areas (Wyborn et al. 1992)'. The 

preponderance of Sr-depleted, Y-undepleted granites in the Proterozoic are consistent with 

the underplating models for crustal growth advocated by Etheridge et al. (1987) and 

Wyborn (1988). 

Figures 2.9 and 2.10 are multi-element, primitive-mantle normalised, variation diagrams 

for the various granites of the Granites-Tanami Inlier. All analyses fall into the Sr

depleted, Y-undepleted sub-group. All plots show a similar overall pattern with significant 

enrichment of the incompatible elements and troughs at Nb and Sr with relative 

enrichments in Y. Caution must be used when interpreting these plots, especially at high 

silica values (>70%), as excessive fractionation or restite separation can lead to plagioclase 

crystallisation resulting in Sr depletion (Wybom et al. 1992). This is especially relevant for 

the majority of the samples analysed from the Granites-Tanami, where Si02 values are 

typically> 70wt%. For this reason, the lowest, intermediate and highest Si02 values for 

each granite have been plotted. In each case the sample with the highest Si02 has the 

lowes(Sr values, and commonly has higher Y values. 
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Figure 2.9 A) The multi-element primitive mantle normalised scatter diagram for the Winnecke 
Granophyre. Data is shown for the maximum, intermediate and minimum values of Si02 for the pluton. 
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Chapter 2 - Regional Geology 

Further classification of the Granites-Tanami granites is dependent on their relative 

enrichments or depletions in incompatible elements. Figure (2.11 a-n) shows the variation 
' 

of several elements and element ratios with increasing silica content. When considered as a 

whole, the granites of the Granites-Tanami Inlier show the following geochemical trends: 

1) Exponential increase in U, Rb, Y Nb and Li with increasing Si02 (excluding the 

weathered samples). 

2) Linear decrease in CaO, Sr, Ti02 and P20 5 with increasing Si02 (MgO shows a curved 

fractionation trend). 

3) ASI values for the 'fresh' rocks vary from 0.9 to 1.36 and show a weak trend towards 

lower ASI with increasing Si02. 

4) The granites are reduced, with a mean Fe203'(Fe203+FeO) value of 0.3 for the samples 

unaffected by weathering. 

2.6 DISCUSSION 

Despite a protracted history of emplacement the granites of the Granites-Tanami Inlier 

show broadly similar geochemical signatures and can be classified as peraluminous, I-type 

granites that are Sr- depleted, Y-undepleted, fractionated and low in incompatible 

elements. Based on these classifications, the granites are interpreted to have been sourced 

from infracrustal material that has never been exposed to the sedimentary cycle (Chappell 

and White 1974; 1984). Plagioclase rather than garnet is inferred to have been present in 

the source region constraining the depth of partial melting to less than 45 km (Wybom et 

al. 1992). 

The ultimate source of Australian Proterozoic granites is problematical. The multi-element 

patterns of the Sr-depleted, Y-undepleted granites are dissimilar from those of modem 

subduction zone granites (Wybom et al. 1992). Subduction is therefore concluded not to 

have been involved in the generation of these granites. Wybom et al. (1992) use the 

presence of a high velocity seismic layer underneath Australian Proterozoic provinces to 

infer the presence of a major underplated mafic layer that was the ultimate source of the 

granites in the Proterozoic. This underplated layer is not found beneath other tectonic 

settings that characteristically have Sr-depleted and Y-undepleted I-type granites such as 

island arcs and continental margins (Wybom et al. 1992). 

The granites of the Granites-Tanami Inlier show many similarities to the Cullen Batholith 

of the Pine Creek Inlier (Stuart-Smith et al. 1993). These similarities include: i) their 

Sr-depleted, Y-undepleted, I-type signatures; ii) their dominantly reduced nature 

(0.4 < Fe203'(Fe203+FeO) > 0.1 for the Cullen Batholith, Stuart-Smith et al. 1993); and 

iii) an exponential increase in Rb, Li, U and Y with increasing fractionation. Recent 

studies of mineral deposits in the Pine Creek Inlier (e.g Hein 1994; Matthai 1994) have 
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suggested a genetic link between several of the Au deposits and magmatic fluids derived 

from various fractionated phases of the Cullen Batholith. 

In general, oxidised magnetite-bearing (usually I-type) granites are associated with Cu, Au 

and Mo mineralisation (Ishihara 1977; Burnham and Ohmoto 1980; Blevin and Chappell 

1992; Wyborn 1994; Blevin 1996; Blevin et al. 1996). However, it has been recently 

argued that Au in oxidised magmas may be partitioned into magnetite during fractional 

crystallisation thus making them less prospective (Blevin et al. 1996). Wall (1989) 

recognised that granite types varying from oxidised, I-type through to reduced, S-type 

granites are spatially related to 'thermal aureole' gold mineralisation. On the basis of this 

observation, Wall ( 1989) concluded that magmatic affinities have little bearing on the 

presence of associated gold mineralisation. 

Although this study has gone some way towards classifying the granites in the Granites

Tanami Inlier, it is by no means complete. In reality what has been shown is that there is 

considerable variation in the data and a range of granite types exist. This is no surprise, the 

Cullen Batholith of the Pine Creek Inlier can be divided into twenty-five separate units, 

based on cross-cutting relationships, mineral assemblage, K/Rb, ASI, and oxidation state 

(Stuart-Smith et al. 1993). Poor exposure in the Granites-Tanami Inlier precludes this level 

of Ufl:derstandi~g. 

2.7SUMMARY 
• The Granites-Tanami Inlier has been less studied when compared to other inliers of 

similar age. This is due to a combination of intense weathering, poor exposure and the 

remote locality. 

• An Archaean basement to the Palaeoproterozoic rocks has been confirmed at two 

localities. 

• All currently known gold deposits have been reported to be hosted in the Mt Charles 

Beds part of the Palaeoproterozoic Tanami Complex. 

• Granite geochemistry is variable, however, the majority of the data suggest the granites 

are I-type, Sr-depleted, Y-undepleted and enriched in incompatible elements. The 

oxidation potential of the granite magmas appears to be low, probably ilmenite series. 

The granites of the Gregory Suite are similar in major- and trace-element geochemistry 

to the Cullen Batholith in the Pine Creek Inlier. 

• The variation in granite geochemistry could easily result from substantial variation 

within the granites themselves. Several phases of granite may be present within each 

major batholith. This has been shown to be the case for the Browns Range granite 

where both Archaean and Paleoproterozoic granites are present. 
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CHAPTER3 

REGIONAL STRUCTURE 

3.1 INTRODUCTION 

This chapter reviews the structural geology of the Granites-Tanami Inlier as documented in 

previous literature, and then describes the results of regional mapping within the detailed 

study area completed by the author (Fig. 3.1). The new results are then combined with 

previous work to provide a new interpretation of the geological history of the Granites

Tanami Inlier. 

Within the detailed study area several methods were used to investigate the regional 

geology and establish a structural history. These involved detailed mapping at 1:200 scale 

of selected exposures of Mt Charles Beds (Appendix 8; Maps 2 & 3); and 1 :25,000 scale 

aerial-photography interpretation combined with field mapping in areas of reasonable 

exposure to produce a 1:25,000 scale geology fact map (reduced to 1:80,000; Appendix 8 -

Map 1). For studies of a regional and inlier scale, the use of geophysical images are 

essential, with the most useful information derived from aeromagnetic images. 

I 

3.2 INLIER-SCALE STRUCTURAL GEOLOGY AND METAMORPIDSM 

Blake et al. ( 1979) made only brief observations on the regional metamorphism and 

structure of the Granites-Tanami Inlier. The metamorphic grade of the Tanami Complex 

was reported to be mostly greenschist facies with local areas up to almandine amphibolite 

facies. "The grade of metamorphism in the northeast appears generally lower than in the 

south and west" Blake et al. (1979). Three fold generations were identified, although their 

timing relationships were not well constrained. The two main structural trends identified 

by Blake et al. (1979) were a northerly trend prevalent in the northeast of the inlier and a 

southeast trend prevalent in the west and south of the inlier. These structural trends were 

interpreted to have been developed before the main stage of granite intrusion. More recent 

work has shown that the Palaeoproterozoic rocks that form the bulk of the inlier can be 

separated into two distinct structural domains; Domain 1 in the south and west of the inlier 

and Domain 2 in the north of the inlier (Ding and Giles 1993; Etheridge et al. 1995; this 

study, Fig. 3.1). 
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Etheridge et al. ( 1995) referred to the major structural discontinuity which in part separates 

these two domains as the Trans-Tanami Fault, and suggested that it extends into the King 

Leopold Mobile Zone to the northwest, and the Arunta Inlier to the southeast. With the 

exception of the TOM and associated prospects (e.g. Redback Rise, Dog bolter and Jim's 

Find) all known major gold deposits in the Granites-Tanami Inlier (e.g. The Granites, Dead 

Bullock Soak and Callie) lie in the southern part of Domain 1 and adjacent to the Trans

Tanami Fault (Fig. 3.1). 

No work has been published on the structure of the western part of Domain 1. However, 

detailed structural analysis has been completed in the vicinity of the Granites Gold Mine in 

the south of Domain 1, and up to five major deformational events have been documented 

(Ding and Giles 1993, Adams et al. 1994): 

• D 1: Rootless, isoclinal, recumbent folds with an accompanying subhorizontal 

schistosity and mineral lineation. 

• D2: Tight, upright NE-trending folds that transpose bedding. 

• D3: Tight to isoclinal NW trending folds with an associated penetrative schistosity. 

• D4: Subvertical, open to close, N-NW trending folds with a local schistosity. 

• D5: Gentle N-S trending folds and steep reverse faults. 

Granite intrusion is reported to have continued throughout the deformational history of the 

Granites Gold Mine (Ding and Giles 1993). However, the granites are volumetrically 

dominated by the unfoliated Granites Granite, which postdates the D3 folding event (Ding 

and Giles 1993). The observed metamorphic grade is upper greenschist facies and was 

related to the Barramundi Orogeny. Peak regional metamorphism is interpreted to have 

been synchronous with D 1 (Ding, and Giles 1993). The regional greenschist assemblage 

has been locally overprinted by amphibolite grade contact metamorphism related to the 

intrusion of the 1790-1800 Ma post-orogenic Gregory Suite (Etheridge et al. 1995; 

Scrimgeour and Sandiford 1993). 

Deformation in Domain 2 differs in style and intensity from that in Domain 1, and is 

described in detail below in sections 3.2.1 and 3.2.2. Within the detailed study area two 

major ductile deformations were recognised in the rocks of the Tanami Complex. Both 

deformations are variable in intensity and style, depending on the stratigraphic level of 

observation. At least one later weak phase of deformation has affected the overlying 

sediments of the Mesoproterozoic Birrindudu Group (see Section 3.3). However, the 

effects of this final deformation have not been recognised in the Tanami Complex. 
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A number of faults are apparent on geophysical images, but with the exception of late 

faults within the Birrindudu Group, are hard to locate on the ground. At the TOM where 

excellent exposures are available due to open-cut mining, a structural history has been 

established, which is discussed in Chapter 6. 

3.3 REGIONAL STRUCTURAL GEOLOGY (DOMAIN 2) 
The Tanami Complex is moderately deformed in the vicinity of the TOM. A structural 

history has been constructed on the basis of overprinting relationships, structural style and 

orientation. Intense surficial silicification has made the recognition of tectonic surfaces 

difficult but has accentuated the primary layering in many places. To this extent, fold style 

and orientation proved the most useful tools for structural analysis, because cleavage 

overprinting relationships were seldom recognised. 

3.3.1 Dl 

Within the detailed study area, the oldest recognisable structural features that crop out are 

upright, closed to tight folds (Fl), with wavelengths of several to tens of metres (Figs 3.2A 

& 3.3A). Fl folds exhibit variable plunges and plunge directions but fold axes maintain a 

consistent trend of NE-SW (Fig. 3.2B). They are classified as type lC or 2 folds on the 

dip-isogon classification of Ramsay (1967). Locally, Fl folds are accompanied by a weak 

axial planar, fine-continuous cleavage with no foliation in the microlithons (cleavage 

nomenclature after Twiss and Moores 1992; Figs. 3.2C & 3.3B, C).The cleavage is best 

developed in Fl fold hinges, but is also present in the limbs at a small angle to bedding. S1 

cleavages are present only in the mudstones and fine-grained sandstones, and was not 

recognised in the cherts and coarser grained sandstones. 

Variations in the plunge of Fl folds and the strike of the S1 cleavage has resulted from 

rotation during D2 (Fig 3.2B, C).However, a small rotation of S1 from NE-SW striking, 

and of Fl from consistently 030/210 trending in the centre and north of the study area, to 

N-S striking/trending in the south of the study area, may be related to late stage granite 

intrusion and subsequent expansion ("ballooning tectonics"; Ramsay 1989) and/or late 

sinistral movement on major northwest-striking faults such as the Gardiner and Trans

Tanami Faults. 

In the central portion of the study area at the TOM the Mine sequence dips 45-65° towards 

305-320° and is consistently upwards facing. There are no recognisable mesoscopic folds 

and/or cleavage related to the Dl event (some minor folds and weak foliations are 

associated with faulting; Chapter 5). Mapping of S 1 and S0 vergence relationships west of 
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Figure 3.3 A) Tight, steeply-plunging, asymmetrical F1 fold within the Hangingwall sequence, 800m 
west of the TGM (7791060mN 571870mE). 

Figure 3.3 B) Subvertical 035° striking closely spaced cleavage in Hangingwall sequence siltstone 
(7792360 mN 573910 mE). 

Figure 3.3 C) Photomicrograph (PPL) of S 1 cleavage within weathered siltstone (collected from same 
locality as Figure 3.3B). Note the discontinuous nature of the cleavage and the lack of a preferred 
mineral orientation in the microlithons. 
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the TGM (Map 2 - Appendix 8), consistently indicate the presence of a major Fl anticlinal 

hinge to the east. These relationships are interpreted to suggest that the TGM is situated on 

the west-dipping limb of a first order Fl syncline situated between two major granites. 

The first order Fl folds are not fully exposed due to their long wavelengths, but are easily 

recognisable in aeromagnetic images of the area (Fig. 3.4). A major syncline-anticline pair 

fold train occurs between th~ Coomarie and Frankenia Domes (Figs. 3.4 & 3.5). These 

large scale structures have been classified as Fl as they have the same trend as small scale 

Fl folds recognised in this area. The fold wavelength for· the first order folds is 

approximately 8-lOkm although this is difficult to assess as the western boundary of the 

Frankenia granite is not well constrained and part of the fold structure has been stoped out. 

Small roof pendents of Mine sequence basalt within the Frankenia granite are interpreted to 

be the remnants of the west dipping limb of an anticline to the east of the TGM (Fig. 3.5). 

This may indicate that the current level of exposure of the Frankenia Granite is near the top 

of the original intrusion. 

3.3.2D2 
D2 folds are upright, have gentle to close interlimb angles and variable plunges with 

constant fold axis and cleavage orientations (Fig. 3.2D, E). F2 folds have folded S0, S1, and 

FI folds, they have a large variation in wavelength, with first order folds having -

wavelengths of several kilometres. The morphology of the cleavage associated with the F2 

folds (S2) varies dependent on the tightness of folding and lithology. In areas of gentle to 

open F2 folding, S2 is a fanning, spaced disjunctive cleavage which varies in strike by up 

to 45° around a single fold closure (Fig. 3.6A). In areas of close F2 folding the cleavage is 

a closely spaced ( <5mm) smooth disjunctive cleavage (Fig. 3.6B, C). Clear overprinting 

relationships between the S 1 and S2 cleavages were not observed. The relative timing of 

the two fold generations has been established by type 1 fold interference patterns 

(Ramsay 1967), recognised during detailed mapping of the Hangingwall sequence (Maps 2 

& 3
1

- Appendix 8) 

Two ares have been identified where D2 structures are more strongly developed. In the Mt 

Charles area and immediately west, superposition of F2 on Fl has resulted in a large basin 

that has been modified in the southeast corner by extensive late faulting (Fig. 3.5). To the 

southwest of the TGM, F2 folds are also prominent (Fig. 3.5). The Jim's Find prospect is 

located at the culmination of a northwest trending, doubly-plunging, F2 antiform that has 

exposed the prospective lithologies of the Mine sequence (Fig. 3.5). Immediately 

southwest of the Jim's Find Prospect, in the Apertawonga area, prominent silicified cherts 

and siltstones are folded about a large F2 antiform that plunges moderately towards 310° 
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Figure 3.4 Regional aeromagnetic data and interp1etation (overlay) showing the position of 
the major gran i1 es and the two dominant structurn l trends (see text for discussion). 
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Figure 3.5 Geological interpretation of the detailed study area, based on mapping and aeromagnetic 
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are not shown on this map (see Figure 3.7). 



Figure 3.6 A) Gentle F2 folding of a chert bed. The fold axis is plunging shallowly towards 
320°(7804760mN 583040mE). 

Figure 3.6 B) Tight F2 fold within well-bedded fine-grained sandstones and siltstones of the 
Hangingwall sequence. The fold axis is plunging shallowly towards 317°(7762185mN 556983mE). 

Figure 3.6 C) Close view of F2 folding of a thin bucky quartz vein. The Sz cleavage in this area is a 
spaced (<3mm) smooth, disjunctive cleavage (7804760mN 583040mE). 

Figure 3.7 Basin and dome_structures within the Birrindudu Group (see text for discussion). 
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prominent silicified cherts and siltstones are folded about a large F2 antifonn that plunges 

moderately towards 310° (7762000mN, 557000mE; Map 1 - Appendix 8). At this locality, 

north-south trending recumbent to reclined Fl folds have been refolded about the tight, 

metre-scale, F2 folds. 

In contrast to the above areas, the effects of D2 are weaker in the vicinity of the TGM, 

where F2 folds occur as gentle warps of the primary layering and the S1 cleavage. The 

wavelength of F2 folds in the low strain areas varies from several- to several-tens of 

metres. In all areas, the strike of axial planes to F2 folds remain constant, but F2 plunges 

vary considerably (Fig. 3.2D). This variation in plunge and plunge direction is to be 

expected given that the D2 deformation is folding a previously folded surface (Ramsay and 

Huber 1987). 

3.4 FOLDING IN THE BIRRINDUDU GROUP 

Large granitic domes are a prominent feature in Domain 2 of the Granites-Tanami Inlier 

(Fig. 3.1). The basal unit of the Birrindudu Group (the Gardiner Sandstone) dips gently 

(10-20°) outwards from the domes, and has been gently folded, with fold wavelengths of 

up to 20 km. A way from the granites fold orientation is variable, and dips of up to 30-40° 

are common on fold· limbs. Large dome and basin fold-interference patterns are present 

within the Birrindudu Group (Fig. 3.7). All folds vary from gentle to open, and as expected 

for low-strain features within quartz-rich sandstones, no cleavage is developed. Most of the 

large preserved folds are synclines, the anticlines have been eroded exposing the 

underlying Tanami Complex in their cores. 

3.5 FAULTING 

Due to the discontinuous nature of outcrop the only indication of fault activity (in the 

Tanami Complex) is the presence of large amounts of bucky-quartz float, that are 

interpreted to be the remnants of major fault zones. Fault sets within the Tanami Complex, 

discussed below, have therefore been interpreted from the regional NTGS aeromagnetic 

data. In contrast, the Gardiner Sandstone has numerous well-preserved faults that have 

been mapped in this study. 

3.5.1 West- to Northwest-Striking Faults 

The most obvious orientation of faults on the aeromagnetic images of the Granites-Tanami 

Inlier are a series of west-to northwest-trending sinuous discontinuities, that persist for 

lOO's of km in the case of the Trans-Tanami Fault (Fig. 3.3). Faults of this orientation are 
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largely confined to Domain I. The lack of marker horizons within the Tanami Complex 

prevents a detailed understanding of Palaeoproterozoic fault displacement. Although the 

W-NW trending faults are dominantly located in the Tanami Complex and therefore poorly 

exposed, they are also present in the Birrindudu Group, suggesting a long history of 

reactivation or a late origin. The Gardiner Fault which truncates the Gardiner Range to the 

- north is a steeply northeast dipping (80-85°) northwest striking structure that persists for 

40km (Fig. 3.7). Analysis of fault plane striations and quartz fibres on the fault plane 

within the Gardiner Sandstone indicate an initial reverse movement followed by later 

strike-slip displacements (Fig. 3.8). 

3.5.2 North-to Northeast-Striking Faults 

Major N to NE trending faults can also be inferred from the aeromagnetic images 

(Fig. 3.4), but appear to be largely confined to the Domain 2. The most prominent 

structures are the Pargee Fault which occurs immediately to the west of the Coomarie 

Dome and lineaments A & B shown on Figure ~.4. The magnitude and sense of 

displacement across these structures is unclear. 

Within the detailed study area to the north of Mt Charles (Fig. 3.5), northeast-trending 

faults persistent over approximately 20km have modified the basinal structure formed by 

Fl-F2 fold interference, in this case the sense of apparent displacement, based on offset of 

magnetic markers, is dextral-strike slip. 

3.6 METAMORPIDSM WITHIN THE STUDY AREA 

The metamorphic grade of areas mapped during this study are problematical. Away from 

the immediate vicinity of the granites (±lOOm) there is no evidence for recrystallisation 

and development of metamorphic minerals. Cleavages associated with the Dl and D2 

deformations are only weakly developed and rarely exhibit a phyllitic sheen that would 

indicate growth of micaceous minerals during metamorphism. The intensity of surficial 

weathering has precluded a regional study of illite crystallinity which would give an 

indication of the metamorphic grade. 

To the southeast of Mt.Charles (7801000mN, 595000mE), basalts of the Mt Charles Beds 

(Mine sequence) have an actinolite + epidote + chlorite ±quartz ± garnet± magnetite 

assemblage. These rocks have been intensely quartz veined but preserve no foliations or 

preferred mineral orientations. Although the exposure is discontinuous there is some 

zonation apparent within the contact aureole with garnet present only close to the granite. 

The assemblage actinolite + epidote + chlorite ± quartz is indicative of lower greenschist 

facies metamorphism (Miyashiro 1973). 
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Figure 3.8 A) Photograph taken looking toward the SW showing steeply pitching quartz fibres 
developed on a displacement surface of the Gardiner Fault. 

Figure 3.8 B) Equal area stereonet illustrating fault striation data for the Gardiner Fault at 7767000 
mN, 563500mE. A representative plane is shown for the average Gardiner Fault. Black dots represent 
first recorded movement which is exclusively reverse. Square markers indicate overprinting, shallow
pitching striations. White squares indicate dextral and grey indicate sinistral movement. Fault 
displacements were deduced from quartz fibre veins using the criteria of Petit (1987). 
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At Apertawonga (7762000mN 557000mE; Map l-Appendix 8) a small granitic body crops 

out immediately adjacent to the fine grained sediments of the Hangingwall sequence of the 

Mt Charles Beds (The petrology and outcrop characteristics of this granite were discussed 

in Chapter 2). The sediments have been hornfelsed for several tens of metres from the 

granite margin. Large (up to 5mm) porphryblasts of andalusite are present, but are 

randomly- oriented. The weak, regional S2 cleavage does not continue into the contact 

aureole, consistent with the proposed post-orogenic timing of the Gregory Suite. 

A reconnaissance study of illite crystallinity on unweathered samples of drillcore from the 

TGM was undertaken to provide some constraint on the metamorphic grade. Five samples 

of sedimentary rock were collected from the deepest drilling and as far from any 

mineralised alteration as possible. The analyses were conducted at the Tasmanian 

Department of Industry Safety and Mines on a Phillips PW1729 X-ray diffractometer. The 

illite crystallinity values expressed as d 0 20 (Kisch 1980), fall between 0.73-0.95 (Table 

3.1). Typical illite crystallinity values for fresh rocks is 0.1to0.7 d 0 20, with higher values 

representing less-crystalline rocks (Weaver 1984). 

Sample No Rocktype Illite Crystallinity L1°20 

TDD 27-138 Medium-grained sandstone 0.81 

TDD 33-231 Siltstone 0.86 

TDD 43-171 Fine-grained sandstone 0.73 

TDD 51-160 Carbonate-siltstone 0.68 

TDD 51-174 Carbonaceous-siltstone 0.88 
Table 3.1 Illite crystallinity values for fresh sedimentary rock sampled from the TGM. 

The lower limit of metamorphism (the anchizone) is usually correlated with an illite 

crystallinity of at 0.42 d 0 20 (Kisch 1991 ), indicating the samples from the TGM have 

undergone only 'diagenetic' grade metamorphism. Closely-spaced cleavages, without 

parallel fabric in the microlithons, similar to those observed in the Tanami area, have been 

reported with a wide range of diagenetic illite crystallinity values (Kisch 1991). 

The lack of metamorphic recrystallisation combined with the incipient to weak nature of 

the cleavages has led to the interpretation of a sub-greenschist facies metamorphic grade 

for Tanami area. The transition between the diagenetic zone and the anchizone occurs at 

250-280°C (Weaver 1984), suggesting background temperatures at the TGM have never 

reached these values. This low-grade background is locally overprinted by narrow contact 

aureoles ( < lOOm) surrounding the exposed granites. The grade of the observed contact 

metamorphism within the contact zone is greenschist facies. The fine-grained nature of the 

granites; the narrowness of the contact aureoles and the low-grade nature of the 
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metamorphic assemblage developed within in them is consistent with high-level granite 

intrusion into low temperature country rocks. 

3.7 STYLES OF FOLDING - DISCUSSION 

,Within the detailed study area only two significant ductile deformations have been 

recognised. D 1 resulted in long wavelength, upright, northeast-trending folds with a weak 

axial planar cleavage. The D2 deformation formed upright northwest trending folds with 

variable plunges, that are best developed in the north and south of the study area but are 

absent or only weakly developed around the TGM. Mapping of vergence relationships 

have shown that the TGM is located on the eastern limb of a first order Fl syncline the 

core of which is approximately 3km west of the TGM (Fig 3.5). Importantly, although the 

sediments of the Hangingwall sequence exposed in the core of the syncline are weakly 

cleaved and folded there is no evidence for this cleavage or any FI folds at the TGM. To 

understand the distribution of cleavage and small scale, second order folds related to the 

both deformations it is important to consider the stratigraphy of the Mt Charles Beds. ''The 

Mt Charles Beds are largely composed of elastic sedimentary rocks that are bedded on less 

than a metre scale" (Blake et al. 1979). Part of the Mt Charles Beds is the Mine 'sequence 

which incorporates four basaltic units approximately 150 metres thick, separated by elastic 

sedimentary sequences of similar thickness; the internal stratigraphy of the Mine sequence 

is discussed in greater detail in Chapter 4. 

In a multilayer sequence the predominant wavelengths of folds formed by buckling 

processes, are controlled by the thickness of the most competent unit in the sequence (e.g. 

Ramberg 1964; Biot 1961; and Ramsay & Huber 1987, and others). Ramsay & Huber 

(1987) stated that "if the competent layers are of about the same thickness, the spacing 

between them not too variable, and if the competent-incompetent layer ductility contrast 

are similar then harmonic folds will form". This is the scenario envisaged for first order 

folding during Dl, where the basalts of the Mine sequence would have been the most 

competent unit. The four major basaltic packages are too closely spaced in comparison to 

their thickness to fold independently of each other, and would have acted as a multi-layer 

unit, enforcing the long wavelength observed for the first order D 1 folds. The thinly 

bedded sediments between the basaltic units of the Mine sequence would have folded 

passively with the competent basalts, and not have been allowed to assume their own 

characteristic fold wavelengths (Fig. 3.9) Conversely the competency contrast between the 

basalts and the sediments of the Mine sequence was too low for small scale folds to 

amplify. 
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Away from the "contact strain zane" (Fig. 3.9; Ramsay & Huber 1987) of the basalts, fold 

wavelengths within the thick sedimentary package of the Hangingwall sequence would 

have been controlled by the thickness of the most competent sedimentary units present. In 

this case the most competent units were probably the sandstone or chert beds, which are at 

most, several metres thick (commonly < 0.5m), ensuring that shorter wavelength folds 

formed. Thus, a polyharmonic system developed during Dl, in which the thickness and 

closely spaced nature of the competent basalts controlled the wavelengths of the first-order 

folds, whilst thinly bedded competent units within the sedimentary rocks away from the 

Mine sequence produced a shorter wavelength and tighter fold style for the second-order 

folds (Fig. 3.9). D2 folds show a similar pattern with long wavelength first order folding of 

the Mine sequence (e.g the anticlinal closure where the Jim's Find Prospect is located) and 

shorter tighter folding within the sedimentary Hangingwall sequence (e.g. metre scale 

folding seen at Apertawonga). 

Within the sediments of the Birrindudu Group a complex dome and basin structure has 

been formed as a result of folding (Fig 3.7). The gneiss/granite dome outcrop pattern is 

similar to that described in numerous localities worldwide (e.g. Ramsay 1989; Marshak et 

al. 1992; England 1992 and Williams and Whitaker 1993). Various hypotheses have been 

put forward to explain these domes; dome formation via extensional processes e.g. 

Marshak et al. (1992), Williams and Whitaker (1993); dome formation related to so called 

"ballooning tectonics" and diapiric granite emplacement e.g. Ramsay ( 1989), Cruden 

(1988), Holder (1979). However in all the above models the dome and basin structures are 

formed within the units intruded by the granites, this is not the case in the study area where 

the dome and basin structures are in rocks that unconformably overlie the granites. 

The presence of gneisses in the Browns Range Dome suggest that before deposition of the 

Birrindudu Group, regional extension may have been an important mechanism for dome 

formation (e.g. Williams ~d Whitaker 1993). However, the lack of evidence for low angle 

shear zones within the exposed granites, makes regional extension an unlikely model for 

the formation of the dome and basin structure in the Birrindudu Group. Other theories, 

therefore must be considered: 

• The granites acted as basement highs during deposition, of the Birrindudu Group and 

the gentle dips away from the granitic bodies may represent the original depositional 

slopes that have been amplified by later weak deformation. 
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Figure 3.9 Various styles of folding within a multilayer sequence as shown by Ramsay and Huber (1987). 
The zone of contract strain (ZCS) is defined as the region on either side of a buckled layer where the matrix 
shows harmonic but progressively de-amplifying folds (A). Attention is drawn to (C) which is the situation 
interpreted for folding of the Mine sequence. The stippled layers represent the less competent sediments and 
the black layers represent the basalt. The sediments are forced to fold passively because the ZCS of 
individual basalts overlap and do not allow the thinly bedded sediments to fold independently. When viewed 
on a larger scale (D) the entire Mine sequence is behaving as a single competent layer controlling the 
wavelength of the first order folds, whereas away from the ZCS of the Mine sequence in the Hangingwall 
sequence the folds will be controlled by competency contrasts within the thinly bedded sediments. 
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• Reactivation and uplift of the granitic domal cores, due to deformation and/or intrusion 

of a, as yet unidentified, post-Birrindudu Group granite. Eskola (1948) suggested a 

similar mode of formation for mantled gneiss domes, which he hypothesised involved 

dominantly vertical movement of the granite basement to initiate folding in the 

overlying rocks. 

At this stage either hypothesis is considered possible. More field work, possibly in Western 

Australia where the Lewis and Slatey Creek Granites are well exposed, is required to test 

these suggestions. 

3.8 A NEW GEOLOGICAL INTERPRETATION FOR THE GRANITES

TANAMI INLIER 

As discussed in Chapter 2, Blake et al. (1979) proposed five informal subdivisions for the 

Tanami Complex (the Mt Charles, Killi Killi, Nanny Goat Creek, Helena Creek and 

Nongra Beds). These units are all considered to be lateral equivalents, differentiated solely 

on the basis of geographical distribution and minor variations in rocktype. Of these five 

informal divisions, the Mt Charles Beds and the Killi Killi Beds comprise most of the 

Tanami Complex. Previously, all known major gold deposits in the inlier were thought to 

be hosted in the Mt Charles Beds (Blake et al. 1979). 

The disparity between deformation style and metamorphic grade reported from the 

Granites Mine (Ding and Giles 1993; Adams et al. 1994; Scrimgeour and Sandiford 1993) 

and that in the Tanami area (this study) has led to the interpretation that the host rocks of 

the mineralisation at the Granites and Dead Bullock Soak (informally referred to as the 

Davidson Beds; Ding and Giles 1993) are older than the host rocks to mineralisation at the 

TGM, and that there is a regional discontinuity that separates structural Domains 1 & 2. 

This discontinuity subdivides what had previously been mapped entirely as Mt Charles 

Beds. Field observation and interpretation of aeromagnetic data constrain the position of 

the structural discontinuity to the boundary between Domain 1 and Domain 2 shown on 

Figure 3.10. Due to limited exposure, the contact between the two domains has not been 

directly observed. The exact nature of the discontinuity is therefore yet to be resolved. 

Although, the southern boundary of Domain 2 is clearly visible on aeromagnetic images 

and corresponds to the Trans-Tanami Fault proposed by Etheridge et al. (1995). 

The discontinuity is inferred to strike northwest to the south of the TGM, and northeast to 

the east of the Frankenia dome (Fig. 3.10). These orientations are similar to the 

orientations of basin controlling faults proposed for the Leichhardt rifting event at 
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1810-1740 Ma (Etheridge and Wall 1994) Leichhardt-age, basin-bounding normal faults 

are believed to have trended northwest, whereas transfer structures had a northeast trend. 

(Etheridge and Wall 1994). The northwest and northeast trends also correlate with the main 

structural trends discussed in sections 3.4.l and 3.4.2. It is therefore proposed that the 

Domain 2 was deposited unconformably on the Domain 1 during the Leichhardt rifting 

event. 

3.8.1 Naming and Recognition of Stratigraphy 

The best field criteria for assigning outcrops to the Domain 1 or Domain 2 is the 

metamorphic grade and deformational fabric. Rocks of the Domain 1 are commonly 

schistose, with a pronounced mineral elongation lineation on the schistosity. Coarse (up to 

4mm) micas are aligned in the schistosity, and high grade metamorphic minerals such as 

andalusite and garnet are commonly present. In contrast, rocks of the Domain 2 lack any 

schistosity or mineral lineation, and do not contain high grade metamorphic minerals. 

Identification is complicated by the intense surf ace silicification that occurs throughout the 

inlier. The silicification has obliterated many primary textural and mineralogical features. 

The proposed change to the regional stratigraphy requires name changes for several units. 

For the low-grade metamorphic rocks that occur in Domain 2 the name of Black Peak 

Formation is suggested. The Black Peak Formation encompasses the Mt Charles, Nanny 

Goat Creek, Nongra, and Helena Creek Beds. This subdivision requires that what was 

previously mapped as the Mt Charles Beds be divided. The name Mt Charles Beds will be 

retained within Domain 2 and the name the Davidson Beds (Ding and Giles 1993), will be 

used in Domain 1. For the high grade metamorphic rocks of Domain 1 the name of the 

Ditjiedoonkuna Suite is proposed. The Ditjiedoonkuna Suite encompasses the Davidson 

Beds and the Killi Killi Beds (Figure 3.11). A stratigraphic column summarising the old 

and new interpretations of the regional stratigraphy is presented in Figure 3.12. 

Tanami Complex 
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Figure 3.11 New d1v1s1ons and names of umts w1thm the Tanami Complex. Newly defined umt names are 
itahcised throughout the thesis. 
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3.9 GEOLOGICAL HISTORY OF THE GRANITES-TANAMI INLIER 
The geological evolution of the Granites-Tanami Inlier commenced in the 

Palaeoproterozoic with deposition of the rocks of the Ditjiedoonkuna Suite on an 

underlying Archaean (2500-2600 Ma) basement during the Barramundi basin-forming 

event. Deformation, metamorphism and uplift of the Ditjiedoonkuna Suite occurred during 

the Barramundi Orogeny, with a peak metamorphic grade of amphibolite facies 

synchronous with Dl (Scrimgeour and Sandiford 1993; Ding and Giles 1993). The rocks 

of Black Peak Formation were deposited unconformably over the Ditjiedoonkuna Suite 

during the Leichhardt Rifting event (1810-1740 Ma; Etheridge and Wall 1994). The 

basinal architecture of the Leichhardt event in parts of the Granites-Tanami Inlier appears 

to have been controlled by major structures trending northwest and northeast, it is not clear 

which of these were the normal and which were the transfer faults. 

The similarity in deformational style and metamorphic grade between the Black Peak 

Formation and the late Palaeoproterozoic Pargee and Supplejack Sandstones, and the Mt 

Winnecke Formation, suggest that these units may be similar in age to the Black Peak 

Formation. The rocks of the Black Peak Formation and the Mt Winnecke Formation were 

possibly deposited during the initial rift phase of the Leichhardt event, whereas the Pargee 

and Supplejack Sandstones may have formed during the post-rifting sag phase of 

sedimentation. 

Granite intrusion occurred throughout the geological history of the Granites-Tanami Inlier; 

with evidence from the Granites Gold Mine for intrusion early in the deformational history 

of the Ditjiedoonkuna Suite (Ding and Giles 1993). Through to the largely post-orogenic 

Gregory Suite granites (Page 1995; 1996). The thick cover sequences of the Birrindudu 

Basin have been deposited unconformably over the granites, and over the Ditjiedoonkuna 

Suite and the Black Peak Formation. Gentle folding of the Birrindudu Group is the final 

phase of folding (Fig. 3.13). 

3.10 FURTHER WORK AND EXPLORATION IMPLICATIONS 

More detailed field investigations are required to assess the proposed new interpretation of 

the stratigraphy of the Granites-Tanami Inlier. Firstly to confirm the existence of the 

discontinuity between the Domain 1 and Domain 2 elsewhere in the inlier and secondly to 

discover its true nature (i.e. fault?,· unconformity?). Careful investigations of the 

relationships between the Black Peak Formation and the Pargee and Supplejack 

Sandstones and the Mt Winnecke Formation is also required. The existence of a 

discontinuity separating the Black Peak Formation and the Ditjiedoonkuna Suite has 

implications for exploration in the Granites-Tanami Inlier because all mineralisation was 
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previously thought to be hosted within the Mt Charles Beds (Blake et al. 1979). 

Consequently, exploration strategies in the area have been heavily focussed on the Mt 

Charles Beds and need to be reassessed in light of the new interpretation. 

3.11 SUMMARY 
• Two distinct structural domains can be recognised in the Granites-Tanami Inlier. In 

Domain 1 at the Granites and Callie Gold mines regional metamorphism reached upper 

greenschist and locally amphibolite facies. Up to five ductile deformations have been 

documented. 

• The grade of metamorphism in the Domain 2 is low. Illite-crystallinity values from the 

TGM are suggestive of only diagenetic effects. Locally in the contact aureoles of 

granite bodies the metamorphic grade has reached greenschist facies. 

• Two folding e~nts have been recognised in the vicinity of the TGM. Fl resulted in 

long wavelength, northeast trending, upright, open to tight folding. F2 folds have 

variable plunges and trend northwest resulting in basin and dome style interference 

between Fl and F2. Both deformations produced an incipient to weak axial-planar 

cleav3:ge that is largely confined to the fold hinges. 

• The disparity in the deformational and metamorphic histories of the two areas has led 

to the interpretation that the rocks occurring in Domain 2 are younger than the rocks 

occurring in Domain 1, and that the two domains are separated by a major 

discontinuity. The nature of this bqundary is unclear although it is in part represented 

by the northwest-trending Trans-Tanami Fault. 

• In line with the new interpretation of the stratigraphy two new subdivisions of the 

Tanami Complex have been defined. The Black Peak Formation represents the rocks 

found in Domain 2 and comprises the Mt Charles, Nongra, Helena and Nanny Goat 

Creek Beds. The Ditjiedoonkuna Suite represents the high grade metamorphic 

basement and comprises the Davidson and Killi Killi Beds 
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CHAPTER4 

MINE SCALE GEOLOGY 

4.1 INTRODUCTION 

In this chapter, the mine-scale stratigraphy, petrology and sedimentology is presented. In 

the final section the depositional environment of the Granites-Tanami Inlier during the 

deposition of the Mt Charles Beds will be discussed. 

The rocks that host the mineralisation at the TGM (Mine sequence) are part of the 

predominantly sedimentary Mt Charles Beds. The Mine sequence is distinctive within the 

Mt Charles Beds in that it has a significant (:::::: 50%) basaltic volcanic component. At the 

TGM, the Mine sequence dips moderately ( 45-65°) towards the NW and faces consistently 

upwards. The Mine sequence is deeply weathered, with the transition to fresh rock 

occurring approximately 60m below the present surface. Primary textures are well 

preserved beneath the weathering profile and away from the intense hydrothermal 

alteration halos associated with the Au mineralisation. Where possible fresh, unaltered 

samples have been used for the petrographic descriptions in the following sections. 

In this study, mine-scale information on the distribution of lithologies within the Mine 

sequence comes from company drill logs*, interpretation of aeromagnetic data and detailed 

pit mapping. Over 250,000m of Rotary Air Blast (RAB) and Reverse Circulation (RC) 

drilling has been completed on mine lease MLS 153. Carthew et al. (1992) made an initial 

interpretation of the geology by simply plotting the first rocktype recognised in each hole 

(basalt or sediment, were the only categories), to construct a lithology distribution map for 

MLS 153. Aeromagnetic images are an ideal tool to supplement the drilling database, 

because the basalts of the Mine sequence have a high magnetic susceptibility (15-60 x 

10--3 s.n and the sediments a low susceptibility (0.01-0.7 x 10-3 S.I). During this study the 

original map of Carthew et al. (1992) was reinterpreted using aeromagnetic data and 

detailed pit mapping to produce a new lithology distribution map of the TGM (Fig. 4.1). 

Up to five major basaltic units, that vary in thickness along strike, are recognised at the 

TGM (Fig. 4.1). Detailed aeromagnetic surveys flown over the Tanami area by the Central 

Desert Joint Venture in 1995, have identified an additional basaltic unit 200m to the west 

of the uppermost basalt shown in Figure 4.1. This stratigraphically highest unit is narrow 

* Note the RAB and RC drilling in question was not logged by the author, but rather by several different 
geologists over several years. All diamond drill holes within MLS-153 were re-logged by the author and are 
presented in Appendix 5. 
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( < 40m) and discontinuous along strike (S. Marsh, pers. comm. 1995). Detailed mapping 

within the open pits at the TGM has revealed that the major basalt units are not single 

flows, but rather are composed of thin (4-25m thick) individual flows that are separated by 

narrow bands of sediment or flow top breccias. Lateral variations within the Mine 

sequence, at this scale are small, with the main variations related to offset of units by 

faulting. 

Nicholson (1990) suggested that the host rocks to the mineralisation at the TGM (i.e. the 

Mine sequence) were conformable with nearby outcrops of the Gardiner Sandstone, 

however, this is not the case. The angular unconformity between the Mine sequence and 

the Gardiner Sandstone is exposed along the southeast boundary of the mine lease. Based 

on data obtained from RC drilling the unconformity dips approximately 10-12° towards the 

southeast (Fig. 4.1). 

4.2 SEDIMENTARY ROCKS 
Inter-basalt sedimentary packages comprise approximately half of the TGM Mine 

sequence. Four main lithofacies are present; sandstones, mudstones, carbonaceous 

mudstones and intraclast conglomerates; all of which can all be divided into a number of 

separate individual facies. 

The sandstone lithofacies comprises thin bedded (1 to 15cm) sandstones and medium to 

very thick bedded (0.10 to 2.5m) sandstones and pebbly sandstones. Beds characteristically 

have sharp bases, with load casts and flame structures present in many cases (Fig. 4.2A). 

Most sandstone -beds are massive; others have internal normal grading, rare cross and 

parallel laminations are also present. The pebbly sandstones are mostly massive, but some 

are normally graded (Fig. 4.2B, C). The sandstones are composed of quartz (10-60%), 

basaltic lithic fragments (0-20 % ), metamorphic lithics (0-10% ), bedding parallel aligned 

muscovite (0-5%), rare biotite (0-2%) and tabular feldspars (10-30%) that have been 

completely replaced by ankerite. Fine grained clays, rutile and iron hydroxides (limonite) 

are abundant matrix components. Minor amounts of detrital/diagenetic hematite impart a 

characteristic red colouration to the sediments. Some of the hematite may be related to 

diagenetic alteration as it fills fractures and forms a rim around detrital quartz (Fig. 4.2D). 

Several distinct detrital quartz populations can be noted in the sandstones. These are: 

1) Angular to sub-rounded, quartz with straight to weakly undulose extinction. These 

grains commonly have small fluid inclusions that occur in trails and clusters. Also present 

within the quartz grains are inclusions of apatite, zircon and needles of rutile (Fig. 4.2E). 
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Figure 4.2 A) Base of coarse-grained, massive sandstone overlying fine grained sandstone, from Bumper 
Open Pit. Note flame structure to right of frame. 

Figure 4.2 B) Massive medium-grained hematitic sandstone. White detrital grains are feldspars that have 
been replaced by ankerite. 

Figure 4.2 C) Single sandstone mass flow unit with intraclast base (right), grading through zone of parallel 
laminations in planar cross-bed laminations (left). 

Figure 4.2 D) TDD 1101-130.6 Photomicrograph (PPL) of angular, detrital quartz rimmed by hematite 
(hm) in coarse-grained sandstone. Opaque rounded detrital grain in bottom right is rutile (rt). 

Figure 4.2 E) TDD 27-151.2 Photomicrograph (PPL) of subrounded detiital quartz grain crosscut by 
planar trails of fluid inclusions. 

Figure 4.2 F) TDD 27-151.2 Photomicrograph (XPL) of angular to subrounded, fluid inclusion free, 
detrital quartz grains. 

Figure 4.2 G) TDD 53-249.0 Photomicrograph (PPL) of subrounded detrital quartz with strongly undulose 
extinction and internal subgrains. 

Figure 4.2 H) TDD 27-151.2 Photomicrograph (PPL) of completely recrystallised, rounded detrital quartz 
grain. 
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2) Sub-rounded to rounded quartz grains with straight to weakly undulose extinction and 

lacking fluid inclusions. These grains often have straight sides and rounded corners (Fig. 

4.2F). 

3) Sub-rounded to rounded quartz with composite extinction (Folk 1962). Individual 

subgrains have sutured grain boundaries (Fig. 4.20). 

4) Sub-rollnded to rounded strongly recrystallised quartz that commonly contains 

inclusions of oxide minerals at grain and triple point boundaries. Individual subgrains are 

completely recrystallised and show no sign of undulose extinction (Fig. 4.2H). 

The mudstone lithofacies consists of purple mudstone interlaminated with siltstone or fine

grained sandstone (Fig. 4.3A). The tops and bases of some beds are diffuse and 

gradational. In other beds, upper contacts are often scoured where overlain by coarser beds. 

A range of sedimentary structures, including basal normal grading, flame structures, planar 

and cross laminations are also present (Fig. 4.3B). Mineralogy is dominated by clays and 

sericite with rare detrital quartz, lithics and muscovite. 

The carbonate mudstone lithofacies is a stratigraphically limited, visually distinctive facies 

that can be traced laterally for over three kilometres. The "pale sediments" (as this 

iithofacies is known at the TGM) are a conspicuous marker horizon. In detail, the facies 

occQrs as up to five separate units that vary in thickness from 1 to 5m and occur 

interbedded with the mudstone lithofacies immediately above a major basalt-sediment 

contact. Interlaminated to interbedded light grey siltstones and black carbonaceous layers 

are the most common sedimentary structure. (Fig. 4.3C). Grey laminae mostly consist of 

rounded carbonate intraclasts set within a quartz, carbonate and sericite matrix (Fig. 4.3D). 

The dark bands within the carbonate mudstone facies are composed of alternating wavy

crinkly laminae of carbonaceous material, chalcedony and clay minerals with minor 

detrital quartz (Fig. 4.3E). Framboidal pyrite is abundant within the carbonaceous layers 

(Fig. 4.3F). The carbonate mudstone facies are similar to the striped shale facies described 

by Schieber (1986; 1990). 

An intraformational conglomerate-breccia sub-facies occurs within the carbonate mudstone 

facies. It consists of intraclasts of grey siltstone and black carbonaceous mudstone, up to 

2cm in diameter, in a matrix of fine to coarse sand. Clast-supported facies predominate 

(=85%), but matrix-supported conglomerates are also present. All clasts are aligned to sub

parallel to bedding and are imbricated parallel to their long axes. Clast shape varies from 

subangular to rounded, and individual clasts have low sphericity (Fig. 4.30). Clasts are 

laminated and/or graded; others contain the wispy carbonaceous-chalcedony laminae 

described above. The clasts appear to have been strongly flattened, and a weak, spaced 

(0.2cm) stylolitic cleavage is developed parallel to bedding. This cleavage is interpreted as 

a compactional fabric that formed during diagenesis (e.g. Shinn and Robin 1983). 
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Figure 4.3 A) Interlaminated fine grained sandstone and siltstones exposed in the Bouncer Pit. The 
direction of younging is from left to right. 

Figure 4.3 B) Massive coarse-grained sandston~ overlying massive siltstone. Loading caused by sudden 
deposition of sandstone unit has resulted in the formation of load casts and flame structures. Hurricane
Repulse. 

Figure 4.3 C) 'Typical' laminated carbonate mudstone facies 'pale sediments'. See text for discussion of 
composition of light and dark layers. 

Figure 4.3 D) TDD 50-153.6 Photomicrograph (PPL) of rounded dolomite intraclasts within pale 
laminations of carbonate mudstone facies. 

Figure 4.3 E) TDD 50-153.6 Photomicrograph (PPL) of the internal morphology of dark, carbonaceous 
bands within carbonate mudstone facies. 

Figure 4.3 F) TDD 50-142.6 Photomicrograph (Reflected light) of a rounded aggregate of fine grained 
pyrite (framboidal pyrite) occurring in dark carbonaceous layers of the carbonate mudstone facies. 

Figure 4.3 G) TDD 13-114.5 Xntraformational, intraclastic breccia that forms a laterally limited unit within 
the carbonate mudstone facies. Note the flattened clasts and the weak imbrication. 

Figure 4.3 H) Discrete layer of lenticular intraclasts occurring towards the top of a weakly normally graded 
sandstone bed. This photograph also contains a basalt sediment contact (arrow), note the increase in 
fracturing in the more competent basalt unit in the left of the view. 
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Units of the intraclast conglomerate facies occur as horizons of variable thickness scattered 

throughout the sequence. Occurrences range from thin horizons ( <10 cm) to massive or 

graded beds 20cm to lm (Fig. 4.3H). Conglomerates are predominantly matrix-supported. 

Clasts up to 20cm in diameter are present, but most clasts are generally less that Scm, and 

are typically rounded to sub-rounded in shape with low sphericity. The majority of 

intraclasts are intraformational and are composed of medium-to fine-grained, massive to 

laminated siltstone. Clasts show a strong degree of shape-preferred orientation parallel to 

the bedding, with the long axis of the clasts parallel to the direction of imbrication. 

4.3 BASALTIC ROCKS . 

Three distinct basaltic lithofacies have been recognised at the TGM; massive basalt, 

brecciated basalt and pillow basalt. 

Massive bas~lt is the most common basaltic facies present, occurring as thick (20m), 

internally structurless units that have sharp (in some cases brecciated) contacts with the 

adjacent sediments. There is no evidence of peperite. The basalts have a fine to very fine 

grained equigranular texture composed predominantly of fine grained ( < 0.2mm) albitised 

plagioclase laths (an8) with interstitial clinopyroxene and fine grained magnetite. The 

groundmass consists of chlorite, rare epidote, and leucoxene that is inferred to replace 

volcanic glass (Fig. 4.4A, B). Rare plagioclase phenocrysts are present, as are 

pseudomorphs of olivine phenocrysts (di<l;meter <lmm) that have been replaced by 

chlorite. Amygdules are distributed evenly throughout the units and are filled with chlorite, 

calcite and minor quartz. 

Basaltic breccias occur the top of several massive horizons ( 4 from 16 cases examined in 

detail). The breccias are typically monomict with very angular to angular clasts. The 

breccia fabrics vary from poorly sorted matrix-supported breccias, too in situ clast

supported, jigsaw-fit breccias (Fig. 4.4C). The breccia matrix has been intensely carbonate 

metasomatised in all cases. Rare plagioclase laths are preserved in the matrix but the 

remainder has been altered to chalcedony, chlorite and carbonate. This alteration also 

occurs to a lesser extent in the breccia clasts. The unaltered clasts are compositionally 

similar to the massive basalt and show no evidence of chilled margins. These breccias are 

interpreted to be the products of autobrecciation at the basalt margin during emplacement 

(e.g. McPhie et al. 1993). In one approximately lOm thick breccia horizon (that is well 

exposed in the Bouncer Pit) radiating clusters (spherulites) of dolomite and quartz occur in 

a matrix of ultra fine-grained chalcedony, chlorite and minor dolomite (Fig. 4.4D, E). 

These spherulites are interpreted to be quench crystallised olivine that have been replaced 

by dolomite and quartz. 
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Figure 4.4 A) TDD 22-133 Photomicrograph (PPL) of typical hyalopelitic texture in 
unaltered basalt. Dark areas are interpreted to be fine grained aggregates of leucoxene, 
epidote and titanomagnetite after original basaltic glass. (Plagioclase=Pl, Pyroxene=Px) 

Figure 4.4 B) TDD 22-133 Photomicrograph (PPL) of chloritised plagioclase phenocryst in 
medium-grained basalt. 

Figure 4.4 C) Thick breccia zone exposed in core from the Hurricane-Repulse Pit Arrows 
indicate the contact between the basalt breccia and an overlying fine-grained sandstone. 

Figure 4.4 D) Radiating spherulites occurring in basaltic breccia matrix. 

Figure 4.4 E) TDD 21-107.5 Photomicrograph (PPL) illustrating mineralogy of spherulitic 
growths within breccia matrix. Individual euhedral crystal are composed of intergrown calcite 
and quartz and rimmed by a fine overgrowth of quartz. 

Figure 4.4 F) Pillow basalt from the western wall of the Southern Open Pit. Note the massive 
quartz fill occurring at the pillow triple point. 

Figure 4.4 G) Close view of pillow triple point in diamond core. Note the narrow alteration 
halo surrounding chlorite veins and rimming the pillows. The mineralogy of this alteration is 
discussed in detail in Chapter 7. ' 

Figure 4.4 H) Sharp undulating contact between basalt and overlying interbedded sandstones 
and siltstones in the Bouncer Pit. (Contact is marked by white arrows). 
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Several approximately bedding-parallel zones of pillow basalt occur within the massive 

basalt. The zones are up to Sm thick and individual pillows can be as large as lm in 

diameter (Fig. 4.4F). Triple point contacts between pillows are filled with quartz ± calcite 

and chlorite (Fig. 4.4G). The petrology of the pillow basalts is similar to that described for 

the massive basalts although the latter have suffered more intense carbonate-chlorite 

alteration. Alteration occurring at pillow margins is discussed in ~ore detail in Chapter 7. 

In all cases the contact between basalts and sediments are sharp, and either planar to 

slightly undulating (Fig. 4.4H). Peperites were not observed and the basalts show no 

evidence for chilled margins, or to have locally contact metamorphosed the sediments. In 

most cases ( =90%) the sedimentary facies immediately overlying individual basalt flows 

are thin ( <30cm) massive to laminated siltstones that are overlain, and in places scoured 

by, coarse to medium sandstone. The basalt-sediment contacts appear to have been a locus 

for bedding-parallel deformation (Section 6.2), which makes recognition of primary 

features difficult. 

4.4 STRATIGRAPHY OF THE MINE SEQUENCE AT THE TGM 
·At the TGM approximately 650m of the Mine sequence have been exposed by mining, 

enabling detailed studies on that part of the sequence. Detailed lithological logging of 

diamond drill core, combined with pit mapping from Hurricane-Repulse and at Bumper 

and Bouncer has lead to the synthesis of a stratigraphic column for the western portion of 

the mining lease (Fig. 4.5). Seven lithostratigraphic units have been defined and are (from 

oldest to youngest): 

UNIT 1 Basalt (=180m thick): 

This basaltic unit, which is well exposed in the Southern Pit (weathered) and in diamond 

drill core underneath the present Hurricane pit (fresh), is a massive to pillowed basaltic 

lava. Typically green when fresh, it weathers to a beige-brown colour and is strongly 

fractured and veined. Within the weathered environment, the fractures are typically filled 

with limonite goethite and rare specular hematite. Carbonate, chlorite and quartz and minor 

sulfides (pyrite and chalcopyrite) are recognised in the unweathered veins. 

Several narrow laterally discontinuous interflow sediments are present within unit 1. They 

are typically fine grained, quartz-lithic sandstones. Individual bed thickness varies from 

mm scale laminae up to approximately 15 cm. Normal grading is common, especially 

within the sandstones. Bedding-parallel faults are common within the interflow sediments 

and are interpreted to be responsible for most of the lateral thickness variation that is 

present in the sediments. Faults occur in a ramp and flat geometry with respect to bedding, 
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Figure 4.5 Simplified stratigraphic log for the western portion of the TGM showing relationships observed 
during pit mapping and diamond core logging. The sedimentology and characteristic features of units 1-7 
are discussed in the text. 
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with the flats usually confined to the finer grained tops of individual beds. These faults 

described in detail further in Section 6.2. 

UNIT 2: Sediment 

- 30m thick: 

This sedimentary package conformably overlies unit I and is characterised by three to five 

horizons of the carbonate mudstone facies interbedded with fine hematitic sandstones and 

mudstones. A distinctive intraformational, intraclastic, carbonate mudstone breccia is 

found at the base of unit 2. This breccia varies in thickness from 2-1 Orn where present. 

Immediately above the intraclast breccia are the more typical laminated carbonate 

mudstones, which are overlain, with a sharp contact, by several metres of upward fining 

sandstones and siltstones. These are in turn grade upwards into more laminated carbonate 

mudstones. Up to three one-metre thick units of the carbonate mudstone facies may occur 

at this stratigraphic level, they are typically bounded by medium-grained, normally graded 

sandstone beds. The uppermost facies in unit 2 consists of approximately ten metres of 

finely laminated mudstones. 

UNIT 3: Sediment 

-40m thick: 

Directly overlying the uppermost mudstone_s of unit 2 is a rapidly upward fining and 

thinning sandstone sequence. The basal beds are medium to coarse, trough cross laminated 

to massive sandstone; individual graded beds ( <10 cm thick) are rare. The basal contact 

with unit 2 is locally scoured and load casts and flame structures are present. The basal 

units are thickly bedded, and bed thickness decreases up sequence. The top of the unit is 

characterised by thinly bedded siltstone with rare massive sandstone beds. 

UNIT 4: Sediment 

-60m thick 

Unit 4 is a broadly thinning and fining upward sedimentary cycle differentiated from unit 3 

by the presence of abundant intraclastic conglomerates. The basal contact with unit 3 is 

similar to the unit 2-3 contact described above. Scours, loading structures and flame 

structures are all present. The intraclasts are composed of fine grained siltstones set in a 

matrix of fine- to coarse-grained sandstone. Clasts are generally sub-rounded, with low 

sphericity and a strong shape preferred orientation parallel to bedding. The intraclast layers 

are mostly found towards the base of individual sandstone beds. Interspersed throughout 

unit 4 are thickly bedded sandstones (up to 3.2 m thick) that are either massive or poorly 

graded. The top of unit 4 is marked by an abrupt transition from the dominantly coarse 

sandstones to a 4m thick sequence of laminated siltstone and mudstone. 
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UNIT 5: Sediment 

-75m thick 
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Unit 5 is a thick, thinning and fining upwards cycle of coarse to medium-grained 

sandstones. The contact with the underlying siltstones is sharp. Load casts and flame 

structures are abundant and well preserved. Individual beds vary from lOcm to 3m thick 

and are mostly massive, with grading only recognisable in the top 30cm. Contacts between 

beds are commonly sharp, with scouring of some of the finer tops by the overlying coarse 

grained basal unit. Finer grained facies are interspersed throughout the unit, and are more 

common towards the top. 

UNIT 6: Basalt 

-180m thick: 

This unit compromises five to six basaltic flows separated by subordinate interflow 

sedimentary horizons. The basalts have similar outcrop and petrographic characteristics to 

unit 1. Unit 6 is well exposed at the north end of the TGM mine lease in the Hurricane

Repulse Pit and in the south in the Bumper and Bouncer Pits. In the north there are six 

individual basaltic flows separated by interflow sedimentary horizons varying from 10 -

2m thick. In the south, five basaltic flows are recognised although approximate thicknesses 

and relative positions of the interflow sediments are consistent with the northern exposure. 

The good of correlation between the two areas indicates a high degree of lateral continuity. 

Towards the top of unit 6, a 10-lSm thick, laterally extensive, basaltic breccia is present. 

This unit can be traced from the Hurricane-Repulse pit to the Bumper and Bouncer Pits, 

and has also be~n identified in the same stratigraphic position during exploration drilling 

four kilometres south of the TGM mine lease (S. Marsh pers. comm. 1995). 

UNIT 7 Sediment 

minimum 80m thick: 

The interbedded sandstones and siltstones of unit 7 form part of a rapidly upward fining 

sedimentary cycle, at the base of the Hangingwall sequence. This unit is well exposed in 

the Bouncer Open Pit where immediately overlying the basalt are three thick ( =2m) 

massive to weakly graded sandstone beds. The uppermost unit grades into 30m of 

interbedded medium sandstone with rare siltstones and rare thickly bedded massive 

sandstones. Above this the sequence is predominantly composed of thinly bedded to thinly 

laminated very fine sandstone and siltstones. 
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4.5 DISCUSSION 

4.5.1 Depositional Environment 

The sediments that are exposed by mining and drilling at the TOM show the following 

characteristics: 

• Monotonously interbedded sandstones and siltstones. 

• Beds generally have sharp bases with little evidence for scouring or channelling on 

anything other than the centimetre scale. 

• Individual sedimentation units grade upwards from a coarse base into finer grained 

tops that may be scoured by the overlying unit. The complete Bouma sequence of 

division A to E is seldom noted in one sedimentation unit, although divisions B to E 

are commonly noted together. 

• Parallel laminations, cross laminations and graded bedding are present in many of the 

sandstones. 

• A high degree of lateral continuity, with thin beds (<lOcm) traceable over several 

hundred metres and thicker units such as the basalt breccia horizon of unit 6, traceable 

over several kilometres. 

These features are interpreted to be the result of sediment deposition from turbidity 

currents in a below wave-base subaqueous setting. The preponderance of massive to 

graded sandstones, and the absence of complete Bouma cycles is interpreted as evidence 

for deposition from mainly high density turbidity currents (e.g. Lowe 1982). The presence 

of 10 to 40m thick fining and thinning upward cycles could be the result of gradual lateral 

migration, from a lobe-centre to a lobe-fringe environment, within a submarine fan 

(Walker 1984). The size of submarine fans can vary from hundreds of metres up to several 

hundred kilometres (e.g. Jacka et al. 1968, Damuth et al. 1983, Shanmugam et al. 1985). 

The high degree of lateral continuity observed within the sediments at the TOM, and, on a 

larger scale, the lack of lateral variation in all units across the entire lease, suggest these 

deposits form part of a large, ancient submarine fan. However, the limited size of the 

exposures makes it impossible to recognise in which part of the fan (i.e. channel, levee or 

plain) the sediments were deposited. Individual channels within a single fan system may be 

up tQ 500m wide and 60m deep (e.g. Shanmugam et al. 1985) which is greater than any 

continuous exposure at the TOM. 
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The presence of conglomerate units with clasts that are imbricated parallel to their long 

axes is also consistent with of transport by and deposition from turbidity currents (Walker 

1984). Conglomerates of this nature are similar to those described by Lowe (1982), who 

attributed their transport to a "cohesive debris flow" mechanism from a high-density, 

turbidity current. Deposition of the clast and matrix is related to cohesive freezing as the 

turbidity current decreases in velocity (Lowe 1982). At the TGM, two distinct clast 

populations were noted within the various conglomerate facies. The first clast type (Fig. 

4.3H) are angular to sub-rounded with low sphericity, appears to be intraformational, and 

are interpreted to be the products of slope failure (e.g. Shanmugam et al. 1985). The second 

clast type (Fig. 4.3G), is confined solely to the carbonate mudstone facies and consists of 

rounded, spherical intraclasts of dolomitic siltstone. Based on the high degree of. rounding 

and the absence of a known local source, these clasts appear to have been transported 

considerable (but unquantifiable) distances. They are interpreted to be fragments of 

extraformational sediment transported into the basin from a shallow-water, carbonate 

environment. 

The presence of organic carbonaceous material in the carbonate mudstone facies presents 

something of an enigma in a below wave base setting. During the Paleoproterozoic, the 

sole contributors of organic matter were cyanobacteria (Bauld 1981). In rocks lacking 

evidence of sub-aerial exposure, only two mechanisms are possible for the formation of 

such organic rich facies; accumulation and redeposition of microbial matter; or in-situ 

burial of benthic microbial mats (Schieber 1986). The most important factors in the 

formation of such facies are the source of organic matter, reducing conditions, and a low 

sedimentation rate (Schieber 1986). On the basis of similar textures in the carbonaceous 

rich bands from the TGM to those from microbial mats described by Schieber (1986), the 

presence and burial of microbial mats (i.e. stromatalites) are preferred as the most viable 

explanation for the presence of carbonaceous beds at the TGM. The presence of microbial 

mats can be used to constrain the maximum water depth at their time of formation. Bauld 

( 1981) states that microbial mats may have grown in water depths of up to 50m during the 

Proterozoic. The presence of these shallow water facies in a turbidite succession is difficult 

to explain. However, the carbonate mudstone facies only occurs in one stratigraphic 

position, directly overlying the thick basalt flows of unit 1 (Fig. 4.5). The total thickness of 

this basaltic unit is 180m. It is suggested that the influx of basalt into the basin was 

sufficient to locally shallow the water depth into the photic zone and allows for the 

development of microbial mats. The majority of the sediments interbedded with the 

carbonate mudstone facies are fine grained laminated siltstones and mudstones, which 

indicate a low sediment input at this time. Low sedimentation rates are crucial to the 

development of microbial mats (Bauld 1981 ). Continued subsidence of the _b,flsin during 
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sedimentation is interpreted to have resulted in a return to the more characteristic below 

wave-base, turbidite association. 

4.5.2 Provenance 

Within the sandstones at the TGM, several types of detrital quartz have been identified. 

Using the criteria of Folk (196~) the type 1 and 2 quartz grains (Section 4.2) are classified 

as volcanic in origin and types 3 and 4 are interpreted to be from a metamorphic source. 

The presence of detrital high grade metamorphic grains including coarse (up to 4mm in 

diameter) flakes of muscovite and biotite is also indicative of an uplifted metamorphic 

basement source. This basement is inferred to be the Ditjiedoonkuna Suite described in 

Chapter 3. The ubiquitous presence of detrital hematite in all facies, with the exception of 

the carbonate- mudstone facies, is interpreted as further evidence of a weathered 

continental basement source. The laterally equivalent? Nanny Goat Creek Beds contain 

abundant primary felsic volcanic material and this is a potential source for the reworked 

volcanic elastic material seen in the Mt Charles Beds. 

4.6SUMMARY 

In summary the sedimentary rocks at the TGM are interpreted to have been deposited by 

high density turbidity currents in a below wave-base, submarine fan. Influx of thick 

basaltic units may have been effective in causing a local shallowing of the water depth, and 

allowing the development of microbial mats in unit 2. The source components Jor the 

sandstones are bimodal, with approximately 60-70% of detrital grains being reworked 

felsic volcanic material and the remainder are sourced from an older metamorphosed 

basement. This older basement is inferred to be the Ditjiedoonkuna Suite. 
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CHAPTERS 

WHOLE ROCK GEOCHEMISTRY OF THE 
BASALTS 

5.1 INTRODUCTION 

Thirty-three samples of unweathered basalt were collected from drill core and from the 

base of the open pits at the TGM. Whole rock geochemical and petrographic analyses were 

undertaken to characterise the styles of alteration and to gain an insight into the tectonic 

setting of the Granites-Tanami Inlier in the Palaeoproterozoic. Any veined or slightly 

weathered samples were initially crushed to pea-sized fractions and the vein/oxidised 

material was removed by hand sorting. All samples were then pulverised in a tungsten

carbide mill. Samples were analysed for major and trace elements by X-ray fluorescent 

(XRF) spectrometry (Norrish and Hutton 1969) using a Phillips P1410 X-ray spectrometer 

with a TRS-80 microcomputer at the Department of Geology, University of Tasmania. 

REE analyses were conducted using the ionic exchange analytical procedures of Robinson 

et al. (1986). 

The data presented in this chapter come from the least-altered of all the basaltic samples. 

Data for the altered samples is presented and discussed in Chapter 7. Petrographic analysis 

and loss on ignition values (LOI) were used to discriminate the least-altered samples. 

Samples with LOI greater than 3.5 % were taken to represent rocks that have undergone 

significant metasomatism. Nine of the thirty-three samples fell within the LOI< 3.5% 

range, the least-altered suite for the basalts. Two of the least-altered samples were also 

analysed for rare earth elements (REE). Also included in the data presented in this Chapter 

are two metabasalt samples collected from the contact metamorphic aureole surrounding 

the Frankenia Dome to the southeast of Mt Charles (The petrology of the metabasalts was 

discussed in Chapter 3). Based on aeromagnetic interpretations (Figs 3.4 & 3.5) the 

metabasalts are interpreted to be a contact metamorphosed equivalent of the basalt 

exposed at the TGM. Table 5.1 lists the major and trace element analyses for the unaltered 

basalts from the TGM and the Mt Charles metabasalts. 

5.2 MAJOR & TRACE ELEMENT COMPOSITIONS 

The basalt samples taken from the TGM are from two units (units 1and6 on Fig. 4.6), and 

show little compositional variation (Table 5.1). They are low-K tholeiitic basalts, with 

constant Zr/Nb (18.3 ± 0.05), Zr/Y (3.5 ± 0.05) and Ti/Zr (65.3-66.9 for 7 of the 8 

analysed samples) values (Table 5.1). Sample TDD22-134 has a slightly more evolved 
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Sample TDD 22- TDD22- TDD 22- TDD 22- TDD 34- TDD 49- TDD 49- TDD 49- 80-2 DOL-1 DOL-2 
No 127 128 133 134 83 153 154 172 

Si02 48.86 49.68 48.87 49.31 49.92 49.28 49.83 49.31 49.30 49.74 48.82 
Ti02 1.41 1.40 1.45 1.78 1.36 1.39 1.36 1.45 1.12 1.42 1.33 
Al203 13.80 13.74 13.93 12.41 13.48 13.83 13.66 14.08 14.45 13.41 13.44 

Fei03 15.13 . 15.01 15.02 17.03 14.24 14.86 14.32 14.98 13.46 13.84 14.09 
MnO 0.23 0.21 0.21 0.27 0.19 0.20 0.22 0.19 0.15 0.19 0.19 
MgO 6.68 6.51 6.65 5.71 6.33 6.15 6.08 6.18 7.01 9.01 7.81 
Cao 6.45 6.03 5.68 7.57 8.44 6.01 6.29 4.85 8.74 9.47 9.53 
Na20 4.44 4.68 4.82 2.48 2.53 4.94 5.03 5.23 2.46 2.02 2.04 
K10 0.14 0.19 0.08 0.51 0.70 0.11 0.06 0.10 0.41 0.67 0.68 

P20s 0.17 0.17 0.17 0.21 0.17 0.17 0.17 0.17 0.12 0.18 0.14 
LOI 2.68 2.38 3.12 2.76 2.62 3.05 3.03 3.48 2.79 2.06 1.94 

TOTAL 99.99 99.99 100.00 100.04 99.99 99.99 100.04 100.02 100.00 102.01 100.01 

FeO*/MgO 2.04 2.08 2.03 2.68 2.02 2.17 2.12 2.18 1.73 1.38 1.62 
Zr/Nb 18.3 16.8 17.5 20.1 18.9 18.7 18.0 17.3 19.l 17.8 15.1 
Zr/Y 3.6 3.6 3.6 3.7 3.5 3.5 3.5 3.9 3.2 3.3 2.8 
Ti/Zr 66.0 65.6 65.4 77.9 66.3 65.6 65.8 66.9 74.6 95.7 92.7 

Ni 94 94 96 74 93 96 91 100 112 199 212 
Cr 204 198 210 85 197 207 204 211 151 248 236 
v 343 338 355 435 332 342 329 358 316 331 334 
Ba 97 146 86 179 291 115 66 79 96 85 79 
Sc 44 43 47 44 42 45 43 48 45 38 40 
Zr 128 128 133 137 123 127 124 130 90 89 86 
Nb 7.0 7.6 7.6 6.8 6.5 6.8 6.9 7.5 4.7 5.0 5.7 
y 36 36 37 37 35 36 35 33 28 27 31 
Rb 3 5 1 10 17 2 1 2 7 25 20 
Sr 304 291 242 144 161 296 150 230 131 164 166 
Th 3.31 2.81 1.90 2.17 3.51 2.71 3.06 2.09 2.50 0.99 1.06 

La 10.64 10.35 
Ce 25.10 24.65 
Pr 3.21 3.15 
Nd 14.67 14.27 
Sm 3.89 3.72 
Eu 1.21 1.12 
Gd 5.14 4.82 
Dy 5.83 5.41 
Er 4.01 3.63 
Yb 3.65 3.41 

Table 5.1 Whole-rock geochemical data for the least altered basalts from the TGM. LOI = loss on ignition. 
Sample B0-2 was collected from the Bouncer Open Pit. Samples DOL-1 and DOL-2 are from the Mt Charles 
area. 
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composition (higher total Fe, Ti02, P205, and lower MgO, Ni and Cr), but has a similar 

fractionation-independent Zr/Nb value (20.1 ), suggesting that it is comagmatic with the 

other TGM basalts. Sample B0-2 has a more magnesian, less evolved composition, but 

plots along the same broad fractionation path as the TGM basalts (Fig. 5.1 ). The similar 

Zr/Nb value (19. l) of B0-2 to the TGM basalts suggests that it is probably comagmatic 

with these basalts. In contrast, metabasalts DOL- l and DOL-2 are notably more primitive 

(higher MgO, Ni and Cr) than, but have identical Ti02 contents to, the TGM basalts, 

ruling out a direct comagmatic link with the TGM lavas. However, the near-identical 

Zr/Nb and Y/Nb values and other compositional features suggest that the metabasalts are 

derived from a basaltic magma compositionally very similar to the TGM basalts. The 

metabasalts therefore are interpreted as having been produced by the same magmatic event 

that yielded the TGM basalts. 
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Figure 5.1 Plot of Ti02 versus MgO showing the fractionation trends for the basalts from the TGM. Also 
shown is the field for tholeiitic rift basalts from the Galapagos Spreading Centre to illustrate the expected 
fractionation trend (Data from Fornari et al. 1983). Note that the two metabasalt (DOL-1 & DOL-2) samples 
plot off the main TGM data-trend indicating their non-comagmatic origin. 

In order to understand the tectonic setting it is important to attempt to assess the 

geochemical affinities and tectonic setting of eruption of the TGM basalts. To this end, 

contents and ratios of immobile elements (Ti, Zr, Nb, Y, REE) are used, and comparisons 

are made with data for modern suites erupted in unambiguous tectonic settings. Plots using 

various combinations of these immobile elements are shown in Figures 5.2 and 5.3, and 

demonstrate clearly that the TGM basalts have tholeiitic affinities. The low K20 contents 

of these basalts (0.06 - 0.70%; av. 0.24%) suggest that they are low-K tholeiites, but as 

K 20 is mobile during low-grade burial-metamorphic or contact-metamorphic alteration of 

basalts (e.g. Wood et al. 1976; Ferry et al. 1987), the measured K20 abundances are not 

considered to be reliable magmatic indicators. Therefore, the basalts are plotted in Figure 
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Figure 5.2 Plots of (A) Ti02 versus Zr/P205, (B) Ti02 versus Y/Nb for the least-altered basalts 

from the TGM and metabasalts from Mt Charles. 
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Figure 5.3 Graph of Zr vs Y illustrating the tholeiitic nature of the basalts of the Mt Charles Beds 
(Fields from Maclean and Barret 1993). 
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5.4 on the Ti-Zr-Y diagram of Pearce and Cann ( 1973). This diagram does not show fields 

for continental flood basalts or rift tholeiites (rift tholeiites = basalts from developing 

continental rifts such as the Afar Rift in Africa), but it is useful to show that the TGM 

basalts are indeed low-K tholeiites. 

Ti/100 

Zr 3Y 

Figure 5.4 Plot of the Tanami basalts on the Zr, Ti, Y discrimination diagram of Pearce and Cann (1973). 
The fields are A = island arc tholeiites, B = mid ocean ridge basalts, C = calc-alkali basalts and D = within 
plate field. Fields A and B are indicative oflow-K tholeiites. 

5.3 PYROXENE COMPOSITIONS 

The compositions of relict clinopyroxene grains from the massive basalts were determined 

using the Cameca SX 50 electron microprobe at the University of Tasmania. All 

pyroxenes analysed had similar chemical compositions and can be classified as augites 

(Fig. 5.5). Letterier et al. (1982), proposed a set of discrimination diagrams based on the 

compositions of relict pyroxenes that uses Ti, Ca, Al, Cr and Na, and differentiates 

between clinopyroxenes alkali basalts, spreading centre tholeiites and island arc-basalts. 

For use in the diagrams clinopyroxene analyses are recalculated as cations to six oxygens. 

Figure 5.6 is a plot of Ti versus Ca+ Na and the data from the Tanami plot in the sub

alkaline basaltic field. The chemistry of the clinopyroxenes is therefore concluded to be 

consistent with a tholeiitic basalt composition. 
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Figure S.S Standard pyroxene quadrilateral used for naming pyroxenes based on their chemical composition 
(Fields from Morimoto 1989). 
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Figure 5.6 Tectonomagmatic discrimination diagram, Ti versus Ca + Na based on clinopyroxene 
compositions (Letterier et al. 1982). Data points represent analyses carried out on samples IDD22-127, IDD 
49-154, and B0-2 

5.4 TECTONIC SETTING OF THE TANAMI BASALTS 

Low-K tholeiitic basalts are erupted in a number of tectonic settings, including mid-ocean 

ridge and backarc-basin spreading centres, young intra-oceanic island arcs, continental 

rifts that develop into ocean basins, and continental flood basalt provinces. Geological 

evidence can be used to effectively eliminate several of these possibilities for the TGM 

basalts. 

• The absence of andesites, dacites and pyroclastic rocks in the Granites-Tanami Inlier 

combined with the plagioclase-phenocryst poor nature of the basalts from the TGM 

rule against an arc setting. 

• The absence of abyssal plain sedimentation and an ophiolite stratigraphy ( ultramafics 

and plutonic mafic rocks such as sheeted dykes and gabbros) suggest a mature ocean 

basin is not a possibility. 
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The Tanami basalts are interpreted to have been erupted during the Leichardt rifting event 

(Chapter 3). The presence of below-wave turbidites containing metamorphic detritus has 

been interpreted to indicate a partial continental provenance for the sedimentary rocks 

interbedded with the basalts. Furthermore the Black Peak Formation is interpreted to 

unconformably overlie the high grade metamorphic rocks of Ditjiedoonkuna Suite. These 

lines of evidence suggest that the mos.t likely tectonic setting for eruption of the basalts is 

as Continental Flood Basalts (CFB) or continental rift tholeiites. These possibilities are 

considered further below. 

5.5 CFB AND RIFT THOLEIITES 

Continental flood basalts are considered to represent the manifestation of eruption of a 

mantle plume head (Coffin and Eldholm 1993). Vast volumes of tholeiitic basalt lavas 

covet large areas of continental (Deccan or Siberian Traps, Parana basalts of Brazil) or 

oceanic (Ontong Java Plateau) crust. Basalts often show some evidence of limited 

assimilation of continental crust, usually expressed as negative Nb anomalies in MORB

normalised element variation diagrams (Thompson et al. 1983; Cox and Hawkesworth 

1984; Thompson et al. 1984). CFB provinces may or may not develop into an ocean basin. 

For example, the Parana provin~e of South America developed into the S Atlantic Ocean, 

and the Afar rift is developing into the Red Sea - Gulf of Aden (White and McKenzie 

1989). In both cases, basalt compositions show a temporal trend from contaminated CFB 

through rift tholeiites, towards typical mid-ocean ridge basalts erupted at the eventual 

steady state spreading centre as the continental crust finally rifts and seafloor spreading 

begins (White and McKenzie 1989). 

Typical CFB with 6-7% MgO have chondrite-normalised rare earth element (REE) 

patterns that show significant light (L)REE-enrichment and often weak negative Eu 

anomalies due to protracted plagioclase fractionation (Wilson 1989; Phillpotts 1990; 

Rollinson 1993). The heavy (H)REE (Gd to Lu) are also slightly fractionated, with 

chondrite-normalised Gd/Yb values typically around 2 - 3 (Fig. 5.7). In contrast, typical 

rift tholeiites are only slightly LREE-enriched, and have flat BREE-patterns, with 

chondrite-normalised Gd/Yb values typically 1-2 (Fodor and Vetter 1984, Fodor et al. 

1985). On the basis of the REE patterns, the TGM basalts are more similar to rift tholeiites 

than CFB. 

On N-MORB-normalised multi-element variation diagrams using immobile elements 

(+Sr) (Fig. 5.8), the TGM basalts show quite flat Y-HREE patterns, significant Th 

enrichment, and a slight negative Nb anomaly. Representative CFB (Parana and Deccan 

and Snake River Plane) show significantly more enrichment in incompatible elements. 
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Figure 5.7 Chondrite-normalised REE plot for the Tanami basalt and representative CFB from Snake River 
Plane (SRP), the Deccan Traps (India) and the Parana basalt in South America (Data from Wilson 1989). 
Also shown are two representative Atlantic rift tboleiites (RT) which are post-Parana CFB. (Data from Fodor 
and Vetter 1984). Normalising factors from Sun and McDonough (1989). 
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Figure 5.8 N-MORB normalised multi-element plot for the Tanami basalt and representative CFB from 
Snake River Plane (SRP), the Deccan Traps (India) and the Parana basalt in South America (Data from 
Wilson 1989). Also shown are two representative Atlantic rift tholeiites (RT) which are post-Parana CFB. 
(Data from Fodor and Vetter 1984). Normalising factors from Sun and McDonough (1989). 
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However, representative rift tholeiites from the eastern margin of Brazil (post-Parana 

rifting, pre-South Atlantic opening; Fodor and Vetter 1984) show similar patterns to the 

Tanami basalt. The Th enrichment and slight negative Nb anomaly, that is present for both 

CFB and rift tholeiites, probably reflect limited crustal assimilation as the hot low-K 

tholeiitic magmas were emplaced through attenuating crystalline crust (Thompson et al. 

1983; Cox and IJawkesworth 1984; Thompson et al. 1984). 

Early intra-plate tholeiites erupted as CFB in a mantle plume-head eruption event trend 

compositionally and temporally towards N-MORB as rifting develops over or adjacent to 

the site CFB magmatism (in the Parana case, during the opening of the south Atlantic 

Ocean; Fodor et al. 1989). The negative Nb anomalies shown by the Tanami data are 

characteristic of MORB-like rift tholeiite magmas that have interacted with continental 

crust (Thompson et al. 1984), and such interaction might be expected during the initial 

phase of rifting preceding ocean formation. 

5.6 CONCLUSIONS 

• Whole-rock geochemical data for the Tanami basalts suggest they are a sub-alkaline, 

low-K, tholeiitic basaltic suite. This is confirmed by the chemistry of the 

clinopyroxenes. 

• The Mt Charles metabasalts do not plot on the same fractionation trends as the basalts 

from the TGM, nevertheless similar Zr/Nb and Y /Nb values suggest that the 

metabasalts were a part of the same magmatic event. 

• Low-K tholeiites form in a variety of characteristic tectonic settings. These settings 

include back-arc basins, intra-oceanic island arcs, mid-ocean ridges, continental rift 

zones and continental flood basalt provinces. Except for CFB and continental rift zone 

settings the other tectonic setting can be dismissed on the basis of the regional 

stratigraphy. 

• When plotted on chondrite-normalised REE plots and N-MORB normalised multi

element plots, the Tanami data are most similar to those basalts erupted in continental 

rift zones which are transitional between CFB and MORB. 

• Thus the Tanami basalts are interpreted to be similar to rift tholeiites that form during 

the initial stages of rifting and basin formation. There is no evidence for subduction in 

the geochemical signature of the basalts. 
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CHAPTER6 

MINE SCALE STRUCTURE 

6.1 INTRODUCTION 

This chapter describes the structural geology of the TGM. Observations come from 

mapping within the open pits, both during and post-mining, and from diamond drill core. 

As has been previously discussed, the attitude of bedding at the TGM is consistent across 

the mine lease and there are no folds away from the fault zones (Fig. 6.1). The style of 

structure documented in this chapter is largely of a brittle nature. Timing of the various 

structural groups was established by overprinting relationships. Where overprinting 

relationships were not directly observable, the brittle structures were placed into groups 

based on their orientation, presence of veins (including variation in vein mineralogy and/or 

alteration), and the internal structure of the fault zones themselves. 

The following discussion is divided into three parts: 

• Pre-mineralisation structures. 

• Syn-mineralisation structures. 

• Post-mineralisation structures. 

N 

Equal Area 

Figure 6.1 Equal area stereonet for poles to 
bedding collected from within open pits at 
theTGM. 

n= 412 C.I 0.5, 1, 2, 4, 8% /1 % 
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6.2 PRE-MINERALISATION STRUCTURES 

The faults that formed prior to the Au-mineralising event are displaced by mineralised 

faults and/or overprinted by the alteration associated with the mineralised faults. Evidence 

for the timing of individual groups of pre-mineralisation structures will be discussed in the 

various subsections detailing the structures. 

6.2.1 Micro-Faults 

The earliest deformational structures recognised at the TGM are extensional microfaults 

that are developed exclusively within the sedimentary lithologies. These microfaults have 

up to 3 cm of normal displacement with respect to bedding (Fig. 6.2A). The microfaults 

are cut and displaced by bedding-parallel reverse faults, and also by the Au mineralised 

veins and faults. 

The trace of individual microfaults is curvilinear in both strike and dip. The displacement 

surface is a sharp boundary and ih most cases no mineral infill is developed within the 

zone of displacement. Narrow carbonate-sericite veins are only ever present where the 

. microfaults are developed in the carbonate mudstone facies (Fig. 6.2B). A weak foliation 

is developed immediately adjacent to some of the microfaults within the carbonate 

mudstone facies, but is not observed within other lithologies (Fig. 6.2C). 

Microfaults are up to 20cm long and die out up sequence where they are overlain by 

undisturbed beds. The microfaults typically have a listric shape and flatten into the 

bedding plane down the stratigraphy. Detailed microscopic examination of the fault plane 

revealed no evidence for truncation, cataclasis or deformation of detrital grains. Although 

no systematic documentation was completed on the frequency and the distribution of these 

faults, several generalised observations can be made: i) The microfaults are most abundant 

in fine-grained and laminated sedimentary lithologies. However, they are present 

throughout all sedimentary lithologies observed in drilling at the TGM. ii) Spacing 

between faults varies from millimetres to several tens of centimetres. 

6.2.2 Reverse Faulting 

The extensional microfaults are overprinted by a series of bedding-parallel reverse faults 

and steeper thrust faults. The thrusts fall into two distinct categories: i) small scale thrust 

duplexes; and ii) isolated thrusts that are not part of a duplex on the scale at which they 

were observed. Most of the movement on the thrust faults is interpreted to have occurred 

prior to the mineralisation event, based on cross-cutting relationships. The terminology for 

a basic forward propagating contractional duplex model (Boyer and Elliot 1982, modified 

by Tanner 1992) is used in the following descriptions (Fig. 6.3). 
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Figure 6.2 A) Extensional microfaults within the finely laminated carbonate mudstone facies. Note 
the thickening of units in the central graben structure. 

Figure 6.2 B) Photomicrograph (PPL) illustrating curvilinear trace of extensional microfault and 
associated vein. The mineralogy of the veins associated with faulting is discussed in Chapter 7 

Figure 6.2 C) Photomicrograph (PPL) of weak, spaced, anastomosing foliation developed in the 
immediate hangingwall of an extensional microfault. The foliation is invariably developed parallel 
to the fault and is only present immediately adjacent to the fault. 
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Figure 6.3 Terminology of a forward propagating duplex (After Boyer and Elliot 1982 & Tanner 1992). 
These terms are used in the sense shown in this figure throughout the following discussion. 

Evidence for movement on bedding planes is common within all sedimentary lithofacies_ 

Individual movement surfaces may be separated by centimetres to tens of metres. 

Evidence for bedding plane movement includes abundant striations, and rare fibrous

quartz veins on many bedding planes. Polished bedding planes are generally restricted to 

the finer-grained units, where movement is recorded as fine, dominantly dip-slip, striations 

that occur on polished bedding planes. The sense of shear can be difficult to deduce from 

the fine striations and can only be determined when a marker has been offset. In the cases 

where shear sense was determined, displacement was always reverse (hangingwall block 

to the southeast). 

Duplexed Thrusts 

Thrust duplexes are mostly found in interbedded sandstone-siltstone parts of the sequence 

(Fig. 6.4). Small-scale, flat roofed, contractional duplexes varying in length from less than 

lm to approximately 30m, have length to height ratios typically greater than ten. Miniature 

examples (less than 30cm long and several centimetres high) have been noted from within 

siltstone beds. Movement horizons differ markedly dependent on what part of the duplex 

is observed: e.g., floor thrusts have preserved quartz fibre veins and/or grooving striations, 

whereas petrographic examination of quartz vein fill from a roof thrust reveals that the 

veins are not always fibrous. In one case (sample HR-27) vuggy open space textures 

indicative of single stage growth (e.g. Cox 1991) are developed. Link thrusts defined by 

Tanner ( 1992) as the imbricate thrusts that link the floor and roof thrusts between horses, 

typically lack quartz veining, but develop a well-polished and striated movement plane. 

Backthrusts are also developed in the duplex structures but are less common than forward 

propagating thrusts. Backthrusts are marked by fault gouge, quartz fibre veins are rare and 
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Figure 6.4 Photograph and interpretive sketch of a thrust duplex located in the western wall of the Hurricane -
Repulse Pit. Note the flat roofed nature of duplex and the crosscutting nature of the weakly mineralised fault. 
The anastomosing nature of the mineralised fault is exaggerated due to a combination of the similarity in the 
strike of the pit wall and the fault, and the uneven nature of the wall. 
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were only observed in three instances. Fault surfaces may show more than one movement 

direction indicating complex displacement histories. 

Analysis of fault plane striations and quartz fibre orientations indicate a consistent sense of 

shear on all structures of this style. Figure (6.5) shows that the movement vectors on the 

duplexed thrusts are dominantly dip slip, with markedly oblique slip rare. Tanner (1992) 

described systematic variation between movement vectors for link thrusts when compared 

to roof and floor thrusts, this was not observed at the TGM. The lack of variation in 

movement vectors observed, on link and roof-floor thrusts respectively, is related the 

similarity of the strikes of these three features, an oblique movement vector is expected 

when the ramp and main thrust differ substantially in strike, i.e. an oblique ramp (e.g. 

Apotria et al. 1992). 

N 

Isolated Thrusts 

Figure 6.5 Equal area stereonet showing all roof, 
floor, link and back thrusts for which a lineation 
was measured and a sense of shear could be 
deduced. 

Lineation indicating 
Q fault movement, 

white is up 

Small-scale single thrusts with ramp and flat geometry and only centimetre displacements 

have been noted in the core. Figure 6.6A shows an example of this style of structure. The 

core has been cut parallel to the movement direction. Two interesting features are notable: 

i) gentle folds are formed in both the footwall and the hangingwall and decrease in 

amplitude away from the fault; and ii) the folds do not show the classic kink band 

geometry but rather a more rounded shape. Ramsay (1992) has discussed some problems 

with the classic Boyer and Elliot (1982) thrust model, and documents examples similar to 

that described above where deformation does occur in the footwall. Footwall folding has 

also been related to the development of other fault-bend folds at deeper levels beneath the 

observed structure (Suppe 1983). However, at the scale of folding present in this sample 

no other ramps were observable, making this unlikely. Similar structures have been 

88 



Figure 6.6 A) Small-scale isolated thrust developed in carbonaceous siltstones. B) Outcrop scale 
isolated thrust in the Hurricane-Repulse Pit. The trace of So is subhorizontal at this locality and 
bedding is dipping at 45° back into the page. A lens cap is visible in centre of the frame for scale. C) 
Close up of B) showing weakly foliated nature of fault gouge and pale sericite alteration in the fault 
zone. 
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documented at Kimmeridge Bay in South Dorset England (Ramsay 1992). The decrease in 

amplitude of the folds away from the thrust is interpreted to indicate a degree of layer

parallel shortening in the less competent material. 

Larger, isolated thrusts have also been mapped at the TGM during this study. As with the 

smaller thrusts they show a ramp and flat geometry with respect to bedding. These thrusts 

are marked by a zone of fault gouge, up to lOcm wide (Fig. 6.6B, C). In rare cases ( 4 out 

of 32) quartz fibre veins are also present confirming a reverse sense of displacement. 

Accurate measurement of the displacements on the larger thrusts were difficult to obtain, 

but the maximum observed apparent displacement on any thrust is 20m. At one location 

within the Bouncer Pit (Fig. 6.7), close to tight folds are developed adjacent to the thrusts. 

These folds have shallow doubly plunging fold axes and a weak axial planar cleavage. 

Fold shape is variable from box style to Class le folds with weakly convergent isogons 

(Ramsay 1967). An axial planar cleavage is well developed in the fold hinges adjacent to 

the fault. The coincidence between fold axis and fault plane orientation (Fig. 6.7 -

stereonet), and their close spatial relationship suggest they form synchronously. All the 

large isolated ramps observed at the TGM occur close to the contact between thick basaltic 

and sedimentary units, which are areas of marked competency contrast. This spatial 

localisation of the ramp structure is to be expected as the ramp sections of thrusts will tend 

to propagate through/across the most competent units with the flats being along/in the least 

competent units (Boyer and Elliot 1982; Suppe 1983; Ramsay 1992). 

6.3 MINERALISED STRUCTURES 

6.3.1 Morphology Of The Mineralised Structures 

Gold mineralisation at the TGM is hosted within shear zones that have certain 

characteristic morphologies. The term shear zone is used throughout this thesis in the 

sense of Hodgson (1989), and applies to permeable fracture systems generated by tectonic 

processes. It is not intended to imply purely ductile processes (e.g. Ramsay 1980). Within 

this section, descriptions of the various auriferous veins and faults are provided. The 

mineralogy of the veins formed is described in detail in Chapter 7. 

Open pit scale structures 

At the open-pit scale, mineralised zones have been traced by mapping combined with 

evaluation of the grade control data. When mining timetables permitted, several of the pit 

floors were mapped, this was facilitated by digging shallow trenches across the pit at a 

high angle to the mineralised zones. Individual shear zones are often traceable for several 

hundred metres; at the Hurricane-Repulse Pit the major structures are continuous over 
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approximately 1500m of strike (Figs 6.8-6.12). The mineralised shear zones have a 

sinuous morphology with splays and fault bifurcation common. Three dominant 

orientation of ore zones are recognised: 350-010°, 030-040° and 060-080° all dipping 

towards the east and south east at 45-90°. A minor group striking 100-110° and dipping 

NE is also present (Fig. 6.13). Although these distinct orientations are emphasised, there is 

a broad spread of strikes for the mineralised structures which may occur between the arc of 

340-110° (Fig. 6.14). Displacement on all mineralised structures is minor and generally 

less than Sm. 

Economic grade Au mineralisation is developed within the veins central to the mineralised 

zones and also in the bleached alteration halos that surround them. High-grade "bonanza" 

style mineralisation is located at the intersections between the major N-S trending zones 

and crosscutting 030-040° trends and the 060-080° trends. This leads to steeply ESE 

plunging high grade shoots (Fig. 6.15). The distribution of gold grades around several 

structures from across the TGM will be detailed in Chapter 7. 

Outcrop scale 

Basalt host rocks 

The internal style of ore zones vary as a function of the host rock. The structures within 

the basalt will be described first. All mineralised structures within the basalt appear to be 

purely brittle in nature. There is no evidence of ductile features such as pressure-solution 

cleavage, mineral elongation lineations or preferred orientation of minerals. Mineralised 

shear zones which can be up to 9m wide (commonly 2-3m) are associated with an increase 

in fracture intensity and veining towards the centre of the zone. Approaching the shear 

zones from intact rock, the first structures visible are small fractures and veinlets, these 

change progressively into a zone of more closely-spaced, planar fractures and veins 

(Fig. 6.16). In the centre of the zone a fault breccia and/or cataclasite zone is developed in 

20% of shear zones examined. Veins and minor brecciation are common in the central 

portions of all mineralised zones (Fig. 6.17 A-D), veins can be classified as oblique-shear 

and central-shear veins (Hodgson 1989). Mineralised veins within the basalt vary in 

thickness from less than Imm to 2m thick. 

Sedimentaiy host rocks 

Fault zones within the sedimentary lithologies display a similar relationship of increasing 

fracture and vein density towards the centre of mineralised zone. However, in 30% of 

shear zones examined a weak, spaced-disjunctive cleavage is present. This cleavage is 

developed parallel to the general trend of the zone and is always confined to the visibly 

bleached alteration halo surrounding the structure (Fig. 6.17E). Sericite filled shears 
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N = 378 

Figure 6.13 Rose plot for all mineralised shear zones illustrating the three dominant strikes at 
350-010, 030-040, and 060-080° and a minor grouping at 100-110° 
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Figure 6.14 Contoured equal area stereonet of poles to all mineralised shear zones. 
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Figure 6.15 The fo ur major shear zone orientations all intersect to give steeply ESE plunging, highgrade oreshoots. 

Figure 6.16 A) "Typical" mineralised shear zone in basalt from the northern end of the Bastille Pit. 
The white staining is caused by oxidation of sulfides present in the central quartz veins. B) Tracing 
showing postion of quartz veins and quartz cemented breccia zones in black. Bench height is 6m. 



Figure 6.17 A) Central quartz vein within a mineralised shear zone in the Dinky Pit. Note the thin 
planar veins developed to either side and the pinch and swell nature of the main vein. The black 
minerals developed on fracture planes within the quartz vein are iron, manganese-hydroxides 
developed during weathering. 

Figure 6.17 B) Series of sub-parallel, oblique-shear veins from the main mineralised zone in the 
Hurricane-Repulse Pit. The host rocks are a weathered medium grained sandstone. 

Figure 6.17 C) Broad quartz-carbonate hydrothermal breccia zone from the Hurricane Repulse Pit. 
The carbonate infill has been deeply weathered although the clasts are only weakly affected. 

Figure 6.17 D) Photomicrograph (PPL) of quartz-carbonate hydrothermal breccia. Note the 
angularity of the clasts and their polymict nature. The opaque mineral in the breccia matrix is 
pyrite. 

Figure 6.17 E) Photomicrograph (XPL) of weak spaced disjunctive cleavage (arrows) developed 
parallel to vein margins in a strongly sericite altered fine grained sandstone. Note the cleavage has 
been offset by later microfaults (thick arrow). 

Figure 6.17 F) Foliation developed in mineralised shear zone hosted in fine grained sandstone and 
siltstone. 





Chapter 6 - Mine Scale Structure 

defining a weak foliation parallel to the fault zone boundary are present within the central 

portion of the large shear zones (>2m wide) at several locations (e.g western end of the 

Bumper Pit; western wall of Repulse Pit). In these zones lozenge-shaped undeformed 

lithons of wallrock are preserved between the shears (Fig. 6. l 7F) 

Extension veins have been observed in both host rock lithologies and are oriented at a high 

angle (> 70°) to the main shear zone, where they typically occur on the outer margins. 

Extension veins are paddy and typically have low aspect ratios(~ 50:1). Massive (80%) 

and crustiform (20%) veins have been noted. Within sedimentary units extension veins are 

developed parallel to bedding. However, they can be differentiated from bedding-parallel 

veins associated with flexural slip by their low aspect ratios, a lack of striations on the 

adjacent wall rocks and their exclusive positioning adjacent to large mineralised shear 

zones. Although the extension veins are mineralised their grade is (on average) an order of 

magnitude less than that in central- and oblique-shear veins of the main mineralised shear 

zone (Section 7 .3) . 

. Handspecimen and microscopic scale 

Internal structures within mineralised veins and breccias are similar and are not dependent 

on host rock lithology. Veins and breccia infill preserve the following textures: 

• Banded quartz-carbonate veins with open space growth textures such as comb textures 

and euhedral quartz with primary fluid inclusions defining growth bands 

(Fig. 6.18A, B) 

• Breccias vary between;· jigsaw fit styles where angular clasts are only slightly 

displaced from the wall rock, to clast poor varieties where there has been considerable 

rotation and movement of the clasts. Both monomict and polymict breccias are 

present, The matrix of the breccias generally has comb textures and crustiform 

banding (90%), although massive infill can also be observed (10%). The breccias are 

interpreted to be the product of implosion brecciation associated with the sudden 

creation of cavities (such as dilational jogs) and high fluid pressure differentials during 

rupturing. Breccia zones also show evidence for rebrecciation and are cut by later 

veins (Fig. 6.18C, D). 

• Sharply defined slip surf aces and narrow bands of cataclasite occur in many veins 

truncating the primary grow,th textures (Fig. 6.18E). 
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Figure 6.18 A) TDD 30-167.2 Photomicrograph (PPL) of typical banded quartz (qtz)-carbonate 
(carb)-chlorite (chi) vein within a basaltic host rock. 

Figure 6.18 B) HR-19 Photomicrograph (PPL) of dense zones of primary fluid inclusions defining 
growth bands in euhedral and subhedral quartz crystals. 

Figure 6.18 C) TDD 49-166.1 Quartz (qtz)-carbonate (eh) breccia from central portion of a 
mineralised shear zone. · 

Figure 6.18 D) TDD 49-166.1 Photomicrograph (PPL) of massive intergrown carbonate( eh) and 
quartz (qtz) in breccia matrix, cut by later carbonate veins (arrows). 

Figure 6.18 E) HR- 9 Photomicrograph (XPL) of a zone of cataclasis (arrows) cutting primary 
elongate quartz grains. 

Figure 6.18 F) Photomicrograph (PPL) of crack-seal bands developed parallel to vein walls within 
ankerite. Bands are defined by trails of minute (<5µm) primary fluid inclusions. Crack-seal banding 
may also be defined by slivers of wall rock entrained in the vein material. 





Chapter 6 - Mine Scale Structure 

• Antitaxial crack-seal veins (Ramsay 1981; Cox 1987): crack-seal events are 
I 

defined by minute inclusions bands of the wallrock parallel to the trace of the vein 

(Fig. 6.18F). Direct evidence for crack-seal textures are difficult to locate, and have 

only been noted in nine instances out of fifty-one thin sections of the mineralised veins 

that were examined. However, the presence of matrix supported breccias within the 

mineralised shear zones may also be considered indirect evidence of incremental vein 

opening processes (Cox 1994). 

6.3.2 Timing Relationships 

At the TGM gold mineralisation occurs within a complex vein/shear zone array and the 

alteration halos that are developed around these structures. The timing of the 

mineralisation can be constrained with respect to other structures within the geolo9ical 

history. Mineralised veins and faults crosscut the early extensional microfaults and the 

bedding-parallel movement zones and thrust faults. They are overprinted by bedding 

parallel movement and also by steeply dipping strike slip faults that will be dealt with in 

Section 6.4. The Mine sequence is intruded by several felsic dykes that are interpreted to 

be part of the Gregory Suite. The mineralogy. and geochemistry of the felsic dykes is 

described in Chapter 2. In five of the open pits at the TGM it was possible to examine the 

relationship of the dykes and the mineralised fault zones in detail. Timing relationships 

between the mineralised structures and the felsic dykes are complex and show the 

following features: 

• In the central part of the Hurricane-Repulse Pit a single felsic dyke 2-3m wide and 

oriented at 094°/55°S truncates the main NS trending mineralised zone (Fig. 6.8). The 

contact between the dyke and the mineralisation is sharp. Thin (2-3cm) quartz

carbonate veins and associated alteration present to either side of the dyke were not 

observed within the within the dyke (Fig. 6.19A). 

• Felsic dykes are cut and displaced by the mineralised structures. This is the most 

commonly observed timing relationship and was evident at several localities including; 

Hurricane-Repulse, in the northern end of the pit, where a narrow dyke intruded 

subparallel to bedding is displaced by mineralised fault (Figs. 6.8 & 6.19B); and also 

in Hurricane-Repulse south where an 070° trending mineralised shear zone crosscut 

and alter a narrow NS trending dyke (Figs. 6.8 & 6. l 9C). 

• Felsic dykes and mineralisation developed parallel to each other: This was only 

observed in the Bouncer pit where a narrow (2m) dyke is intruded, approximately 5-

6m into the hangingwall of the main 070° trending, mineralised fault zone. Both the 
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Figure 6.19 A-D) Field sketch and photographs of relationships observed between mineralised 
shear zones and the felsic dykes at the TGM see text for discussion. 
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dyke and the main orebody are cut and displaced by a late NS trending fault with 

approximately lm of sinistral displacement (Figs 6.9 & 6.19D). 

The mutually crosscutting relationships and the similar orientation developed both within 

the felsic dykes and the mineralised structures are interpreted to suggest that they formed 

approximately synchronously. 

6.3.3 Calculated Stress Conditions 

Calculation of regional stress fields from fault striation data has received considerable 

attention in the literature, and many methods for so called "stress inversion" exist, 

including: Compton (1966), Arthaud (1969), Reches (1987), Etchecopar et al. (1981), 

Gepart and Forsyth (1984), Aleksandrowski (1985), Will and Powell (1991) and Yin and 

Ranalli (1993). Since all methods refer to the original mechanical model based on the 

work of Wallace (1951) and Bott (1959) and later refined by Carey and Brunier (1974), all 

are similar and have the following assumptions: 

• A given tectonic event is characterised by one regional homogenous stress field. 

• Rock masses are assumed to behave as rigid blocks allowing only small displacement 

and rotation. 

• Slip on the fault plane is solely determined by the orientation of the resolved shear 

stress acting on the plane. 

Recently, B~rgmann et al. (1993) questioned these assumptions, particularly when applied 

to large, complex fault zones, where perturbations in the regional stress field can be caused 

by interaction between neighbouring faults and material heterogeneities. However, it has 

been shown that large deviations of the local stress field relative to the regional stress field 

are rare, and that the angular variation between slip direction and resolved shear stress are 

within the precision of the analytical methods (Dupin et al. 1993; Pollard et al. 1993). 

The stress inversion methods of Etchecopar et al. (1981) have been used to calculate the 

stress field responsible for strain during the mineralising event at the TGM. This method 

requires that the orientations of (i) the fault plane, (ii) the fault striation, and (iii) the sense 

of shear be known. The method used places no restriction on fault plane orientation and 

striations occurring on planes with negligible shear stress are included in the calculations. 

The least squares method of analysis is used to minimise the angular error between the 

recorded striation and the resolved shear stress for that plane. Final results are given as the 

orientations of 0"1, cr 2, cr 3, their respective errors, and a value of R (where R = 

cr2-0'3/0'1-0'3). The stress inversion techniques of Etchecopar et al. (1981) have been used 
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successfully by several workers throughout a wide variety of tectonic environments (e.g. 

Angelier 1984, Bergerat 1987, Berry 1991). 

A total of 36 fault striation measurements were collected from mineralised faults and 

veins. The criteria used for establishing movement vectors on brittle structures is 

summari~ed by Petit (1987). The most common criteria used were fibre veins and 

frictional striations, such as deepening grooves. In several cases, striated fault planes were 

observed, but no sense of shear could be deduced from the striations, in these instances the 

offset of sedimentary marker units were used to determine the displacement. No 

overprinting of two or more sets of striations with different orientations on the same fault 

plane were observed for the mineralised structures. 

Striations on mineralised structures have sl,tallow plunges consistent with dominantly 
I 

strike slip movement. Within the three major orientation subdivisions the 345-010 and the 

030-040 striking faults mostly preserve evidence for sinistral displacement, whereas the 

060-070 striking faults are dominantly dextral with a minor a component of reverse 

displacement (Fig. 6._20). 

N 

A Dextral Displacement 

• Sinistral Displacement 

Figure 6.20 Stereonet with all data used in stress inversion calculation for the mineralised shear zones. 
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Stress inversion analysis of the mineralising event found that the principal stress 

orientations are tabulated below and shown in Figure 6.21. 

0"1= 14° 

0'2= 76° 

0'3= 20 

R= 

Equal Area 

(±32) ~ 

(±31°) ~ 

(±22°) ~ 

0.65 (± 0.36) 

• 0'2 

+ 

136° (± 8°) 

325° (± 98°) 

227° (± 9°)-

0'1 

• 

Figure 6.21 Equal area stereonet showmg the~! 
stress orientations for the Au mineralisation event. 

1 

The calculated result was achieved using 32 of the 36 measured data; a fit of 80% of the 

data is considered successful (c.f. Berry 1991). Four of the measured striations were 

eliminated from the dataset as the angular difference between the measured and expected 

values of the striations was greater than 23° (23a = 0.4 radians) an acceptable. error limit 

(Etchecopar 1981). These data are still considered part of the mineralised system and the 

fact that they do not fit well into the calculated stress field is probably related to local 

stress variations. 

6.4 POST-MINERALISATION STRUCTURES 

6.4.1 Faulting 

Two fault sets that displace and overprint mineralisation have been recognised at the 

TGM. These faµlts sets fire ch~r£J.ctetjs~d py: i) a series of b~dding parallel faults that show 

opliqqe s~iµstral-reverse m~v9nieµt; apd ti) E-f stpkin~. st~eply-dipping faults. 
' ' ' ' l ; ' 
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Bedding parallel faults have locally offset ore zones in a sinistral to sinistral-reverse sense. 

This movement is interpreted to occur due to activation of bedding surfaces as slip 

surfaces. Occurrences of bedding-parallel fault are well exposed on the southern ramp in 

the Bouncer Pit (Fig. 6.22). The main post-mineralisation fault occurs on a basalt-sediment 

contact. In the hangingwall block the basalt is strongly brecciated adjacent to the fault. 

Sinistral strike-slip faults splay from the main fault zone and have displaced mineralised 

veins. Small scale folds (l-2m) with open to close interlimb angles and moderate plunges 

occur at the junction of these splays and the main fault. The observed spatial correlation 

between fold axes and fault planes, combined with the orientation of fold axes developed 

parallel to the main fault zone is interpreted to indicate that folding formed in response to 

movements on the fault. Brecciation and cataclasis within the basalts and the ductile 

response (i.e. folding) of the sedimentary rocks, illustrates that the structural style for a 

given deformation event at the TGM was largely determined by the competency contrast 

between the two rock types. 

E-W striking post-mineralisation faults preserve evidence for reverse dip-slip movement 

which displaces mineralised structures in the Hurricane-Repulse Pit (Fig. 6.8)._The faults 

are 2-3m wide continuous structures that are accompanied by extensive zones of 

kaolinitisation. Central quartz veins occur within the faults, which in the Hurricane 

-Repulse Pit have an apparent displacement of less than lOm. A further example of E-W 

striking post-mineralisation faulting occurs in the Bastille Pit. At this locality a subvertical, 

2m wide, shear zone, comprising quartz veins and discrete faults truncates the main ore 

body (Fig. 6.10). The sense of displacement across this structure is interpreted to be 

sinistral strike slip based on the rotation of adjacent primary layering. The EW striking 

faults are inferred to be the last significant fault movement at the TGM, as the clay 

alteration halos overprint all other features. 

6.4.2 Joint Sets 

Several joint sets have been measured from open pit exposures at the TGM. Based on the 

terminology of Ramsay and Huber (1987), a joint is considered to be a fracture across 

which there is no displacement parallel to the fracture walls, regardless of the development 

of mineral infill. Three approximately orthogonal joint sets are evident from the data (Fig. 

6.23). 

• Set 1: Northeast striking moderately southeast dipping. 

• Set 2: Northeast striking moderately to steeply northwest dipping. 

• Set 3: Northwest striking steeply northeast dipping. 
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Chapter 6 - Mine Scale Structure 

The joints are planar and individual joints are continuous over the scale of outcrop 

(generally = 15m). Joint spacing varies from 2 cm to 3 m. The most abundant joint set (1) 

has a similar orientation to the mineralised shear zones, and spacing between these joints 

decreases towards the mineralised shear zones. 

Equal Area 

88° 

N= 315 

6.5 DISCUSSION 

6.5.1 Microfaults 

+ 

81° 

Figure 6.23 Contoured poles to 
joints from the open pits at the 
TGM 

• Mean vector for cluster 

C.I. = 2, 4, 6 %/1% area 

The criteria used to distinguish synsedimentary deformation of unlithified sediment, from 

the deformation of well-lithified sedimentary rock has been addressed by Maltman (1984), 

Elliott and Williams ( 1988) and others. Soft sediment deformation occurs dominantly as 

intra-granular movement with minimal intra-crystalline deformation (Maltman 1984). 

Microfaults at the TGM preserve no evidence for grain cracking or deformation associated 

with the .plane of displacement. Observations such as the draping of undisturbed beds over 

faults; and the ponding of sediment into extensional grabens, has been used to interpret a 

synsedimentary timing for faulting (e.g. Marco and Agnon 1995). These lines of evidence 

have led to the interpretation of a synsedimentary origin for the extensional microfaults at 

theTGM 

The microfaults described from the TGM fall into the category of 'brittle deformation and 

decollement 'structures as described by Elliott and Williams (198_8), although they stated 

that synsedimentary microfaults should not contain any secondary minerals but rather be 

filled with redistributed host sediment. This is the case for most of the microfaults 

observed at the TGM, with the exception of some within the carbonate mudstone facies, 

which have a secondary carbonate infill. The strict absence of mineral infill as a diagnostic 
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criteria of synsedimentary brittle structures is disputed by Maltman ( 1984) and Pitches et 

al. (1990), who both claimed that pore fluid pressures may be high enough to sustain an 

open fracture and precipitate minerals even at shallow levels of burial. 

The only synsedimentary structures observed in this study where microfaults. However, 

Carthew et al. (1992) reported the presence of larger growth faults with several metres of 

displacement in the Reward Open Pit. These structures were draped by overlying 

undisturbed sediments. Unfortunately, this interpretation could not be confirmed as the 

Reward Open Pit was filled with tailings before the commencement of this study. 

6.5.2. Reverse Faults 

. The bedding-plane movement zones, including thrust faults and duplex structures that 

contain fault striations sub-perpendicular to the regional Dl fold axis, are interpreted to 

have formed during flexural slip folding (e.g. Ramsay 1974; Chapple and Spang 1974; 

Dubey 1982 and Tanner 1989). However because the TGM is situated on one fold limb 

this hypothesis is difficult to prove. 

Many studies of flexural slip mechanisms assume that slip takes place between every bed 

(e.g Ramsay 1974; Williams 1980; Dubey 1982; and Ramsay and Huber 1987). This 

cannot be the case at the TGM, because sedimentary features at the base of many 

sandstone beds (e.g load cast and flame structures) are undisturbed by bedding-plane slip. 

Chapple and Spang (1974) suggested that slip surfaces may form in discrete places and be 

up to 40m apart. Tanner (1989) documented bedding parallel movement horizons with 

variable separation from a few centimetres to over a metre that are similar to those at the 

TGM and he also attributed the movement to flexural slip mechanisms. 

The similarity of fault striation populations from bedding parallel slip horizons, thrust 

faults and duplexes suggests that they all formed approximately synchronously under a 

constant farfield stress. Figure ( 6.24) shows a schematic stereoplot for a typical thrust fault 

with movement lineation and the associated M-plane which defines the cr1-cr3 plane. As 

the faults have dominantly reverse displacement Andersonian theory predicts 

subhorizontal 0"1 & 0"2 and a subvertical 0'3. Based on the relationships observed, cr1 is 

interpreted to ha.ve been subhorizontal and directed northwest-southeast, with cr3 

subvertical. Stress inversion striation analysis methods were not attempted on the fault 

plane striation data as one of the criteria for the successful use of this technique is that 

there has been no rotation post the faulting episode. As the faults were formed during 

flexural slip, it is not known at what stage the faults initiated, and therefore to what extent 

they were been passively rotated during folding. 
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Figure 6.24 'Typical' thrust plane with lineation 
and the associated M-plane which defines the 

cr1 -0'8 plane. 

m. ... F-......,._ Pole to average 
thrust fault 

6.5.3 Mineralised Structures 

The mineralised structures form an array with a spread of strikes from 340° to 110°. 

Within this array there are three dominant orientations; 350-010°, 030-040° and 060-

0800and a fourth, minor cluster striking 100-110°. The geometry and sense of 

displacement of the main fault sets (Fig. 6.25), bears little resemblance to fracture models 

involving coaxial deformation such as paired conjugate faults (e.g. Reeches 1983; Krantz 

1988), however it is similar to the system of faults formed in gold deposits within wrench 

systems (e.g Hodgson 1989; Willis and Tosdal 1992; Burrows et al. 1993). If the 

mineralised system at the TGM is considered as an idealised sinistral-wrench system that 

developed under the stress conditions calculated by the stress inversion technique, then the 

faults that trend towards 350-010° are Y and R shears, the 030-040° faults are P shears, the 

060-070° trend are X shears and 100-110° trend are R' shears (wrench fault orientation 

classification scheme of Hancock 1985; Fig. 6.26). When the entire TGM database is 

considered (e.g. Fig. 6.14) it is not possible to separate the cluster striking between 345-

0100 into separate populations. However, in several of the smaller pits two separate 

maxima can be detected that can be classified as R and Y shears at average orientations of 

350° and 010° respectively (Fig. 6.27). The sense of displacements observed on the 

mineralised faults is consistent with a sinistral wrench model, because the R, Y and P 

orientations all have dominantly sinistral strike slip movement, and the X shears have 

dextral displacement. The sense of movement on the R' orientation is not known, but is 

predicted to be dextral (Fig. 6.26). 
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Figure 6.25 The major mineralised shear-zone orientations from the TGM with their characteristic 
sense of displacement. The wrench fault classification of Hancock (1985) has been used to name the 
characteristic orientations. 
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R' X R ;:::::::---

Figure 6.26 Fault orientations for an idealised sinistral wrench system. Note that Y, P and R shears 
have a synthetic sense of displacement and X and R' have antithetic displacement (after Hancock 
1985). Note not all possible fault orientations of the Hancock scheme are shown. 
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Figure 6.27 Contoured equal area stereo net for mineralised faults in the Bastille Open Pit. 
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The modelled stress conditions for the mineralising event define an approximately sub

horizontal NW directed principal stress orientation with 0"2 subvertical. In contrast, with 

the pre-mineral reverse faults, which had a similar 0"1 orientation but with CY3 subvertical. 

The. change from pre-mineralisation thrusting to syn-mineralisation wrench faulting 

therefore represents an exchange of position of the cr2-cr3 axes under a constantly oriented 

cr1. Goldfarb et al. (1991) cite a similar shift from convergent to partly wrench tectonics 

that they suggested led to increased crustal permeability, enhancing the possibility for 

large scale fluid migratiqn. 

The association of crack-seal veins and a range of undeformed to strongly deformed vein 

fabrics is interpreted to indicate that fault dilation, slip and internal deformation has been a 

cyclic process (e.g. Sibson et al. 1988; Cox et al. 1991; Cox 1991). This implies that the 

shear zones were active during the mineralising event and the repeated episodes of dilation 

(crack seal) or internal deformation of the veins would continually regenerate the 

permeability of the shear. Permeability is in turn destroyed due to hydrothermal self

sealing (Cox et al. 1987, Cox 1991). Episodic fault failure related to variations in 

permeability, shear stress and fluid pressure has been termed fault valve behaviour (Sibson 

et al. 1988) and has been considered important in the role of formation of several gold 

deposits (e.g. Cox et al. 1991; Hein 1994; Matthai 1994; Cox 1995; Robert et al. 1995). A 

significant factor to consider for cyclical fault behaviour is the effect on fluid flow in the 

vicinity of the actively deforming structures. Repeated failure of low permeability sealed 

zones (which can be either hydrothermal seals or lithological seals) can result in faults 

acting alternatively as aquifers and aquitards (Cox 1994; 1995). The operation of cycles of 

shear stress and fluid pressure build up, followed by abrupt failur~ has a significant effect 

on the fluid migration in the vicinity of an active fault. Pre-failure fluid-flow will be 

focussed out from the fault zone into the surrounding rocks, where the permeability is 

increased due to the high fluid pressures. Rapid post-failure discharge of fluid up the fault 

can cause fluid pressures in the fault zone to fall, effectively drawing fluid from the wall 

rocks into the dilatational area (Fig 6.28). Both fluid-infiltration from fault zones a~d 

fluid-mixing within fault zones have been implicated in several Archaean, Proterozoic and· 

Phanerozoic gold deposits (e.g Mikucki et al. 1990; Cox' et al. 1991; Hein 1994, Cox 1994; 

1995). 

Extension veins associated with several of the main mineralised shear zones are 

considered good evidence for high fluid pressures and low differential stress during the 

mineralising event (e.g. Etheridge 1983). Mineralised extension veins at the TGM are 

typically located parallel to beddin~ jn the -sedimeJ:lptry lithologies, however the stress 
' . . ' 

inversion models suggest tp.at tensiona~ veins shdh1d be subvertical and oriented 

approximatl(ly NW-SE. Ttii~ inf~µ~lstefl"CY Cflil, p~ ex;phiine4 by the extensional vein 

': I I '1 
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Figure 6.28 Schematic cross-sectional veiw illustrating fluid-flow in and around a fault-zone pre 
and post failure (after Cox 1995). This figure has been adapted to illustrate conditions at the TGM 
(i.e. looking north with So dipping moderately west and mineralised structures dipping steeply 
east). Extension veins are shown as forming parallel to bedding. At times of high fluid pressures 
before failure it is possible that steeply dipping subsidary fractures parallel to the main fault may 
be held open, explaining the extent of fluid infiltration i.e. alteration present around the major 
mineralised faults. 
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orientations being influenced by wall rock anisotropies and not solely controlled by the 

far-field stress orientations. 

The major spatial control on mineralisation at the TGM is the presence of the mineralised 

shear zones and their attendant alteration halos. At the TGM any host rock lithology 

within the mine sequence has the potential to be mineralised if the appropriate structures 

are present. For example, economic ore in the Dice and Dinky Open Pits was largely 

hosted by basalt (Figs 6.11 & 6.12). Whereas at Bastille the host rocks were 

predominantly sedimentary (Fig. 6.10). At Hurricane-Repulse, Bouncer and Bumper the 

ore transects several basalt-sediment contacts and both rocktypes are mineralised (Figs 6.8 

& 6.9). Although there is no preferential host-rock control evident at the mine scale, this is 

not the case on a regional scale. All of the discoveries to date occur within the Mine 

sequence. Thus all the deposits are confined to the basalt predominant portion of the Mt 

Charles Beds. Distinctly different styles of deformation have been observed in the 

contrasting host rocks during the mineralising event. Purely brittle structures were 

developed within the basalts, whereas partly ductile shear zones (based on the presence a 

weak cleavage and drag folding) formed within the sedimentary lithologies. These 

differences relate to the competency of the two rock types with the basalts being 

significantly more competent. The major mineralised faults are probably initiated within 

the basaltic units as purely brittle structures. The closely spaced nature of the basaltic 

package~ allowed the faults to propagate through the intervening sedimentary rocks. 

However when the faults exit the stratigraphically highest basalt unit they quickly die out 

into more ductile structures, that did not have the ability to focus fluids sufficiently to 

generate economic Au mineralisation. The competency of basalts controlled the presence 

of brittle fracturing explaining why mineralisation is confined to the Mine sequence. 

Because the rocktypes in the underlying F ootwall sequence are not exposed, it is unknown 

what form of fluid focussing mechanism may have operated at depth, possibilities will be 

discussed further in Chapter 9. 

A final requirement is to place the timing of the Au mineralisation in a regional 

deformational framework. The mineralised structures overprint and displace the reverse 

faults, that are interpreted to be related to flexural slip during the formation of Fl folds. 

Moreover, although the mineralised structures are in tum overprinted by a further episode 

of bedding-plane slip, it is of an oblique-slip nature, and is distinct from the mainly dip

slip pre-mineralisation faulting. It can therefore be concluded that the Au mineralisation 

postdates the formation of the Fl folds. The unfolded-felsic dykes have mutually cross

cutting relati_onships with the mineralisation, and this further supports a post Fl timing. 

The lack of a penetrative cleavage from either the Dl or D2 folding events (Chapter 3) 

prevents a better understanding of the timing of the mineralisation with respect to D2 

structures. The correlation of the mineralisation with post-orogenic granite intrusion may 
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imply a post D2 timing. But the timing relationship between the felsic dykes and the 

nearby granites is unclear. 

6.6SUMMARY 

Brittle structures at the TGM can be divided into three broad categories; pre, syn and post 

Au mineralisation. 

The earliest structures recognised are extensional microfaults that are interpreted to have 

formed during sedimentation. These are post-dated by reverse faults that have a ramp and 

flat geometry with respect to bedding. The reverse faults are interpreted to be related to 

flexural slip folding mechanisms that operated during D 1. 

The mineralised shear zones form part of a sinistral Reidel array with the main orientations 

being 350-110°, 030-040° and 060-070°. The main ore zones are marked by an increase in 

fracture density towards the centre of the zone and the presence of veining, hydrothermal 

brecciation and alteration. The timing of the mineralisation overlaps with the intrusion of 

fine-grained felsic dykes into the Mine sequence 

Analysis of fault striations observed on mineralised veins and faults suggested a sub

horizontal SE-NW directed maximum compressive stress. The change from pre

mineralisation thrusting to syn-mineralisation wrench faulting is interpreted to have been 

caused by a 'flipping' of the cr2 and 0'3 axes under a constantly directed cr1 

Only minimal faulting activity has occurred post-mineralisation. Slip along bedding planes 

has continued although the slip vector has changed from mostly reverse to oblique dextral 

reverse displacement. The final faulting activity resulted in the formation of steeply 

dipping EW striking faults that truncate the major ore zones. 

Regionally the timing of the Au mineralisation is constrained to post D 1 but the 

relationship to D2 remains unclear. A link between the mineralisation and post orogenic 

granite intrusion may indicate mineralisation was also post D2. 
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CHAPTER7 

MINERALISATION AND ALTERATION 

7.1 INTRODUCTION 

Five vein generations and four alteration types have been identified at the TGM; carbonate

chlorite-quartz alteration associated with pillow basalts; a regional chlorite-carbonate 

alteration assemblage; sericite-quartz-carbonate-pyrite alteration associated with gold 

mineralisation; and a supergene alteration assemblage. In this chapter, detailed petrography 

has been used to; i) establish the mineralogy of the various veinsets and their associated 

alteration halos; ii) document the mineral textures; and iii) construct a paragenetic 

sequence of veining and mineral deposition. Mass balance calculations have been 

undertaken for altered basalt samples to determine element gains and losses associated 

with hydrothermal alteration (Section 7.4). This work allows comparison of the alteration 

assemblages at the TGM with other shear zone hosted gold deposits. and gives an insight 

. into potential fluid sources. 

In conjunction with the paragenetic studies, samples were collected across several fault 

structures exposed by mining to establish the geological controls on gold distribution. 

These samples allowed quantification of gold grades within veins, altered wallrock and. 

unaltered wallrock. Free gold from hypogene mineralisation at the TGM and supergene 

mineralisation at the Dogbolter Prospect was analysed using the electron microprobe, 

allowing comparison of gold compositions from the hypogene and supergene environment. 

7.2 VEIN AND ALTERATION PARAGENESIS 

A total of five vein stages were identified during the current study (Fig. 7.1). The complete 

paragenetic sequence has been inferred using crosscutting relationships from several areas 

across the TGM lease; no single locality contained all five vein stages. Note that early 

carbonate-chlorite-quartz accumulations that are associated with emplacement of pillow 

basalts have been included in the paragenetic scheme. This is not a true vein stage, as it 

does not occur in through-going fractures. However, because there are distinct alteration 

halos surrounding the pillow triple points, it has been included in the paragenetic scheme. 

Figure 7 .2 schematically illustrates the overprinting relationships that have been observed 

from the TGM. 
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Figure 7.2 Schematic illustration of paragenetic relationships at the TGM. The observed crosscutting 
relationships are shown, as is the host-rock control on the distribution of the vein stages. The 
assemblages developed witin each paragenetic stage are summarised in the legend and are discussed in 
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mineralisation is confined to stages IVa and IVb. 



Chapter 7 - Mineralisation and Alteration 

7 .2.1 Alteration at Pillow Margins 

Several pillow basalt units occur within the Mine sequence at the TGM. The pillow 

margins contain more carbonate and chlorite than the unaltered pillow cores, and are cut by 

veinlets of calcite, chlorite and minor quartz. At pillow triple points, chlorite and quartz are 

the major alteration minerals. Narrow (<3mm) carbonate alteration halos occur around 

veins, triple points and pillow margins (Fig. 7.3A, B). Within the alteration halos, 

plagioclase phenocrysts and laths have been saussiritized, although the primary crystal 

shapes are still recognisable. Clinopyroxene has been partially replaced by fine 

intergrowths of calcite, quartz and chlorite. Rhombs and ragged patches of calcite are 

sporadically distributed through the groundmass, and are stained with numerous fine

grained inclusions of hematite and rutile. Magnetite was not observed, although fine

grained hematite is common in the chloritic groundmass. In one sample (TDD49-192), 

fine-grained galena is present within the chlorite-calcite veins. The galena has been 

partially replaced by chlorite and overgrown by calcite. 

7 .2.2 Stage I 

Stage I veins are associated with extensional microfaults (described in Section 6.2.1). 

These veins are only developed along fault planes within the carbonate-mudstone facies, 

and have no associated alteration halos. The veins consist of dolOmite + hematite + sericite 

±quartz, and are typically narrow (<lmm wide) and up to 4-5cm in length (Fig. 7.3C). 

Dolomite occurs as subhedral to anhedral grains that have numerous minute inclusions of 

hematite. Hematite is also present as ragged coarser-grained patches intergrown with 

sericite and dolomite. Sericite occurs as small ( <0.2 mm) fibrous masses that occur on the 

margins and in the central portion of the veins. Fine-grained quartz occurs in the central 

parts of the veins. 

7.2.3 Stage II Veins 

Stage II veins are associated with bedding-parallel reverse faults (described in Section 

6.2.2), and occur mostly within the sedimentary units. There are no discernible alteration 

halos around stage II veins. The mineralogy of stage II veins varies depending on the 

sedimentary facies in which they are developed. 

Within quartz-rich sedimentary lithologies, stage II veins contain quartz ± pyrite ± 
chalcopyrite ± covellite. Quartz occurs as large euhedral crystals up to 4 mm long with 

well-developed growth bands that have nucleated on vein margins and on other earlier

formed crystals (Fig. 7 .30). Finer-grained subhedral quartz is interstitial to the large 

crystals, and occurs in patches up to 5mm wide in the central parts of the veins. Although 

fibre veins were noted during field investigations, no crack-seal vein textures were noted 
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Figure 7.3 A) TDD 48-164.1 Photomicrograph (PPL) of carbonate alteration halo surrounding 
pillow margin. Basaltic texture is well preserved and sericitised plagioclase phenocrysts are 
visible in the centre of the field of view. 

Figure 7.3 B) TDD 48-164.1 Drillcore sample that contains a pillow triple point with 
associated carbonate alteration. Note also the narrow calcite halos surrounding chlorite veins 
within the basalt. The approximate position of Figure 7 .3 A is indicated in the bottom right 
comer. 

Figure 7.3 C) TDD 30-125.7 Photomicrograph (PPL) of extensional vein in carbonate 
mudstone lithofacies. (ser = sericite, dol =dolomite, hm = hematite). 

Figure 7.3 D) HR-27 Photomicrograph (PPL). Banded growth zones defined by primary fluid 
inclusion in stage II euhedral quartz. 

Figure 7.3 E) TDD 30-151.2 Photomicrograph (PPL) lntergrown chlorite and calcite in stage 
ill veins of varying thickness. (chi = chlorite, cc = calcite) 

Figure 7.3 F) TDD 30-151.2 Photomicrograph (PPL). Note change in vein mineralogy with 
increasing vein thickness. Thin veins are predominantly chlorite whereas thicker veins are 
chlorite-calcite. (chi = chlorite, cc = calcite) 

Figure 7.3 G) TDD 30-151.2 Photomicrograph (PPL -right & XPL - left). Stage ill Chlorite
calcite vein with bands of chalcedony lining subhedral to euhedral calcite. 
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during petrographic examinations. Euhedral to subhedral pyrite up to 5mm in diameter 

have a spongelike texture and contain rare inclusions of chalcopyrite and covellite. 

Stage II veins in the carbonate-mudstone facies consist of dolomite + chlorite ± quartz ± 
sericite ± hematite. Chlorite is the predominant mineral in narrow ( < 0.5rnm) veinlets, 

where it occurs as radiating crystals that have a blue-purple birefringence. Subhedral to 

anhedral dolomite occurs in minor amounts ( <10%) in veins less than 0.5rnm wide, but is 

more abundant in thicker veins, where it constitutes up to 95% of the vein fill. Sericite 

occurs as rare ragged patches along vein margins and intergrown with small (O. lmm) 

anhedral quartz grains. Hematite is present as rare inclusions up to O. lrnm in diameter 

within dolomite. 

7 .2.4 Stage III Veins and Alteration 

Stage ill chlorite ± calcite ± ankerite ± sericite ± quartz veins are associated with chlorite

carbonate alteration within the basalts and carbonate alteration in the sedimentary rocks. 

Veins are typically irregular in shape (abundance= 70%), although planar veins are also 

present (abundance = 30%). Veins vary from O.lrnm to 20mm in width (Fig. 7.3E). 

· Chlorite is present in all stage ill veins. In narrow veins ( <lmm), chlorite is generally the 

only mineral present. In thicker veins, chlorite is typically intergrown with carbonate (Fig. 

7.3F). Microprobe analysis of the carbonates indicated the presence of calcite and ankerite. 

Both calcite and ankerite occur as subhedral to anhedral crystals, although rare euhedral 

crystals are also present. In the central portions of the thickest veins ( = 2cm), carbonate 

grains up to lrnm in diameter have been observed. Sericite has only been noted from one 

stage ill veinlet occurring as a fine-grained intergrowth with chlorite on a vein margin. 

Chalcedony occurs as narrow (O. lrnm) bands that fill vugs and cavities within ankerite in 

the central portion of one vein (Fig. 7.3G). Small subhedral to anhedral grains of quartz are 

dispersed throughout stage m veins . 

. 
A pervasive chlorite-carbonate alteration assemblage associated with stage ill veins has 

affected most of the basalt samples examined from the TGM. The intensity of the chlorite

carbonate-alteration varies considerably within the samples examined. Loss on ignition 

(LOI) data obtained from whole rock geochemical analyses have been used to quantify the 

intensity of the chlorite-carbonate alteration in the basalts. LOI values vary from 4.1 to 

18.0 wt.% (Appendix 3). Nine samples had LOI< 3.5% and were considered unaffected by 

the chlorite-carbonate alteration ('least-altered suite', described in Chapter 5). Several of 

the least-altered samples were collected within lOm of Au-related sericitic alteration halos. 

Samples that have undergone low-intensity, chlorite-carbonate alteration are petrologically 

similar to the least-altered sample suite (Section 5.2), with an assemblage of albite, relict 
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pyroxene, magnetite, and chlorite. The groundmass is extensively altered to chlorite, with 

minor ragged clots of calcite and dolomite (Fig. 7.4A, B). With increasing alteration 

intensity, pyroxene has been replaced by a fine-grained aggregate of chlorite, sericite and 

minor carbonate. Plagioclase has been more intensely sericitised and l~ge (up to Imm) 

clots of calcite are present throughout the matrix (Fig. 7.4 C-F). Abundant fine-grained 

opaque phases (magnetite or titanomagnetite?) occur in the altered groundmass. Based on 

the presence and abundance of stage III veins, approximately 70-80% of the basalts have 

been altered to the chlorite-carbonate assemblage. Relict kernels of unaltered basalt are 

preserved at several localities. 

All of the sedimentary rocks of the Mine sequence exposed at the TGM have undergone 

regional carbonate alteration, which resulted in the complete replacement of detrital 

feldspars by ankerite ± minor sericite and chlorite. Ankerite is also present as ragged clots 

scattered throughout the matrix. Chlorite alteration of the matrix varies from rare patches 

intergrown with sericite, to pervasive chlorite alteration (Fig. 7.4G, H). 

It has not been possible to link stage III veins to a specific deformational event. Stage Ill 

veins are typically irreg~lar extension veins which in places have formed minor 

stockworks. The district-scale distribution of the chlorite-carbonate alteration is poorly 

constrained due to the lack of information available outside the immediate mine 

environment. Mapping within the TGM suggests that most of the basaltic and all the 

sedimentary rocks of the Mine sequence have been affected by the chlorite-carbonate 

alteration. The more pervasive style of alteration in the sedimentary units may be related to 

higher permeabilities at the time of metasomatism. The preservation of primary igneous 

textures and partial preservation of mafic minerals (e.g. pyroxene) combined with presence 

of irregular extension veins are interpreted to indicate stage Ill alteration occurred at low 

fluid-rock ratios and under conditions of low differential stress (ie. cr1 z cr3). 

7.2.5 Stage IV Veins and Brecdas (Gold Mineralisation) 

Stage IV veins and breccias and associated alteration halos are the hosts to economic Au 

mineralisation at the TGM; consequently they have been the most thoroughly sampled and 

studied paragenetic stage. Stage IV vein and breccia assemblages are complex, and appear 

to have evolved temporally. For this reason, stage IV has been subdivided into stage IVa 

and stage IVb. 

Stage IV a - grey quartz 

Stage IVa is characterised by the assemblage grey quartz ± sericite ± pyrite ± chlorite ± 
sphalerite ± arsenopyrite ± gold. Although all of these phases are present in stage IVa 

veins, quartz, sericite and pyrite are predominant, and characteristically constitute 95% of 
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Figure 7.4 A) TDD 22-133.0 Photomicrograph (PPL) of typical least-altered basalt. 
Plagioclase laths (An-08) set in an opaque groundmass composed of titanomagnetite, epidote, 
leucoxene. Relict pyroxene is present interstitial to the plagioclase laths (arrow). 

Figure 7.4 B) TDD 22-133.0 Photomicrograph (XPL) of typical least-altered basalt. 
Birefringent mineral is relict clinopyroxene. Same field of view as (A). 

Figure 7.4 C & D) TDD 10-178.7 Photomicrographs (PPL-C) (XPL-D) of weakly chlorite
calcite altered basalt. Note good textural preservation of plagioclase laths, clinopyroxene has 
been replaced by fine intergrowth of chlorite and sericite (arrow in D). 

Figure 7.4 E) TDD 30-151.2 Photomicrograph (PPL) of moderately chlorite-carbonate altered 
basa,\t with stage m chlorite-calcite veins present. 

Figure 7.4 F) TDD 48-130.2 Photomicrograph (XPL) of strongly chlorite-carbonate altered 
basalt. Plagioclase laths are completely altered to sericite/illite and ragged patches of calcite 
(arrow) are interspersed throughout the sample. 

Figure 7.4 G & H) TDD 26-124.3 Photomicrographs (PPL-G) (XPL-H) of typical quartz
lithic sandstones, that has undergone pervasive carbonate-chlorite-sericite alteration of the 
groundmass, detrital feldspar and portions of some lithic fragments. (Abbreviations 
chl=chlorite, l=illite, C=calcite. S=sericite). 
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the vein fill. Macroscopic vein textures include open space fill, massive vein fill and 

hydrothermal breccia zones with entrained wall-rock clasts up to lOcm in diameter. 

Quartz and sericite are abundant in stage IV a veins. Quartz occurs as subhedral to anhedral 

crystals up to 2mm in diameter intergrown with fine-grained'(<0.5mm) patches of sericite 

(Fig. 7.5A, B). Minor amounts of fibrous chlorite ( <5% of vein fill) are intergrown with 

quartz and sericite, particularly at vein margins (Fig. 7.5C). Euhedral to subhedral grains of 

pyrite range up to 0.5cm, but are more commonly less than lmm in diameter. Individual 

grains have coalesced to form clots of pyrite up to 2-3cm in diameter. These clots typically 

occur at vein margins, where pyrite is intergrown with sericite, quartz and chlorite 

(Fig. 7 .5D, E). Pyrite commonly contains small ( < 200µm) inclusions of anhedral sphalerite 

and arsenopyrite (Fig.7.5F). Gold occurs as minute inclusions up to 15µm in diameter 

contained within pyrite grains (Fig. 7 .5G). Gold has been observed in handspecimen 

intergrown with quartz (Fig. 7.5H), although this has not been observed petrographically. 

Stage IVb - banded ankerite/quartz 

Stage IVb veins and breccias contain ankerite + quartz ± chalcopyrite ± chlorite ± gold ± 
.sericite ± pyrite ± calcite. Stage IVb occurs as discrete veins that crosscut, and therefore 

postdate, stage IV a veins. Stage IVb vein fill also occupies the central portions of some 

stage IV a veins. 

Ankerite is the most abundant mineral phase in all stage IVb veins, constituting between 

40 and 95 % of the vein fill. Ankerite occurs as euhedral crystals up to 4mm long, and as 

coarse (2-3mm) anhedral grains (Fig. 7.6A, B).The presence of microscopic inclusions of 

wall rocks, and fluid inclusion trails within ankerite that are deve~oped parallel to the vein 

margins are interpreted to indicate crack-seal processes operating during the formation of 

the veins (e.g. Ramsay 1981; Cox 1987; 1991, Fig. 7.6C). Quartz occurs as anhedral grains 

interstitial to the ankerite, as subhedral grains intergrown with ankerite, and as subhedral to 

euhedral crystals up to lOmm long that have sealed the final stages of stage IVb veins (Fig. 

7.6D). Some of the euhedral quartz crystals contain growth bands defined by fluid 

inclusions (Fig. 7.6E). 

Chalcopyrite is the predominant sulfide phase in stage IVb veins, occurring as euhedral to 

subhedral grains up to 0.2mm in diameter that have rimmed stage IVa pyrite. Chalcopyrite 

has also sealed microfractures in stage IV a pyrite and quartz (Fig. 7 .6F). Subhedral free 

gold up to 15µm in diameter typically occurs as inclusions in chalcopyrite that have sealed 

fractures in pyrite, interstitial to stage IV a pyrite and stage IVb chalcopyrite, and associated 

with carbonate inclusions that have infilled cavities in stage IVa pyrite. Free gold has not 

been observed intergrown with ankerite away from sulfide phases. Figure 7.7 illustrates the 

distribution of microscopic gold. 
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Figure 7.5 A) TDD 26-124.3 Photomicrograph (PPL) of stage Na hydrothermal breccia in a 
fine-medium grained quartz-lithic sandstone. Quartz is the only mineral present in the breccia 
matrix (WR= Wallrock, CL=Clast). 

Figure 7.5 B) TDD 48-130.2 Photomicrograph (XPL)of fine-grained intergrowth between 
subhedral-anhedral quartz (Q) and sericite (arrow). Note late, stage IVb ankerite (C) 
overgrowing quartz towards the right of the field of view. 

Figure 7.5 C) RDH 94-156.2 Photomicrograph (PPL) showing margin of Stage Na vein. 
With intergrown chlorite (C) and quartz at the margin and quartz only (Q) in the central 
portions of the vein. Note also the weak, spaced-disjunctive cleavage (arrow) within the 
wallrock (WR) parallel to the vein. 

Figure 7.5 D) TDD 31-168.1 Photomicrograph (XPL) of intergrown stage Na sericite and 
pyrite (Py). 

Figure 7.5 E) TDD 31-152.6 Photomicrograph (XPL)of intergrown stage Na pyrite (Py), 
quartz (Q) and chlorite (C). 

Figure 7.5 F) TDD 31-152.6 Photomicrograph (Reflected Light) of small inclusion of 
sphalerite (arrow) within euhedral stage Na pyrite. 

Figure 7.5 G) TDD 31-152.6 Photomicrograph (Reflected Light) of small inclusion of free 
gold within euhedral stage Na pyrite. Larger dark inclusions are silicate minerals. 

Figure 7.5 H) Free gold within stage Na grey quartz vein from the Redback Rise prospect. A 
sample from Redback Rise was used to illustrate coarse-free as all samples from the TGM had 
been removed before the commencement of this study! 
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Figure 7.6 A) TDD 49-167.4 Altered basalt. Stage IVa quartz and pyrite vein (a) overprinted 
by stage IVb ankerite, quartz and minor chalcopyrite vein (b ). Note the bleached alteration 
halo that surrounds the veins. 

Figure 7.6 B) TDD 31-168.2 Photomicrograph (PPL) of subhedral ankerite intergrown with 
pyrite within stage IVb vein. 

Figure 7.6 C) TDD 49-164.5 Photomicrograph (PPL).of crack-seal bands (arrow) parallel to 
vein margins. The crack-seal increments are defined by trails of fluid inclusions, slivers of 
wallrock lµld small changes in colour of ankerite within stage IVb vein. 

Figure 7.6 D) TDD 49-163.8 Photomicrograph (PPL).of quartz (q) filling central portions of 
stage IVb vein. The mineral growing from the symmetrically from the wallrocks with euhedral 
terminations is ankerite (a). 

Figure 7.6 E) HR-19 Photomicrograph (PPL) of growth bands defined by primary fluid 
inclusion populations in euhedral to subhedral stage IVb quartz. This sample was collected 
from the Hurricane-Repulse open pit from a veinset trending 003° and dipping steeply east. 

Figure 7.6 F) TDD 40-163.0 Photomicrograph (Reflected Light). of stage IVb chalcopyrite 
(cpy) rimming stage IVa pyrite (py). 

Figure 7.6 G) TDD 40-163.0 Photomicrograph (Reflected Light) of stage IVb chalcopyrite 
(arrow) that has sealed microfractures in stage IVa pyrite (py). 

Figure 7.6 H) TDD 49-163.8 Photomicrograph (PPL) of narrow bands of calcite (cc) and 
ankerite (ank) in stage IVb vein. (wr=wallrock). 
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Figure 7.7 A) TRC 1485-150.0 Photomicrograph (Reflected Light) of native gold (arrow) as 
an inclusion in chalcopyrite (cpy) which has healed microfractures in stage IVa pyrite (py). 

Figure 7.7 B) TDD 13-120.5 Photomicrograph (Reflected Light) of native gold (arrow) as an 
inclusion in fractured stage IV a pyrite. 

Figure 7.7 C) TDD 13-120.5 Photomicrograph (Reflected Light).of native gold (arrow) as an 
inclusion in stage IV a pyrite. 

Figure 7.7 D) TDD 13-120.5 Photomicrograph (Reflected Light) of native gold (arrows) 
intergrown with chalcopyrite (cpy) and ankerite (cb) that has sealed fractures in pyrite (py). 
The smooth embayed margins of the gold and chalcopyrite are indicative of co-precipitation. 

Figure 7.7 E) TDD 49-164.5 Photomicrograph (Reflected Light & PPL) of native gold 
(arr~ws) intergrown with carbonate (cb) that has healed fractures in pyrite (py). 

Figure 7. 7 F) DBS003-42.0 Photomicrograph (PPL- Reflected Light & low-level transmitted 
light). Supergene gold (arrows) occurring with hematite (hm) and goethite (goe) in a weathered 
quartz vein. 

Figure 7.7 G) DBS003-42.0 Photomicrograph (PPL- Reflected Light & low-level transmitted 
light). Supergene gold (arrows) occurring at quartz grain boundaries with hematite and 
goethite. Free gold is also present as inclusions within quartz (lower left comer). 
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Euhedral to subhedral pyrite and ragged patches of sericite are minor constituents of stage 

IVb, and generally occur as intergrowths with ankerite and quartz. Sericite together with 

ankerite and chlorite have also sealed microfractures in stage IVa pyrite (Fig. 7.6G). 

Calcite has only been positively identified in one specimen (by electron microprobe) and 

occurs in several narrow (0.5mm) bands intergrown with ankerite (Fig. 7.6H). 

7 .2.6 Stage IV Sericitic Alteration 

Hydrothermal alteration associated with stage IV veins has resulted in the bleaching of the 

basaltic and sedimentary lithologies and has produced a sericite + quartz ± pyrite ± 
carbonate assemblage (Fig. 7.8). Due to the common close spatial and temporal association 

of stage IVa and IVb veins, it is not possible to distinguish alteration assemblages 

associated with each vein substage. The alteration assemblages surrounding stage IV a and 

IVb veins have therefore been grouped together as a single alteration type. 

Sericitic alteration halos occur as broad (up to tom) pervasive zones surrounding 

mineralised shear zones, and as narrow halos ( < 1 Ocm wide) surrounding individual veins 

(Fig. 7.8 A-D).Mineral zonation is evident within many of the alteration halos(= 70% of 

cases) with an inner sericite-quartz-pyrite zone (SQP alteration) and an outer sericite

·quartz zone (SQ alteration). At other localities, pyrite occurs throughout the sericitic halo. 

The minerals that characterise the sericitic alteration assemblage are sericite + quartz ± 
pyrite ± ankerite ± siderite ± chalcopyrite ± leucoxene ± anatase ± rutile. Fine-grained 

sericite is the most abundant alteration mineral (up to 50 vol. %) and has completely 

replaced plagioclase in the basalts. Fine-grained quartz ( < O. lmm) is intergrown with 

sericite throughout the bleached zone. Euhedral to subhedral pyrite is common (up to 80 

vol. % ) within the inner SQP halos, with individual grains up to 2mm in diameter. 

Aggregates of pyrite up to 4cm in diameter occur at several localities. Within sedimentary 

host rocks, there is a positive correlation between primary grainsize and the grainsize of 

secondary pyrite (Fig. 7. 7E, F), which has replaced hematite, biotite, muscovite and 

ankerite (Fig. 7.7G). Within the basalts, pyrite has replaced magnetite and chlorite. 

Magnetite destruction has resulted in a decrease in the magnetic susceptibility of the 

basalts to values less than 1.0 x 10-3 S.I. within the SQP alteration zones (15-60 x 10-3 

S.I. is the range for non-altered basalts at the TGM). 

Ankerite is the most abundant carbonate mineral in the sericitic alteration halos, with lesser 

amounts of dolomite and siderite also identified by electron microprobe (Appendix 4). 

Secondary carbonates occur as fine-grained anhedral intergrowths with quartz and sericite. 

The amount of carbonate within the sericitic alteration halos varies from, (10 to 40%) 

depending on the presence or absence of stage IVb veins. The carbonates have replaced 

plagioclase laths in the basalts, and occur in the matrix of the sedimentary lithologies. 
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Figure 7.8 A) TDD 27-128.6 Handspecimen of medium-grained, quartz- lithic sandstone with 
bleached sericite alteration halo surrounding stage IV vein. The stage V vein on the left does 
not have an alteration halo associated with it. 

Figure 7.8 B) TDD 49-165.5 Handspecimen. of bleached sericite-altered basalt. This sample 
formed part of the wholerock geochemical study and is typical of the most intense SQP 
alteration that occurs adjacent to the stage IV veins. 

Figure 7.8 C) TDD 36-113.0 Handspecimen of bleached sericite-altered interbedded 
sandstone and siltstones. Part of a stage IVb vein is present on the left hand edge of the 
specimen. 

Figure 7.8 D) TDD 30-153.2 Handspecimen of SQ altered basalt cut by stage !Va (A) and IVb 
(B) veins. 

Figure 7.8 E) TDD 51-168.2 Photomicrograph (PPL) of SQP altered interbedded fine-grained 
sandstone and mudstone. All the opaques visible in this field of view are pyrite. Note. the larger 
size of pyrite (py) within the sandstone compared to that within the mudstone. Also note the 
way the central (quartz+ chlorite +pyrite) vein is indistinct in the coarser-grained lithology, 
possibly reflecting its greater permeability. 

Figure 7.8@TDD 51-168.2 Photomicrograph (PPL) of SQP altered. interbedded fine grained 
sandstone and mudstone. Note the increase in the size of secondary pyrite within the sandstone 
compared to that within the siltstone (py=pyrite). · 

Figure 7.8;G)}TDD 13-120.5 Photomicrograph (Reflected Light & low-level PPL) of pyrite 
(silver-gold) that has replaced detrital muscovite within a medium-grained sandstone lithology. 
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One of the major difficulties in determining the abundance of stage IV carbonates within 

the sericitic alteration halos is the presence of earlier generations of carbonate. Testing 

within basaltic lithologies with acid (10 % HCl) has shown that the transition from calcite 

. to ankerite as the predominant carbonate phase corresponds to the approximate onset of 

visual bleaching. However, the acid test does not work in the sedimentary lithologies, 

where the stage III and stage IV carbonates are ankeritic. 

Minor chalcopyrite is restricted to the inner,,.. 2cm selvedge around stage IVb veins, where 

it has rimmed and filled fractures within pyrite (Fig. 7.8F). Gold has not been observed 

petrographically in the alteration halos, but its presence has been confirmed by 

geochemical assay (Section 7.3). Rutile, leucoxene and anatase are all present within stage 

IV alteration halos. Titanium-oxides occur as fine-grained solid inclusions ( <20µm) within 

quartz and/or intergrown with quartz and sericite. Fine-grained Ti-oxides have coalesced to 

form rounded aggregates to lmm in diameter at several localities. 

7.2.7 Stage V Veins 

Stage V calcite± chalcopyrite ±quartz veins range from 0.2 to 30mm in width (Fig. 7.9A, 

B).Stage V vejns have consistently crosscut and displaced stage IV veins (Fig. 7.9C, D). 

Calcite is the predominant mineral in stage V veins, where it constitutes approximately 

90% of the vein fill. Calcite textures vary from euhedral to subhedral, and grainsizes range 

up to 2mm in diameter (Fig. 7 .9E). Approximately 80% of stage V veins have a massive 

texture, although both banded and crack-seal textures have also been observed. Eubedral 

quartz crystals up to 0.2mm in diameter are typically intergrown with calcite in veiq.s 

thicker than 0.5cm. Fine-grained ( <0.5mm) chalcopyrite is intergrown with calcite, and is 

the only sulfide recognised from stage V veins. Chlorite and hematite are both rare in stage 

V veins, and occur only in banded veins (Fig. 7 .9F). Both minerals are intimately 

intergrown with stage V calcite. Within the banded veins, early-formed minerals have 

undergone minor plastic deformation, resulting in weak undulose extinction in quartz, and 

kinked twins in calcite (Fig. 7 .9G). There is no noticeable alteration halo associated with 

stage V veins and assay results have confirmed that stage V veins are unmineralised 

(Appendix 7). 

7.2.8 Stage VI-Supergene Alteration 

Supergene alteration associated with weathering is intense in the upper 50-60 m of the 

regolith profile and is not associated with any particular vein stage. No systematic 

documentation of supergene effects has been undertaken. However, certain weathering 

effects are readily noticeable in handspecimen, including the alteration of all sulfides to 

goethite and limonite. In the saprolite zone, where weathering effects are less pronounced, 
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Figure 7.9 A) TDD 23-130.1 Stage V extension vein developed in massive basalt. Note the 
lack of an alteration halo associated with the vein. 

Figure 7.9 B) TDD 27-151.2 Handspecimen of stage V vein in medium grained sandstone. 
The white detrital grains in the sandstone are coarse-grained feldspar now replaced by ankerite. 

Figure 7.8 C) TDD 49-164.5 Photomicrograph (PPL) of stage V calcite vein (1.Scm), that has 
cut stage IVa and Nb veins in SQP altered basalt. 

Figure 7.9 D) TDD 31-168.2 Photomicrograph (Reflected Light) of stage V calcite (cc)
chalcopyrite (Cpy) vein that has crosscut a stage IVa pyrite (Py)-chlorite vein. 

Figure 7.9 E) TDD 27-142.7 Photomicrograph (PPL) of subhedral calcite in stage V vein. 

Figure 7.9 F) TDD 27-134.0 Photomicrograph (PPL) of banded calcite (cc) quartz (qtz) 
hematite(hm) vein. 

Figure 7.9 G) TDD 27-134.0 Photomicrograph (PPL). Kinked twins in calcite from stage V 
vein. 
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pyrite has been partially altered to hematite, and chalcopyrite to covellite and chalcocite. 

Although most of the gold mined at the TGM was taken from the oxidised zone of the 

weathering profile, no substantial flat-lying supergene blanket was discovered. Economic 

gold grades in the oxidised profile were largely localised around primary fault zones and 

associated hypogene alteration halos (Fig. 7 .10). 

Gold geochemistry 

To test whether gold has been remobilised during weathering, a reconnaissance electron

microprobe study was carried out on samples of free gold from the hypogene zone at the 

TGM, and the saprolite zone at the Dogbolter Prospect (Fig. 1.1). Unfortunately, no 

samples of free gold were found within the weathering profile at the TGM during this 

study. The geological and structural controls on mineralisation, at Dogbolter appear to be 

identical to those at the TGM (S. Marsh pers. comm. 1995). The analytical results for Au, 

Ag and Cu are presented in Table 7 .1, the complete analytical results are present in 

Appendix4. 

TGM SAMPLE No Hypogene Zone Au Ag Cu 

TDD 13 -120.3 Single grain within pyrite 89.9 9.8 0.0 
. TDD 13 -120.3 Multiple grains within chalcopyrite 89.9 9.7 0.2 

TDD 13 -120.3 Multiple grains within chalcopyrite 89.7 9.9 0.4 
TDD 13 -120.3 Multiple grains within chalcopyrite 89.9 9.9 0.2 
TRC 1485-150.0 Single grain within pyrite , 90.9 8.3 0.2 
TRC 1485-150.0 Single grain within pyrite 90.4 7.6 0.0 
TRC 1485-150.0 Single grain within pyrite 92.1 7.4 0.0 
TRC 1485-150.0 Single grain within pyrite 91.3 8.0 0.1 
TRC 1485-150.0 Intergrown with chalcopyrite , 92.2 6.2 0.0 
TRC 1485-150.0 Intergrown with chalcopyrite 91.0 8.4 0.3 

DOGBOLTER No Supergene Zone 

DBS 003 - 42.0 Gold grain within quartz vein 100.4 1.0 0.0 
DBS 003 - 42.0 Gold grain within quartz vein 100.6 0 0.0 
DBS 003 - 42.0 Gold grain within quartz vein 96.7 3.7 0.4 
DBS 003 - 42.0 Gold grain within quartz vein 96.3 5.3 0.0 

Table 7.1 Gold geochemistry from the TGM and Dogbolter. Analyses are listed in weight%. Gold fineness 
changes from ::::900 in the hypogene zone at the TGM to 960-1000 at Dogbolter. 

The results are interpreted to indicate that supergene processes have dissolved and 

reprecipitated Au, and removed ""' 10 wt% Ag. Mobility of both Au and Ag within the 

weathering profile has been extensively studied in the Archaean of Western Australia (e.g. 

Mann 1984; Webster 1985; Lawrance 1990). Chloride-ion, thiosulfate-ion and organic 

complexes are the main ligands involved in low-temperature gold mobilisation, and 

secondary gold fineness can be used as an indicator of the ligands responsible for 

remobilisation (Lawrance 1990). Remobilisation of gold by the chloride ligand produces 

secondary gold of high fineness. This is due to selective complexing whereby gold is more 

efficiently precipitated than silver (Mann 1984; Lawrance 1990). The development of 
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Chapter 7 - Mineralisation and Alteration 

acidic solutions and redistribution of gold and silver during weathering may be inhibited 

by the presence of carbonate-rich sequences that buffer acidic solutions (Mann 1984). This 

may explain the lack of a significant remobilised supergene blanket at the TGM. 

7.3 GOLD DISTRIBUTION AT THE TGM 

The distribution of gold at the TGM is controlled by the presence of stage IV veins and 

alteration halos, that are associated with the mineralised shear zones described in Section 

6.3. The relationships between structure, hypogene alteration, lithology and gold grade 

were examined at several scales in an attempt to understand the distribution of gold at the 

TGM. The large scale distribution of gold was studied by examination of grade control 

data collected by Zapopan N .L. during mining. To examine the metre- scale grade 

distribution, a series of sampling traverses were conducted across various structures from 

several open pits. All samples were analysed for gold by commercial laboratory (Amdel

Alice Springs) and results are reported in Appendix 7. Gold distribution on the microscopic 

scale has already been discussed in sections 7.2.5 and 7.2.6. 

· 7.3.1 Deposit Scale Metal Zonation 

Current grade control methods in open pit gold mines generate thousands of assays, which 

are used to define ore and waste blocks. Grade control at the TGM involved drilling 6m 

vertical percussion holes that were split into two 3m samples (the height of a flytch at the 

TGM was 3m). Percussion holes were spaced 2-3m apart on traverses oriented at a high 

angle to the strike of the ore body. The distance between adjacent traverses varied from 2-

4m dependent on non-geological mining criteria. The huge amount of data generated from 

1987-1994 is too large to present in this study. Instead, two selected examples from the 

Hurricane-Repulse Pit are presented with overlays of the geology (Figures 7 .11 & 7 .12). 

Interpre!ation of the mine-scale assay data has led to the following conclusions: 

• Gold grades are extremely heterogenous, with subeconomic ( <0.8ppm) values 

occurring adjacent to high values (>lOppm). 

• Mineralised zones are transgressive across the stratigraphy; both basalt and 

sedimentary host rocks are mineralised. 

• The highest grade and most continuous mineralisation is characteristically found in the 

hangingwall of the central mineralised fault zone for each fault. 

• Anomalously thick high-grade ore zones are localised at the intersection of mineralised 

structures (striking 350-070° and dipping steeply east to southeast respectively). This 

leads to steeply SE-plunging ore shoots. 

• Economic gold grades are erratic along the strike of each mineralised fault zone. This is 

particularly noticeable for the faults that strike approximately 020° (Fig. 7.12). 
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Chapter 7 - Mineralisation and Alteration 

7.3.2 Metre Scale Distribution of Gold 

Seven sampling traverses were conducted to investigate the macroscopic gold distribution 

around mineralised structures. Localities were chosen to represent both basaltic and 

sedimentary host rocks, and included different fault zone orientations and scales. Each 

locality was photographed and/or mapped. Approximately 0.5kg of sample material was 

collected in most instances, with <0.lkg collected from narrow veins and/or alteration 

halos. Analyses were conducted by atomic absorption spectroscopy after an aqua-regia 

digest by Amdel (Alice Springs laboratory). Detection limits are O.Olppm for samples 

listed in ppm and 1 ppb for samples listed as ppb (different methods were used due to cost 

constraints). Photographs and field sketches that illustrate the occurrences of the samples 

with respect to structural features are shown in Figure 7.13. Field descriptions and assay 

values are presented in Appendix 7. 

7.3.3 Summary of Gold Distribution 

Most of the gold within the mineralised zones at the TGM is hosted within narrow stage IV 

quartz± carbonate+ sulfide veins that occur within fault zones trending between 350° and 

070°. The fault zones transect stratigraphy, and all rocktypes are locally mineraJised 

adjacent to the faults. Specific points of interest include: 

• Background values of gold in all lithologies away from the mineralised zones are 

between 1-20 ppb (Appendix 7). There is no distribution of detectable gold within the 

basaltic or sedimentary lithologies. 

• Stage IV quartz-carbonate veins within mineralised zones are enriched in gold by up to 

one to two-orders of magnitude compared to the SQP-altered wallrocks surrounding 

the vein, and by up to four orders of magnitude compared to the least-altered 

unmineralised wallrock (e.g. Fig. 7.13E). 

• Sericite-quartz-pyrite (SQP) altered wallrocks are enriched in Au by one to two orders 

of magnitude above the unaltered wallrocks. 

• Sericite-quartz (SQ) altered watlrocks with no visible sulfide and or ferruginous 

material after sulfide are variably enriched in gold by up to one order of magnitude 

compared to the unaltered wallrocks. 

• The gold grade in individual stage IV quartz-carbonate veins may vary by up to two 

orders of magnitude along strike and dip. 

• Empirically there is a positive correlation between the presence of sulfides within the 

wallrock and gold grades that are up to two orders of magnitude above background 

levels. This correlation is also noted within the weathered zone where goethite/ 

limonite (which are interpreted to have replaced pyrite/chalcopyrite) is associated with 

anomalous Au grades. 

• Alteration halos and anomalous gold grades are preferentially developed in the 
' 

hangingwall block of mineralised shear zones. 
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Figure 7.13 A) Sampling traverse 1- Southern Pit (4530mN 4862mE 401m R.L. Mine grid). 
Photograph taken lookmg south. Bleached SQP alteration surrounding a quartz vein and quartz 
breccia lode system m the Southern Pit Numbers represent Au ppb values of samples taken 
from localities indicated by black dots. Host rock is basalt. 

Figure 7.13 B) Sampling traverse 2- Field-sketch lookmg north. Hurricane-Repulse Pit 
(7026mN 4550mE. 369m R.L. Mine grid). Alteration zone surrounding steeply dipping quartz
pynte vems and faults w1tlun interbedded sandstones and siltstones. Numbers represent Au 
ppm values of samples taken from localities indicated by circles. 

Figure 7.13 C) Sampling traverse 3-Photograph taken looking approximately northeast. 
Humcane-Repulse Pit (6932 mN 4620 mE. 345m R.L. Mine Grid) Narrow alteration zone 
within interbedded sandstone and siltstone lithologies in the Hurricane-Repulse Pit. Numbers 
represent Au ppm values of channel samples taken from areas indicated by arrows. . 

Figure 7.13 D) Sampling traverse 3-Field-sketch looking northeast. Bouncer Pit (3355 mN 
4321 mE. 370m R.L. Mine grid). Broad mineralised zone at eastern end of the pit hosted 
within basalt. Numbers represent Au ppb values of samples taken from areas indicated by 
circles. 

Figure 7.13 E & F) Sampling traverse 4- Photograph (E) and field sketch (F) of same view 
taken looking approximately northeast, withm the Bouncer Pit (3374 mN 4288 mE. 370m R.L. 
Mine grid). Broad stratabound SQ and mner SQP zones developed within interflow sediment 
unit (IOm thick) between two basalt flows. E) Numbers represent Au ppm values of spot 
samples taken from areas indicated by black dots. F) Shows extent of pyrite zone and basalt 
footwall. 

Figure 7.13 G) Sampling traverse 5- Photograph taken looking approximately northwest in 
the Bouncer Pit (3312 mN 4235 mE. 385m R.L. Mine grid). Narrow quartz, Iimomte vein with 
attendant alteration halo within interbedded fine grained sandstones and slltstones. Numbers 
represent Au ppm values of spot samples taken from localities indicated by black dots. 
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Chapter 7 - Mineralisation and Alteration 

7 .4 WHOLE ROCK GEOCHEMISTRY 

A total of twenty-six samples of altered basalts were collected for whole rock geochemical 

analyses, to examine mass balance changes associated with metasomatism at the TGM. 

Analysed samples were collected from drill core in the Hurricane-Repulse area. Sample 

preparation techniques and analytical methods are outlined in Section 4.5. Major and trace 

element data for each alteration type are summarised in Table 7.2 and listed in Appendix 3. 

The methodology .of assigning samples to the various alteration types is discussed in 

Section 7.4.3. 

Least Pillow Chio rite- Sericite-quartz Sericite-quartz 
altered margin carbonate alteration pyrite alteration 
basalt alteration (SQ) (SQP) 

Average Std Average Std Average Std Average Std Average Std 

(n=8) Dev (n=2) Dev (n=7) Dev (n=7) Dev (n=7) Dev 

Si02 49.50 0.49 50.32 0.13 48.55 1.54 43.15 3.77 43.91 5.29 

Ti Qi 1.42 0.16 0.67 0.22 1.79 0.23 2.06 0.45 2.12 0.47 

AI203 13.74 0.49 7.18 1.83 14.10 1.02 12.43 0.68 12.24 0.96 

Fei03 14.94 0.97 10.49 0.03 15.66 2.05 16.00 4.10 12.69 4.47 
MnO 0.21 0.03 0.43 0.03 0.17 0.05 0.19 0.06 0.18 0.05 
MgO 6.38 0.35 4.35 0.13 5.03 0.59 4.93 0.34 3.83 0.70 
eao 6.69 1.23 8.09 0.57 4.33 3.25 6.28 2.95 7.06 2.11 

Na20 4.08 1.14 0.21 0.01 2.83 1.98 0.50 0.49 0.26 0.35 

K10 0.26 0.22 1.50 0.21 0.13 0.05 1.41 0.95 2.64 0.79 

P205 0.17 0.02 0.10 0.04 0.21 0.02 0.24 0.07 0.24 0.08 
LOI 2.88 0.31 16.49 1.55 7.13 2.30 13.11 3.73 14.69 3.96 

TOTAL 100.26 99.79 99.92 100.23 99.73 

Nb 7 1 4 1 8 0 10 2 11 1 
Zr 125 13 67 21 154 12 189 40 205 30 
Sr 217 66 260 7 124 62 32 21 69 46 
Ba 128 66 256 8 59 26 63 32 101 32 

Sc 45 2 28 1 53 5 44 7 41 4 
v 351 34 210 59 465 75 453 71 413 72 
Cr 185 39 111 33 170 73 101 59 99 66 
y 35 3 24 4 43 5 54 12 59 8 

Rb 6 5 46 8 3 2 40 36 72 22 
Ni 95 9 71 9 83 25 82 16 64 28 
Th 3 1 2 0 2 4 1 4 1 
s 0.13 0 0.26 0 0.09 0 0.42 0 2.89 2 

Density 2.83 2.82 2.88 2.90 2.94 
cm3 

Table 7.2 Average whole rock geochemical data for the hydrothermal alteration types that occur at the TGM. 
Also shown is the average density of each rock/alteration type. 
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7.4.1 Element Mobility 

The primary obj~ctive of the whole rock alteration study, was to quantify the changes in 

mass, composition and volume that occurred during alteration events at the TGM. 

Quantification of these values requires certain assumptions concerning the alteration 

processes e.g. constant volume, constant mi:iss, or constant element ratios (Grant 1986). 

Various techniques for identifying immobile elements have been discussed (e.g., Gresens 

1967; Babcock 1973; Finlow-Bates and Stumpfl 1981; Grant 1986; Krandiotis and 

Maclean 1987; Maclean 1988; 1990; Maclean and Barrett 1993). In this study, the methods 

of Krandiotis and Maclean (1987) are used. 

Immobile element pairs should plot on a highly correlated linear trend (r= 0.90-0.99), with 

the regressed line ideally passing through the origin (Maclean and Barrett 1993; Fig. 7.14). 

Grant ( 1986) noted that element pairs with high degrees of correlation may be components 

that have remained geochemically 'coupled' during alteration, thus maintaining a constant 

ratio. For this reason, it is desirable to test geochemically dissimilar element pairs for 

immobility (Grant 1986). For mass-balance calculations, samples must be assumed to have 

a common precursor, otherwise scatter away from the linear trend may relate to variation in 

magmatic affinity and/or the degree of magmatic fractionation (Maclean and Krandiotis 

1987). This criterion is easily established for the basalts from the TGM, where all samples 

come from the same major basalt unit within the Hurricane-Repulse area, allowing little 

scope for large initial heterogeneities. Furthermore, the whole rock geochemical analyses 

of the unaltered basalts documented in Chapter 5 show only minor composition variations. 

Plots of Zr versus Ti02, Nb, P205 A1203 and Y are presented in Figure 7:15. These , 

elements are generally considered to be immobile under a wide range of alteration 

conditions (Gresens 1967; Grant 1986; Krandiotis and Maclean 1987; Maclean 1988; 

1990; Mikucki et al. 1990; Maclean and B_arrett 1993). For the TGM, Zr, Nb, Y Ti, and P 

match the criteria for classification as iminobile elements in that they have high correlation 

coefficients and regression lines that' pass close to the origin (Fig. 7.15). AI20 3, which has 

been shown to be immobile under a variety of alteration conditions (Phillips and Groves 

1984; Phillips 1986; Grant 1986; Maclean and Krandiotis 1986; Crawford and von Rad 

1994) was mobilised during metasomatism at the TGM (Fig. 7.15F, G). 

7.4.2 Least-Altered Equivalents 

Geochemical data for the least-altered basalts from the TGM has been discussed in Chapter 

5. The least-alt:ered suite was selected on the basis of LOI <3.5%. LOI is an inherent part 

of sample preparation of fused glass, beads for XRF major element analysis. The volatiles 

that are lost during LOI are C, S, 0, and N. Because LOI values form a significant 
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proportion of the analyses, particularly for the intensely altered samples, analyses have not 

been recalculated to 100% volatile-free. Instead, LOI values are treated as a chemical 

component of the sample. This allows monitoring of the changes in LOI for the various 

alteration types. Independent sulfur analyses were obtained by trace element analysis, 

allowing the LOI values to be recalculated for C, 0 and N loss only. Geochemical data for 

all basalts are listed in Appendix 3. 

7.4.9 LOI Compositions 

The LOI compositions have been determined to quantify the major volatile phases in the 

alteration assemblages at the TOM. A small amount of powdered sample ("" lg) was 

burned in a pure oxygen atmosphere at 1000°C. The liberated gases were analysed on a 

Carlo Erba IA 1108 elemental analyser. The analyses were performed by Graham 

Rowbottom of the Chemistry Department at the University of Tasmania. Results are given 

as elemental ppm concentrations of C and H. Element concentrations were recalculated to 

C02 and H20 respectively, and combined with the independent XRF analyses of S to 

provide a check on the LOI data (Table 7.3). 

Carlo Erba XRF 
Alteration SAMPLE c C02 H H20 Measured C02+H20+S Measured 

Type No S% % LOI% 
Least 22-133.0 ND ND 0.37 3.31 NA 3.31 3.12 
Least 22-127 ND ND 0.32 2.86 0.09 2.95 2.38 
Least 34-83.6 ND ND 0.31 2.77 0.16 2.77 2.62 
Least 49-i52.9 ND ND 0.34 3.04 NA 3.04 3.05 

Chl-Carb 29-147.l 0.08 0.29 0.41 3.67 0.13 4.09 4.06 
Chl-Carb 1171-142 0.68 2.49 0.78 6.97 0.08 9.54 10.10 
Chl-Carb 30-148.9 3.95 14.47 0.44 3.93 0.16 18.41 17.39 
Chl-Carb 10-178.7 1.01 3.70 0.24 2.15 NA 5.85 6.89 

SQ 49-167.2 2.92 10.70 0.37 3.31 0.73 14.74 14.42 
SQP 49-164.5 4.22 15.46 0.22 1.97 1.14 18.57 18.99 
SQP 49-165.8 3.64 13.34 0.22 1.97 6.94 22.24 21.81 

Det Limit 0.02 0.07 0.02 0.18 
Table 7. 3 Carlo Erba analysis of components of LOI and comparison to measured LOI. ND = not detected. 
N.A =not analysed 

The data in Table 7.3 indicate that C02 is not present in detectable quantities in the least

altered basalt suite For the chlorite-carbonate altered basalts, at low values of LOI, C02 

and H20 are in approximately equal proportions At high LOI (i.e strongly altered), C02 is 

more abundant than H20 (Table 7.3). For the mineralised samples (SQP & SQ alteration), 

S contributes greatly to the LOI, with H20 and C02 present in approximately equal 

proportions. 
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7 .4.3.Mass Balance Calculations 

To determine the changes in chemical composition of the altered basalts compared to least

altered basalts, the technique of Huston (1993) has been used. This method is an adaptation 

of Grant's (1986) isocon method, which is in tum a graphical solution of Gresens'(l967) 

composition-volume relationships. By plotting scaled element analyses of unaltered versus 

altered rocks, a line can be generated through elements known to have been immobile 

during the alteration event. This line, which passes through the origin, is termed the 

isocon* (Grant 1986). The slope of the isocon can be used to constrain mass changes · 

(Grant 1986; Huston 1993). Deviation of data away from the isocon defines the change in 

concentration for the corresponding component (Grant 1986). Elements that plot above the 

isocon have been relatively enriched while elements plotting below the isocon have been 

relatively depleted. The technique of Huston (1993) requires that for graphical 

presentation, the elements are sequenced such that i) elements that underwent large mass 

gains are early in the sequence ii) elements that underwent mass losses are late in the 

sequence, and iii) immobile elements are interspersed throughout. 

For the mass balance calculations, samples were assigned into an alteration type based on 

their LOI, petrology and proximity to Au mineralisation. The five alteration types are; 

unaltered basalt, pillow basalt, chlorite-carbonate alteration, sericite-quartz-pyrite 

alteration (SQP) and sericite-quartz (SQ) alteration. Each group was then averaged and the 

average values were used to calculated isocon slopes. The data for each alteration type is 

illustrated graphically, and discussed in the text. All isocons were plotted using the 

averaged data and several individual samples are also shown on the isocon figures to 

illustrate the variation between individual samples. 

7 .4.4 Pillow Basalts 

The isocon plot of data from the pillow basalts relative to the least-altered equivalent 

shows i:.eiative enrichment in Rb, K, Y, LOI, S, Th, Fe, Si, Ca, Mn, Ni, Mg, ~a, and Sr, 

while P, V, Zr have remained constant and Nb, Al, Ti and Na have been depleted 

(Fig.7.16A, B). Large absolute mass gains of Si (19.6g/100g), Ca (5.7g/100g), LOI 

(27g/100g) have occurred, with minor with minor gains (<5g/100g) in K, Fe, and Mg. Na 

is the only major element to have undergone depletion (2.8g/1 OOg). The isocon slope is 

calculated to be 0.55, indicating a net mass change of +81 %. The large calculated net mass 

change is a reflection of the accumulation of quartz and calcite at triple point junctions 

* isocon = a line connecting points of equal geochemical concentration, (Gary et al 1974; Grant 1986) 
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A) Isocon diagram: The solid line through the data indicates the best fit isocon; the dashed line 
indicates the 2 s.d. error associated with isocon estimation. 
B) Histogram illustrating relative mass changes for alteration related to pillow basalt formation. 
C) Absolute mass changes. 

c 

Na 



Chapter 7 - Mineralisation and Alteration 

7 .4.5 Chlorite-Carbonate Alteration 

Results of the isocon analysis for the chlorite-carbonate altered basalts relative to the least

altered basalts are shown in Figure 7.17. Only LOI shows a relative increase (>10%); most 

other elements have undergone relative depletions (Fig. 7.17B). Rb, K, Ba and Sr have all 

been depleted by >50% relative to the least-altered basalts. Si has an absolute depletion of 

12.5g/100g, while Fe, Ca, Mg and Na have undergone small depletions (<.5g/100g). LOI is 

the only major component to have undergone an increase (2.9g/100g). The isocon slope for 

the chlorite-carbonate altered basalts is 1.23, indicating a net mass loss of 19% during the 

alteration event. The isocon slope can also be used to calculate volume change if the rock 

densities are known (Huston 1993). A volume change of -7.2% has been calculated for the 

chlorite-carbbnate alteration assemblage, based on the average densities for each altered 

rock type which are listed in Table 7.2. 

7 .4.6 Sericite-Quartz Alteration 

For the sericite-quartz alteration assemblage, mass balance calculations have revealed 

relative additions of Rb, K, and LOI, and depletions in all other elements with respect to 

the least-altered basalts (Fig. 7.18). Absolute mass change calculations include additions of 

K (0.6g/100g), S (0.13g/100g) and LOI (5.9g/100g), and depletions of Fe (3.0g/lOOg), Si 

(9.7g/100g), Ca (1.8g/100g), Mg (1.9g/100g) and Na (2.8g/100g). The calculated isocon 

slope of 1.48 corresponds to a calculated net mass loss of 32%, and a volume change of 

-13% resulting from sericite-quartz alteration. 

7 .4. 7 Sericite-Quartz-Pyrite Alteration 

The SQP-altered basalts have similar mass balance relationships to the SQ-altered basalts 

(compare Figs. 7.18 & 7.19). Relative additions of Rb, K, LOI, and S and losses in all 

other elements are indicated (Fig. 7.19). Absolute changes include addition of K 

(l.2g/100g), LOI (6.5g/100g) and S (1.4g/100g), and depletions of Si (10g/100g), 

Fe(4.8g/100g), Ca (1.6g/100g), Mg (2.4g/100g) and Na (2.9g/100g). An isocon slope of 

1.56 equates to a calculated net mass loss of 36% and a volume change of -15% 

7.4.8 Chlorite-Carbonate Precursors 

Because the extensive chlorite-carbonate alteration is interpreted to have formed earlier 

than the sericite + quartz ± pyrite alteration, mass-balance calculations' have also been 

completed using an averaged chlorite-carbonate assemblage as the precursor to SQ and 

SQP alteration. 
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Figure (7.20) shows the results of the isocon analysis for the SQ alteration assemblage 

using the average chlorite-carbonate assemblage as a precursor. Relative increases of Rb, 

Kand Shave occurred, while all other elements are relatively depleted. The trends in the 

data are similar to those observed when the least-altered basalt is used as a precursor 

(compare Figs 7.18 and 7.20). In terms of absolute abundances, K (0.86g/100g), 

LOI (3.7lg/100g), Ca (0.6g/100g) and S (0.22g/100g) have undergone gains, while Fe (1.7 

g/lOOg), Si (6.05 g/lOOg), Mg (0.6 g/lOOg) and Na (1.8 g/lOOg) have. all undergone 

depletions. A calculated isocon slope of 1.20 corresponds to a net mass loss of 17% and a 

volume change of -6%. 

Similar gains and losses have been calculated for the SQP alteration assemblage using the 

chlorite-carbonate assemblage as a precursor (Fig. 7.21 compared to Fig. 7.20). Relative 

gains are noted in Rb, K, LOI, S and Ba together with losses in V, Fe, Sc, SI, Mn, Al, Ni, 

Mg, Cr, Sr, and Na. Absolute gains of K (1.6 g/lOOg), LOI (4.6 g/lOOg), S (1.8g/100g) and 

Ca (0.9 g/lOOg) and losses of Fe (3.8 g/lOOg), Si (6.2 g/lOOg), Mg (1.2 g/lOOg) and Na 

(1.9 g/lOOg). An isocon slope of 1.27 corresponds to a net mass loss of 20% and a 

calculated volume change of -8%. 

7.4.9 Element Ratio Plots 

Because many of the primary lithologies that host Au mineralisation are low in K, Rb, Sr 

and Ba (tholeiites and ultramafics in particular) most of these elements, which may be 

abundant in alteration halos, have been introduced during metasomatism. Therefore if it is 

possible to trace the source of K, then the source and processes leading to the concentration 

of K and, by inference, Au may also be traced (Kerrich and Fryer 1988). Phillips (1986), 

Kerrich and Fryer (1988), Kerrich (1989), and Witt (1993) have used a combination of K, 

Rb, Ba, and Sr data to interpret possible sources of alteration fluids within Archaean gold 

deposits. Kerrich and Fryer (1988) found that for several deposits in Canada, K/Rb and 

K/Ba ratios within alteration halos could be correlated over several orders of magnitude, 

and that the host rocks to mineralisation had little bearing on these ratios. 

Data for the altered basalts at the TGM are presented in Figure 7.22.-K & Rb are well 

correlated (r = 0.981), and the mean value of K/Rb ratios in basalts at the TGM is 356. 

This is higher than the 'main trend' of Shaw (1968), which has K/Rb ratios between 150 

and 300. Two trends of data can be seen in the plots: i) trends towards lower K, Rb, Sr and 

Ba abundances at constant element ratios associated with alteration of the least-altered 

basalts to the chlorite-carbonate assemblage (dilution trends; Fig. 7.22); and ii) increasing 

K/Ba, Rb/Sr and Rb/Ba ratios, when samples unaffected by K-metasomatism (i.e. the least

altered and the chlorite-carbonate altered basalts) are grouped and compared to the 

mineralised SQP- and SQ-altered samples (enrichment trends; Fig. 7.22). 
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7 .5 DISCUSSION 

The preceding sections have documented the styles of alteration and veining at the TGM. 

In the following discussion, these results are compared with other typical brittle shear-zone 

Au deposits hosted in low-grade metamorphic rocks. 

7 .5.1 Stage m Chlorite-Carbonate Alteration 

The majority of the basalts at the TGM are variably altered during stage III veining to a 

chlorite-calcite-albite-magnetite assemblage. The irregular nature and lack of displacement 

across stage III veins is interpreted to imply high fluid pressures at low differential stress 

(i.e cr1 ~ cr3). Mass balance calculations and isocon analysis indicate that the alteration has 

caused an enrichment of LOI (mainly C02), a depletion of Si and minor depletions of Fe, 

Ca, Mg and Na, which lead to a small negative change in volume. This alteration style can 

be best described as a weak carbonate metasomatism. 

District-scale carbonate alteration is a feature of several major Archaean gold camps, 

including the Golden Mile (Phillips 1986), Timmins (Davies et al. 1982); Kambalda (Clark 

et al. 1989). However, widespread carbonate alteration appears absent from many major 

Proterozoic Au deposits such as Telfer (Goellnicht et al. 1989), the Pine Creek deposits 

(Hein 1994), Tennant Creek (Nguyen et al. 1989) and other Au deposits within the 

Granites-Tanami Inlier (e.g the Granites, Dead Bullock Soak; Wall 1989). Carbonate 

alteration has been reported from some Proterozoic gold deposits such as the Ashanti mine 

in Ghana, where pervasive alteration is characterised by sulfidation, sericitisation and 

carbonatization (Oberthur et al. 1991). 

The regional chlorite-carbonate alteration observed at the TGM is mineralogically similar 

to the 'chlorite zone' of Phillips (1986) who suggested that weak-regional 'carbonatization' 

within the Golden Mile Dolerite was the outermost alteration halo associated with Au 

mineralisation event. At the Gorden Mile, Phillips (1986) documented a gradation from the 

chlorite zone through a bleached carbonate zone and into a pyrite zone adjacent to the 

mineralised veins. Similar K/Rb ratios for the chlorite-zone and the pyrite-zone alteration 

were interpreted as evidence for a single fluid causing regional carbonate metasomatism 

and the more localised Au mineralisation (Phillips 1986). Witt (1993) found that K/Rb and 

K/Ba ratios increased from the outer carbonate-alteration halos to the inner sericitic

alteration halos in a number of deposits in the Yilgam, and concluded that this was 

consistent with the model of Phillips (1986) with the fluid evolving temporally and/or 

spatially to higher K/Rb values. 

There is no evidence at the TGM for a progressive zonation from the least-altered basalt 

su~t~ tJ:irough the chlorite-cftrponate assemblage towards the mineralised sericite 
i 
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assemblages. In fact, the trends in the K/Rb K/Ba, RB/Sr and Rb/Ba ratios are distinct for 

the chlorite-carbonate and the sericite alteration events (Fig 7 .22). Within the Mine 

sequence at the TGM, there is a poor spatial correlation between the chlorite-carbonate 

alteration and the SQ±P alteration in mineralised zones with the least-altered basalts 

sometimes adjacent to the SQP assemblages without an intervening chlorite-carbonate 

assemblage. Furthermore the scale of development of the two alteration assemblages are 

different, with stage ill alteration pervasive throughout the Mine sequence and stage IV 

alteration tightly constrained around the mineralised shear zones. The combination of the 

above evidence has been interpreted to indicate that the stage III and stage IV alteration 

events are unrelated. 

In conclusion, the origin of the regional chlorite-carbonate alteration at the TGM remains 

unclear. Genetic interpretations are hampered by a lack of fluid inclusion and stable 

isotopic data for stage ill veins (Chapter 8). The regional scale and poor spatial correlation 

with mineralised faults are interpreted to indicate that regional chlorite-carbonate alteration 

is not a distal form of the stage IV sericitic alteration assemblage. The most likely origin 

for stage III veins and alteration is considered to be low-grade metamorphic and/or 

diagenetic alteration ( eg. Cooke et al. 1995) 

7.5.2 Stage IV Sericitic Alteration 

Bleached sericitic alteration halos that surround quartz-carbonate veins, with a gradation 

from an inner pyrite zone to a pyrite-absent zone, are typical of many shear zone hosted Au 

deposits in sub-greenschist facies host-rocks (e.g Phillips 1986; Groves and Barley 1988; 

Colvine 1989; Mikucki et al. 1990; Witt 1993; Oberthur et al. 1991). Sericitic alteration at 

the TGM is characterised by minor volume reduction and mass loss. K and volatiles (C02, 

H20, and S) have been enriched whereas Si, Fe, Mg and Na have been depleted. Although 

quartz is present within alteration halos, Si has been depleted from the wall rocks during 

mineral~sation. Si depletion has been documented in several Archaean Au deposits and has 

been related to desilicification reactions (Colvine et al. 1988), such as the breakdown of 

chlorite and calcite to form ankerite + quartz, or sericite + ankerite + quartz. For example: 

(Mg,Fe)6S4010(0H)g + 6CaC03 + 6C02 ~ 6(Mg,Fe)Ca(C03)2 + 4Si02 +4H20 ................ (l) 
Chlorite Calcite Ankerite Quartz 

3(Mg,Fe)5Al2Si3010(0H)g + ISCaCOJ + 2K++ lSC02 ~ 
Chlorite Calcite 

2KAl3Si3010(0H)2 + lS(Mg,Fe)Ca(C03)2 + 3Si02 +9H20 +2H+· ............. (2) 
Seri cite Ankerite Quartz 
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The decrease in volume and Si depletion associated with the stage IV sericitic assemblages 

at the TGM contrast with the results of mass balance calculations performed on similar 

alteration assemblages in several Archaean lode-gold deposits (e.g. Mikucki et al. 1990, 

Golding et al. 1990, Witt 1993). The observed Si depletion at the TGM may be an artefact 

of the sampling technique employed for this study, which removed all traces of vein 

material so as to understand chemical changes in the host rocks only. Similar Si depletion 

was noted from a shear zone with few quartz; veins at the Ora Banda deposit, W.A (Barley 

et al. 1990b). 

7.5.3 K/Rb Ratios 

Understanding the behaviour of K, Rb, Sr and Ba during the K-metasomatic event is 

important for tracing fluid sources and discussing fluid evolution. Kerrich and Fryer (1988, 

1989) documented ratios in these elements in the wallrocks of several Canadian Archaean 

lode-gold deposits. Data for the Abitibi deposits suggests that K/Rb and K/Ba ratios are co

linear, for K contents ranging from 100 to 80,000ppm (Kerrich and Fryer 1988). However, 

values documented for Western Australian Archaean lode-gold deposits show a slight 

progressive increase in K/Rb and K/Ba with increasing alteration intensity (Witt 1993). 

Conversely data from deposits with a 'known' magmatic input have the following trends; 

• Porphyry copper deposits in Chile, where the altered rocks have lower K/Rb ratios 

relative to the unaltered equivalents (Armbrust et al. 1977) 

• Sn-W deposits and greisens, where the altered rocks have lower K/Rb and elevated 

Rb/Sr ratios compared to the unaltered host rocks (Gavett 1985). 

• Increased Rb/Sr and Rb/Ba during alteration in and around the Renison Sn deposit and 

the associated Pine Hill Granite in Western Tasmania (Kitto 1994). 

Kerrich and Fryer (1988) used the differences in the observed trends between the Archaean 

lode-Au deposits and those from magmatic related deposits to discount a possible 

magmatic source for the fluids involved in the Archaean deposits. Data from the TGM 

shows that there is no variation in the K/Rb ratio with increased sericitic alteration 

(monitored by increased levels of K). Moreover, although K/Ba Rb/Sr and Rb/Ba ratios 

tend to increase during sericitic alteration at the TGM, the data are consistent with 

information published on Archaean lode-gold deposits (Fig. 7.23), but are different from 

trends observed from deposits of known magmatic origin (Fig. 7.23) 

The range in K/Rb ratios noted within the sericite-altered mineralised basalts at the TGM is 

from 221to619, with a mean value of317 (fig. 7.24). This range is ~imilar to the values 

measured f9f sfvyral Ai;cha~3;n deposjfs ~e·p· Sons qf Gw~li~; ferriJtg and Barley l990). 

' " I I 
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The ratios are slightly higher the 'Main Trend' for K/Rb, which is between 150 and 300 

(Shaw 1968), and higher than the bulk of the data from the Gregory Suite (Fig. 7.26). Six 

unaltered sedimentary rocks from the Mine sequence have K/Rb values between 230-320 

with a mean value of 270 (Fig. 7.26; Appendix 3). These data are interpreted to suggest 

that the Gregory Suite granites are an unlikely potassium source for the sericitic alteration 

assemblages at the TGM. However the K/Rb ratios for the sedimentary rocks within Mine 

sequence are similar to K/Rb ratios in the sericitic alteration halos and thus the sedimentary 

rocks of the Mt Charles Beds are a potential source of the potassium for that alteration. 
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Figure 7 .24 Box plot showing the range of K/Rb developed in the altered-mineralised basalts at the TGM. 
Also shown are the data ranges for the Gregory Suite granites and unaltered sedimentary rocks from the Mine 
sequence. The circle represents the mean of the data, the top, bottom and middle lines of the box represent 
the 75th, 25th and 50th percentiles respectively. Lines extending from the box represent the 90th and lOth 
percentiles. 

7.6 CONCLUSIONS 

Five discrete vein stages and four alteration assemblages have been recognised at the 

TGM: 

• Early chlorite-carbonate-quartz alteration associated with the eruption of pillow basalts 

• Stage I - sericite, dolomite and hematite veins found only in the carbonate-mudstone 

facies and associated with extensional microfaulting. 

• Stage II - quartz, chlorite, dolomite ± sericite veins associated with bedding parallel 

and bedding sub-parallel reverse faults. 

• Stage III - chlorite-carbonate veins with minor quartz and sericite that occur throughout 

163 



Chapter 7 - Mineralisation and Alteration 

the Mine sequence. 

• Stage IVa and IVb - quartz, sericite, chlorite, pyrite, ankerite, chalcopyrite ±gold veins 

and breccias. Stage IV veins are the economically significant veinset at the TGM. This 

veinset forms the core of the mineralised shear zones described in Chapter 6. 

• Stage V - barren calcite and quartz veins that overprint the mineralised veinset. 

Stage III chlorite-carbonate veining is associated with a widespread weak chlorite

carbonate alteration assemblage that is developed in the basalts and the sedimentary 

lithologies. Regional chlorite-carbonate alteration of the basalts has resulted in the 

enrichment of volatiles (mainly C02) and depletion of Si, Fe, Ca, Mg and Na. The scale, 

spatial distribution and element-element trends of the chlorite-carbonate alteration 

assemblage have been interpreted to indicate that it is not a distal halo associated of the 

with Au mineralisation. The genesis of stage III alteration remains unclear; although it may 

be related to low grade metamorphic or diagenetic alteration. 

Au mineralisation is developed in and around stage IVa and IVb veins. Free gold occurs in 

quartz and carbonate, as inclusions in pyrite and chalcopyrite, and intergrown with 

chalcopyrite. The sericite alteration assemblages associated with Au mineralisation contain 

. pyrite (inner zone), quartz and ankerite. Sericitic alteration has resulted in the enrichment 

of K and v_olatiles (C02 H20 and S) and the depletion of Si, Fe, Mg and Na in the basalts. 

Au values in veins and pyrite-altered wallrocks are up to four magnitudes higher than 

background values in the unaltered wallrocks. 

K/Rb, K/Ba, Rb/Sr and Rb/Ba trends associated with sericitic alteration assemblages at the 

TGM are similar to trends documented from Australian and Canadian Archaean lode gold 

·deposits (Kerrich and Fryer 1988; Witt 1993). The K/Rb, K/Ba, Rb/Sr and Rb/Ba are 

distinct from those from classic "magmatic" related deposits. K/Rb ratios for sericite

altered basalts are higher than K/Rb ratios in the Gregory Suite granites, suggesting the 

granites are an unlikely source of the potassium. However the sedimentary rocks of the 

Mine sequence cannot be similarly discounted. Possibilities for the ultimate source of 

mineralising fluids will be addressed in Chapter 8 and 9. 
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CHAPTER 8 

FLUID INCLUSIONS AND STABLE ISOTOPES 

8.1 INTRODUCTION 

This chapter presents the results of fluid inclusion studies undertaken on vein mineralisation 

from the TGM. Sampling for fluid inclusion studies was limited to the Hurricane-Repulse 

zone (Fig. 1.2), as fresh sample material is available from diamond drill core in this area. 

Two samples were also collected from the Hurricane-Repulse open pit. The limited spatial 

distribution of the sample sites has confined the study to examining temporal variations of 

fluid compositions. 

The results of sulfur and oxygen stable isotopic analyses are also presented in this chapter. 

Stable isotope analyses were undertaken in an attempt to characterise the isotopic signatures 

of the fluids involved in mineralisation and to speculate on the source(s) of the fluids. Stable 

·isotope analyses have not previously been obtained from the Tanami area. 

8.2 FLUID INCLUSION METHODS 

A total of nineteen doubly polished plates were prepared for fluid inclusion analysis from 

samples of vein material. Sampling was biased towards the economically important stage N 

veins. Workable fluid inclusions (>5µm) were found in stage Il, N and V veins. Stage I 

was not examined, and no workable material was found in stage ID veins. The criteria of 

Roedder (1984) were used to classify fluid inclusions as primary or secondary. 

·Microthermometry was performed at the University of Tasmania using a modified USGS 

gas flow heating-freezing stage supplied by Fluid Inc. (Sterner & Bodnar 1984; Bodnar & 

Sterner 1985). Calibration of the equipment was performed using synthetic fluid inclusions 

manufactured by Syn-Flinc, and the precision of measured temperatures are ± 1°C for 

heating and ± 0.3°C for freezing. The accuracy of the 'Trendicator' thermocouple 

measurements was calibrated against the C02 triple point (-56.6°C), the melting point of 

water (0.0°C) and the critical point of water (374.1°C) in synthetic inclusions. 

The precision of measured eutectic temperatures varied considerably depending on fluid 

inclusion size and viewing conditions. Eutectic temperatures were often difficult to measure. 

Data was recorded at the point where evidence for melting could be seen and reproduced. 

Where observed, the appearance of 'orange peel texture' (Reynolds and Goldstein 1994) 

was considered diagnostic of the temperature of first melting. 
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Homogenisation temperatures are reported in Section 8.3, uncorrected for pressure. The 

application of a pressure correction to calculate trapping temperatures will be discussed in 

Sections 8.4.3 and 8.4.4. Salinities were calculated from freezing point depression 

measurements by assuming an NaCl-H20 system, and using the equation provided by 

Bodnar et al. ( 1989). This method provides only an estimate of the true salinity, due to the 

effects of other dissolved salts in the fluids that are not taken into consideration. Freezing 

point determinations are reported for approximately half of the 270 fluid inclusions that were 

analysed, because the small size of many fluid inclusions prevented measurement of the 

temperature of final ice melting. 

All fluid inclusion data is listed in Appendix 6. The following abbreviations are used 

throughout this chapter: Th = temperature of homogenisation; Te = temperature of first 

melting; Tmice = temperature of final ice melting; Tt = temperature of trapping. 

8.2.1 Classification of Fluid Inclusions 

Four types of fluid inclusions have been recognised during this study (Fig. 8.1 ): 

Type 1: Two-phase (L-V), liquid-rich (V <20%) fluid inclusions; homogenisation is by 

· vapour disappearance. 

Type JA: Two-phase (L-V), fluid inclusions with variable liquid-vapour ratios (V:::;;80%) 

fluid inclusions; homogenisation is by vapour disappearance. 

Type 2: Two-phase (L-V), vapour-rich (V>50%) fluid inclusions which homogenise by 

liquid disappearance. 

Type 3:.Single-phase fluid inclusions. 

None of the fluid inclusions examined during this study contain visible C02 or daughter 

minerals. 

Type 1 VL Homogenise to liquid 

Type 1A 
VL Homogenise to liquid 

Type2 
VL Homogenise to vapour 

Type3 v 

Figure 8.1 Summary of fluid inclusion types and the phases present at 25°C. After Nash (1976). 
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8.3 FLUID INCLUSIONS AND MICROTHERMOMETRY 

8.3.1 Stage II quartz 

No fluid inclusions were found within stage II veins that were sampled from drill core. 

However, one sample (HR-27) collected from the base of the Hurricane-Repulse open pit 

(7352mN, 4379mE, 362mR.L., Fig. 8.2) contained euhedral quartz crystals (up to 2mm in 

diameter) with abundant, primary, Type 1 fluid inclusions in growth zones. Fine-grained 

( < 0.5mm) subhedral quartz occurs interstitial to the large euhedral quartz, and contains 

dark clusters of fluid inclusions that were too small for microthermometric analysis ( <5µm; 

Fig. 7.3D). 

··. 0.Sm 
················ .. 

.... ---';--- Central quartz breccia 
zone 72~084 ° 1·----- Limit of SQ alteration 

Figure 8.2 Field sketch: cross-sectional view looking north - from Hurricane Repulse Pit 
showing sample locality ofHR-27. {7352mN 4379mE; 362mR.L) 

Homogenisation temperatures for stage II fluid inclusions range from 66° to 254° with most 

of the data between 100° and 140° and a mean value of 129° (Fig. 8.3A). Salinity estimates 

based on Tmice vary from 15 to 21 eq. wt.% NaCl equivalent (Fig. 8.4A). Only five first 

melting temperatures were recorded; all were between -52° and-48°C (Fig. 8.5A) 
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8.3.2 Stage IVa quartz 

Fourteen doubly polished sections were prepared from this paragenetic stage. Stage IVa 

quartz is characterised by abundant secondary fluid inclusions(< 15µm in diameter) which 

are present as clusters and trails. Microthermometric data was obtained from secondary 

Type 1 (abundant) and Type lA (rare) fluid inclusions. No primary fluid inclusions were 

analysed. Rare growth bands defined by primary fluid inclusions were observed in stage IVa 

quartz, but the inclusions were too small for accurate measurement of microthermometric 

data. Isolated Type 1 (primary ?) fluid inclusions hosted by small ( < 0.5mm in diameter) 

clear quartz occur adjacent to vein margins. 

Homogenisation temperatures range from 56° to 471°C with a bimodal distribution 

(Fig.8.3B). Calculated salinities are also bimodal, with a low to moderate-salinity population 

(0 to 10 eq. wt.% NaCl) and a high-salinity population (17 to 25 eq. wt.% NaCl; 

Fig. 8.4B). Te values ranged from -52.8° to -21.0°C, with data peaks at -45° to -55°C, and 

at -20° to -30°C (Fig. 8.5B). 

8.3.3 Stage IVb quartz 

·only one sample of stage IVb vein material contained workable fluid inclusions. Sample 

HR-19 was collected from a N-S striking mineralised vein within the Hurricane-Repulse 

Open Pit (7269mN, 4430mE, 355mR.L.). This vein contained atypical, growth-banded 

dog-tooth euhedral quartz (Fig.8.6, A-C) and is the only sample collected with well

developed open space fill textures. The classification of this vein as stage IVb is based on 

field relationships and thin section petrography. Sample HR-19 was taken from the central 

portion of a thick (20cm) stage IV a-grey, quartz vein and contains fine-grained euhedral 

ankerite within some of the growth bands within quartz (Fig. 8.6D). 

Primary Type 1, lA, 2 and 3 fluid inclusion occur in growth zones within sample HR-19. 

The primary fluid inclusions vary in size from 2 µm up to 40µm, in some cases fluid 

inclusions within growth bands are too densely clustered for microthermometric data to be 

obtained (Fig. 8.6E). Fluid inclusion shapes are variable, and include negative crystal, 

elongate, and irregular shapes. Data was also collected from secondary Type 1 and Type lA 

fluid inclusions that have formed along trails and healed fractures that cut primary growth 

zones (Fig. 8.2F). 

Homogenisation temperatures for primary fluid inclusions in sample HR-19 ranged from 90° 

to 451 °C, although eight fluid inclusions were observed that did not homogenise below 

500°C (the maximum allowable temperature on the apparatus). A broad peak in the Th data 

occurs between 120° and 220° (Fig. 8.3C). Salinity estimates, based on eighty-nine Tmice 

measurements, are mostly between 0 and 11 wt.% NaCl with a maximum at 5 eq. wt.% 
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Figure 8.6 A) Field sketch showing locality of sample HR-19. The open space fill 

textures present in HR-19 were only evident in the centre of the main stage IVa quartz

breccia zone. 

Figure 8.6 B) HR-19 Photomicrograph (PPL) of euhedral quartz crystals with growth 

zones "defined by densely clustered primary fluid inclusions. 

Figure 8.6 C) HR-19 Photomicrograph (PPL) of typical type 1 fluid inclusions within a 

growth zone. Dark inclusions are single phase vapour only fluid inclusions. 

Figure 8.6 D) HR-19 Photomicrograph (PPL) of fine grained euhedral ankerite that has 

nucleated and grown from a euhedral growth zoned quartz crystal. 

Figure 8.6 E) HR-19 Photomicrograph (PPL) of closely spaced growth bands within 

quartz. Fluid inclusions in the band marked by arrows were too densely clustered to 

resolve individual inclusions. 

Figure 8.6 F) HR-19 Photomicrograph (PPL) of a secondary trail of fluid inclusions 

(arrow) that intersects primary zones at a high angle. 
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NaCl and an outlier at 18 wt.% NaCl (Fig. 8.4C). Te values range from -36.2° to -18.2°C, 

with a peak between -30° and -25°C (Fig.8.5C). Secondary fluid inclusions within sample 

HR-19 are distinct from the primary stage IVb fluid inclusion data. Homogenisation 

temperatures range between 79° and 182°C, with a mean value of 120°C (Fig. 8.3D). 

Estimated salinities ranged from 9 to 22 eq. wt.% NaCl (Fig. 8.4D), and Te values were 

between -37° and-34°C (Fig. 8.5E). 

Gas analyses 

A reconnaissance Laser Raman study was undertaken at AGSO (Canberra) on primary fluid 

inclusions in stage IVb quartz. The study was intended to determine if low levels of C02 

were present in the fluid inclusions. No C02, 02, N1, H2 or CILi was detected in any of the 

five primary fluid inclusions analysed by Laser Raman spectroscopy. Detection limits are 

dependent on the instrument sensitivity, the partial pressure of the gaseous phases and the 

quality of fluid inclusions (Memagh et al. 1994). All fluid inclusions selected for this study 

were large (>25µm), and considered to be 'high quality'. Memagh et al. (1994) stated that 

detection limits for Laser Raman analyses were 0.1 mole percent for C02, 02, N1, and 0.03 

mole percent for CILi, and stage IVb is concluded to have gas concentrations below these 

values. 

8.3.4 Stage V calcite 

Two narrow ( <2mm) stage V calcite veins that crosscut stage IV a veins contained workable 

fluid inclusions. Both stage V veins contained rare, large (15-30µm), isolated fluid 

inclusions that had negative crystal shapes. Eight workable fluid inclusions were found and 

analysed by mic~othermometric techniques. These fluid inclusions are classified as primary 

based on their large size and isolated nature (Roedder 1984). 

Th values range from 92° to 186°C, with a mean value of 149°C (Fig.8.3E). Five salinities 

were calculated from Tmice values they range between 16 and 22 eq. wt.% NaCl (Fig. 

8.4E). Four eutectic temperatures were measured; values were between -25° and -30°C 

(Fig. 8.5E). 

8.4 DISCUSSION - FLUID INCLUSIONS 

8.4.1 Dissolved Solutes 

First melting temperatures for the various paragenetic stages are shown together in Figure 

8.5. Recorded eutectic temperatures for the TGM data range from -60° to -25°C. The Te for a 

pure H20-NaCl solution is -21.2°C (Borisenko 1977), and is further depressed when other 

salts are present (e.g. Table 8.1). 
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System Eutectic °C Reference 

KCl-H20 -10.8 Scul'gina et al. 1955 
NaCl-H20 -21.2 Comee and Krombach 1932 

KCl-NaCl-H20 -23.5 Borisenko 1977 
MgClz-H20 -33.6 Borisenko 1977 

MgClz-NaCI-H20 -35.0 Crawford 1981 
FeCI3-H20 -36.5 Borisenko 1977 

MgC12-KCI-H20 -37.8 Borisenko 1977 
CaClz-H20 -49.8 Yanatieva 1946 

CaClz-KCI-H20 -50.5 Borisenko 1977 
CaClz-MgClz-H20 -52.2 Borisenko 1977 

CaCI2-KCI-NaCl-H20 -55.0 Y anatieva 1946 
CaClz-NaCI-H20 -55.0 Borisenko 1977 

CaClz-MgClz-NaCl-H20 -58.0 Luzhnaja and Vereshtchetina 1946 

Table 8.1 First melting temperatures of eutectics for a number of salt- H20 systems. 

First melting temperatures of primary fluid inclusions in stage II quartz (-52° to -48°C) are 

consistent with a chloride brine that contains a combination of Ca2+, K+, Na+ and Mg2+ 

ions (Fig.8.7 A, Table 8.5). Secondary fluid inclusions from stage IVa veins have a greater 

·range of Te values, and two populations can be discerned; a low-temperature low Te, group 

and a population that has Te values between -20° and -30°C and variable Th values 

(Fig.8.7B). Te values of= -48° to -53°C for the low Th population are interpreted to indicate 

a Ca-K-Na-Mg brine (Table 8.5). Te values falling into range of= -33° to -25°C for the 

variable Th population are consistent with abundant Na±Mg±K salts in solution (Table 8.5). 
-
Data from primary fluid inclusions of stage IVb show no correlation between Th and Te 

values (Fig.8.7C). The range in Te values for the primary fluid inclusions from -36° to 

-18°C with a concentration of data at= -25°C which is interpreted to indicate a Na-K-Cl brine 

with trace amounts of other salts (Table 8.5). The presence of KCl in the stage IV fluids is 

consistent with K-metasomatism associated with sericite alteration. Secondary fluid 

inclusions from the same stage have a restricted Te range of between -40° and -30°C, and 

there is a weak trend towards lower Te values with lower Th (Fig. 8. 7C). This narrow range 

of Te values could be related to a Na-Mg-Cl brine. Data from fluid inclusions in stage V 

calcite veins (Fig. 8.7D) are too few to evaluate a relationship between Th and Te. Te values 

of= -27°C are interpreted to be evidence for a Na-K-Cl solution with trace amounts of other 

salts present. 

8.4.2 Salinity Variations 

Primacy fluid inclusions 

Figure 8.8 shows Th versus salinity (eq. wt.% NaCl) data for all paragenetic stages 

analysed. Low-temperature primary fluid inclusions from stage II show no variation of 

salinity with Th, although the data are too few to make unequivocal observations. Stage IV 
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primaries show a restricted range of salinities (< 10 eq. wt.% Na Cl) for all Th values. 

Regression of the data indicates no linear correlation between salinity and Th (y=-12.97x + 
272, r=0.49). All primary fluid inclusions from stage V have a high-salinity, again data are 

too few to establish the presence of a correlation between Th and salinity. 

Secondai:y fluid inclusions 

Data for secondary fluid inclusions were obtained from stages IVa, IVb and V. Two distinct 

populations can be seen in the data for stage IVa: i) a low-salinity, variable-temperature 

group and; ii) a high-salinity, low-temperature group. Stage IVb secondary fluid inclusions 

have a weak linear correlation between Th and salinity (y=-55x + 20, r=0.7). 

8.4.3 Pressure - Depth Estimates 

Pressure corrections are required to convert Th values to temperatures of trapping (i.e the 

temperature of the fluid at the time of inclusion formation). The methods used to estimate the 

trapping temperatures for the TGM data are discussed below. 

Stratigraphic reconstruction 

Based on the interpreted timing of Au mineralisation (Chapter 6), the minimum thickness of 

the Hangingwall sequence (2000m; Chapter 2), and the dip of the Mine sequence (average 

55°) it is possible, using simple trigonometry, to calculate a minimum vertical-depth estimate 

of= 3.km to the top of the Mine sequence at the time of mineralisation. 

Contact and regional metamorphism 

The maximum possible depth for the rocks of the Mine sequence can be constrained by the 

presence of andalusite in the contact metamorphic aureole of the Apertawonga Granite. The 

P-T conditions for the Andalusite-Sillimanite-Kyanite boundary have been reviewed in the 

literature by Richardson et al. (1969); Holdaway (1971); Miyashiro (1973); Spear (1993) 

and others). Spear (1993) gives the upper stability of andalusite at the triple point as 3.8kb, 

which, using an average crustal density of 2.6g/cm3, equates to a maximum depth of 

approximately fourteen kilometres. 

Another estimate of the depth can be made using regional metamorphic grade. 

Metamorphism within the· Mine sequence, as evidenced by the lack of metamorphic 

recrystallisation, and illite crystallinty values (Chapter 3), has reached only diagenetic 

grades, implying background temperatures of less than 250°C (Weaver 1984). A depth of 

burial can then be calculated based on an estimate of the geothermal gradient. Because Au 

mineralisation is interpreted to be synchronous with the intrusion of felsic dykes, a high 

geothermal gradient ( 40°C) is assumed. This is considered to be re~sonable, as regional 
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metamorphism in the Australian Proterozoic is characterised by high temperatures and low 

pressures (Loosveld and Etheridge 1990; Sandiford and Powell 1991; Scrimgeour and 

Sandiford 1993). Based on the assumed geothermal gradient, a maximum depth of six 

kilometres is estimated for the Mine sequence. 

Co-existing L & V rich fluid inclusions 

Several narrow zones of coexisting liquid-rich and vapour-rich fluid inclusions occur within 

growth zones in sample HR-19. This fluid inclusion population has been interpreted to 

indicate phase separation (Fig.8.~G; Kamilli and Ohmoto 1977; Roedder 1984). Because 

this fluid inclusion population is rare (only identified in one sample) it is likely that boiling is 

localised rather than widespread. Within one such zone, a total of nine Type 1 and Type 2 

fluid inclusions were observed to homogenise over a narrow temperature range (211°-271°). 

Seven of these fluid inclusions homogenised to the liquid phase, and two homogenised to 

vapour. Roedder (1984) stated that: "When a set of fluid inclusions within the same growth 

zone exhibit similar or identical Th into the liquid and vapour phases respectively, the Th is 

equal to the temperature of entrapment (Tt) and may be used to calculate press,ure ". Critical 

pressures can be calculated from equation (4) of Knight and Bodnar (1989) based on the 

. assumption of a NaCl-H20 fluid. Two Te values recorded for this set of data were 21.8~ and 

28.1°C, consistent with a NaCl-predominant fluid with minor amounts of other salts present 

in solution (Borisenko 1977). Pressures calculated using Knight and Bodnar's (1989) 

algorithm range from 37 to 71 bars, which, assuming hydrostatic fluid pressures equates to 

a depth range of 150-300m. Assuming lithostatic pressures, a depth of 300 - 750m is 

calculated. 

The depth estimates based on fluid inclusion evidence discussed above are considered to be 

unrealistically shallow, and are possibly erroneous due to the inherent assumption of open 

system conditions i.e., the fluid channelways are open to the surface (Roedder and Bodnar 

1980). 1'his assumption is probably invalid at the TGM, and the phase separation most likely 

occurred due to a sudden drop in fluid pressure caused by dilation after fault failure 

(e.g. Sibson 1989). 

8.4.4 Discussion: Temperature of Trapping 

Based on the discussion outlined above, Au mineralisation at the TGM probably formed at 

depths between three and six kilometres. This depth range seems 'geologically reasonable' 

for two reasons 

• Fluid inclusion evidence for phase separation was only identified in stage IVb veins, 

there is no evidence for boiling from other vein stages. This contrasts with low

sulfidation epithermal deposits, which form at shallow depths (<lkm) and have 
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widespread textural and fluid inclusion evidence for phase separation (e.g. Kamilli and 

Ohmoto 1977; Hedenquist and Henley 1985; Cooke and Bloom 1990). 

• The presence bf crack-seal and extensional veins throughout the paragenesis is consistent 

with the assumption of lithostatic fluid pressures (e.g. Cox et al. 1986; Cox et al. 1990). 

The documented transition from mainly hydrostatic pressures, to mainly lithostatic 

pressures, varies widely dependent on the presence or absence of impermeable seals but 

typically occurs at approximately 3km (Price 1975; Spear 1993; Cox et al. 1990). 

, 
Lithostatic load can be calculated using the relationship P=Hp g, where H = depth, p = 

density, and g =acceleration due to gravity. Using the range in depth estimates (3-6 km) and 

assuming rock densities of 2.5g/cm3, lithostatic pressures between 0.8 and 1.3 kb are 

estimated. Based on the pressure-temperature curves of Potter (1977), the low- to moderate

salinity stage IVb veins require a temperature correction of between 60° and 130°C to the Th 

data (Th ave = 210°C), giving a trapping temperature range of 270° to 340°C 

It has not been possible to link the timing of stage II and stage V vein formation to the 

deformational and intrusive history to the same extent as stage IV veins. For example, the 

. formation of bedding parallel veins (stage II) may have occurred early during Fl, before 

appreciable structural thickening of the overlying strata by folding (e.g. Tanner 1989; 1990; 

Cosgrove 1993). Likewise, the timing of the stage V veins is unconstrained, and may have 

occurred after erosion had commenced.- For this reason, a pressure correction of 0.5 kb, 

based on the minimum thickness of the Hangingwall sequence has been applied to stage II 

and stage V fluid inclusion data (Table 8.2), giving trapping temperatures of 190° and 210° 

respectively. 

Stage Salinity - (mean) Th(OC) Pressure Tt(0 C) 
(eq. wt.% NaCl) (mean) Correction (0 C) 

II (prim) 19.3 130 60 190 
IVa (sec)pop 1 4.4 210 90 300 
IVa (sec) pop 2 20.7 130 100 245 
IVb (prim) 5.6 200 90 290 
IVb (sec) 16.6 120 60 180 
V (prim) 19.9 140 60 210 

Table 8.2 Average values for various fluid inclusion populations and the applied pressure correction used to 
arrive at the trapping temperature. The division of stage IVa secondary fluid inclusions into two populations 
(popl & pop 2) is discussed below in section 8.4.2. The pressure correction for stage IVa population 1 varies 
from the correction for stage IV a population 2 because of their different salinities. 

Pressure-depth estimates for the TGM are considered first approximations only. 

Nevertheless, a trapping temperature of= 300°C for stage IV veins would seem reasonable 

based on; i) the observed alteration assemblage of sericite, ankerite, quartz and pyrite; and ii) 

similar Tt values reported from other shear-zone hosted gold deposits that have similar 
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alteration assemblages (e.g. the Archaean deposits of W.A., Mt Charlotte, Golden Mile -

Lakeview and North Kalgurli, and Ora Banda; Ho et al. 1990) .. 

8.4.5 Temporal Variations and Fluid ~ources 

It appears likely that at least two distinct fluid types have been responsible for vein formation 

at the TGM. The first fluid is a low-temperature (180° - 200°C) high-salinity (15-20 eq. 

wt.% NaCl) brine. This fluid type has been identified in primary inclusions in stages II and 

stage V and in secondary inclusions in stages IVa, IVb. Although it is also apparent from the 

variation in Te for stage II and stage V fluid inclusions that there has been a temporal 

evolution from a Ca-K-Na-Mg-Cl brine in stage II to a Na-Mg-Cl brine in stage V. The 

origin of the evolution in brine composition is unclear. In contrast, the fluid associated with 

mineralisation had moderate to high-temperatures (:::::300°C) and low to moderate salinities 

(::::: 5 eq. wt. % NaCl). This fluid was analysed from primary stage IVb and secondary stage 

IVa fluid inclusions. Based on the fluid inclusion data and paragenetic studies the low

temperature, high-salinity fluids are present both prior to and after the mineralising event. 

These "background" fluids were displaced during stage IV by structurally-focussed, high

temperature, low-salinity fluids associated with gold mineralisation. 

Brines similar to those analysed from stages II and V veins at the TGM have reported from 

many geological settings, including the Salton Sea geothermal system (McKibhen and 

Williams 1989), the Proterozoic Tennant Creek region (Khin Zaw et al. 1994), and brines 

reported from Mississippi Valley districts (Sangster et al. 1993, and others). There are only 

two known methods for generating high-salinity brines at depth in sedimentary sequences 

(Hesse 1990): i) halite dissolution in the presence of evaporites (e.g Manehiem et al. 1969; 

Waterman et al. 1972) and; ii) membrane filtration by shales (e.g. Bredeoeft et al. 1963; 

Graf 1982). The validity of the membrane filtration mechanism for generating high-salinity 

brines has been questioned (Manheim and Hom 1968; Manheim et al. 1974). Hanor (1988) 

stated that the differences in hydraulic head across a semipermeable shale membrane were 

insufficient to generate the required fluid pressures to drive the reverse osmosis required for 

generation of subsurface, high-salinity brines. This fact, combined with the presence of 

evaporite sequences in many the Palaeoproterozoic Basins of Northern Australia (e.g. the 

McArthur Basin, Jackson 1987; the Mt Isa Inlier, Blake 1987) has led to the interpretation 

that evaporites were probably present in parts of the Mt Charles Beds. Given the poor 

preservation potential for evaporite sequences (e.g Warren 1991), and the sparse exposure in 

the Tanami area, it is not surprising that evaporites are unrecognised in the Granites-Tanami 

Inlier. 

Gold mineralisation at the TGM is associated with a discrete pulse of high-temperature 

(::::: 300°C), low C02, low-salinity fluids. These fluids were structurally focussed, and the 
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presence of discrete alteration halos suggests the fluids were in disequilibrium with the wall

rocks. Fluids of this type are not characteristic of a particular geological environment (e.g 

geothermal systems, Henley 1984; epithermal systems, Sander and Einaudi 1990). 

Furthermore they are distinct from fluids reported for most Archean lode-gold deposits, 

which typically have high C02 levels (Kerrich and Fyfe 1981; Ho 1987; Clark et al. 1989; 

Phillips and Powell 1993). 

8.5 SULFUR ISOTOPES 
Sulfur isotope studies were undertaken to document o34S variations from different 

generations of sulfides at the TGM, and to trace possible sulfur sources for the mineralised 

event. 

8.5.1 Methods 
A total of sixty-two o34S analyses were obtained from pyrite. Two analytical methods were 

used; six analyses were obtained using conventional (hand-drilling) techniques; the 

remainder were obtained by laser ablatipn. Results are listed in Table 8.3 and plotted on 

· Figure 8.9, as 034S%o relative to the Canyon Diablo Troilite (CDT) . 

Conventional analyses were conducted at the University of Tasmania, Central Science 

Laboratory on coarse-grained pyrite that could be separated with a dental drill, using the 

analytical techniques of Robinson and Kusakabe (1975). Analytical uncertainty is estimated 

at ±0.2%0. Internal standards of homogeneous galena from Broken Hill (o34S = 3.2%0), 

Rosebery (o34S = 12.4%0) and Tullah (o34S = 15.2%0), were run with an S02 reference gas 

(o34S ~ CDT). Standards were calibrated against international sphalerite standards IAEA 

NZl (o34S = 1.83%0) and NBS 123 (o34S = 4.34%0), and isotope measurements were 

performed on a VG Micromass 602D mass spectrometer. 

Laser ablation analyses were performed at the University of Tasmania, Central Science 

Laboratory using the methods of Huston et al. (1995). Samples containing pyrite were 

mounted on a 200µm thick polished wafer, and ablated with currents of 22-35mA for up to 

two seconds in an oxygen-rich atmosphere. S02 gas was then passed via a liquid nitrogen 

trap into a VG Sira 10 mass spectrometer. The fractionation factor and analytical uncertainty 

for pyrite when using this method is 6.75 ± 0.15%0 (Huston et al. 1995). A test for internal 

consistency between the two methods using identical sample material (e.g. ablation of the 

same grain, part of which had been drilled for conventional analysis) was conducted (Table 

8.3). The maximum differences between the results of the two analytical methods was 

0.2%o, which is within the analytical errors of the mass-spectrometers. 
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Sample No P02 Current oJ4s Host Rock 
(cm3) (mA) CDT 

HR-27 25.2 24.5 31.70 Quartz vein 
HR-27 Conventional 31.90 Quartz vein 
HR-27 25.1 31.0 34.22 Quartz vein 
HR-27 24.7 30.5 34.35 Quartz vein 
HR-27 25.0 32.0 34.68 Quartz vein 
HR-27 25.3 31.5 34.81 Quartz vein Stage II E:rrite 
HR-27 25.4 24.0 36.16 Quartz vein average 34.38 
HR-27 24.9 32.5 37.19 Quartz vein standard deviation 1.75 

30-147.2 24.8 24.0 17.76 Unaltered carbonaceous sed 
30-147.2 25.0 24.5 17.80 Unaltered carbonaceous sed 
30-147.2 25.5 24.0 18.00 Unaltered carbonaceous sed 

1164-185.5 24.7 24.0 18.21 U nattered siltstone 
30-147.2 24.9 24.0 18.28 Unaltered carbonaceous sed 

1164-185.5 25.1 24.0 18.53 Unaltered siltstone Diagenetic pyrite in 
1164-185.5 24.9 24.0 18.77 Unaltered siltstone unaltered sediment 

1164-185.5 Conventional 19.15 Unaltered siltstone average 18.41 
1164-185.5 24.8 24.0 19.20 Unaltered siltstone standard deviation 0.45 

53-226.2 Conventional 6.80 Altered siltstone 
47-193 24.9 24.5 7.31 Altered sandstone 

31-133.6 Conventional 7.40 Altered sandstone 
31-133.6 25 24.5 7.55 Altered sandstone 
53-228.5 Conventional 7.60 Altered medium sandstone 
13-120.5 25.4 23 7.62 Altered fine sandstone 
53-228.5 25.6 23.0 7.73 Altered medium sandstone 
13-120.5 24.8 24.0 7.81 Altered fine sandstone 
47-165.2 Conventional 8.00 Altered sandstone 
13-120.5 25.2 23.5 8.09 Altered fine sandstone 
47-193 25.3 23.5 8.10 Altered sandstone 
47-193 24.8 24.0 8.18 Altered sandstone 

45-162.2 25.6 24.0 8.45 Altered sandstone 
53-226.2 24.8 23.5 8.45 Altered siltstone 
53-226.2 24.8 24.0 8.51 Altered siltstone 
13-120.5 25.0 23.5 8.56 Altered fine sandstone 
45-162.2 24.9 24.0 8.80 Altered sandstone 
45-162.2 25.3 24.0 8.83 Altered sandstone 
13-120.5 25.2 23.5 8.86 Altered fine sandstone 
47-193 25.4 24.0 9.16 Altered sandstone 

51-168.2 25.1 24.5 9.23 Altered 'pale' sediment 
53-226.2 24.7 24.0 9.25 Altered siltstone 
53-226.2 24.7 24.0 9.35 Altered siltstone 
47-193 25.0 24.0 9.42 Altered sandstone 

13-120.5 25.5 24.0 9.64 Altered fine sandstone 

51-168.2 25.1 24.5 9.71 Altered 'pale' sediment Stage IV pyrite 
51-168.2 25.0 25.0 9.97 Altered 'pale' sediment sedimentary host 
45-162.2 25.2 24.0 10.17 Altered sandstone average 8.59 
51-168.2 25.3 23.5 10.58 Altered 'pale' sediment standard deviation 0.93 
49-165.8 25 24 9.16 Altered basalt 
49-165.8 25.3 23.5 10.15 Altered basalt 
49-165.8 24.9 24 10.35 Altered basalt Stage IV pyrite 
48-148.6 25.1 23.5 10.67 Altered basalt basalt host 
48-148.6 24.9 23.5 10.68 Altered basalt average 11.1 
49-164.5 24.9 24 11.43 Altered basalt standard deviation 0.92 
48-148.6 25.4 24 11.66 Altered basalt 

49-164.5 25 23.5 11.76 Altered basalt 

49-165.8 25.1 24 11.82 Altered basalt All stage IV pyrite 
48-148.6 25.2 23.5 12.16 Altered basalt average 9.28 
49-164.5 24.9 23.5 12.29 Altered basalt standard deviation 1.45 

Table 8.3 Results from sulfur isotope analysis arranged by rock type. P02 is the amount of oxygen released 
into the sample chamber and the current was the amount of power suplied to achieve ablation of the sample. 
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Figure 8.9 Frequency histogram of o34s values from the various generations of pyrite from 
the TGM. Also shown are the mean values for each group. 
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All sulfur isotope analyses were carried out on pyrite. Although chalcopyrite occurs in stage 

IVb, it was too fine-grained ( <0.4mm) to ablate. Optics on the laser ablation apparatus at the 

University of Tasmania are poor quality, and do not allow resolution of finely intergrown 

minerals, preventing them from being analysed separately. For this reason, pyrite that was 

veined or rimmed by chalcopyrite (e.g. Figs. 7.6 F & G) was not analysed. 

8.5.2 Results 
Three generations of pyrite were selected for o34S analyses: 

• Disseminated diagenetic pyrite from outside the mineralised zones (2 samples; 

7 ablations & 1 conventional analyses). 

• Isolated euhedral pyrite from stage II quartz vein associated with pre-mineralisation 

thrusting (1 sample; 7 ablations & 1 conventional analyses). 

• Disseminated and vein pyrite from mineralised alteration zones in basalts (3 samples, 11 

ablations) and sedimentary lithologies (7 samples; 24 ablations & 4 conventional 

analyses). 

Diagenetic Pyrite. 

Two morphologies of diagenetic pyrite were analysed: framboidal pyrite that occurs in 

carbonaceous bands within the carbonate-mudstone facies; and isolated pyrite euhedra 

disseminated within a fine-grained siltstone. Both types are interpreted as diagenetic in 

origin, based on the framboidal nature of the grains, and the lack of veining and alteration in 

the host rocks. Early diagenetic pyrite generally has a framboidal morphology, whereas 

euhedral octahedrons are typical of late diagenesis (Raiswell 1982; Longstaffe 1989). o34S 

values range from + 17 .8%0 to + 19 .2%o (n=9) with a mean of+ l 8.4%0 (Fig.8.9). 

Stage II pyrite 

All data for the stage II pyrite come from sample HR-27. This is the sample used to obtain 

primary stage II fluid inclusion data (Section 8.3.1; Fig.8.2A). Pyrite is present as large (up 

to 4mm) euhedral to subhedral grains enclosed in quartz vein material. o34S values range 

from +31.7%o to +31.2%o (n=8), with a mean of +34.4%o (Fig.8.9). The high positive 

values obtained from this sample may be less precise than the standard precision figure of 

O.l5%o suggested by Huston et al. (1995), due to the lack of an appropriate standard with 

high o34S values to adequately calibrate the mass spectrometer. Nevertheless, the correlation 

between the results of conventional analysis and a laser ablation value performed on the 

same grain, and the clustering of the values indicates the results are acceptable, but possibly 

less precise (±1%0). 
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Stage IV Pyrite 

Analyses have been obtained from disseminated pyrite in SQP alteration halos around stage 

IVa and IVb veins in basaltic and sedimentary lithologies, including carbonaceous siltstone 

('pale sediments'), and fine-, medium- and coarse-grained sandstones. o34S values ranged 

from 6.8%0 to 12.3%0 (n=40), with a mean of 9.~%o (Fig.8.9). Stage IV pyrite hosted in 

sedimentary lithologies vary between 6.8%0 to 10.6%0 (n=28), with a mean of 8.6%0. Stage 

IV pyrite hosted in the mineralised basalts have o34S between 9.2%o and 12.3%0 (n=12), 

with a mean of 11.1 %0 (Fig.8.9). Where possible, two spot analyses were collected from 

large pyrite grains to examine variations in o34S within a single grain (Table 8.4). The 

largest internal variation is 1 %0. 

Sample No 

13-120.5 
47-193.0 
53-226.2 
49-165.8 

lst analysis o34s 
8.1 
8.2 
9.3 
10.2 

2nd analysis o34s 
8.6 
9.2 
9.4 
10.4 

Difference o34s 
0.5 
1.0 
0.1 
0.2 

Table 8.4 Comparison of o34s values from single pyrite grains analysed by laser ablation. 

· 8.5.3 DISCUSSION - SULFUR ISOTOPES 

Palaeoproterozoic Seawater sulfate 

The precipitation of evaporite minerals such as gypsum and anhydrite from seawater results 

in a small positive fractionation of l.5%o at 25°C (Thode and Monster 1965). Variations in 
the o34S of ancient seawater can therefore be calculated b.y measurement of the o34S values 

in evaporite deposits of known ages (e.g. Claypool et al. 1980; Strauss 1993). Currently, 

only limited data is available for Palaeoproterozoic rocks, and the relationship between o34S 

values in Palaeoproterozoic sulfate mineral occurrences, and the o34S values in 

Palaeoproterozoic seawater is not clear (Strauss 1993). The dataset that is most relevant has 

been reported from the Palaeoproterozoic McArthur Basin in northern Australia, where o34S 

values of barite (after gypsum) ranges from+ 18.4 to +21.5%o suggesting precipitation from 

a homogeneous Palaeoproterozoic seawater sulfur source of 20 to 25%0 (Muir et al. 1985; 

Strauss 1993). 

Sedimentacy pyrite 

o34S values from sedimentary pyrite have a narrow range (17.8 to 19.2%0). The source of 

sulfur was most likely seawater sulfate which was reduced during early diagenesis by 

sulfur-reducing bacteria. Reduced sulfur (in the form of H2S) may then have reacted with 

iron in the sediments to form iron sulfides, or with organic matter to form organically 

bonded sulfur (Dinur et al. 1980). The bacterial reduction of seawater sulfate to sedimentary 

sulfide results in a fractionation of between -45 to -25%0 depending on: i) the o34S value of 

the seawater; ii) kinetic isotopic effects; and iii) whether the system is open or closed with 
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respect to sulfide or sulfate (Ohmoto 1986). A regional stratigraphic study of ()34S values 

from various stratigraphic positions within the Mt Charles Beds would be required to assess 

the degree of closure with respect to sulfate during diagenesis (Ohmoto and Rye 1979). A 

trend towards isotopically heavier sulfur with time would be consistent with a closed basin. 

An assumed typical fractionation of -25%0 between a seawater source and the sedimentary 

sulfides (Ohmoto and Rye 1979), indicates that ()34Sseawater was approximately 45%0 in the 

basin in which the sediments were deposited. Similar heavy seawater values characterised 

the Cambro-Ordovician world-wide (Claypool et al. 1980) but no other evidence exists to 

support such a heavy seawater value in the Proterozoic. Alternatively the degree of closure in 

the basin sediments was high, so that the fractionation between H2S and S04= was small, 

and consequently ()34s was between 20%0 and 45%0. 

Stage II pyrite 

The isotopically heavy ()34S values of between 31.7%0 and 37.1%0 from stage II pyrite are 

interpreted to be a product of complete in situ reduction of an isotopically heavy sulfur 

source. This interpretation is based on the fact that the pyrite is completely enclosed by 

vuggy vein quartz, thus discounting the possibility of sulfate-reducing bacteria. 

·Furthermore, Th for stage II veins (uncorrected for pressure) have a mean value of 130°C, 

and sulfate-reducing bacteria cannot survive at temperatures greater than = 120°C (Jorgensen 

et al. 1992; Elsgaard et al. 1994). 

The fractionation factor between ()34Smineral and ()34Sfluid is strongly dependent on the ratio 

of oxidised to reduced sulfur, and on temperature (Ohmoto and Rye 1979). However, at 

low-temperatures and under pyrite-stable conditions, the fractionation factor is between 

-0.1 %0 and -5%o. Higher negative fractionations between the ()34Smineral and ()34Sfluid 

occurs close to the pyrite-magnetite boundary (Ohmoto and Rye 1979; & Figure 8.10 

therein). The sulfur source for stage II veins is therefore interpreted to have been between 

+31 to ~31%o, and possibly up to 5%o heavier. 

Stage IV pyrite 

()34S values of pyrite within quartz veins and SQP halos had a limited range of values 

between 6.8 to 12.5%0 with an average value ~f 9.3%0. The narrow range in ()34S values is 

consistent with the oxidation state of the mineralised fluids being either below the S04=fH2S 

buffer, or with the S04=fH2S ratio remaining constant during the mineralising processes 

(Ohmoto and Rye 1979; Sheppard 1986). 

Variation of ()34S values from stage IV pyrite hosted by sedimentary lithologies and basalts 

could be related to partial oxidation of the fluid during interaction with hematitic sedimentary 

rocks. Ohmoto and Rye (1979) have shown that negative S-isotope fractionation can occur 
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due to oxidation of pyrite-stable fluids (Fig.8.10). This hypothesis could be tested by 

systematically analysing ~)34S values laterally away from mineralised zones. As the fluid 

infiltrated away from the fault zone, interaction with the hematitic sedimentary rocks should 

have progressively oxidised the fluid, which would have progressively precipitated 

isotopically lighter sulfides. The same oxidation would not have occurred in the basalts, 

which contains only Fe2+ bearing minerals. In this study, all samples were collected from 

within or immediately adjacent to the veins, preventing testing of this hypothesis. However, 

it is interesting to note that o34S values from a mineralised, carbonaceous-mudstone unit 

that containing no detrital hematite overlap with the 034S values from basaltic samples (Table 

8.3). 

H 

M 

-34 

-36 

-38 

-40 

-42'----'~__..~~~-'-~-'-~_._~~---'~...L.L~-J...~-'--~~ 

3 4 ·5 s 1 a 9 

pH 

Figure 8.10 Log activity of oxygen versus pH showing fractionation between o34Su2s from o34Souid at 
equilibrium conditions and 250°C. Note that it is possible to generate small a negative fractionation, by a 
minor oxidation of the fluid, while remaining in the pyrite stability field. The trajectory A .... B is a possible 
evolutionary trend (modified after Ohmoto and Rye 1979). 

Physicochemical conditions of mineral deposition for stage IV are discussed in Chapter 9. 

Stage IV mineral assemblages (sericite-quartz-carbonate-pyrite) are consistent with weakly 

acidic pH and reduced conditions below the S04=/H2S boundary. Accordingly the 

fractionation factor between o34Sfluid and o34Smineral would be small (Ohmoto and Rye 

1979). Thus the range of mineralised 034S values is interpreted to indicate deposition from a 

reduced fluid with a homogeneous 034Sfluid value of approximately 12%0. Oxidation of the 

fluid during infiltration and metasoma~ism of the hematitic sedimentary rocks resulted in a 

negative fractionation of up to 6%0. 
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The lighter o34S values of stage IV pyrite within sedimentary host rocks, as compared to the 

basaltic host rocks, is interpreted to indicate that local heterogeneities in the host rock o34S 

values documented here had little effect on the o34s values of pyrite that precipitated during 

the mineralising event. This is because: 

• Unaltered basalts contain negligible sulfur so o34S values within the basalt should be 

similar to o34Sfluid values, since temperature related o34S fractionation between sulfides 

and the fluids are minor (Ohmoto and Rye 1979). 

• Diagenetic pyrite in the sedimentary lithologies are characterised by isotopically heavy 

sulfur, and mixing between a fluid with light o34S values and isotopically heavy sulfur 

in the sedimentary rocks at the site of mineralisation should have driven the o34S to 

heavier values than those observed for the stage IV pyrite. 

It is concluded that the 0345 isotopic composition of the stage IV pyrites were primarily 

produced by deposition from a homogenised external fluid, and that the LS in the fluid was 

much greater than the available sulfur in the local host rocks. 5ulfides with lighter 0345 

values were produced by interaction of the mineralising fluids with hematite in the 

sedimentary lithologies. The lack of regional sulfur isotope data prevents any definitive 

conclusions concerning the potential sources of sulfur for stage IV mineralisation. Only two 

of the potential reservoirs have been sampled: sedimentary sulfur with an average 0345 of 

19%0; and a potential evaporitic source with 0345 of"" 45%0. Other natural sulfur reservoirs 

are shown in Figure 8.11. Typical o34S values for magmatic systems fall into the range of -3 

to +3%0, and fluids derived from such magmas will have o345fluid values of -3 to 7%o, with 

the higher values related to oxidised melts (Ohmoto and Rye 1979). A pure magmatic source 

is therefore discounted. It is possible that mixing, at depth, of a magmatically-sourced fluid 

with a o34S of close to 0%0 with either of the local sedimentary sulfur sources (o34Ssediments 

~19%o) could generate the hybrid fluids with a o34S value of approximately 12%0. 
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Figure 8.11 Sulfur isotope value compared to potential sulfur reservoirs. Proterozoic seawater from 
Strauss ( 1993 ), Magmatic sulfur from Ohmoto and Rye ( 1979). Also shown for comparison is the range 
o34s values from the gold deposits of the Pine Creek Inlier. Data from Wygralak and Ahmad ( 1990); Hein 
( 1994); Matthai ( 1994). 
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8.6 OXYGEN ISOTOPES 

8.6.1 Methods and Results 

Six samples of vein quartz were selected for a reconnaissance oxygen isotope study. One 

sample was collected from a stage II quartz vein. The remaining samples were taken from 

stage IVa and stage IVb Au mineralised quartz veins. The stage II sample was chosen 

because reliable primary fluid inclusion data and sulfur isotope data was available value for 

that vein. ()18Q values were measured at the Geology Department, University of Tasmania 

using the method of Clayton and Mayeda (1963). Results are reported in standard per mil 

(%0) notation relative to SMOW (Standard Mean Ocean Water). The ()18Q value of the fluid 

was calculated using the fractionation equation of Matsuhisa ( 1979) and using the trapping 

temperatures calculated from the host quartz veins (Table 8.2). 

The single analysis of stage II vein quartz vein had an analysed ()180quartz value of 14.5%0, 

which corresponds to a calculated ()180fluid value of 1.8%0. The stage IV quartz veins have 

()180quartz values between 15.9%0 and 18.6%0 which corresponds to a ()18Qfluid value of 

between 9.0 and 11.4 %0. Results are given in Table 8.5 and the trapping temperatures for 

the various stages used to calculate the ()18Qfluid value were presented in Table 8.2. 

Sample No Stage aiso Temperature Fractionation ~18Q 

gtz ("K) factor fluid 
HR-27 n 14.50 470 12.73 1.8 
51-232 Na 16.10 570 6.86 9.2 

49-165.5 Na 18.10 570 6.86 11.2 
99-156 Na 15.90 570 6.86 9.0 
HR.-19 Nb 18.30 560 7.23 11.1 
HR-9 Nb 18.60 560 7.23 11.4 

Table 8.5 Results of oxygen isotope analysis. 

8.6.2 Discussion - Oxygen Isotopes 
Figure 8.12 is a plot of potential oxygen reservoirs and their typical ()18Q values. The 

calculated ()180fluid value for stage II quartz is consistent with a seawater and/or meteoric 

source. Calculated ()180fluid values of +9.0 to+ l l .4%0 for stage IV mineralised quartz veins 

is not diagnostic of a particular source, but is consistent with either a magmatic (6-12%0) 

and/or a metamorphic (3-20%0) source (Ohmoto and Rye 1979; Figure 8.12). Also shown 

for comparison on Figure 8.12 are the calculated ()180fluid values for Palaeoproterozoic gold 

deposits of the Pine Creek Inlier (Wygralak and Ahmad 1990; Hein 1994), where fluids 

involved in the Au mineralisation event were interpreted to be of a mixed 

magmatic/metamorphic origin (Wygralak and Ahmad 1990; Hein 1994). 
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Figure 8.12 Oxygen isotope values from stage Il and IV at the TGM compared to potential reservoirs. 
Data from Sheppard (1986). Data for the Pine Creek Gold deposits from Wygralak and Ahmad (1990); Hein 
(1994). 

The interpretation of the oxygen isotope data is hampered by a lack of data on potential 

source rocks in the Tanami area and by a lack of deuterium isotope data. When considered in 

isolation, the oxygen isotope results are not indicative of a potential source for the 

· mineralising fluid, and can be interpreted in several ways. For example, isotopic exchange 

between the sedimentary rocks of the Mt Charles Beds (assuming an average o180ro~k for 

sedimentary rocks of 10%0 to 40%0; Hoefs 1973) and meteoric water could produce a fluid 

with o18Q values around+ 10%0. However, when combined with other geological evidence 

the o18Q data from the TGM may be more meaningful: 

• The mutual cross-cutting relationships observed between the felsic dykes and stage N 

mineralised fault zones, has been interpreted to indicate that the Au mineralisation and 

dyke emplacement were synchronous. This suggests a release of magmatic-hydrothermal 

fluid could have coincided with the Au mineralisation. 

• The.Mine sequence forms part of the Black Peak Formation, which is interpreted to have 

been deposited unconformably onto the high-grade metamorphic rocks of the 

Ditjiedoonkuna Suite . As the Ditjiedoonkuna Suite had previously been metamorphosed 

to upper greenschist and (locally) amphibolite facies (Barramundi Orogeny) they would 

have been largely dehydrated and not able to supply metamorphic fluid. This is provided 

that no large scale retrograde metamorphism occurred in the Ditjiedoonkuna Suite , thus 

rehydrating the high grade metamorphic basement. Likewise the rocks of Black Peak 

Formation have not been metamorphosed sufficiently to undergo substantial 

devolatalisation, which should occur largely at the greenschist-amphibolite transition 

(Will et al. 1990; Phillips and Powell 1993). Thus the only potential metamorphic fluid 
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could have come from devolatalisation reactions occurring in the contact aureoles 

surrounding the nearby Frankenia Granite. 

Thus, based on oxygen isotopic evidence, the source for the low-temperature, high-salinity 

fluids in stage II veins is concluded to be either seawater and/or meteoric water. The fluid 

source for the high-temperature, low-salinity auriferous stage IV veins is interpreted to be 

either magmatic fluids exsolved from the Frankenia Granite, fluids derived by contact 

metamorphism of the rocks surrounding the granite or a hybrid combination of the magmatic 

metamorphic waters. Other possible sources such as meteoric water or seawater that have re

equilibrated via wallrock interaction to a o180nuid of~ 10%0 cannot be ruled out, without the 

acquisition of deuterium isotope data. 

8.7 A FLUID SOURCE MODEL 

8.7.1 Sedimentary/Diagenetic Brines 

Fluid inclusion studies are interpreted to indicate the presence of high-salinity, low

temperature brines during the formation of barren stage II and stage V veins. These fluids 

are similar to basinal brines reported from a variety of geological environments (e.g. Salton 

Sea geothermal system, Mc.Kibben and Williams 1989; the Proterozoic Tennant Creek 

region Khin Zaw et al. 1994). The most likely method of formation for deep-level high

salinity brines is- partial dissolution of evaporitic sequences. o34S values for pyrite from 

stage II veins range between 31 and 37%0. These high values are interpreted to come from 

complete, in situ, non-bacterial reduction of a fluid containing isotopically heavy sulfur. 

o34S values for diagenetic pyrite have an average value of + 18%0 and are interpreted to 

indicate seawater values of approximately 40-45%0, substantially heavier than the reported 

value for Proterozoic seawater of 20 to 25%0 (Strauss 1993). A possible mechanism for the 

generation of basinal brines with these heavy isotopic compositions is that the Mt Charles 

Beds were deposited into a small basin isotopically closed to sulfur. Ongoing precipitation of 

diagenetic pyrite in an isotopically closed basin would drive seawater to heavier sulfur 

values, and evaporites forming from that seawater would retain the heavy isotopic signature. 

Later subsurface fluid migration driven by compaction and the onset of deformation could 

interact with the evaporites, thus generating the high-salinity brine with a heavy sulfur 

isotope signature. Oxygen isotopic data on stage II quartz supports a meteoric or seawater 

source for the basinal brines, and indicates that at this stage, fluids had not experienced 

substantial water/rock interaction that would have shifted o 18Q for this stage to heavier rock-

dominated values. 
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8.7.2 High-Temperature Hydrothermal Fluids 

The background basinal brines have been overprinted or displaced during the mineralising 

event, by a discrete phase of high-temperature, low-salinity fluids, preserved in primary 

fluid inclusions in stage IVb veins and secondary fluid inclusions in stage IVa veins. The 

low to moderate-salinity (1-10 eq. wt.% NaCl) high-temperature (:::d00°C), low C02 fluids. 

are not indicative of any particular geological environment. The synchroneity between the 

mineralising event and the intrusion of felsic dykes into the mine sequence is consid~red 

indirect evidence for the involvement of a magmatic fluid. Sulfur isotopic signatures of stage 

IV pyrite are interpreted to have formed by deposition from a hybrid fluid with 334S ::::: 12%0. 

The sulfur isotopic composition of this hybrid fluid may have resulted from isotopic re

equilibration of a magmatically sourced fluid (834S ::::: 0%0) with sedimentary rocks that had a 

heavy sulfur composition (834S;;::.; 20%0). The amount of re-equilibration that occurred 

cannot be predicted because 834S values of sulfur in the wallrocks is unknown. Locally 

sourced sulfur and re-equilibration of 334S at time of stage IV pyrite deposition can be 

excluded because: i) the 334S value of diagenetic pyrite in the sedimentary rocks is 

significantly higher (ave.= 18%0) than the 334S value for stage IV pyrite (ave. = 9%0); ii) if 

the sulfur was locally sourced, 334S values of stage IV pyrite in the sedimentary rocks 

would be heavier than those within the basalts, when in fact they are lighter. The lower 

average 334S values for sedimentary-hosted, stage IV pyrite can be explained by partial 

oxidation of·the mineralising fluid due to oxidation by hematite present only in the 

sedimentary lithologies. 

The calculated 3180 values (9-11 %0) of the mineralising fluids are consistent with a hybrid 

magmatic/contact metamorphic source. A lack of regional data on whole rock 3180 values 

prevents the exclusion of other sources such as meteoric/connate fluids that have re

equilibrated with the wall rocks. However, the distinctive 3180 signature of the mineralising 

fluids suggest that they are not related to the circulating basinal fluids, which are interpreted 

to be high-salinity, basinal brines that were present both before and after the mineralising 

event. 

On the basis of the combined fluid-inclusion, isotopic and geological evidence it is 

concluded that the ultimate fluid source was magmatic-hydrothermal fluid'and/or contact

metamorphic fluid sourced from the aureole of the Frankenia Granite. It is interpreted that 

hot, low-salinity, low-C02, hybrid fluids were exsolved from the magma/contact aureole 

during the later stages of crystallisation and were focussed into actively deforming structures 

in the roof zone of the granite. The mechanisms for metal transport and deposition will be 

discussed further in the next chapter. 
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A magmatic source for mineralising solutions has been proposed in many Au-only deposits 

world-wide for a variety of different geological settings (e.g. Burrows et al. 1986; Burrows 

and Spooner 1987; Cameron and Hattori 1987; Hattori 1987; Goellnicht et al. 1989; 

Wall 1989; Baker and Andrews 1991; and others). Magmatic sources have also been 

discounted for several of the same deposits (e.g Kerrich and Fryer 1988; Phillips and Powell 

1993; Hughes et al.1996; Rowans et al. in press; and others) and the subject remains 

controversial. Of particular relevance to this study are the conclusions of Hein (1994) and 

Matthai (1994), who suggested that gold deposits in the Paleoproterozoic Pine Creek Inlier 

of Northern Australia were directly linked to mixed magmatic/contact-metamorphic fluids 

sourced from the Cullen Batholith. Wall ( 1989) defined a class of Au deposit that he called 

"thermal-aureole Au deposits", which included gold deposits formed during deformation that 

is associated with granite emplacement and thermal metamorphism. These deposits are 

characteristically developed in the roof zone of granites, have typically low base-metal 

contents and transporting fluids that vary from low- to high-salinity. A magmatic source for 

the metals is not implicit in the model, and gold may be scavenged from the contact 

metamorphosed wallrocks (Wall 1989). 

Blevin and Chappell (1992) have discussed the association between oxidised I-type granites 

and gold deposits of the Palaeozoic Lachlan fold belt in eastern Australia. They suggested 

that gold was transported in an oxidising magmatic fluid and is deposited in response to 

reduction after interaction with carbonaceous sediments. However, Wall (1989) has shown 

that a variety of granite types may be associated with thermal aureole gold mineralisation. 

These granite types may range from reduced S-type e.g the Golden Mountain deposit, 

associated with the Strathbogie Batholith Victoria (Phillips et al.1981; Wall 1989); through 

to oxidised I-type in the case of the Cosmo Howley deposit associated with the McMinns 

Bluff Granite; which is part of the Cullen Batholith of the Pine Creek Inlier (Matthai 1994). 

Interestingly, several other deposits in the Pine Creek Inlier form in the aureoles of less 

oxidised members of the Cullen Batholith for example, the deposits of the Mt Todd 

Goldfield which are associated with the Tennysons Leucogranite (Hein 1994). 

Although it is interpreted there is an input of magmatic-hydrothermal fluids into the 

mineralised fluid at the TGM it is po~sible that this was not the source of the gold. It is 

possible that low levels of gold in the Mt Charles Beds may be mobilised by 

magmatic/metamorphic devolatalisation fluids in the inner contact aureoles of the granite. 

Similar concentration mechanisms have been suggested for the Devonian gold deposits in the 

Bohemian Massif in Czechoslovakia Moravek and Pouba ( 1987) who argued that Au 

deposits developed preferentially in low-grade metasediments that had initially high 

background levels of Au. The Czechoslovakian deposits are spatially located around 
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Vari.scan granites that are inferred to have remobilised gold in the metasediments (Moravek 

and Pouba 1987). 

The oxidation state of the Frankenia and Coomarie Granites (the two granites closest to the 
TGM) is not well constrained by the samples collected in this study (Chapter 2), but appears 

to be low (ilmenite series?), based on their lack of a magnetic signature and a comparison 
with the other granites of the Gregory Suite. It is concluded that the granites of the Gregory 
Suite were probably too reduced to fractionate gold into late-stage magmatic-hydrothermal 

fluids (cf. Blevin and Chappell 1992). Thus the metal was probably scavenged from the 

contact metamorphosed wallrocks during granite intrusion with the granites acting as heat 

and fluid sources. Alternatively, other granites with a higher oxidation potential are present 

at depth below the TGM; this possibility will be addressed in Chapter 9. 

8.8 CONCLUSIONS 
Fluid inclusion studies have identified the presence of two distinct fluids in the vein 

paragenesis at the TGM. The first fluid, which was associated with stage II and stage V 

veins, is interpreted to be a high-salinity, low-temperature basinal brine. Te values of -52° to 

-48° degrees are indicative of a Ca-K-Na-Mg-Cl brine in stage II that has evolved to a Na

Mg-Cl brine in stage V. These fluids had a heavy sulfur isotopic composition which are 

interpreted to be a product of complete non-bacterial reduction of a heavy sulfur source. This 

is consistent with heavy o34S values in diagenetic pyrite within the ,Mine Sequence. The 

calculatedo180nuid value of 1.8%0 is consistent with the interpretation of a seawater and/or 

meteoric-water source for this fluid. The high salinities are interpreted to be the result of 

interaction between the circulating brine and evaporitic deposits elsewhere in the sequence. 

The fluid involved in the mineralisation event and found in primary fluid inclusions of stage 

IVb was a high-temperature, low-salinity, low-C02 hybrid fluid. The mineralising fluid is 

interpreted to have had a o34S value of approximately 12%0, lighter ()34S values observed .in 

stage IV pyrite, hosted within the sedimentary lithologies, are interpreted to represent a 

progressive oxidising of the mineralising fluid due to interaction with hematitic sandstones. 

Calculatedo18Q values for stage IV veins range between 9.0and11.4%0 and as such are not 

indicative of a particular source although both magmatic and metamorphic fluids span this 

value. 

It is interpreted, based on a combination of fluid inclusion, geological, and isotopic 

evidence, that the fluids responsible for mineralisation at the TGM were sourced from 

magmatic-hydrothermal and/or from contact-metamorphic fluids generated during granite 

emplacement. The TGM can be classified as an outer aureole 'Thermal Aureole' deposit 

based on the classification scheme of Wall (1989). The ultimate source of the gold in 
unclear; it may have been sourced from the granites, from the wall rocks intruded by the 

granite and mobilised during devolatilisation, or by a combination of both processes. 
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CHAPTER NINE 

A GENETIC MODEL FOR THE TGM 

9.1 INTRODUCTION 

In this chapter, likely controls on the transport and deposition of gold are discussed with 

the aid of thermodynamic modelling. Fluid inclusion and mineralogical data have been 

used to constrain the physicochemical conditions for the mineralising fluids on a series of 

activity diagrams. In the final section of this chapter, the thermodynamic modelling results 

are integrated with the geological and structural data in a genetic model for gold 

mineralisation at the TGM . 

. 9.2 METAL TRANSPORT 

Transport and deposition of precious and base metals in hydrothermal fluids depends 

largely on the physical and chemical parameters of the fluid, and changes that occur in 

those parameters. Using temperature and salinity data obtained from fluid inclusion 
I 

studies, and mineralogical constraints from the observed alteration and vein assemblages, 

activity diagrams can be constructed to constrain other variables that are fundamental to 
ore transport and deposition. Twofo2-pH diagrams (Fig. 9.lA & B) were constructed for 

stage IV mineralisation to examine; i) the likely complex(es) involved in Au transport; and 

ii) the effects of changes in pH and oxidation state on Au solubility. 

A number of important assumptions must be made when using thermodynamic modelling 

to intecpret hydrothermal processes. They include the assumptions th~t equilibrium is 

achieved, the thermodynamic data is reliable, and that the activity coefficients are valid. 

The necessary thermodynamic properties for reactions between aqueous, gaseous and 

mineral species were calculated using SUPCRT (Johnson et al.92) or taken from other 

sources as indicated in Table 9.1. All activity coefficients were calculated using the 

extended Debye-Hilckel equation of Helgeson (1969) and a values listed in Truesdell 

(1984). 
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Reaction logK Source 

@300°c 

calcite + 2H~q) <=> Cafa~) + H2C03(aq) 6.31 1 

2magnetite + 0. 502(g) <=> 3hematite 15.51 1 

pyrite+ H20 <=> pyrrhotite + HS(aq) + H~q) + 0.502(g) -26.98 1 

hematite + 4HSO~(aq)+4H(:q) <=> 2pyrite+ 4H20+7.502(g) -188.69 1 

3K - feldspar+ 2H~q) <=> mus cov ite + 6quartz + 2K~q) 7.42 1 

2muscovite + 2H(:q) + 3H20 <=> kaolinite + 2K(:q) 3.28 1 

H2<gl + 0.502 cgl <=> H20 17.80 1 

H2(g) <=> H2(aq) -2.38 1 

HS04-(aqJ <=> H(;qJ + SO}(aqJ -6.18 1 

H2S (aq) {::::} H(;q) + HS Caq) -7.55 1 

H2S (aqJ+202(gJ <=>2H(;qJ +SO}(aqJ 47.75 1 

H2C03(aq) {::::} H(;q) + HC03(aq) -8.53 1 

C03 (~q) + H(;q) {::::} HC03 Caq) 11.46 1 

CH4 (aq) + 202(g) {::::} HC03(aq) + H(:q) + H20 61.17 I 1 

Au( HS )° + 0.5H2<gl <=>Au+ H2S(aql 5.91 2 

Auel; + o. 5H20 <=>Au+ H+ + o. 2502(g) + 2cr -3.86 1&3 

Au+ 2H2S(aq) + 0.2502Cgl <=> Au(HS);(aql + Hc:ql + 0.5H2 0 -0.51 4 

Table 9.1 Reactions and equilibrium constants used to construct activity diagrams. Sources of data as 
follows 1) SUPCRT92 Johnson et al. 1992; 2) Benning and Seward (1994); 3) Gammons and William-Jones 
(1995); 4) Shenberger and Barnes (1989). 

In order to construct Figure 9 .1, several chemical parameters needed to be constrained 

(Table 9.2). Temperature (300°C) and salinity estimates (5 wt.% NaCl) are based on the 

pressure-corrected fluid inclusion data obtained from the Au mineralised stage IV veins 

(Chapter 8). A Na:K ratio of 10:1 was estimated based on the measured eutectic 

temperatures for stage IVb primary fluid inclusions, which are consistent with a Na-K-Cl 

brine that contains trace amounts of other salts (Borisenko 1977). A LS value of 0.006 

molal has been estimated based on a review of data from sub-greenschist facies Archaean 

gold deposits. LS values for Archaean deposits inferred to have formed from reduced 

(pyrite-pyrrhotite stable) fluids are estimated to be between 0.01and0.004molal (Mikucki 

and Groves 1990). The estimated LS value is slightly higher than that estimated by 

Mikucki and Groves, but is within the range of I,S values measured from active New 

Zealand geothermal systems (0.00015 to 0.0067 molal; Sander and Einaudi 1990). 
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Parameter 
Temperature (0 C) 

Sahnity (wt.% NaCl) 
Cl (ppm) 
Na(ppm) 
K(ppm) 
LS (molal) 
LC (molal) 

Value 
300 
5 
3.0x104 
1.8 x 104 
3.3 x 103 

0.006 
0.5 

Chapter 9 - Genetic Model 

Source of information 
Fluid inclusions 
Amd inclusions 
Amd inclusions 
Amd inclusions 
Assumption: see text for discussion 
Assumption: see text for d1scuss1on 
Assumption: see text for discuss10n 

Table 9.2 Values used for construction of logj02 pH diagram. 

Although C02 was not detected by Laser-Raman spectroscopy or fluid inclusion 

petrography, the presence of carbonate as an alteration phase and within stage IVb veins 

can be used to estimate a minimum concentration of C02 (IC) in the fluid, by comparison 

with geothermal fluids. Geothermal fluids analysed from Wairakei in New Zealand have 

low C02 contents (0.01 molal; Henley 1984) and precipitated vein and alteration 

assemblages that contain abundant calc-silicate minerals such as zeolites and epidote, and 

no carbonate (Browne and Ellis 1970). In contrast, geothermal fluids at Broadlands (New 

Zealand) contain 0.15-0.20 molal C02 (Henley 1984), and the associated alteration 

assemblages contain abundant calcite with only minor calc-silicates (Browne and Ellis 

1970). In the Acupan epithermal vein system (Philippines), calc-silicate minerals only 

occur on the outer margins of alteration halos, the inner halos contain abundant carbonate 

minerals and C02 contents are estimated to be up to 0.4 molal (Cooke et al. in press). By 

comparison with these results, a 2:C value of 0.5 molal (1.1 wt.%) has been estimated as 

representative of ore-forming fluids at the TGM. These values are significantly lower than 

for Archaean lode gold deposits from Western Australia, where C02 concentrations are 

characteristically up to 25 wt.% of the fluid (Ho et al. 1990; Phillips and Powell 1993). 

The IC value estimated for the TGM is only a first approximation; C02 concentrations 

could be as high as 4.4 wt.% without an immiscible C02 phase forming at room 

temperatures (Hedenquist and Henley 1985). Higher estimates of C02 would stabilise 

calcite at lower pH values on Figure 9. lA. 

9.2.1 Results and Discussion 

Figure 9. lA illustrates Fe-0-S and K-aluminosilicate mineral stability fields, calcite 

solubility contours and the predominance fields for oxidised and reduced carbon species. 

Figure 9.lA and the observed stage IV mineral assemblage of pyrite, sericite (muscovite) 

and carbonate can be used to broadly constrain the redox and pH conditions within stage 

JV mineralising solutions. 
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Stage IV veins and alteration are characterised by abundant secondary pyrite. Within stage 

IV sericitic alteration halos, hematite has been altered to pyrite in the sedimentary 

wallrocks and magnetite has been altered to pyrite in the basalts, constraining the fluids to 

the pyrite field (Fig.9. lA). No K-feldspar or kaolinite was observed in stage IV veins or 

related alteration halos, constraining the fluids pH to the muscovite (ms) field (Fig.9.lA), 

at pH values between 3.1 and 5.2 under the conditions portrayed. Ankerite is the stable 

carbonate phase in stage IV alteration and vein assemblages. Unfortunately, 

thermodynamic data for ankerite is unavailable, thus solubility contours for calcite at Ca2+ 

concentrations of lOOOppm and lOppm are shown to illustrate the conditions favourable 

for carbonate deposition. At a Ca2+ concentration of 1 OOOppm, there is only a small 

overlap between the calcite and muscovite stability fields on Figure 9.lA. For the purpose 

of further calculations, the fluids are assumed to have compositions constrained within the 

muscovite-pyrite-calcite field (Fig. 9.lA). They are also assumed to have a S04=/H2S ratio 

of:::::: 0.001, as indicated by the black circle shown in Figure 9.1. These are arbitrary 

decisions, and the levels of Ca2+, C03 and/or the S04=/H2S ratio may have been higher 

which would allow (for example), carbonates to be stable at lower pH values. In terms of 

carbon and sulfur speciation, the TGM mineralising fluids contained H2C03 and H2S as 

·the predominant aqueous carbon and sulfur species respectively (Fig.9. lA & B). 

_The speciation of gold in hydrothermal fluids has received much attention in the geological 

literature (e.g. Seward 1973; 1984; Shenberger and Barnes 1989; Renders and Seward 

1989; Hayashi and Ohmoto 1991; Benning and Seward 1994; Gammons and William

Jones 1995). Benning and Seward (1994) have shown that for a range of l:S values, under 

acid conditions, at a pressure of 500bars and at temperatures up to 300°C, AuHSO is the 

most stable complex. Under the conditions proposed for the TGM, the Au(HS)2- complex 

is predominant at higher pH, and AuCl2- is predominant at lower pH, higher salinities 

and/or more oxidised conditions (Fig.9. lB). Figure 9. lB shows solubility contours for gold 

and the calculated predominance fields for AuHSO, Au(HS)2- and AuCh-, and for the 

reduced and oxidised aqueous sulfur species. Based on the estimated pH, f02,I.S, I,c, T 

and salinity values, between lOppb and lOOppb gold could have been transported in the 

TGM mineralising fluids as AuHSO. 

The effects of LS variations 

To quantify the effects on Au solubility of variations of reduced sulfur concentrations in 

the ore fluids, a plot of gold solubility versus I,S concentration has been constructed 

(Fig.9.2). At the physicochemical conditions estimated from Figure 9. lA, Au has a total 

solubility of 53ppb (Fig.9.2A). At higher levels of IS(> 0.007 molal), Au(HS)2-becomes 

the predominant gold complex (Fig. 9.2A). Transport of Au as a chloride complex is 
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unaffected by changes in I,S, however, AuC}i- only becomes predominant at I,S 

concentrations less than 0.00001 molal for a 300°C, 5 wt.% salinity fluid (Fig. 9.2B). It is 

evident that under the conditions inferred for the fluids at the TGM, there should have been 

minimal transport of Au as a chloride complex. 

Variation of temperature 

To examine the effects of decreasing temperature, a plot of Au solubility versus 

temperature was constructed by extrapolating the thermodynamic data from Benning and 

Seward (1994), Gammons and Williams-Jones (1995), Shenberger and Barnes (1989) and 

SUPCRT92 - Johnson et al. (1992) over the temperature range 350-375°C and calculating 

Au solubilities (Fig. 9.3). Decreasing temperature at constant I,S, salinity, pH, and 

I,So4=/I.H2S actually causes the solubility of gold as a bisulfide complex to increase (Fig. 

9.3). Temperature decrease is therefore an unlikely mechanism to cause deposition of gold 

from H2S-rich solutions. At higher temperatures (ie. above 350°C), AuCli- becomes 

predominant (Fig. 9.3). It is therefore possible that at higher temperature deeper in the 

system, Au was transported as, and deposited from a chloride complex (e.g Huston and 

Large 1989). 

9.3 METAL DEPOSITION 

Seward (1989) showed that precipitation of gold by conductive cooling was unlikely to 

result in the formation of economic gold concentrations. This is consistent with the results 

shown in Figure 9.3, and suggests that other mechanisms such as boiling, wallrock 

sulfidation and fluid mixing are more important. 

9.3.l Oxidation and Reduction 

The relevant reaction for the precipitation of gold from the AuHSO complex under the 

estimated f02 and pH conditions at the TGM is: 

As can be seen from the above reaction and from Figure 9.lB, gold solubility will not be 

affected by pH changes. An increase in the oxidation state of the fluid will have the effect 

of increasing and then decreasing the solubility of gold as the fluid evolves towards 

hematite-stable conditions. Gold solubility will increase during oxidation until the H1S -

HS04- or the H1S - S04= boundary is reached, whereupon gold solubilities will fall 

rapidly due to a decrease in the H2S content of the fluid (Fig. 9.lB). This is unlikely to 

have been an important depositional process at the TGM because the large variations of 
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Figure 9.3 Solubilities of the Au(HS)O, Au(HS)2- and Au(CI)2- complexes as a function of 

tepmerature. Note that for the estimated fluid conditions Au(Cl)2- is not important for Au transport 

until 350°C. Note also the switchover between Au(HS)O and Au(HS)2-, which occurs at ::;;; 3 ! 2°C 

for the condition portrayed. 
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(534S values expected to be caused by an oxidation across the H2S - S04= boundary (===25 

%0; Ohmoto and Rye 1979) were not noted-for stage IV pyrite. Small negative 

fractionations of up to 6%0 were observed within sediment-hosted stage IV pyrite that were 

interpreted to indicate minor oxidation of the fluid (Sections 8.5.2 & 8.5.3), discounting 

oxidation as a significant mechanism in gold deposition. 

Reduction could result in gold deposition from Au(HS)O. However, the broad spacing of 

the gold solubility curves below the sulfate-sulfide species boundaries for any given pH 

value (Fig.9.lB) indicates fluid reduction would be an inefficient mechanism for gold 

deposition. Furthermore, no pyrrhotite indicative of more reduced conditions was observed 

atthe TGM. 

9.3.2 Fluid Mixing 

Mixing of two distinct fluids to create the appropriate conditions for gold deposition has 

been interpreted to be important in the formation of several shear- and vein-hosted gold 

deposits (e.g. Craw 1989; Hofstra et al.1991; Cox et al. 1991; Giuliani et al. 1993; and 

others). However, it is not considered an important mechanism for gold deposition at the 

TGM for the following reasons: 

• Primary fluid inclusions from stage IV veins showed no systematic salinity or 

temperature variations typical of the mixing of two distinct fluid types. ( cf. Hofstra et 

al.1991; Giuliani et al. 1993). 

• Oxygen isotope values for all stage IV quartz veins were clustered. This contrasts with 

the Carlin-type Au deposits of the Jerritt Canyon district (Nevada USA), where ()18Q 

values are variable, and fluid mixing is invoked as an important mechanism for gold 

deposition (Northrop et al. 1987; Hofstra et al. 1991) 

• Cox et al.(1991) advocated a model where primary hydrothermal fluids in veins mixed 

with fluids that had previously interacted with carbonaceous wallrocks. Fluid migration 

out of the wallrocks back into the veins/faults immediately subsequent to the failure 

event was interpreted to lead to reduction of the hydrothermal fluid and subsequent 

gold precipitation. This is not considered to have been a viable mechanism for gold 

deposition at the TGM due to the paucity of carbonaceous sediments and the lack of 

observed salinity/temperature variation. Fluid mixing with a reduced fluid, may 

however, have been locally important where the mineralised fault zones intersected the 

minor carbonaceous horizons. 
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9.3.3 Wallrock Sulfidation 

It has been shown that decreasing the concentration of H2S will reduce the solubility of 

Au-bisulfide complexes and result in Au precipitation. The extraction of sulfur from the 

fluid due to interaction with iron-rich wallrocks (sulfidation reactions) will have the effect 

of destabilising reduced sulfur complexes and thus precipitating gold (Phillips and Groves 

1984). Detailed sampling of gold grades across several structures in all lithological types 

from the TGM (Chapter 7, Appendix 8) has shown an empirical relationship between the 

presence of pyrite (or goethite/limonite after pyrite in the weathered zone) and elevated 

gold grades. Similar results have been reported from many other shear-zone hosted gold 

deposits, where broad zones of low-grade gold mineralisation are associated with sulfide 

minerals in altered wallrocks (Phillips and Groves 1984; Foster and Wilson 1984; Neall 

and Phillips 1987; Carter 1991). 

Based on the results of geochemical modelling (Section 9.2) and the close association 

between Au grades and pyrite obs~rved during grade distribution studies, wallrock 

sulfidation reactions are interpreted to be an efficient method of precipitating gold from 

solution under the geochemical conditions inferred for mineralisation at the TGM. 

Deposition probably occurred via the following reactions: 

Magnetite+ 5H2Sc04> + AuHS~> + 0. 1502<8> <=> 3Pyrite +Au+ 5.5H20 

Magnetite+ 4H2Sc04> + Au(HS)~<aq) + Hc:q> + 0. 1502<8> <=> 3Pyrite +Au+ 5.5H20 

Hematite + 3H2S(aq) + AuHS~q) + 0.2502<8> <=> 2Pyrite +Au+ 3.5H20 

Hematite + 2H2S<04> + Au(HS)~<aq> + 0.2502<8> <=> 2Pyrite +Au+ 3.5H20 

-
9.3.4 Phase Separation 

Although fluid inclusion evidence for phase separation at the TGM is limited, it remains a 

possible mechan~sm for the deposition of free gold in stage IV quartz-carbonate veins 

(Fig. 7 .SH). Fluid inclusion evidence for phase separation of an initially homogenous fluid 

is a common feature in several lode-gold deposits (e.g. Ho 1987; Walsh et al. 1988; Naden 

and Shepherd 1989; Clark et al. 1989). Walsh et al. (1988) interpreted an observed 

correlation between the degree of phase separation noted in fluid inclusions and the gold 

grades at the Paramour Mine (Ontario) to indicate that phase separation was an important 

gold depositional mechanism. Phase separation was considered by Mikucki and Groves 

(1991) to be the most likely mechanism for forming high grade (lO's - lOO's g Ault) 
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oreshoots in Archaean deposits that contain free gold within quartz vein and breccia lodes, 

and are accompanied by only weakly mineralised wallrock alteration halos. 

Phase separation will generally result in a decrease in the reduced sulfur content of the 

fluid, coupled with an increase in f02 and either an increase or a decrease in the pH 

(depending on the initial fluid chemistry) due to the partitioning of volatiles into the 

vapour phase (Drummond and Ohmoto 1985; Seward 1989). As with the sulfidation 

reactions described above, a decrease in the reduced sulfur content of the fluid will tend to 

destabilise any gold-bisulfide complexes, resulting in gold deposition. Without detailed 

knowledge of the magnitude, rates and manner in which f02, pH, and H2S vary during a 

boiling event, the effect of boiling on gold solubility is difficult to assess. Gold solubilities 

may be simulated using computer-based mass-transfer modelling (e.g. Drummond and 

Ohmoto 1985; Reed and Spycher 1985) but such calculations are beyond the scope of this 

study. 

9.4 GENETIC MODEL FOR THE TGM 

· 9.4.1 Geological Constraints 

Gold mineralisation at the TGM is hosted in the sedimentary and volcanic lithologies of 

the Mt Charles Beds, a subdivision of the Black Peak Formation. Sedimentological studies 

wholerock geochemical analyses of the basalts at the TGM has led to the interpretation that 
' Mt Charles Beds were deposited into an intracontinental rift basin. Furthermore, a 

comparison between the style and intensity of deformation and metamorphism at the TGM 

and the Granites· Gold Mine suggests that this basin was developed unconformably on the 

multiply deformed and high grade metamorphics of the Ditjiedoonkuna Suite during the 

Leichardt rifting event. This interpretation is consistent with a post-D3 unconformity 

identified by Ding and Giles (1993) at the Granites Gold Mine, which is interpreted (by 

this author) to represent uplift, erosion and subsequent deposition of the Black Peak 

Formation onto the Ditjiedoonkuna Suite (Fig. 9.4). 

The deposition of the Black Peak Formation onto a crystalline basement is important for 

the consideration of fluid sources for the mineralising event at the TGM. Because the 

Ditjiedoonkuna Suite is interpreted to have been previously metamorphosed (and 

consequently dehydrated) prior to deposition of the Black Peak Formation, it is unlikely 

that the mineralising fluids were sourced from metamorphic devolatilisation reactions 

occurring within the metamorphic basement. Furthermore, the low grade nature of 

metamorphism within the Mt Charles Beds and the Black Peak Formation in general 

would not have been sufficient to produce a regional metamorphic fluid of the type widely 
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Figure 9.4 Hypothetical model for the deposition of the Black Peak Formation onto the high grade 
metamorphics of the Ditjiedoonkuna Suite. Uplift and erosion of 'early', pre Barramundi Orogeny) 
Au Mineralisation (e.g. Granite Gold Mine) could provide a potential source for detrital gold in the 
Black Peak Formation. The depiction of a half graben is stylistic: there is no information available 
on the style of rifting during the Leichardt rifting event in the Granites-Tanami Inlier. 
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thought to be involved in the formation of Archaean Lode-Gold deposits. (cf. Phillips and 

Powell 1993). 

Gold mineralisation at the Granites Gold Mine is interpreted to be synchronous with the 

Dl deformation and high grade metamorphism (Valenta and Wall 1996). It is possible that 

any early mineralisation of this type in the Ditjiedoonkuna Suite could have been uplifted 

and eroded prior to and/or during deposition of the Black Peak Formation. Such an 

occurrence may have provided high levels of detrital gold in the sediments of the Black 

Peak Formation, providing a possible source of gold to be remobilised at a later time, if 

the appropriate fluid was available. Robert and Poulsen (1996) suggest that successive 

episodes of burial, uplift and deformation may have been a mechanism to recycle gold 

from one stage to the next during Archaean times in Canada, and may have been 

responsible for the formation of the world-class Au deposits found there. 

The rocks of the Tanami Complex are intruded by several major granite batholiths that 

have been grouped for the purposes of this study into the Gregory Suite. Whole rock 

geochemical studies of the Gregory Suite granites from across the inlier have shown them 

. to be I-type, Sr-depleted, Y-undepleted granites that are enriched in incompatible elements. 

The most recent dating for the Granites Granite gives an age of 1790-1800 Ma (Page and 

Sun 1994). In the northern part of the inlier, the 1815-1830 Ma (Page and Sun 1994) Mt 

Winnecke Suite is present, which is geochemically similar to the granites of the Gregory 

Suite. The granites of both the Gregory Suite and the Mt Winnecke Suite afe interpreted to 

have a low oxidation potential and belong to the ilmenite series of granites according to the 

classification of Ishihara (1977). The whole rock geochemical signatures of both the Mt 

Winnecke Suite and the Gregory Suite are similar to granites from the Cullen Batholith in 

the Pine Creek Inlier approximately 700km to the north of the Granites-Tanami Inlier 

(Stuart-Smith et al. 1993). 

The bulk of granite intrusion throughout the inlier appears to postdate the major 

deformational' events (Ding and Giles 1993; this study Chapter 3). The reduced nature of 

the Gregory Suite granites makes them an unlikely source for magmatically sourced Au 

only mineralisation (cf. Blevin and Chappell 1992). However, at this stage only minor 

sampling an analyses have been undertaken and the potential for more oxidised Au 

prospective granites exists. 

9.4.2 Pre-mineralisation Structure and Alteration 

Deformation of the Mt Charles Beds has resulted in the formation of two sub-orthogonal 

fold generations; Fl folds that trend northeast and F2 folds that trend northwest. 
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Interference between the two fold generations has produced kilometre-scale basin and 

dome structures to the north and south of the TGM. Thrust faults that are interpreted to 

have formed during Fl flexural slip folding have a ramp and flat geometry with respect to 

bedding. Fluid inclusion and stable isotopic data from stage II quartz vein material 

associated with the thrust faults are interpreted to be typical of low-temperature, high

salinity (= 20 eq. wt.% NaCl) basinal brines. Oxygen isotope results are consistent with the 

interpretation of either a meteoric and/or a seawater source for the fluids. The high 

salinities have been interpreted to indicate the presence of evaporitic units elsewhere in the 

Black Peak Formation (Fig.9.5). 

A pervasive chlorite-carbonate alteration assemblage is associated with stage ill chlorite

carbonate veins at the TGM. Because no workable fluid inclusions were found in stage ill 

veins, the composition of the fluids are unknown. Stage ill veins do not appear to be 

spatially related to the major mineralised fault zones, and a systematic compositional and 

geochemical zoning from the SQP alteration out through SQ alteration to stage ill chlorite

carbonate alteration could not be established. Mass-balance calculations indicate that 

chlorite-carbonate alteration was associated with an addition of volatiles (for strongly 

, altered samples, the added volatiles are mainly C02) in the basalts whereas Si, Fe, Ca, Mg 

and Na underwent minor depletions. 

-
Stage III chlorite-carbonate alteration is mineralogically similar to weak-regional 

carbonate metasomatism within the Golden Mile Dolerite, which has been interpreted to be 

an outermost halo of alteration associated with the Au mineralising event (Phillips 1986). 

However, element-element trends and mass balance calculations have shown that the 

alteration styles for stage ill and stage IV assemblages are distinct, and the chlorite

carbonate alteration assemblage is not intermediate between the least-altered basalts and 

the intense sericite alteration assemblages of stage IV. The origin of stage ill veins and 

related alteration remain unclear, although they are probably associated with low grade 

metamorphic and/or diagenetic alteration of the Mt Charles Beds. 

9.4.3 Characteristics and Genesis of Stage IV Veins and Alteration 

Stage IV faulting and veins are well constrained within the structural history at the TGM. 

They crosscut the early extensional microfaults and the bedding parallel thrust faults. The 

mineralisation has been interpreted to occur after the formation of Fl folds because: i) the 

mineralised structures crosscut the bedding parallel thrusts that formed during Fl, and ii) 

alteration halos are preferentially developed in the present-day hangingwall of the faults. 

The positioning of the alteration halo in the hangingwall of a fault plane is to be expected 

as the density of the mineralizing fluids would have been less than half the density of the 
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wall rocks and this would cause the fluid to migrate upwards (Phillips 1972). This would 

not be the case if the mineralised faults had been passively rotated into their current 

position by post-mineralisation folding. The stage IV mineralised fault zones have 

mutually crosscutting relationships with felsic dykes intruded into the Mine sequence, 

which are interpreted to indicate that the dykes and stage IV mineralisation formed 

approximately synchronous. 

Stress inversion techniques have been used to calculate the palaeo-stress field for the 

sinistral wrench system that hosts Au mineralisation. cr1 was subhorizontal and directed 

northwest - southeast, with cr3 sub-Vertically oriented. This is in contrast with the stress 

field interpreted for the formation of Fl folds and thrusts, which developed under a 

similarly directed cr1, but with cr2 rather than cr3 subvertical. The cause of stress axis 

flipping at the TGM is not well understood, but is possibly related to granite intrusion. 

Importantly, a change in stress conditions from cr2 to cr3 subvertical allows for the 

development of subvertical faults which may substantially alter fluid migration patterns 

within the sequence (e.g. Cox et al. 1991). 

The internal textures observed within stage IV veins and breccias are indicative of multiple 

reactivation events. Such continual reactivation of fault zones allows for the regeneration 

of permeability within the faults and veins, and the potential for fluid-wallrock interaction 

as well as fluid mixing at various times within the failure cycle. 

Fluid inclusion studies of stage IV veins have revealed the presence of high temperature, 

low salinity, low C02 fluids during the mineralising event. Alteration halos around stage 

IV structures are zoned from an inner sericite + quartz + pyrite ± ankerite (SQP) 

assemblage to an outer sericite + quartz + ankerite (SQ) assemblage. Mass-balance 

calculations performed on the stage IV SQP and SQ altered wallrocks have indicated that 

additions of K, S, and LOI, and depletions of Si, Fe, Ca, Mg and Na occurred during K

metasomatism at small negative volume factors. 

Al_l high-grade, hypogene gold mineralisation at the TGM occurs within the stage IV veins 

and inner alteration halos. Petrographic studies have indicated that gold occurs as 

inclusions in pyrite and chalcopyrite, and as coarse free-gold occurring in quartz-carbonate 

veins. The outer SQ alteration is mineralised, with sub-economic gold grades typically up 

to one order of magnitude higher than unaltered wallrocks. Gold grades in the veins and 

SQP alteration halos are up to four orders of magnitude higher than the unaltered 

wallrocks. 

B34S values for pyrite within stage IV vein and alteration show a range of values between 

+6 and + 12%0 and are interpreted to have been deposited from a fluid with a relatively 
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homogenous fluid 0345 value of =+ 12%0. Fractionation towards lighter o34S values for 

stage IV pyrite hosted by sedimentary lithologies probably occurred due to minor fluid 

oxidation during replacement of hematite by pyrite. A fluid with a o34S value of::::: 12%0 is 

not indicative of any particular sulfur source, and the amount of wallrock interaction and 

the 0J4S values of the wallrocks stratig;aphically below the Mine sequence are unknown. 

One possible mechanism to generate a fluid with a o34S value of = + 12%0 by re

equilibration of magmatically-sourced sulfur (o34S = 0) with sedimentary wallrocks 

similar to those at the TGM, which contain isotopically heavy sulfur (o34S = +20%0). 

Results of oxygen isotope studies of quartz veins indicate precipitation from a fluid with a 

ol 8Q value of = + 10%0, which is within the range of both magmatic and metamorphic 

sources. 

The systematics of the large-ion lithophile-elements (K, Rb, Sr, Ba) have been documented 

for the stage IV alteration assemblage at the TGM. The trends observed in the TGM data 

are similar to trends documented from deposits in Canada and the Yilgarn of Western 

Australia (Kerrich and Fryer 1988; Witt 1993) and are markedly different from trends 

observed in deposits where a genetic link to granite has been established (e.g Kitto 1994). 

·Furthermore the K/Rb ratios of stage IV alteration assemblages are higher than those in 

Gregory Suite granites. This is interpreted to indicate that the Gregory Suite granites 

cannot be the sole source of the mineralising solutions. 

9.4.4 Stage V Veining 

Limited fluid inclusion evidence from stage V calcite veins indicate a return to high

salinity, low-temperature fluids that are interpreted to be similar to the basinal brines 

identified from stage II veins. Two types of post-mineralisation faults have been identified: 

i) sinistral oblique slip on bedding planes and bedding sub-parallel faults, and ii) steep 
-

east-west striking faults with extensive kaolinitic alteration halos. Both fault sets displace 

orebodies within the pits at the TGM, but displacement is characteristically small and does 

not greatly affect the continuity of individual orebodies. 

9.5 GENETIC MODEL 
The model suggested for the mineralisation at the TGM is an extension of the "Thermal 

Aureole Gold" model proposed by Wall (1989). This model describes a class of deposits 

which form in the inner and outer thermal aureole of granite plutons. Deposits are inferred 

to have formed during dilatant deformation synchronous with granite emplacement, and 
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characteristically occur as en echelon, stockwork vein systems in the roof zones above 

plutons. Base metal contents of thermal aureole deposits are generally low, and gold is 

commonly associated with pyrite, pyrrhotite or arsenopyrite. Deposits cited by Wall ( 1989) 

as examples of thermal aureole mineralisation include the Palaeozoic Golden Mountain, 

Wonga and Nagambie deposits in Victoria, and Proterozoic deposits of the Cullen Mineral 

Field in the Pine Creek Inlier, such as Cosmo Howley and Goodall. The Mt Todd Gold 

Mine in the Pine Creek Inlier has also been classified as thermal aureole gold deposit 

(Hein 1994). The TGM is best classified as an outer thermal aureole deposit because of the 

lack of contact metamorphism evident within the Mine sequence. 

A model for the development of Au mineralisation is shown in Figure 9.6. A hybrid fluid 

generated by magmatic degassing and/or metamorphic devolatilisation in the inner contact 

aureole upwelled, either partly along stratigraphy (assuming steep dips) and/or focussed 

into actively deforming faults. Fluid flow was driven by the thermal perturbation 

associated with granite emplacement at depth. Fluids partially equilibrated with the 

wallrocks during transport through the Footwall sequence. and possibly scavenged and 

remobilised detrital gold from the rocks of the contact aureole. Gold may also have been 

. (at least in part) fractionated into the magmatic-hydrothermal fluid during magmatic 

degassing. 

Because the lithological composition of the Footwall sequence is unknown, the fluid 

focussing mechanisms that would have operated between the fluid source (granite) and the 

fluid sink (Mine sequence) are unclear, although two broad possibilities can be suggested: 

.i) the fluids were passively focussed through the Footwall sequence, probably along 

stratigraphy, especially if dips were steep, or ii) the fluid were actively focussed into 

deforming faults and remained tightly focussed during migration through the F ootwall , 

sequence. Scenario i) is favoured because it explains the lack of economic mineralisation 

in the Footwall sequence, and allows for greater re-equilibration of the fluid with the 

wallrocks so that they could attain their characteristic K/Rb ratios (similar to the Mine 

Sequence sedimentary rocks) and sulfur isotopic signatures. If the fluids were passively 

focussed through the F oorwall sequence it is only possible to explain the retention of high 

I,S concentrations to the site of deposition by having abundant reduced sulfur-rich 

lithologies such as pyritic black shales in the Footwall sequence. Pyritic black shales have 

been reported from within the Mine sequence at the Redback Rise prospect (pers. comm. I. 

Hart 1995) and it is suggested that they may also be present in the Footwall sequence. 

The intrusion of felsic dykes occurred approximately synchronous with the development of 

the mineralised shear zones in the Mine sequence. The similarity of orientations of the 

felsic dykes and mineralised shear zones is evidence for: i) the emplacement of the dykes 



Felsic dykes 

Current erosional level 

Hangingwa/I sequence 

FRANKEN IA 
GRANITE? 

t a 
2 

? 

FRANKEN IA 
GRANITE 

Figure 9.6 Model for the formation of Au mineralisation at the TGM. Hybrid magmatic/contact-metamorphic 
fluids, ascend due to the thermal perturbation associated with the emplacement of a granite at depth. Fluids may 
have been passively focussed through the Footwa/l sequence and/or focussed into actively deforming faults in 
the roof zone above the granite. If the granite intersects the Mine sequence at depth the fluids may be focussed 
within the Mine sequence. Brittle failure caused by elevated fluid pressures under the prevailing stress field (cr1 
subhorizontal, cr3 subvertical) created high permeability fault zones into which fluids were focussed. Au was 
deposited due to sulfidation reactions occurring between the fluid and the wallrocks within the Mine sequence. 
Because brittle structures died-out upon entering the Hangingwall sequence the fluids dispersed and could no 
longer form economic Au mineralisation. 
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and formation of the mineralised fault zones under similar stress regimes, and ii) evidence 

of magmatic involvement during the mineralising event. 

Small domal structures that occur on the southeastem margin of the Frankenia Granite are 

interpreted to be granite plutons that have intruded through the Mine sequence (Fig.9.7). 

These granites are unexposed at the surface and, to the authors knowledge, are untested by 

drilling. Consequently their compositions are unknown. It is possible that similar granites 

occur on the western side of the Frankenia Granite, although at a deeper level and have 

provided the heat and fluids (and Au?) involved in mineralisation at the TGM. 

The physicochemical conditions of Au deposition at the TGM are inferred to have been = 

300°C, low salinity(= 5 wt.%), weakly acidic (pH= 5), reduced (LS04=/LH2S = 0.001), 

low C02 (LC = 0.5 molal) and HzS-rich (LS = 0.006molal) fluids. Under these conditions, 

Au(HS)O is predicted to have been the predominant gold complex. Au(HS)z- was probably 

also important, particularly if the LS concentrations, temperature and/or the pH were 

higher than estimated. AuCl2- is not considered to have been important for Au transport at 

the TGM, although AuCl2- may have been involved in the deeper, presumably hotter, parts 

of the system. 

Upon reaching the base of the Mine sequence, a build up of fluid pressure combined with 

the existing regional stress field to create the appropriate conditions for brittle failure in the 

basalts. The formation of brittle structures was dependent on the competency of the basalt 
' 

and its tendency to deform in a brittle manner. The major basalt units were spaced closely 

enough to allow faults to propagate through the intervening low-competency sedimentary 

units. Formation of sub-vertical low-permeability faults and dilational zones would have 

acted as effective focussing mechanisms for the mineralising solutions. Cyclic rupturing 

and sealing of the fault zones due to variations in the fluid pressure and shear stress 

coupled with subsequent hydrothermal self-sealing created conditions for fluids to interact 

with the. wall rocks. Infiltration of fluids away from the fault zones during fluid pressure 

build up prior to cyclical fault failure probably resulted in the formation of sericitic 

alteration halos in the Mine sequence. 

During fluid infiltration, precipitation of pyrite from the ore fluid caused by reaction with 

magnetite and chlorite in the basalts, and hematite in the sedimentary rocks destabilised 

any gold-bisulfide complexes, causing gold to precipitate from the fluid. Localised 

pressure drops associated with the opening of dilational fault jogs may have been 

important in causing phase separation of the fluid, and consequently gold deposition due to 

a decrease in the reduced sulfur content coupled with minor oxidation of the fluid. Fluid 

mixing, oxidation, reduction and cooling were not important as Au depositional 

mechanisms. 
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It is interpreted that the mineralised shear zones did not penetrate far (lO's of metres) into 

the Hangingwall sequence, and the small amounts of displacement across the mineralised 

shear zones was taken up by gentle folding of the Hangingwall sequence. Fluids passing 

up into the Hangingwall sequence were not tightly focussed into brittle structures and 

therefore no economic Au mineralisation was formed. 

It is interpreted that gold mineralisation at the TGM formed from distinct pulses of high

temperature, low-salinity, low-C02, fluids that were supplied by magmatic or 

metamorphic devolatilisation associated with intrusion of a phase of the Frankenia Granite 

(or a small unidentified pluton at depth). These hybrid fluids were mixed magmatic/ 

metamorphic fluids that interacted with the wall rocks during transport from the granite. 

The connate brines recognised in stage II and V veins were not involved in the gold 

mineralising process during stage IV. It is possible that these brines were displaced from 

the vicinity of the TGM by the thermal anomaly associated with granite emplacement 

during stage IV and did not return until the thermal anomaly had collapsed. A similar 

scenario is proposed by hydrologic modelling of fluid flow around porphyry systems by 

Norton (1982), and Cathles (1977). More detailed fluid inclusion and stable isotope work 

.is required to evaluate whether the connate brines mixed with the mineralising solution 

during the waning phases of ore formation. 
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10.1 CONCLUSIONS 

CHAPTER TEN 

CONCLUSIONS 

The Tanami Gold Mine is hosted by the sedimentary and volcanic rocks of the Mt Charles 

Beds, a subdivision of the Black Peak Formation. Deposition of the Black Peak F onnation is 

interpreted to have occurred in a continental rift setting that developed on the multiply

deformed and high-grade metamorphics of the Ditjiedoonkuna Suite during the 

Palaeoproterozoic Leichardt rifting event. Leichardt age sequences with an 'inferred age of 

between 1810 and 1740 Ma have been correlated across much of northern Australia 

(Etheridge and Wall 1994). 

Page (1995; 1996) inferred the presence of an Archaean basement (2500-2600 Ma) beneath 

the Ditjiedoonkuna Suite, based on the discovery of Archaean gneisses in Browns Range 

Dome, and east of the Granites Gold Mine. Deformation of the Ditjiedoonkuna Suite has 

resulted in five phases of ductile deformation (Ding and Giles 1993; Adams 1994). Uplift of 

the Ditjiedoonkuna Suite and deposition of an overlying cover-sequence is interpreted to 

have taken place post-D3 (Ding and Giles 1993). The post-D3 unconformity identified by 

Ding and Giles (1993) is interpreted by this author to be associated with uplift, erosion and 

subsequent deposition of the Black Peak Formation onto the Ditjiedoonkuna Suite. 

In the Tanami area, the Mt Charles Beds can be subdivided into three separate informal units; 

the Footwall, Mine and Hangingwall sequences, based on aeromagnetic interpretations and 

limited surface exposure. The Mine sequence is composed of up to five ( <150m thick) 

pillow-basalt units separated by sedimentary units of similar thickness. The thick basalt

dominated units are intercalated with minor fine-grained sedimentary lithologies. Individual 

beds within the Mine sequence are laterally continuous, and it is possible to trace centimetre

thick chert beds for several hundred meters. Thicker units, such as the carbonate-mudstone 

facies and basalt breccias, can be correlated over several kilometres. 

Detailed sedimentological studies of the sedimentary rocks of the Mine sequence have led to 

the interpretation of a below wave-base subaqueous setting, with deposition of the sediments 

occurring from high-density turbidity currents in a submarine fan system. Two distinct 

provenances have been interpreted from the bimodal population of detrital quartz grains in 

the sediments of the Mine sequence; i) a proximal felsic-volcanic provenance, and ii) a distal 

high-grade metamorphic provenance, which is interpreted to be the uplifted Ditjiedoonkuna 

Suite. Thin carbonaceous facies that occur at the top of a thick basaltic unit have been 

interpreted as evidence for microbial activity based on the characteristic sedimentary laminae. 
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The presence of microbial mats can occur be up to a water depth of 50m during the 

Proterozoic (Bauld 1981). The carbonaceous units are overlain by the more typical turbiditic 

sandstones and siltstones indicating a return to deeper-water facies. 

Geochemical and petrographic investigations of the basalts have revealed a suite of low-K 

tholeiites that possess similar REE and multi-element trends to typical rift tholeiites. The 

presence of intracontinental rift tholeiites are consistent with deposition of the Black Peak 

Formation on the Ditjiedoonkuna Suite in an intracontinental rift basin. Furthermore, the lack 

of geochemical evidence for subduction is consistent with the model proposed by Etheridge 

et al. (1987) where largely intracontinental tectonic processes operated during the 

Palaeoproterozoic in northern Australia. 

The rocks of the Tanami Complex are intruded by several major granite batholiths that have 

been classified as the Gregory Suite. Whole rock geochemical studies of the Gregory Suite 

granites from across the inlier have shown them to be I-type, Sr-depleted, Y-undepleted 

granites that are enriched in incompatible elements. Recent age determinations for the 

Granites Granite gives ages of 1800-1790 Ma (Page and Sun 1994). In the northern part of 

the inlier, the Mt Winnecke Suite, which is geochemically similar to the Gregory Suite, has 

·been dated at 1830-1815 Ma (Page and Sun 1994). The granites of the Gregory and Mt 

Winnecke Suites are interpreted to be I-type, reduced, ilmenite-series granites that are 

enriched in incompatible elements. The whole rock geochemical signatures of both granite 

suites are similar to granites from the Cullen Batholith (Stuart-Smith et al 1993) in the Pine 

Creek Inlier, approximately 700km to the north of the Granites-Tanami Inlier 

Two structural domains, that correspond to the limits of the Ditjiedoonkuna Suite (Domain 1) 

and Black Peak Formation (Domain 2) have been identified. The two structural domains are 

separated in part by the northwest-trending Trans-Tanami Fault,. although the boundary is 

less clear elsewhere. No detailed work has been carried out in Domain 1 during this study, 

howeve! Ding and Giles (1993) recognised five ductile deformations. Detailed mapping and 

interpretation of geophysical data has led to the recognition of two ductile deformations in 

Domain 2. The earliest deformation has produced long-wavelength, open to close, northeast

trending folds. A weak slaty cleavage is present only in the fold hinges. Thrust duplexes 

formed during Fl flexu~al-slip folding have been identified at the TGM. Based on 

crosscutting relationships the thrust faults have a pre-mineralisation timing. Fl folds are 

refolded by northwest-trending F2 folds that have gentle to close interlimb angles and 

variable plunges. A weak, spaced disjunctive cleavage is present only in the hinges of F2 

folds. Superposition of F2 on Fl has produced basin and dome fold interference patterns. 

Bedding-cleavage vergence relationships indicate that the TGM is situated on the west

dipping limb of a major northeast-trending Fl syncline. There are no small scale folds or 
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penetrative cleavage developed in the rocks of the Mine sequence at the TGM, and bedding is 

consistently oriented at 45°-65° towards the northwest, across the mining lease. 

The grade of regional metamory->hism in the Tanami area is difficult to assess due to the 

effects of in~ense weathering and surficial silicification. Greenschist facies mineral 

assemblages occur in metabasalts within the contact aureole of the Frankenia Granite to the 

southeast of Mt Charles. At the TGM, unaltered and unweathered sedimentary rocks have 

illite-crystallinity values indicative of diagenetic/regional-metamorphic temperatures of less 

than 250°C. The low temperatures are consistent with the poorly developed cleavages and 

narrow contact aureoles developed around the granites in Domain 2. 

Mineralisation at the TGM is hosted in brittle shear zones and fault veins that transgress all _ 

lithologies of the Mine sequence. Mineralised shear zones are characterised by a progressive 

increase in fracture and vein density towards the centre of the zone. Vein textures include 

open-space fill, crack-seal veins, and internally-deformed veins that contain discrete slip 

surfaces which have truncated earlier-formed crystals. These textures have been interpreted 

to indicate periodic reactivation of the mineralised structures related to cyclical variations in 

fluid pressure and shear stress. Within the array of mineralised shear zones and veins, three 

main orientations occur at 350-010°, 030-040° (sinistral strike-slip), and 070-080° 

(dominantly dextral strike-slip). Stress-inversion techniques have been used to calculate the 

principal stress tensors for the Au mineralisation event based on fault-striation data. The 

calculations indicate a subhorizontal, NW-SE-directed cr1 stress, with cr2 subvertical. 

Detailed paragenetic and alteration studies have identified five vein stages at the TGM: 

I 

• Stage I - sericite, dolomite and hematite veins that only occur in the carbonate-mudstone 

facies and associated with extensional microfaulting. 

• Stage II - quartz, chlorite, dolomite ± sericite veins associated with bedding parallel and 

sub-parallel reverse faults that are interpreted to have formed during the Fl folding event. 

• Stage III chlorite-carbonate veining which is associated with widespread weak chlorite-
. . 

carbonate alteration in the basalt and sedimentary lithologies. Regional chlorite-carbonate 

alteration of the basalts has resulted in the enrichment of volatiles (mainly C02) and 

depletion of Si, Fe, Ca, Mg and Na. The scale, spatial distribution and element-element 

trends of the stage III alteration assemblage have been interpreted to indicate that it is not 

a distal alteration halo associated with stage IV Au mineralisation. The genesis of stage 

III alteration remains unclear due to a lack of fluid inclusion and isotopic data, although it 

may be related to low-grade metamorphic or diagenetic alteration. 
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• Stage IVa and IVb quartz, sericite, chlorite, pyrite, ankerite, chalcopyrite ±gold veins 

and breccias. Stage IV veins are the economically significant veinset at the TGM. Au 

mineralisation is developed in and around stage IV a and IVb veins. The sericite alteration 

assemblages associated with Au mineralisation contain pyrite (inner zone), sericite, 

quartz and ankerite. Sericitic alteration has resulted in the enrichment of K and volatiles 

(C02 H10 and S) and the depletion of Si, Fe, Mg and Na in the basalts. 

• Stage V - barren calcite and quartz veins that overprint the Au mineralisation. 

Two fluid types have been identified from fluid inclusion and stable isotopic studies on 

paragenetic stages II, IV and V. The first fluid, which has been identified in stage II and 

stage V veins, is a low-temperature, high-salinity brine. A calculated ()180fluid value of 

l .8%0 for stage II quartz veins is consistent with an interpretation of a seawater and/or 

meteoric-water source. Pyrite occurring within stage II veins have heavy ()34S values 

between 31 %0 and 37%0 that are interpreted to result from complete in situ, non-bacterial 

reduction of a fluid with ()345 value of ~ 31%0. Based on a change in the measured Te 

values, the basinal brines appear to have evolved from a Ca-K-Na-Mg-Cl brine (stage II) to a 

Na-Mg-Cl brine in (stage V). The calculated ()180fluid value of 1.8%0 is consistent with an 

· interpretation of a seawater and/or meteoric water source for this fluid. The high salinities of 

the basinal brines are interpreted to be the result of interaction between the migrating brine 

and evaporitic deposits elsewhere in the sequence. 

The fluids involved in the mineralisation event are preserved in primary stage IVb and 

secondary stage IVa fluid inclusions. High-temperature, low-salinity, low-C02 fluids with 

()34S values of approximately 12%0 and calculated ()180fluid values between 9.0 and 11.4%0. 

The isotopic and fluid inclusion evidence is consistent with a hybrid magmatic/metamorphic 

fluid generated during granite emplacement and associated contact metamorphic 

devolatilisation. 

Stage IV vein and alteration mineral assemblages are interpreted to have formed from high

temperature (300°C), weakly acidic (pH :::: 5), low-salinity (:::: 5 wt.%), sulfur rich (LS = 

0.006 molal), reduced (:LS04=/IH2S = 0.001) fluids that contained ,,. 1 wt% C02. The 

predominant sulfur and carbon bearing species were H1S and H1C03 respectively. Au(HS)O 

was the predominant gold complex; Au(HS)2- was also important, and may have been 

predominant if IS or the pH was higher than estimated. AuCl2 - was not important for Au 

transport under the interpreted fluid conditions. Gold deposition probably occurred in 

response to H1S loss associated with sulfidation reactions that occurred when fluids 

infiltrated away from fault zones and into the country rocks during cyclical brittle failure 

episodes. Localised phase separation may have also been important in deposition of free gold 

in quartz veins. Gold deposition cannot have occurred due to a temperature decrease, as the 
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solubility of gold is predicted to increase at lower temperatures under the assumed fluid 

conditions. 

It is interpreted that the mineralising solutions were passively focussed through the Footwall 

sequence, above a granite emplaced at depth beneath the TOM during the mineralising event. 

This granite may be an apophysis of the Frankenia Granite, or a separate, unexposed pluton. 

As the fluids transgressed the sedimentary rocks of the Footwall sequence, the fluid partially 

re-equilibrated with the country rocks resulting in·a fluid with 0345 = 12%0, oI8Q = 10, and 

a K/Rb value of = 310. The TOM has been classified as part of the "thermal aureole gold" 

association defined by Wall (1989). Gold may have been supplied by the magmatic fluid or 

scavenged from the country rocks during metamorphic devolatilisation associated with 

contact metamorphism. 

Thermal aureole gold deposits have now been recognised in the Palaeoproterozoic Granites

Tanami and Pine Creek Inliers, and in the Palaeozoic Lachlan Fold Belt. They are becoming 

an increasingly important target in Australia, particularly in Proterozoic terrains that were 

previously considered unprospective for Au-mineralisation. 
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APPENDIX! 

SAMPLE CATALOGUE INFORMATION 

CTLGNO University of Tasmania catalogue number 

FIELD NO Unique sample identifier given to none drill core samples. Samples 

collected from drill core are refereed to by their hole number and a 

down hole depth in meters 

ROCK TYPE General rock description 

MINERALOGY Major mineral constituents of sample. The following abbreviations are 

used quartz= qtz, plagioclase = plag, K-feldspar = fspr, biotite = bt 

hematite = hem, chlorite = chl, sericite = ser, carbonate = carb, albite = 

alb, magnetite = mag pyrite = py, chalcopyrite = cpy, gold = Au, 

pyroxene = px. The prefix of 'altered' indicates an alteration 

assemblage. 

AMG REF AMG coordinates for sample locality. 

DDH Diamond drill hole identification prefix. 

DEPTH Down hole depth in metres from the collar position. 

LOCALITY General locality sample was collected from. 

PREPARATION Type of sample stored at the University of Tasmania rock-store. 

A- l' 



CTLGNO FIELD NO ROCK TYPE ROCK DESCRIPTION AMGREF DDH DEPTH LOCALITY PREPARATION 

132321 AP-1 granite qz,plag,fspr,bt,hem, 556776E 7762450N Apertawonga PD,TS,R 

132322 AP-2 granite qz,plag,fspr,bt,hem, 556776E 7762450N Apertawonga PD,TS 

132323 AP-3 granite qz,plag,f spr, bt,hem, 556776E 7762450N Apertawonga PD, 

132324 AP-4 granite qz,plag,fspr,bt,hem, 556776E 7762450N Apertawonga PD,TS,R 

132325 BMR-5 granite qz,plag,fspr,bt,hem, 568700E 7825400N Coomarie Dome PD 

132326 BMR-11 granite qz,plag,fspr,bt,hem, 549800E 7825400N Coomarie Dome PD 

132327 BMR-12 granite qz,plag,fspr,bt,hem, 546800E 7825400N Coomarie Dorne PD,TS 

132328 BMR-12a granite qz,plag,fspr,bt,hem, 546800E 7825400N Coomarie Dome PD 

132329 BMR-26 granite qz,plag,f spr, bt,hem, 562100E 7802500N Coomarie Dome PD 

132330 BMR-51 granite qz,plag,fspr,bt,hem, 573500E 7825400N Coornarie Dome PD 

132331 BMR-56 granite qz,plag,fspr,bt,hem, 598900E 7805500N Coomarie Dome PD 

132332 BMR-58 granite qz,plag,fspr,bt,hem, 605200E 7805500N Frankenia Dome PD 

132333 BMR-59 granite qz,plag,fspr,bt,hem, 608500E 7805500N Frankenia Dome PD,TS 

132334 BMR-63 granite qz,plag,fspr, bt,hem, 621000E 7805500N Frankenia Dome PD,TS 

132335 FR-1 granite qz,plag,fspr,bt,hem, 595380E 7810940N Frankenia Dome PD 

132336 FR-2 granite qz,plag,fspr,bt,hem, 596132E 7811257N Frankenia Dome PD 

132337 FR-2a granite qz,plag,fspr,bt,hem, 596132E 7811257N Frankenia Dorne PD 
132338 RDH94 114.7 dolerite altered,alb,chl,carb,qtz 571250E 7786920N RDH94 114.7 Redback Rise PD,TS 
132339 RDH 100 125.6 dolerite altered,alb,chl,carb,qtz 571250E 7786920N RDH 100 125.6 Redback Rise PD,TS 
132340 RDH 100 126.6 dolerite altered,alb,chl,carb,qtz 571250E 7786920N RDH 100 126.6 Redback Rise PD,TS 
132341 RDH 100 129.5 dolerite altered,alb,chl,carb,qtz 571250E 7786920N RDH 100 129.5 Redback Rise PD 
132342 'RDH 100 129.6 dolerite altered,alb,chl,carb,qtz 571250E 7786920N RDH 100 129.6 Redback Rise PD,TS 
132343 RDH 100 132 dolerite altered,alb,chl,carb,qtz 571250E 7786920N RDH 100 132 Redback Rise PD,TS 

132344 BO-FDl aplite altered,fspr,qtz,carb 572400E 7790200N Bouncer Pit PD,R 

132345 HR-FDl aplite altered,fspr,qtz,carb 574700E 7792500N TanamiMine PD,TS 

132346 TDDlO 178.7 basalt chl,carb,mag,plag,ser 574700E 7792500N TDDlO 178.7 Tanami Mine PD,TS 
132347 TDD12 89.5 basalt chl,carb,mag,plag,ser 574700E 7792500N TDD12 89.5 Tanami Mine PD 
132348 TDD29 147.1 basalt chl,carb,mag,plag,ser 574700E 7792500N TDD29 147.1 Tanami Mine PD,TS 
132349 TDD29 134.5 basalt chl,carb,mag,plag,ser 574700E 7792500N TDD29 134.5 TanamiMine PD,TS 

> 132350 TRC1171 142 basalt chl,carb,mag,plag,ser 574700E 7792500N TRC 1171 142 TanamiMine PD,TS 
I 

132351 TDD49 177.1 basalt chl,carb,mag,plag,ser 574700E 7792500N TDD49 177.1 Tanami Mine PD N 



CTLGNO FIELD NO ROCK TYPE ROCK DESCRIPTION AMGREF DDH DEPTH LOCALITY PREPARATION 
132352 TDD30 151.2 basalt chl,carb,mag,plag,ser 574700E 7792500N TDD30 151.2 Tanarni Mine PD,TS 
132353 TDD30 148.9 basalt ser,carb,qtz,plag 574700E 7792500N TDD30 148.9 Tanarni Mine PD 
132354 TDD48 146 basalt ser ,carb,qtz,plag 574700E 7792500N TDD48 146 Tanarni Mine PD 
132355 TDD48 151.5 basalt ser,carb,qtz,plag 574700E 7792500N TDD48 151.5 Tanarni Mine PD 
132367 TDD49 163.5 basalt ser,carb,qtz,plag 574700E 7792500N TDD49 163.5 Tanarni Mine PD,TS 
132368 TDD48 148.3 basalt ser,carb,qtz,plag 574700E 7792500N TDD48 148.3 Tanarni Mine PD 
132369 TDD48 147 basalt ser,qtz,carb,py 574700E 7792500N TDD48 147 Tanarni Mine PD 
132370 TDD48 148.6 basalt ser,qtz,carb,py 574700E 7792500N TDD48 148.6 Tanarni Mine PD 
132371 TDD48 149.2 basalt ser ,qtz,carb,py 574700E 7792500N TDD48 149.2 Tanarni Mine PD,R 
132372 TDD49 165.8 basalt ser,qtz,carb,py 574700E 7792500N TDD49 165.8 Tanarni Mine PD,TS,R,Clcarb 
132373 TDD49 167.8 basalt ser,qtz,carb,py 574700E 7792500N TDD49 167.8 Tanarni Mine PD 
132374 TDD49 191 basalt ser,qtz,carb,py 574700E 7792500N TDD49 191 Tanarni Mine PD 
132375 TDD49 191.4 basalt ser,qtz,carb,py 574700E 7792500N TDD49 191.4 Tanarni Mine PD 
132376 TDD36 113 sandstone qtz,carb,ser 574700E 7792500N TDD36 113 Tanarni Mine PD,TS 
132377 TDD27 128 sandstone qtz,carb,ser 574700E 7792500N TDD27 128 Tanarni Mine PD,TS,Clcarb 
132378 TDDlO 178.2 basalt chl,carb,mag,plag,ser 574700E 7792500N TDDlO 178.2 Tanarni Mine TS 
132379 TDD 19 169 siltstone carb,qtz 574700E 7792500N TDD 19 169 Tanarni Mine TS 
132380 TDD21 95 basalt breccia, chl,carb,mag,plag,ser 574700E 7792500N TDD21 95 Tanarni Mine R 
132381 TDD21 101.85 basalt breccia, chl,carb,mag,plag,ser 574700E 7792500N TDD21 101.85 Tanarni Mine TS,R 
132382 TDD23 130 sandstone carb,qtz 574700E 7792500N TDD23 130 Tanarni Mine TS 
132383 TDD26 101.4 sandstone carb,qtz 574700E 7792500N TDD26 101.4 TanamiMine R 
132384 TDD26 124.2 sandstone carb,qtz 574700E 7792500N TDD26 124.2 Tanarni Mine TS 
132385 TDD26 137.5 sandstone carb,qtz 574700E 7792500N TDD26 137.5 Tanarni Mine TS,R 
132386 TDD27 116.7 sandstone carb,qtz 574700E 7792500N TDD27 116.7 Tanarni Mine R 
132387 TDD27 134.7 sandstone carb,qtz 574700E 7792500N TDD27 134.7 Tanarni Mine R 
132388 TDD27 151.2 sandstone carb,qtz 574700E 7792500N TDD27 151.2 Tanarni Mine TS,Clcarb 
132389 TDD27 152.3 sandstone carb,qtz 574700E 7792500N TDD27 152.3 Tanarni Mine R 
132390 TDD27 149.2 sandstone carb,qtz 574700E 7792500N TDD27 149.2 Tanarni Mine R 
132391 TDD 13 120.5 sandstone altered,carb,qtz,Py ,Au 574700E 7792500N TDD 13 120.5 Tanarni Mine TS 
132392 TDD 13 123.5 sandstone carb,qtz 574700E 7792500N TDD 13 123.5 Tanarni Mine R,Clcarb 
132393 TDD30 125.7 siltstone carb,qtz 574700E 7792500N TDD30 125.7 Tanarni Mine TS 

> 132394 TDD30 139.7 siltstone carb,qtz 574700E 7792500N TDD30 139.7 Tanarni Mine TS 
I 

132395 TDD30 153.2 basalt ser,carb,qtz,plag 574700E 7792500N TDD30 153.2 Tanarni Mine TS,R w 



CTLGNO FIELD NO ROCK TYPE ROCK DESCRIPTION AMGREF DDH DEPTH LOCALITY PREPARATION 
132396 TDD31 132.9 sandstone altered,carb,qtz,Py 574700E 7792500N TDD31 132.9 TanamiMine R 
132397 TDD31 135.6 sandstone altered,carb,qtz,Py 574700E 7792500N TDD31 135.6 Tanami Mine TS,R 
132398 TDD44 123.5 siltstone carb,qtz 574700E 7792500N TDD44 123.5 TanamiMine TS 
132399 TDD45 159.6 sandstone altered,carb,qtz,Py 574700E 7792500N TDD45 159.6 TanamiMine TS 
132400 TDD45 167.7 sandstone altered,carb,qtz,Py 574700E 7792500N TDD45 167.7 TanamiMine TS 
132401 TDD46 128.3 conglomerate carb,qtz 574700E 7792500N TDD46 128.3 TanamiMine R 
132402 TDD47 171.8 sandstone altered,carb,qtz,Py 574700E 7792500N TDD47 171.8 TanamiMine R 
132403 TDD47 172.8 sandstone altered,carb,qtz,Py 574700E 7792500N TDD47 172.8 TanamiMine R 
132404 TDD50 137.5 siltstone carb,qtz 574700E 7792500N TDD50 137.5 TanamiMine TS,R 
132405 TDD51 157.5 vein carb,qtz 574700E 7792500N TDD51 157.5 TanamiMine TS 
132406 TDD51 168.1 vein carb,qtz 574700E 7792500N TDD51 168.1 TanamiMine TS 
132407 TDD53 239 sandstone carb,qtz 574700E 7792500N TDD53 239 Tanami Mine TS 
132408 TDD53 248 conglomerate carb,qtz 574700E 7792500N TDD53 248 TanamiMine TS 
132409 TDD53 249 conglomerate carb,qtz 574700E 7792500N TDD53 249 TanamiMine TS,R 
132410 TDC 1164178.2 conglomerate carb,qtz 574700E 7792500N TRC 1164 178.2 Tanami Mine TS,R 
132411 DBS 003 42 vein qtz, AU 574700E 7792500N DBS 003 42 TanamiMine TS 
132412 HR-19 vein qtz 574700E 7792500N TanamiMine FI 
132413 HR-27 vein qtz,py 574700E 7792500N TanamiMine R,Slpy 
132414 TDD48 142.1 basalt chl,carb,mag,plag,ser 574700E 7792500N TDD48 142.1 TanamiMine TS,R 
132415 TDD48 164.9 basalt chl,carb,mag,plag,ser 574700E 7792500N TDD48 164.9 TanamiMine TS,R 
132416 TDD48 172.8 siltstone carb,qtz 574700E 7792500N TDD48 172.8 TanamiMine TS,R 
132417 TDD48 173.4 chert qtz 574700E 7792500N TDD48 173.4 TanamiMine R 
132418 TDD48 174.6 sandstone carb,qtz 574700E 7792500N TDD48 174.6 TanamiMine TS,R 
132419 TDD49 166.2 vein carb,qtz 574700E 7792500N TDD49 166.2 TanamiMine TS,R,Clcarb 
132420 TDD49 166.7 vein carb,qtz 574700E 7792500N TDD49 166.7 TanamiMine TS,R,Clcarb 
132421 TDD53 226.2 vein carb,qtz,py 574700E 7792500N TDD53 226.2 TanamiMine Slpy,Clcarb 
132422 TDD50 142.6 vein PY 574700E 7792500N TDD50 142.6 Tanami Mine R,Slpy 
132423 TDD30 149.2 vein PY 574700E 7792500N TDD30 149.2 Tanami Mine R,Slpy 
132424 TRC 1485150.6 vein PY 574700E 7792500N TRC 1485 150.6 Tanami'Mine R,Slpy 
132425 TDD31 133.6 vein PY 574700E 7792500N TDD31 133.6 TanamiMine R,Slpy 
132426 TDD49 164.5 vein PY 574700E 7792500N TDD49 164.5 TanamiMine R,Clcarb > 132427 TDD49 164.5 vein PY 574700E 7792500N TDD49 164.5 TanamiMine R,Clcarb I 

.i:.. 



CTLGNO FIELD NO ROCK TYPE ROCK DESCRIPTION AMGREF DDH DEPTH LOCALITY PREPARATION 
132428 TDD48 133.8 vein PY 574700E 7792500N TDD48 133.8 TanamiMine R,Clcarb 
132429 TDD 12 91.6 vein PY 574700E 7792500N TDD 12 91.6 TanamiMine R,Clcarb 
132430 TDD51 162 vein PY 574700E 7792500N TDD51 162 TanamiMine R,Clcarb 
132431 TDD51 157.8 vein PY 574700E 7792500N TDD51 157.8 TanamiMine R,Clcarb 
132432 TDD51 160.3 vein PY 574700E 7792500N TDD51 160.3 TanamiMine R,Clcarb 
132433 TDD49 168.2 vein PY 574700E 7792500N TDD49 168.2 Tanami Mine R,Clcarb 
132434 TDD45 164.2 vein PY 574700E 7792500N TDD45 164.2 Tanami 'Mine R,Clcarb 
132435 TDD26 124.3 vein PY 574700E 7792500N TDD26 124.3 TanamiMine R,Clcarb 
132436 TDD-31 133.6 vein PY 574700E 7792500N TDD31 133.6 TanamiMine R,Clcarb 
79896 TDD 22 127 basalt chi, alb, px, mag, 577400E 7798500N TDD22 127 Tanami TSPD 
79897 TDD 22 128 basalt chi, alb, px, mag, 

' 
577400E 7798500N TDD22 128 Tanami TSPD 

79898'- TDD 22 133 basalt chi, alb, px, mag, 577400E 7798500N TDD22 133 Tanami PD 
79899 TDD 34 134.5 basalt chi, alb, px, mag, 577400E 7798500N TDD34 134.5 Tanami PD 
79900 TDD 34 83.6 basalt chi, alb, px, mag, 577400E 7798500N TDD34 83.6 Tanami TSPD 
79901 TDD49 152.9 basalt chi, alb, px, mag, 577400E 7798500N TDD49 152.9 Tanami TSPD 
79902 TDD49 153.9 basalt chi, alb, px, mag, 577400E 7798500N TDD49 153.9 Tanami TSPD 
79903 TDD49 172 basalt chi, alb, px, mag, 577400E 7798500N TDD49 172 Tanami TSPD 
79904 B02-MB basalt chi, alb, px, mag, 577300E 7792500N Tanami PD 
79905 DOL-1 meta-basalt chl, alb, px, mag, 592600E 7800700N Mt Charles pd 
79906 DOL-2 meta-basalt chi, alb, px, mag, 592600E 7800700N Mt Charles TSPD 

> I 

VI 



Appendix2 

Whole rock analyses of granites from the Granite-Tanami Inlier 

Pluton Abbreviations: Analyst 

MWG= Winnecke Granophyre AGSO 

MWF= Mt Winnecke Formation AGSO 

BRO= Browns Range Granite AGSO 
\ 

SCG= Slatey Creek Granite AGSO 

TOG= The Granites Granite AGSO 

TLG= The Lewis Granite AGSO 

APO= Apertawonga Granite This study 

TCD= The Coomarie Granite This study 

TFG= The Frankenia Granite This study 

TMD= Tanami Mafic Dyke This study 

TA= Tanami Aplite This study 

A-6 



BMR No# 87495029 724950291 72495030 72495029C 72495029A 72495031 72495026B 71490156 72495025A 87495026 72495028 87495023 72495023A 
Latitude S 18.7917 18.7972 18.7916 18.7972 18.7972 18.7861 18.8383 18.8056 18.9125 18.8383 18.7944 18.9083 18.9083 

LoogitudeE 130.2194 130.2194 130.225 130.2194 130.2194 130.2278 130.1867 130.4056 130.1194 130.1867 130.2083 130.1417 130.1417 

Pluton MWF MWF MWF MWF MWF MWF MWG MWG MWG MWG MWG MWG MWG 
Major elements wt % 

8102 71.46 71.50 71.60 71.60 71.80 72.00 71.40 71.60 73.00 75.54 75.70 75.75 75.90 
Ti02 0.47 0.59 0.54 0.58 0.52 0.57 0.53 0.40 0.27 0.24 0.26 0.24 0.28 

Al203 13.02 12.90 12.90 12.80 12.80 12.90 12.80 14.20 14.00 11.79 11.70 12.25 12.20 
Total Fe 3.50 3.70 3.65 3.70 3.60 3.65 4.05 2.75 1.85 2.15 1.85 1.74 2.05 
Fe203 0.89 0.75 0.55 0.65 0.75 0.50 l.10 0.70 0.30 1.37 0.35 0.65 0.75 
FeO 2.61 2.95 3.10 3.05 2.85 3.15 2.95 2.05 l.55 0.78 1.50 1.09 1.30 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 0.47 0.49 0.47 0.44 0.38 0.59 0.32 0.53 0.32 0.22 0.14 0.39 0.31 
eao 1.65 1.09 1.09 1.33 1.56 0.39 1.58 l.38 0.96 0.80 0.38 0.65 0.58 
Na20 2.43 2.40 2.50 2.55 2.55 2.30 2.65 2.45 2.65 2.39 2.50 2.69 2.70 
K20 5.23 5.75 5.65 5.45 5.25 5.75 5.40 5.05 5.95 5.79 7.05 5.54 5.65 
P205 0.15 0.15 0.15 0.15 0.15 0.15 0.09 0.15 0.13 0.03 0.03 0.06 0.06 
LOI 1.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.78 0.00 0.59 0.00 
Total 99.68 99.73 99.57 99.76 99.66 99.73 99.68 99.69 99.67 99.73 100.17 99.90 100.24 

Fe2031Tot Fe 0.25 0.20 0.15 0.18 0.21 0.14 0.27 0.25 0.16 0.64 0.19 0.37 0.37 
ASI 1.06 1.09 1.09 1.05 1.04 1.25 1.00 1.22 1.14 1.02 0.95 1.07 1.06 

Trace elements ppm 
Ba 652 716 701 713 679 715 858 577 639 815 528 195 188 
Ce 100 112 114 110 113 113 165 66 64 153 127 62 69 
Cr 6 274 185 193 214 198 -2 6 275 44 
La 49 58 60 59 52 56 83 31 31 81 64 31 36 
Li 43 23 26 37 42 25 59 103 70 38 29 19 19 
Mo 2 3 3 3 4 3 7 5 5 -2 -3 2 5 
Nb 13 13 13 13 12 13 20 12 9 16 22 9 11 
Nd 43 46 48 46 46 46 59 20 23 67 48 25 22 
Ni 1 6 9 8 -1 3 3 6 
Pb 19 21 51 46 21 23 38 40 34 36 61 32 31 
Rb 302 310 303 307 294 303 307 396 259 342 484 380 384 
Sr 79 75 62 70 76 67 83 78 101 43 29 29 30 
Tb 35 35 35 35 34 35 37 23 18 41 39 36 37 
u 9 9 9 9 9 8 9 9 6 11 25 12 10 
y 55 52 52 53 51 54 83 44 41 87 90 42 44 

>- Zr 224 237 236 240 231 242 369 104 108 238 199 138 141 
I 

-.....} 



BMR No# 724950258 724950230 884950178 88495017A 884950168 88495016.A 88495015 88495020A 88495018C 884950188 88495018A 724950078 
LadtudeS 18.9125 18.9083 18.9382 18.9382 19.0014 19.0014 18.9743 18.8614 18.9742 18.9742 18.9742 20.1783 

LoogitudeE 130.1194 130.1417 129.0854 129.0854 129.0475 129.0475 129.1234 128.9748 129.1899 129.1899 129.1899 128.6517 

Pluton MWG MWG BRD BRD BRD BRD BRD BRD BRD BRD BRD BRD 
MJYor elements wt % 

Si02 76.60 77.00 67.32 67.87 70.52 70.66 71.40 71.49 73.07 73.57 73.62 74.12 
Ti02 0.08 0.12 0.54 0.49 0.36 0.34 0.30 0.11 0.12 0.09 0.16 0.08 

Al203 12.40 12.10 15.11 15.03 14.21 14.72 15.44 16.17 14.86 14.88 14.17 14.08 
Total Fe 1.85 1.35 3.35 3.51 2.53 2.32 1.91 0.71 0.66 0.66 1.36 1.37 
Fe203 0.60 1.00 1.44 2.45 1.09 1.44 0.51 0.60 0.42 0.38 0.35 0.23 

FeO 1.25 0.35 1.91 1.06 1.44 0.88 1.40 0.11 0.24 0.28 1.01 1.14 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 0.13 0.04 1.51 1.96 1.25 1.14 0.57 0.84 0.80 0.37 0.31 0.29 
eao 0.39 0.33 2.07 0.87 1.04 0.72 1.74 0.04 0.47 1.00 1.09 0.52 

Na20 2.65 3.00 3.92 3.36 3.77 3.62 3.75 0.20 3.20 4.45 3.42 3.07 
K20 5.30 5.65 3.32 3.65 3.94 4.23 3.90 6.54 4.72 3.53 4.62 5.11 
P205 0.11 0.16 0.20 0.20 0.15 0.14 0.12 0.04 0.04 0.04 0.07 0.14 
LOI 0.00 0.00 1.93 3.11 1.58 1.60 1.03 2.94 1.35 0.80 0.76 0.00 
Total 100.09 100.27 99.52 100.30 99.54 99.69 100.36 99.19 99.40 99.51 99.74 99.50 

Fe2031Tot Fe 0.32 0.74 0.43 0.70 0.43 0.62' 0.27 0.85 0.64 0.58 0.26 0.17 
ASI 1.18 1.07 1.13 1.42 1.18 1.28 1.16 2.19 1.33 1.16 1.14 1.26 

Trace elements ppm 
Ba 21 14 956 976 630 680 593 382 483 488 503 172 
Ce 35 104 86 87 74 85 83 19 12 8 71 50 
Cr, 209 239 38 33 20 18 9 4 243 2 4 243 
La 14 53 52 47 42 42 47 15 7 5 42 26 
Li 87 3 20 19 39 31 64 6 9 6 56 157 
Mo -3 5 -2 -2 -2 -2 -2 -2 -2 -2 -2 3 

,Nb 13 11 12 12 11 11 12 -2 3 -2 11 25 
Nd 12 39 34 32 26 29 29 7 4 3 25 19 
Ni 5 6 20 19 11 10 6 2 2 2 3 3 
Pb 38 27 19 12 29 28 32 24 17 20 35 23 
Rb 479 393 78 88 128 145 196 156 116 87 215 599 
Sr 13 10 352 274 210 221 191 95 197 304 87 39 
Tb 32 41 16 12 26 22 26 5 6 5 26 21 
u 43 11 4 3 10 7 8 5 3 3 17 25 
y 64 87 11 11 11 10 11 3 2 3 13 31 

> Zr 108 119 189 203 160 154 165 71 64 65 110 77 I 

00 



BMR No# 72495006 72495002 72495001 72495005 72490306 72492024 87496004 72491022 72495011A 724950148 87495004A 72494150A 87495004 
Latitudes 20.15 20.2111 20.2111 20.2 19.8 19.7833 20.583 19.3667 19.5333 19.4056 20.583 20.7306 20.583 

LoogitudeE 128.6666 128.6764 128.6764 128.6667 128.4667 128.4433 130.383 128.6875 128.6542 128.6917 130.383 130.2417 130.383 

Pluton BRD BRD BRD BRD SCG SCG SCG SCG SCG SCG TGG TGG TGG 
Major elements wt % 

Sl02 74.42 74.96 75.13 75.59 69.67 69.77 70.60 73.26 75.31 80.81 71.21 71.51 71.73 
Tl02 0.25 0.07 0.01 0.27 0.32 0.35 0.41 0.12 0.03 0.37 0.33 0.28 0;32 
Al203 13.17 14.03 14.69 11.70 15.48 15.21 14.19 14.55 14.15 10.74 14.32 14.35 14.08 

Total Fe 2.28 1.05 0.57 2.52 2.71 2.85 2.74 1.48 0.74 0.21 2.53 2.63 2.32 
Fe203 0.48 0.36 0.15 0.61 0.63 0.71 1.36 0.16 0.40 0.01 0.30 0.60 0.69 
FeO 1.80 0.69 0.42 1.91 2.08 2.14 1.38 1.32 0.34 0.20 2.23 2.03 1.63 
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
MgO 0.48 0.13 0.11 0.61 0.90 0.84 0.68 0.54 0.08 0.07 0.54 0.60 0.57 
CaO 0.91 0.47 0.37 1.08 2.89 2.76 1.63 0.85 0.31 0.02 1.72 2.44 1.74 

Na20 2.79 3.58 4.14 2.92 3.70 3.68 3.14 3.31 2.95 0.17 3.41 3.95 3.20 
K20 4.11 4.16 4.00 2.57 2.98 3.14 5.29 4.84 5.44 4.57 4.51 2.78 4.58 
P205 0.18 0.18 0.12 0.08 0.03 0.11 0.14 0.05 0.04 -0.01 0.11 0.09 0.09 
LOI 1.14 1.05 0.00 0.00 0.00 1.03 0.93 0.00 0.87 0.00 0.58 0.83 0.76 
Total 99.95 99.88 99.76 98.34 99.06 100.00 99.75 99.77 100.01 99.55 99.48 99.70 99.39 

Fe2031Tot Fe 0.21 0.34 0.26 0.24 0.23 0.25 0.50 0.11 0.54 0.05 0.12 0.23 0.30 
ASI 1.28 1.30 1.27 1.25 1.07 1.07 1.05 1.20 1.26 2.03 1.07 1.05 1.07 

Trace elements ppm 
Ba 218 66 36 79 742 791 1108 574 16 457 696 659 715 
Ce 91 15 8 129 69 56 119 62 10 73 102 86 102 
Cr 251 249 237 278 223 223 7 7 5 211 
La 45 10 4 64 36 30 65 35 4 37 55 55 54 
LI 117 230 79 116 71 61 42 92 17 4 70 53 68 
Mo -2 -2 3· -3 5 -2 -2 4 -2 4 -2 -2 2 
Nb 26 30 30 30 9 9 17 14 14 10 16 13 14 
Nd 40 6 -3 44 22 20 49 20 4 25 42 28 39 
Ni 5 3 -2 7 12 7 3 7 3 8 4 5 2 
Pb 35 21 5 27 28 30 38 32 26 28 37 33 36 
Rb 391 541 526 320 136 141 168 240 253 171 194 143 189 
Sr 51 24 16 45 411 392 251 103 13 46 160 201 158 
Th 45 8 3 59 15 13 25 15 3 23 22 25 22 
u 18 9 13 40 3 3 4 4 2 5 5 5 7 

> y 30 17 19 39 15 15 25 15 16 26 24 10 26 
I Zr 143 29 25 178 137 143 213 110 19 206 208 230 204 

l.O 



BMR No# 72494210 72491492 72491496 72494150B 72491495 72494150AA· 724900038 72492071 72490954 72492663 
Latitude S 20.5958 20.6111 20.575 20.7306 20.575 20.7306 20.15 20.1333 20.1333 20.1277 

LongitudeE 130.5027 130.5222 130.35 130.2417 130.35 130.2417 128.6666 128.5833 128.5833 128.6333 

Pluton TGG TGG TGG TGG TGG TGG TLG TLG TLG TLG 
Major elements wt % 

Sl02 72.57 72.67 72.74 73.24 73.86 76.48 60.57 71.77 72.72 73.23 
Tl02 0.36 0.30 0.31 0.15 0.20 0.04 0.73 0.38 0.24 0.15 

Al203 13.33 13.40 13.74 14.10 13.47 12.84 16.74 13.80 13.99 14.09 
Total Fe 2.29 2.14 2.30 1.67 1.80 0.57 5.60 2.82 1.92 1.81 
Fe203 0.73 0.48 0.60 0.30 0.28 0.15 2.90 0.35 0.48 0.46 
FeO 1.56 1.66 1.70 . 1.37 1.52 0.42 2.70 2.47 1.44 1.35 
MnO 0.00 0.00 0.00 0.00 0.00 O.ob 0.00 0.00 0.00 0.00 
MgO 0.46 0.46 0.43 0.41 0.33 0.06 2.44 0.70 0.33 0.34 
CaO 1.37 1.49 1.83 2.03 1.38 0.59 5.78 2.24 1.12 0.70 

Na20 3.08 3.05 3.43 3.71 3.20 3.83 3.57 3.04 2.67 3.07 
K20 5.17 5.26 3.94 3.32 4.76 4.99 2.02 3.75 5.67 4.98 
P205 0.08 0.02 0.08 -0.01 0.01 0.01 0.22 0.06 0.11 0.22 
LOI 0.71 0.00 0.89 0.00 0.00 0.32 1.81 0.00 0.79 1.16 
Total 99.69 99.33 99.94 99.12 99.33 99.85 99.72 99.16 99.82 99.98 

Fe2031Tot Fe 0.32 0.22 0.26 0.18 0.16 0.26 0.52 0.12 0.25 0.25 
ASI 1.03 1.00 1.05 1.05 1.04 1.01 0.93 1.06 1.14 1.26 

Trace elements ppm 
Ba 672 676 767 740 487 99 522 639 435 190 
Ce 164 174 81 55 105 15 53 106 146 47 
Cr 214 223 217 214 235 21 214 2 -1 
La 107 98 46 33 53 9 26 55 78 25 
LI 35 40 74 30 79 4 29 48 123 194 
Mo -2 s -2 4 7 2 -2 6 -2 3 
Nb 22 18 14 8 18 37 10 20 26 22 
Nd 71 48 29 17 I 34 10 26 37 57 20-
NI 3 7 4 5 5 1 6 6 4 4 
Pb 39 41 31 32 47 70 11 31 SI 39 
Rb 248 262 155 118 216 168 65 153 416 511 
Sr 141 151 159 191 149 39 479 158 83 40 
Tb 43 52 19 15 28 11 9 38 59 21 
u 7 10 6 6 11 18 2 4 13 16 

> y 52 29 25 8 29 55 28 22 22 20 
I Zr 213 234 203 149 170 35 207 208 183 83 ,_. 

0 



BMR No# AP-1 AP-2 AP-3 AP-4 BMR-05 BMR-11 BMR-12 BMR-12a BMR-26 BMR-51 BMR-56 BMR-58 BMR-59 
NorthingmN 7762450 7762450 7762450 7762450 7825400 7825400 7825400 7825400 7802500 7825400 7805500 7805500 7805500 
EastiogmE 556776 556776 556776 556776 568700 549800 546800 546800 562100 573500 598900 605200 608500 

Pluton APG APG APG APG TCD TCD TCD TCD TCD TCD TFG TFG TFG 
Major elements wt % 

Si02 83.43 74.87 79.15 72.73 78.08 72.73 70.59 72.73 64.18 72.73 74.87 74.87 74.87 
Ti02 0.05 0.30 0.07 0.30 0.26 0.24 0.43 0.26 0.57 0.13 0.28 0.28 ' 0.18 

Al203 10.20 14.36 12.09 13.98 10.58 14.36 15.87 15.49 18.14 13.60 9.26 13.23 15.12 
Total Fe 0.64 2.56 0.66 2.49 1.30 1.67 2.49 4.70 5.56 1.67 6.28 4.42 2.13 
Fe203 0.44 2.43 0.53 2.36 1.17 1.54 2.36 4.58 5.43 1.47 6.15 4.29 2.00 

FeO 0.19 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.19 0.13 0.13 0.13 
MnO 0.00 0.01 0.00 0.01 0.00 0.00 0.02 0.00 0.01 0.01 0.00 0.01 0.01 
MgO 0.10 0.70 0.08 0.55 0.20 0.15 0.68 0.40 0.22 0.35 0.17 0.30 0.35 
eao 0.04 0.04 0.03 0.02 0.06 0.08 0.07 0.08 0.06 0.04 0.06 0.17 0.07 

Na20 0.72 0.55 0.78 0.53 0.58 0.28 0.83 0.33 1.49 2.42 0.30 0.25 1.73 
K20 2.89 1.69 2.59 1.57 0.12 0.34 1.51 0.77 0.51 4.46 0.20 0.18 3.61 
P205 0.00 0.02 0.00 0.02 0.00 0.00 0.02 0.01 0.03 0.02 -o.oo 0.00 0.01 
LOI 3.22 5.66 4.28 5.83 5.10 6.20 6.35 6.27 7.52 3.34 5.00 5.76 4.58 
Total 101.30 100.76 99.73 98.03 96.29 96.06 98.85 101.05 98.28 98.76 96.42 99.47 102.66 

Fe203/fot Fe 0.70 0.95 0.80 0.95 0.90 0.92 0.95 0.97 0.98 0.88 0.98 0.97 0.94 
ASI 2.33 5.19 2.93 5.48 8.91 15.08 5.18 10.25 5.98 1.54 11.28 14.70 2.20 

Trace elements ppm 
225 Ba 380 840 235 800 23 36 47 86 440 25 94 600 

Ce 12 72 16 46 2 6 74 10 14 58 12 6 50 
Cr 4 14 6 12 8 10 10 6 48 4 6 18 8 
La 6 72 13 60 3 3 62 7 30 33 3 2 27 
Li 2 11 3 12 11 11 10 10 10 8 4 22 9 
Mo 1 1 x x x 1 x x 1 1 1 1 x 
Nb 12 6 5 6 8 5 4 3 9 7 8 5 13 
Nd 4 44 5 27 2 2 39 5 11 21 3 2 19 
Ni 4 11 5 11 6 5 20 10 49 5 5 8 7 
Pb 24 24 26 38 4 6 10 14 20 34 4 8 36 
Rb 240 255 104 155 10 33 140 50 27 240 15 18 165 
Sr 13 30 12 34 11 10 23 14 31 43 9 24 31 
Tb 28 12 20 14 13 10 15 11 10 21 30 8 24 
u 3 4 1 3 2 1 3 2 3 2 2 2 3 
y 7 10 3 7 3 4 11 4 6 10 12 3 12 

). Zr 100 150 50 100 100 100 150 150 150 100 300 150 100 I -....... 



BMR No# BMR-63 FR-1 FR-2 FR-2a RDH094-114.7 RDH100-12S.6 RDHl00-126.6 RDHl00-129.S RDHl00-129.6 RDHl00-132.0 BO-FDI HR-FDl 
NorthlngmN 7805500 7810940 7811257 7811262 7786920 7786920 7786920 7786920 7786920 7786920 7790070 7791320 
EastingmE 621000 595380 596132 596132 57125 57125 57125 57125 57125 57125 572400 574700 

Pluton TFG TFG TFG TFG TMD TMD TMD TMD TMD TMD TA TA 
Major elements wt % 

Si02 74.87 77.01 79.15 79.15 57.76 54.55 53.48 55.62 54.55 54.55 65.25 74.87 
Ti02 0.18 0.13 0.16 0.12 0.43 0.97 0.93 1.00 1.00 0.90 0.58 0.33 
Al203 14.36 16.25 14.74 13.23 13.60 14.74 14.36 14.36 14.74 13.98 16.25 13.98 

Total Fe 2.64 l.61 0.74 0.73 4.20 7.35 8.16 7.05 7.31 6.33 5.12 1.18 
Fe203 l.93 l.42 0.49 0.60 0.79 l.43 1.79 1.00 1.00 0.21 4.86 0.99 
FeO 0.71 0.19 0.26 0.13 3.41 5.92 6.37 6.05 6.30 6.11 0.26 0.19 
MnO 0.01 0.01 0.00 0.00 0.11 0.10 0.10 0.11 0.10 0.09. 0.01 0.00 
MgO 0.90 0.20 0.25 0.15 4.48 6.97 7.46 6.14 7.46 4.81 0.86 0.40 
CaO 0.15 0.04 0.07 0.06 3.43 3.15 3.29 4.62 2.87 5.88 0.15 0.04 

Na20 2.28 0.42 0.83 1.13 1.66 0.86 0.94 2.28 1.87 2.63 l.38 0.80 
K20 4.94 l.25 2.65 3.43 2.89 2.83 2.83 1.63 2.23 2.23 2.89 4.10 
P205 0.09 0.03 0.03 0.02 0.08 0.24 0.23 0.23 0.23 0.24 0.06 0.02 
LOI 2.31 5.90 4.36 3.68 7.63 8.30 7.99 7.44 7.51 7.56 5.56 2.37 
Total 102.73 102.84 102.98 101.70 96.26 100.05 99.77 100.48 99.87 99.19 98.11 98.08 

Fe203/fot Fe 0.73 0.88 0.65 0.82 0.19 0.19 0.22 0.14 0.14 0.03 0.95 0.84 
ASI 1.57 7.94 3.44 2.34 1.14 1.53 1.43 1.07 1.45 0.83 2.94 2.42 

Trace elements ppm 
Ba 310 205 440 1100 440 280 320 330 360 620 540 460 
Ce 46 88 125 84 34 76 72 74 78 72 48 43 
Cr 16 2 4 2 32 120 135 130 110 140 88 18 
La 24 46 66 42 18 39 37 39 40 38 27 24 
Li 11 9 2 2 24 44 48 42 41 39 12 20 
Mo 1 x x x 1 x x 1 x x 1 1 
Nb 7 10 8 7 4 4 5 5 6 5 5 7 
Nd 18 26 46 28 14 32 30 30 32 30 19 16 
NI 10 2 3 3 26 80 86 82 72 88 41 9 
Pb 16 38 28 26 4 4 6 8 6 10 6 4 
Rb 200 114 160 185 90 82 66 54 60 49 96 114 
Sr 37 17 25 43 56 37 52 175 106 225 15 8 
Th 10 25 33 24 7 20 19 19 20 19 10 13 
u 2 5 4 4 2 4 4 4 4 4 3 3 
y 12 11 13 13 13 17 18 17 16 16 13 10 

:> Zr 50 100 100 100 100 200 150 250 200 150 100 150 
I 

...-
N 



Appendix3 

Whole rock analyses of the basalts and sedimentary rocks. 

Basalt data is subdivided into alteration groups discussed in Chapter 7 

Least-altered basalts 

Chlorite-carbonate altered basalts 

Sericite-quartz altered basalts 

Sericite-quartz- pyrite altered basalts 

Averages and standard deviation (SD) data was used for the mass balance calculations 

presented in Chapter 7 

Seven whole rock analysis of the major sedimentary lithofacies are also presented 

Al3 
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I dent Si02 Ti02 Al203 Fe203 MnO MgO CaO Na20 K20 P205 LOI Total 
Least-altered basalts 

22-127 48.863 1.4127 13.796 15.129 0.23 6.68 
22-128 49.55 1.40 13.7 14.97 0.21 6.49 
22-133 48.93 1.45 13.95 15.04 0.21 6.66· 
22-134.5 50 1.80 12.58 17.27 0.27 5.79 
34-83.6 49.75 1.36 13.43 14.19 0.19 6.31 
49-152.9 49.06 1.38 13.77 14.79 0.2 6.12 

6.45 
6.01 
5.69 
7.68 
8.41 
5.98 

4.44 
4.67 
4.83 
2.51 
2.52 
4.92 

0.14 
0.19 
0.08 
0.52 
0.7 
0.11 

0.17 2.68 
0.17 2.38 
0.17 3.12 
0.21 2.76 
0.17 2.62 
0.17 3.05 

99.99 
99.74 
100.13 
101.39 
99.65 
99.55 

49-156.9 50.46 1.38 13.83 14.5 0.22 6.16 6.37 5.09 0.06 0.17 3.03 101.27 
49-172.8 49.54 1.46 14.15 15.05 0.19 6.21 4.87 5.25 0.1 0.17 3.48 100.47 
B02-MB 49.36 1.12 14.47 13.48 0.15 7.02 8.75 2.46 0.41 0.12 2.79 100.13 

Averages 49.50 1.42 13.74 14.94 0.21 6.38 6.69 4.08 0.26 0.17 2.88 100.26 
S.D 0.49 0.16 0.49 0.97 0.03 0.35 1.23 1.14 0.22 0.02 0.31 0.63 

Chlorite-carbonate altered basalts 
10-178.7 47.29 1.54 
12-89.2 46.35 1.56 
29-147.1 47.69 1.80 
29-134.5 47.9 1.89 
1171-142 50.04 2.09 
49-177.1 50.88 1.57 
30-151.2 49.7 2.10 

13.76 13.7 0.16 6.24 
15.55 11.97 0.2 4.45 
12.51 16.96 0.21 5.31 
13.14 16.68 0.2 4.89 
14.04 18.01 0.22 4.37 
15.33 14.91 0.15 5.20 
14.36 17.4 0.06 4.77 

5.50 
6.04 
8.40 
8.12 
0.77 
0.67 
0.80 

4.04 0.13 0.17 6.89 99.42 
5.45 0.06 0.2 8.05 99.88 
2.37 0.19 0.21 4.06 99.71 
2.48 0.21 0.22 5.06 100.79 
0.14 0.12 0.24 10.1 100.14 
5.06 0.08 0.2 5.37 99.42 
0.24 0.1 0.23 10.35 100.11 

Averages 
S.D 

48.55 1.79 14.10 15.66 0.17 5.03 4.33 2.83 0.13 0.21 7.13 99.92 
1.54 0.23 1.02 2.05 0.05 0.59 3.25 1.98 0.05 0.02 2.30 0.45 

Sericite-quartz altered basalts 
30-150.2 46.05 1.94 
30-148.9 35.83 1.71 
48-146.0 46.2 2.51 
48-151.5 45.61 2.54 
49-160.2 44.56 1.36 
49-163.5 38.97 1.75 
48-148.3 44.82 2.59 

Averages 43.15 2.06 
S.D 3.77 0.45 

13.44 17.58 0.15 5.34 
11.77 17 .08 0.31 4.97 
12.26 18.17 0.17 5.10 
12.37 20.72 0.12 4.71 
13.42 10.67 0.18 4.22 
11.58 8.9 0.22 5.21 
12.18 18.91 0.17 4.95 
12.43 16.00 0.19 4.93 
0.68 4.10 0.06 0.34 

3.31 0.13 0.84 0.22 11.54 100.54 
8.74 0.23 1.41 0.18 17.39 99.62 
3.81 1.51 0.45 0.31 9.45 99.94 
3.91 0.91 
7.49 0.22 
11.84 0.47 
4.89 0.02 
6.28 0.50 
2.95 0.49 

0.53 
2.9 
2.78 
0.96 
1.41 
0.95 

0.31 8.98 100.7 
0.18 14.42 99.62 
0.15 19.3 100.7 
0.33 10.67 100.5 
Q.24 13.11 100.23 
0.07 3.73 0.45 

Nb Zr Sr Ba Sc V Cr Y Rb Ni Th S 

8 128 304 97 44 342 204 36 
8 128 290 146 42 337 197 36 
8 133 242 86 47 355 210 37 
7 139 146 181 44 441 86 38 
7 123 160 290 42 331 196 35 
7 126 295 114 45 340 206 36 

3 94 3 
5 94 3 
2 96 2 
10 75 2 
17 93 4 
2 96 3 

7 126 152 67 44 333 207 35 2 92 3 

0.09 

0.16 

8 131 231 79 49 360 212 33 2 100 2 0.13 
5 90 131 96 45 316 151 28 7 112 3 
7 125 217 128 45 351 185 35 6 95 3 0.127 
1 13 66 66 2 34 39 3 5 9 1 0.029 

51 354 244 37 4 102 3 8 146 193 81 
9 150 162 47 
8 144 151 91 
7 151 159 87 
8 172 29 28 
9 142 143 53 
8 172 28 24 

47 394 261 44 1 99 4 0.1 
45 471 92 44 6 80 2 0.1 
52 511 102 46 6 77 2 
59 548 119 48 1 26 2 0.08 
58 409 255 35 3 105 3 0.06 
58 565 117 47 3 91 2 

8 154 124 59 53 465 170 43 3 83 2 0.085 
0 12 62 26 5 75 73 5 2 25 1 0.017 

8 164 29 68 54 547 111 51 15 88 2 0.19 
8 157 21 54 49 538 110 42 19 110 5 0.16 
12 234 29 44 37 456 48 63 11 63 4 0.13 
13 230 15 
8 135 82 
10 166 17 
12 240 29 
10 189 32 
2 40 21 

24 38 438 47 71 
90 53 386 227 38 
125 42 336 116 45 
36 35 472 51 69 
63 44 453 101 54 
32 7 71 59 12 

16 63 4 
87 95 3 
104 80 3 
28 76 4 
40 82 4 
36 16 1 

0.29 
0.73 
0.75 
0.71 
0.423 
0.27 
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Ident Si02 Ti02 Al203 Fe203 MnO MgO CaO Na20 K20 P205 LOI Total Nb Zr Sr Ba Sc V Cr Y Rb Ni Th S 
Sericite-quartz-pyrite altered basalts 

48-147.0 46.04 2.46 
48-148.6 45.69 2.53 
48-149.2 50.03 2.55 
49-164.5 38.27 1.75 
49-161.8 42.61 2.54 
49-165.8 34.87 1.60 
49-167.8 49.87 1.44 

Averages 
S.D 

43.91 2.12 
5.29 0.47 

Pillow margin samples 

12 
12.63 
12.35 
11.37 
12.39 
10.83 
14.09 
12.24 
0.96 

49-191 50.19 0.88 9.01 
49-191.4 50.45 0.45 5.35 

Averages 50.32 0.67 7.18 
S.D 0.13 0.22 1.83 

Sedimentary Rocks 
27-128-B 
36-113.0 
45-149.6 
45-184.1 
51-171.8 
51-171.9 
36-124.3 

45.75 
52.95 
44.05 
49.39 
29.00 
61.21 
50.18 

1.68 
1.8 

1.27 
1.59 
2.15 
1.57 
1,61 

11.46 
12.27 
14.39 
15.84 
15.73 
11.37 
11.24 

12.25 
8.54 
13.14 
10.4 
22.2 
14.49 
7.83 
12.69 
4.47 

0.21 3.34 
0.2 3.72 
0.13 3.02 
0.26 4.97 
0.16 4.61 
0.19 4.09 
0.12 3.09 
0.18 3.83 
0.05 0.70 

6.60 
8.26 
4.41 
10.60 
4.52 
8.78 
6.26 
7.06 
2.11 

0.08 
0.09 
0.06 
1.10 
0.13 
0.30 
0.05 
0.26 
0.35 

2.9 
3.3 
2.46 
2.45 
0.98 
2.76 
3.64 
2.64 
0.79 

0.3 
0.32 
0.31 
0.16 
0.28 
0.13 
0.17 
0.24 
0.08 

13.58 99.76 
14.57 99.85 
10.84 99.3 
18.99 99.78 
10.02 100.44 
21.81 99.39 
13 99.56 
14.69 99.73 
3.96 0.35 

12 221 79 
11 243 76 
12 221 37 
9 180 149 
12 237 15 
9 164 107 
10 170 18 
11 205 69 
1 30 46 

149 39 
117 44 
88 38 
121 48 
38 40 
102 43 
92 37 
101 41 
32 4 

461 48 66 
495 51 65 
454 48 66 
344 208 51 
483 45 66 
303 188 48 
350 106 49 
413 99 59 
72 66 8 

81 40 4 
88 32 3 
65 54 6 
83 59 3 
29 101 5 
56 112 4 
101 50 2 
72 64 4 
22 28 

3.43 
1.35 
3.3 
1.14 
1.42 
6.94 
2.65 
2.89 
1.871 

10.45 0.39 4.47 7.51 0.22 1.71 0.13 14.94 99.9 5 88 266 264 28 268 143 27 54 79 2 0.21 
10.52 0.46 4.22 8.66 0.19 1.28 0.06 18.04 99.68 2 45 253 248 29 151 78 20 38 62 2 0.31 
10.49 0.43 4.35 8.09 0.21 1.50 0.10 16.49 99.79 4 67 260 256 28 - 210 111 24 46 71 2 0.26 
0.03 0.03 0.13 0.57 0.01 0.21 0.04 1.55 0.11 1 21 7 8 1 59 33 4 8 9 0 0.05 

14.89 0.15 
15.73 0.14 
18.97 0.13 
19.10 0.06 
26.98 0.16 
11.18 0.07 
14.75 0.14 

4.53 
2.42 
3.49 
2.05 
2.97 
1.26 
3.88 

4.18 
3.07 
2.21 
1.08 
0.51 
0.22 
3.63 

0.20 
0.19 
0.20 
0.22 
0.16 
0.10 
0.22 

3.14 0.16 14.13 
3.29 0.22 7.49 
3.79 0.08 11.51 

3.8 0.16 6.96 
3.85 0.14 18.32 
2.73 0.06 9.80 
2.94 0.20 11.45 

100.26 10 
99.57 12 

100.09 8 
100.25 10 
99.97 11 
99.57 12 

100.24 11 

184 
206 
152 
152 
194 
219 
195 

57 116 
32 242 
36 158 
34 157 
16 88 
22 113 
40 138 

36 261 112 
38 271 117 
41 246 180 
41 288 197 
65 409 116 
66 490 134 
31 263 115 

41 109 55 6 
49 102 78 8 
26 126 99 8 
37 120 92 5 
36 110 116 3 
20 71 60 4 
45 93 65 10 



APPENDIX4 

ELECTRON MICROPROBE RESULTS 

Limited microprobe data was obtained to characterise chemistry of several minerals and 
especially to examine the variation of the carbonate phases. All data was collected using the 
Cameca SX - 50 at the Central Science Laboratory at the University of Tasmania. 
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Clinopyroxene analyses from basalts 
SamEleNo Si02 Ti02 Al203 FeO MnO MsO Cao Na20 Cr203 Total 
B0-2 51.67 0.30 1.89 8.98 0.25 17.58 16.87 0.20 0.68 98.41 
B0-2 51.55 0.30 1.89 9.20 0.40 17.70 17.09 0.21 0.56 98.90 
B0-2 51.31 0.35 l.69 10.44 0.35 16.63 17.40 0.18 0.43 98.78 
TDD22-127 50.35 0.60 2.12 11.48 0.33 14.97 18.34 0.20 0.15 98.52 
TDD22-127 51.27 0.32 2.39 9.06 0.32 17.03 18.10 0.19 0.70 99.37 
TDD22-127 50.93 0.47 2.36 9.22 0.29 16.28 18.87 0.18 0.67 99.26 
TDD22-127 51.60 0.30 '1.92 8.98 0.25 17.94 17.20 0.20 0.54 98.92 
TDD22-127 50.90 0.48 l.86 8.99 0.40 18.06 17.08 0.30 0.56 98.63 
TDD22-127 51.90 0.35 1.59 9.50 0.35 16.28 18.34 0.18 0.43 98.92 
TDD49-154 50.29 0.56 2.02 10.37 0.33 15.33 19.15 0.22 0.15 98.41 
TDD49-154 51.27 0.32 2.16 9.11 0.32 17.39 18.37 0.02 0.80 99.75 
TDD49-154 50.12 0.47 2.45 9.37 0.29 15.01 16.15 0.18 0.56 94.60 
TDD49-154 51.67 0.39 1.99 8.98 0.25 18.30 17.08 0.26 0.58 99.50 
TDD49-154 51.34 0.30 2.02 8.87 0.40 18.42 17.08 0.20 0.56 99.19 

Chlorite analyses from basalts 
Sample No MgO Al203 Si02 Cao Ti02 Cr203 MnO FeO Total 
TDDl0-178.2 14.25 17.01 26.54 0.11 0.00 0.05 0.36 27.70 86.01 
TDDI0-178.2 14.31 17.03 26.63 0.11 0.00 0.00 0.36 27.27 85.70 
TDDl0-178.2 16.20 16.53 27.30 0.11 0.00 0.00 0.42 24.81 85.38 
TDDl0-178.2 14.54 17.41 26.77 0.16 0.00 0.03 0.46 27.24 86.60 
TDDl0-178.2 11.44 17.65 26.37 0.02 0.00 0.02 0.27 30.97 86.74 
TDD22-128 11.37 17.33 25.55 0.04 0.00 0.00 0.34 31.01 85.64 
TDD22-128 10.95 17.63 25.34 0.00 0.00 0.02 0.33 31.26 85.53 
TDD22-128 12.52 17.20 26.00 1.55 1.32 0.03 0.29 25.48 84.40 
TDD22-128 18.14 16.49 27.09 0.06 0.02 0.08 0.39 22.89 85.16 
TDD13-120 13.99 16.79 26.38 0.07 0.04 0.06 0.31 27.54 85.18 
TDD13-120 22.35 11.06 33.58 0.43 0.02 0.02 0.05 16.90 84.41 
TDD13-120 13.02 15.26 37.84 1.31 0.74 0.06 0.20 17.09 85.52 

Plagioclase analyses from basalts 
Sam2IeNo Na20 MgO Al203 Si02 K20 Cao Cr203 MnO FeO SIO Total 
TDD22-128 10.26 0.00 21.41 64.92 0.59 0.91 0.09 0.04 0.18 0.28 98.72 
TDD22-128 9.56 0.00 22.15 64.13 0.12 2.79 0.05 0.09 0.14 0.40 99.41 
TDD22-128 10.62 0.00 20.63 65.81 0.05 1.09 0.09 0.00 0.00 0.28 98.58 
TDD22-128 10.33 0.00 20.89 65.27 0.07 1.52 0.06 0.00 0.14 0.38 98.68 

Gold analyses from quartz-carbonate-sericite-pyrite veins 
SAMPLE NO Fresh Sample Au Ag Cu Pt Hg Pd Sb Total 
TDD13 120.3 within pyrite 88.88 9.85 0.03 0.00 0.16 0.00 0.03 0.00 
TDD13120.3 within chalcopyrite 89.90 9.74 0.19 0.02 0.16 0.00 0.00 0.00 
TDD13 120.3 within chalcopyrite 89.69 9.87 0.37 0.08 0.03 0.00 0.01 98.95 
TDD13 120.3 within chalcopyrite 88.94 9.94 0.21 0.14 0.09 0.00 0.00 100.01 
TRC1485-150 within pyrite 90.89 8.26 0.17 0.03 0.08 0.00 0.00 100.04 
TRC1485-150 within pyrite 90.40 7.61 0.04 0.00 0.12 0.00 0.01 99.31 
TRC1485-150 within pyrite 92.14 7.36 0.02 0.10 0.19 0.01 0.00 99.43 
TRC1485-150 within pyrite 91.25 8.04 0.10 0.00 0.09 0.00 0.00 98.17 
TRC1485-150 within chalcopyrite 92.21 6.16 0.04 0.00 0.00 0.00 0.05 99.80 
TRC1485-150 within chalcopyrite 91.06 8.44 0.26 0.07 0.20 0.07 0.00 99.48 

Supergene Zone 
DBS003 R3 1 within quartz 100.49 1.07 0.04 0.00 0.00 0.00 0.00 100.09 
DBS003 R3 2 within quartz 100.64 0.00 0.05 0.00 0.03 0.00 0.00 0.00 
DBS003 R3 3 within quartz 96.73 3.66 0.37 0.02 0.00 0.00 0.03 101.60 
DBS003 R61' within quartz 96.29 5.26 0.05 0.06 0.25 0.00 0.01 100.72 
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Vein carbonates 
Samf:!IC No MsC03 CaC03 MnC03 FeC03 Total 
TDD49-165 28.71 53.34 1.48 16.98 100.51 Ankerite 
TDD49-165 25.05 51.59 1.27 22.84 100.75 Ankerite 
TDD49-165 24.55 52.87 1.23 22.18 100.83 Ankerite 
TDD49-165 25.57 52.52 1.32 20.20 99.61 Ankerite 
TDD49-165 27.83 54.10 1.48 17.62 10 l.03 Ankerite 
TDD49-165 24.74 54.28 1.00 21.80 to 1.82 Ankerite 
TDD49-165 24.78 52.69 1.22 21.53 100.21 Ankerite 
TDD49-165 25.85 54.35 0.73 19.72 I 00.65 Ankerite 
TDD31-167.4 28.93 51.61 0.77 17.92 99.23 Ankerite 
TDD3 I-167.4 25.53 52.73 1.21 20.86 I 00.33 Ankerite 
TDD31-167.4 21.76 51.68 0.87 26.49 100.79 Ankerite 
TDD31-167.4 27.94 52.15 0.76 19.08 l 00.53 Ankerite 
TDD31-167.4 23.89 52.94 1.40 21.64 99.87 Ankerite 
TDD31-167.4 25.83 55.06 0.74 19.05 100.68 Ankerite 
TDD31-167.4 21.34 52.82 0.64 26.68 101.48 Ankerite 
TDD31-167.4 33.98 55.16 0.54 10.03 99.71 Ankerite 
TDD49-166.2 28.10 51.43 5JJ7 15.10 99.69 Ankerite 
TDD49-166.2 26.90 51.19 5.05 17.92 101.05 Ankerite 
TDD49-166.2 22.62 50.73 2.11 24.26 99.73 Ankerite 
TDD49-166.2 27.16 51.17 0.68 20.55 99.56 Ankerite 
TDD49-166.2 26.34 52.86 0.61 19.95 99.76 Ankerite 
TDD49-166.2 26.67 52.93 0.69 20.31 100.60 Ankerite 
TDD49-166.2 29.59 52.44 4.72 14.28 101.03 Ankerite 
TDD49-166.2 29.13 52.34 4.83 14.71 101.02 Ankerite 
TDD49-166.2 25.29 50.44 2.77 20.86 99.36 Ankerite 
TDD26-134 25.97 51.99 0.32 20.76 99.03 Ankerite 
TDD26-134 26.48 51.32 0.76 21.52 100.08 Ankerite 
TDD26-134 25.08 52.43 0.30 22.48 100.29 Ankerite 
TDD26-134 26.56 51.90 0.44 21.18 100.08 Ankerite 
TDD26-134 25.97 51.74 0.62 21.99 100.32 Ankerite 
TDD26-134 27.69 52.90 0.47 19.03 100.08 Ank~rite 
TDD26-134 27.55 52.06 0.73 18.88 99.22 Ankerite 
TDD26-134 25.81 52.19 0.49 21.58 100.08 Ankerite 
TDD26-134 20.97 50.03 0.92 26.76 98.68 Ankerite 
TDD49-~66.2 23.40 51.33 0.65 24.98 100.36 Ankerite 
TDD49-166.2 29.22 50.40 1.08 18.69 99.39 Ankerite 
TDD49-166.2 25.49 50.94 153 23.55 101.51 Ankerite 
TDD49-166.2 26.73 51.79 1.79 21.96 102.26 Ankerite 
TDD47-167 27.51 51.09 2.00 20.53 101.13 Ankerite 
TDD26-124.30 28.56 50.97 2.82 17.13 99.48 Ankerite 
TDD26-124.30 30.05 53.15 1.89 14.93 l 00.02 Ankerite 
TDD26-124.30 30.82 0.80 0.45 69.05 101.12 Siderite 
TDD26-124.30 28.97 51.02 0.35 19.60 99.94 Ankerite 
TDD26-124.30 29.88 51.61 0.33 17.85 99.67 Ankerite 
TDD31-168.2 0.54 95.61 2.22 0.37 98.74 Calcite 
TDD31-168.2 0.41 96.99 2.31 0.28 99.99 Calcite 
TDD31-168.2 0.00 97.95 0.65 0.00 98.60 Calcite 
TDD31-168.2 0.00 99.78 0.31 0.00 100.08 Calcite 
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APPENDIX 5 

DIAMOND DRILL LOGS 

NOTES ON DIAMOND DRILL LOGS. . 

A graphical logging system and rock codes were devised by the author for this study. An 
abbreviated rock-code was devised to allow for the systematic description of rocktypes noted 
at the TGM. Dependent on the information required two different styles of logging were 
conducted. 1) Standard graphical logging, 2) Sedimentary facies logging. Below is a brief 
description on the meaning of symbols, codes and abbreviations present in the logs. 

DEPTH COLUMNS 
This column contains the down hole depth and any assay results recorded of over O.Sg/t 

STRUCTURE COLUMNS 
Record the position orientation and mineralogy of any structural features such as veins, 
bedding, faults, pillowed zones. Orientations are given as angle to the core axis. Standard 
mineral abbreviations are given below 

· q/qtz = quartz 
cb = carbonate 
cc= calcite 
Fe/lim = iron hydroxides (limonite and goethite) 
chi = chlorite 
cl= clast 
Sp/py = sulphide pyrite 
Sc = sulphide chalcopyrite 
So = primary layering 
FU = Fine unit, a minor intercalated mudstone unit 
Graphical Symbols 

~ Non planar veins 6. \J 
Li Breccia zones 

• • Planar veins c::> 
c::> lntraclast zones 

\) Pillow zones rv Cleavage r..J 

SEDIMENTOLOGY 
This column is not present for all holes. Where present, it graphically documents the 
observed changes in sedimentological features such as grain size, laminations, graded 
bedding, cross bedding etc. 

INTERVAL 
This column represents the down hole depth at which a change in rocktype or alteration 
occurs. 

A- 19 



CODE 
1 st Character UPPER CASE 
This character which is not always used designated the proximity to mineralisation. The 
character L was used in known LODE positions which were indicated by intense SQP 
alteration. The character B (BLEACHED) was used to describe SQ alteration. This character 
is not always used and in the first letter of the rock code in lower case the rocks are have 
undergone either SQP or SQ alteration. 
2nd Character lower case 
This character was used to designated the three broad rocktypes present at the TGM 
s = sediments, typically the red/brown interbedded sandstones and siltstone of the Mine 
Sequence. 
b =basalts, typically the green unmineralised chlorite calcite albite basalts. 
t = carbonaceous mudstones 
3rd character lower case 
Used to indicate grainsize. 
m = dominantly mudstone 
s = dominantly sandstone 
x = interbedded sandstone and mudstone 
v = fine grained basalt 
c =cherty 
t =massive sandstones 
4th, 5th and 6th characters UPPER CASE 
These characters were used to record the basic morphology of the rocktype. More than one 
character may be used at one time 
L =Laminated 
B =Bedded 

· M=Massive 
X = Brecciated 
Z= Foliated 
Y = Conglomerate 

COMMENTS 
Notes made at the time of logging on any unusual and or interesting features in the core. 
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\00- ll•O 

''"° !=="'" b~ w\-\i~ minor ~ias.. 1:·0 •I ~ Un1.ASuo.\ ri'l3~0'1C\~ ~ O•t 9--- :z.· a\lrc~l~ s~ 5.0 ~\.Q\ @ 0\•0 00·5. 
I·~ 
O• ioq.6" l. e.l- ~ d~\:3 ~ 'o~w~ syo.d..ua~-- - -\lo- ~B ---

_] ,., 
~ -\IS·\ -ci-Fe l.NE!O.~'o~ e-it~. -- t1"1·0 -- lo - - Slefo'\ -~ UY'\\T ~ Y'V'0651.ve.. 12.0- ' e')C~ o.~ "C> ~ a.\-\S"" --- -ro eote. <"' o.~ \--a\oes. -- --. -

\~ -- \ 30·C\ 
E°l'Jtl ~ Ho~ ----- ----

11.40-: 
---- ----

I.SO----
-- ----- ---
-- --
-
-- -
-
-------- ----- ----- ----- -----
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-ro -
---- ----go--- '(<..C. -- &oe.\lenT ~~ ~ tSrro\\ ~4....l'l!Ar. - - /acwi~ ~.::l ~e. w~ ~ef5e ~'c:.. -- ~ai\c:r.~ ~ c.v.* ~e. o.i~i-::: 
- So~o Qo·:l.. ~ o\\ 1965 \c..rn. 

qo - .__ - -ao~u. -1... -\n\e<be:lied. ~'rdE. /r't\vd~ - qa,•OD ,_ .Jn 
- B~ b~\c:ne.o\ lode~ -

- q5.1.i. 6em - CY\ose.we puypl.e ~~ 5edc.i-lce.. - I:\\ qcc. -- -.. :: L~#IO - B\ea.ci--ed. \Clde ~ uni....V'C:)l.;:)'C'\ o~~ '" ... ... I• 
Corev~~· 

100-= r<'ero br i.o. lo!.(\- r'OT a~i~ox-Je ---
10?.·" 

b~\~~· 
-- .__ ...__ 

- 'SC:. \0 - Occ.Qsioro\ 'oedc::l\~" ~ - c.~-"C"IG\ri \Q"!GU'S ve,. f\'\e ~ be\i.eve,. -- c.~ sJc. -\10--
~: - CL. --- -

4~ 
\U,.11.i 

- ~ - ,, ....... \..Ueo.\c..~ b~ -So\\ -. - ... nM~ 

12..0- -~ 1:2.0·0 51!>8 -Minor- tn-\e.,-~ rn\.d-s. 
- So'J.d' 'S')(L. - \r.~ '5.0.rd~/~. 
--- ~·0 - c'n\ed\::.e. ridn/~c. ~reverc.e. 'Q'tf!Dx-\ - ..,_ -- 'G)IB \oo\<-\~. -- D _._._, 

-rn~ \n~ec\ Sell -
\3,0 - ~-- -\o~ 1. O.~ M~d . -- Vi~ no -6-6- or ~c:..~ ~ - . - \-\01Y\o eu:s Ur\1\::.. C>nocob;Te. b -- ~ .. - ~u.rp i.r-. ~\~ -- II.lo() ·O 
r~o- - - END o<:: Hou:. --

--- ----
150------ --

-
-

lbo-= 
-
-
-

- ----
rio------ ---
1&>-= ----- ---
()PO-= 
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10 -
---- --
-
-so-

- ---
-

-
--- SC\ .q {<.C 

qo.....: 9-- - ~'r\3 D t.bn-vw C.\a.e\--Y'\c:.h b.je<t:. -
CC. IO°'k>B - f..t ... -

- .. 
-

-- qs.5 - 1-- -· 
100-= ~B <.- U+hic. LM"\i\:. 

- lr- t.Jo\- Qppre:.IQ~ o.I~ - 15° -- 13 .. 0 U"cJl~1S\'\c.. ore r-dr 'o\ec:xhed. - ~ 

- 3•S' 
- Ft·O - .. , -- Oolt-

t10-= 0•11 - ,_ 110·0 c.~ b~ \cd.e. o~ -h. co-na \eEJt_ 1•2. 
L~B - :J,•S 

lee W.2.· !5' ... ard. ~ 'o~-1\vi~' ~ 5et-""\.4C.l-\"t.--fu - :I.I·~ 
- lb•O 

~ --- 11 .... co L!6t~ ,,_ N::::>\""o~. o-S 
- 3•0 [le.: i::.:: ·-~ " . - 1•5 ...._ -- 10·~ 

- ... ~ 
\\Cf·SO L~tv.15 E-fV'\~ 'o\~. 1zo-= 0"'4 ...._ -:i.·o 

:t•S lu. L-&l'o'IB ~ ~ ~. Eos+ ol.\p~ire, -
\!·~ 
~ .. ~ 5'r-.oc...u rev.~. - 'r q,. i-.. No a.b~~ q.. ve\n\~. - .() VV\\ir'IO< 

- :J,•3. .... - \~6.LL • bre::.c:.i~. 
- o-S 

"'65\Y\ - I\ @i\eoc:Jr\i~ sroauo.~ ~. 
1'30-= 

: 1•3 ~ "~ ~ pro'oo.'<:I~ cl.u~ +o 
- l•!t- '601Y\~\~ 2.. - 0'1 

- ---
(~O _: 

... _ -- ~~ 
-
-
-

144·10 MUd~ ~11\tul .. -- "5 LB w<th~~ -- i.- Mtnor SA.Vld.S+o~s. -

1so-= l'5t>•OO 
E N°t:) o~ \-loLe. ....__ ....__ 

---
-

- -
--
-

-
-----
-
---- -----
-
---- ----- -
-
---
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Depth Structure Interval Code Comments. 

----- ---
\O - ----- ----
2.0------ ----
~-

--------
40__: 

----
----

.S-0-
-
---

-
----

be>--
-
-
-- ----,o-
---- ~.c.. - - Kc\.,,« --
-

i'o-
-
-
--- -
-- ~-8€" 

q 0.-.: 

~ 
s.sa ~p:t" DIPllV\ON\:) 

- ~ -~ ~e.ol -red so.~ - -roo.U.~ C\3·oo - - Co~ Vl)~U~. - St.S - ----
\OOJ o.C' IOl•E> 

0•$' 
... _ ..,_ 

'5M'- -~~ 'c\M::. C\ot. o.\\:::etoe.d • I::: - l•O 10~·\ I 0-..1 , • ..1 1-~-· - .__ ,__ Alou" t. red ''o~u" lh ~c::..~ -- :9=.~ " 1hicJ~.'el beddeQ ~ \,\l'\\e -
-
-

110 -
: l•S 
--- -- Wd·S' - - -1'2.0---= S\:.'a.@. -1C\eo.e~ 4 \~ ~\V'\Q.d 
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·- -< ., - 1'21·~ 

-0.ec:\g,lceci ·""°"'~ired a"'d. ve\~ - , ... 
~ 

'6~ .. _, 
- , .. 0 -· 
- •O 1'21&' lo ·- S~'d - Ur.b'C"QQ::.i~ bedded. -eo.n~ - IU·6o - A - 8......i.-1 &\:o'SB - l'Z."1•20 
- ?rl 5W'IXB 

\'3 0-:: .... 
- O•I 
- I•'-
O•~ 

- ?"1 
- i·{ - I• 

1-a-t·~ - 2·8 --- &B 
14o-: l~\·0 

- Srea:.io.\ed~ \eif\ed bu.t no'c.. o.e. -- srn><B - 143•C:. - -- r~o.s o.boue 'ZOr\e.. - 6':'6 - ---
- \jo.'<"la'o'e 2CJ're6 ~ b\~~ no -

1.$"0-
1rlie.nee, ve~Y'\\~ 1'n rncd. to e.. -- ~~ iT.. --- ISb•OO 

~D~HbU;a ---
\60-= -------------

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

-
-

- -
-
--- -
-
-
-

- -----
-
-
--- -
---- -
---------
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Collar Coord "il.G\ E 2.10 Az -bo Inclination 

Depth Structure Interval Code Comments 

go ----- ---- qo.a-. C\O- -- - MCIM)\le. So.r-d. - ~M -
-- Q(•ll"l - ·- .. - Sr.Q -~ ~ l,..,)\6-h 'N\

0

wv;:t<· ~ - ~ So -
\oo-= -

-
loi.. f.l"l - .__ - - -~~~ zovuz. v..>\1:::1.-. ~be. - 8 ssee 

- '°'·qo - -- -~ ~~i.cMo.\ ~.~s - SS'S - ~· M\f\o'r \1~cMc.\:e. c:>n ~~s. \\o-
-
-

- '(\'\'"""" It'"\~ ~. -- Ft.~ ~ -
- It~ It-.. - ,,,.qo 

-\\~·t ~~ - ""' qo" ~ c:cn< 10.\s.o sP~ vein~~ J fr!>~,,.~ 
i-- -- S!>Btb 
~ B ,,q ... t> 

\20- 'e>..vv:J.. l'bc:k&. 
- Clot II:; 

l'Z?·!O 
~a V~w~~~ 

jU '''2.1!>· ... ~ "Lare: i-- -· l'Z'·-.O SS'""" '-Wco.\t~~~d..cove. ~~~ \-g , ..... -- sent ~~ ~ -- \'1.l·Uo - T\l\1U., \OJMiV\O.~ M.Ud:.. -- :: -.:. ~ SS8Q -a~ct e.~~~-,\'?,0-
l".\l·q) - .,._ -- °"~~\,~. -

- SiCe -\n~ ~/'M.Md.s.. -
- -- l°!IS•Ob - ..... --

I~= II.I \.to• 
Sv'-S. 

....... ---- ssB - \V\~~ 'Sc:LY\d.s /rvu..>d&.. - 11.1 S'· ...... - ,__ - -
1 LIAQ6~ ~'1\1\PI\.! F"' ... '-~ c. •• n"n-i '-le..-.. t:>i~l.PIC.E-- S"""'- ~ l::>1'PPl>.l(:r '):.. iS"-'ll....:i • - ltt~·oo 

lt•O ~re. ~ - - \..Q""",..,.o.\ecl Y\'\Uds~ ~\, \s c..:eo.~ \::o 
\So- 3·6 l.&')IL&c 

g:~){ 

L 
l'\l\oc:lera.~ ~ ~ ~~ ~'cerl. 

- ,.0 ' q... Fe. - ~sev-lc. • - :l·6 \...l'c:\r.c~\u ~\ t.o sc:uo..~ ~~ -(tqdut'Ed - ~II.-\ 

- '11.·I C\-F'e ..... ~ ~o~ - -c-s 71 "~ ~~ ~ri\:e. c:l~i~ ~~ -

\60-= -- \sq.St> 'IY\ ~~· 
- 'StW..l?. - v~ ~ b'4.o cLAd. Cl.Ni"' ?\o..c.er. reA -
-

l~Hto 
$~. t.:e.Mi..-a\::ed 'IV\uol~ ~ I\" 

-
- -- - ~ -ee:if> ~ ~ /ic...w.ds. - t')t!.. . 

-
- \l"clc.e.g ~ t:.ed~.fu:J 'Ptt:k t N\a.\~ -

\10- ~ -rn ~ U4"\\~ c:u-d. 'So 
- ~ ~~~ \...VeAb~ CJ.At o~ Cocl~ -

n~-Uo ~b.. Y\\\A~~~ -fu:i.c:..~d ht~"' L.+tiS. •. -
-~-- L..\:-yl..."l,. - ... ~ .... S~ l\ Sb .t-Jo d\.--

l•O I/~~ 
~-i. ~~1 \O"O 

- o"l~ ~ \eP· So a\~c..ul+-+o~ te~-\30-- ll•l 
o·\~ 
,.~., ~. 
1.•21 

\'lfll·~ 1•t.O 
-~"'f"'~l~ 'oo.cR.\~ ttd. Sll..ols~~ -- ,'l·'2.o 

,__ -- '°O')( _p:sa - i:::..,b ...__,_ -er::-~~. S'l•a 
~ 

\'"811\·00 ~e ~ ve:u' G.'o \8,·0. 

'c..O-::: ..... -~-
'ov~ '~ ~e wee.~ bas:-.\\:.. ---- \qs.qo -~'Ul.·'1. \.Av\v.Sua\ a.\~~~~-----

2.~-
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Depth Structure Interval Code Comments 

qo - Q1. ....... - --~ - SS.P.. -Seddec:l ~~ ~- s ~1!;,. ---- -~ - Ro\,,W'\d.Gc1 ~ -- - TY'llV"O'° 't'<l\u.d.S 
100- l0\·1ei - ... - - Gi-o.di.J.o\ ~\~~ 'o~ 

J 3·1f ~~ ~<a.QB -s~~~;~ l.M'' t. - loS·ZD -
"<U{IJ\ 11;.i -- - v ~""'4d. 

J \.t> L~sSS ' \05·'2;- \Ob \~e - q... \/~ • - - G~d'A ~"'~ sho .... A cl.eve.~ 
110_] ~'l - • of ~1'l~W.,... vif\~{•. Q~ \l-Y. Vfi°\nl~ 

-
- t•2. -- 3·1. 
- n iSt.-A ~ - \...\"-1.~i.be.. '35 ° ~ 
- S·7 

- Sc\\ cc.1 ve\n\~ cu.\- ~ \o.\er L..iN.iM,ba.. -.. - :.~ ~D -1'2.0- H. ~~ s~ E,a\~ ~-L~\te. 
- 'll•lj. - q., 'Sou cu.~ \~ .... l...\t\.. --.~ • CCJ""\J~ _Joi 

- "'Z. °'i$pbce. 0~· t\'\\\'\OV'°'. 
_ :Mo 

- I" -12.&·'Z. i>t\r\\:e.- u~•'=il!. - -e ~ . - 11~ ot/s"~ ... 
\"!.O....: - -- \l,q-~ 

Cf•S 
~ I'!.\·....., L.f.~-'11: - Sreo:\o\:eo\. '2C'r4I!. '\"'OA"t..~ L:,~i\L \W'~~\\. - i:J -· -
== 

L..~$.88 - "2CMe& o~ 'ove.c.c. ~lo:."°"' ~V\l'O\\ o..irO - 'lf q, - ~~~\;core in~W"Selj ~c.~d. - - ,., 
= ~:iLi ··-· -

140..-::: r·S ~~ ~' ... -- l"'l 
- 1-o 

1-o -11·1 U...<t ," ;; - 141t>-00 
- g-~~s qo\.i;., ~\- - \6'" ~~c.e. ~\e.~. -- ''l '? '~--.::: t· .. l ':St>- 'Lo 0., --
- q.. 15"' \::-......\..e - \merloeddc=d. ~~/"Mu.dis t..:>t~ 'Sc::.U 
- ... ~~~~ ~ \.o.d ... Vo.r\a.o \o -- - i~I~ d&o.'o"-tl· 
--

\bo-= ----- ---- ,,.,.00 ,,0- .... - - \?,\e.oc~d 4 \'°""' sto.\~ ~d -so\\ o-.d. - cn.1...-:s - -">E. c\tW\~ ..._. L\Wl.oY.,bi... $\o.\~ -- f- Spo"'<t CJ.'oun~ P0ri'te iV'I coo.rse. u"' ~\ - - O)(ld.\3~d. 
- ,,1"·cro - -- --

\8L bv>\.~ - N\oc-e. e.~~'°""' ~\~\~ $~~ 80-,0"~ 
- \>Jest. - l'5l·CO - -- --- 'ov"i - 'O'r -~ Sy- l8C.·'2P - --- ~!!>rt'\ -

\qO....: 
- I C\7.·oo -TY"O.\"'<Sit(o..., \nt:o f:'='\e ~ds - ~--- 1:::-bl-c - We.o.\c.\0 s'rea.rec:l 'S~~~ ~ "\o-go -- 1%·10 -- - --- bvYVi - ~ 'Ole. 'oos.ca.\\:.. - 'loo·Oll 'l.ClO- -- -- b""'-c -
-
-----
--- bvm - ~Sell.\\:. 

11<> - \ 
'Ii' 
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Depth Structure Interval Code Comments 

-------
-
-

Gt0·'80 C\o-- -- ~'ld.- - 10° ~ w f'O"nV\O\ ~\le:!. ~\o..lit;, o.-. 'So 'S~ -

~ - 1S0 
~""'S~~\'d· - C\5·10 - - -- $\::M -\V\~ve.. ~ -

\oo-= I00•30 ... - -
- 6~ Q.rd.. 'N\u..d.s. L\""'°"\~ t~ l\ - W.rn 19'"' 102·~0 :SxL - -fro.c.-h.u'es IO~ W 1'.)~\ - - - l...$)4...8 - l•O ~ B 'So tl f~ °"''.j - Cul.::~~ \cc\e.r h~\..~\e. - - ~~ - ·o '\-.fu. -- 4•0 

- \10·0"0 \\O - ,..... ·- 5X2> -DCW\i~~ --- - Re.~ :\Q °"" ~ ~"€. ~ -- 85"...,e - l\,•\O - ,.._ - 6')C'S'a -
'\.~145" - We.o.\l..~ \J~. l~ .. 

- .... - 17.\•t.o 
- SS\"ri - ,~.,.... - lo> - ssms -VJeo.Rtl 'o~ - 12'..~ t-.)0-. - .... -- ~M -

- Se::ltiP..d. So..rd. - l'!bo\O ·1"30-
~ 

1--
\3\•""1: s~ ...... 

- 9ed,je:l, ~~. 1brecc.to.l.:.ed ~ b\J'c --
-

S,c~ 
- s~ 'oedded. +o '°""\Y\O.\:.e.d ---
-~ ~ =<"'- "'""" 

--
~~~~~-14-o--= -

-
--- ----

\'6+ \50-
ISH.to - o.~ c:J;. pa\e SecltY\l\en~. - -- ---- tl"ni_ 

- ---
l6o..-= 

-
--
-

- --
-
-

- 6te~\.o. "Z..O<'\IZ.. we.o, ~ O'ri en\ed. no- l.Yll - ro~ C\o,s\s \\ -
- - 6'<-.a::::>.ri.~ \nc-reao~ \\ So. -- -- 118·~0 - ~- -· 

\go-= l:.MX 
18 l•Qt 

-
,__ 

I- -

- et'w\L. 
- "" -
--

\O\o-= --- \q4·00 - ---- t.CV\M - 1q,.O"i -- --- t.MS 2..00- _-__ 
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Depth Structure Interval Code Comments 

-- ~\ 

- s. \O"' 
: '5o\\ Un -

\::.rnl.Z.. r<\c:x:l~ 'C!>~ \\'So 

- ---
'l...lo- -Covee~~~ 

--------
2."2..0--

--- -'l.\S 
~rt"\ - \'<'a&::we. ~'a~ rY\ud./~ 

~o 
Nd\- 0. ~'e w,.e::i(\'M'2.N:,.. 

::~ oF Hot.:e 

-

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

- ----
---- -
-

- -
-
-

- -
--
-

- -
-

-
-

-
---

--
-

--
--

-
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Depth Structure Interval Code Comments 

:'jl> -

------ i:<.c. --
be>----- bS-SS - L-

~ - 'S"IYIL. L..or.Ai~ 'rv\ud.1'. - Lttvon\'=e...~n~. -- j, CoYe ~~\.-.~ ~~ 0-.nd. 'cm\<.e.r-.. 10- ~· -
~ --- ~ --
~ -- ..._ 

- vbphc ~\a.c- loose.\\::.. btea:..\.o.. so-- 'O>so.lb ~rn a S\l\ci-{;"e<;l? moY\t. - +hctt- ~ d ~ \V\ c:o'v:~.x --

~~~-~ - --- l'nl\"'OV ~ -
C\O ...,.- ~ \V"Q'rrhc av-d C\o.St;.. -

!~ ~ ~ ~ rodtom~ ac\cu\cU'" --- T'V\IY"\12wc, \. 

- ~~\~\n ~be. -- \08 - '-- - 'ENJ:> °"' 'MO\.£ -
100-. -

--- ~(Q.~ c::t--l:-----
110-= 8S·S - L\+ -

CIS·C --- - qb .5 ~~lLltl ---- JO\ · is---- 107 ~o ----------------- ----- --------------- ----------
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Depth Structure Interval Code Comments 

,0 ------
-- ,q·OO - --So - 111-qo 5\::""! ~~~~ -
- --- - \~eels •. ~l~~-- 6-X.L.6 
---- 88·00 - - - - Atou~~ ~ ~ 'c~ \ode. - •·• L.~...'"3 

qo -::: lo·Z. 
~ i.. C\l·OO _ Ll·I --- -- 2.·~ '51:."1 -- -- "'·00 - ~- --

(cio_J 3·1'l .... -- qC\·'50 51:~8 -B~ 
- ~ 15" S'lCS - \V'l\-e.r~ ~/MAJ.de.. --------

110-
-
-- \ll4·Bo 

- Fto0 ~-- -W~~\eoc,NA -~~ rnc:aj~ - i.- &>CM 
- - - \1,.00 ~c:.h..i: ·~ occ.un. o.+ C:l" ~ ~ .-- Sb\'V\ 

ll.0- - OcC.Cl.fo\OV\Q\~ 'oe~ci.A.d.. 
--
-
-- qo•s, \2.5•Ei0 
- ... I=-- -~-r(~ ~~- 0 - •·-. ~ t ~ 

S!.IVIS 

t; &d'if \'l,q·UI 
CUI: ~s~\ ~~ 't'\c.h - ab go-C\o 

1'3o__:; ,., ·- -· u.p-to so Sf (" a~ Vow- -
- S'ICL 
- "10. 
- Sf q,f:c i.,. + Sp 
- -c:.i· - M\l'\O(" S0..~6 

- )< 'cad6 sc.<lUG el-c. C..\.o.s\- r\c:.h ~ 1.4:1\~ 
-
- well .-o~ c~. --

lt+O-:::: 
--- \U!·oO - ~ -- ~t.l'Yl - ffioss\v.a. so.r.d. -
-

IS'l>--= 
-
-- \~·Q) - -- -- 9100 - l'Sl>·~ 

f>'lti.. 
- 1V.lf\.Or ~ ~ O."'~~ ~~ - --- -

- \sq.co ~YV\ 5'-low ~ LO\~ \"\OY"CV'O\ ~~ 
- -- ~ ~i~~ ~\~ ~ o..n.cl c:\.l\c:ts.+owi.to s.'-"'~ 

lbo- \00 S~'-- to ~a\" So 
-
-
--
-- ~vi.~1'o\e. - ,..,,, O'f"'IV'O\ '5 0 u 
- ,,0·00 ,,o- EN'b o~ 1-\0\.f. 
-
---

---
-

\So--:: --------
-
--
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Depth Structure 

l':Z&:I -
---
--

1-ao-= 
-

- ----
ll.40--

---

-
l~o-= -----

--
\8()-= 

--
\qo-= 

- SIW:llM-
- Fe.ea.I"-
--
-
-
-

'l.oo-= 
--
-
-

-
-

').\0-

-
--

'lZ.0-= 
-

- -

--

..,. 

-~-

!; ----

~--

-- -

-

--t:::: -I-,__ ->----- --... .,. -.,. .. _ --
1::: 

-1-
1-_ .. --

~ 

HOLE No l"""CO 2 "5 

N 412.'2. E -i,o Az "o Inclination 

Interval Code Comments 

\q,.go 
bw.1... 

po112.set.s1 

2.08·\tO 

\:wi'-c 

'l.u.i·ro 

'="-lll'f 
?..\S·Sb 

~\...~ 

2.?.,·3o 
"2i.Cf·lo '--'115'1 

'l..°1"2.·• ~SM. 

c ...... t) ~ 't-tC\.E.. 
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Depth Structure Interval Code Comments 

qo --- p.c:.. - Hou!' - ----
too -

- \02.·'2.0 -- 5o6d4of S\:::6 ~~~ -- --
£ '"':' \08·00 - SJtL. ,,.\~~ed Scl~ a...d. MIACi&. -

~ l\o - ICl=\·"3. s\eq>~ 10_.,t!. ~c..t\.A,es w",~ -- 0 \\'ll•2o r-e.ve.c>se. ol.~ • 
-

-3 t-17 f L.S5BB - We:>.\l.b b\e.o..c.l..G.d sa.ird. i-- lo. ' 
~~:t .f ~ I~ 
Sol :"" " ~~~a ~ \.. - °B\e,ocnl' ... _,,,.6 e.~~~~ 

\2.0 - I~ ' . .. - \l·O .L-
'Kl" "" 

Mu\Ht>'e. fu. ~ as'no.\I~ 
- 8·0 

otee.~t Cr~~ ~- ~~ c;t,·w·~~ - Q•S 

- l•O Q'c;)~\; \.~ ' CllN"d." \hs, ~E. 
- - \'2."1·co - ,__ 

~ - "\OoS,. 6Ml- - 5\-i\\ v.leQ\t.~ b\e.ach.ed.'IV\ ~~ -

~ l"!O--- 1'3"&00 - . 
- S:.1'-1. - lY'oss\ve ~ u.r\\b. ~cl -a\0 e - - co~lrcs . Qc.Oi!. ~r-a.r ~ni'c:e... --
- ll.IO•Clt) 

140-: 
. -~ SW'\L. - PC11SStb~ u.>ecsb~ s~ \\'So • 

- ,oa 
IU~-c» - E~~~'""o\£ 

-- ---
-

\SO-----
-

-
-
-
-

-
-
-
--- ---
-

- -
-
-
-

-
-
-
-
-

-
-
-
--

-
-
-
-
-

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

-
-----
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R. c.. Mi~i~ -n.p o~ lcde. whic.h ....xis in 'oo"°"" 
/ of .C. ho\e. . . . 
- l.cde ~c.~~ l'w\uHi"'~ ve1i-.ec:l. ~- \Je.1\'\1~ 1~ 
i!J.&~ t'r\~ Go<:J."'5C. V~ 'Q'l.eo.di., • 

!Ze~ tW>~en cf eci.s'- ~~~ 
- s $co-. o.f'C.. Q\so pu~ ~i\o.\-\ I . V~ 
pon.x.As l'r:clit. • 
Less ve\ ... ~~ $\i\\ b~ . No ~\a. 
~~ c:iecAeo&eS ~wn ~o\e. 
~ ,~ or cw-~ ~ '°-~· 

-~· \l"""lc. ~~ 0 

g:a 
- \Ob. ~ood re.v~ ~ cm 6o~e. 

·'SO w -~~-~~di~~ ~\'c.6. 
Eel'-\ - OccClt.\CMa\ Y'.Q.ntll,..O l't'l~O. u.ni'c& 'ou\- ~\s,e. 

'l'f'\Ql56\\le.. 

~t:.'f't'\8 GTo.clo\:.\D("O\ "olcoc..hi~ 

&VL. 
\n;,n s\Qil\i~ ~ 'Ni. 

SSS 

911\L. 

SSS 

51'\'\L. - Exce.\len\:. ~n~ ~ W\1.1.Ci ~ ~ 
c.oo.n:.er 1.tni+&. 

l 0•\11 
- \~ \i\Sn'-:. so.NisTor-e. arc\ \tV\~. 

11.l~QI ~L. 
t!Nb Of'" MOl.e 
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.a ----- ----
~o - ----

a.c.. +.{: 0-, C?'-·ln 
Rce.r...I ·- '"° ao""- re ~ - -~~ 'o\ea.~ coo.cw. ~\:. uni\:. muMp'e lt·O L~pJ'S 

~·S' 2.one F'42.-
\00- S'·3 S·r 101·'2.0 ,. ---,., S~rt\B - ~ 'o\eachld 'l. - s~, l a+ 45° \ et+ qo0 

- 4'51> sod- hoe. \~ ft! alL ho\o. 
1 

-
It>&·~ -

II~ J q...fi.. ~ -- l..oX\-8 - \n~ So.rds o,rd M"'°6 ~~ b~ 1·1 
1·8 

-~ C.\Cllb., l«\·80 
IO•q - 1oq., C.\~~~ \ l So'? 0 

- S$\"f'\8 - YY1o56\ve ~ ....,i~ 10/'fV\ ~ o.\- &c:>-Qo -- 11-g .qo - Bleach·~ ~·\V~ t~. 
_] --1-lt'S -~ llS•OO ~""'- - Mud.u'I"\ - 11,.00 SlCL. - \nlc.l"''oe.Od~ 'S all".d5 • W\\dc ')(' 'tledd'~ - --- - ~&la - ~cl ~.e. ccaoae. Scu·dEi\:.cv-e 

1'2.0-= 'i-~ - n.o.'lO , pa:>rl~ 6ort:.ed.1 ec~ 5£0. ~'jn\::e.. - - i-- IS0 

- ~e. IS0 C!O\"\\:oeb o.r-a'\e. 
- ' C.lf\cc.o'a\e. 'o~. -----

. \~0- - ')(bedQ,~ 
-- - ~IVctt:> ~ ~ C.00.f'Se 'EiO,\"d*w\e. --- ---
-

14-0-
-
---- - • - l~'&·oo - 1--- - e'(Oeiot.ion:::.\ ~ 'w-i\-o po\e SOY'\~~ -

ISO- f:.6S - into 'SSS c.hoc.. b~. - .... ~- 1s" - A'Otu~ ~ IS
0 

-
-

- \'5'2.. - EO~ ----
l&o-

--
-
-- --
-
-

l"lO-
-----
-
-
-
-

IV<>-
-
-
-
--
----- ---
-

- ' --. 
---
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0 ---------IO--- {2o\~ --- ----
2.0---- .au..io 1mev-'oed::lecl ~N:l~e 1'' - 1-- 1-- SitB Muds c'v-1~ lo~. 1 - '-- 0,,.1.L< - - - Pact \0~1~""20. YY\ud.'$. I - SML. 

~~~ -
30-- ~----- ~fo.AO 

Weo.\1-~ sY.eo.~ \\'So ) - ._ - SfY\L..~ - i-- ..... 
l.j.0-= i-.i So4-0• ""'"°'" ~'So "'""" cl1~3 - !;;; eo.s...\- ~is{l\ of eo.6\- d\ppt - I;; ~ b~ "6 0 "\(. i.e:. na.~e. -- :;; - d r.s~~ al~ ~e t-6 a\so te-~. . - ...... 

'- er.Hre. ~'\S. u..leO.~ o~ .!f - ~ - ~ wt.W...~ ~~ Od~ - - ~.<1\ SD- - - ~ ~ve. it re~h\QLS cR--- Slc:B - cfi?seAb \.bvia'o\e.. ~ So\\ - ~ol\sfl\oces~eo.s\-. ~~dices V'\oT. -- 6~ ~a>.E.1' d.\s~\o.c.e.6 "So\\. -- Th~ c.~'Q~n ~~ -
6o-= ~ weo.~ beddad. 

-- E.~·Oo - ~ - °SMWI -M~\ve~~-- E>S·Sb - - --- st'\3 - ~iV\~ VY\O:f::6~ ~--
10....::. - 7i·.s'C - ·-- Sh'\L.. L.o.M~ YV\u,ds,. V~ tY11Y-c:N ~Ur.its, ---- 1&•00 - - ,. 
qo_: ~~ 

!:::: 

~ 
'6 rn \.~ 

- i- F.;obo0 

- ,__ 
-to~ Vo.~'o~ ~ a~ $ b'ex.!r-~-- -~ - i:::: €~·85 - 1--

""~ - ~ib~ <oheo..~ '1 ----9o-
Ol;t·oo - - ? - .... _ 

bv1nra - -
-- ..... - -°'"'"o,. -- ~ :::,'iOO - qq.oo 

\o<>-= btfl "o ...._ ...._ 

- ~~ - l:>v IV\ 
- .. - \OU.,..... - -- EN~ o"° HoU!. -----110-----------
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5.\:.l.. -.Dol"\/\1~ SO.~ S~'N\..Udb 
be..:Jdec:l <. 5et'n pu:rp\e... 

•00 

41-oS 

1---....:5'S::.2:.·~0D:q--_5_X'B_ ... ,\r.~ ~~/Mu.d.Ei 

1---~G-\·oo~+-----1- sq.50 ~~~ se\- d\pp~ l/er4 o~~ .l"* 
s~ ~oftso\A't\ 1e ~-g. \"5' ~ l!i~ +~~ 

of r"Q.VefSe. ~\:. , f.\~ O.no~ &:!JI 
Q.ipP~ V~ ~ ~ tShouii~ t"Q.VE!Q;e.. 66-10 

-\~ M'-""6!\~ a\&:> 
\OIY\ird:ed tn po.r'e. 

e,.0-10 

tt-nLB - ~r~ ot ~\e sed.s O,e\'"\'2<Q\~ q~ 
C!2.·oo bu-\- :SO~\'l'V'oE!S a.~~ red.~l...\.t: 

IOO•OO 

us.40 

tn-.L - Lo.iv.i~~ tb.\e "5ecb 
~b~ 1.A.Jeokt.J Chea.red \\-to 'So, 

tl'V\l. - So\'V"Q. ~n.ea.'"'"3 \\ s .. 4 f't'\1"n.« 
b,-e::c,~ 

. - Possi b'e r.ec::L..16 ~\!.e.. 
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--- IOQ.!('o - I--\~ - ~ - \~'l.·50 - - -- ,er !!! B'-"""" 13"·<- t:&l..S -~.-e. --p•-+oo~ tu\- uv-.'A.~ OV"\~t~ - -- 'ov'N'l 
' \hno.'o'tl Q\\-e.red ~ 'oo:s.Ol.\'c:. • --- A\~ Ol.ole-<bic.. 

-
\~O --: ILH•,O 

ENO o~ ~!..e. -------
------------ ---------.------
-------
-------- ----- ----- ----- ---
-- --
-
-

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

-
-
-
-
--
---
-------
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---------
~ - No - ~e --------
AO- .:! \ ·30 - - ..._ 

- c9. ?i ·oo ~"1 -- 4S ... g.1,--U, ,.;rn L- '°"'" ai+·O SIYQ.\\ .- 1o•r.icrqo0 Re.v 2.c:.W>+.....ro..J - • - • st..f'-\ - ~ ,.:3o 
- ..._ 

~- ······ +-® r<'o.t!!Olve. s\::H. :;i.s-o 
-

~o - -,, ;.- ~u\or C\o~ • o 
- ~-0-'2..-~~: \),0°~Ci()~cl~~~ - ~ - ?>4·\b 'Srnl- ~ clex~ 
- ..._ ........ 'l.) ao0

-.ooo - • - ¥~ -- tr-C\aei rich'ZA:lv"e5 _""''"""~Fe~~ 'Qro.\~ - ... O~·.:tO ~M - - ,_ -· -. - ~ 3V2.o@ Clo$\- r(c,h ZO'l"e -

~ 
- '.l.J1'·5h SN°'\.. 

W>- UO•lln. ~~"' ~ t+O ·SO 5\¥.a\\ "SH "2.0(-e. W~ IOc"'°' b..-e.o:..\Q - ii1Fi '2,CShe-No ~ ~ yY"C)~. - 1.1.".\•20 :s ""\... - - ~ 
....... c.:-1.l'-'·'2-~-Ve~"col ~ 3~ded.~ - ..._ . .. 

- Lu ... to cSl'h L. ~ $::.f\'\ - L-- 5:-B ~ t't'P..A\t!p\-e ~\" Lin~ -ic. I-~"""' +'n\~ - rl.l 
... _ 

I= -
&>- FU 

~ 
I-- (~" ~\e. ~~c..k)'6\Ao....:>\~ ~rod.\~ 

-
~ 50\.· IO -\o~& ~ o~ \ ...... ..:\e. 

- o/, - ~:X.,\- ~53·2. ~a\\ th~bedded 1.Anit"S.. ~"OW\ -

~ - o"'d.. ~\'o\e. ~~---

~ -
"'°-= - ~ IB <..a..·66 - ..._ - LM•~ ~Y\"1\.-- ..._ 

I - ~t:M 
- 67·oS - -

E - ) 68·50 °""'-- ~ ~ .... ~ ~W\\..M.'ilo rO-- ru ;::'!'!: 
"70·- ~rnL. 

-
~ -- etY'-'\ --- - o• i... ---

80- i..-.. - .e ... ,s 
- ..._ 

~ - 83· S'O '5l'YI \... 
- ........ 

-
~ 

S\:;IO 
-- SS·lO - ........ 

~ 
- i.... B sci-i= tSlY\~ 

qo-- cia·\o "5T'nL 
-

~ - '3. q "3·9o SM\..28 -- = ~ 
b~\.."i: - -- = -

~ 
'lq·&> - :...,i. 

100- l:::~L -- l03•\ - ~ -- l . ' - .... ~~ 
- IOU•-::l ....,....x 
- - ~ .... .."" ... -

i - bv.=i;~ -uo- ~ - \l~·"":l - -- - .~ 

- ~ - ll~· ~ .. ~M 
- - llS•U -U.-.\-
- I 1.,.-,i - -- 6b1V1 1a.o-= 
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- -- :: -- r~~-o -
~:z ~ ... - ras .a_ bvl'Y\ - ...... 

- ~- 1a1·S ~n-.l-- -\?,o--= -obu""°°"'~ - Sn-.\.. 
- Ct'OC.,._le 
- \,le\~ 

-- - 1'3,·o ~ \VC1ns01~\0"no.\ Cot"\.la::::i.ch. -

~ ~ - ~e nNll>"' -e""''-
ltt-o-: %~-~f> 

~ - ~ 143·~ 
- - tML.'i: - - ~ - '--
- ~ \~,.g --- \5b·O bvS 

ISO- - -- :: 'ov - \S'a·.;L - ,__ -- bve, - -
- \'SS·o - - - ENCi o9 \-'\o~ -- ----- ----- ----- --
-
-- ----- ---- , - ----- ----- --
--- -
-
--- ----

- --------------- ----- -----
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.__ _ _._.......__. ___ ~_.;;..a_1 ·-'~""o"-'----i SrA l2;f" oP. Ho.£ 

3o 

140 

so 

60 

10 

M p c. 

~01~ M.0.6~1\le. 

I Oc.M \a WV\ i ,...c::r'e:::1 S\ \\. 

\'t"'rle.r\Ol"<'li~ ~ \\-- a ~. so.nd krr. :i::a\Q. 

Q.q.o bed~~ +hicl<. eo:h ' \ndivid.l..QI\ 3'(t).64d,. 
IY'edil.lrVl ea.Y\d. ~ 'f>i IT ;~. 

1-2..c.NI l"V\vd \a.'{~ i~l~d w~ 
\~ ~'{\Q~. 

~ \nte<bedde:l ~ a F. so.r-Ps 
+of' eo&\ 'oed. 
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I :i ~ :;i 
,~ - - ·;~ I - I I 

- - I I I 

- I; I I I - .. I I I - I I I I d-- Massi~ ~ s\t3h~ avodra:l -- . 
I: I I I 

- . I I I I 
-eo.v-,d.. U.n~. 

150- - ,. 11 ' - I Et..it:> o~ H..o..€. 
- I - I - I -- I 

- I - I - I - I -- I 

- I 

- I - I I ----- ----- ---------- --- I I 

-- ---------- I 

----- -
-
-- I - -
-
-------- ----- - I 

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

I 
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Slt-·4 

l.o·"° 

'11·10 
b9· 

.,,. 00 

So·2.o 

\03·(,D 

1oq.5 

SrYlL. -'2.1·0 - 01\ip~ 86°-=-e. ~~ o.rd ~o.,..) 
2.c.tt\ ~ l'Y'o~. 

- Soma\\ c~-rkh 2Ct"'te. o.mu.r-Q. "'I. vev-~ -

-~-

~ 
6'V\L. 

- SS·S ,d...p'2.,o .r,..u'*& ~-'+ ~ ~\ 

ScB 
d.ls~. 

S)(L. 

~M 
- ~ ~ c.\ae.T +' \OC,.l'V\ Y"CU.rdect. +'nick 'ocd. 

-~\can~. 

SXB 
Sl::.'IV\ 

StfV\ 
- ~ cJaslg o..Ni ~I "'"'ud \~e<"" 

- V1'ftva\~ no ve\n~ e.\~ \\ ov-...l.. -Tt> s .. 

-q::\·&) \C>c.tY\ c.bs\- r'\cn '20r'e. = cb~ 
' SU\)f"O , 

srn - q.. c.c. - d\pp\~ ~ E ~~eb. 
O\\t!IO <Q011 - oQ:sec.. 
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---- \~S·\ - '--- S'c:B -'Oreo.cl~ bec:lcled ~e.'•::;one- Un'lb 
- \Q.tM - - -- \aq.~ S')l'I- - ft,.\e sed~~? \30- -- - -- ~ t~ 

5)1Z!:. - Pees\~ she.a.red sed~1 -- --- 13'.·~ - '- --- \38·0 S\::~ - '- '- e.-.iD of' '\-\cue, 

\~ ----- ----- ----- ---------- ----- ----- ----- ----- ----- ----- -----
-
--
-

- --
-
-- -
---

- ----- -------
--- ----- -----
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l·S'O 
l--..A.2~:.+---::;:5""::-::-:1..-1-\~ 'Mud./Sc.rv:As Mu:;k c::b-nil'O.lrl°e. 

- Severe. d\ed~ <:R Coce. 

1------::!=4---
6
,.-M&.---1-4CrV1 wn\\::e.c.he<\:. \Q.{ec 
6~ - 5e..-\c.\\:;e. ~'('Q\ns \CXV'\, 

•\0 
$W\\... _ rl:AYe. - ~\on on'(:l. 

~o 

ssei - TY\od~ Coo\rse. :so.rd. 

- Ve\'r"V!> n-m core a~ie. nc* d..S~\ac.~~ ~\A2\r.s 

-s~\\~ e('fse\s 0"1'. ~e. cilw~ 
.fbu\\-i:,. 

iO·O 

SXL. -\~ ~'f'\d6 c."1W"d ~ 
3·30 

END~r-\0\..Ea 
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10 ---------
~o - ------- :i).1;'·\~ - ....... 

~ s1::S t:biM·,ra.~-~ ~~ -
3o - ~ST!' 

wH-'n Cl'a ~ ·cite. e~iv-. ~~ up'"'ti:l 
-- ~ 

O·SMM. 
- ~·so - -- ~j)C\.. -\~ ~ o.rd ""'uds.. D<s:.i~ -- of Cc:l<'e 
--40- ~l·'!o -"Thin~~u~~. - ,_ 1--- ~TY\ ------- ~ - Sor-re \'""'C.~~ ord. occo.s<oro\ SO-- ~r.a" Ur\~ ""O(Q..~ \M~°ic.\I. • ---- ---

(oo-= 
-.. -------- - f;ne Ml.d.~ oOc.rn iO--- - ~ c:.oa.<se ~d.~ \ithic:s ~~-To -- 15·1 '3- "'"'""' - - ,.._ 
- GXS -- e:lr.ds /Muds 

8o-= 
-
-
-
-

- -- 8S·o - -- - -hr-e. -\c t't"IEtl.~ - ~ qo- ~\::. 
---
-

- ---
1c::io-= So~ 

--------
\1-o-----------

\::l.o----------- 133·0o e Nt) OF 'c-\ OIL 
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10 ---------
:2.o--

-----
-
-
- -~•lJ.M 

~--= - - Wb~ -WEo.~ lcoso.\t. -
- VJecc\-heK-6 \K:l.rlo.'o\-e. ~ - 1-e. P\n ~ / ~ -+o -Ton /wh\~ / ~O.llV\ • ----
-

40----
-- -
--5o-: 5arn~'es~ who\-e. rtt..\:I. Cocin~r\~ 
-------

~o-= ----
- \b\e fjre€n v.:iea~ ~ 'oa;so.\\-- --- ~~ ~ w\h... \\\'V\0n\-be. 

7o-= \nt\H. ----- ---
Ro-= 

- ~'n 'd.ue/ereef"\ ~\c.. ------
--

cto-= ---
---
-- qq.o 

1co-= - ?Z 460 IDO·I bcL. - \~ow sedi.Me<\'t.. w\+h\" ~\'t.. --
b\11'<"\ 1-t5\'\~~~ ------

-
-

\le----
-- -- \\8·1 - - - \\Clf.Q \-\11rn 

·~~ 
.......... 
~ ~ \'l.0•8 ~'l(L.. - \t\~ °&].~~/'Muds 

- ,_... 
~o~Ha...e. ---- -----
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qo - S·1t - ~~ b~ 1\1\oss\ve. ~~ • 
~: ~ YWA\4.:\9\e. <\--C.C. W.iY-.!. Q\: h~h °'""ale. .. , ~ ~ :ii:. I0-'"100 SO'n"C. ~c.c.\o.. "Zo'M!-S. •·o - 12-S 
11·9 
1'91 
3~ 

IOO- \:;'I J~u.a\~ 'o~~~~· a~ 
- 102.·ICI 
- -- -· -\~~ s~a.rd.~. - ·~~.-

~~~ ---- s.sa -~~~~ ~ so.rO. -- wea"b . !oeve.tD~ SW\Q\\ ""'-'Cl in~. 
-- llD•Oo \\0- lioi - B - ln·•a .$6 .... Cl -SOIW!.~~-- ~- -· 
- 6.S~ - ~ ~ $:lrd~\::ave ctas\.s up to -- i.. \Oc:;rY\ ~ ~ ~\~I: c.\o.s.1: • 
-
- ...... -- s 12..e. :>C. ~ ,_ -.,. • 
-- Soirf 6"'- - \~ o~ ~o..N:i ~ seo~ 12.0- 12.0·llo - 5+r1.A~~ \n Mu0s, --
------

13o-= 
---- ----

140--:::: 
-
--- ----

IS>-
-
--
-- --
-

'"° --
-
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-
-
-
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'ao-= ---
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APPENDIX 6 

FLUID INCLUSION DATA 

Fluid inclusion data is presented in 15 categories which are defined below: 

SAMPLE No= 

STAGE= 

HOST= 

OC= 

SIZE 

SH 

AB 

PH 

V% 

TYPE 

Te 

Tm 

WT%NaCl 

Th 

HGN 

Fluid inclusion thinsection number referred to by field name. 

Paragenetic vein classification 

Vein mineral: Q = quartz 
CB= calcite 

Occurrence: A - in growth zone 
B - as a single crystal 
C - in clusters 
D-in a trail 

Size in micrometers 

Shape of fluid inclusion: 

Abundance: 

A - negative crystal 
B - elongated 
C - rectangular 
D - irregular 
E-equant 

A-very rare 
B -rare 
C-common 
D-abundant 

Phases present V - vapour 
L-liquid 

Estimated volume % of vapour bubble 

As discussed in text Chapter 8 + Prefix 
S - secondary 
P-primary 

Temperature of first observed melting. 

Temperature of final ice melting. 

Equivalent weight % NaCl 

Temperature of homogenisation 

Homogenisation phenomenon 
V - into vapour 
1 - into liquid 
DNH - did not homogenise 
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SfAGE HOSf oc SIZE SH AB PH V% TYPE Te Tm Wf%NaCl Th DNH 

IVb Q A 15 D D VL IO PI -5.2 8. I I56.5 L 
IVb Q A I5 c D VL 20 PI -4.7 7.4 DNH DNH 
IVb Q A 20 E D VL 10 PI -3.9 6.3 I21.7 L 
IVb Q A 20 E D VL 20 PI -2I .5 -1.8 3 .1 I52.2 L 
IVb Q A 35 c D VL 50 PI 5.7 8.8 DNH DNH 
IVb Q A 30 D D VL 60 PIA 0.0 407.1 L 
IVb Q A 10 E D VL 10 PI -24.7 -4.I 6.6 DNH DNH 
IVb Q A 25 c D VL 20 PI -4.2 6.7 137.9 L 
IVb Q A 25 c D VL 10 PI -4.I 6.6 140.2 L 
IVb Q A 15 D D VL 10 PI -4.1 6.6 138.7 L 
IVb Q A 15 D D VL 10 PI -1.2 2.1 327.5 L 
IVb Q A 10 D D VL IO PI -1.4 2.4 307.4 L 
IVb Q A 25 D D VL 20 PI -0.8 1.4 194.7 L 
IVb Q A 10 c D VL 25 PI 0.0 27I .I L 
IVb Q A 10 D D VL 20 PI -I.I 1.9 266.4 L 
IVb Q A 15 c D VL 60 PIA -1.4 2.4 298.6 L 
IVb Q A 15 E D VL 20 PI -26.2 -2.9 4.8 217.4 L 
IVb Q A 30 c D VL 60 PIA -0.3 0.5 326.2 L 
IVb Q A 18 c D VL 80 P2 -1.6 2.7 381.9 v 
IVb Q A 12 c D VL 10 Pl -14.1 17.9 127.5 L 
IVb Q A 15 c D VL 10 PI 0.0 244.8 L 
IVb Q A 20 D D VL 40 Pl -1.1 1.9 DNH DNH 
IVb Q A 25 D D VL 80 P2 -0.7 1.2 389.1 v 
IVb Q A 10 c D VL 60 P2 -0.4 0.7 391.3 v 
IVb Q A 40 A D VL 70 PlA 0.0 427 L 
IVb Q '-A 20 D D VL 80 PlA -6.3 9.6 DNH L 
IVb Q A 30 D D VL 60 PlA -6.2 9.5 DNH L 
IVb Q c 30 D D VL 90 PlA -0.4 0.1 451 L 
IVb Q CD 40 D D VL 25 SI -34.3 -12.0 16.0 182.3 L 
IVb Q CD 20 A D VL 20 Sl -35.7 -9.2 13.1 124.7 L 
IVb Q CD 10 D D VL 10 SI -7 .1 10.6 135.9 L 
IVb Q CD 40 D D VL 20 SI -35.7 -9.2 13.1 149.6 L 
IVb Q CD 20 D D VL 20 Sl -34.1 -11.9 15.9 138.1 L 
IVb Q CD 20 B D VL 10 Sl -37.2 -13.5 17.3 79.1 L 
IVb Q CD 20 B D VL 20 Sl -37.4 -12.I 16.1 87.2 L 
IVb Q CD 20 A D VL 20 Sl -33.6 -8.5 12.3 143.8 L 
IVb Q CD 15 D D VL 10 SI 151.9 L 
IVb Q CD 20 D D VL 20 SI 142.3 L 
IVb Q CD 10 D D VL 10 SI -8.7 12.5 162.9 L 
IVb Q CD 10 A D VL 10 Sl -35.1 -17.0 20.2 98.7 L 
IVb Q D 10 A D VL 15 Sl -14.0 17.8 DNH DNH 
IVb Q D 12 D D VL 15 Sl -13.2 17 .1 106.2 L 
IVb Q D 10 D D VL 15 Sl 115.6 L 
IVb Q D 12 A D VL 15 Sl 103.2 L 
IVb Q D 20 A D VL 15 Sl -17.9 20.9 107.6 L 
IVb Q D 10 D D VL 15 Sl -14.9 18.6 101.6 L 
IVb Q D 10 A D VL 15 Sl 110.2 L 
IVb Q D 20 E D VL 15 Sl -18.1 21.0 97.2 L 
IVb Q D 20 c D VL 15 Sl -19.1 21.8 92.5 L 
IVb Q D 15 A D VL 15 Sl -13.4 17.3 84.5 L 
IVb Q D 10 A D VL 15 Sl 99.9 L 
IVb Q D 10 D D VL 15 Sl 103.1 L 
IVb Q D 15 D D VL 10 SI 114.3 L 
IVb Q D 15 c D VL 26 SI 116.7 L 
IVb Q D 15 D D VL 10 Sl -12.3 16.2 142.3 L 
IVb Q D 15 D D VL 20 Sl -14.0 17.8 114.7 L 
IVb Q D I5 D D VL 30 Sl -11.7 15.7 116.2 L 
v CB B 25 D B VL 50 PIA -28.4 -19.1 21.8 I86 L 
v CB B 8 D B VL 10 PI 0.0 156 L 
v CB B 25 D B VL 15 PI -27 .2 -18.2 21.l 92.6 L 
v CB B 25 c B VL 30 PI -27.2 -18.1 21.0 189 L 
v CB B 22 D B VL 20 PI ·0.0 156.3 L 
v CB B I6 D B VL 30 PI -15.9 19.4 119.6 L 
v CB B 20 D B VL 25 PI -26.4 -I 2.1 I 6.1 129.8 L 
v CB B 5 D B VL 20 Pl 0.0 159.7 L 
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STAGE HOST oc SIZE SH AB PH V% TYPE Te Tm Wf%NaCI Th DNH 

IVb Q A 25 D D VL 20 Pl -24.8 -5.4 8.4 171.9 L 
IVb Q A 12 D D VL 20 Pl -5.4 8.4 114.1 L 
IVb Q A 10 D D VL I5 PI -4.7 7.4 206.7 L 
IVb Q A 15 D D VL 25 Pl -25.1 -3.0 5.0 214.9 L 
IVb Q A 10 D D VL 25 Pl -5.1 8.0 211.9 L 
IVb Q A 15 D D VL 25 Pl 0.0 293.1 L 
IVb Q A 20 D D VL 25 Pl -33.6 -2.6 4.3 217.6 L 
IVb Q A 25 D D VL 25 PI -3.I 5.1 I69.5 L 
IVb Q A 30 D D VL 20 Pl -24.2 -3 .4 5.6 150.I L 
IVb Q A 12 D D VL 15 Pl -3.3 5.4 I31.5 L 
IVb Q A 20 D D VL 25 Pl -22.9 -3.5 5.7 I32.2 L 
IVb Q A 20 B D VL 20 PI -3 .4 5.6 I 36.5 L 
IVb Q A 15 E D VL 20 Pl -2.7 4.5 I41.9 L 
IVb Q A 25 D D VL 20 Pl -34.1 -4.2 6.7 DNH DNH 

IVb Q A 20 D D VL 10 PI -3.7 6.0 219.5 L 
IVb Q A 10 D D VL 10 Pl 0.0 211.2 L 
IVb Q A 10 D D VL 10 Pl 0.0 216.9 L 
IVb Q A 15 D D VL 20 Pl -5.8 8.9 351.3 L 
IVb Q A 20 D D VL 10 Pl -1.6 2.7 259.8 L 
IVb Q c 20 D D VL 30 Pl 0.0 DNH DNH 

IVb Q c 25 D D VL 10 Pl -22.8 -3.3 5 .4 162.7 L 
IVb Q c 10 A D VL 20 Pl -28.5 -3.3 5.4 ' 157.8 L 
IVb Q c 10 D D VL 25 PI -23.6 -3.0 5.0 167.4 L 
IVb Q c 8 D D VL 30 Pl -2.9 4.8 174.5 L 
IVb Q c 10 D D VL 20 Pl -20.3 -3.3 5.4 182.1 L 
IVb Q c 20 A D VL 20 Pl -3.3 5.4 189.7 L 
IVb Q c 15 D D VL 20 Pl -3.3 5.4 176.9 L 
IVb Q c 10 D D VL 10 Pl -0.8 1.4 167 .I L 
IVb Q c 10 D D VL 15 Pl -20.8 -2.8 4.6 170.1 L 
IVb Q c 8 D D VL 15 Pl -3.2 5.3 172.9 L 
IVb Q c 15 D D VL 5 Pl -18.2 -5.0 7.9 182.9 L 
IVb Q c 20 A D VL 20 Pl -6.5 9.9 162.1 L 
IVb Q c 20 A D VL 20 Pl -6.7 10.1 167.3 L 
IVb Q c 10 D D VL 10 Pl 0.0 182.9 L 
IVb Q c 8 D D VL 10 Pl 0.0 217.6 L 
IVb Q c 25 D D VL 30 Pl -28.1 -1.9 3.2 249.5 L 
IVb Q c 10 D D VL 10 Pl -1.9 3.2 221.9 L 
IVb Q c 40 D D VL 10 Pl -21.8 -3.7 6.0 227.8 L 
IVb Q c 30 D D VL 30 Pl -6.1 9.3 211.6 L 
IVb Q c 20 D D VL 40 Pl -5.6 8.7 245.1 L 
IVb Q c 20 D D VL 10 Pl -2.9 4.8 271 L 
IVb Q c 20 D D VL 40 Pl -5.1 8.0 212.5 L 
IVb Q c 20 D D VL 60 P2 -2.4 4.0 269.7 v 
IVb Q c 20 D D VL 65 P2 -5.5 8.5 241.3 v 
IVb Q A 12 D D VL 10 Pl -7 .1 10.6 131.3 L 
IVb Q A 18 E D VL 10 Pl -6.7 10.1 127.4 L 
IVb Q A 10 E D VL 10 Pl -2.8 4.6 207.2 L 
IVb Q A 8 c D VL 10 Pl -3.2 5.3 178.3 L 
IVb Q A 5 E D VL IO Pl -3.0 5.0 176.2 L 
IVb Q A 15 D D VL 15 PI -3.I 5.1 14I L 
IVb Q A 18 D D VL 15 PI -2.7 4.5 116.I L 
IVb Q A I5 D D VL I5 PI -5.9 9.I 133.6 L 
IVb Q A 20 c D VL 10 PI -3.0 5.0 152.7 L 
IVb Q A I8 c D VL 10 Pl 0.0 117.1 L 
IVb Q A 20 D D VL IO PI -4.3 6.9 109.I L 
IVb Q A 20 c D VL 20 PI -1.6 2.7 132.5 L 
IVb Q A 22 c D VL 10 Pl -2.7 4.5 189.5 L 
IVb Q A 35 D c VL 40 PI -36.2 -2.I 3.5 298.3 L 
IVb Q A 10 c D VL 10 PI 0.0 279.3 L 
IVb Q A 45 D B VL 35 PI -1.9 3.2 297.5 L 
IVb Q A 20 c c VL 10 PI 0.0 284.7 L 
IVb Q A 30 D c VL 40 PI -5.5 8.5 293.5 L 
IVb Q A 20 c D VL 30 PI 0.0 4I4.7 L 
IVb Q A 20 c D VL 30 Pl 0.0 387.5 L 
IVb Q A 20 D D VL 10 PI -2.6 4.3 I 34.5 L 
IVb Q A 20 c D VL 20 Pl -2.3 3.9 309.7 L 
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STAGE HOST oc SIZE SH AB PH V% TYPE Te Tm WT%NaCI Th DNH 

IVa Q D 20 E A VL 20 SI -4.1 6.6 235.J L 
IVa Q D 15 E A VL 30 SI 0.0 225.7 L 
IVa Q D 8 E A VL 20 SI 0.0 322.4 L 
IVa Q D 5 E A VL 20 SI -I 6.1 I 9.5 223.7 L 
IVa Q D 7 E A VL IO SI 0.0 274.5 L 
IVa Q D 10 E A VL IO SI -4.9 7.7 412 L 
IVa Q D 6 E A VL 6 SI 0.0 277.6 L 
IVa Q D 8 D D VL 60 SI 0.0 298.3 L 
IVa Q D 8 D D VL 40 SI -29.8 -2.4 4.0 I I4.I L 
IVa Q D 10 D D VL 30 SI -27.4 -2.5 4.2 258.3 L 
IVa Q D 8 D D VL 20 SI -2.6 4.3 I 62.I L 
IVa Q D 8 D D VL 20 SI -1.3 2.2 I40.7 L 
IVa Q D 8 D D VL 20 SI -1.9 3.2 277.I L 
IVa Q D 8 D D VL 30 SI -2.4 4.0 DNH DNH 
IVa Q D 8 D D VL 20 SI 0.0 256.6 L 
IVa Q D 8 D D VL 20 SI 0.0 248.9 L 
IVa Q D 8 D D VL 20 SI 0.0 I47.6 L 
IVa Q D 8 D D VL 20 SI -36.6 -I 8.8 21.5 I I 7 .I L 
IVa Q D 8 D D VL 20 SI 0.0 203.2 L 
IVa Q D 8 D D VL 20 SI 0.0 I47.3 L 
IVa Q D 8 D D VL 20 SI 0.0 I48.3 L 
IVa Q D 8 D D VL 20 SI 0.0 242.5 L 
IVa Q D 8 D c VL 10 SI 0.0 159.4 L 
IVa Q D I5 D c VL 20 Sl -32.8 -2.6 4.3 I73.8 L 
IVa Q D IO ED c VL JO Sl -31.2 -2.7 4.5 173.5 L 
IVa Q D 8 ED c VL IO SI -40.2 -2.9 4.8 116.I L 
IVa Q D 7 E c VL 80 SI 0.0 226.7 L 
IVa Q D 10 E c VL 80 Sl 0.0 175.2 L 
IVa Q D I5 E c VL IO SI 0.0 I69.3 L 
IVa Q D 8 E c VL 20 SI -20.1 22.4 55.6 L 
IVa Q D 15 D c VL IO Sl 0.0 162.9 L 
IVa Q D 12 D c VL 10 Sl 0.0 163.7 L 
IVa Q D 10 E c VL 10 Sl -17.6 20.7 152.2 L 
IVa Q D 8 DB c VL 10 Sl 0.0 164.7 L 
IVa Q D 10 E c VL 10 SI 0.0 173.8 L 
IVa Q D 15 D c VL 20 Sl -42.8 -1.7.4 20.5 132 L 
IVa Q D 12 D c VL 40 Sl -29.2 -3.1 5.1 384.9 L 
IVa Q D 10 D c VL 40 Sl -31.1 -2.7 4.5 334.6 L 
IVa Q D 5 D c VL 30 Sl 0.0 301.7 L 
IVa Q D 8 B c VL 25 Sl 0.0 406.2 L 
IVa Q D 8 D c VL 30 Sl 0.0 312 L 
IVa Q D 8 D c VL 40 Sl 0.0 356 L 
IVa Q D 8 B c VL 30 Sl 0.0 410.5 L 
IVa Q D 8 D c VL 20 Sl 0.0 407.3 L 
IVa Q c I5 D D VL 60 SlA -36.3 0.0 471.8 L 
IVa Q c IO D D VL 10 Sl 0.0 267.3 L 
IVa Q c 30 D D VL 60 SlA -41.9 -1.2 2.1 339.6 L 
IVa Q c 10 D D VL 10 Sl -4.0 6.4 223.4 L 
IVa Q c 10 D D VL IO Sl 0.0 267.1 L 
IVa Q c 10 D D VL IO SI 0.0 267.3 L 
IVa Q c 20 D D VL 20 SI -43.9 -3.I 5.I 341.7 L 
IVa Q c 10 D D VL 10 SI -I3.1 I 7.0 141.2 L 
IVa Q c I5 D D VL I5 Sl -29.0 -1.9 3.2 200.2 L 
IVa Q c 20 D D VL 10 Sl -28.9 -2.3 3.9 17I .4 L 
IVa Q c 8 D D VL 10 Sl 0.0 3 I l.7 L 
IVa Q c 8 D D VL IO Sl 0.0 365.4 L 
IVb Q A 20 D D VL I5 Pl -3.7 6.0 DNH DNH 
IVb Q A 30 D A VL 25 PI -1.9 3.2 I33 L 
IVb Q A 20 D D VL I5 PI -4.9 7.7 I37 L 
IVb Q A 15 D D VL 20 PI 0.0 89.5 L 
IVb Q A 30 D D VL 20 PI -6.6 10.0 103.5 L 
IVb Q A I5 D D VL 20 Pl -4.5 7.2 94.9 L 
IVb Q A 20 D D VL 20 Pl -4.3 6.9 I 10.5 L 
IVb Q A 20 D D VL 20 PI -4.6 7.3 I 79.1 L 
IVb Q A 20 D D VL 20 PI -5 .4 8.4 I70.7 L 
IVb Q A 20 D D VL 20 PI -1.7 2.9 197 L 
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II Q A 20 D A VI... 5 PI -I6.0 19.4 133 L 
II Q A 30 D A VI... 10 PI -52.0 -15.5 19.0 112.8 L 
II Q A 20 D A YL 5 PI 0.0 0.0 107.5 L 
II Q A I5 D A VI... 5 PI -48.7 -13.9 17 .7 65.8 L 
II Q A 30 D A VI... 5 PI -17 .6 20.7 109 L 
II Q A 15 D A VI... 20 PI 0.0 0.0 128.6 L 
II Q A 20 D A VI... 10 PI -49.0 -17 .9 20.9 124.5 L 
II Q A 20 D A VI... 5 PI 0.0 0.0 253.7 L 
II Q A 20 D A VI... 20 Pl -15.6 19.l 170.7 L 
II Q A 20 D A VI... 10 Pl -18.0 21.0 107.2 L 
II Q A 25 D A VI... 5 PI -51.0 -18.2 21.l 121.7 L 
II Q A 12 D A VI... 20 Pl 0.0 0.0 1I4.1 L 
II Q A 10 D A VI... 15 Pl 0.0 0.0 106.3 L 
II Q A 15 D A VI... 10 Pl -48.0 -11.0 15.0 98.8 L 

II Q A 10 D A VI... 5 PI -14.9 18.6 11 r.9 L 
II Q A 15 D A VI... 10 Pl 0.0 193.6 L 
II Q A 20 D A VI... 10 Pl -17.5 20.6 141.4 L 

M Q D 10 A A VI... 10 Sl -32.5 -4.0 6.4 124.4 L 
M Q D 10 E A VI... 10 Sl 0.0 237.6 L 
M Q D 12 E A VI... 10 Sl -34.5 -19.1 21.8 117.2 L 
M Q D 8 E A VI... 10 Sl 0.0 135 L 

M Q D 15 E A VI... 10 Sl -33.0 -5.3 8.3 192.6 L 
M Q D 10 E A VI... 10 Sl -37.7 -4.9 7.7 218.6 L 

M Q D 5 E A VI... 10 Sl 0.0 181.4 L 
M Q D 18 E A VI... 10 Sl -33.3 -23.4 24.6 115.1 L 
M Q D 10 E A VI... 10 Sl -47 .1 -22.4 24.0 145.2 L 
M Q D 10 E A VI... 10 Sl 0.0 129.7 L 
M Q D 8 E A VI... 10 Sl -44.1 -1.2 2.1 142.6 L 
M Q D 5 E A VI... 10 Sl -0.9 1.6 178.7 L 

M Q D 10 E A VI... 10 Sl -4.1 6.6 140.1 L 
M Q D 10 E A VI... 10 Sl 0.0 141.1 L 
M Q D 10 E A VI... 10 Sl 0.0 142 L 
M Q D 15 E A VI... 20 Sl 0.0 131 L 
M Q D 10 E A VI... 10 Sl -1.8 3.1 151.1 L 
M Q D 10 c A VI... 10 Sl -6.1 9.3 125.6 L 
M Q D 20 E A VI... 10 Sl -17.2 20.4 77.1 L 
M Q D 10 E A VI... 10 Sl -1.8 3 .1 175.l L 
M Q D 10 B A VI... 10 Sl -2.1 3.5 141.1 L 
M Q D 8 E A VI... 10 Sl -2.3 3.9 I38.6 L 
M Q D 5 E A VI... IO SI -4.I 6.6 86.5 L 
M Q D I3 E A VI... 20 Sl -29.6 -2.3 3.9 291.7 L 
M Q D 10 E A VI... 10 Sl -25.9 -1.8 3.1 287 L 

,M CB D 5 E s VL 5 Sl -I .4 2.4 I32 L 
M Q D 10 c A VL 10 SI -30.1 -1.9 3.2 I38.I L 
M Q D I2 c A VL 20 Sl -I 7.3 20.4 I32.I L 
M Q D 10 c A VI... 10 Sl -0.2 0.4 396 L 
M Q D IO c A VI... 10 SI -1.4 2.4 79.4 L 
M Q D I5 E A VI... 25 Sl -0.4 0.7 374 L 
M Q D <5 E A VI... 10 Sl -16.0 19.4 130 L 
M Q D <5 E A VI... 10 Sl -17.0 20.2 131.9 L 
M Q D <5 E A VI... 10 Sl 0.0 228.1 L 
M Q D 10 A A VI... 20 Sl -31.1 -2.3 3.9 105.3 L 
IVa Q D 10 A A VI... 10 Sl -24.0 -4.8 7.6 176 L 
IVa Q D 5 E A VI... 30 Sl -30.3 0.0 294.1 L 
IVa Q D 10 E A VI... 11 Sl 0.0 295.2 L 
IVa Q D 10 E A VI... 10 Sl 0.0 285.3 L 
IVa Q D 25 E A VI... 50 Sl -0.3 0.5 341.7 L 
IVa Q D 8 E A VI... 20 Sl 0.0 384.7 L 
IVa Q D 7 E A VI... 10 Sl 0.0 228 L 
IVa Q D 8 A A VI... 20 Sl 0.0 308.6 L 
IVa Q D 10 A A VI... 25 Sl -3.2 5.3 79.1 L 
IVa Q D 10 A A VI... 10 SI -2.7 4.5 344.2 L 
IVa Q D 7 B A VI... 20 SI 0.0 249 L 
IVa Q D 12 A A VI... 50 Sl 0.0 351 L 
IVa Q D 15 I c VI... 30 Sl 0.0 246.8 L 
IVa Q D 15 E A VI... 20 Sl -21.0 -2.8 4.6 228.4 L 
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APPENDIX7 

RESULTS OF AU GRADE DISTRIBUTION STUDY 

In the following appendix detailed field descriptions and localities are provided for the 

grade distribution studies discussed in Chapter 7. Figures referred to in this appendix are in 

Chapter 7. 
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SOUTHERN PIT 
A subvertical, quartz vein trending 020° (mag) and attendant alteration was selected for 
sampling at Southern. The vein pinches and swells considerably and ranges from 8 cm to 
32 cm in thickness. A weak bleached alteration halo is developed symmetrically about the 
vein. The sample location is only approximately Sm below the current topographic surface, 
consequently the effects of weathering are intense. All sulfides have been altered to a 
combination of goethite, hematite and limonite (Fig. 7.13A). 

Sample No 

568028 
568029 
568030 

Auppb 

17 
12 
5 

Sample Description 

Unaltered wallrock 
Unaltered wallrock 
Weakly bleached wallrock 

568031 47 Vein selvedge abundant Fe staining 
568032 88 Small quartz vein 
568033 150 Strongly sheared and bleached wallrock 
568034 269 Quartz vein 
568035 177 Altered wallrock 
568036 410 Brecciated quartz vein 
568037 520 Brecciated quartz vein 
568038 159 Footwall quartz vein 
568039 79 Weakly bleached wallrock 
568040 33 Unaltered wallrock 

Table A7.l Grade samples from the Southern Pit. Sample locality 4530 mN 4862 mE. 401m R.L 

HURRICANE-REPULSE PIT 
The locality selected for sampling constitutes narrow (1-2 cm) quartz veins oriented at 
067°/71 SE (mag) within an interbedded siltstone-sandstone hostrock sequence. Weak 
alteration surrounds the veins and extends for approximately l .Om into the hanging-wall 
and 0.3m into the footwall of the veins (Fig. 7.13B). 

Sample No Au ppm Sample Description 

568001 0.02 Unaltered fine grained sandstone 
568002 0.87 Altered coarse grained sandstone 
568003 3.31 Quartz vein and fault gouge 
568004 0. 73 Pyrite rich vein selvedge 
568005 0.14 Altered siltstone 
568006 3.38 Quartz vein and fault gouge 
568007 0.19 Weakly altered fine grained sandstone 
568008 0.04 Unaltered fine grained sandstone 

Table A7.2 Grade samples from the Hurricane Pit. Sample locality 7026 mN 4550 mE. 369m R.L 
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The second locality from the Hurricane Pit is again hosted in sedimentary lithologies (Fig. 
7.13C). The main pyrite± quartz± carbonate vein is oriented at 021/88 SE (mag) and is on 
average less than lcm wide, visible bleaching extends for approximately lOcm into the 
hangingwall and the footwall to the vein is essentially unaltered. The sampled locality is at 
the 345m R.L which is approximately 60m below the current topographic surface. At this 
level the effects of weathering are moderate, and pyrite is only partially altered to hematite 
and goethite. 

Sample No Au ppm Sample Description 

Z63892 0.25 Bleached laminated siltstone 
Z63893 1.13 Pyrite rich horizon 
Z63894 0.55 Bleached laminated siltstone 
Z63895 1.85 Pyrite rich horizon 
Z63896 3.67 Coarse sandstone +pyrite 
Z63897 11.2 Pyrite rich quartz-carbonate vein 
Z63898 3.01 Pyrite rich quartz-carbonate vein 

Table A 7 .3 Grade samples fr~m the Hurricane Pit. Sample locality 6932 mN 4620 mE. 345m R.L 

BOUNCER PIT 
Three grade distribution tests were completed at Bouncer the first set of Bouncer samples 
is across the ma 
in ore zone at the eastern end of the pit. The samples run from footwall to hangingwall and 
the entire ore zone is hosted in basalt (Fig. 7.13D). 

Sample No Auppb Sample Material 

568051 19 unaltered basalt 
568059 36 extension quartz vein in footwall 
568052 14 weakly bleached basalt 
568053 945 bleached basalt + quartz vein 
568054 1200 bleached basalt+ quartz vein 
568055 2770 central quartz carbonate vein breccia 
568056 80 weakly bleached basalt 
568057 9 unaltered basalt 
568058 830 bleached basalt + trace ex-pyrite 
568060 240 extension quartz vein in hangingwall 

Table A7.4 Grade samples from the Bouncer Pit. Sample locality 3355 mN 4321 mE. 370m R.L 
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The second sample area was chosen to examine a visually prominent stratabound orebody 
within an interflow sedimentary package of fine sandstones and siltstones (Table A7.4). 
This orebody is centred around narrow (5cm) bedding parallel quartz veins that exhibit a 
ramp and flat geometry with respect to bedding. A broad alteration halo is developed 
mainly in the hangingwall of these veins and ferruginous spotting (ex-pyrite) occurs in the 
section of this halo. That is, from sample 56819 onwards (Fig. 7 .13E, F). 

Sample No Au ppm Sample Description 

568009 0.01 Unaltered siltstone 
568010 0.01 Unaltered sandstone 
568011 0.01 Weakly bleached siltstone 
568012 0.03 Weakly bleached fine sandstone 
568013 0.01 Weakly bleached coarse sandstone 
568014 0.01 Flat lying quartz vein 
568015 0.01 Bleached sandstone 
568016 0.01 Bleached fine sandstone 
568017 0.01 Bleached fine sandstone 
568018 0.01 Bleached siltstone 
568019 0.16 Bleached siltstone (ex-pyrite) 
568020 3.61 Bleached sandstone (ex-pyrite) 
568021 3.97' Bleached sandstone (ex-pyrite) 
568022 0.45 Bleached siltstone (ex-pyrite) 
568023 3.88 Quartz vein and cataclasite 
568024 8.18 Main quartz vein 
568025 3.2 Bleached altered basalt + pyrite 
568026 0.28 Weakly altered basalt 
568027 0.03 Unaltered basalt 

Table A7.5 Grade samples from the Bouncer Pit. Sample locality 3374 mN 4288 mE. 370m R.L 

The final study from Bouncer examines a narrow ( <lcm), limonite filled fracture. This 
fracture set has a similar orientation to the main mineralised shear zone within the pit 
070/84 SE. A 2-5cm dextral displacement is apparent across the fracture which is 
accompanied by a narrow (<1-2cm) bleached halo (Fig. 7.13G). The sampled fracture set 
is developed approximately 30m into the hangingwall of the main mineralised zone. 

Sample No 

Z63232 
Z63233 
Z63234 

Auppb 

7 
121 
198 

Sample Description 

Unaltered siltstone 
Bleached halo 
Bleached halo and limonite vein 

Z63235 256 Bleached halo and limonite vein 
Z63236 <1 Unaltered siltstone 
Z63237 24 Unaltered fine grained sandstone 

Table A 7 .6 Grade samples from the Bouncer Pit. Sample locality 3312 mN 4235 mE. 385m R.L 

A92 



UNMINERALISED SAMPLES 

A series of unaltered samples was also collected from across the lease. These samples were 

chosen to be as far from known mineralisation as possible but still within fresh rock. This 

data provides values on the background levels of gold in the country rock. Results listed as 

< 1 ppb show that the level of Au in the sample was less than the detection limit. 

Sample No Auppb Sample Material Pit Coordinates R.Lm 

Z49621 4 basalt HR 7200mN 4362mE 362 
~9623 11 basalt DI 8742mN 4711 mE 381 
Z63887 <1 basalt BO 3311 mN 4319mE 370 
Z63886 9 basalt BA 5216mN 5320mE 388 
Z49622 12 sandstone HR 6480mN 4798mE 369 
Z63888 <1 sandstone BU 3429mN 4150mE 372 
Z49619 <1 siltstone HR 7080mN 4460mE 375 
Z49618 7 "pale sediment" HR 7089mN 4479mE 362 
Z63889 2 sandstone BU 3462mN 4180mE 376 
Z63890 10 conglomerate BU 3460mN 4192mE 374 

Table A7.7 Grade samples from across the TGM lease. All samples are from unweathered unaltered 
wallrock. Pit abbreviations are as follows HR =Hurricane-Repulse, DI= Dinky, BO= Bouncer, BA= 
Bastille, BU = Bumper. 
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APPENDIX8 

REGIONAL AND LOCAL MAPPING 

Three maps have been provided in the map pocket at the back of the thesis: 

Map 1 

Map2 

1:80,000 scale geology map of the Tanami area. This map was 

digitised and colourised using Map-Info a commercial drafting, and 

map database package. The computer digitising was completed by 

Otter Exploration. 

1:200 scale outcrop map of "well exposed" My Charles Beds 

(Hangingwall sequence) 500m west of the Bouncer Pit at the TGM 

Map 3 1:200 scale outcrop map of "well exposed" My Charles Beds 

(Hangingwall sequence) 17Km north of the TGM. 
A locality map for all three maps is shown overleaf. 
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Figure A8.1 Map of the Tanami area showing the coverage of Map 1 the 1:80,000 scale geology map 
completed by the author during this study. Also indicated are the localities for maps 2 & 3 which are examples 
of detailed form-surface mapping within the Mt Chaires Beds. 


