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Chapter 1 

Introduction 

1.1 PREAMBLE 

When studying the geology of rocks from the Phanerozoic Epoch, the uniformitarian 

approach is usually adopted when interpreting geological data, and models of plate tectonics are 

used in order to understand geological processes that occurred in the past. This uniformitarian 

approach cannot be used in the same way for Archaean terrains because there is not a consensus as 

to whether the Phanerozoic style of plate tectonics was active at the time. There are remarkable 

differences between Phanerozoic and Archaean rocks. These differences include a bulk difference 

in rock types, whole rockr geochemistry, the degree of alteration, the intensity of deformation, and 

the nature and character of crustal-scale structures (Zegers, 1996). 

Major mineral deposits are known to occur in Late Archaean (3 .0-2.5 Ga) terrains such as 

the Yilgarn Block in Western Australia and the Superior Province in Canada (Goldfarb et a!. , 

2001 ). Research carried out on those terrains has contributed significantly in terms of structural, 

geochemical, geoc_hronological and geophysical data .concerning the Archaean crust. That data is 

consistent with a slightly adapted present-day plate tectonic model (c.f. Myers, 1995; Card, 1990; 

Calvert et a!., 1995). However, for the older Mid-Archaean (3.5-3.0 Ga) cratons, such as the 

Kaapvaal Craton in South Africa and the Pilbara Craton in Western Australia, it is not yet clear 

whether plate tectonics operated. 

1.2 LOCATION OF THE STUDIED AREAS 

The Pilbara Craton, like other Archaean cratons, consists of greenstone belts that wrap 

around circular or elongated granitic batholiths. Being the second in size after the younger Yilgarn 

Craton, it is located at the northwest of Australia (Figure 1.1), between 20° 15'S and 22° 15'S 
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latitude and 116° OO'E and 121° 30' E longitude. The Pilbara Craton consists of domains that are 

bounded by crustal-scale strike-slip faults . The domains form two Superterranes: the Eastern 

Pilbara Superterrane (Figure 1.2) and Western Pilbara Superterrane. Gold deposits occur 

throughout both super-terranes, but the Eastern Pilbara hosts the largest number. They are 

distributed around Mount Edgar Batholith of the Marble Bar Domain, and in the Mosquito Creek 

Block of the Nullagine Domain. 

This study is concerned with gold deposits located in the Marble Bar and Nullagine 

Domains. The gold deposits of the Marble Bar Domain may be broadly classified as shear-related 

quartz vein systems that are hosted in ultramafic rocks, while those in the Nullagine Domain, may 

be classified as shear-related quartz veins systems that are hosted in turbidites. The Mining Centres 

studied in this research include: -

1. Marble Bar Mining Centre, Talga Taiga Mining Centre, Warrawoona Mining Centre, 

Yandicoogina Mining Centre, Twenty Ounce Gully Mining Centre, Salgash-Apex Mining 

Centre, Halley ' s-Comet Mining Centre and Bamboo Creek Mining Centre of the Marble Bar 

Domain. 

2. Five Mile Creek Mining Centre, Middle Creek Mining Centre, Golden Spec/Blue Spec Mining 

Centre, Easter Creek Mining Centre and Mount Elsie Mining Centre at the Nullagine Domain 

(see Figure!). 

3. The Sharks Well Mining Centre, which is located at the northeast edge of the Shaw Batholith, 

is also included in this research. 

These deposits were studied in terms of orebody orientation, strUctures and kinematics, as 

well as structural setting in relation to the regional tectonics. Published geochronological age data 

for the host lithologies (available from the Geoscience Australia and the Utrecht University) , host 

rock metamorphic grade, and the orientation of the hosting structure, divide the different deposits 

into systems. Paragenetic studies of the majority of the deposits have provided useful information 

about the relation between ore deposition events and alteration. At the end of the thesis, the 

conclusions of the research are presented. 

1.3 AIMS AND CONTEXT OF THE RESEARCH 

This project was initiated to relate gold mineralisation events to the kinematic and structural 

evolution of the Archaean Pilbara Craton, in order to establish if Early Earth mineralising systems 

differed frorri those that occurred when plate tectonics was established. Specific aims were: -
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1. To define the rock type(s) that host mineralisation through detailed mapping of the region, 

.and to characterise the composition and competency of those rocktypes. 

2. To establish regional and local structures, particularly the location of shear zones, and 

major.and minor folds, and to develop a structural history for the area. 

3. To study the structural, kinematics, tectonic and geodynamic controls Oil gold-related 

mineralising systems in the East Pilbara Superterrain. 

4. To relate the gold deposition events with the major tectono-thermal events that occurred in 

the Pilbara Craton. 

5. To establish the strata-tectonic history for the region, and propose a genetic model for gold 

mineralisation in the Marble Bar and Nullagine domains. 

6. Compare the results of aims I and 2 with Late Archaean and modern geodynamic 

influences on mineralising systems. This point was used to help answer tile main research 

question: Were early earth metallogenic and mineralising processes different from modern 

processes? 

1.4 THESIS ORGANISATION AND SUMMARY 

This thesis is divided into eight chapters excluding the Introduction (Chapter 1):-

Literature Review: Chapter 2 provides a detailed overview of the historical mining activities 

within the East Pilbara Superterrain. Details such gold production, grades and mining techniques 

are described, together with size and orientation of the orebodies. The alteration zone is described 

in detaiL At the end of Chapter 2, a comparison between the different gold deposits is made, and 

according to their importance, specific gold deposits are selected for detailed studies. 

Structural and Kinematic Setting of Greenstone-Hosted Gold Deposits and Structural and 

Kinematic Setting of Turbidite-Hosted Gold Deposits: Chapters 3 and 4 describe the kinematic and 

tectonic history of the main research areas in the Marble Bar and Nullagine Domains. The reason 

for classifying the gold deposits in two separate domains is the fact that gold deposits in the Marble 

Bar Domain are mainly hosted by greenstones wrapping the Mount Edgar Batholith, while in the 

Nullagine Domain the gold mineralisation is hosted by turbidites. Furthermore, the area around 

each gold deposit has been studied in terms of kinematic and structural setting. Later, the 

kinematics of structures at the gold deposits is correlated with the regional tectonic studies of 

previous works (e.g. Kloppenberg et aL, 2001; Huston et aL, 2002; Zegers et al., 2002). The timing 

of the gold deposition, in relation to the tectonothermal events, is constructed. 

Mineral Associations. Paragenetic Sequences and Alte~ation Associated with the 

Greenstone-Hosted Gold Deposits and Alteration. Paragenetic Sequences, Mineral Associations

Turbidite-Hosted Gold Deposits: - Chapters 5 and 6 describe the petrogenetic characteristics of 

several deposits in each domain, as well as alteration zones and mineral assemblages. The 
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paragenetic sequence of each mineral phase in relation to other mineral phases is constructed, and 

tables containing paragenetic relations between the mineral phases are presented. This work was 

undertaken using reflected light microscopy and qualitative analysis using Jeol JXA8600 

Superprobe. The evolution of the gold bearing fluid is discussed for some deposits. 

Microstructural and Fabric Studies of Chert Leaders. and Au Mineralisation within the 

Warrawoona Greenstone Belt: Microstructural Fabric and Geochemical Studies:- Chapter 7 

Illite Crystallinity: - Chapter 8: 

Geochronology: - Chapter 9 deals with the geochronological dating of some gold deposits, to 

establish the relationship between the gold deposition event and the tectonothermal events that 

occurred in the Pilbara Craton. This chapter presents a different dating technique from the Pb 

isotope model ages extensively used for the gold deposits of the Pilbara Craton. The Pb isotope 

technique offers many disadvantages as even within a single deposit, an age variation due to 

mixing of Pb isotopes is observed (Huston eta!., 2002). A compilation of the Pb isotope ages using 

galena has been completed by Huston et a!. (2002) and is presented at the beginning of Chapter 9. 

In addition to the compilation of the ages of the gold deposits in the Pilbara Craton, a summary of 

geochronological dating of tectonic events is also provided. This summary has been presented by 

Hickman (1984), Collins et a!. (1998), Zegers et a!. (1998) and Van Kranendonk et a!. (2002). In 

addition to the compilations of the age dating, as well the compilation of the tectonothermal events 

that took place in the Pilbara Craton, the relation between both compilations is made. 

In order to precisely date the gold deposits of the Warrawoona Mining Centre and later 

compare those data with Pb isotope age dating using galena samples from the same area, two felsic 

dykes with well-constrained kinematics, were collected (Samples KL00/04 and KL00/05). The 

felsic dyke KL00/05 display similar kinematics and has stretching lineation with similar orientation 

as the stretched gold-bearing pyrites from Klondyke Queen Mine. This sample is interpreted as 

syn-tectonic to the gold deposition event. Sample KL00/04 on the other hand, displays no notable 

deformation and is interpreted to be younger than the felsic dyke sample (KL00/05). This sample is 

interpreted as post-tectonic to the gold deposition event. Dating of these two felsic dykes gave a 

best constrain for the gold deposition event in the Warrawoona Mining Centre. 

The gold deposits of the Sharks Well Mining Centre were also selected for dating. Within 

this mining centre, the Sample SG00/01 had been collected. Sample SG00/01 consists of felsic 

volcanic rock that crosscuts the gold-bearing quartz vein at Mount Ada Mine. Dating of this sample 

provided a minimum age constraint for the age of the gold depositionat Sharks Well Mining 

Centre. 

Both the gold deposits from the Warrawoona Mining Centre and Sharks Well Mining Centre 

were dated using Pb-Pb and U/Pb simultaneous solution nebulisation and Laser Ablation 

Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) at the University of Utrecht, 

Netherlands. The LA-ICP-MS uses a short wavelength _Lambda Physik Complex Argon Fluoride 
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193 nm Excimer Laser, associated with a Micromass Platform ICP single collector quadrupole 

mass spectrometer. 

In addition to the two mining centres, one attempt to date the gold deposits from the 

Mosquito Creek 'Block was conducted. In order to date the deposits from the Mosquito Creek 

Block, chemical Th-U-Pb dating of monazite was undertaken using the Jeol JXA8600 Superprobe 

at the University of Utrecht, Netherlands. However, the technique could not be applied to monazite 

crystals from the Mosquito Creek Mining Centre as they have small sizes and contain .little Th. 

Conclusions: - Chapter 9 summarises the strata-tectonic history of the Marble Bar and 

Nullagine domains with respect to the genesis of gold mineralisation. 
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Figure 1.1: Location of the Pilbara Craton, NW Australia 
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Chapter 2 

Literature Review 

2.1 PREAMBLE 

The Pilbara Craton of NW Australia is an Archaean granite-greenstone terrain formed at 3.6 

to 2.9 Ga. It is overlain by the Late Archaean Hamersley Basin (Hickman, 1983). It consists two 

domains that are separated by major strike-slip faults : the East Pilbara Superterrane and the West 

Pilbara Superterranes. These may be further subdivided into sub-domains that may also constitute 

separate and discrete terranes (Tyler et al., 1992; Smith et al., 1998). 

Gold mineralisation is found in both Superterranes, but is concentrated in the East Pilbara 

Superterrane. Here, the gold mineralisation is found in two structural situations, namely shear

hosted mineralisation, chiefly in the greenstones surrounding the Mount Edgar Batholith, and as 

shear-hosted within turbidite deposits, chiefly in the Mosquito Creek meta-sediments. Gold mines 

are grouped into discrete mining centres (Figure 2.1A). 

Within the following section, a general overview of the mining activities of the individual 

mining centres is presented. The overview includes a brief description of the gold-bearing reefs, the 

amount of gold extracted, average grade and the mining techniques used. The geology of the 

individual centres is described. It is not the intention here to provide a comprehensive overview of 

the gold deposits, but rather to summarise the information available about them. 

2.2 GRANITE GREENSTONE-HOSTED GOLD DEPOSITS (GGHGD) 

2.2.Jlntroduction 

The Granite Greenstone Hosted Gold Deposits are concentrated in four main areas: at 

MCPhee Reward in the MCPhee Shear Zone; at Bamboo Creek in the Bamboo Creek Shear Zone; a 
" 

group of deposits associated with the Marginal She!\f Zone (Yandicoogina and Warrawoona) in the 

Warrawoona Greenstone Belt; at Marble Bar in the Marble Bar shear system (Figure 2.1A). 
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The first three are located in upper-crustal shears centred on highly carbonatised ultramafics 

where gold occurs in quartz segregation veins. The shears show a complex history of reactivation, 

with the gold-bearing quartz veins located in te11sion fractures within boudins, or within the shears 

themselves (e.g., the Klondyke Queen Mine). Gold at Klondyke Queen Mine occurs within high 

temperature mylonites, as inclusions in pyrite, as well as in the pressure shadows enveloping pyrite 

(see Chapter 4), but elsewhere gold is associated with quartz veins that fill tension gashes. For 

these three areas, the country rock comprises a highly carbonatised ultramafic rock that tends to be 

enriched in silica and sericite. Zegers et al. (1996) speculated that the shears formed during early 

extensional deformation at 3.45 Ga, were reactivated during a later phase of extension at 3.3 Ga, 

and then again during thrusting at 3.22 Ga. Each shear event appears to have had an accompanying 

phase of gold mineralisation. The major phase of Au mineralisation occurred at 3.45 Ga making it 

the earliest known phase of gold mineralisation in earth history. Shearing associated with Au 

mineralisation is earlier than the major late strike-slip reactivation on the domain boundary shears, 

which occurred at 2.9 Ga. 

2.2.2 Taiga Taiga Mining Centre 

The Taiga Taiga Mining Centre is situated 20 kilometres NNE of Marble Bar (Figure 2.1A), 

5 kilometres west of Taiga Taiga River, and 5 kilometres east of the Marble Bar-Port Hedland road 

and railway. The mining centre is located within the McPhee Reward Shear Zone in the Coppin 

Gap Belt, north of Mount Edgar Batholith. 

The gold-bearing reefs in this area are hosted by schistosed rock and, on the northwestern 

side of a ridge, define a NE trend (Maitland, 1908). Other reefs (minor) can also be found in cherts 

and in greenstones located above and below the cherts (O'Halloran, 1936). The workings in this 

area mainly consist of shafts, adits, open cuts and trenches. 

McPhee' s Reward Reef is the northern most reef and is part of the main reef line. The ore

bodies consist of lenses of quartz up to 36 meters in length and 11 meters in thickness (Table 2.1), 

striking NE and dipping about 40° NW. Locally the reef is anatomising in outcrop and quartz 

stringers are common. Near this reef, shafts to a depth of 6 meters have worked a number of lenses 

of quartz up to 18 meters long and 11 meters thick. The average grade and gold production at 

McPhee's Reward Reef are presented in Table 2.1. 

The North Star Reef occurs in a second line of schist, striking at 015° to 050° and dipping to 

NW (Fig 2.2). Gold was mined in association with fuchsite and galena in a vein 36 meters long and 

an average thickness of 3.5 meters. Veins of calcite occur in the hanging-wall of the reef and 

locally, replace the reef. The orebody comprises a milky quartz vein that is cut by thin veins of 

chlorite. It hosts small quantities of carbonates and copper sulphides (Maitland, 1908). The North 

Star Reef was probably the deepest in the Taiga Taiga Mining Centre (33 meters) and, together 
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with Jubilee, was the second largest gold producer (Table 2.1). The reef has been mainly stoped, 

but shafts are also present. 

At the Galatea Reef the main workings consist of an open cut. Four shafts and some 

trenching are also reported as additional workings in this reef. The reef comprises a brecciated 

quartz vein, with an average thickness of 1.2 m (O'Halloran, 1936). It is laminated and has free 

gold. Serpentine is locally concentrated within the reef, as well as bands of chromiferous chlorite 

(penninite) and chromiferous mica (fuchsite). According to Maitland (1908), recorded average 

grade of the Galatea's Reef was the lowest in the Taiga Taiga Mining Centre until 1897. 

The Taiga Taiga Mining Centre also has reefs within cherts (Figure 2.2). They mainly 

comprise quartz veins that is approximately 70 to 183 m in length, but Jess that one millimetre in 

thickness. The reefs strike at 050°. It was worked by open cuts. 

According to Maitland (1908) and O'Halloran (1936), the average gold grade for all the reefs 

at Taiga Taiga Mining Centre, for the time before 1897 until 1934, is about 24 to 69 glt Au. 

The Taiga Taiga Mining Centre lies in a belt of rocks that Maitland (1908) described as part 

of the Warrawoona Series, extending eastward from the Coongan River to Bamboo Creek. In 

general, the area of Taiga Taiga consists of a series of almost vertical-dipping, schistosed rocks. 

The schistosed rocks are highly carbonatised and are interpreted to consist of altered volcanic rocks 

that comprise intermediate to basic Java flows, with banded chert (Maitland, 1908). The schistosity 

in these rocks, in general, trends NE, with a strike of 050° and dip ranging from 15° to 40° NW. 

The schists form three parallel lines with a thickness varying from 12-30 m. Most of the historic 

gold production is derived from these rocks. About 3.2 km to the east of the mining centre, the 

rocks are intruded by granite (Maitland, 1908), but near the Galatea workings, they are intruded by 

gabbro and feldspar porphyry dykes (O'Halloran, 1936). The McPhee's Reward Reef is traversed 

by a series of vertical fractures trending generally south (Maitland, 1908). 

2.2.3 Bamboo Creek Mining Centre 

The Bamboo Creek Mining Centre is situated approximately 64 km NE of the. Marble Bar 

Village, at the northern extension of the Mount Edgar Batholith, within the Coppin Gap Belt 

(Figure 2.1A). The Bamboo Creek Shear Zone, a NE-striking structure hosts the deposits belonging 

to this mining centre. The centre is about 4.8 km long by 1.0 km wide, and is located in Bamboo. 

Creek, one of the tributaries of the Nullagine River. The area can be accessed via an unsealed road 

that joins the Great Northern Highway between Marble Bar and Port Hedland. Gold mining in this 

area commenced in 1893 and continued until1994 (Young, 1994). 

The geology of the Bamboo Creek Mining Centre consists of four groups of rocks 

comprising the Warrawoona Group, Mount Edgar Granite dykes, the Nullagine Series and 

hornblende porphyritic dykes (Figure 2.3). 
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The Warrawoona Group comprises talc-chlorite-carbonate schist, fine-grained basic rocks, 

including basaltic dolerite and pillowed basalt, porphyry flows, banded cherts, slates, and 

amygdaloidal basalt and hyaloclastite breccia. The schistosity has a general strike of 310° to 315°. 

The schist has been interpreted as ultramafic rock (komatiites) because it is characterised by 

spinifex texture (Young, 1994; Zegers, 1996). Altered products of those rocks are chlorite

carbonate-silica-fuchsite, including serpentine and talc. The main alteration phases include 

carbonatisation and silicification that are associated with the gold deposition event (Young, 1994; 

Zegers, 1996). Pillow structures and bedding are locally preserved within boudins that occur within 

the schist. At the southwestern edge of the mining centre, the schist is flanked by dolerites and 

pillowed basalt. Felsic lavas and feldspar porphyries intercalate the schist. Cherts with a NW strike 

and steep dip, are interpreted to be siliceous horizons between flows of silicified tuffs (Finucane, 

1936). Slates with a NW strike and steep dip occur in the SE region of the area. These are cut by a 

fault that strikes E-W and displaces the slates sinistrally. The schist is bounded at the NE margin by 

amygdaloidal lavas and volcanic breccias that dip 30° to 40° NE. These units are believed to 

conform to the De Grey Group (Maitland, 1908; Finucane, 1936; Young, 1994). Granite dykes are 

intrusive into the Warrawoona Group, but they were not observed in the De Grey Group. They are 

interpreted to be apophasis of the Mount Edgar Batholith (Finuqne, 1936). 

With reference to the De Grey Group, in the Bamboo Creek Mining Centre the group 

consists of basal conglomerates (about 1-1.2 meters thick) with overlying sandstone and slate. 

Above this package, there are quartz-porphyry lava flows that extend for a distance of 3.2 km to the 

NE. The Nullagine Series of the De Grey Group dips about 30° to 40° NE and overlies the schist at 

the NE of the Bamboo Creek Mining Centre. Hornblende porphyritic dykes in the Bamboo Creek 

Mining Centre cut all lithologies (Maitland, 1908; Finucane, 1936). 

All the lithologies from Bamboo Creek Mining Centre are crosscut by faults that trend N-S 

and E-W. The displacement on these faults varies from few centimetres up to 450 meters. 

According to Finucane (1936), the N-S trending faults cut all lithologies but do not cut the De Grey 

Group. Finucane (1936) stated that these structures predate the gold deposition event; and that the 

distribution of orebodies is closely associated with their pattern. 

The auriferous quartz veins of the Bamboo Creek Mining Centre are mineralised with iron, 

copper, lead and manganese. Calcite and iron-rich carbonate veins are locally good indications of 

gold. Mineral indicators include tourmaline, galena and tetrahedrite (Zegers, 1996). The host rock 

to the reefs is a talc-chlorite-carbonate schist and, both reef and host rock, strike at 310° to 315° 

with a steep dip toward the east (Finucane, 1936; Maitland, 1908). 

The reefs are in general, narrow at the surface, but wider with depth (Maitland, 1908). 

According to their physical characteristics and structural features, they form two main groups 

(Finucane, 1936; Maitland, 1908). Group 1 includes the main line of reefs extending from the 

Hidden Treasure Mine to the Alpha Mine, Bamboo King and Bulletin mines (Figure 2.3). Finucane 
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(1936) stated that Group 1 reefs occur along a pre-gold fault pattern with three main orientations: 

(1) striking at 305° to 320° and dipping 55° to 60° E; (2) striking at 280° to 290° and dipping 70° 

N; (3) striking 160° to 18° and dipping 80° W (locally vertical). Group 2, also known as the Cross 

Reefs, comprise a series of reefs striking NE to E-W, dipping to the NW and north (Figure 2.3), 

such as the Bonnie Doone and Nil Desperandum reefs. The Cross Reefs mainly comprise dark-blue 

quartz veins containing free gold, galena and chalcopyrite. The main mining activities within the 

Bamboo Creek Mining Centre comprise open pits, adits with crosscuts and drives, and locally 

shafts. 

The quartz reefs in the Alpha Mine, Princess May and Charlie mines of the Bamboo Creek 

Mining Centre form one continuous body (Finucane, 1936). These reefs range in length from 3 to 

43 m and vary in thickness from 23 to 61 em (Table 2.2). The average grade within the three mines 

is around 50 g/t, with a total production of 285 kg of Au (Finucane, 1936; Maitland, 1908). 

At Mt Prophecy North Mine, the reefs consist of a number of quartz veins spaced at 

distances of 15 em to 1.7 m. They were mined by shallow open cut, but were also locally stoped 

(Finucane, 1936). The Mt Prophecy and Perseverance Mines comprise four main reefs and these 

have been worked by open cuts and stoping. Exposed sections of the reefs (in drives) show a 

variation in thickness from 15 to 60 em, with a length up to 110m (Table 2.2). The average grade 

of these quartz reefs was between 5.36 g/t Au and they had a total gold production of 321.5 kg of 

Au, for the period from 1897 until1903 (Finucane, 1936; Maitland, 1908). 

In the area southeast of the Mt Prophecy Perseverance reefs, the most important reefs are the 

Bamboo Queen, Kitchener and Bonnie Doone (Figure 2.3). Shafts and adits, with crosscuts and 

drives, characterise these mines. Bamboo Queen Mine consists of two parallel quartz reefs 

(Finucane, 1936), and Kitchener Mine main quartz reef is made of three shoots of ore. The reefs in 

both mines are hosted by silica-carbonate-fuchsite rocks that exterid for a distance of 152 m 

(Finucane, 1936; Young, 1994). Massive to weakly banded quartz-chlorite, talc-chlorite-carbonate 

and chlorite-carbonate rocks are also present. Those rocks show quartz and carbonate veins that 

vary in proportion from a few percent to more than 70 percent (Young, 1994). Generally, the 

orebodies consist of a single quartz-carbonate vein, or parallel stringers that varying in width from 

less than one centimetre to just over one meter. Fractures with the :vein are indicative of numerous 

episodes of cracking and sealing, and patches and stringers of galena, pyrite, sphalerite and fuchsite 

are often present. The wall rock to the alteration zone predominantly comprises chlorite-carbonate 

schist and massive chlorite-carbonate rock, the latter displaying locally preserved spinifex texture. 

These rocks are reported to _carry visible gold (Young, 1994). The quartz reefs at Bonnie Doone 

vary in thickness from 91.4 em to 2.74 m. They have a general E-W strike and dip 55° to 60° N. At 

depth, the Bonnie Doone quartz reef bifurcates to form quartz reefs that strike 40° and 80° and 

dipping 55° N. The quartz reef striking 80° is rich in gold (Finucane, 1936). At Bonnie Doone 

Mine gold is associated with galena. 
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At the Kitchener Mine, an SI schistosity, defined by chlorite and other platy minerals, is 

pervasive throughout the wall rocks (Young, 1994). The foliation dips steeply north or south. It has 

been interpreted as the oldest structural feature recognised in the area (Young, 1994). Faults and 

shear zones are also present, occurring parallel to the schistosity, and they are interpreted to be syn

tectonic. Small-scale folds and crenulations of the schistosity are visible in some parts of the mine. 

In the region east of the Kitchener Mine, historically the most important mines were the 

Bulletin Mine, Bonnie Doone Mine and Bamboo King Mine, and more than three-fifths of the total 

gold from the Bamboo Creek Mining Centre were derived from these mines. Gold was extracted 

mainly by cyanidation and amalgamation, and showed an average grade of about 50 g/t Au 

(Finucane, 1936). 

The Bulletin Mine is the eastern-most mine in the Bamboo Creek Mining Centre (Figure 2.3) 

and, according to its orientation (E-W/sub-vertical) and associated ore minerals (galena and pyrite), 

is classified as a Cross Reefs by Finucane (1936). The average grade for the mine was 57.24 g/t 

Au, with a total production of 265.60 kg of Au (Finucane, 1936). The reef comprises a milky 

quartz vein about 60 em to 4 m thick that extends for a distance of about 183 m. Drives, with 

crosscuts and open cuts, are the main workings in this mine. Shafts were also sunk to intersect the 

reef at depth. 

Smaller quartz reefs occur near these larger quartz reefs, but are less important because they 

produced little Au ore of low grade. These reefs include Black Queen, Black Angel, Forrest Abbey 

and the Cave, Nil Desperandum, Puzzle, Revenue, Hidden Treasure and Wagtail (Finucane, 1936) . 

. Comparing the two lines of reefs in the Bamboo Creek deposits, the Main Line has produced 

almost 80 percent (1.54 tones) of the total Au (1.96 tonnes), with K.itchener Mine being the highest 

gold producer (416 k/g Au). Despite the fact that the main line of reefs had a higher gold 

production, the average Au grade was almost the same (41 g/t Au for the main line, and 39 g/t Au 

for the Cross Reefs). This historic gold production suggests that at least 49 tonnes of gold ore had 

been crushed at Bamboo Creek Mining Centre. 

2.2.4 Yandicoogina Mining Centre 

The Y andicoogina Mining Centre lies at the southeastern-most extension of the Mount Edgar 

Batholith, at the northern margin of Y andicoogina Creek. It is located 56 km SE of Marble Bar and 

about 26 km SW of Twenty Ounce Gully (Figure 2.1A). The gold deposits of this mining centre are 

mainly hosted in the Kelly Greenstone Belt in the Central Warrawoona Shear Zone, except for 

Granite Mine, which is hosted by the Mount Edgar Batholith in the Mount Edgar Shear Zone 

(Figure 2.1A). 

According to Finucane (1939), the geology of the Yandicoogina Mining Centre comprises 

three main groups of rocks. The frrst group belongs to the Warrawoona Group and comprises talc

chlorite-carbonate schist, chlorite schist and banded cherts (Figure 2.4). The schist strikes E-W and 
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dips 60° to 80° S. Numerous quartz reefs occur in this schist, but they carry no gold. The second 

group of rocks comprise weakly sheared to sheared granitoid (sensu lata) of the Mount Edgar 

Batholith, and they form the northern contact of the schist of the Warrawoona Group. This second 

group of rocks is intruded by granite dykes, which have been altered to arnphibolites. The third 

group of rocks are situated at the southern-most extension of the Yandicoogina Mining Centre, and 

comprise quartz porphyry flows, trachytes and andesite. These rocks overlie the schist of the 

Warrawoona Group. This group also contains bedded acid volcanic rocks, sandstone and shale that 

are interpreted to belong to the De Grey Group. They strike E-W and dip south at an average angle 

of 25 degrees. 

Two types of ore deposits occur at Yandicoogina Mining Centre: those that comprise milky 

quartz veins and those in laminated type of quartz (chert). These reefs are .parallel to the regional 

schistosity. The principal gold mines of the Yandicoogina Mining Centre include (from south to 

north) Invincible Mine, Uncle Tom Mine, Lady Adelaide Mine, Easter Mine, Black Shepherd and 

Granite Mine (Figure 2.4). The workings are not extensive and perhaps suggest that they were not 

mined, but prospected. Open cuts workings and shafts are small, and very shallow (Maitland, 

1908). 

The reefs in this area strike NE and E-W. The first group includes Lady Adelaide Mine and 

Uncle Tom Mine, while the second group includes Invincible Mine, Black Shepherd Mine and 

Granite Mine. Gold is mainly associated with pyrite, galena, azurite and traces of sphalerite 

(Finucane, 1939). The ore-bodies vary in thickness from 7 to 30 em and are 244 to 792 min length 

(Table 2.3). 

The NE striking reefs at Uncle Tom, Lady Adelaide and Eastern mines are interpreted to 

represent a continuous reef (Finucane, 1939). According to the historical gold production, this 

continuous reef had the second highest average gold grade and average total production within the 

Yandicoogina Mining Centre (Table 2.3). The highest gold production and highest .average gold 

grade occurred at Black Shepherd Mine, with production of 60 kg of Au and an average grade of73 

g/t Au (Table 2.3). The lowest recorded gold producer within the Yandicoogina Mining Centre was 

the Granite Mine with 2 kg of total gold. This reef is about 15 to 20 em in thickness and few meters 

in length. It strikes almost E-W and dips 45 degrees to the south. 

According to the historical gold production of the Yandicoogina Mining Centre, 3.4 tonnes 

· of gold ore have been crushed at Yandicoogina Mining Centre, producing in total 160 kg of Au, at 

average grade of about 49 g/t Au. Finucane (1939) reported that, until 1934, a total production of 

almost 60 kg of gold, at an average grade of 53 g/t Au, had been achieved. 
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2.2.5 Warrawoona Mining Centre 

The Warrawoona Mining Centre is located between the Mount Edgar and Corunna Downs 

batholiths (Figure 2.1A). It lies about 24 km SE of Marble Bar, and is accessible by road to 

Corunna Downs Station. 

The lithologies of this area belong to the Warrawoona Group and comprise fine-grained 

greenstones, altered to carbonatised chlorite schist, that are interbedded with quartz-chlorite

hematite schist and quartz-sericite schist. Massive greenstones are intercalated in the carbonatised 

chlorite schist. The quartz-sericite schist is interpreted as metamorphosed sedimentary rock. The 

quartz-chlorite-hematite schist contains bands of chert that trend northwesterly and dip steeply to 

the NE. These bands form four lines (Figure 2.5); the southern-most (named Kopcke's Leader) is 

known to be a significant host to gold (Maitland, 1908; Jones, 1938). All lithologies are intruded by 

granite, and the lithologies and granite are intruded by NE-trending dolerite dykes (Maitland, 1908; 

Jones, 1938). The main structures of the Warrawoona Mining Centre have been described by 

Kloppenburg eta!. (2001), and are summarised in Chapter 7. 

The line of reefs at the W arrawoona Mining Centre trend E-W to NW and extend for about 

6.4 km (Figure 2.5). They are sub-vertical and are associated with quartz-chlorite-hematite schist, 

or carbonatised chlorite schist. The orebodies are found where fractures, which trend 322°, intersect 

the schistosity, giving them pipe to ruler shapes that pitch steeply north toNE (Jones, 1938). The 

important mines in this mining centre are Bow Bells, Gauntlet, Klondyke Boulder and Klondyke 

Queen (Figure 2.5). Adits, open cuts and shafts are the main workings. Gold is mainly associated 

with pyrite (locally stretched), galena and arsenopyrite. 

The highest gold production in the Warrawoona Mining Centre was 148 kg Au, recorded at 

Klondyke Boulder Mine, but the highest recorded average gold grade was 118 g/t Au at Klondyke 

Queen Mine (Table 2.4). 

According to Jones (1938), the recorded total gold production until 1935 was 653 kg Au, 

with the greater part being produced before 1915. The recorded average grade for the area is 64 g/t 

Au. These values suggest that at least 10 tonnes of gold ore have been crushed in the Wartawoona 

Mining Centre. 

2.2.6 Marble Bar Mining Centre 

The Marble Bar Mining Centre is located at Marble Bar village, the official centre of the 

Pilbara goldfield (Figure 2.1A). The mining centre is situated 193 km SE of Port Hedland and 

about 1600 km from Perth. The orebodies of the Marble Bar Mining Centre are hosted in the 

Marble Bar Greenstone Belt and are located within the Marble Bar Shear Zone. The orebodies 

comprise milky quartz veins that trend north to NW and dip 10° to 30° W. Gold is associated with 

chalcopyrite, traces of pyrite and galena. The country rock hosting the deposits of Marble Bar 

Mining Centre comprises carbonatised chlorite schist, which trends northerly to northwesterly and 
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dips steeply west. The important gold mines in the mining centre (from north to south) are Nabob

Ironclad North Group, Ironclad, Jo-Jo, Outward Bound and -Outward Bound East, Homeward 

Bound, Viking, Anglo-French and Rufus Henry (Figure 2.6). The main mining workings in this 

area consist of shafts, which are connected at depth with drives. Short adits and open cuts are found 

in some mines (Finucane, 1936). 

According to Finucane (1936) the lithologies of the Marble Bar Mining Centre can be 

divided into five groups. Group l rocks belong to the Warrawoona Group and comprise highly 

carbonated basic schist, acid lava flows and breccias, banded cherts and pillow lavas. It is within 

the highly carbonated basic schist that the main ore-bodies occur (Figure 2.6). The Warrawoona 

Group occurs mainly on the western and northern sides of the margins of the mining centre. On the 

eastern margin of the mining centre, granite (sensu stricto) of the Mt Edgar Batholith (Group 2 

rocks) intrudes the Warrawoona Group. Group 3 rocks comprise porphyries that intrude both the 

Warrawoona Group and granite at the Ironclad Mine. The porphyry crops out also within the 

central part of the mining centre, especially near Homeward Bound and Rufus Henry group of 

mines (Figure 2.6) where it trends E-W. A granophyric body crops out east of Jo-Jo Mine (Group 4 

rocks). The youngest and last group of rocks (group 5) comprises a series of dykes, which trend 

east to northeasterly. 

The orebodies of the Marble Bar Mining Centre comprise planar milky quartz veins with 

thickness ranging between 15 em to 1.5 m, and are about 10 to 15 m in length. The recorded 

highest gold producer within the centre was the Anglo-French Mine, which produced 153.6 kg of 

gold (Table 2.5). The total recorded gold production for the mining centre is 416 kg of gold and the 

average grade is 27 g/t Au. This historic production suggests that at least 15 tonnes of gold ore 

have been crushed. 

2.2. 7 The Twenty Ounce Mining Centre 

Twenty Ounce Mining Centre lies about 64 krn east of Marble Bar and 32 krn south of the · 

Bamboo Creek Mining Centre. The orebodies of these mining centres are hosted by the eastern 

extension of the Coppin Gap Greenstone Belt and include the Expectation Mine, Boolerina Mine, 

Black ~ouglas Mine, Mia Mia Mine and Royal Mine (Figure 2.7). With the exception of the 

Expectation Mine, which is hosted by a small segment of the Mount Edgar Batholith, all the mines 

are hosted in basalt of the Warrawoona Group. The orebodies display pipe or pencil shapes that are 

formed at the intersection of quartz veins and fractures which trend NE to NW (Finucane and 

Sullivan, 1939). The main mining workings of these centre consist of. steep shafts with drives and 

open cuts. 

According to the geological map provided by Finucane and Sullivan (1939), the ·lithologies 

of the Twenty Ounce Mining Centre comprises mainly banded actinolite rocks and chlorite schist, 

with bands of chert. The actinolite rocks and the chlorite schist strike 020° to 025° and dip steeply 
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east and west. Sediments of the De Grey Group that comprise slates, shales, porphyries and basic 

volcanic rocks unconformably overlie them. Dolerite and granite dykes intrude these lithologies. 

The highest recorded gold producer at the Twenty Ounce Mining Centre was Expectation 

Mine, with a total production of 27.5 kg Au and a grade of 69 g/t Au (Table 2.6). The total 

recorded gold production within the mining centre was 38.62 kg of gold, at an average grade of 

18.74 g/t Au, or 2 tonnes of crushed gold ore. 

2.2.8 Sharks Well Mining Centre 

The Sharks Well Mining Centre is situated 40 krn SSW of Marble Bar and is located within 

the Coongan Greenstone Belt (Figure 2.1A). The greenstone belt is 40 krn long and 5-11 krn wide 

and comprises rocks of the Warrawoona Group. The most important gold mines of the Sharks Well 

Mining Centre are the Mount Ada, Golden Gift and Mount Florence mines (Finucane, 1939), and 

they are hosted by carbonatised chlorite schist that form the Sharks Gully Shear Zone. The ore

bodies of the Sharks Well Mining Centre are folded, with iron sulphide as fill to fractures within 

the veins. 

The lithologies of this mining centre comprise three groups of rocks: the Warrawoona 

Group, the De Grey Group and granite (sensu lato) . The Warrawoona Group comprises fine

grained greenstones, which are altered to carbonatised chlorite schist, massive porphyries and 

banded ·chert (Figure 2.8). The porphyries are sheared and altered to quartz-mica schist. 

The Mount Ada Reef was historically the most important quartzreef of the mining centre. 

The quartz reef is folded into an antiform that pitches steeply to the north. On the eastern limb of 

the antiform, the principal ore shoots form drag folds that pitch north to NW at 60° to 70°. Several 

samples taken from these shoots by Finucane (1939) gave an average grade of 44.7 g/t Au. 

According to Finucane (1939), these shoots also had the highest recorded gold production of the 

mining centre, at 34 kg of Au. In contrast, the Mount Florence Mine, located 1.6 krn south of the 

Mount Ada Mine, had the lowest recorded gold grade of the area with an average of 10 g/t Au 

(Table 2.7). The east reef of the Golden Gift Mine, which is composed of two parallel reefs that 

strike NW and dip "70° to 75° SW, had an average grade of 30.7 g/t Au. According to Finucane 

(1939), at least 1.2 tonnes of gold ore was crushed in the Sharks Well Mining Centre. 

2.2.9 Mount Elsie Mining Centre 

The gold deposits of the Mount Elsie Mining Centre are classified as Granite-Greenstone 

Hosted Gold Deposits, and are located within the Nullagine Domain, north of Mosquito Creek 

Block (Figure 2.1B; 2.9). The mining centre lies 48 krn east of Yandicoogina Mining Centre and 

about 20 krn from Nullagine Township, within the eastern extension of the Kelly Greenstone Belt. 

It is bounded in the south by metasediments of the Mosquito Creek Formation, in the east by 

Fortescue Group, and in the north by the Yilgalong Granite. 
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The Mount Elsie Mining Centre constitutes two mines: the Elsie Mine and Little Elsie Mine. 

Schistosed rocks that are cut by a series of laminated iron-stained quartz veins host the Elsie Mine. 

The schistosed rocks are interpreted as deformed metamorphosed ultramafic rock. It lies between 

belts of carbonatised chlorite schist. 

The workings of the mining centre comprise a steep shaft sunk at the top of Mt Elsie, and an 

adit, which is located at the western side of the Mt )3:lsie, that connects with the shaft. At Little 

Elsie Mine, mining was by open cut. At the Elsie Mine, free gold and galena in milky quartz veins 

can be seen within the remnants of the main lode. According to Maitland (1908), the notable gold 

producer in the mining centre was the Elsie Mine, with a total of 46 kg of gold, at a grade of 3.0 g/t 

Au (Table 2.8). 

2.3 TURBIDITE-HOSTED GOLD DEPOSITS 

2.3.1 Introduction 

The Mosquito Creek meta-sediments form part o,f the Nullagine Domain of the Eastern 

Pilbara Superterrane (Figures 1.2, 2.1). In these meta-sediments, gold mineralisation occurs in 

saddle reefs and shears that are located at sub-domain boundaries. Two major lines are recognised. 

These are the Gold Line, in the southern part of the Mosquito Cre.ek meta-sediments, and the Gold

Antimony Line at the middle of the Mosquito Creek meta-sediments. The Eastern Creek Mining 

Centre is located at the NE extension of the Mosquito Creek meta-sediments, and is hosted by 

slates, meta-conglomerates and coarse-grained quartzite. 

The lithologies within the Gold Line and Gold-Antimony Line are siinilar and consist of 

quartzite, slates and fine meta-conglomerates. These metasediments form part of the Mosquito 

Creek Formation of the De Grey Group. The metasediments are isoclinally folded and form a series 

of antiforms and synforms. The fold axes to these structures trend, in general, from 070°· to 080°, 

with axial planes that trend E-W. Overturned folds also occur within the two lines, with axial 

planes that dip 60° to 70° S (Finucane, 1936). 

Gold mineralisation in the Nullagine Domain was formed at a period of NNE-directed 

shortening at circa 3.2 Ga when thrusts underwent strike-slip movement (see Chapter 4). This is 

similar to turbidite-hosted tectonic setting as occurs in Phanerozoic deposits. Contrastingly, gold in 

the foreland greenstone belt is located in transfer shears that are associated with thrusting. 

2.3.2 Mines of the Gold Line 

The Nullagine Domain is located east of the township of Nullagine, which is situated around 112 

kilometres SSE of the township of Marble Bar. The domain contains several discrete mining 

centres: 
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1. The Five-Mile Mining Centre - located 12 km east of Nullagine and around 2 ·km east of 

the Nullagine airport (Figure 2.1B) . 

.2. The Middle Creek Mining Centre- situated at about 17 km ENE of Nullagine. 

3. Twenty Mile Creek Mining Centre- is situated 10 km east of Middle Creek Mining Centre. 

4. The Upper Mosquito Creek Mining Centre, which is located 13 km east of Middle Creek 

Mining Centre and 38 km east of Nullagine. 

The mining belt extends for approximately 72 km (Maitland, 1908). 

2.3.2.1 The Five-Mile Mining Centre 

The Five Mile Mining Centre is the western-most mining centre of the Gold Line (Figure 

2.1B). The important gold deposits in this mining centre are Mundalla and Mount Daniel, Happy 

Wanderer, Alice, Castlemaine and Valentine. These deposits comprise quartz veins and cherts 

striking at 080° and dip 80° S. The orebodies occur at the contact of the chlorite schist that occurs 

at the southern part of the area, and a dominated quartzite at the north. The width and length of the 

veins varies from 1 m to almost 5 m and from 30 to 100 m respectively. These orebodies carries 

traces of galena and pyrite. 

The workings within the Five Mile Mining Centre comprise mainly open cuts and shafts and 

according to field evidences, the country rock hosted the mineralisation. The most important gold 

producer from this mining centre is Mundalla Mine with a total production of 33.6 kg of Au at an 

average grade of 148 g/t Au (Maitland, 1908). According to its historical mining activity, this 

mining centre crushed 213 tonnes of gold ore (Maitland, 1908). 

2.3.2.2 Middle Creek Mining Centre and Twenty Mile Creek Mining Centre 

The Middle Creek and Twenty Mile Creek mining centres are situated 18 and 27 km ENE of 

the township of Nullagine, respectively. These mining centres occur in a shear zone located at the 

contact between slate and quartzite units. The important mines within these mining centres are 

those of Barton, Hopeton, All Nations, Little Wonder and Federation. Open cuts and shafts are the 

main workings. The orebodies are mainly planar quartz veins varying in width from 30 em to 1.5 

m, and from 18 to 30m in length, except at the Barton Mine where the orebody is 171m in length. 

The Middle Creek and Twenty Mile Creek mining centres produced almost 45 percent of the total 

produced gold from Mosquito Creek Block (Tables 2.9 to 2.11); 52% of this gold was extracted 

from the Barton Mine (Table 2.9). Gold mines with modest gold production are scattered 

throughout both mining centres. 

The Barton Mine, the highest recorded gold producer in the Mosquito Creek Block with 

highest gold grade, comprises three main reefs, historically termed the Main, West and East reefs. 

The Main and West reefs strike at 025 and 030 degrees, and dips around 60 o E. The East reef 

strikes around 040° and dips 70° to 75° SE. According to Maitland (1908), these reefs produced 

26 



217:5 kg of Au at an average grade of 35 g/t Au. The Hopeton, All Nations, Little Wonder and 

Federation Mines lie east of the Barton Mine. These mines consist of series of lenses of milky 

quartz veins that trend NE (Hopeton and All Nations) and E-W (Little Wonder and Federation 

mines). 

2.3.2.3 The Upper Mosquito Creek Mining Centre 

The Upper Mosquito Creek Mining Centre is the eastern-most mining centre of the Gold 

Line. The important gold deposits in this mining centre are Parnell, Federal, Galtee More, Rattler 

and Ard-Patrick. These deposits comprise lenses of milky quartz veins that trend E-W and NE-SW, 

and dip vertically. The width and length of the veins varies from 30 em to almost one metre by 18-

152 m, respectively. Gold occurs mainly as free grains that are associated with traces of pyrite. 

The workings within the Upper Mosquito Creek Mining Centre comprise mainly open cuts 

and shafts. The highest gold producer from this mining centre is Galtee More with a total 

production of 125.9 kg of Au (Table 2.10). The Upper Mosquito Creek Mining Centre has 

produced a total of 239.63 kg of Au at an average grade of 28 g/t Au(Maitland, 1908). This gold 

production indicates that at least 8.56 tonnes of gold ore have been crushed. 

2.3.3 Mines at the Gold-Antimony Line 

Approximately 6 km north of the Gold Line is the Gold-Antimony Line. This line of reefs is 

located 10 km to the ENE of N ullagine. The ore bodies from this mining centre trend E-W and can 

be traced over a distance of 16 km. The most important mines within the Gold-Antimony Line are 

the Golden Spec Mine, Blue Spec Mine (the term Blue Spec derives from the presence of stibnite 

which gives a blue colour to the quartz veins), and Billjim (Figure 2.2 continued). Historic 

workings consist of a number of costeans, shafts and open cuts. The orebodies consist of quartz 

veins that are 7 to 50 em thick, and up to 100m long. The quartz veins trend 080°, and appear to 

coincide with a major shear/fault. However, the country rock immediately adjacent to the veins 

consists of highly cleaved slates and quartzite, and the veins follow a crenulation cleavage that cuts 

this cleavage. The most important mining centre of the Gold-Antimony Line is the Blue Spec 

(Maitland, 1908; Finucane, 1936). 

2.3.3.1 The Blue Spec Mining Centre 

The main gold deposit of the Blue Spec Mining Centre is located at the Blue Spec Mine and 

consists of as series of quartz reefs enriched in free gold, pyrite and uniquely, stibnite. The main 

reef of Blue Spec Mine strikes 070° to 080° and dips steeply to north or south. It crops out over a 

total length of 1.83 km. The reefs consist of a series of quartz veins that are hosted by faults. Assay 

results indicate that the reefs have a mean gold grade of 15.55 g/t Au (Maitland, 1908; Finucane, 
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1936). The recorded total production from this mine from 1906 until 1938 is 16 kilograms of Au 

and 3.13 tonnes of Sb (Maitland, 1908; Finucane, 1936). 

2.3.4 Eastern Creek Mining Centre 

The Eastern Creek Mining Centre, which does not lie on the either the Gold Line or Gold

Antimony Line, is located 72 km ENE from Nullagine Village (Figure 2.1B). The NE-trending 

quartz reefs in this mining centre are confined to slate and quartzite units of the Mosquito Creek 

Formation, but they form two main lines (Figure 2.10 and 2.10 continued). The northern line 

includes the Morning Star, Doherty's Reward and the Harp mines, and the southern line includes 

the Shamrock, The Jerk, The Rose, The Thistle and Crescent mines. The gold deposits of these two 

lines were mined using adits (especially the southern line), open cuts and shafts (Maitland, 1908). 

The country rock in which the auriferous veins occur is mainly made of slate, quartzite, 

gritstone, and meta-conglomerates. These rocks form part of the Mosquito Creek Formation of the 

Nullagine Domain. These sediments are intruded by masic- and ultramafic rocks, hornblende 

porphyry, diorite, syenite and granite dykes (Maitland, 1908). The meta-conglomerates are often 

brecciated and, together with the other meta-sediments, strike 035° to 055° and dip 35° to 70° S 

(Finucane, 1939). The metasediments are tightly folded into a series of antiforms and synforms 

with a general E-W trend. The quartz veins are thought to be associated with faults striking E-W 

(Maitland, 1908). 

The ore-bodies of the Eastern Creek Mining Centre form two types: massive lens-shaped 

milky quartz veins, and brecciated quartz veins (Maitland, 1908; Finucane, 1939). The lens-shaped 

milky quartz veins include the Morning Star, Doherty's Reward, Harp, Shamrock and The Jerk 

mines. They trend NE and dip 30° to 50° SE. They are 20 to 120 em wide and 12 to 122 m in 

length. The brecciated quartz veins are 50 em in width. 

According to data compiled from Maitland (1908) and Finucane (1939), the Eastern Creek 

Mining Centre has produced a total of 253 kg of gold at an average grade of 14 g/t Au (Table 2.11). 

The highest gold producer in this mining centre, producing 46.39 % of the total gold, was the 

Doherty's Reward Mine of the northern line. However, the recorded history of gold production 

suggests that the mining centre has crushed only 18 tonnes of gold ore, which in turn means it had 

the lowest gold grades from the Mosquito Creek Block (Tables 2.9 to 2.11). 

2.4 CONCLUSIONS 

The Marble Bar and Nullagine Domains, which contain most of the gold within the Eastern 

Pilbara Granite Greenstone Terrain, host gold in shears that are located in two main lithological 

domains, namely the granite-greenstones of the Marble Bar Domain and turbidites of the Mosquito 
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Creek Block of the Nullagine Domain. Gold mining in these two domains had their main period of 

activity between 1897 and 1937. 

The gold deposits within the Marble Bar Domain are mainly hosted by mafic and ultramafic 

volcanics of the Warrawoona Group. Near controlling shears, these mafic volcanics have been 

altered to carbonatised chlorite schist (this alteration is prominent in the Taiga Taiga, Sharks Gully, 

Marble Bar, Twenty Ounce Gully and Mount Elsie mining centres). Traces of talc are also found 

within the schist, which is interpreted to mean that the precursor rocks were high in Mg, i.e., Mg

rich basalts. Although the ultramafic volcanics are also carbonatisation, they also contain high 

concentrations of talc, chromium chlorite and fuchsite as alteration products (this type of alteration 

are found within the Warrawoona, Yandicoogina and Bamboo Creek mining centres). Spinifex 

textures are locally well preserved suggesting that the precursor rocks were komatiites. 

Within the turbidites of the Nullagine Domain the country rocks consist mainly of slates and 

meta-conglomerates. They are locally carbonatised. 

Comparing the gold production history of granite-greenstone and turbidite-hosted gold 

deposits (Figures 2.11-2.13, Tables 2.1-2.11), it can be concluded that the highest gold production 

was derived from granite-greenstone hosted deposits, with 2.7 t of Au. Those deposits also had 

higher average gold grade (34.74 g/t Au), compared to the gold deposits hosted in turbidite rocks 

(13.87 g/t Au). The highest gold producer was Kitchener (Figure 2.13), with a total production of 

416 kg of Au. 

The mining techniques used in the mining centres shows some difference. Adits with levels 

and drives were mainly used at the Bamboo Creek and Warrawoona mining centres in granite

greenstone rocks, and at Blue Spec within turbiditic rocks. Steep shafts and open cuts were mostly 

used at Yandicoogina, Warrawoona and Sharks Guliy mining centres in granite-greenstone rocks, 

as well as in all mining centres of the turbiditic rocks. 

In total, 141.93 tonnes of gold ore has been derived from mining activity within both the 

granite-greenstone-hosted gold deposits and the turbidite-hosted gold deposits. The greatest gold 

production was achieved at the Mosquito Creek Mining Centre with 33.7 tonnes of crushed gold 

ore, followed by Bamboo Creek Mining Centre with 0.7 tonnes of crushed gold ore (Figure 2.12). 
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Figure 2.1 A: Location of the main mining centres of 
· Marble Bar and Nullagine domains. Structures after 

Zegers (1996) and Kloppenburg et al. (2001). 
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Mines/reefs Orebody size Ore body Hosting rock Average g Production 
(m) orientation (g/tl (kg) 

McPhee W=11 NE/40NW Chlorite- 62-81 27.13 
Reward L= 36.6 carbonate 

schist 
North Star W=3.7 015-050/NW Chlorite- 33.21 4 

L = 36.6 carbonate 
schist 

Galatea W=1 .2 040/NW Chlorite- 3.80 
carbonate 
schist 

Jubilee 045/vertical Massive 37.20 5.19 
Qreenstone 

Other reefs w = 0.30-6 050 Cherts 8.20 
L = 70-183 

Table 2.1 : Historical average gold grade, gold production, characteristics of the 6rebodies and host 
rocks from Taiga Taiga Mining Centre. The letters W and ·L represent width and length respectively. 
Data compiled from O'Halloran (1936) and Maitland (1908) . 

D Chert 
~ Schist 
D Lavas 

., ........ Fault 

0 1 km 

GEl Granite 
• Porphyry 
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Y" Gold Mine 
N 

Figure 2.2: Main geology and gold deposits of Taiga Taiga Mining Centre. Geology after 
O'Halloran (1936). 
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Mines/reefs Orebody size Orebody Hosting rock Average g (glt) Production 
Cml orientation (kg) 

Kitchener w = 0. 6-5 315/sub Ultramafic 56.94 416.74 
L = 1.5 

Mt Prophecy A= 0.30 315/sub Ultramafic 69.45 115.46 

Bamboo Queen A=6 315/sub Ultramafic 39.95 82.65 
Bamboo King W=1 315/sub Ultramafic 16.84 311 .84 

L= 1.2 
Bulletin w = 0. 6-0.4 E-W/sub Ultramafic 57.24 265.69 

L=2 
Alpha w = 0.2-0.3 NW-SE/sub Ultramafic 59.53 209.79 

L = 30 
Princess May w =0.2-0.6 NW-SE/sub Ultramafic 

L= 31 50.84 75.57 
Charlie w = 0.2-0.3 310/60-70 NE Ultramafic 

L=43 
Mt Prophecy NW-SE/sub Ultramafic 5.36 6.38 
North 

L -110 
Mt Prophecy w = 0.2-0.6 NW-SE/sub Ultramafic 46.53 315.19 
Perseverance 
Bonnie Doone w =0.9-0.3 NE Ultramafic 27.86 107.37 

L= 0.8 E-W/55N 
Nil NE to E-W/sub Ultramafic 22.96 4.38 
Desperandum 
Federation W=0.5 N70Eto E-W Ultramafic 46.84 26.23 
Hidden 315/sub Ultramafic 26.02 3.54 
Treasure 

Table 2.2: H1stoncal average gold grade, gold production, charactenst1cs of the orebod1es and host 
rocks from Bamboo Creek Mining Centre. Shaded gold mines represent the Main Line of reefs and the 
rest represent the Cross Reefs. The letters W and L mean width and length respectively. Data 
compiled from Finucane (1936) and Maitland (1908). 
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Mines/reefs Orebody size Orebody Host rock Average grade Production 
(mi orientation Au-(gtt) (kg) 

Lady_ Adelaide L = 150 050/45SE Ultramafic 41 4.4 
Uncle Tom 060/ sub Sheared granite 53 54.5 

L=244 
Eastern w = 0.20-0.33 030/25-SOS Ultramafic 30 21 

L= 792 
Granite w = 0.15-0.20 100/40-45N Granite 2 
Black Shepherd A= 0.07-0.25 E-W/30-SOS Sheared granite 73 60 

L=488 
Invincible A= 0.30 E-W/30S Ultramafic 17.6 

Table 2.3: H1stoncal average gold grade, gold product1on, charactenst1cs of the orebod1es and host 
rocks Yandicoogina Mining Centre. The letters Wand L represent width and length respectively. Data 

compiled from O'Halloran (1936). 
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Figure 2.4: Main geology and gold deposits from Yandicoogina Mining Centre. Geology after Sullivan and Jones (1929). 
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Mines/reefs Orebody size Ore body Host rock Average grade Production 
(m) orientation Au-(gJt) (kg) 

Bow Bells L= 10-15 320/sub Ultramafic 41 22.25 
Gauntlet W = 0.6, L = 5·9 E-W/sub Ultramafic 56.5 128.23 
Klondyke L=76 295/sub Ultramafic 40 148 
Boulder 
Klondyke L = 107 290/sub Ultramafic 118 136 
Queen 

Table 2.4: Hlstoncal average gold grade, gold production, charactenst1cs of the orebod1es and host 
rocks the Warrawoona Mining Centre. The letters Wand L represent width and length respectively. 
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Data compiled from Maitland (1908) and Jones (1938). 
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Figure 2.6: Main geology and location of the gold deposits from Marble Bar Mining Centre. 
Geology after O,Halloran (1936). 
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Mines/reefs Orebody size Orebody Host rock Average grade Production 
(ml orientation Au~ (g/t) (kg) 

Nabob+lronclad W=0.9-1 .5 NS/20-30W Mg-rich basalt 12.24 
north 
Ironclad W=0.1-1 .6 NS/15-40W Mg-rich basalt 16.56 41.14 
Jojo W=0.1-0.4 Mo-rich basalt 34.44 87.24 
Outward Bound W= 0.1-1 Mg-rich basalt 37.25 53.86 

I group 
Homeward W=1-2 Mg-rich basalt 10.41 
Bound L = 9-15 
Viking W=1 NS/15W Mo-rich basalt 33 47.53 

·Anglo-French W=0.1-1 Mo-rich basalt 153.58 
Rufus Henrv W=0.3 Mo-rich basalt 47.52 32.72 

Table 2.5. H1stoncal average gold grade, gold production , charactenst1cs of the orebod1es and host 
rocks from Marble Bar Mining Centre. The letters Wand L represent width and length respectively. 

0 

A 
N 

Data compiled from Finucane (1936). 
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Figure 2.7: Main geology and gold deposits from Twenty Ounce Mining Centre. 
Geology after Sullivan {1939). 
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Mines/reefs · Orebody size Ore body Host rock Average grade Production (kg) 
(m) orientation Au- (oft) 

Roval W= 1.22 E-W/sub Basalt 4.2 0.67 
Boolerina W = 0.3-0.5 02D-050/sub Basalt 9.2 10.3 
Expectation L=9 Sub Granite 69 27.5 
Black L=427 020/sub Basalt 5.3 0 .. 15 
DouQias 
Mia Mia L= 36 NS/60E Basalt 6 

Table 2.6: H1stoncal average gold grade, gold production, charactenst1cs of the orebod1es and host 
rock from the Twenty Ounce Mining Centre. The letters W and L represent width and length 

respectively. Data compiled from Finucane (1939). 
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Figure 2.8: Main geology and gold deposits of Sharks Well Mining Centre. Geology 
and reef mapping after Jones (1939) and Scherrenberg et al. (Submitted). 
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Mines(reefs Orebody size Ore body Host rock Average grade Production 
(m) orientation Au- (g}t) (kg) 

MtAda w =0.2-0.5 Pitch NW/60 Basalt 44.7 34.13 
Golden Gift W=0.2 NW/70-75SW Basalt 30.7 
Mt Florence W=0.1 Basalt 10 

Table 2.7 H1stoncal average gold grade, gold production, charactenst1cs of the orebod1es and host 
rocks from Sharks Well Mining Centre. The letter W represent width of the quartz veins. Data compiled 

from Finucane (1939). 
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Figure 2.9: Geology of Mount Elsie Mining Centre. Geology after O'Halloran (1936). 
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Mines/reefs Orebody size Ore body Host rock Average grade Production 
Cmi orientation Au-C!Iitl (kg) 

Elsie NW/65-75SW Basalt 3 46.78 
L=0.4 

Little Elsie W=0.2 NW-60SW Basalt 15 
L = 122 

Table 2.8: H1stoncal average gold grade, gold production, charactenst1cs of the orebod1es and host 
rocks from Mount Elsie Mining Centre. The letters W and L represent width and length of the ore
bodies. Data compiled from Maitland (1908}. 

Mines/reefs Orebody size Ore body Host rock Average grade Production 
Cmi orientation Au-(gjt) (kg) 

Barton W= 0.4-1 NE/60-70SE Pelitic schist 35.2 217.53 
L=18-171 

Hopetoun W= 1.5 NE/sub Pelitic schist 8.9 7.14 
L= 30 

All Nations L = 18.3 010/sub Pelitic schist 12.41 27.92 
Little Wonder w = 0.3-0.4 097-125/sub Pelitic schist >1.53 127.27 

L = 30.5 
Federation 080/sub Pelitic schist 30 16.64 
Table 2.9: Hlstoncal average gold grade, gold product1on, charactenst1cs of the orebod1es and host 
rocks from Middle Creek and Twenty Mile Creek Mining Centers. The letters W and L represent width 
and length of the quartz veins, respectively. Data compiled from Maitland (1908}. 

Mines/reefs Orebody size Orebody Host. rock Average grade Production 
Cm) orientation Au·(~) (kg) 

Parnel L= 140 080-1 05/sub Pelitic schist 11.6 12.87 
Federal W=0.3-0.6 NW/sub Pelitic schist 6.12 1.6 

L= 18.3 
Galtee More w =0.3-0.9 E-W/sub Pelitic schist 3.06 125.9 

L =152 
The Ard-Patrick NE/sub Pelitic schist 4 93 
Rattler L = 36.6 E-W/sub Pelitic schist 10.7 6.26 
Table 2.10: H1stoncal average gold grade, gold production, charactenst1cs of the orebod1es from 
Mosquito Creek mining Centre. The letters W and L represent width and length of the quartz veins 
respectively. Data compiled from ton Maitland (1908). 

Mines/reefs Orebody Ore body Host rock Average grade Production 
size orientation Au (g/t) (kg) 
(m) 

Morning Star w = 0.6-1.2 NE/sub Quartzites/ 3.83 24.50 
L= 12.2 rnetaconglomerates 

Doherty's W=0.2-0.6 NE/35-50SE Quartzites/ 21 117.62 
Reward L = 30-46 metaconglomerates 
The Harp W=0.2-0.9 NE/30-45SE Quartzites/ 2.92 21.43 

L=61 metaconglomerates 
The Shamrock NEI55SE Quartzites/ 2.45 22.46 

L= 122 metaconglomerates 
The Jerk W=0.76 E-W/45-755 Quartzites/ 30.6 

L>ll metaconglomerates 
The Rose -W=0.5 NE/65SE Quartzites/ 21.61 6.62 

metaconglomerates 
The Thistle NE/25SE Quartzites/ 11.43 0.94 

metaconglomerates 
The Crescent W=0.30-0.61 NW/ Quartzites/ 18.87 60 

metaconglomerates 
Table 2.11 : H1stoncal average gold grade, gold production, charactenst1cs of the orebod1es and host 
rocks from Eastern Creek Mining Centre. The letters Wand L represent width and length of the gold 
bearing quartz veins. Data compiled from Maitland (1908}. 
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Figure 2.11: Total gold production for the mining centres of the Marble Bar and Nullagine Domains. 
The mining centres from left to right are Bamboo Creek, Marble Bar, Mount Elsie, Sharks Gully, Taiga 

Taiga, Twenty Ounce Gully, Klondyke (meaning Warrawoona) and Yandicoogina, hosted within the 
granite-greenstone terrain. Within the turbidites, the gold deposits are Blue Spec from the Gold

Antimony Line, and Eastern Creek, Twenty Mile/Middle Creek and at last the Mosquito Creek. The last 
two groups of deposits are part of the Gold Line. 

45 



40000 
·en· 
~ 35000 
g 30000 

~ 25000 
"C 
(!) 

.I::. 
C/) 

::J .... 

20000 
15000 

(.) 10000 
]i 
~ 5000 

0 

Figure 2.12: Total crushed ore within the different mining centres. The mining centres from left to right 
are Bamboo Creek, Marble Bar, Mount Elsie, Sharks Gully, Taiga Taiga, Twenty Ounce Gully, 

Klondyke (meaning Warrawoona) and Yandicoogina, hosted within the granite-greenstone terrain. 
Within the turbidites, the gold deposits are Blue Spec from the gold and antimony line, and Eastern 

Creek, Twenty Mile/Middle Creek and at last the Mosquito Creek. The last two groups of deposits are 
part of the Gold Line. 
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Figure 2.13: Total gold production of gold mines of the Marble Bar and Nullagine Domains. The gold mines are divided in mining centres comprising 
from left to right Bamboo Creek, Marble Bar, Mount Elsie, Sharks Gully, Taiga Taiga, Twenty Ounce Gully, Klondyke (know as Warrawoona), 
Yandicoogina, Eastern Creek, Twenty Mile/Middle Creek and Mosquito Creek. The gold deposits names can be seen within the historic production 
Tables 2.1 to 2.11 . 



Chapter 3 

Structural and Kinematic Setting Of 

Greenstone-Hosted Gold Deposits 

3.1 PREAMBLE 

Gold mineralisation in the Pilbara Craton occurs in both the West Pilbara and East Pilbara 

Superterranes, but is mainly concentrated within the East Pilbara. Gold mineralisation can be 

grouped into two styles, namely gold mineralisation in greenstone belts surrounding the Mount 

Edgar Batholith, and within turbidites in the Mosquito Creek metasediments. 

Gold mineralisation that is associated with greenstones of the East Pilbara Superterrane, 

occurs in four main areas: (1) in the Bamboo Creek Shear Zone, (2) in the McPhee Shear Zone, (3) 

in the Marble Bar shear system and, (4) a group of deposits associated with the Marginal Shear 

Zone in the Warrawoona Greenstone Belt. In the first three areas, gold mineralisation is located in 

upper-crustal shears that are hosted by carbonatised ultramafics, where gold occurs in quartz vein 

segregations. The shears show a complex history of reactivation with gold-bearing quartz veins 

located in tension fractures, boudins, or, within the shears themselves. At the Klondyke Queen 

Mine, gold mineralisation occurs within mylonites, as inclusions in pyrite, as well as in the pressure 

shadows enveloping pyrite. Gold is also associated with quartz-fill in tension gashes. The country 

rock is composed of carbonatised ultramafic rock, with elevated concentrations of silica and 

sericite. It is thought that the shears first formed during early extensional deformation at 3.45 Ga 

(Zegers et al., 1996), and were reactivated during a later phase of extension at 3.3 Ga, and then 

during thrusting at 3.22 Ga. Each shear event is associated with a phase of gold mineralisation 

(Zegers et al., op cit). The major phase of gold mineralisation occurred at 3.45 Ga making it the 

earliest known gold mineralisation event in earth history (Zegers et a!., 2002). The shearing 

associated with gold mineralisation precedes a major event of strike-slip reactivation on shears on 

the domain boundary at 2.9 Ga. 
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3.2 KINEMATIC STUDIES 

Ultramafic-hosted gold deposits of the Warrawoona Mining Centre include the Klondyke 

Queen, Klondyke Boulder and Bow Bells mines. The most important gold deposit within this area 

is arguably the Klondyke Queen Mine, due to its higher historic gold production and longer period 

of mining activity (see Chapter 2). 

The Warrawoona Mining Centre is located between the Mount Edgar and Corunna Downs 

batholiths, within the Warrawoona Greenstone Belt. The Warrawoona Greenstone Belt can be 

divided into two domains (the Northern and Southern domains) by the Central Warrawoona Shear 

Zone, with gold deposits of the Warrawoona Mining Centre being located within the hanging-wall 

of the shears in the Northern Domain (Figure 3.1). The rocks of the Warrawoona Greenstone Belt 

comprise fine-grained greenstones that are altered to carbonatised chlorite schist. These are 

intercalated with quartz-chlorite-hematite schist that contain chert bands. Quartz-sericite schist in 

the area is interpreted as metamorphosed sedimentary rocks, fine-grained acidic lava, or tuff (Jones, 

1938). These rocks have been intruded by mafic dykes that trend north to northwesterly, and by 

felsic dykes that trend parallel to the regional northwesterly to westerly-trending foliation. The 

orebodies of the Warrawoona Mining Centre form elongated pods that plunge 60 degrees to the 

north (Jones, 1938). The most important mines in the area include Bow Bells, Gauntlet, Klondyke 

Boulder and Klondyke Queen mines, located in the middle of the mining centre, and Charlie Mine, 

located at the contact between the Corunna Downs Batholith and the Warrawoona Greenstone Belt 

within the Southern Domain (Figure 3.1). 

3.2.1 Klondyke Queen Mine 

The geology of the Klondyke Queen Mine consists of greenschist facies carbonate-silicic 

and mica-altered rocks, and greenschist facies mafic to intermediate volcanic and volcanoclastic 

rocks. Gold mineralisation in pressure shadows that envelope pyrite crystals, is hosted by high Mg

basalts and ultramafics. The ultramafic rocks are extensively altered to talc-chlorite assemblages, 

but locally, spinifex textures are preserved. At the Klondyke Queen Mine, alteration assemblages 

are dominated by dolornite-quartz-fuchsite, together with quartz-chlorite-hematite in schist. The 

schists are commonly associated with iron sulphides, but also gold mineralisation where they 

intersect a black chert (the Kopcke's Leader) and form quartz veins (Figure 3.2A-C). Four chert 

bands, known as the Leaders (Figure 3.2), dolerite dykes and felsic schist crop out in the mine area. 

3.2.2 Kinematic and Detailed Structural Setting 

In order to understand the structural and kinematic development of the Warrawoona Mining 

Centre and the relationship between the kinematics and the gold deposition event, a traverse was 

conducted from the Klondyke Queen Mine main adit at the Kopcke's Leader to the Leader 3 in the 
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north of the mine area (Figure 3.2A-C). The oldest recognised structure within this area is a 

pervasive foliation that trends westerly to northwesterly, and dips steeply south or north (Figure 

3.3A). This foliation is mylonitic in character and composed of magnesium chlorite, fuchsite and 

ankerite, which suggests greenschist facies metamorphic grade. Within the chert leaders and the 

associated quartz-chlorite-hematite schist, the foliation is also mylonitic. Within the cherts, the 

foliation is resolved by a preferred orientation of quartz segregations and fuchsite, and within the 

schist is defined by chlorite, fuchsite and sericite. A down-dip stretching lineation (Figure 3.3B) 

occurs within the deposit and comprises elongated pyrite with gold bearing pressure shadows 

(within the fuchsite-rich varieties of the chert leaders), especially in the southern-most cherts at 

Klondyke Queen Mine main adit (Figure 3.4). This lineation also comprises elongated quartz, 

chlorite, ankerite and fuchsite aggregations. The stretching lineation is perpendicular to fold axes of 

asymmetrically folded quartz veins (FL veins), and suggest that folding, the formation of the 

lineation, pyrite and sulphide mineralisation are syn-kinematic. The kinematic indicators associated 

with the foliation and stretching lineation also include carbonate and quartz cr-clasts, an S-C 

foliation, and R-shears. These structures indicate that the north block as been displaced upward. 

The asymmetry of folded FL quartz veins supports this conclusion. The orientation of westerly 

trending, gently north-dipping quartz veins within the chert leaders (termed the CL veins) which 

crosscut the FL veins, the lineation and gold-bearing pressure shadows, as well as extension fibres 

(indicative of cr3) within the CL veins also support this conclusion. 

Dextral shear bands and asymmetric folds, with fold axes plunging parallel to the stretching 

lineation, overprint the described structures above. An asymmetric fold can be observed at the top 

of the main adit of the Klondyke Queen Mine, as well as at Leader 3 in the north of the mining area 

(Figure 3.2). Within Leader 3, the fold axis plunges toward the east, at a shallower angle than the 

stretching lineation, suggesting an oblique dextral sense of shear. 

Two quartz vein sets crop out in the mine area: ~ 

• Set 1. Quartz veins trending at 300° to 330°, and with steep dips. The quartz veins are, in general, 

barren in both iron sulphide and gold. The clockwise rotation of foliation against the vein walls 

indicates dextral oblique shearing in the plane of the vein. 

• Set 2. Steeply dipping quartz veins that trend ENE. Vein set 2 crosscuts vein set 1. The anti-

clockwise rotation of foliation against the vein walls indicates sinistral oblique shearing in the 

plane of the vein. 

3.2.3 Relationships to regional Tectonics and Inferred Timing /Discussion 

The main mineralisation phase at the Klondyke Queen Mine, took place during north-south 

to NNE compression and during doming of the Mount Edgar Batholith. The FL veins, which cut 

the chert leaders, are suggestive of north-south compression during the gold mineralisation event. 
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Quartz vein sets 1 and 2 mark the final deformation event in the Klondyke Queen Mine, and where 

formed during NNE compression. 

The main gold mineralisation phase at Klondyke Queen Mine is correlated with doming of 

the Mount Edgar Granitoid Complex that formed during NE-SW extension at 3.31 Ga 

(Kloppenburg eta!., 2001). According to Kloppenburg et al. (2001), the extension at 3.31 Ga was 

accommodated by the Mt Edgar Shear Zone, a mid-crustal detachment, and the associated Beaton 

Well Zone. 

3.3. ULTRAMAFIC-HOSTED GOLD DEPOSITS 

3.3.1 Overview 

Ultramafic-hosted gold deposits of the East Pilbara Superterrane occur in two main mining 

centres, namely the Shark's Well and the Taiga Taiga Mining Centre. The Shark's Well Mining 

Centre is hosted by the Shark's Gully Shear Zone in the Coongan Greenstone Belt (Figure 2.1 ). 

The gold mineralisation within this mining centre is associated with brecciated and folded quartz 

veins, and occurs as fill to fractures. At the Taiga Talga Mining Centre, the mineralisation is 

associated with brecciated quartz-carbonate veins. Here, the mineralisation is hosted by the 

McPhee Reward Shear Zone at the western extension of the Marble Bar Belt, NW of the Mount 

Edgar Batholith. 

3.3.2 Sharks Well Mining Centre 

The Sharks Well Mining Centre is located 40 km SSW of the township of Marble Bar. Gold

bearing reefs are hosted in carbonatised chlorite schist. The main gold deposits include the Mount 

Ada, Golden Gift and Mount Florence (Figure 2.7). Historically, the most important gold deposit 

was the Mount Ada deposit due to its high gold production and length of mining activity (see 

Chapter 2). The orebody at the Mount Ada deposit constitutes a folded quartz-carbonate vein, 

which is antiformal in shape, with a steep pitch toward north (Finucane, 1939). 

The Coongan Greenstone Belt that hosts the Shark's Well Mining Centre is mainly composed 

of mafic volcanics, especially high Mg-rich variolitic basalt and andesite, with subordinate 

ultramafic (komatiite) and felsic volcanic rocks (Zegers, 1996). These rocks have been sheared, 

folded and faulted, and metamorphosed to lower amphibolite to greenschist facies (Zegers, 1996). 

The orebodies of ihe Sharks Well Mining Centre are mainly hosted by ultramafic rocks that 

are altered to carbonatised chlorite schist. The schist is crosscut by a carbonatised felsic volcanic, 

and both lithologies are bounded at the east by a fine-grained variolitic basalt (Figure 2.7). The 

orebodies comprise massive, fractured, quartz-carbonate veins within, and folded by, the Shark's 

Gully Shear Zone (SGSZ). The SGSZ trends at 300° to 330° and dips approximately 75° SW. The 
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asymmetry of the folded veins indicates dextral dislocation on the shear during or after vein 

formation. 

Based on structural data collected during this study, two main deformation events are 

interpreted, Dl and D2. Dl has produced a prominent schistosity striking (Sl) at 310° to 360° and 

dipping around 75° SW (Figure 3.5). An associated stretching lineation (Ll) plunges 30°-40° SW, 

indicating a dextral SW block up sense of displacement. Dextral shear bands (SB 1 dex) strike at 

340° to 350° and dip approximately 75° SW (Figure 3.6). Gold-bearing quartz veins (Vl) strike at 

300° to 330° and dip steeply toward the SW. Gold mineralisation occurs within fractures that 

crosscut these veins. The fold axes, Fl, in asymmetric folded veins plunge 60° to 7SO NW. They lie 

at 90° to Ll, plunging from 30° to 80° NW (Figure 3.7). A penetrative crenulation cleavage (S2) 

that strikes at 330° and dips steeply SW and NE, crosscuts Sl and Vl (Figure 3.8). 

D2 within the mining centre is brittle in character and resulted from E-W to NW -SE 

compression. The structural elements representing this deformation event are two sets of quartz 

veins (V2a, V2b) and a thrust fault, and these are located in the northwest of Mount Ada Mine. The 

veins, V2a, trend at 050° to 060° and dip 70° SE, while the veins, V2b, trend 270° to 300° and dip 

steeply south. They crosscut Sl. The thrust fault trends northerly and dips 45° to 60° E. Quartz 

veins within the thrust strike at 320° to 330° and dip moderately 35° SW; the veins are stacked en 

echelon within the thrust and indicate an east-block up sense of dislocation. The quartz fibres in 

these veins plunge vertically indicating that extension was vertical during thrusting (Figure 3.9). 

Summarily, the quartz veins, Vl, were generated and subsequently folded and brecciated 

during dextral dislocation on the Shark's Gully Shear Zone. Gold mineralisation occurs in fractures 

that crosscut Vl. It is not possible to constrain the timing of gold precipitation with respect to S 1 or 

S2, because it is not possible to establish whether the gold bearing fractures formed late in Dl, or 

during D2. 

3.3.3 Taiga Taiga Mining Centre 

The Taiga Taiga Mining Centre is located 20 km NNE of Marble Bar, and around 5 km W of 

Taiga Taiga River, and at the same distance east of the Marble Bar-Port Hedland road and railway 

(Figure 2.1A). The mining centre is situated in the NW extension of the Marble Bar Belt, in rocks 

of the Warrawoona Group, on the northwestern margin of Mount Edgar Batholith. Gold 

mineralisation is hosted by the McPhee Reward Shear Zone, a 500 to 1000 meter wide shear 

running within the McPhee Formation. The shear zone has undergone multiphase deformation and 

has brecciated gold-bearing quartz veins. Free gold grains and flakes occur within the vein breccia 

in fractures crosscutting the quartz veins, and in that manner, are similar in character to gold

bearing quartz veins of the Sharks Well Mining Centre. The hosting rock type is carbonatised 

chlorite schist and is derived from metamorphosed, high Mg-basalts. 
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The main workings of the Taiga Taiga Mining Centre are the McPhee Reward, North ·Star 

and Jubilee mines, and a group of mines hosted by chert bands that crop out on the eastern side of 

the McPhee Formation. The McPhee Reward Mine had the highest historic gold production and the 

greatest number of mine workings in the mining centre. It has therefore been selected for detailed 

study. 

The geology of the Taiga Taiga Mining Centre mainly comprises rocks of the Warrawoona 

Group. The eastern side of the mining centre, the rocks comprises massive and pillowed basalt of 

the North Star Basalt, and contain carbonate-filled amygdales. The basalt is in shear contact with 

carbonatised chlorite schist and chert bands of the McPhee Formation. On the western side of the 

mining centre, the rocks comprise felsic volcanics of the Duffer Formation. These rocks are 

arranged in an antiform that trends NNE, and which was produced during ESE-WNW thrust

folding event (Van Haaften and White, 1998). The structure is known as the Taiga Taiga Anticline 

and local doming has been produced during the thrusting event. 

Within the Taiga Taiga Mining Centre, the most prominent structure is a NE-trending 

mylonitic foliation defined by chlorite, carbonate and locally talc, which in tum define the McPhee 

Reward Shear Zone. The foliation dips at 50° to 60° NW and contains a down-dip lineation that 

plunges, in most of the cases, to the west. Chlorite and elongate carbonate aggregates mainly define 

the lineation. The orebodies within the mining centre trend NE, parallel to the mylonitic foliation, 

but they have shallower dip. The orebodies comprise brecciated Pe-rich, quartz-carbonate veins, 

with visible gold flakes and grains (millimetres in diameter) as fill to fractures . 

The most prominent structure within the mining centre is a 250-300 metre wide thrust fault 

displaying a southeast direction of block transport (i.e. , NW block up). The structure is well 

preserved in outcrop at the McPhee Reward Mine, North Star Mine, and the Jubilee Mine. At these 

mines, reverse movement post-dates normal movement on the fault indicating that it has been 

reactivate at least twice. Normal movement on the fault has been established from anticlockwise, 

drag rotation of the schistosity (SI) along the margins of syn-tectonic quartz-carbonate veins (VI). 

Thrust movement on the fault has been established from drag rotation of SI on crosscutting shear 

bands, the development of a crosscutting crenulation cleavage (S2), clockwise asymmetry of SI 

during formation of S2, and en echelon tension fractures and quartz veins (V2) within, and 

crosscutting, VI. The shear bands form 3 sets: Set I are trend parallel to the trend of Sl and dip 

shallowly NW; Set 2 trends east-west, dips sub-vertically and display dextral sense of movement; 

Set 3 trends NW-SE, dips sub-vertically and display sinistral sense of movement. The shear bands 

indicate NW block up sense of movement. 

An E-W trending thrust is also exposed in host rocks at the Jubilee Mine and crosscuts the 

McPhee Reward Shear. The thrust also cuts the main orebody in the mine and is associated with 

steeply dipping, NW-trending, dextral shear bands and steeply dipping, NE-trending sinistral shear 

bands. These structures indicate that, subsequent to normal and reverse displacement on the 
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McPhee Reward Shear, the region was subjected to a period of brittle deformation in which south 

blocks were thrusted over north blocks. 

At North Star Mine, several generations of slickensides in the hanging-wall of the ore-bodies 

indicate that the Taiga Taiga Mining Centre was subjected to a period of faulting subsequent to 

orebody formation . Faults also cut Sl and S2. The faults trend (1) N-S to NNE, (2) NE and (3) E

W. The slickensides on these faults are sub-vertical and indicate a period of vertical block 

displacement. 

Based on the above-described structural framework, at least four deformations can be 

deduced for the Taiga Taiga area. The first deformation event, D1, is an extensional event, 

especially preserved at McPhee Reward and North Star mines. D1 resulted in development of a 

schistosity (S1) and syn-tectonic quartz-carbonate veins (Vl). The second deformation event, D2, 

is a widespread thrust event that is observable by internal markers within the main ore-bodies, as 

well as by shear bands, asymmetric folded veins (V2) and a crenulation cleavage (S2). The third 

deformation event, D3, resulted in the development of E-W trending thrusts at the Jubilee Mine, 

and a conjugate set of NW -trending dextral and N-S trending, sinistral shear bands. The fourth 

deformation event, D4, resulted in the development of faults in association with vertical 

slickensides. 

According to Van Haaften and White (1998), D1, was associated with the deposition of the 

Warrawoona Group, more precisely the Duffer Formation, comprising mainly felsic volcanics. The 

author also argues that this deformation event was related to WNW-ESE extension, similar to the 

syn-Warrawoona extension found within the North Shaw area. The above conclusions suggest that 

the mineralised quartz veins at the Taiga Taiga Mining Centre are, at least, younger than the 

3450±16 Ma (U-Pb zircon age; Pidgeon, 1978}, which is similar to Shark's Well Mining Centre. 

The NW-SE shortening event, D2, that produced the thrusts with transport direction toward 

theSE, with the development of the Taiga Taiga anticline, is interpreted by Van Haaften and White 

(1998) to be -2950 Ma, giving a minimal age for the gold deposits at the Taiga Taiga Mining 

Centre. 

3.4 UPPER CRUSTAL DETACHMENT, MAFIC-HOSTED 

3.4.1 Overview 

The Central Warrawoona Shear Zone divides the Warrawoona Belt into two main domains, 

the Northern Domain and the Southern Domain (Kloppenburg et a!., 2001). These two domains 

have different rock types, deformation styles and tectonic histories. The Northern Domain 

comprises ultramafic rocks intercalated with chert bands (the chert. leaders). The rocks of the 

Northern Domain are deformed to high temperature mylonite (Kloppenburg et a!, 2001). Shears 

within this domain are broad, continuous and homogenous. The Southern Domain possesses a 
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shorter kinematic and deformation history, and the rocks are mainly composed of mafic volcanics 

and minor ultramafics that are metamorphosed to greenschist facies . Shearing with this domain is 

localised, narrow, and discontinuous. The alteration assemblage with the Northern Domain 

comprises talc, chlorite and actinolite displaying strong carbonatisation, while alteration in the 

Southern Domain comprises chlorite, albite, actinolite assemblages. 

Only one gold deposit occurs within the Southern Domain, the Charlie Mine. The mine is 

hosted by an upper crustal detachment (Kloppenburg et al. , 2001), occurring within basalts and 

komatiite. It is located at the contact between the Corunna Downs Batholith and the Warrawoona 

Greenstone Belt (Figures 3.1, 3.10). The main orebody within Charlie Mine comprises a brecciated, 

iron-stained, black and white chert that is hosted by a thrust fault with dextral north-up sense of 

movement. Other gold occurrences within the Southern Domain at the contact of the batholith and 

the greenstone belt are centimetre-scale, quartz segregation veins that are hosted by 

metamorphosed dolerite dykes at the main pit, and in the ultramafic rocks that crop-out east of 

Charlie Mine main pit. A gold mine, known as the Old Mine, located one kilometre NE of the 

Charlie Mine is hosted in chlorite-actinolite schist, after spinifex-textured ultramafic rocks. 

In order to constrain the structural and kinematic history of the area around Charlie Mine and 

its relation to regional deformation events, the area around the mine was mapped at 1:10 000 scale, 

over four parallel traverses (Fig 3.11). All traverses were conducted from the Corunna Downs 

Batholith. One traverse extended from the batholith, one kilometre east of the Charlie Mine, to 

Bow Bells Mine. A second extended from the batholith, 0.5 kilometres east of the Charlie Mine, to 

the Klondyke Queen Mine. The two western traverses extended in a northerly direction from the 

batholith to the southern margin of the Northern Domain. 

3.4.2 Charlie Mine 

The geology of the area around Charlie Mine comprises ultramafic and mafic volcanics 

(Figure 3.10). The ultramafic rocks consist of komatiites, displaying well-preserved sheaf spinifex 

texture, which grades to randomly orientated spinifex, indicating north as the younging direction. 

The ultramafics are intercalated with black and white cherts at the eastern margin of the mining 

area. The cherts display a banding-parallel mylonitic foliation. Within shear zones, ultramafic rocks 

are altered to talc-chlorite-actinolite assemblages. Basalts are rarely massive and amygdaloidal in 

character, and intercalated with andesite. Within shear zones, they are altered to chlorite-albite

actinolite schist assemblages. These rocks are carbonatisation, especially at the Charlie Mine. 

Several stocks and narrow granite dykes crosscut the ultramafic and basaltic rocks. 

A mineral lineation, defined by hornblende and plagioclase, within granite dykes and basaltic 

units at the contact with the Corunna Downs Batholith indicates amphibolite grade metamorphism. 

However, at the Charlie Mine main pit, plagioclase and amphibole-bearing rocks lie in contact with 

talc-actinolite-chlorite schist. Biotite is present in the wallrock of the main pit and indicates 
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greenschist facies metamorphic conditions. A sharp contact exists between hornblende-bearing 

rocks and greenschist facies rocks. The Old Gold Mine lies on this contact (Figure 3.11) . 

In the Charlie Mine, three deformation events are recognised, DI-D4. The deformation, DI, 

is characterised by boudinaged quartz veins (VI), the asymmetry of which indicates dextral shear 

in the plane of a crosscutting 330° schistosity. The quartz veins trend 070° and form en echelon 

sets that are left-stepping. The vein array indicates sinistral dislocation in the plane of the vein set. 

The crosscutting relationships suggest that sinistral dislocation in D I preceded dextral shear and 

the formation of the 330° schistosity. 

The dominant structural features within the Southern Domain and at Charlie Mine, are 

associated with ductile-brittle deformation during D2. The deformation, D2, resulted in the 

formation of dextral shear bands, asymmetric kink folds (clockwise), asymmetric folds (clockwise) 

and a steeply NW-plunging stretching lineation (L2) within NW-trending, steeply NE-dipping 

shear zones. These features indicate a dextral reverse (north-up) sense of block movement (Figures 

3.I2-3.I4). The main foliation (S2) within the. mapped area (Figures 3.I0-3.II) strikes from E-W to 

330°, and dips steeply north at the contact with the Corunna Downs Batholith, and steeply south 

away from the contact with the granite. This foliation is defined by chlorite, actinolite and albite 

within the mafic rocks and by chlorite, and talc within ultramafic rocks. Flattened quartz and iron

rich dolomite ribbons also define S2, especially close to the gold mines. The schistosity is resolved 

as a spaced fracture cleavage within massive basalt, andesite and komatiite. The stretching 

lineation (L2) associated to this foliation is defined by hornblende and plagioclase at the contact 

with the Corunna Downs Batholith and by chlorite and iron-rich dolomite (ankerite) pods away 

from the contact. This lineation plunges generally toward NE, at 40° to 60. 

Several 20 to 40-metre wide shear zones occur within the area covered by the four traverses 

mentioned above (Figure 3.11). At the Charlie Mine, the shears anastomose, trending E-W and 

070° (Figure 3.10). They dip steeply north and consistently display a dextral reverse sense of 

movement. In massive basalt located east and NE of the Charlie Mine, the shears strike at 290° to 

330° and dip steeply north. The shears are associated with asymmetric folds (F2), with fold axis 

that plunge I 5° toNE, and axial planes that strike at 020°. 

At the Charlie Mine, the main gold-bearing orebody is hosted by a black and white chert that 

is brecciated within chlorite actinolite schist. The schist is associated with a 070° striking, steeply 

north-dipping, thrust fault and upright folds. The kinematics of this structure indicates dextral 

reverse displacement with north block up, which is consistent with deformation during D2. Gold 

mineralisation is located within·the breccia, which is interpreted to mean that gold mineralisation is 

syn-D2. 

The third deformation, D3, comprises sinistral shear bands that trend 070° to east-west, and 

which reactivated D2 dextral shears. Conjugate kink bands (Figure 3.15) and open folds (F3) with 

fold axes that plunge toward the north and NW at 40° to 50° degrees are located west of the Charlie 
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Mine. An axial planar cleavage (S3) is associated with these folds. This cleavage strikes 340° to 

020° and is steeply dipping. 

The final deformation even, D4, within the Charlie Mine is brittle. D4 is characterised by .a 

steeply dipping fracture cleavage (S4) and faults that strike mostly north-south or 020° in the 

region west of the Charlie Mine. East of the Charlie Mine, a fault that strikes at 020° displays a 

sinistral sense of movement and has a displacement of about 50 m (Figure 3.10). 

3.4.4 Marble Bar Mining Centre 

The official centre of the Pilbara Goldfield is the Marble Bar Mining Centre, which is 

located at the Marble Bar Village. A one kilometre wide shear zone known as the Marble Bar 

Shear, hosts the gold deposits of this area (Figure 2.1A). The deposits comprise gold-bearing, 

milky quartz-carbonate veins located within R shears of a SW-dipping thrust that strikes north

south to NW-SE, i.e., the southwest block is displaced toward the northeast. Carbonatised chlorite 

schist hosts the gold-bearing quartz-carbonate veins. Gold occurs with chalcopyrite and pyrite, and 

supergene malachite, digenite, cuprite and neodigenite. Traces of free gold are visible (millimetre 

scale). 

From north to south, the main gold deposits within the Marble Bar Mining Centre are the 

Ironclad, Jo-Jo, Outward Bound, Homeward Bound, Coongan Star, Viking, Anglo French, Stray 

Shot and Rufus Henry deposits (Figure 2.6). The gold-bearing, quartz-carbonate reefs generally 

strike north-south and NW -SE. 

The geology of the Marble Bar Mining Centre comprises metamorphosed to greenschist 

facies. In the east of the mining centre the rocks are intruded by a medium to coarse-grained alkali

feldspar granite displaying locally porphyritic texture. The granite has been dated at granite 3466±2 

Ma, using U-Pb SHRIMP zircon (Nelson, 1997). On the northern side of the mining centre, quartz 

porphyry and gabbro stocks have been emplaced. The mafic and felsic volcanics, alkali-feldspar 

granite, and quartz porphyry and gabbro stocks have been intruded by quartz porphyry and dolerite 

dykes that strike E-W and NE-SW. Elongate xenoliths of mafic volcanic rocks are distributed 

throughout the alkali-feldspar granite. Mafic volcanics in the country rock to the alkali-feldspar 

granite are host gold-bearing quartz veins, as are mafic volcanic xenoliths (Big Schist Well), and 

are altered to carbonatised chlorite schist. Near gold-bearing quartz veins, the mafic volcanic are 

altered to carbonatised talc-talc schist. 

In the Marble Bar Mining Centre, four deformation events are recognised,- Dl-04. Dl is 

characterised by a pervasive mylonitic foliation (Sl) within carbonatised talc schist, which is 

contiguous with a spaced fracture cleavage within the granite and mafic dykes. This foliation trends 

at north-south at the Ironclad Mine, and NW throughout the remaining part of the Marble Bar 

Mining Centre. The foliation dips west to southwest, being gentle at the contact with the alkali

feldspar granite and sub-vertical in the country rock. This variation in dip is the result of refraction 
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of Sl in the granite. The granite is interpreted to be pre- to syn-Dl in age because Sl crosscut 

and/or wraps the margins of the pluton. The orientation of cr-clasts, R-shears and asymmetric 

folded veins (Vl), are consistent with reverse dislocation on the thrust near the Ironclad and Jo-Jo 

mines, with west block up, but dextral-reverse near the Outward Bound, Homeward Bound, 

Coongan Star, Viking, Anglo French, Stray Shot and Rufus Henry mine, with southwest block up. 

Sl has an associated lineation (Ll) that plunges SW and W. The lineation, Ll , comprises elongate 

chlorite and carbonat~ pods. The main gold-bearing ore-bodies of the mining centre are interpreted 

to be syn-kinematic to Sl and Ll because they are hosted by R shears of the thrust. They are 

constrained in age by the alkali-feldspar granite which is has been dated at 3466±2 Ma. Based on 

the orientation of cr-clasts, R-shears and asymmetric folded veins, the thrust is interpreted to have 

formed during a period of NE-SW compression. 

The deformation, D2, is characterised by a series of north to NNW-trending, dextral shear 

bands which crosscut Sl, Vl and Ll, NE-trending fold axes (F2), and a steep axial planar 

crenulation cleavage (S2) that strikes NE. The shear bands have reactivated Sl dextrally. The 

dextral shear bands are also well preserved within the alkali-feldspar granite crenulating the spaced 

fracture cleavage. Small-scale quartz veins (10-20 ems wide) are boudinaged and displaced 

dextrally. Dextral displacement on these features is consistent with north-south compression. 

The gold-bearing orebodies (Vl) and the Sl are folded with fold axes that plunge gently to 

the southwest, and crosscut by S2. Small antiforms occur within the Outward and Howard Bound 

areas and folded veins can be observed throughout the Marble Bar Mining Centre. The folding of 

Sl by S2 has created a gross sigmoidal interference pattern, which is well preserved at the Coongan 

Star Mine and in the Jo-Jo Mine area. 

Throughout the Marble Bar Mining Centre, D3 is characterised by slickensides (L3s) with 

downward facing accretion steps at the margins of gold-bearing Vl quartz veins, and as series of 

NW-trending quartz veins (V3). The slickensides, L3s, on Vl plunge gently to the west and 

indicate normal sense of movement at the Ironclad and Jo-Jo mines. The slickensides and accretion 

steps are interpreted to mean that D3 was associated with block faulting and a period of brittle 

deformation. 

West of the Strayshot Mine, the NW-trending quartz veins, V3, contain quartz fibres (L3qf) 

that plunge gently SW or NE occur. These fibres also occur east of Anglo French Mine, NW of 

Viking Mine and at the Homeward/Outward Bound area, close to Shamrock and north of the 

Outward Bound Mine. The orientation of L3qf defines the extension direction, AI (Cox eta!, 2001), 

and indicates NE-SW extension. This is consistent with a west block down normal sense of 

movement as indicated by slickensides on Vl quartz veins. 

The final deformation phase, D4, recognised in the Marble Bar Mining Centre is a dextral 

fault that crosscuts the Shamrock Mine orebody and displaces the main lode by about 50 m. 
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Figure 3.1 A . Overview map of the Warrawoona Belt, divided in Northern and Southern Domains by the 
Central Warrawoona Shear Zone, also showing the main gold mines within both domains. Modified 
after Kloppenburg, (2001 ). 
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Fig. 3.2A: Main gold deposits of the Warrawoona Mining Centre, showing the Four Leaders. Modified 
after Jones ( 1938). 
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Fig. 3.28: Main gold deposits of the Warrawoona Mining Centre, showing the Four Leaders. Modified 
after Jones (1938). 
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Figure 3.2C: Main geology and gold mines of Klondyke area, showing the Kopcke's Leader and 
Chert Leaders 1, 2 and 3. Geology after Jones (1938). 
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Figure 3.3: A) Equal area lower hemisphere stereographic projection of planes and poles to mylonite 
foliation and, B) Stretching lineation from Klondyke Queen Mine. The number of planes and lineation 

is 27 and 7 respectively. 

Figure 3.4: Down-dip stretching lineation defined by stretched pyrite and pyrite pressure shadows, at 
the Klondyke Queen Main ad it. The pencil is oriented parallel to an average orientation of the stretched 

pyrite crystals, as well as pressure shadows 
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Fig. 3.5: Lower hemisphere equal area projection of poles and planes to schistosity. The number of 
measurements is 44. 

Figure 3.6: Lower hemisphere equal area projection of poles and planes to dextral shear bands. The 
number of measurements is 8. 
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Figure 3.7: Lower hemisphere equal area projection of fold axis of the first generation of folds. The 
number of measurements is 17. 

Figure 3.8: Lower hemisphere equal area projection of poles and planes to axial planes of first 
generation. The number of measurements is 5 . 

. . 

Figure 3.9: Lower hemisphere equal area projection of quartz fibres measured in quartz veins hosted 
by the north-south thrust, west of Mount Ada Mine. The are 17 measurements. 
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West East 

Figure 3.12: Dextral shear bands occurring within the shear zone, north of Charl ie Mine's main pit. 

Figure 3.13: Kink bands displaying dextral north-up sense of movement north
north-west of Charlie mine main pit. The pencil at the at the top of the outcrop is 
pointing to the plunge direction of the kink folds. 
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Figure 3.14: Asymmetric fold in quartz vein 
displaying dextral sense of movement. 
Outcrop at north-west of Charlie Mine main pit. 
The fold axis to the folded vein quartz plunge 
steeply towards north. Shear bands around 
the vein also display same sense of movement. 



Figure 3.15: East-west axial planar crenulation cleavage created during the north-west compression. 
Outcrop located northwest of the Charlie Mine main pit. 
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Chapter 4 

Structural and Kinematic Setting Of 

Turbidite-Hosted Gold Deposits 

4.1 PREAMBLE 

The Mosquito Creek Block is located at the southern part of the Nullagine Domain of the 

East Pilbara Superterrane and is composed of proximal and distal turbidites. The block is 

rectangular and has been interpreted to form an asymmetric synclinorium with an axis oriented E

W (Hickman, 1975). It is separated from the Kuranna Granitoid Complex in the south by a shear 

zone that is interpreted to form a suture zone between the Mosquito Creek Block and the complex. 

The Mosquito Creek Block and the complex were amalgamated between 3.0 and 2.76 Ga (Tyler et 

a!., 1992). On the northern side, the Mosquito Creek Block overlies the McPhee Supersequence on 

a thrust-faulted unconformity (Krapez, 1993). Late · strike-slip faults mark the boundary at the 

eastern and western margins of the block. 

The Mosquito Creek Block in the north comprises a submarine-fan sequence of 

metamorphosed-arc provenance and in the south, a fan-delta sequence with predominantly chert 

and iron-formations (Krapez, 1993). The fan-delta sequence is believed to record a change from an 

extensional to a compressional arc setting. The sediments in the northern are sourced from the 

north, from a volcano-plutonic-arc complex, while the sediments in the south are derived from the 

south, from a subduction complex. 

Alluvial to sub-marine sedimentation has been recognised in the Mosquito Creek sediments. 

The transition from shallow to deeper water was abrupt, and it has developed from north to south 

and southeast. The sedimentation style is similar to that observed for the Fig Tree Formation and 

Fig Tree-Moodies Group transition in the Barberton Mountain Land, as well as in the Canadian 

Craton (Eriksson, 1981). 

The upper sedimentary intervals of the Mosquito Creek sediments comprise alluvial and 

submarine-fan deposits overlying lacustrine and deeper-water basin-plain banded iron formations. 
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The submarine fan deposits are characterised by shales and sandstones. The upper sedimentary 

interval also contains upper braided alluvial-plain deposits comprising moderate to well rounded 

conglomerates (pebbles up to 40 em diameter) with subordinate arkosic sandstones. 

The dominant lithology of the Mosquito Creek Block is a two kilometre thick arkosic 

sandstone intercalated with thin layers of conglomerate. Palaeo-current and facies studies point to a 

north and northeast direction as the source to the sediments, which were derived mainly from 

erosion of the Warrawoona Group, especially the Taiga Taiga and Salgash Subgroups (Eriksson, 

1981). A palaeo-environmental model for sediment deposition in the Mosquito Creek Block has 

been presented by Eriksson (1981). 

The Mosquito Creek Block is the principal location of turbidite-hosted gold deposits in the 

Eastern Pilbara Superterrane. The deposits are hosted by shear zones and faults that crosscut the 

turbidite sequences. The shear zones and faults have undergone several phases of strike-slip 

reactivation after an initial north-up sense of movement consequent of N-S directed compression 

(see below). The hosting lithologies to the gold deposits are mainly located at the contact between 

distal and proximal turbidites. 

The gold deposits of the Mosquito Creek Block form two mineralised lines, named the Gold 

Line and the Gold-Antimony Line, and in the northeast of the Mosquito Creek Block at the Eastern 

Creek Mining Centre. The Gold Line is located within the southern parr of the Mosquito Creek 

Block within a shear zone (chlorite schist) that is approximately 3 krn wide. The Gold-Antimony 

Line is hosted by a narrow (- 2 krn wide) anastomosing shear zone. In the Eastern Creek Mining 

Centre shear zones similar to those that host gold mineralisation in the Gold Line and Gold

Antimony Line, also occur. The hosting lithologies within the mining centre comprise 

conglomerate and subordinate arkosic sandstones. 

The gold deposits in the Mosquito Creek Block, as with other gold deposits of East Pilbara, 

were mined from 1900 to 1936. The Mosquito Creek Block is characterised by a high ore 

throughout (the highest of all the East Pilbara mining centres), for an overall low gold grade and 

low gold production (see Chapter 2). 

4.2 METHODOLOGY 

The gold deposits in the Gold Line, Gold-Antimony Line and Eastern Creek Mining Centre 

were studied in terms of their structural and kinematic setting in relationship to regional structures 

and kinematics. The Mosquito Creek Block was the subject of detailed investigations and two 

traverses were conducted across. the block. The first traverse extended from the Kuranna Granitoid 

Complex, west of Quartz Hill, (on the southern-most boundary of the area), to the Five Mile 

Mining Centre of the Gold Line. The second traverse extended from the northern-most boundary of 

the Mosquito Creek Block, 5 krn west of the Cooke Creek Mining Centre at the Nullagine River, to 
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the Middle Creek Mining Centre at the eastern margin of the Twenty Mile Sandy Creek. During the 

course of these traverses, several planar and linear structures were recorded, as well lithologies and 

stratigraphic facing. Kinematic indicators such as shear bands, kink bands, crenulations and 

imbricate clasts were used to deduce the kinematics of specific locations. Asymmetric drag-folds 

were also used to deduce the sense of movement in shears in places where other kinematic 

indicators were not present. Crosscutting relationships were used to establish the relative age of 

structures, and palaeo-stress fields were estimated. Linear features such as a stretching lineation, a 

mineral lineation, fold axes, kink and crenulation cleavages were also measured. These data were 

plotted on an overlay of 1:50, 000 scale LANDSAT image. Detailed sampling was also undertaken 

in order to establish the timing of gold with respect to lithologies, structural controls and 

metamorphism present. Several gold mines were mapped in detail with the aim of setting the ore

bodies within the structural and kinematic framework constructed in this study for the Mosquito 

Creek Block. 

4.3 GEOLOGY OF MOSQUITO CREEK BLOCK 

The Mosquito Creek Block can be divided into six zones, based on rock type as well as 

metamorphic grade and these are dissected by a NW to NNW-trending dextral strike slip fault on 

the eastern margin of the block. The first zone, Zone 1, is located at the northern contact of the 

block (Figure 4.1) and is known as the Northern Boundary Mixed Zone (see Kruse, 1998). This 

Mixed Zone is an approximately one-kilometre wide shear zone and comprises a package of meta

sediments and metamorphosed igneous rocks. The meta-sediments comprise meta-conglomerates 

and meta-sandstones that are interpreted to form part of the Mosquito Creek Formation. The 

metamorphosed igneous rocks include ultramafic units, mafic lithologies and granites. The 

ultramafic units are generally altered to serpentinite, fuchsite and talc, and the mafic lithologies to 

chlorite and actinolite. Within the mafic lithologies, remnants of dolerites, granite and gabbro are 

also included. The gabbros and granites are often weakly foliated and sheared, while the ultramafic 

rocks display strong deformation. All the rocks contained within the Northern Boundary Mixed 

Zone form boudins that range in size from several tens of metres up to 200 m. They are interpreted 

to have their origin in the McPhee Dome and Mount Elsie Greenstone Belt and have been shear 

emplaced in their current location. 

In the Mosquito Creek Block, Zone 2 constitutes a 3-7 km wide package of partially 

metamorphosed conglomerate, gritstone and arkosic sandstone (Figure 4.1). It hosts the Eastern 

Creek Mining Centre in the northeast of the Mosquito Creek Block (Figure 2.1B). The 

conglomerate, gritstone and arkosic sandstone units of Zone 2 display a lateral facies change with 

gradation from conglomerate through gritstone to sandstone. The conglomerates within the Zone 2 
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contain mainly pebbles of chert (>90%) (Figure 4.2), with minor quartz vein, mafic and ultramafic 

rocks. The pebbles range in diameter from 1-30 centimetres (Figure 4.3). 

Zone 3 of the Mosquito Creek Block is located south of Zone 2 and comprises an 

approximately 10-12 km wide package of E-W trending metamorphosed turbidites, that are 

intercalated with metamorphosed shale dominant units. This turbiditic unit comprises alternating, 

gritstone, sandstone, siltstone and shale units. These rock types display lenses of coarse-grained 

gravelstone. Massive conglomerate and sandstones horizons occur within some turbidites (Figure 

4.4). The turbidites are gradational. Scour and load structures, fine-scale bed gradation, and cross

beddingwithin sandstone units indicate that stratigraphic facing is toward the south in Zone 3. The 

metamorphosed shale-dominant units are preferentially foliated and consequently, form 

topographical lows. Petrographically, they are composed of white mica, chlorite, feldspar and 

detrital zircon. Within the Gold-Antimony and Gold lines and near gold deposits, metamorphosed 

shale-dominant units also contains ankerite in crosscut to the regional foliation (see below). 

Zone 4 of the Mosquito Creek Block comprises a nine kilometre wide package of sandstones 

and conglomerates. The contact between Zone 3 and 4 is sheared. Zone 4 contains lenses of 

metamorphosed shale, with rare chert horizons, and are intruded by bedding parallel dolerite dykes. 

Zone 4 extends from the northeast of the Middle Creek Mining Centre to the Upper Mosquito 

Creek Mining Centre (Figure 2.1B). 

Zone 5 of the Mosquito Creek Block comprises the 2-5 km ·wide shear zone, termed the 

Southern Mosquito Creek Boundary Mixed Zone (Fig 4.1). The Southern Mosquito Creek 

Boundary Mixed Zone (SMCBMZ) is mainly composed of slates and meta-conglomerates with 

minor lenses of chlorite schist that are derived from chlorite schist in zone 6. It contains rare chert 

horizons and is intruded by bedding parallel mafic dykes. The SMCBMZ contains the gold deposits 

of the Gold Line (see Chapter 2). 

Zone 6 of the Mosquito Creek Block is the southern most zone and comprises a narrow to 

broad package (1-10 km) of chlorite schist, termed the Chlorite Schist. Zone 6 can be divided into 

two sub-zones, 6a and 6b. The northern sub-zone, zone 6a, is 7-10 km wide and is situated between 

Zone 5 and the Northern Kuranna Granitoid Complex. This sub-zone is elongate in form, extending 

from the eastern to the western margins of the Mosquito Creek Block. Sub-zone 6b is situated 

between the Northern and Southern Kuranna Granitoid Complex. The contact between sub-zone 6a 

and 6b is a thrust. 

The Chlorite Schist comprises metamorphosed rocks of igneous and sedimentary origin. 

Sedimentary rocks are mainly metamorphosed turbidites, while the igneous rocks comprise 

metamorphosed gabbros, dolerite dykes, serpentinite and amphibolites (actinolite-bearing). The 

dolerite dykes, serpentinite and amphibolites occur mainly south of Five Mile Mining Centre, 

together with bands of chert. Petrographic descriptions by Kruse (1998) and Kuiper ( 1997) suggest 

that the rocks of the Chlorite Schist contain between 30 to 70 percent chlorite, with quartz (0-30%), 
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feldspar (0-50%), white mica (0-40%), biotite (0-10%), amphibole (0-30%), cordierite (0-5%), 

tourmaline (0-5%) and epidote (0-5%), and accessory detrital zircon and rutile. 

4.3.1 Structures of Mosquito Creek Block 

In the Mosquito Creek Block, major lithological features, structural trends, and the position 

of the Kurrana Granitoid Complex is constrained from Landsat imagery. The block can be divided 

into a western domain, where the dominant structural trend of the regional foliation (Sl) is NE

ENE, and an eastern domain where the dominant structural trend of S 1 is east-west (Figure 

4.5A,B). The Madonel Fault forms the boundary between the western and eastern domains. The 

Eastern Creek Mining Centre lies in the eastern domain, while the Gold and Gold-Antimony lines 

lie within the western domain. 

Four deformations are recognised in the Mosquito Creek Block, Dl to D4. Dl resulted in the 

development of a discrete foliation (Sl) and a series of ENE-trending buck quartz veins (Vl). D2 is 

characterised by the development of steeply-south dipping, ENE-trending shear zones, a bedding

parallel foliation or schistosity (S2), a discrete lineation (L2), gently south-dipping quartz veins 

(V2), and a series of folds (F2). D3 resulted in conjugate kink sets and mesoscopic folds (F3) that 

crosscut F2 and S2. The final deformation D4 resulted in north-south trending fault set, and a 

spaced fracture cleavage (S4 ). 

Dl has been defined by Kruse (1998) from petrographic and SEM backscattered images by 

the presence of a crenulated foliation in cordierite porphyroblasts from Zone 6 (the Chlorite 

Schist). The foliation, Sl, is preserved within cordierite porphyroblasts that are replaced by quartz 

and chlorite. S2 is crenulating with respect to S 1 (Figure 4.6). However, S 1 is also defined by a 

series of ENE-trending, steeply-dipping buck quartz veins (VI), that parallel, and are deformed by 

S2. At the Barton Mine on the Gold Line, VI crops out as a parallel series of milky quartz veins 

that are crosscut, boudinaged and weakly folded. The boudins define a discrete lineation, L2. 

The deformation, D2, is defined by a series of steeply south-dipping, ENE-trending shear 

zones, i.e. , Northern Boundary Mixed Zone, the Southern Boundary Mixed Zone, the Gold

Antimony Line Shear Zone, and the Eastern Creek Mine Shear Zone. The Gold Line is located 

within the Southern Boundary Mixed Zone. The shears are associated with a pervasive schistosity 

(S2a) and a series of gently south-dipping quartz veins (V2) in the hangingwall of the shears (e.g. 

at Blue Spec Mine). A bedding-parallel slaty to fracture cleavage (S2b) and ENE-trending upright 

to steeply south-dipping isoclinal folds (F2) are generally developed throughout Zones 2-5. The 

southern limb of F2 folds is typically steep or overturned, the asymmetry suggestive of a northward 

direction to tectonic transport during D2 and a period of approximately N-S compression. The slaty 

cleavage, S2b, is defined by a preferred orientation of chlorite, muscovite, and flattened grains of 

feldspar and quartz. This cleavage is weakly developed within the conglomerates. Within 
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turbidites , S2b exhibits significant refraction, tending to lie at high .angle to bedding in the coarser

grained units of the turbidite, and parallel to bedding within the finer grained units. 

The foliation, S2a, exhibits considerable variation in trend and strike across the Mosquito 

Creek Block in concert with changes in the orientation of bedding. In the western domain, at the 

Middle Creek Mining Centre, S2a trends ENE and is subvertical to north-dipping. At the Blue 

Spec/Gold Spec Mining Centre, S2a trends east-west and is sub-vertical to south-dipping. South of 

the Madonel Fault in the western domain, _the orientation of S2a is compromised by a series of N

NW-trending faults , and S2a is significantly drag folded. In the Eastern Domain, S2a trends east

west and dips steeply south, however adjacent to the Madonel Fault and N-NW trending faults, S2a 

is drag folded. 

Within the Zone 6, S2b forms a slaty cleavage in turbiditic units, but a discrete schistosity 

(S2a) in mafic dykes. The slaty cleavage occurs in the turbiditic layers that comprise predominantly 

white mica, biotite, amphibole, flattened grains of quartz, feldspar, epidote, tourmaline and 

cordierite (Kruse, 1998). The schistosity is developed within metamorphosed ENE-trending mafic 

dykes and is defined by chlorite, white mica, and ribbon-shaped albite and quartz aggregates. S2a 

strikes 045° to 060° and dips 70° to 80° Nor S (Figure 4.7). 

In the south of the Mosquito Creek Block at Middle Creek Mining Centre, bedding trends 

ENE and is subvertical to north-dipping, as is S2a and S2b. Stratigraphic facing is to the north. 

However, at the Blue Spec/Gold Spec Mining Centre, bedding trends east-west and is sub-vertical 

to south-dipping, as is S2a and S2b. Stratigraphic fating is toward the south. The relationships have 

been interpreted by Hickman (1983) and Huston et al (2002) to represent a synclinorium. However, 

the bedding-facing relationships, the orientation of cleavage, and the attitude of F2 isoclinal folds 

throughout the Mosquito Creek Block are also consistent with a thin-skinned tectonic model in 

which the entire block has been transported to the north, with development of steeply south-dipping 

shear zones, mesoscopic to macroscopic folds, and a mesoscopic to macroscopic imbrication of 

crustal blocks. The Northern Boundary Shear Zone is taken as the basal decollement to the 

imbricate stack. The steep north-dip of cleavage and bedding in Zones 5 and 6, and adjacent to the 

Northern Kurrana Granitoid Complex, is interpreted as overturning of the block during imbrication 

south of the Southern Boundary Mixed Zone. 

The deformation, D3, is characterised by a conjugate kink set (Sets 1 and 2) that crosscuts 

and folds (F3) bedding and S2. The conjugate set, Set 1, trends northeasterly and dips subvertically, 

with a dextral sense of displacement in the plane of the kink set (Figure 4.8). Set 2 trends 

northwesterly and dips subvertically, with a sinistral sense of displacement in the plane of the kink 

set (Figure 4.9). The kink sets are well developed throughout zone 1 to 4, especially at Twenty 

Mile Sandy Mining Centre, the Upper Mosquito Creek Mining Centre· and the Northern Boundary 

Mixed Zone. Kink formation is intensive with spacing from less than 1 em to 20 em apart. The 

associated axial planar crenulation cleavage trends northerly (350°). In the Chlorite Schist, Set 1 
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kinks strike north-south to 040° (Figure 4.10), while set 2 kinks strike north-south and 300°. The 

kinks are crosscutting with respect to F2 because they transect S2 at the Middle Creek Mining 

Centre, and south-dipping SI at the Blue Spec/Gold Spec Mining Centre (Figure 4.11). 

The final deformation, D4, recognised in the Mosquito Creek Block is defined by a regional 

fault set that trends north-south and a spaced fracture cleavage (S4), or, close-joint set that 

overprints S2 and D3 conjugate kinks. The spacing of the foliation is often broad, but regular. It 

trends 310° to 340° in the Chlorite Schist and 320° to 020° in the Zones 2-5, and in both regions 

dips sub-vertically. The foliation, S4, is host to 2-20 em wide, metre-scale quartz veins (V4) that 

have an associated narrow alteration selvage. This foliation is associated with the development of 

NW and NNE-trending lineaments that are observable on LANSAT imagery, and which crosscuts 

Zones 2-6 of the Mosquito Creek Block. 

4.3.2 Gold Lines in the Mosquito Creek Block 

Four major shear zones occur within the Mosquito Creek Block. The shears are located 

within the Mosquito Creek Formation (Zones 1-6), and three of them host the gold mineralisation 

of the Mosquito Creek Block, i.e., the Gold-Antimony Line, the Gold Line and the Eastern Creek 

Line. 

The Gold Line is hosted in Zone 5. The shear zone that hosts the Gold Line is known as the 

Southern Boundary Mixed Zone and it trends at 070° to 080°, dipping steeply toward the south. 

Kinematic indicators such as R-shears (mostly filled with quartz veins) and asymmetric folds, with 

sub-horizontal fold axis and gently south-dipping axial planes, indicate south-up sense of 

movement. Kruse (1998) divided the Southern Boundary Mixed Zone into the Southern Gold Line 

Thrust, Middle Gold Line Thrust and Northern Gold Line Thrust. However, the Southern Boundary 

Mixed Zone is 4-5 km wide and continuous, and forms a homogeneous zone. The Southern 

Boundary Mixed Zone is interpreted to be a D2 shear because it folds, crosscuts and deforms V1 

buck quartz veins. 

The Southern Boundary Shear Zone exhibits evidence that it was reactivated after D2 

because at the Barton Mine, S2 (and also V1) is crosscut by a series of NE-trending dextral faults. 

These are interpreted to have formed during D3 and the formation of NE and NW-trending 

conjugate kinks. 

The Gold-Antimony Line is hosted in the Gold-Antimony Line Shear Zone, which is located 

approximately 8-9 km north of the Southern Boundary Mixed Zone. The shear zone comprises 

three major anastomosing shear/faults and associated splays over a width of 2-3 km. This shear is 

ENE-trending and steeply south-dipping. This shear zone hosts the Gold-Antimony Line. 

Asymmetric folds, drag folds and R-shears within the shear zone indicate that it underwent reverse 

dislocation with south block up. The Gold-Antimony Line Shear Zone exhibits evidence that it was 

reactivated after D2 because at the Blue Spec/Gold Spec mines, S2 (and also VI) is crosscut by a 
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series of NE-trending dextral faults. These are again interpreted to have formed during D3 and the 

formation of NE and NW -trending conjugate kinks. 

Within Zone 2 of Domain 2, a 400-500 m wide, approximately 2.6 krn long shear zone, the 

Eastern Creek Mine Shear Zone is located. It hosts the Eastern Creek Line. The shear trends 080° 

to E-W, and dips steeply toward the south. According to Kruse (1998), this shear is a continuation 

of the shear hosting the Gold-Antimony Line. However, a relationship between the Gold-Antimony 

Line in Domain 1 and the Eastern Creek Mine Shear Zone in Domain 2 is not clear. The host rocks 

to the shears are different (sandstone-shale sequence vers1,1s gritstone) and there is no antimony at 

Eastern Creek Mining Centre. Furthermore, the Gold-Antimony Line is located at the contact of 

Zones 3 and 4, but the Eastern Creek Mine Shear Zone is located within Zone 2. Consequently, the 

Eastern Creek Mine Shear Zone is interpreted to be a discrete structure within Domain 2. 

4.3.3 Metamorphism of Mosquito Creek Block 

Zones 2-4 of the Mosquito Creek Block (the Mosquito Creek Formation) are metamorphosed 

to greenschist facies, while the Southern and Northern Boundary Mixed zones have preserved 

greenschist and amphibolite facies. Greenschist facies has been established from the mineral 

assemblage quartz-sericite-chlorite-epidote-ilmenite ± rutile ± calcite. At the Blue Spec Mine, 

cordierite, biotite, ankerite and potassium feldspar porphyroblasts are replaced by sericite and 

chlorite (Kruse, 1998) suggesting that greenschist facies metamorphism was overprinted by 

amphibolite (or hornblende-hornfels facies) metamorphism facies. Conversely, in the Northern 

Boundary Mixed Zone, Kruse (1998) concluded that amphibolite facies metamorphism overprinted 

greenschist facies metamorphism, based on the observation of actinolite in overprint of 

curnrningtonite. He interpreted amphibolite facies metamorphism as being the result of contact 

metamorphism due to granite emplacement. Huston et al. (2001) defined the northern extent of 

upper greenschist facies metamorphism to the Gold Line (in Zone 5). He suggested that the host 

rocks of Golden Eagle and Barton mines preserved evidence of greenschist facies metamorphism 

mineral assemblages. 

In the Chlorite Schist (Zone 6), the rocks comprise the assemblage quartz-sericite-chlorite

actinolite-epidote-albite ± tourmaline, which indicates greenschist facies conditions within this 

zone. These metamorphic conditions also indicated by the sericitisation of potassium feldspar, 

biotite retrogression to form sericite and chlorite, and retrogression of cordierite to chlorite and 

quartz (Kruse, 1998). Importantly, the retrogressive assemblage quartz-sericite-chlorite-actinolite

epidote, in overprint of potassium feldspar-biotite-cordierite ± tourmaline, suggests that 

amphibolite (or hornblende-hornfels) metamorphic facies was overprinted, or, retrogressed to 

greenschist facies. 

At the contact between the Chlorite Schist and the Northern Kuranna Granitoid Complex, 

random hornblende grains, a local hornblende mineral lineation and biotite foliation, has been 

80 



interpreted as indicating amphibolite facies metamorphic conditions in consequent to a therma1 

event related to intrusion of mafic dykes (Kruse, 1998). However, the metamorphic conditions in 

Zones 5-6 are also consistent with hornblende-hornfels facies contact metamorphic conditions 

associated with thermal metamorphism associated with the emplacement of the Kurrana Granitoid 

Complex (Paterson, 1991 ; Pattison and Tracy, 1991). 

4.4 THE GOLD LINES 

4.4.11ntroduction 

The Archaean Mosquito Creek Formation is the only known metasedimentary host for lode 

Au and Au: Sb deposits of the East Pilbara Superterrane and, until recently, was thought to be the 

only one within the Pilbara Craton. According to geophysical interpretation by Huston et al. 

(2001), the Mosquito Creek Formation extends under the Hamersley Province, 20 km to the east, 

and 20 km to SW of the exposed portion, and is believed to have an unexplored potential for gold 

mineralisation. 

4.4.2 The Gold Line 

Extending from Nullagine Township to the east and striking at E-W, a number of mining 

centres are hosted in a 5-6 km wide shear zone, and they form the Gold Line. The mining centres 

are those of Five Mile Creek, Middle Creek, Twenty Mile Sandy Creek and Upper Mosquito 

Creek. The ore-bodies within these mining centres comprise milky quartz veins hosted within a 

shear zone displaying dextral sense of movement overprinting south-block-up sense of movement. 

The mylonitic foliation within this shear zone strikes at 070° toE-Wand dips steeply south. 

The thrusting event had its origin during N-S compression, bringing the rocks of the Chlorite 

Schist in the south, on top of the Mosquito Creek Formation southern boundary. This thrusting 

event is interpreted to have initiated its development from the Northern Kuranna Granitoid 

Complex at south of the Chlorite Schist. The shear zone between Northern Kuranna Granitoid 

Complex and the Chlorite Schist is thought to be a suture zone, and both the Chlorite Schist and the 

granitoids amalgamated between 3.0 and 2.76 Ga Tyler et al. (1992). Evidences of the thrust event 

during the N-S compression are preserved within pits in the deposits from the Gold Line, especially 

at Bartons Mine within the Middle Creek Mining Centre. At the Upper Mosquito Creek Mining 

Centre, south-up sense of movement can also be observed at Parnell Mine (Figure 4.12). The 

country rock to the ore-bodies consists of an interleaving of slates and chlorite schist, making the 

contact between distal and proximal host rock packages. The orebodies are often located in these 

contact zones, being often parallel to it but occasionally at small angle. At Bartons Mine, the 

chlorite schist has quartz segregation veins, and the veins are often folded, boudinaged and 

displaced dextrally. Asymmetric folds that suggest a dextral sense of movement during folding, are 
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ubiquitous at the Barton Mine (Figure 4.13). Shear bands displaying dextral sense of shear also 

occur within the Barton Mine (Figure 4.14). 

Dextral shear bands were also observed throughout the Mosquito Creek Formation. They 

indicate that the thrusts have been dextrally reactivated . . The shear bands are parallel .to the bedding 

and Sl, or they cut them at an angle of less than 30°. Generally, the dextral shear bands strike at 

060° or 300° and dip steeply south or north (Figure 4.15). The shear bands define sets that define a 

regional trend, and that trend that can be observed as lineaments on aerial photographs. The 

lineaments trend north-westerly, cutting the entire Mosquito Creek Formation and the Chlorite 

Schist with an apparent dextral offset. At the outcrop scale, sinistral shear bands with similar strike 

as the dextral shears occur at the vicinity of the Gold Line and Gold and Antimony Line. They are 

mostly sub-vertical and often form a conjugate set to the dextral shears. Asymmetric folds 

indicating sinistral sense of movement for the shear zone are also present. 

4.4.2.1 Barton Mine 

The Barton Mine on the Gold Line is the most important mine due to his highest gold 

production (see Chapter 2). This mine has the highest recorded gold production within the 

Mosquito Creek Block and the highest gold grade. It has produced 42 percent of the total produced 

gold from the Mosquito Creek Block, at a rate of 35 g/t Au (Maitland, 1908). This mine is located 

at the eastern most extension of the Middle Creek Mining Centre (Figures 4.5A), at the contact 

between the Chlorite Schist and turbidites of the Mosquito Creek Formation. The contact between 

these two units is tectonic, displaying evidence of early south-up sense of movement overprinted 

by dextral sense of movement (Figure 4.16). The orebodies of this mining centre comprise milky 

quartz veins that occur as R shears to the thrusts, like in other areas of the Mosquito Creek Block. 

The two main kinematic events are well preserved within the mining area by R shears and by 

asymmetric folds. These two kinematic features indicate south-up and dextral sense of movement 

respectively. The dominant structure within the area is a bedding-parallel mylonitic (S1) foliation 

(Figure 4.17) that trends 040° to 065° and dips steeply south. The bedding within the turbidites also 

dips south and together the mylonitic foliation, has been asymmetrically folded. The fold axis to 

the asymmetric folds plunge consistently south at 60° to 80°. Their axial planes contain a N-S to 

010° trending steep crenulation cleavage. The axial planes are locally filled by quartz, especially at 

the vicinity of the West Reef. Shear bands displaying dextral sense of movement also occur within 

the area, and they are syn-tectonic to the asymmetric folds. They strike mostly at 070° and dip 60° 

toward the east. 

4.4.2.2 Golden Eagle Mine 

The western-most gold deposit on the Middle Creek Line (terminology after Huston et a!., 

2001) or Gold Line (tf<rminology after Kruse, 1998) is the Golden Eagle Mine. Deformed meta-
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turbiditic rocks of the Mosquito Creek Formation host the gold deposits in this mine. The main 

lithologies consist of a lower psamrnitic unit, with 20 m lens at the base, and an upper pelitic unit 

composed of narrow psamrnite-bearing lenses. These two units have been metamorphosed at low 

greenschist facies and they dip 30° Nand NNW (Huston et al., 2001). 

The main structure within the Golden Eagle Deposit is an upright antiform plunging easterly. 

The deposit is located at the northern limb of the antiform. The predominant foliation within the 

mine is the slaty cleavage (Sl) striking at 036° to 060° and dipping to at 50° to 70° NW. Bedding is 

consistently shallow in attitude compared with the slaty cleavage, striking 036° to 040°and dipping 

38° NW. The bedding and the slaty cleavage, as well as meso-scale F2 folds that verge south, 

consistently indicate that a major antiform is located to the south of the deposit. Quartz veins 

within pits strike mainly at 050°and dip about 40° NW. 

4.4.3 Gold-Antimony Line 

About 8 to 9 km north of the shear zone that hosts the Gold Line, an approximately 2 km 

wide shear zone is located that hosts the Gold-Antimony Line. The shear zone is located at the 

contact between the distal and proximal turbiditic package in the middle of the Mosquito Creek 

Block, with sandstones and fine conglomerates from the south. 

4.4.3.1 The Blue Spec Mine 

The most important mine within the Gold-Antimony Line is Blue Spec Mine (Figure 4.18). 

The approximately 2 km wide shear zone hosts the deposits belonging to this mine. This shear zone 

comprises four major shears with small splays anastomosing within them. The major shears extend 

E-W for more than 15 km. These shears strike at 070° to 080° and dip steeply south. A number of 

shorter (200 to 800 meters long) second order splay shears, striking mainly at 060° E-W and for a 

few shears, at 100°, also occur within the area. The shears within this area display the same 

kinematic and structural history as the Gold Line, but they exhibit brittle-ductile style of 

deformation. Gold mineralisation is hosted by the central major shear. 

Within this mining centre, the slaty cleavage (S 1 foliation) is everywhere parallel to bedding 

(So) and younging reversals are always perpendicular to Sl. The slate cleavage strikes at N-S toE

W and dips steeply toE and S. The intersection of the Sl and So defines a pencil cleavage lineation 

plunging shallowly to SE (Figure 4.19), suggesting a folding phase with fold axis at SE. This is the 

F1 isoclinal folds related to the first deformation phase that took place during N-S compression. 

Folds of a second generation (F2) are also preserved within the mining area, plunging mostly north 

S and N at steep angles. These fold axis are related to the asymmetric folds indicative of the dextral 

sense of movement within the shear zone. These folds are well preserved NW of the mining centre 

within distal turbidites (Figure 4.20). 
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South-up sense of movement within this area is mainly preserved by ,E-W quartz veins with 

dipping shallowly south, with quartz fibres perpendicular to the vein walls. The kinematic 

preserved within these veins strongly supports the north-up sense of movement during a N-S 

compression. These veins occur mainly east and north of the Blue Spec main shaft within the sandy 

dominated sediments. Supporting the north-up sense of movement, small-scale asymmetric 

overturned folds with axial planes dipping south and fold axis plunging 15° to 10° E and W occur. 

These latter structures are well preserved at the north of the Blue Spec main shaft, within the distal 

turbidites, especially within sandy dominated sediments. 

4.4.4 Eastern Creek Mining Centre 

Within the northeastern side of the Mosquito Creek Formation lies the Eastern Creek Mining 

Centre (Figure 4.21A, B). The mining centre is hosted by slate, quartzite and monomictic meta

conglomerate. The geology of Eastern Creek mining Centre comprises two sedimentary rock units 

displaying different provenances. The area is made of E-W alternations of packages of coarse

grained quartzite and meta-conglomerates alternated by black and grey slates intermixed with 

chlorite schist. The gold deposits occur at the contact between the slates and quartzite. The coarse

grained quartzite and conglomerates normally form prominent hills and the slates valleys. In the 

south, the lithologies consist of quartzite and sandstones. Graded bedding within these sediments 

indicates north as the younging direction. This package makes a contact at the northern side, with a 

180 m thick package of black and grey slates that contain lens of chlorite schist. 

The slates make contact with centimetre to tens of meters wide meta-conglomerate lenses. 

The stratigraphic younging within the conglomerate intermix unit is to the south. The contact 

between slates and meta-conglomerate is defined by a thrust displaying north-up sense of 

movement. Within this thrusted contact, a number of deposits are situated, were the most important 

(from W to E) are The Thistle, The Rose, The Jerk and The Shamrock. 

The last lithological unit within the Eastern Creek area is a black and grey slate unit, with 

has a thrusted contact with quartzite and the meta-conglomerate unit. The thrusted contact is also 

host to several mines, where the most important are The Harp, Doherty's Reward and Morning 

Star. 

The dominant structure within this area, like in other parts of the Mosquito Creek Formation, 

i~ a slaty cleavage S 1 developed within the distal turbidites, or spaced fracture cleavage within the 

quartzite and meta-conglomerates. The cleavage is parallel to bedding and both slaty cleavage and 

bedding strike 020° and dips 50° to 85° S (Figure 4.22). Bedding dips consistently 40° to 72o S in 

the southern part of the mining centre and 30° to 80° degrees in the northern part of the mining 

centre. 

The Eastern Creek Mining Centre has been subjected to two folding phases. The first folding 

phase (F1) has developed tight to isoclinal folds with fold axis oriented E-W. The second phase 
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(F2) has developed open folds with fold axisplunging steeply toward the southeast (Figure 4.23). 

The first folding phase is observable only on the northern boundary of the mining centre near 

Doherty' s Reward and North Star mines. The second folding phase comprises open to tight folds . 

The tight folds are asymmetric, the asymmetry indicating a dextral sense of movement for the 

shears hosting them. These folds are well preserved thoughout the whole area. These second phase 

of folding can be deducted from the distribution of poles to bedding and slaty cleavage, and they 

suggest fold axis plunging moderately toward the southeast (Figure 4.24). The fold axis of the 

second generation plunges generally southeast. 

4.4.4.1 Structural evolution of Eastern Creek Mining Centre 

As it is already stated above, the contacts between the slates, and the quartzite and 

conglomerate units, are thrusts that dip steeply south (Figure 4.25). These thrusts are located within 

two contact zones, one being at the southern part of the Eastern Creek Mining Centre, and the 

second at the north of the area. They consistently display north as the main transport direction and 

they are related to a N-S compression that led to the development of the first generation of folds . 

During this deformation phase, the quartz veins hosting gold have developed as R shears to the 

thrusts, like in other areas of the Mosquito Creek Block. 

Postdating the N-S compression, NW-SE compression gave rise to the open and tight 

asymmetric folds with fold axis plunging southeast. Axial planar crenulation cleavage has been 

produced during this phase, striking 070° and dipping steeply toward the east (Figure 4.26). This 

deformation phase has dextrally reactivated the thrusts producing crosscutting dextral shear bands 

that strike NE and E-W (Figure 4.27). Near Doherty ' s Reward and North Star mines, faults that 

trend 010° to 020° are located. They sinistrally displace conglomerates that crop out at that side of 

the mining centre. The faults conjugate with dextral shears. At Morning Star Mine, 010° to 020° 

striking quartz veins dipping 70° to 75° E occur. These quartz veins display east-up sense of 

movement and they fit within the NW-SE compression. 

Two sets of faults are the youngest structures within the Eastern Creek Mining Centre. The 

first set strikes mainly from N-S to 330° and the second mainly at 070° to 280 degrees. The first 

set, preserved north of The Shamrock main workings, have a sinistral sense of displacement. The 

second set at The Rose main workings, display a dextral sense of displacement. Locally, the two 

sets conjugate and are interpreted to have formed .when the maximal stress component oriented at 

NW-SE (Figure 4.28). 

4.4.5 Kinematic and Structural Setting 

The gold deposits of the Mosquito Creek Block are concentrated in three main lineaments 

that are orientated E-W. These lineaments constitute major shear zones in the area. They are the 

northern Gold-Antimony Line, the southern Gold Line and the Eastern Creek group of deposits. All 
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the three groups of deposits are shear-hosted. The northern Gold-Antimony Line, the southern Gold 

Line can be traced for 40 km along strike and hosted by distal and proximal turbidites of the 

Mosquito Creek Formation. Upper braided alluvial-plain deposits that comprise metamorphosed 

conglomerates and arkosic sandstones host the deposits in Eastern Creek Mining Centre. The thrust 

which host the deposits are overprinted by dextral sense of shearing. 

4.4.5.1 The Gold Line 

The kinematic and structural settings of gold deposits from the Gold Line are similar, 

although the hosting lithologies are slightly different. Within Golden Eagle Mine, vein quartz and 

pyrite occurs preferably within the psammitic units, relative to the pelitic units. This characteristic 

is explained by the fact that the psarnmitic unit is more competent than the pelitic unit, and has a 

tendency to fracture. The fracturing creates suitable conditions for fluid migration and gold 

mineralisation. 

To the east of the Golden Eagle Mine lie the Shearers and Otways mines. The Shearers Mine 

is described by Huston eta!. (2001), and comprises a northerly-trending zone of quartz veins and 

stockwork veins that are hosted by pelitic rocks. The vein quartz of the mine is related to dextral 

faults cutting the Chlorite Schist. The Otways prospect comprises ENE to NE-trending (040°-

0650), sub-vertical to steeply NW-dipping (70-90o) veins that are hosted by conglomerate. The 

quartz veins can be interpreted to be P-shears to the major dextral shearing that occurs within the 

majority of the Mosquito Creek Block, and which have reactivated the thrusts formed during early 

deformation of the Mosquito Creek Block. The quartz reefs at Barton Mine strike mainly NNE and 

NE and dip steeply SE. The veins are boudinaged and folded, displaying in both cases, dextral 

sense of movement. These veins occur as R-shears to the thrusts from the second deformation 

phase. 

4.4.5.2 The Gold and Antimony Line 

About 6 km north of the Gold Line, lays a parallel line of reefs collectively known as Gold

Antimony Line. This line of mineralisation is hosted in shear zones with brittle to anastomosing 

patterns, and is developed mainly at the contact between proximal turbidites (to the north), and the 

distal turbidites (to the south). The shears trend ENE and dip steeply toward the SE, and 

consistently display a south-up sense of movement that is overprinted by dextral sense of 

movement. 

4.4.5.3 Eastern Creek Mining Centre 

The gold deposits within the Eastern Creek Mining Centre are hosted by two lines of shears 

located within the contact between sandstone-dominated sediments and conglomerates, and slates. 

Field data suggests that the quartz veins hosting gold represent R-shears to the thrusts that have 
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developed during the first deformation phase within the area. They are located preferably close to 

the contact between the slates and the quartzite, with lenses of meta-conglomerates. The shears 

· within this area show similarities in terms of deformation events, with gold deposits throughout the 

Mosquito Creek Block. They all display south-up sense of movement being overprinted by dextral 

sense of movement. 

4.4.6 Relationship to Regional Tectonics and Inferred Timing 

The ENE-trend of mineralised quartz veins within the southern Gold Line is interpreted to be 

related to the last stages of deformation within the Mosquito Creek Block, i.e., NW-SE and NNE

SSW compression events. The NW-SE compression is the third phase within the Gold and Gold

Antimony lines and the NNE-SSW is the fourth phase at Eastern Creek Mining Centre. 

The quartz veins hosting gold mineralisation within Shearers are north-trending quartz veins 

associated with the N-S dextral faults with regional pattern that belongs to the NNE-SSW 

compression. Within the Shearers Mine, the quartz veins are hosted by conglomerates and their 

orientation is interpreted to be associated with the NW-SE compression, visible throughout the 

Mosquito Creek Block. The orientation of the quartz veins at Otways Mine (strikes at 040°-060° 

and dipping at 70° to 80° NW) suggests that they are P-shears associated with the major dextral 

shearing that reactivated the thrusts of the N-S compression, in a brittle style of deformation. 

The timing of the mineralisation for Golden Eagle Mine is similar to the one described for 

Otways in terms of vein orientation, but the gold mineralisation is hosted by psarnmitic units. 

The mineralisation at Barton Mine is related to the first phase of deformation, during N-S 

compression, as the gold bearing quartz veins are reactivated by the NW-SE compression that 

produced the dextral shears. Pyrite crystals at the Bartons Mine, have down dip pressure shadows 

and they support the north-up sense .of movement that was created during N-S compression. 

The gold mineralisation within the Hopetoun Mine, east of the Barton Mine, are also related 

to the N-S compression, with the gold bearing quartz veins representing R-shears to thrust faults. 

Pressure shadows around pyrite, asymmetric fold vergence, and shear bands in the country rock, 

supports the N-S compression. 

The gold mineralisation at the Blue Spec Mine is related to the NW-SE compression that 

produced the dextral shears overprinting the south-up thrusts elsewhere within the Mosquito Creek 

Block. Steeply dipping gold-bearing quartz veins, shears and fractures that are orientated WNW, 

and which display a dextral sense of movement, cut the SI cleavage that formed during N-S 

compression. 

At the Eastern Creek Mining Centre, the mineralisation is related to the first deformation 

phase, which is observable throughout the Mosquito Creek Block. Within this area, the major and 

dominant structures are those related to the south-up sense of movement during a major ductile N-
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S. Dextral shear bands and faults cut the gold-bearing quartz veins during the second brittle-ductile 

NW -SE compression. 

4.4.7 Discussion 

The Archaean Mosquito Creek Formation is the only known meta-sedimentary host for lode 

Au and Au-Sb deposits in the Eastern Pilbara Superterrane. Despite the fact that a valuable amount 

of gold has been extracted from this area (see Chapter 2), its geology and structural evolution is not 

well understood. Detailed research work of the Mosquito Creek Block was first done by Kuiper 

( 1997), and was combined with a similar research conducted by Kruse (1998). Prior to those works, 

the Mosquito Creek Block was described as an asymmetric synclinorium structure with fold axis 

oriented E-W (Hickrnan,l975; Tyler et al.,l992). Those authors concluded that the Mosquito Creek 

Block was separated from the Kuranna Granitoid Complex in the south by a shear zone. Tyler et al. 

(1992) suggested that both the granitoid and the Mosquito Creek Block amalgamated between 3.0 

and 2.76 Ga. 

The Mosquito Creek Block overlies, at the its northern side, the McPhee Supersequence by a 

thrust-faulted unconformity, and on the eastern and western sides of the block, late strike-slip faults 

mark the boundary. 

The provenance, composition and origin of the sediments that comprise the Mosquito Creek 

Block form a submarine-fan sequence-package of metamorphosed-arc provenance (Krapez, 1993). 

The author also argues that the sediments in the southern part of the Mosquito Creek Block 

comprise fan-delta sequence-package with predominantly chert and iron-formation, with a 

provenance at the south. Eriksson (1981) compared the sedimentation style to be similar to that 

observed at Fig Tree and Fig Tree-Moodies Group transition in the Barberton Mountain Land as 

well as in the Canadian Craton. 

Huston et al . (2001) conducted the first study of the gold deposits that are hosted by 

sediments of the Mosquito Creek Formation. His work was concentrated on the lode gold deposits 

of the southwest of the Mosquito Creek Block, including the Golden Eagle, Shearers, Otways, 

Bartons and Hopetoun North. These deposits are part of the Gold Line. According to Huston et al. 

(2001), the gold mineralisation of the Gold Line at the southwest side of the Mosquito Creek 

Formation formed during the latter brittle deformation events during N-S and NW-SE compression. 

His observations are supported by Kruse (1998) and this research. 

The mineralisation is often hosted by the psammitic members of the sediments, due the fact 

that these sediments take up strain by fracturing while the pelitic members deform in a more plastic 

way. The fractures generated within the more competent psamrnitic rocks are pathways for fluid 

migration and gold deposition. 
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One of the main issues to be addressed for the lode gold deposits of the Mosquito Creek 

Block is how can we apply the crustal continuum model by Groves (1993) for the Archaean Lode

gold deposits of the Yilgarn Block? 
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Figure 4.1 Geological map of the area around Mosquito Creek Block. 
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Figure 4.2: Photograph showing size variation, rounding and composition of pebbles 
in the conglomerates of the upper braided alluvial-plain deposits. The dark portions 
of the pebbles is chert and the white portion is remnants of quartz veins. 

Figure 4.3: Photograph showing size variation of pebbles in the meta-conglomerates 
of the Eastern Creek Mining Centre. Note the presence of weak fracture cleavage 
from centre right to the upper right side of the figure. 
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Figure 4.4: Photograph of distal turbidites displaying younging towards north, 
Photograph taken north of the Blue Spec Mine. 
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Figure 4.5A: Lineaments and structures from Mosquito Creek Block. The lineaments are 
interpreted from satellite images at a scale of 1 :50.000. 
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Figure 4.6: Overview scanning electron photomicrograph of cordierite blast displaying 
an older (Sn-1) internal foliation . The 81 fol iation is axial planar to the Sn-1 fol iation. 
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Figure 4.7: Equal area sterographic projection strike and dip of S2a foliation from the Northern 
Boundary Mix Zone tothe north of Upper Mosquito Creek Mining Centre. 

Figure 4.8: Overview photograph of spaced crenulation cleavage 82 developed at the vicinity of Middle 
Creek Mining Centre. The crenulation strikes mainly at 020 to N-S and it. form a conjugate set. The fold 

vergence indicates dextral sense of movement. 

Figure 4.9: Photograph showing asymmetric open folds indicating sinistral sense of movement at the 
Upper Mosquito Creek Mining Centre. The associated axial planar crenulation cleavage strikes at 350 
degrees. 
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' Figure 4.10: Equal area sterographic projection set 1 conjugate kinks developed within the Chlorite 
Schist. 

' Figure 4.11 : Equal area sterographic projection of Set 2 kinks developed within the Chlorite Schist and 
B within the Mosquito Creek Formation. 

Figure 4.12: Photograph of a south-up sense of movement in the ore-body at Parnel Mine. The sense 
of movement can be deducted from the orientation of the ore-body (as A-shears) and foliation. The left 

side of the figure is the north. 
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Figure 4.13: Asymmetric open folds displaying dextral sense of movement for the shear zone at the 
Barton Mine. 

Figure 4.14: Shear bands displaying dextral sense of movement at the Barton Mine, Upper Mosquito 
Creek Mining Centre. 

Figure 4.15: Lower hemisphere equal area stereographic projection of poles and planes to dextral 
shear bands measured at the Gold Line. The number of measurements is 21 . 
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Figure 4.16: South-up sense of movement 
displayed by the sheared wall rock at the 
Bartons Mine. Photograph taken at the 
footwall contact between the orebody and 
the alteration zone. The East side of the 
Photograph correspond to the geographic 
north. The bouddinaged quartz vein at 
upper left of the photograph also displays 
the same sense of movement. 
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Figure 4.18: 'Overview structural map of the area around Blue Spec 
Mine. Note the presence of four major shears with associated splays 
defining an anastomosing pattern. Note also that the gold mineralisation 
is hosted by the central shear. 
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Figure 4.19: Lower hemisphere equal area stereographic projection of poles and planes to bedding 
(So) and slate cleavage (S1) from the area around Blue Spec Mine. Note their intersection at SE. The 

number of measurements is 34. 

Figure 4.20: Asymmetric open folds displaying dextral sense of movement in a layer of distal turbidites, 
northwest of Blue Spec Mine. 
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Figure 4.21A: Geological overview map of Eastern 
Creek Mining Centre. Geology after Finucane (1939). 
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Figure 4.22: Lower hemisphere equal area stereographic projection of poles and planes to slaty 
cleavage at the Eastern Creek Mining Centre. The number of measurements is 45. 

Figure 4.23: Open folds (F1) indicating a dextral sense of movement for the shears in the slates of the 
southern part of the Eastern Creek Mining Centre. 

Figure 4.24: Lower hemisphere equal area stereographic projection poles and planes of bedding and 
schistosity (S2). Note their intersection in the southeastern hemisphere, suggesting folding. 
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Figure 4.25: Thrust fault located within the contact between the slates and conglomerate and quartzite 
from the northern side of the Easter Creek Mining Centre. 

Figure 4.26: Equal area stereographic projection of poles and planes to axial planar crenulation 
cleavage from Eastern Creek Mining Centre. 

Figure 4.27: Equal area stereographic projection of poles and planes to dextral shear bands from 
Eastern Creek Mining Centre 
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Figure 4.28: Lower hemisphere equal area projection of poles and planes to dextral and sinistral 
fractures developed at the Eastern Creek Mining Centre. The north-south to 330 planes correspond to 

sinistral faults and the east-west to 280 correspond to dextral faults . Both sets of fractures suggest 
NW-SE compression during the time of fracture formation. 
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Chapter 5 

Mineral Associations, Paragenetic 

Sequences and Alteration associated with 

Greenstone-Hosted Gold deposits 

5.1 PREAMBLE 

Greenstone-hosted gold mineralisation has been studied at Klondyke Queen Mine, Marble 

Bar Mining Centre, Charlie Mine and Sharks Gully Mining Centre (Figure 2.1A). 1n this chapter, 

the relationship between the minerals of the ore assemblages and wall rock alteration are described. 

The analysis of the wall rock alteration and the ore mineral associations was conducted with a 

reflected light microscope and Jeol JXA8600 Superprobe. The age relationships between the 

foliation or cleavage-forming event(s) and the mineralisation event are also characterised. 

The wall rock alteration and paragenetic sequence of opaques within the different gold mines 

of the Marble Bar Domain of Eastern Pilbara mining centres are different. Field observations 

suggest that the difference in alteration products is mainly controlled by the hosting rock type. The 

alteration assemblage associated with gold deposits hosted by ultramafics comprises fuchsite with 

traces of chromium spinel, while within the deposits hosted by mafic volcanics the main alteration 

mineral assemblage comprises chlorite, actinolite and albite. Most of the ultramafic-hosted gold 

deposits are those of Warrawoona Mining Centre, excluding the Charlie Mine, which is hosted by 

mafic volcanic. White mica alteration is also present as a later alteration event in most deposits, 

especially in those located at the Warrawoona Belt. · A widespread carbonatisation within the gold 

mines, overprinting chloritisation, occurs within all deposits irrespective of the hosting country 

rock. 

Gold mineralisation is hosted by milky quartz veins, in fractures developed within the veins. 

Gold occurs as inclusions within pyrite, or, as free grains in pressure shadows enveloping pyrite 

(within the deposits of the Warrawoona and Yandicoogina mining centres). Gold grains have an 
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association with traces of galena, chalcopyrite and arsenopyrite. In the gold deposits at the Marble 

Bar Mining Centre, gold occurs mainly as inclusions within chalcopyrite (the predominant opaque), 

occurring together with copper carbonates and copper oxides. Free gold is rare and has only been 

observed in the Stray Shot Mine. 

5.2 KLONDYKE QUEEN MINE 

The paragenetic sequence of the mineral assemblage for the Klondyke Queen Mine was 

studied in quarter blocks from two diamond drill cores (D96KL63 and DD95KL28) provided by 

CRA Exploration Pty Ltd who undertook drilling in the vicinity of Klondyke Queen Mine in 1996. 

These two cores were drilled at the coordinates 7637703N and 799333E (DD96KL63), and 

7637581N and 799681E (DD95KL28). The core, DD96KL63, had an average declination and 

azimuth of 54" and 34" respectively, while the core, DD95KL28, had an average declination and 

azimuth of 60" and 35" respectively. The sequence of minerals in the quarter cores is provided in 

Tables 5.1 and 5.2, respectively. 

From the distal to proximal zones, the cores changed in colour and character of mineral 

assemblage, from dark green, albite-rich schist to strongly veined, fine grained, yellowish olive

green mylonite rock. The dark green colour is due to enrichment in fuchsite and the yellow colour 

is due to the replacement of fuchsite by sericite. The sericite-rich zone of the core is enriched in 

pyrite, while the green-coloured portion of the core is poor in opaques. In hand specimen, the distal 

green-coloured zone consists of chlorite and albite in a fine-grained (>0.5 mrn) carbonate matrix, 

with up to two mrn carbonate crystals, and one millimetre long white micas. The proximal zone 

shows a variation in grain size, but is predominantly made up of fine-grained quartz and carbonate. 

Within this zone, sericite often occurs together with large amounts (up to 15 %) of iron sulphides. 

From the distal to the proximal zone, the amount of carbonate increases and is accompanied "by a 

reductio.n in grain size. The amount of chlorite decreases and sericite increases in proportion in the 

ore zone. Pyrite within the distal zone occurs in trace amounts (up to 5%) and displays pressure 

shadows. Toward the ore zone, the proportion of sericite and pyrit~ increases to about 80% and 

10% respectively. In the middle of the ore zone, strong quartz and carbonate segregation veining is 

evident. In thin section, remnants of the wallrock contain chalcopyrite, anhedral pyrite and galena. 

5.2.1 Core sample DD96KL63 

5.2.1.1 Alteration Zone 

Sample 63KL-02 from DD96KL63 is part of the alteration zone and was collected at 181.80 

m interval. The section comprises green coloured schist. Under the microscope, the rock is seen to 

consist of a chlorite, albite (up to 1 mrn), opaques (rutile and trace amounts of pyrite), and a 
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carbonate matrix (average grain size of 0.5 mm), with ± 2 to 3 mm carbonate blasts overgrowing 

the matrix minerals (Figure 5.1). Quartz is also present as segregation veinlets together with 

carbonate (Figure 5.2), as well as in patches in the matrix. Chlorite is often brown under crossed 

nicols and occurs with albite and fine-grained (up to I 00 J.llTI) anhedral carbonate. Large carbonate 

grains (up to 2 mm) overgrow the matrix (Figure 5.1) and form part of a second generation of 

mineral growth. Carbonate and sericite with acicular shapes occur within the segregation veins 

(Figure 5.2). The acicular-shaped carbonate crystals belong to the third generation, as they 

overgrow the large carbonates of the second generation. The carbonate and sericite with an acicular 

shape also form patches within the rock matrix, as well as within veinlets that crosscutting the main 

foliation. The most abundant opaque within the rock is rutile (elongated) and this is principally 

confined to chlorite-rich zones. Rutile also occurs as inclusions within carbonates of the second 

generation. Traces of euhedral pyrite (less than 1 %) also occur within the alteration zone, in 

overgrowth of carbonate of the second generation. 

Sample 63Kl-06, at 190m from the surface, is also part of the alteration zone. In this sample, 

large white micas (up to 2 mm) are visible. These flakes overgrow the chlorite-albite-carbonate 

(first generation), and they are overgrown by the large carbonates of second generation (Figure 

5.3). 

Sample 63Kl-13 was collected at the 196.25 m core interval, at the contact between the 

alteration zone and the ore zone. At this core depth, the country rock is a veined(± 50%), silicified, 

chloritised quartz-carbonate mylonite (Figure 5.4). Within this section, chlorite is the dominant 

mineral and it is overgrown by large flakes of white mica that occur together with euhedral to 

subhedral pyrite (Figure 5.4). Pyrite displays pressure shadows. Quartz in the segregation veins has 

deformation bands oblique to the vein walls. Large flakes of white mica also occur in the pressure 

shadows of pyrite. Albite is visible inside the chlorite-rich domains and it displays internal 

foliation, which is mainly made of chlorite and rutile needles (Figure 5.5). 

5.2.1.2 Ore Zone 

The ore zone in this core starts at the 190.50 m core interval and it ends at 280m. Within this 

zone, sericite and fuchsite form about 75% of the rock, and chlorite occurs in trace amount (less 

than 5%). Pyrite is visible in sericite-rich layers. From thin section (Sample 63KL-42 collected at 

242 m), the ore zone displays quartz and carbonate veins, with alternations of a sericitised fine

grained quartz-carbonate mylonite. Within some of the quartz-carbonate veins, remnants of the 

seri'cite-rich quartz-carbonate mylonite occur. Pyrite is the main opaque and displays euhedral to 

subhedral forms within pressure shadow. It has an association with the sericite-rich domains of the 

quartz-carbonate mylonite. In the quartz-rich part of the vein, pyrite is anhedral to subhedral and 

occurs together with chalcopyrite and sericite. Within the sericite-rich zones of the quartz

carbonate mylonite, tourmaline is also present and overgrows sericite (Figure 5.6). Tourmaline fills 
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fractures in the vein quartz (Figure 5.7) but also occurs along the quartz vein selvages (Figure 5.8). 

Sericite occurs as veinlets and patches that are oriented parallel to the quartz veins, and these 

overgrow the quartz-carbonate mylonite. Quartz-carbonate segregation veins are made of crystals 

up to two millimetres in diameter, growing from the edges of the vein to the centre. These veins are 

crosscut by carbonate veins developed at a high angle to the foliation, which are in tum crosscut by 

sericite veins. Sericite occurs together with rutile, and they are both overgrown by tourmaline 

needles. Tourmaline also occurs as inclusions in quartz within the quartz-carbonate segregation 

veins, or as fill to fractures at the edge of the quartz-carbonate vein. Fine grey chlorite can be 

observed overgrowing the sericite-rich veinlets. Rutile is principally confined to the sericite-rich 

domains. 

At 240 m core interval, fuchsite is the dominant mica, giving the rock a green colour. Within 

this part of the core, the proportion of opaques is low. The opaques are visible in places were 

sericite overgrows fuchsite. In the fuchsite-rich zone, the only observable opaque was chromium 

spinel (Figure 5.9). The chromium-rich mica occurs in veinlets oriented parallel to a quartz

carbonate-albite mylonite, which is the dominant rock in this zone. Again sericite overgrows 

fuchsite and is in tum overgrown by grey chlorite (Figure 5.10). 

5.2.2 Core sample DD95KL28 

As with core sample DD96KL63, core sample DD95KL28 was studied Petrographically 

using samples of quarter core, from the distal zone to the ore zone. The studied portion of the 

alteration zone covers the core depth range of 114 m to 115 m. It is mainly composed of veined 

fuchsite-sericite mylonite. The ore zone is from 115 m to 170.5 m, comprising pyrite-bearing 

sericite-rich quartz-carbonate veins. From 170.5 m until 210.3 m, the selected core consisted of 

veined fuchsitic-rich mylonite. 

5.2.2.1 Alteration zone 

Within the alteration zone, thin section 28KL-05 corresponds to a depth interval of 114.28 

m. The alteration zone in the selected part is characterised by a veined, sericitised, chloritised, 

quartz-carbonate-albite mylonite. It is composed of chlorite-sericite-quartz segregation veinlets 

(±10%) intercalated with carbonate-quartz mylonite zones (±90%). At least two generations of 

carbonate were observed. The older generation had a smaller grain size, varying from less than 10 

microns to 160 microns. A qualitative analysis conducted on five carbonate crystals using the Jeol 

JXA8600 Superprobe suggests that the carbonate is an iron-rich dolomite or ankerite. Albite is 

replaced by carbonate and displays internal foliation often made of trails of rutile, chlorite and 

carbonate. Ribbon-shaped quartz crystals occur together with carbonate making approximately 

15% of the mylonite. 
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The second generation of carbonate has an average grain size of about 650 microns, and 

occurs with quartz in overprint of the mylonitic foliation. Both quartz and carbonate of the second 

generation also occur as segregation veins. A younger generation of quartz and sericite veinlets is 

found cutting all the above described minerals and veins. 

The quartz and carbonate crystals of the second generation are truncated at the contact with 

the quartz-sericite veinlets. Needle-shaped rutile (up to 30 Jlii1 in length) is found associated with 

the sericite-quartz-rich veins, and is oriented parallel to the foliation. Patches of granular rutile (up 

to 15 Jlii1 in diameter) also occur within the sericite-rich zones. Flakes of green chlorite are found 

overprinting the sericitic-quartz-rich domains. They normally occur in pressure shadows of a 

flattened second generation of carbonate. Blue and green coloured tourmaline, occurs with 

prismatic forms at the selvages of the quartz-carbonate veins. Qualitative chemical analysis 

conducted with Jeol JXA8600 Superprobe suggests that the tourmaline is of Mg-rich variety or 

dravite. The tourmaline contains inclusions of rutile and sericite. 

The main opaque in this rock is pyrite that occurs in at least three generations (Figures 5.11-

5.14). The first generation generally has euhedral cubic forms and is found as inclusions in the 

older generation of carbonate (Figure 5.11, 5.12) and normally displays pressure shadows. The 

second generation of pyrite grows with anhedral shapes overgrowing the mylonitic foliation 

(Figure 5.11) and exhibits weak pressure shadow development. Pyrite crystals with subhedral to 

anhedral shapes represent the youngest generation since they do not display pressure shadows and 

overgrow the sericite-quartz-rich domains (Figure 5.14). Anhedral chalcopyrite, with an average 

grain size of about 20 microns, fills intergrain spaces in the quartz-sericite-rich domains. 

Chalcopyrite replaces pyrite. 

Still in the alteration zone, thin section 28KL06 was taken from the 115 m core interval, 

which represents the contact between the alteration zone and the ore zone. Here, the quartz-
r 

carbonate segregation veins dominant the core. Quartz and carbonate have an average grain size of 

about one millimetre. Quartz shows deformation bands oblique to the vein walls, undulose 

extinction and sub-grains. Cubic pyrite with pressure shadows is the most abundant opaque in this 

part of the core sample DD95KL28. Anhedral pyrite occurs as fill to cleavage domains of 

carbonate, similar to that seen in the previous section. Here, euhedral pyrite crystals are also 

present. Theyare overgrown by carbonate inside the quartz-carbonate segregation veins. Quartz and 

carbonate veins crosscut the main foliation at high angle, as well as the younger generation of 

pyrite (Figure 5.15). Pyrite of third generation overgrows the mylonitic foliation and contains 

inclusions of chlorite. Chalcopyrite occurs normally in the segregation veins, displaying euhedral to 

anhedral forms and varies in grain size from less than 10 Jlii1 up to I 00 Jliil. 

Sample 28KL-09 was collected from the 123 m core interval and comprises a veined quartz

carbonate mylonite. Quartz from folded quartz veins shows deformation bands and undulose 

extinction. Grain boundary migration recrystallisation is also visible as well as sub-grain 
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development. Within this zone, a new generation of chlorite and sericite (in trace amount) grows, 

expressing axial planar cleavage to the folds. Rutile has .an association with quartz-sericite rich 

domains. Pyrite crystals with pressure shadows can be seen in this part of the core sample. They are 

occur in the quartz-sericite rich domains together with remnants of quartz-carbonate vein. 

Carbonate with inclusions of anhedral pyrite are also visible. Blue to brown coloured needles of 

dravite occur in quartz-carbonate veins (at the selvages of the veins) or carbonate-rich zones, 

together with sericite and rutile (Figure 5.16A). Pyrite with euhedral shapes and with inclusions of 

gold overgrows tourmaline (Figure 5.16B). 

5.2.2.2 Ore Zone 

From the ore zone, sample 28KL-10 was taken at 123.4 m core depth interval. At this 

interval, the core comprises quartz-carbonate veins with 90 to 95 % of quartz and with a minor 

amount of carbonate (0-5%). Carbonate crystals are approximately 2 mm in diameter and contain 

inclusions of opaques. The enclosed opaques are mainly pyrite that is replaced by chalcopyrite 

along fractures. Anhedral chalcopyrite also occurs as inter-grain fill between quartz crysts. Quartz 

crystals display undulose extinction, deformation bands and grain boundary migration 

recrystallisation. It is overgrown by anhedral carbonate with anhedral pyrite. 

The samples 28KL-12 and 28KL-14, represent parts of the ore zone and were collected at a 

depth interval of 126 m. The samples display strong sericite-quartz enrichment (95%) and quartz 

veining ( <20% ). Sericite-quartz-rich patches occur as inclusions in the ore zone, containing pyrite 

crystals with pressure shadows and internal foliation. These anhedral to subhedral opaques are 

partially corroded at the contact with the sericitic-silica-rich zone. Remnants of the quartz

carbonate segregation veins that often form the mylonite of the alteration zone, also occur in this 

part of the ore zone. Remnants of pressure shadows of pyrite crystals are also visible, often 

containing chalcopyrite, vermicular pyrite and fine granular gold. Free granular gold (<20 llffi in 

diameter) was observed throughout the section. Granular particles of gold together with anhedral 

pyrite and anhedral chalcopyrite grains are also found as inclusions in carbonate. Pyrite crystals, 

with diameters up to 2.5 mm, and locally 0.5 em, as at main adit of the Klondyke Queen Mine, 

predominate. These crystals are interpreted to be the youngest generation of pyrite because they 

overprint the regional mylonitic foliation and display no pressure shadows. They crystals are 

replaced by chalcopyrite and contain inclusions of gold. Flakes of muscovite and 150-350 llffi long, 

prismatic tourmaline occur at the contact between the sericite-rich zone and the quartz-carbonate 

segregation veins. Inclusions of white mica in pyrite are visible. Tourmaline is older than the pyrite 

that is host to gold because it contains inclusions of tourmaline. Tourmaline is younger than rutile 

and sericite as it encloses trails of those two minerals (Figure 5.17). Albite is also present in the 

quartz-carbonate segregation veins as accessory mineral (<5%). 
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Sample 28KL-16, from the 132m depth interval, is similar to 28KL-12 and 28KL-14, but 

the sericite-quartz vein1ets are intercalated with quartz-carbonate-albite mylonite. The mylonite has 

quartz-carbonate segregation veins containing pyrite. Pyrite is euhedral to subhedral in shape and 

occurs in pressure shadows with internal foliation at an angle of about 45 degrees with t4e main 

foliation. Rutile is confined to sericite veinlets. Large albite crystals occur in prisms elongated 

parallel to the mylonitic foliation. The albite contains inclusions of carbonate and is altered to 

sericite. 

Sample 28KL-21 (from the 133 m core depth interval) was sampled from massive, fine

grained (average grain size 75 !J.Ill) equigranular quartz-carbonate-rich rock from the ore zone. 

These carbonates are interpreted to belong to the first generation of mineral growth. The rock is cut 

by veinlets of green chlorite that are overgrown by brownish- blue-zoned tourmaline. A second 

generation of carbonate-quartz segregation veins, in overgrowth of the former minerals, occurs 

together with gold-bearing pyrite. Rutile is confined to the chlorite-rich domains and is found as 

inclusions in tourmaline. Free vermicular gold, subhedral pyrite (I 0 !J.Ill in diameter) containing no 

gold, and anhedral chalcopyrite (10 !J.Ill in diameter), occurs as inclusions in carbonate of the 

second generation. This carbonate occurs in overgrowth of tourmaline, which is itself overgrown 

by a younger generation of quartz. Subhedral pyrite is visible in the sample, in overgrowth of 

chlorite and tourmaline. 

Sample 28KL-25 (from the 135 m core depth interval) consists of albite-carbonate-quartz 

schist with quartz-carbonate segregation veinlets. The sample has micro folds. The second

generation sericite expresses the axial planar foliation (F2). Albite is altered to sericite in the albite

carbonate-quartz domain. The majority of the quartz-carbonate segregation veins are oriented 

parallel to the first foliation (S 1), but locally, quartz segregations parallel the axial plane of the 

micro-folds. Subhedral to euhedral pyrite occurs within the folded mylonite preferentially in the 

quartz-carbonate segregation veins. Elongated pyrite crystals show pressure shadows' development 

in the axial planes of the micro-folds. Euhedral pyrite crystals without pressure shadows 

development occur in overgrowth of S2. Sericite forms bands in the selvage of quartz-carbonate 

veinlets. Locally, tourmaline needles are oriented perpendicular to the sericite bands but they also 

contain inclusions of rutile that is associated with the formation of sericite. The tourmaline is 

therefore interpreted to have formed late. 

In sample 28KL-26 (135.70 m core depth interval), the character of the sericite-rich zone 

was observed. In this zone, carbonate occurs with sericite and pyrite. At least two generations of 

pyrite can be observed in this thin section. The older generation is euhedral in shape and occurs in 

quartz-carbonate segregation veins. The younger generation in anhedral in shape and overgrows the 

sericite-quartz-rich domain. Pyrite with pressure shadows is also visible, with the pressure shadows 

being oriented parallel to a set of quartz-carbonate veinlets that cut the first regional foliation S 1. 
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The anhedral to subhedral younger pyrite has grown parallel to the axial planar foliation that 

regionally trends N-S. 

Sample 28KL-32 was collected from the 140.35 m core depth interval, from sericitised 

quartz-carbonate mylonite inside the ore zone. The sample is mainly composed of flattened quartz 

and carbonate with intercalated thin layers of sericite and rutile. In this sample, pyrite with pressure 

shadows are orientated parallel to the main foliation. The mylonite is mainly composed of 

carbonate (90-95%), and quartz is confined to the pressure shadows of pyrite. Gold and 

chalcopyrite also occur in the pressure shadows around pyrite, but also in the quartz-carbonate rich 

zones. In most cases, chalcopyrite replaces pyrite and occurs as inclusions in the carbonate. In rare 

cases, chalcopyrite fills intergrain spaces and fractures within grains of quartz. The quartz-sericite -

rich zones of this rock, similarly to the section described above of the ore zone, often contain 

opaques. Red to black chromium spinel grains and yellow rutile needles occur in the sericitic-rich 

zones, and are oriented parallel to the main foliation . 

The samples 28KL-42 and 28KL-50 correspond to a silicified rock occurring at the 147 to 

148 m core depth interval. This sample is a relict of the wall rock in the ore zone. It is weakly 

schistosed and composed of equigranular quartz and carbonate grains (up to 30 IJ.I11 in diameter) 

that display a granoblastic polygonal texture. Fuchsite makes up 30% of the sample and gives it a 

pale olive-green colour. Quartz-carbonate segregation veinlets are visible, together with 

intercalations of sericite-fuchsite that contain elongated pyrite crystals. Pyrite also occurs as 

stretched grains up to 40 IJ.I11 in length and elongate parallel to the mylonitic foliation. It 

preferentially occurs within the quartz-carbonate segregation veins. Euhedral to subhedral sericite 

and rutile occur at the edges of the quartz-carbonate segregation veins and define an internal 

foliation that is oriented oblique to the main foliation. As in the previous section of the core, 

chalcopyrite, galena and gold are found in the pressure shadows of pyrite crystals. The quartz

sericite-rich domains are often micro-folded giving rise to the development of N-S axial planar 

foliation. A younger generation of pyrite is often found to have grown within the axial planar 

cleavage, often with pressure shadows paralleling the axial planar foliation. 

From the footwall contact of the ore zone and the alteration zone, the samples 28KL-55, 

28KL-58, 28KL-61 and 28KL-65 were collected from core depth intervals 142.12 m to 170.52 m, 

which constitutes a fuchsite-sericite-rich mylonite containing quartz-carbonate veins. According to 

qualitative chemical analysis conducted with a Jeol JXA8600 Superprobe, the carbonate is ankerite. 

In this zone, bands of fuchsite-ankerite-quartz alternate with bands of sericite containing rutile and 

gold-bearing pyrite (Figure 5.18). Carbonate containing rutile and pyrite inclusions also occur 

within this zone. The carbonate exhibits partially dissolution texture at the contact with the sericite

rich bands. The main opaque within the sericite-rich zone is pyrite, which occur in trails displaying 

anhedral shapes (Figure 5.19).It overgrows dravite (Figure 5.20). Pyrite is replaced by chalcopyrite 

along fractures and contains gold inclusions (Figure 5.19). Sericite occurs together with patches of 
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rutile, with sericite replacing fuchsite. Patches of rutile are also found in quartz- rich domains of the 

section displaying skeletal forms. Here they replace magnetite. Pyrite and chalcopyrite are mainly 

confined to the quartz-carbonate veins were they fill fractures and intergrain spaces, while rutile is 

confined to the fuchsite-sericite-rich zone. 

The paragenetic relation and mineral associations in relation to the alteration assemblage at 

Barton Mine are summarised in Table 5.3. 

5.3 SHARKS GULLY MINING CENTRE 

Several workings occur at the Sharks Gully Mining Centre, but the most important ones are 

those of Mount Ada and Golden Gift mines. The ore in the mines was mainly extracted from folded 

and brecciated quartz-carbonate veins. The country rock of the quartz veins is ultramafic in 

composition or a Mg-rich amygdaloidal basalt. The basalt is altered into a chlorite-carbonate-rich 

rock, but amygdales can still be observed. 

From several samples collected from the mullock dumps and pits near the Mount Ada Mine 

main workings, rare opaques could be observed,1and include pyrite, sphalerite, free gold, galena 

and chalcopyrite. These opaques occur within fractures developed within the quartz-carbonate 

veins. Of these opaques, pyrite makes up almost 90% of the total opaque content, but it is replaced 

by goethite. Petrographically, pyrite is euhedral forms and contains inclusions of free gold and 

galena (Figure 5.21). 

Digenite also occur associated with the above-cited opaques, and is often marginally 

replaced by an alloy of AgSe (Figure 5.22) according to qualitative analysis conducted with a Jeol 

JXA8600 Superprobe. 

5.4 CHARLIE MINE 

5.4.1 Gold within mylonite chert 

The workings at Charlie Mine consist of an open cut displaying boudins of mylonitic chert. 

The boudan is hosted by a shear zone displaying dextral north-up sense of movement. This shear 

zone occurs within a mafic volcanic rock altered into chlorite-albite-actinolite-rich rock with traces 

of biotite. 

Samples of the ore that were collected from the main pit at Charlie Mine are enriched in 

goethite in replacement of pyrite. Granular gold (up to 2 mm in diameter) occurs together with 

goethite and traces of galena. Theses opaques form fill to fractures in quartz (Figure 5.23). 

Under the microscope, the ore consists of a fine-grained (up to 11 fUll) dynamically 

recrystallised quartz in a quartz-sericite-rich rock (Figure 5.24 ). Quartz-sericite veinlets cut a weak 

foliation that is defined by ribbon quartz and trails of sericite orientated at an angle of about 15• 
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(Figure 5".25). The quartz has undergone some recovery, as can be observed by its granoblastic 

polygonal texture. Fine-grained sericite forms fill to fractures and intergrain spaces in the quartz 

matrix. Large quartz grains with deformation bands, undulose extinction and subgrains are also 

present. 

Most of the gold is free milling (less than 5 jliil), but larger grains (up to 2 mm in diameters) 

of gold fill fractures and intergrain spaces, together with sericite and goethite (Fig 5.26). Pyrite is 

alterated into goethite (Figure 5.27) with liberation of gold. Pyrite · is locally replaced by 

chalcopyrite along fractures and the later mineral is replaced by malachite. Locally, malachite and 

kidney-shaped goethite occurs as pseudomorph after pyrite. Large galena crystals (up to 3 mm in 

diameter) with inclusions of pyrite are also visible. Anhedral chalcopyrite is replaced by covellite 

and covellite is replaced by neodigenite (Figure 5.28) to produce colloform texture. The 

paragenetic relation and mineral associations in relation to the alteration assemblage at Barton 

Mine are summarised in Table 5.4. 

5.4.2 Gold within ultramafics 

At the Charlie Mine, a second mineralisation zone occurs along the contact between the 

Corunna Downs Batholith and the ultramafics of the Warrawoona Belt. Within this contact zone, 

the ultramafic rock forms a veined talc-chlorite mylonite. The quartz-carbonate veins are of the 

segregation type. Gold grains which average 1.5 mm in diameter (locally up to 2 mm in diameter), 

fill fractures in the quartz-carbonate segregation veins. Under the microscope, the mylonite is 

composed of quartz, talc, muscovite and biotite layers, intercalated with quartz-carbonate 

segregation veins. Quartz shows ribbon shapes, deformation bands and undulose extinction. 

Chlorite also occurs within the gold-bearing mylonite often replacing biotite. The only visible 

opaque in the quartz-carbonate segregation veins is gold. 

5.5 MARBLE BAR MINING CENTRE 

The ore zones at Marble Bar Mining Centre comprise milky quartz veins showing zones of 

patchy concentrations of iron sulphides. The country rock constitutes a silicified chlorite- carbonate 

mylonite. Strong fracturing is seen in the veins, suggesting deformation after their emplacement. 

In outcrop, the deposits contain chalcopyrite, pyrite and malachite together with aggregates 

of chlorite. Microscopically, quartz displays deformation bands, undulose extinction, grain 

boundary migration recrystallisation and subgrains. Strong recovery is seen in the ore zone, giving 

rise to a granoblastic polygonal texture with triple junctions. Large flakes of white mica occur 

preferentially in fractures. The mica occurs in overgrowth of chlorite that has an association with 

opaques in the vein quartz. The quartz veins also contain traces of carbonate in overgrowth of 

chlorite and are crosscut by carbonate veins (Figure 5.29). 
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An internal foliation that is parallel to fluid inclusion trails in the vein quartz is visible in the 

opaques. 

The main opaque in the gold-bearing quartz veins is chalcopyrite and malachite. 

Chalcopyrite is often marginally replaced by covellite and cuprite. 

Pyrite occurs is trace ·amount within the veins, displaying euhedral shapes and pressure 

shadows. The pressure shadows enveloping pyrite are parallel to deformation bands within quartz 

and parallel to fluid inclusions in the quartz! (Figure 5.30). Subhedral to anhedral chalcopyrite 

occurs together with chlorite, filling intergrain spaces. A younger generation of pyrite also occurs 

within the gold-bearing quartz, often filling fractures together with chalcopyrite. Anhedral pyrite of 

younger generation, displays no pressure shadows or internal foliation (Figure 5.31). 

Within fractures, both generations of pyrite are replaced by chalcopyrite and both minerals 

are replaced by neodigenite on their margins. The replacement of pyrite by neodigenite also occurs 

in fractures developed in the pyrite. Locally, chalcopyrite is marginally replaced by cuprite. 

Gold grains are rare within the gold-bearing quartz veins from Marble Bar Mining Centre. 

The only visible evidence for gold was in samples from the Stray Shot Mine, with gold grains up to 

2 mm in diameter. Magnetite is also observed within the gold-bearing quartz veins, always 

associated with chalcopyrite (Figure 5.32). 

5.6 MINERALISED MAFIC DYKE AT MARBLE BAR MINING CENTRE 

A mineralised sheared mafic dyke outcrops 500 meters south of the Marble Bar Mining 

Centre, at location 0784539E and 7653861N. The mafic dyke is metamorphosed into carbonatised 

chlorite-actinolite schist, and contains 1-2 em wide quartz-carbonate veins. The veins contain 

galena (up to 1 em in diameter), chalcopyrite and malachite. 

In thin section, the dyke is composed of rhombs of carbonate, with chlorite and actinolite. 

The carbonate contains idiomorphic magnetite and remnants of pyrite which are replaced by 

goethite. The veins display crack-seal texture in quartz and carbonate, up to 3 mm in diameter. 

Chlorite and goethite are found within the quartz-carbonate veins, filling fractures. ldiomorphic 

magnetite, with marginal martization, is a confined to chlorite-rich zones. 

The paragenetic relation and mineral associations in relation to the alteration assemblage at 

Barton Mine are summarised in Table 5.5. 

5.7 BIG SCIDST WELL MINE 

Samples collected from the mullock dump at the Big Schist Well Mine are .rich in pyrite and 

chalcopyrite. The samples constitute iron-stained quartz veins that are reddish brown in colour due 

to the presence of goethite replacing pyrite. Malachite is also present, associated with chalcopyrite. 
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:Samples collected from the orebody in the main pit comprise iron-stained quartz with geodes 

up to one centimetre in diameter. Iron-rich carbonate defines aggregates within the quartz vein. 

This mineral occurs enveloping the iron sulphides. 

Under the microscope, at least four generations of quartz can be observed. The generation 1 

(Qz1, and older) has strong intra-crystalline deformation and dynamic recrystallisation. Qz1 

displays ribbon shape, deformation bands, undulose extinction, grain boundary migration 

recrystallisation and subgrains (Figure 5.33A). Local presence of granoblastic polygonal textures in 

Qz1 indicates that it had undergone recovery. 

The second generation of quartz Qz2 display no intracrystalline deformation. Qz2 has 

concentration of fluid inclusions in the cores and clear rims (Figure 5.33B). Well-developed quartz 

crystals of Qz2 with growth zones are visible, and some opaques are found in the centre of these 

crystals. 

The third generation of quartz (Qz3) occurs in veinlets displaying crack-seal texture. These 

veins crosscut the former Qz1 and Qz2. 

Quartz-rich aggregates are associated with carbonate (Figure 5.34) and fine-grained white 

mica is seen throughout the samples. These quartz aggregates possess the quartz of fourth 

generation Qz4. 

White mica flakes are also found within the orebody and overgrow the carbonate associated 

with the quartz-rich patches of the fourth generation (Figure 5.35). 

Latter developing fractures within the vein orebody are filled with chalcopyrite, goethite and 

malachite. Pyrite occurs in two distinct generations of which the older one is anhedral in shape and 

the younger euhedral. The older generation Py 1 often shows internal foliation. The second and 

younger generation of pyrite Py2 display no internal foliation and is associated with rutile. Py2 

grows preferentially in the with quartz-carbonate patches. Goethite and malachite also occur in the 

fractures as supergene products, were former mineral replaces pyrite and the last chalcopyrite. 

Locally, the rim of chalcopyrite is replaced by cuprite, and covellite replaces cuprite. 

In general, the ore body at Big Schist Well has developed open-space filling textures. The 

presence of vugs, comb and cockade texture are shown by fragments of older quartz crystals (with 

internal deformation). They are coated with layers of inward-radiating quartz crystals (geodes). 

The paragenetic relation and mineral associations in relation to the alteration assemblage at 

Barton Mine are summarised in Table 5.6. 

5.8 SUMMARY AND DISCUSSION 

The observations show that the main alteration sequence in the Klondyke Queen deposit 

comprises chloritisation, carbonatisation, silicification and sericitisation, where the last two occur 

with rutile and carbonates of younger generation and with tourmaline. The rock-fabric consists of a 
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compositional layering defined by sericite-rich versus quartz-carbonate-fuchsite layers. Gold was 

deposited during the last two alteration events, and is often closely associated with tourmaline. The 

main carbonate is ankerite and tourmaline is dravite. The country rock displays a zoned pattern, 

with the distal zone consisting of a chlorite-carbonate-fuchsite mylonite, and the proximal zone of a 

chlorite-carbonate-sericite mylonite. In the ore zone, quartz-carbonate-sericite segregation veins are 

present, rich in pyrite. Fuchsite occurs invariably associated with patches of chromium spinel 

suggesting that the precursor to the country rock was ultramafic or high-Mg basalt in composition, 

as supported by the occurrence of spinifex textures and abundant talc in the vicinity of the 

Klondyke Queen Mine. Gold occurs mainly as inclusions within pyrite and in its pressure shadows. 

Galena is present in trace amounts. Pyrite is often stretched, defining the local stretching lineation, 

together with chlorite and carbonate pods. These observations, together with kinematic studies in 

the surrounding area strongly suggest that the main gold deposition event occurred during the 

doming of the Mount Edgar Batholith, during which the stretching lineation was developed in the 

hosting lithologies. 

The acicular shaped carbonate and sericite aggregates overprinting the main foliation as well 

as quartz-carbonate from Klondyke Queen Mine suggest a very fast growth rate. This fast growing 

rate can be due to heating of the rock at deeper levels that can induce partial melting. The melted 

portions of the rock can bee later deposited at upper levels. The same situation can also be 

explained by temperature drop that can enhance supersaturation of nutrients within the rock, and 

consequent crystallisation of the minerals with acicular textures. The large carbonate crystals 

normally constituting the youngest generation in turn suggest a slow growing rate in a nutrients 

poor environment, or at slow temperature drops. 

According to overprinting and crosscutting relations observed in the cores from Klondyke 

Queen Mine, carbonatisation was followed by silicification. Pink to brown veinlets of chlorite 

cutting quartz carbonate segregation veins and the quartz-carbonate mylonite mark the chlorite . 

alteration. This alteration event was the frrst to occur within the core section DD96KL63. 

The fact that albite displays an internal foliation comprised of chlorite and rutile needles, 

suggests that albite was syn-tectonic to the foliation-forming event and to chloritisation. This 

evidence suggests greenschist facies of metamorphism. 

The presence of dravite in close association with pyrite hosting gold may indicate that the 

precursor fluid is derived from a felsic igneous rock or it has migrated trough it. In other, the fact 

that dravite is a Ma-rich tourmaline, may indicate that the mineralising fluid derives from the 

country rocks, which are in this case high-Mg basalts or komatiites. These rocks are part of the 

hosting rock types at Klondyke Queen Mine. 

The mineralisation at Charlie Mine occurs in mafic rocks within the main pit and in 

ultramafics along the contact with the Corunna Downs Batholith. In the mafic rock association, the 

alteration products are mainly chlorite-albite-actinolite schist, and hornblende-plagioclase-biotite 
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schist while the ultramafics are altered into talc-chlorite assemblages. The precursor rocks of the 

mafic rocks are mainly dolerites and basalts. The talc-chlorites probably represent komatiites in 

view of the high talc content and the locally preserved spinifex textures. 

Within the mafic rocks, gold occurs in association with chalcopyrite, which is often replaced 

by malachite. Within the ultramafics, it occurs as free gold, associated with goethite replacing 

pyrite. The main orebody within the mafic rocks is a mylonite chert, while in ultramafics the 

orebody consists of em-scale quartz segregation veins. The mineralisation at Charlie Mine occurs 

within shears displaying dextral north-up sense of movement, related to a regional NW-SE 

compression. This deformation occurred at amphibolite facies conditions in view of the to well 

preserved hornblende-plagioclase assemblage along the contact between the Corunna Downs 

Batholith and the mafic and ultramafic rocks. 

At the Sharks Gully Mining Centre, the orebodies are folded. They constitute brecciated 

quartz-carbonate veins that are hosted by the Sharks Gully Shear Zone. The shear zone is 

associated with adextral southwest block up sense of movement. The main alteration products in 

this mining area are chlorite and carbonate, with carbonate being restricted to the vicinity of the 

gold deposits. Gold occurs mainly in free milling form, often associated with pyrite and traces of 

galena. These deposits were formed under greenschist facies conditions. 

At Big Schist Well Mine, the presence of vugs, comb and cockade structures together with 

geodes within the ore zone strongly suggests that the mineralisation was formed by a vapour-rich 

mineralising fluid. This fluid filled fractures previously developed within the country rock form an 

amygdaloidal basalt. This basalt outcrop is a southeastern extension of the basalt hosting the gold 

deposits at Marble Bar Mining Centre. In both areas, the country rock is a chlorite-carbonate 

mylonite hosted by the Marble Bar Shear. The main opaque at Big Schist Well Mine is 

chalcopyrite, often replaced by covellite, neodigenite and cuprite. Traces of galena are also present, 

confined to mafic dykes. Gold occurs rarely in free form, only observed at Stray Shot Mine. As in 

all the deposits described above, gold deposition was accompanied by strong carbonate alteration 

of the hosting greenstone complex. 

The mineral assemblages and paragenetic relations between opaques and gangue minerals 

from the above described gold deposits could not be achieved in greater detail due to two main 

reasons : the first reason is the sampling site and the second is .the degree of alteration that the 

opaques have suffered. In most of the cases, the samples were collected from mullock dumps, 

offering little chances to relate the opaques in the orebody and the associated alteration zone. The 

collection of enough and fresh opaques for paragenetic studies was rather difficult in most of the 

gold mines. Most of the iron sulphides display secondary alteration, and this has resulted in the 

destruction of important inclusions that the analysed opaques may have had. The nature of these 

inclusions would have provided greater precision to a determination of the mineral associations, 
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and the development of a full ·paragenesis of opaques and gangue minerals from the studied gold 

deposits. 
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Mineral phases Phase I 

Quartz 
Chlorite 
Carbonate 
Sericite 
Rutile 
Albite 
Pyrite 
Large White mica 

* ----

Phase II Phase Ill -
--

Table 5.1: Summary of the paragenetic sequence of minerals contained in the distal zone of the 
core sample DD96KL63. The symbol (*) in sericite and carbonate represent the acicular forms of 
younger generation of both minerals. The symbol (*) in quartz represent granular quartz of older 
generation. 

Mineral phases Chloritisation CarbonatisationSilicification Ore-phase 

Quartz 
Chlorite -Carbonate -Sericite -Rutile - -Albite -Pyrite -White mica -Table 5.2: Summary of paragenetic sequence of minerals occurring in the proximal zone to the ore 

zone in samples from core DD96KL63. 
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Figure 5.1: Detail of the distal alteration zone, Sample 63KL-02. Figure A: carbonate (Cb) blasts 
overgrowing the matrix, which is mainly composed of chlorite (CI, elongate light grey) , quartz (white), 
opaques (black). In the Figure B, albite (Ab) crystals are also present as part of the matrix minerals. 
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0 

Figure 5.2: Photograph of part of the alteration 
zone, showing at the middle a carbonate-fuchsite 
vein (Cb+Fch). The carbonate and fuchsite in the 
vein display acicular shapes. Quartz (Qz) veinlets 
occur at selvages of the carbonate-fuchsite vein 
as well as in patches (see at upper left) . The 
matrix of the rock comprises a quartz-chlorite
carbonate assemblage. 

2mm 
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0 1mm 

Figure 5.3: Photographs A and B show muscovite (Mu) flakes overgrowing the matrix and 
latter, being overgrown by carbonate (Cb) blasts of (second generation). Note the 
presence of muscovite flakes included in the carbonate blast in both Figures A and B. 

0 500 micros 0 250 micros 

Figure 5.4: Photographs of the proximal zone showing an enrichment in anhedral pyrite 
(Py), quartz and carbonate veining (at lower left of photograph A) . Note the presence of 
fine muscovite flakes associated with anhedral pyrite in photograph B. 
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Figure 5.5 : Photograph of the contact between the ore zone and alteration zone displaying an 
albite (Ab) blast with internal foliation. The matrix comprises rutile (Rt), chlorite (CI), carbonate (Cb) 
and quartz (Qz). Note the presence of flakes of muscovite overgrowing the matrix minerals at lower left. 

0 

Figure 5.6: Photograph of the ore zone showing tourmaline (Tu) overgrowing the matrix minerals. 
Note the presence of sericite (Sr) as inclusions in tourmaline. The matrix consists of carbonate (Cb) 
quartz (Qz) and sericite. At the upper right of the figure, a quartz vein can be observed. 
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0 2mm ------
Figure 5.7: Detailed microphotograph of the quartz vein in the ore zone showing 
tourmal ine (Tu) filling fractures in the vein. 

Figure 5.8: Detail of the quartz vein in the ore zone, showing tourmaline growing 
within fractures (lower right) developed within a quartz-carbonate vein (lower right) . 
Note also tourmaline growing along the quartz-carbonate selvages. 
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Figure 5.9: Photomicrograph of the fuchsite (Fu) rich zone enclosed in the ore zone. 
The dominant opaque is Cr-spinel (Sp) occurring together with trails of rutile (Rt) . 
The matrix to the spinel is composed of fuchsite , chlorite (CI) and sericite. 

0 

Figure 5.10: Detail of the fuchsite-rich zone in the ore zone, showing sericite 
(Sr) overgrowing fuchsite (Fu) and both being overgrown by chlorite (CI). 
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0 1mm 0 0.1mm ----
Figure 5.11 : Photographs of two generations of pyrite (Py). The older generation of pyrite 
is euhedral (at u·pper right) and has grown· as an inclusion in carbonate (Cb) . The 
younger generation pyrite is anhedral (lower left) . Note the cleavage domains of the 
carbonate crystal at upper left, which is parallel to one of the faces of the euhedral pyrite. 

Figure 5.12: Pyrite (Py) of the fist generation growing as euhedral crystals in carbonate (Cb) in the 
middle of the photograph. Note the presence of pressure shadows around carbonate. The pressure 
shadows comprise chlorite (CI), quartz (Qz) and white mica (Mu). Photograph taken from the quartz
carbonate-chlorite-albite (Ab) mylonite (sample 28KL-05) in the alteration zone. 
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Figure 5.13: Detail of euhedral pyrite (Py) of the third generation, growing as inclusion within carbonate (Cb). 
The upper right section of the photograph is composed of a sericite (Sr) and rutile (Rt). 

0 O.Smm 0 0.1 mm -----Figure 5.14: Photomicrograph A and B show the younger generation (Ill) of pyrite (Py) overgrowing the 
mylonite. Note remnants of the foliation preserved within the pyrite crystal from figure B. The matrix of 
the rock comprises carbonate, chlorite, quartz and albite. Photograph taken from sample 28KL-05. 
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Figure 5.15: Photographs of quartz vein (A) and carbonate vein( B) crosscutting the 
main foliation at high angle. In photograph A, the quartz vein also crosscuts the 
third generation of pyrite. The main foliation (81) within both photographs runs from 
upper right to lower left. 
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Figure 5.16 A is a photograph is of gold-bearing anhedral pyrite (Py) overgrowing tourmaline (Tu) . 
In photograph B, a detail of the pyrite-bearing gold (Au) is shown. Both tourmaline and gold
bearing pyrite occur within sericite (Sr)- and rutile (Rt)-rich domains of the rock (photo B). The 
lower right side of the photograph A is mainly composed of carbonate {Cb). 

0 

Figure 5.17: Photograph of tourmaline (Tu) overgrowing rutile (At) and sericite (Sr) . 
Sample taken from the sericite-rutile-pyrite domain. 
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Figure 5.18: Scanning electron microphotograph of the ore-zone showing quartz (Uz)-ankerite (Ak)-tuchslte (Fu) veins 
intercalated with sericite (Sr) -rutile (rt) -pyrite (Py) veins. The majority of the light coloured minerals within the sericite
rutile-pyrite veins are pyrite and rutile. The light grey is carbonate and the darker parts are comprosed of quartz. 
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Figure 5.19 Scanning electron microphotographs details of figure 5.18. The photograph 5.18a shows trails of anhedral pyrite (Py) 
within the sericite-rutile-pyrite domain, and phtographs 5.19b, 5.19c and 5.19d show pyrite with inclusions of gold (Au) and being 
replaced by chalcopyrite (Cpy) along fractures. 



Figure 5.20: Scanning electron microphotograph of the sericite-pyrite-rutile-rich zone. 
Note that pyrite grows after dravite. 

Table 5.3: Summary of paragenetic sequence of minerals from the. alteration and ore zones for core 
sample DD95Kl28. The term" Phase" on top of the table means generation of specific mineral. 
Chalcopyrite, gohetite and gold at the supergene alteration phase are alteration products after pyrite. 
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Figure 5.21 : Scanning electron photomicrographs of opaques filling fractures at the Sharks 
Gully Mines. A) Euhedral pyrite (Py) with inclusion of gold (Au) being replaced by goethite 
Go). B) Euhedral pyrite (Py) being replaced by galena (the white spots inside of pyrite 
crystals) . The white scale bar is 100 microns. 
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Figure 5.22: Scanning electron photomicrograph of digenite (Dg) replaced by AgSe. 
The background comprise quartz and carbonate (Qz+Cb). Scale bar is 100 microns long. 

0 1 mm ------
Figure 5.23: Photograph of opaques filling fractures within mylonitic chert at the Charlie Mine. 
The opaques comprise gold and goethite (Go) . The goethite is a replacement product after 
pyrite. The matrix comprise mainly quartz and sericite. 
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0 20 microns 

Figure 5.24: Photograph of dynamically recrystallised quartz within mylonitic chert at of the Charlie 
Gold Mine. Note the ribbon shape of the quartz grains at the upper part of the photograph and the 
presence of- undulose extinction and deformation bands at the lower part of the photograph. 

1 mm O.Smm ------ ------
Figure 5.25: Photomicrographs of the gold-bearing mylonitic chert from Charlie Gold Mine. Note the 
elongation of the quartz grains. The quartz define the mylonitic foliation within photograph A and B. 
Within photograph A, opaques-bearing sericite (8c) veinlets occur parallel to the mylonitic fol iation (81 ). 
In photograph B, the veinlets crosscut the mylonitic foliation (81) at an angle of about 15 degrees. 
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0 2mm 

Figure 5.26: Photomicrograph of gold grains, up to 2 mm in diameter, fil ing fractures and intergrain 
spaces within the gold-bearing mylonitic chert from Charlie Gold Mine. The main constituents of the 
matrix is quartz and sericite (Qz+Sc). Gold was precipitated after pyrite replacement by goethite (Go). 

0 0.4 mm -------------------Figure 5.27: Photomicrograph of pyrite (Py, white color)) being replaced by goethite (Go, 
light grey) . Note remnants of pyrite preserved at the middle of the photograph. The dark 
grey parts of the photograph comprises mainly quartz and sericite (Qz+Sc) . 
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0 0.2mm 0 0.1 mm ----- -----
Figure 5.28: Photomicrographs of pyrite being replaced by chalcopyrite (A), and chalcopyrite 
(Cpy) being replaced by covellite (Cv, in A and B) , and covellite replaced by neodigenite and 
digenite (Di+Ndi) . Gangue minerals in both photographs comprise quartz and sericite (Oz+Sc). 

i~:~~c'·'"~"~'"''""'"-'-f·~~~, '""' ··~ 
~~:·:.:" _ _; ~ . F J . l 
i !_il1t~, '"' . ; - - _j ~ -~ ~ J :_~ . --~~::: ~ ::: -:~1 
~~~~:~r~~e_.: j_~_:__~--~+-~-=--= --- -----r -- ----.. ----
rMJl l a c_tlj!.~ - ·---+---------r----- ·-· , 1 

l~~~Lt_:- __ ·.·-- j·· -:~·---- - ~=J---·-=--~---=± ·- ___ r.=. _] 
Table 5.4: Summary of paragenetic relation between minerals from the country rock to the ore zone, 
at Charlie Mine. The data belongs to the orebodies in the ultramafic rocks .. 
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Figure 5.29: Photomicrograph of a gold-bearing quartz vein from Marble Bar Mining 
Centre displaying fractures filled with white mica. Note that the mica filled fractures 
are at high angle to deformation bands and fluid inclusion trails (Fi+Db) . Note the 
presence of carbonate vein at the middle of the photograph as well as at lower right. 

Figure 5.30: Photomicrograph of the younger generation of pyrite (Py) with enveloping pressure 
shadows. Note that the pressure shadows are parallel to deformation bands and fluid inclusion 
trails within the quartz vein. 
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0 1 mm 

Figure 5.31 : Photomicrograph of two generations of pyrite (Py I and Py II). Note the euhedral 
shape of displayed the generation I and internal foliation. Note also the anhedral shapes 
displayed by generation II and the lack of internal foliation. 

1 mm 0.2mm ----- ------------------
Figure 5.32: Photomicrograph of chalcopyrite (Cpy) and magnetite(Mg) occurring together. 
Note that both minerals contain inclusions of each other. The matrix is comprosed of quartz. 
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Table 5.5: Summary of paragenetic relationships between minerals from the alteration 
zone and ore zone, at Marble Bar Mining Centre. Neodigenite and cuprite replace 

chalcopyrite and goethite replaces pyrite. 

Figure 5.33: Photomicrograph of the first generation of quartz (Qz1 in A) and the second 
(Qz2) . Note the presence of elongate quartz in A and the presence of growth zones in B. 
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0.4 mm 

------------------
Figure 5.34: Photomicrographs of the fourth generation of quartz (Qz4) overgrowing the second 
generation (Qz2). The Qz4 is the fine grained quartz occurring in patches, associated with 
carbonate (Cb). White mica is associated with the Qz4 in photograph A at lower left. The black 
mineral at the lower right side of each photograph is pyrite (Py). 

0 O.Smm 

Figure 5.35: Photomicrograph of quartz and carbonate (Cb) aggregate being overgrown by white 
mica (Mu). Note the presence of cubic pyrite (Py) growing as inclusion within the carbonate. 
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Table 5.6: Summary of paragenetic relation between minerals comprising the alteration and ore 
zones, at Big Schist Well Mine. 
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Chapter 6 

Alteration, Paragenetic Sequences, 

Mineral Associations: Turbidite-Hosted 

Gold deposits 

6.1 PREAMBLE 

In the Nullagine Domain of the East Pilbara Superterrane the largest turbidite-hosted gold 

deposits of the Pilbara Craton occurs. The gold deposits are hosted by the Mosquito Creek 

Formation and ·they are mainly located within steep shear zones striking E-W, parallel or at a small 

angle to the bedding. The shears can be traced for 40 km along strike. The gold deposits in this area 

form three main lines. The first line is known as the Gold Line and is located at the contact between 

the Chlorite Schist and the Mosquito Creek Formation in southern margin of the Mosquito Creek 

Block. The second line is the Gold-Antimony Line and is located about 5 km north of the Gold 

Line. The third line of deposits constitutes the Eastern Creek Mining Centre, located at the 

northeastern edge of the Mosquito Creek Block. The Gold and Gold-Antimony lines are hosted by . 

shears within metamorphosed distal and proximal turbidites while the Eastern Creek Mining Centre 

is hosted by alluvial-plain deposits. These deposits comprise conglomerates with subordinate 

arkosic sandstones. Within the Eastern Creek Mining Centre, sediments of turbiditic origin are not 

evident. The gold deposits of the Gold Line are hosted by a ductile shear zone approximately 3-5 

km wide while the Gold-Antimony Line lies within a kilometre wide anastomosing shear, 

displaying brittle-ductile style of deformation. 

6.2 THE GOLD LINE 

The highest recorded gold production from the Mosquito Creek Formation comes from the 

Gold Line, which is an almost 3 km wide shear zone extending from Golden Eagle Mine about 8 
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krn south of Nullagine Village to Pamel Mine (Figure 1). This belt can be traced for at least 40 krn, 

strikes E-W and ENE. 

6.2.1 Barton Mine 

As already stated within chapter 2, Barton Mine is the most important mine hosted by the 

turbiditic rocks of the Mosquito Creek Formation. This mine 'has produced more gold than the other 

mines within the Mosquito Creek Formation t<;>gether, with around 52% of the total gold produced. 

The total recorded gold production had an average grade of 35 g/t, which is one of the highest 

grades within this area, only surpassed by Golden Eagle Mine (102 g/t). 

Chlorite schists indicative of greenschist facies metamorphism and well-developed 

penetrative schistosity are the main features at Barton Mine. The deposit comprises three sub

vertical main reefs striking NE-SW to almost N-S , located at the contact between a southern, 

predominantly chlorite schist with distal turbidites or pelitic schists to the north. Within the 

mineralised zone, strong carbonatisation is pervasive. The orebodies within this mine are milky 

quartz veins 30 em to 1 m wide and 18 to 171 m in length. 

The alteration zone is a pelitic schist mainly composed of ankerite, muscovite and chlorite 

(Figure 6.2A) forming the main foliation. Within this zone, the main opaques are pyrite and 

arsenopyrite (Figure 6.2A and 6.2B) often displaying pressure shadows. Potassium-rich feldspars 

are also present within the alteration zone and they are consistently associated with ankerite 

overgrowing muscovite and chlorite (Figure 6.3A and 6.3B). Thorium- depleted monazite and 

xenotime occur in patches always together with zircon. Xenotime and monazite occur associated 

with the ankerite-rich zones or within cleavage zones, and zircon is often detrital. Ankerite blasts 

have an average grain size of 0.5 mm and are flattened parallel to main foliation. They are often 

marginally replaced by iron oxides and occur together with gold and rutile (Fig 6.4 and 6.5). Pyrite, 

hematite and arsenopyrite are the most abundant opaques within the milky quartz veins, and they 

tend to be associated with traces of galena, free gold and chalcopyrite. Associated with the three 

most abundant minerals, several tellurides such as calaverite (AuTe2), volynskite (AgBiTe2) and 

montbrayite (Au2Te3) also occur, associated with free gold and monazite. All these opaques are 

often found within fractures developed within quartz veins or within the pelitic schist adjacent to 

the quartz veins. Pyrite grows with euhedral shapes and has pressure shadows developed during N

up sense of movement that can be observed within the pits. Pyrite is often marginally replaced by 

arsenopyrite and chalcopyrite. Locally, chalcopyrite replaces pyrite (Figure 6.5A and 6.5B). Galena 

often occurs scattered within the fractures in the vein quartz and as inclusions in arsenopyrite. 

Tellurobismuthite (Bi2Te3) and wehrlite (BiTe) occur as traces in the above tellurides. 

The paragenetic relation and mineral associations in relation to the alteration assemblage at 

Barton Mine are summarised in Table 6.1. 
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6.2.2 Golden Eagle 

The westernmost deposit on the Gold Line is the Golden Eagle Mine, a deposit hosted by 

meta-turbiditic rocks of the Mosquito Creek Formation. The deposit is hosted by metamorphosed 

pelite and psammite, displaying consistently low greenschist facies as indicated by the presence of 

chlorite. 

The deposit is located within the upright northern limb of a reclined antiform with easterly 

plunging fold axis (Huston et al., 2001). The main orebodies of this mine are of two types. The first 

type comprises narrow ferruginous quartz veins with gold grades around 102 g/t. These quartz 

veins cut a highly weathered and cleaved siltstone at high angle. This siltstone has disseminated 

pyrite near the vein quartz (Huston et al., 2001). The second type of mineralisation has a stratiform 

structure up to 50 m in thickness. The higher grade within this zone is located within the upper 10 

m from the surface and it is thought to be related to a later supergene upgrading (Huston et al., 

2001). This zone is located mainly in the upper part of a psammitic unit. Within the second type, a 

thinner (5-10 m) mineralised zone occurs as lenses at the base of the lower psammitic unit (Huston 

et a! , 2001). According to Huston et. a!. (2001), gold is enriched in psammitic and mixed 

psammite-pelite intervals relative to pelitic intervals and where it is often associated with abundant 

pyrite. 

The most abundant ore mineral at Golden Eagle Mine is pyrite. It often displays euhedral 

shapes, and is irregularly distributed within the quartz veins (Figure 6.6). Galena and monazite 

occur as inclusions in pyrite crystals (Figure 6.6). Other opaques include rutile (Figure 6.6), 

chalcopyrite, free gold, sphalerite, galena, ilmenite. 

Silicification and sericitisation represent the main alteration at the Golden Eagle Mine. The 

silicification is expressed by pervasive veining mainly confined to the psammitic units. The 

psarnmitic units also contain tourmaline, albite and K-feldspar, probably hydrothermal precipitates, 

as they are associated with disseminated pyrite. The sericitisation is confined to the pelitic unit 

(Huston eta! 2001). According to microprobe analysis, the main phyllosilicate minerals present are 

chlorite, muscovite and biotite. 

The pelitic unit is mainly composed of quartz, muscovite, biotite and chlorite that form the 

slaty cleavage (Figure 6.7). The opaques grow preferably within fractures and veins or in patches 

associated with the quartz-rich zones of the matrix (Figure 6.7). Zircon is detrital as it displays 

rounded shapes. This mineral is associated with aggregates of quartz within the quartz-muscovite 

matrix (Figure 6.8). Sphalerite, gold and pyrite occur mainly within the quartz-rich domains of the 

matrix, while rutile is confined to the muscovite-biotite-chlorite-rich zones of the matrix (Figure 

6.9). Microprobe data indicates that monazite is depleted in Th and occurs in patches overgrowing 

muscovite, chlorite and biotite (Figure 6.10A and 6.10B). The above relations between opaques 

and alteration gangue minerals are summarised in Table 6.2. 
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6.2.3 Parnel Mine 

The Pamel Mine lies at the eastern end of the Gold 'Line and belongs to the Upper Mosquito 

Creek Mining Centre, 23 km east of Blue Spec Mine. The main orebody is a 20 em thick milky 

quartz vein hosted by an E-W striking brittle-ductile shear zone displaying a dextral south-up sense 

of movement. The quartz vein is about 30 m long and has been worked by open cuts. The vein 

quartz is milky and brecciated and it is hosted mainly by quartzite. 

At outcrop scale, the wall rock to the orebody is a quartz, chlorite, sericite-rich slate. Near 

the orebody, the slate displays a strong alteration into kaolinite. At high magnification, the slate is 

seen to comprise ribbon shaped quartz, muscovite and chlorite forming the slaty cleavage (Figure 

6.11A and 6.11B). The opaques occur in patches with elongate shapes often filling cleavage 

domains of the muscovite (Figure 6.12A and 6.12B). The predominant opaques within the orebody 

are pyrite, goethite and malachite. Goethite is a supergene alteration product of pyrite. Rutile, 

monazite and apatite grow preferably along the cleavage planes of muscovite. Monazite is 

consistently Th-depleted and is often replaced by apatite (Figure 6.13). Specs of gold with less than 

one millimetre in diameter occur within remnants of the orebody collected from the dump. Gold is 

often associated with pyrite and malachite. The summary of the mineral paragenesis and 

associations between opaques and the alteration products is presented in Table 6.3. 

6.3 GOLD-ANTIMONY LINE 

The Blue Spec Mine lies about 7.5 km north of Barton Mine. Here gold is associated with 

antimony. This deposit belongs to the Gold-Antimony Line, which is an E-W striking line of 

deposits that can be traced for at least 15 km from Blue Spec Mine to Billijim Mine. The deposits 

of this line are mainly hosted by a 1 km wide brittle-ductile shear zone displaying anastomosing 

pattern. The shear zone is located at the contact of distal and proximal turbidites of the Mosquito 

Creek Formation. 

6.3.1 Blue Spec Mine 

The most important deposit of the Gold-Antimony Line is the Blue Spec Mine, hosted by 

sandstone-dominated turbidites. The main geology at the Blue Spec Mining Centre comprises a 

psamrnite-dominated unit of proximal turbidites that has a steep contact with a pelitic unit of distal 

turbidites to the north. The orebody comprises a 50 em wide milky quartz vein, often with blue 

colour due to coarse-grained stibnite. Free gold and pyrite are visible in hand specimen. The quartz 

vein is mostly at a low angle to the bedding or, in few cases, parallel to the bedding of the country 

rock of alternating layers of psamrnitic and pelitic units. These units often grade into one another 

and the graded bedding provides younging directions, often perpendicular to the regional foliation. 

In the alteration zone lenses of chlorite schist occurs, with orange and brown colours due to 
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concentrations of iron carbonate. Chlorite, carbonate and white mica are the main constituents. 

Under high magnification the wall rock alteration assemblage is seen to consist of quartz, white 

mica, chlorite, and traces of cordierite, overgrown by kaolinite and carbonate (Figure 6.14). The 

carbonate is pervasively concentrated throughout the alteration zone. Carbonate porphyroblasts 

often enclose part of the rock matrix and are flattened parallel to the slaty cleavage. Locally the 

slaty cleavage wraps the carbonate blasts suggesting that the carbonate is also pre-tectonic (Figure 

6.14). Microprobe analysis indicates that the carbonate at Blue Spec Mine is zoned with higher iron 

content in the rim (Fig 6.15). According to Kruse (1998), the cores are magnesium-rich, with 

Fe/Mg ratios around 0.5, increasing to 1.0 in the rims. In some cases, the carbonate also displays 

rims of pure siderite (Kruse, 1998). Apatite and titanium oxide are present within the wall rock 

alteration zone and are mainly concentrated in pressure solution veins developed between 

carbonate blasts (Kruse, 1998). Pressure solution veins as well as segregation veins are abundant 

within the psarnrnitic unit and often display crack-seal phenomena. Titanium oxide occurs in two 

generations. The older generation is detrital and the occurs within the rock matrix. The second and 

younger generation occurs within vein quartz as well as within cleavage domains. Apatite is often 

detrital and occurs scattered within the matrix. Apatite also occurs as inclusion in carbonate or 

overgrowing the carbonate. This suggests strongly that apatite and the carbonate may have grown 

together during the carbonatisation. The wall rock alteration zone is often veined and the veins are 

quartz- and carbonate-rich with well-preserved crack-seal cycles. The carbonate within the veins 

displays no zoning (Figure 6.16) and consists of dolomite with Mg/Ca ratios of around one·(Kruse, 

1998). Within the selvages of the quartz-carbonate veins, pyrite, titanium oxide and apatite occur. 

The main sulphides at the Blue Spec Mining Centre are pyrite and stibnite. Sphalerite, 

chalcopyrite, arsenopyrite, chalco-stibnite and bornite are also present. According to qualitative 

analysis conducted with Jeol JXA8600 Superprobe, nickel-cobalt-arsenic-sulphide, copper

antimony-lead-sulphide, nickel-antimony sulphide, iron-antimony sulphide and iron-antimony

copper sulphide occur. Within the mineralised quartz veins free gold is often visible at outcrop 

scale and it occurs normally near stibnite or as inclusions within the latter mineral. Euhedral pyrite 

crystals with average grain sjze of about 1 mm can be observed within the vein walls, as well as 

within the wall rock matrix, overprinting the carbonate blasts. Within the wall rock, zircon also 

occurs in trace amounts but it is consistently detrital, and always overgrown by the slaty cleavage. 

The paragenetic relation between the opaques and associated gangue minerals at Blue Spec 

Mining Centre is described by Kruse (1998). The above observations suggest that the iron-rich 

dolomite represents the first mineralisation phase at this mining centre. The increased iron content 

in carbonate margins can be explained by a higher content of the fluid. The fact that some 

carbonate in quartz veins is pure calcite and/or dolomite was explained by Kruse (1998) to be 

related to later dissolution of the previously formed zoned carbonates. It is clear from the 

paragenetic relation that the titanium oxides and apatite mostly found in close relation with the 
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zoned carbonates were formed at the same time. The quartz-carbonate veins with crack-seal 

phenomena were formed during an influx of a silica- and carbonate-rich fluid that had dissolved 

part of the previously formed carbonates. It is during this phase that most opaques such as the Fe

and Sb-rich sulphides are formed, together with free gold. 

Calcite veins may represent the last phase of fluid influx, as they are Fe- and Mg- depleted. 

They can be seen as products of dissolution of early-formed zoned carbonates. It is suggested that 

the Fe in this case was taken up by the majority of the iron sulphides during early stages of 

mineralisation. According to the paragenetic relation between the opaques and gangue minerals at 

Blue Spec Mines summarised in Table 6.4, at least two veining phases have occurred within the 

area. The first phase was the important one as it carries free gold and other opaques. The second 

quartz-carbonate veining phase was barren. The summary of the paragenetic relation between 

opaques and gang minerals is presented in Table 6.4. 

6.4 EASTERN CREEK MINING CENTRE 

At Eastern Creek Mining Centre lies at the northeastern side of the Mosquito Creek Block. 

The deposits within this mining centre are hosted by slates and metamorphosed monomictic 

conglomerates. The gold-bearing orebodies are iron-stained quartz veins hosted by semi-brittle 

shear zones displaying S-up sense of movement. These shears are located at the contact between 

slates and meta-conglomerates. The orebodies are 30 em to 1.2 m width and 12 to 61 m in length. 

The country rock adjacent to the orebodies is mainly composed of ribbon-shaped quartz, white 

mica and carbonate. Chlorite within these rocks also occurs, forming less than 10% of the rock 

volume. The wall rock alteration zone is clearly overgrown by carbonate blasts similar to those 

observed within the wall rock alteration zones of the other gold deposits of the Mosquito Creek 

Formation. Under high magnification, these blasts are seen to overgrow the slate cleavage (Figure 

6.17) formed by quartz and white mica. As at the Blue Spec Mining Centre the carbonate displays 

zonation (Figure 6.18) with higher iron content in the rims. According to Kruse (1998), the internal 

parts of the blasts have Fe/Mg ratios around 0. 7 while the rim is locally pure siderite. 

Flattening of the carbonate blasts parallel to the foliation is evident. These blasts often have 

well-preserved internal foliation, and in other cases, the foliation wraps the carbonate (Figure 6.17). 

Segregation veins are abundant and consist of quartz, dolomite and opaque minerals. 

According to Kruse (1998), the dolomite within the veins is composed of equal amounts of calcite 

and magnesite with 25% to 35 % magnesium being replaced by iron. Within the wall rock 

alteration zone, pyrite and rutile are abundant. These minerals are often in close association with 

ribbon shaped quartz in the matrix, and locally ·within the carbonate blasts (Figure 6.17). 

Associated with the above-described opaques, xenotime, alanite, apatite, traces of thorium depleted 
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monazite, Yttrium-calcium phosphate, and detrital zircon occur. From the above minerals, the 

phosphates grow normally to the foliation or within cleavage domains of white mica. 

An iron-stain quartz-carbonate vein sample taken from the dump shows a notable amount of 

gold, together with pyrite, arsenopyrite, sphalerite and galena. In fractures developed in pyrite 

galena and goethite occurs (Figure 6.19A and 6.19B). In few cases, pyrite contains inclusions of 

free gold. A sample from the orebody collected from the dump described by Kruse (1998) has also 

iron-antimony oxides and/or hydroxides, chalcopyrite, chalco-stibnite, covellite, arsenic-bearing 

cube shaped limonite and stibnite. The paragenetic relations between opaque minerals and silicate 

gangue minerals from the alteration zone and orebodies are summarised in Table 6.5. 

6.5 DISCUSSION 

The turbidite-hosted gold deposits of the Mosquito Creek Formation are hosted by shear 

zones displaying similar kinematic and structural history despite the fact that the size of the shears 

and the style of deformation within the shears are different. The metamorphic grade is consistently 

greenschist facies but the alteration products adjacent to the orebodies are different, even within the 

same line of mineralisation. 

The principal characteristic_ of these deposits is their location within the psarnmitic rather 

than in the pelitic units of the Mosquito Creek Formation. The concentration of gold- and pyrite

bearing veins within psarnmitic units relative to pelitic units can be ex.J?lained by their behaviour 

during deformation. The psammitic unit, being more competent than the pelitic unit, developed 

fractures during deformation. These fractures allowed fluid migration and consequently gold 

mineralisation. This behaviour is supported by extensive veining (often displaying crack and seal 

phenomena) and consequently more pyritisation and gold mineralisation. On the other hand, the 

pelitic units tended to deform in a ductile and acted as barriers to fluid migration. 

One of the remarkable features that vary within the gold deposits of the Mosquito Creek 

Formation is the wall rock alteration pattern. At the Golden Eagle and Parnel mines, the strong 

carbonatisation, which is widespread throughout the other deposits hosted by the Mosquito Creek 

Formation, does not occur. Here, the wall rocks of the mineralised bodies consist mainly of quartz, 

chlorite and muscovite. The mineral assemblages observed within the deposits of the Blue Spec 

Mining Centre and those of the Eastern Creek area are similar in both the type of alteration 

products and ore minerals. The most notable similarity is in the zoned carbonates and the 

antimony-bearing sulphides. 

Carbonate blasts are often associated with gold mineralisation and is older than or coeval 

with the cleavage-forming event. The carbonates often contain internal foliation but locally the 

slate cleavage wraps them. These evidences suggest that the gold-bearing fluid was C02-rich and 

fluid flow occurred during the final stages of deformation, under brittle conditions. 
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The most notable difference between the deposits along the Gold Line and those along the 

Gold and Antimony Line is in the predominance of stibnite associated with gold at the latter line of 

mineralisation. The stibnite-gold assemblage reflects lower temperature conditions than the gold

only mineralisation, and corresponds to the brittle deformation prevailing along the Gold-Antimony 

Line, and the ductile deformation of the Gold Line. Higher temperatures are also reflected by the 

presence of cordierite in the country rocks along the Gold Line. These configurations support the 

continuum in model of gold-antimony mineralisation in greenstone belt presented by Groves 

(1982). 
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Figure 6.1 : Geological map of the Mosquito Creek Block displaying the Eastern Creek Mining Centre (ECMC), 
Gold-Antimony and Gold lines. Figure quoted from Kruse (1998). 
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Figure 6.2: A and 8 - Overview scanning electron photomicrograph of the mineralised 
pelitic schist composed of quartz (dark grey), ankerite (light grey patches) and muscovite 
+ chlorite (light grey background). These minerals define the main foliation, which is 
oriented vertically and forms the matrix to pyrite (Py) and arsenopyrite (Apy). Barton Mine. 



Figure 6.3A: Overview scanning electrum photomicrograph of the alteration zone at Barton Mine, 
containing mainly muscovite and chlorite overprinted by ankerite (Ak) and K-feldspar. (K-Fp). 
In Figure 6.38, the magnified part of Figure A displays ankerite blasts with inclusions of K-feldspar (K-Fp). 
Within Figure A, Qz is quartz and the white scale bars in both figures are 700 and 100 microns in length. 
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Figure 6.4: A Scanning electron photomicrograph of ankerite (Ak) that is replaced on the margins by hematite (Ht) 
and overgrowing the muscovite (Mu) rich matrix. Figure 6.48: Ankerite (Ak) patch associated with gold (Au) and 
rutile (Rt) at Barton Mine. The dark background is mainly composed of quartz (Qz). 



...... 
0'1 ...... 

Figure 6.5: Scanning electron microphotographs of euhedral pyrite (Py) being replaced on the margins and in fractures 

by chalcopyrite(Cpy) in Figure A, and replaced on the margins by arsenopyrite (Apy) in Figure B, from Barton Mine. 

The background is mainly composed of quartz and muscovite in Figure A and only quartz in Figure B. The white scale 

bars in Figure A and B are140 and 20 microns in length, respectively. 



Figure 6.6: Scanning electron photomicrograph of euhedral pyrite (Py) with 
monazite (Mn) inclusions from Golden Eagle Mine. The dark matrix mainly consists 
of quartz (Qz) in a vein. Rutile (At) and K-feldspar (K-Fp as light grey matirx) 
also occurs within the vein quartz. The white scale bar represents 70 microns. 
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Figure 6.7: Overview scanning electron photomicrograph of the host 
pelitic unit at Golden Eagle Mine. It consists mainly of the assemblage 
quartz-muscovite-chlorite-biotite, which forms a slaty cleavage. Note 
the opaques growing preferably within fractures and,quartz rich zones . 



Figure 6.8 A and 8 are scanning electron photomicrographs of the host pelitic unit 
at Golden Eagle Mine. Zircon (Zr, and white mineral) occurs as detrital grains and 
as inclusion within rutile (At light grey mineral ). The matrix is mainly composed of 
quartz (Qz darker area) and muscovite (Mu light grey). 

Figure 6.9: Scanning electron photomicrograph of sphale-rite (Sp, white) from a 
quartz-rich domains and Rutile (At, white and elongate form) growing within the 
muscovite-biotite-chlorite rich zones (Mu+Bi+CI) of the matrix, Golden Eagle Mine. 
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Figure 6.10 A and B: Scanning electron photomicrograph of monazite (Mn, white 

patches) in overgrowth of muscovite-biotite-chlorite (Mu+Bi+CI) rich domains at 

Golden Eagle Mine. The darker areas are filled with quartz (Oz). 
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Figure 6.11 A and B: Overview scanning electron photomicrograph of the slate country rock, with the slaty cleavage 
defined by ribbon-shaped quartz (Qz and black background), chlorite (CI and medium grey), and muscovite (Mu and 
light grey) at Parnell Mine. The white spots within the photographs are opaques. 



Figure 6.12A and B: Scanning electron microphotographs of opaques in elongate patches that fill 

cleavage domains of muscovite (Parnell Mine). The dark matrix ismainly composed of quartz 

(Qz, dark grey), muscovite (Mu, light grey), chlorite (CI, pale grey) and opaques (white). 

Figure 6.13: Scanning electron photomicrograph of patches of monazite (Mn and 

whitecoloured portions) being replaced by apatite (Ap, and light grey portions) at 

Parnell Mine. The black background consists of muscovite and quartz. 
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Figure 6.14 A and S: Scanning electron microphotographs of carbonate (light grey) overgrowing the 
main foliation (S1) at Blue Spec Mine. In Figure 6.14B the foliation occurs within and around carbonate 
grains. Note the zoning of the carbonate within both photographs. The base length of the photographs 
A and B is 550 are 365 microns in length respectively. Figures modified after Kruse (1998). 

Figure 6.15: Scanning electron photomicrograph of zoned carbonate blasts. The dark bands 
are Mg rich while the lighter ones are iron rich at Blue Spec Mine. Figure rom Kruse (1998). 

Figure 6.16: Scanning electron microphotograph of a quartz (darker background) and 
carbonate (light grey backgrond) vein from Blue Spec Mine. Note the absence of zoning 
and the anhedral outlines of the carbonates. The white background mailnly consists of 
pyrite and stibnite. 
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Fgure 6.17: Overview scanning electron photomicrograph of the wall rock alteration zone' 

consisting of quartz (Qz, darker domains) , white mica (pale grey domains) overgrown by 

carbonate blasts (Cb, light grey domains) at Eastern Creek Mining Centre. The white spots 

within the rock are dominantly composed of rutile (Rt) and pyrite (Py). Note the foliation 

within the carbonate blasts as well as wrapping them. 

Figure 6.18: Scanning electron photomicrograph of zoned carbonate {light grey) blasts, 

overgrowing the foliation at Eastern Creek Mining Centre. The white rims within the blasts 

are due to an enrichment in iron, relative to magnesium. The black domains of the photo 

are mainly composed of quartz and the dark grey domains are muscovite rich. In this photo, 

the foliation can be noted wrapping around the central carbonate blast. The white minerals 

within the photograph are mainly pyrite and rutile . 
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Figure 6.19 A is a scanning electron microphotograph of the quartz-carbonate vein containing pyrite (Py) 
being replaced by goethite (Go) and in fractures by galena at Eastern Creek Mining Centre. Figure 6.198 
represent a crystal of pyrite almost completely replaced by goethite. The grey portion of the crystal is 
mainly composed of goethite and the white spots are remnants of the pyrite. 
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Mineral phases Country rock Alteration zone Ore-zone 

Quartz 
Chlorite 
Carbonate 
Muscovite 
K-Feldspar 
Pyrite 
Arsenopyrite 
Monazite 
Xenotime 
Hematite 
Rutile 
Gold 
Galena 
Chalcopyrite 
Claverite 
Volynskite 
Montbrayite 
Tellurobismuthite 
Whehrlite 
Gohetite 
Zircon 

Supergene alteration 

-replaces pyrite -

Table 6.1: Summary of the parage netic sequence from the country rock to the ore-zone, 

including later supergene alteration, at Barton Mine. 
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Mineral phases Country rock Alteration zone Ore-zone 
Quartz 
Chlorite 
Biotite 
Muscovite 
K-Feldspar 
Albite 
Tourmaline 
Monazite 
Rutile 
Pyrite 
Chalcopyrite 
Gold 
Galena 
Ilmenite 
Sphalerite 
Zircon -detrital --

Supergene alteration 

Table 6.2: Summary of the paragenetic sequence from the country rock to the 
ore-zone, of Golden Eagle Mine. Note in this diagram the absence of carbonate 
that is widespread all over the gold deposits of the Mosquito Creek Formation. 
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Mineral phases Country rock Alteration zone Ore-zone 

Quartz -
Chlorite 
Kaolinite 
Muscovite 
Monazite 
Apatite 
Rutile 
Pyrite 
Gold 
Goethite 

-
Supergene alteration 

- replacing pyrite -

Table 6.3: Summary of the parage netic sequence of minerals contained within the wall rock 

alteration zone and ore-zone, including latter supergene alteration, from Parnel Mine. 
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Mineral phases 
Quartz 
Chlorite 
Mg-Fe Carbonate 
Calcite 
Cordierite 
Muscovite 
Kaol inite 
Monazite 
Apatite 
Ti-oxide 
Pyrite 
Arsenopyrite 
Gold 
Bornite 
Chalcopyrite 
Chalcostibnite 
Fe-Sb-Cu sulphide 
Fe-Sb sulphide 
Ni-Sb sulphide 
Cu-Sb-Pb sulphide 
Ni-Co-As sulphide 
Sphalerite 
Stibnite 
Zircon 

Country rock Alteration zone Ore-zone 

-Dolomite--- Siderite -------1-----

-detrital ---overgrow carbonates ------------
-detri tal -----------------------

-----~-·. 1-----

----~--·.-----
----~-·. 1----------1-·. 1-----

----~-·. 1-----

----~-·. 1-----

-detrital-

Table 6.4: Summary of paragenetic sequence from the country rock to the ore-zone, from 
Blue Spec Mines. The minerals marked with the symbol(*) were compiled from Kruse (1998) 
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Mineral phases 
Quartz 
Chlorite 
Mg-Fe Carbonate 
Calcite 
Muscovite 
Monazite 
Xenotime 
Alanite 
Y -Ca phosphate 
Rutile 
Pyrite 
Arsenopyrite 
Gold 
Galena 
Chalcopyrite 
As-limonite 
Chalcostibnite 
Fe-Sb oxide 
Sphalerite 
Covellite 
Stibnite 
Gohetite 
Zircon 

Country rock Alteration zone Ore-zone Supergene alteration 

-Dolomite ---Siderite -------1----

-----i•• • replacing pyrite --
· · 1-----

----------replacing pyrite -

-detrital-

Table 6.5: Summary of paragenetic sequence from the country rock to the ore-zone, including latter supergene alteration, 
from Eastern Creek Mining Centre. The minerals with the symbol n are compilation from Kruse (1998). 



Chapter 7 

Microstructural and Fabric Studies of 

Chert Leaders and Au Mineralisation 

within the Warrawoona Greenstone Belt 

7.1 PREAMBLE 

Most of the gold mineralisation within the Warrawoona Greenstone Belt is found within the 

highly deformed part of that belt between the Central Warrawoona Shear Zone and the Mt. Edgar 

Shear Zone (see Figure 7.1). The historic literature of Maitland (1908) and Jones (1938) stated that 

within this area, the gold mineralisation is associated with four distinctive chert bands, referred to 

as leaders, that can be traced from the central, attenuated part of the Warrawoona Greenstone Belt 

westwards to the Salgash area (Figure 7 .2). Furthermore, most gold occurs between the two most 

southerly leaders are closely related to the most southerly, which is referred to as "Kopcke's 

Leader". It is noticeable that in the Eastern Warrawoona Greenstone Belt, where these four chert 

bands do not occur, there is much less evidence for Au mineralisation. The question that is 

addressed in this chapter is - what are chert bands (leaders) and why is the mineralisation 

associated with them? 

Two possibilities exist! First, they are sedimentary cherts and are therefore a part of the 

Warrawoona Greenstone Belt stratigraphy, as proposed by Hickman (1983) and, consequently, the 

Au is stratiform or stratabound. Second, they are zones of intense deformation that have become 

silicified and, therefore, similar to the chert bars that control gold mineralisation in the Barberton 

Greenstone Belt of South Africa, as well as in some Greenstone Belts of Zimbabwe Craton in 

Zimbabwe (Anhaeusser, 1976). To test these two alternatives a detailed micro-structural and 

crystallographic quartz fabric study was undertaken of the four chert leaders. 1n addition to samples 

from the chert leaders, a sample from the Mount Edgar Shear Zone (MESZ)-hanging-wall 
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mylonites, and .a sample of a chert from the mineralised Fieldings Find Shear Zone (see Figure 

7.1), were also studied for comparison. 

Oriented thin section were cut perpendicular to banding within the cherts (foliation in the 

schist) and parallel to a quartz lineation. C-axis fabrics were determined by tradition U-stage 

methods. In addition, a geochemical study was conducted on the two most southern leaders in order 

to test if the origin of these two important chert leaders could be established. 

7.2 GEOLOGICAL SETTING OF THE WARRA WOONA CHERT LEADERS 

The Warrawoona Greenstone Belt is subdivided into a northern and southern part by the 

Central Warrawoona Shear Zone (Figure 7.1). This zone, which is up to 300 metres wide, can be 

traced for over 50 kms from west to east. It has had a complex history, being dominantly a strike

slip zone (Kloppenburg eta!., 2001). Very little Au mineralisation occurs in the southern part of the 

Warrawoona Greenstone Belt, which contains mainly basalt sequences that are little deformed, 

apart from shears (Figure 7.1), and which have experienced only low-grade greenschist 

metamorphism (Kloppenburg et al., 2001). The most significant shears of the southern 

Warrawoona Belt occur in the western part (see Figure 7.2), and some Au is known to be 

associated with these (Figure 7.2). The only commercial Au mine is the Charlie Mine, which is 

located in a sheared ultramafic at the contact between the southern Warrawoona Belt and the 

Corunna Downs Batholith, and Copenhagen on the Copenhagen Shear. 

As stated above, the zone of important Au mineralisation is concentrated in the northwestern 

part ofthe Warrawoona Belt where the four chert leaders are located (Figure 7.2). No gold occurs 

in the Central Warrawoona Shear Zone. The northern part of the Warrawoona Belt is more highly 

deformed than the southern part of Warrawoona Belt. The rocks within the northern Warrawoona 

vary from felsic volcanics and intrusives, mafics, ultramafics and locally, metasediments. The 

metamorphic grade varies from greenschist facies to amphibolite facies toward the Mt Edgar 

Batholith, with remnant areas of kyanite and sillimanite grade rocks (Kloppenburg et a!., 2001; 

Collins and Gray, i990; Collins et al., 1998). 

The contact between the Warrawoona Belt and the Mt Edgar Batholith is marked by a major 

shear, the Mt Edgar Shear Zone which varies in width from 2 to 5 kms and which dips moderately 

30-40° to the south in its foot-wall, and steeply south in its hanging-wall (Kloppenburg et al., 

2001). Some Au mineralisation occurs in the MESZ in the east, but not in the west. 

The four chert leaders are restricted to the western part of the Warrawoona Belt and can be 

traced for 15 km (Figure 7.2). In their most western outcrops, in the Salgash area, the cherts are 

folded, with fold axes plunging around 50 degrees west (Collins and Gray, 1990; Collins et al., 

1998). The main mineralised areas along these cherts are shown in Figure 7.2. It is seen (Figure 

7.3) that mineralisation is mainly associated with the most southern of the chert leaders, which is 
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referred to as Kopcke's Leader. Along Kopcke's Leader, the most important mineralisation is 

located in the Klondyke area (Figure 7.3) and the geological setting of this area is described in the 

next section. 

7:3 RELATIONSHIPS BETWEEN AU MINERALIZATION AND THE CHERT LEADERS 

IN THE KLONDYKE AREA OF THE WARRA WOONA BELT 

The geological setting of the Klondyke area mineralisation is shown in Figure 7.4. The 

historic production is shown in Table 7.1 taken from Figures compiled by Maitland (1908) and 

Jones (1938). The northern limits of the map are within felsic mylonites, which dip steeply to the 

south, with locally well developed stretching lineation (elongate feldspar clasts) that plunges 

toward the SSW (see also Kloppenburg et al., 2001). Kinematics give a south up sense of transport. 

The southern margin of the mapped area is bounded by the Central Warrawoona Shear, which is 

preferentially located in an ultramafic sequence and is marked by chlorite-talc-carbonate schist. 

Stretching lineations that are marked by carbonate pods and by rod-shaped quartz, plunge gently to 

the east or west. This shear has mainly experienced strike-slip motions. The main movement is . 

dextral, which accounts for the folded veins seen in Figure 7.4. This phase is overprinted by 

conjugate kinks and N-S foliation (see also Kloppenburg et al. , 2001). The last phase of movement 

on the CWSZ in the Klondyke area is seen by ENE-trending quartz filled tension gashes, which 

indicate a sinistral movement. Kloppenburg et al. (2001) recorded from elsewhere in the Central 

Warrawoona Shear, a phase of brittle dextral movement along slickensided planes that displace the 

Black Range dyke suite. This suite has an age of 2.77 Ga (Wingate, 1994; Zegers, 1996) and 

consequently this last phase post-dates their intrusion. 

The four chert leaders form a northern and southern pair (Figure 7.4). Both pairs occur in 

bands of quartz-sericite-carbonate schist. The southern pair parallels the Central Warrawoona Shear 

in the Klondyke area. The country rock between both bands consists of chlorite schist (schistose 

mafics), with another band of chlorite schist occurring between the northern pair and the quartz

sericite schists. The strike of the schistosity in the area is approximately east-west and follows the . 

strike of the boundaries between the lithological types. The dip of the schistosity is sub-vertical. 

The southern band of quartz-sericite-carbonate schist ·is heavily pyritised especially near 

Kopcke's Leader. Two phases of pyrite are seen. An early phase is elongated and, along with 

elongate quartz and carbonate pods, marks a well-defined stretching lineation that plunges steeply 

to the SSW. Kinematics associated with this lineation (chiefly shear bands, asymmetric tails to the 

elongate pyrites) consistently give a south up sense of tectonic transport. Locally centimetre scale 

pencils develop with a plunge parallel to the stretching lineation. These are well developed around 

Klondyke Boulder were the chert leaders and the surrounding chlorite-carbonate schist are folded. 
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The northern quartz-sericite-carbonate schist band is less intensely foliated and less 

pyritised. Stretching lineations are also well developed. They have a similar origin to those in the 

.southern band and a similarly oriented plunge. Kinematic indicators similar to the southern band 

also give a south-up transport direction. There is clear folding of the two chert bands. The fold axis 

plunge parallel to the stretching lineation, as it stated above. 

The chlorite schists do not exhibit stretching lineations but do have shear bands, which also 

indicate a south-up tectonic transport. 

The presence of stretching lineations that parallel those in the MESZ and south-up 

kinematics that are similar to those in the MESZ (Kloppenburg eta!., 2001) indicate that the area of 

Figure 7.3 is sheared and at Klondyke forms a part of the hanging-wall of the MESZ. 

7. 4 FIELD DESCRIPTION OF THE CHERT LEADERS 

The most southern of the four chert leaders is known as Kopcke' s Leader. The other three 

are unnamed and will be referred to as leader 1, 2 and 3, as indicated in Figure 7.4. Field 

descriptions are given below and samples collected for micro-structural studies are summarised in 

Table 7.2. 

7.4.1 Kopcke's Leader 

The Kopcke's Leader in the area mapped is about 2 meters wide and consists of two interbedded 

chert varieties. The first is a massive black chert and the second variety is a pale to dark green 

chert. The cherts are sulphide-rich, containing mainly small pyrites ( <1 rnrn). Both the black and 

green cherts display a strong stretching lineation, being characterized by quartz ribbons, stretched 

pyrite and elongate mica flakes. Kopcke's Leader is sub-vertical and the associated lineation is 

down-dip with respect to the foliation . Three sets of small quartz veins occur within the Kopcke' s 

Leader. The first set strikes parallel to the banding between the two varieties of cherts and the other 

cut the banding at an angle of 10 to 15 degrees, striking at 290 and 080 degrees. All the veins are 

sub-vertical. A spaced, fracture cleavage is visible within both varieties of cherts, striking at N-S 

and being sub-v.ertical. 

7.4.2 Leader 1 

The Leader 1 chert is located about 45 meters north of Kopcke's Leader (Figure 7.4). The chert is 

approximately 5 meters wide. It is well banded, consisting of black, white and green bands. It has a 

down-dip stretching lineation. At outcrop and hand specimen scale, the chert comprises two 

distinct domains, one being olive green to dark grey in colour, and the other, white coloured. Cubic 
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pyrite with pressure shadows is present in the rock, confined to both domains. The second domain 

comprises quartz veins paralleling the foliation and that make 20 to 30 % of the rock. They are 0.5 

to I ern wide. A second set of veins is also visible in the rock at outcrop and hand specimen, lying 

at a high angle to the banding and dipping gently toward the north. These later veins cut the former, 

as well as the foliation. They strike at 300 and dip around 30 degrees toward north. 

7.4.3 Leader 2 

Around 300 meters northeast of Klondyke mine main adit (Figure 7.4), a black and white 

chert zone that makes the Leader 2 was sampled (Sample 96FI5 and 96Fl6). The chert zone is 

approximately 5 meters wide and comprises intercalations of banded black and white chert. The 

banding in the outcrop trends 290 and dips sub-vertically toward north, with a down-dip stretching 

lineation. Quartz veins are oriented parallel to the banding and few lie oblique (15 to 20 degrees). 

Folding of the veins is also visible, with axial planes paralleling the general banding. The fold axis 

is parallel to the stretching lineation, which is defined by elongate ribbon-shaped quartz grains. 

7.4.4. Leader 3 

Approximately 330 meters northeast of Klondyke Queen Mine main adit a pale olive- green 

coloured chert zone crops out (Figure 7.4). The chert zone varies vary from 5 to 7 meters in 

thickness, strikes at 285 to 292 and dips sub-vertically. A stretching lineation is visible and is 

down-dip. The chert is banded due to alternating green and white bands (centimetre scale). Thin 

quartz veins occur parallel to the banding and make up to 50% of the rock. The veins are about 

2rnrn wide. The lineation is defined by .elongate quartz and by small pyrite ( -0.5rnrn) with pressure 

shadows. A second set of veins is visible at high angle to the banding but dipping shallowly (±30°) 

toward the north. 

7.5 MICROSTRUCTURAL AND MICRO-FABRIC STUDIES 

Microstructural studies were conducted on the four leaders along with micro-fabric studies. 

Samples studied are given in Table 7 .2. 

The C-axis fabrics (CPO) are presented as normal pole Figures, and the diagrams are 

orientated in such a way that the N-S line represents the banding. The lineation plots at the 

intersection of the foliation with the primitive of the net. The measured C-axis is plotted on an 

equal area Schmidt net with a lower hemisphere projection. The contour diagrams were made with 

stereographic program named Dips, Version 2.0 (Hoek, 1989). The measured grains were randomly 

selected within the thin section, which were later checked for measurement errors. Only grains in 

the bands and in veins parallel to banding were measured. The grains were measured twice for 
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confmnation, but plotted once. It was found that they give errors of about 2 to 5 degrees from the 

original position. The errors are explained by undulose extinction within the grains, as well as the 

presence of sub-grains. The C-axis measured in the U-stage were taken as pole vectors, which were 

later treated as scatter and contour diagrams. Pole densities were estimated using the Schmidt 

distribution method, which expresses the number of measured poles falling in a counting circle of 

defined diameter. The number of measured grains is divided by the total number of poles in the 

population, · defining the contour percentages. One percent of the lower reference hemisphere was 

selected for counting. The strength of each pattern is characterised by the percentage of poles in the 

highest contour interval. 

7.5.1 Kopcke's Leader 

7.5.1.1 Microstructural studies 

As it is stated above, the Kopcke' s Leader chert comprises black chert (2 meters wide) with 

associated green fuchsitic cherts. There are two types; one being laminated (sample 96Fl2) and 

displaying a weakly developed stretching lineation. The second variety (sample 96Fl3) is 

intercalated by the former chert and it displays a stronger green colour, and a well developed 

banding and stretching lineation. The sample 96Fl3 is strongly veined and cubic pyrite with 

pressure shadows can be observed. 

The dark green colour of sample 96Fl3 is the result of fine-grained fuchsite. 

Under the microscope, the main constituent of sample 96Fl2 is quartz (95%) with ribbons 

defining a continuous foliation, together with fuchsite flakes ( -5%). Two distinct 'domains are 

visible in the rock (Figure 7.5). The first domain is made of 0.01 mm diameter quartz grains 

intercalated with 0.5 to 3 .mm thick quartz veinlets. These are parallel to the foliation and therefore 

to the banding, and make up 75% of the rock. The quartz in the vein quartz exhibits undulose 

extinction and deformation bands. Recrystallisation of the vein quartz has occurred. Cutting at high 

·angle the foliation and the foliation parallel quartz veins, are a second set of veinlets. Tourmaline 

needles (0.01 mm long) also occur in · the rock and are confined to the fuchsite rich domains. 

Kinematic indicators such as imbricate clasts, sigma clasts and a weakly developed S and C fabric 

suggest a dextral sense of shear. Elongated quartz crystals that are slightly oblique to the general 

foliation (at 30 degrees) suggestive of a sinistral sense movement. 

The sample 96Fl3 also displays the two domains observed in the sample 96Fl2, but has 

larger quartz grains in the finer domain (±0.02 mm). In this domain, the quartz grains show a 

granoblastic polygonal texture with no internal deformation. This domain also contains clasts of 

ribbon quartz resembling parts of old quartz veins. These quartz grains exhibit undulose extinction 

and deformation bands. Similar to the sample 96Fl2, fuchsite is also present in trace amounts (5%). 

Dextral movement can be inf~rred from well developed sigma clasts, S and C fabric, imbricate 
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grains and asymmetric folded vein quartz. As in the sample 96Fl2, younger generation of quartz 

veins is visible, cutting the foliation and the older foliation parallel veins at an angle of 45 degrees. 

The black variety of the Kopcke's Leader chert (sample OOKLOI) occurs within the green 

variety . This chert is composed of 95 to 97 % quartz, 5 to 3 % opaques and accessory micas. 

Quartz occurs in three types. Type I is elongate (0.005rnrn wide and 0.03rnrn long) and forms the 

matrix of the rock, together with discontinuous bands (varying from less than 0.03rnrn to 0.1 rnrn in 

length) of fine opaques (>0.005rnrn). Scattered within the matrix, opaques with quartz pressure 

shadows (type 2 quartz) are also present. They are 0.1 inm long and 0.05rnrn wide, mostly 

rectangular and appear to be pyrites. The elongation of the opaques and pressure shadows is 

parallel to the foliation within the matrix. Type 3 quartz grows as veins with two orientations. The 

first vein set varies in width from less than 0.005rnrn to 0.12rnrn and makes 5 to 10 %of the rock. 

These veins are parallel to the foliation and contain traces of opaques in fractures within the veins, 

as well as in inter-grain spaces. The second vein set cuts the foliation at 15 to 20 digress and has no 

opaques. Flakes of white micas (>0.005 rnrn wide and 0.05rnrn long) occur in trace amounts (less 

than 3%) within the matrix, between the elongate quartz. The sample OOKLOl does not display 

kinematic indicators so kinematic history could not be worked out. 

7.5.1.2 Microfabric studies 

C-axis preferred orientations could only be done on samples 96Fl2, 96FI3, which are. green 

cherts, with microstructures shown in Figures 7.5 and 7.6 respectively. The small quartz grain size 

in the black chert sample OOKLOI meant that a CPO analysis could not be undertaken. The CPO 

patterns for 96Fl2 and 96F13 are presented in Figures 7.7 and 7.8 respectively. Both patterns are 

similar showing a strong orthorhombic distribution of poles, with a point concentration at the 

centre. However, the concentration of the poles making the orthorhomb is uneven and the 

concentrations are skew in a sinistral manner, especially in 96F13. 

7.5.1.3 interpretation 

The microstructural analyses show that the two samples have had a complex deformation 

history with plastic deformation, as seen in the undulose extinction, deformation bands and 

recrystallised grains, interdispersed with phases of brittle deformation that produced firstly the 

foliation (banding) parallel veins, followed by the foliation oblique veins. Sulphide introduction 

(chiefly pyrites) occurred through the early phases as they are present in the foliation parallel veins, 

but not within the foliation oblique ones. 

The microstructural kinematics give evidence for both dextral and sinistral movements; the 

folding of the veins indicate flattening; the CPO geometry indicates mainly a flattening 

deformation with a sinistral component of rotational movement. The ·development of the C-axis 
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maxima at a high angle to the foliation and lineation indicates a dominance of basal slip at a low 

temperature plastic deformation. This fits in with the phases of brittle deformation. 

7.5.2 Leader 1 

7.5.2.1 Microstructural study 

The microstructure is shown in Figure 7.9. Sample 96Fl4 shows ribbons of quartz and aligned 

mica flakes, defining a foliation. The rock is made of a fine grained quartz (0.03mm) domains 

displaying granoblastic polygonal texture. Fuchsite bands occur within this domain. Mica (sericite) 

overgrows the fuchsite. The banding-parallel vein quartz domains are made up of 0.20mm diameter 

quartz grains and intercalate with the mica rich domain. Quartz in the banding parallel vein quartz 

has deformation bands, undulose extinction and is recrystallised. Cubic pyrite grains, average 

O.lmm in size are scattered in the mica rich domains and they show pressure shadows. Rutile and 

tourmaline needles are also part of the mica rich domain and they occur associated with fine 

opaques (pyrite). They are aligned parallel to the foliation . S and C fabrics suggest weak dextral 

sense of movement. 

7.5.2.2 Microfabric study 

The CPO pattern for sample 96Fl4 (Figure 7.10) is similar to that for the sample Kopcke's Leader. 

The sample has a strong fabric with the pattern displaying an orthorhombic symmetry, with a 

sinistral skewness in the occupation of the maxima. 

7.5.2.3 Interpretation 

The samples, like those from Kopcke's Leader has had a complex deformation history involving 

both phase of plastic and brittle deformation. Again, the CPO (Figure 7.10) indicates flattening 

under coaxial deformation conditions at low temperatures. 

7.5.3 Leader 2 

7.5.3.1 Microstructural study 

The microstructure of the samples studied is shown in Figure 7.11 and 7.12. The sample 

96Fl5 is mainly composed of quartz (± 95%) with minor amount of opaques (>5%), forming two 

domains. One of the domains is made of an well defined compositional layering defined by fine 

grained (>0.03mm) recrystallised quartz and opaques and the other, by a coarse grained quartz with 

no opaques (see Figure 7.11). Quartz veinlets, with an average thickness of 0.2 mm, are 

intercalated with the compositional layering and lie parallel to the banding. The quartz veins are 
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tightly to isoclinally folded, displaying axial planes parallel to the foliation. The folds have a 

dextral and sinistral asymmetry. There are multiple phases of oblique veinlets, which are cut by and 

cut the foliation parallel veins. The coarser oblique veins are recrystallised and show polygonal 

grains equal in size to those in the thick quartz veins bands (Figure 7.11 ). A second set of quartz 

veins is also visible in the section at an angle of about 15 to 20 degrees to the foliation. These veins 

are not folded and cut the folded veins. The quartz grains in the folded quartz veins display 

undulose extinction and recrystallised grains. Static recrystallisation also occurred in the rock, as 

indicated by quartz grains free of deformation bands and with the presence of triple junctions (Fig 

7.12). The opaques are mainly confined to the fine grained quartz matrix and at the foliation 

parallel quartz vein walls. Kinematic indicators, such as stair stepping objects, asymmetric quartz 

veins, S and C fabric and crystallographic orientation of quartz grains give a dextral sense of 

movement (Figure 7.11). 

The sample 96Fl6 is white in colour, with discontinuous bands of pale green chert, defining 

a banding. A stretching lineation is weakly developed in this rock compared to 96F15. Under the 

microscop~, the rock is mainly composed of quartz varying in grain size from less than 0.3mm to 

1mm. The quartz grains show deformation bands, undulose extinction and recrystallisation. 

Ribbons of quartz with pressure shadows (Figure 7.13) are visible in the section, and they define a 

weak foliation, together with lenses of fuchsite and sericite. Sericite overprints the fuchsite. Quartz 

grains are elongated oblique to the foliation and kinked micas they display a dextral sense of 

movement. 

7.5.3.2 Microfabric studies 

Both 96F15 and 96F16 show similar C-axis CPO's and are in tum similar to those 

determined in the earlier samples. The CPO's display maxima with an orthorhombic symmetry. In 

96Fl6, the maxima lie of the perimeter and this is thought to be due to oblique section. 96F16 show 

a sinistral asymmetry in the distribution of poles in the maxima and a more marked sinistral 

asymmetry in the skewness of the maxima. 

7.5.3.3 Interpretation 

The samples studied, especially 96F15, shows better evidence for both the complexity between 

plastic and brittle deformation than do the specimens for Kopcke's Leader and for Leader 1. The 

oblique veins cut early foliation-parallel veins and in tum show an early phase of oblique with 

dextral asymmetric folds being cut by dextrally asymmetrically folded veins. Elsewhere they are 

sinistral asymmetrically folded veins. All are cut by late foliation parallel veins. The thick veins, 

both the parallel and oblique types have been recrystallised and have polygonal grains equal in size 
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to those in the thick quartz veins. Again, the kinematic indicators, both microstructural and CPO 

(see Figures 7.11, 7.14 and 7.15) are ambiguous. The best indication is for flattening. 

7.5.4 Leader 3 

7.5.4.1 Microstructural study 

The microstructure of 96F20 and 96F21 are shown in Figures 7.16 and 7.17. Quartz is the 

main constituent of the rock (95%). The microstructures display two distinct domains; one being 

fine grained (±0.015mm diameter) quartz grains with no evidence for internal deformation, and a 

well developed granoblastic polygonal, or mosaic texture. This domain is intercalated by ribboned 

quartz and foliation/banding parallel veins, both defining the foliation. The quartz in the above 

veins and the ribbons are 0.45 mm in diameter and display undulose extinction, deformation bands 

and recrystallisation. Bands of fuchsite, sericite and grey chlorite occur in the rock, and they 

intercalate with the quartz veins and the quartz domains. Tourmaline needles also occur in the rock, 

confined to the mica rich layers. Cubic pyrite (±0.5 mm in diameter) is present and has pressure 

shadows. The rock also contains veins that are oblique to foliation and banding. The following 

generations are identified. S and C fabric, mica fish defined by fuchsite flakes, and asymmetric 

folded veins give a dextral movement. 

Sample 96F21 is composed of 0.03mm sized quartz grains· displaying a granoblastic 

polygonal texture, with well developed triple junctions, intercalated by foliation-parallel veins, 

some of which are asymmetrically folded. Fuchsite also occurs in this rock but is confined to the 

fine grained granoblastic matrix. Sericite overgrowing fuchsite also occurs in the rock, together 

with trace amounts of rutile. The quartz grains in the vein quartz are 0.3 mm in diameter and they 

show evidence of static recrystallisation. Ribbons of quartz with undulose extinction and 

deformation bands can be observed scattered in the fine grained quartz matrix. Delta clasts, kink 

bands, mica fish and S and C fabric are the kinematic indicators observable and they all suggest 

sinistral sense of movement. 

7.5.4.2 Microfabric studies 

The CPO's displayed by samples 96F20 and 96F21 (Figure 7.18 and 7:19) show the 

orthorhombic symmetry of their maxima, as shown by all of the above samples, but in the case of 

these two specimens, the population of the maxima marking the orthorhombic symmetry is 

asymmetric giving more monoclinic geometry than an orthorhombic one. The geometrical 

asymmetry is strongly sinistral whereas in the samples above, the geometrical asymmetry in the 

overall orthorhombic pattern was weakly sinistral. The CPO's show a better developed point 
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maxima in the centre of the projection, which is consistent with an increase in C slips which is 

favoured by higher temperatures (referencias) 

7.5.4.3 Interpretation 

Again, the specimens show a complex interplay between plastic and brittle deformation processes 

as already observed for other previously studied samples from the several leaders. 

7.5.5 Mount Edgar Shear Zone - hanging-wall mylonites 

7.5.5.1 Microstructural study 

The sample PR 99-134 is a quartz-muscovite-albite mylonite collected within the MESZ 

(Table) and the microstructure is shown in Figure 7.20. The rock is composed of quartz (± 80%), 

muscovite (±5%) and albite (±15%). Quartz has an elongated form, displaying rectangular shapes 

with smooth edges, and it defines the foliation. The grain size varies from less than 0.08 mm to up 

to 0.32 mm, and it is normally wrapped at the long edges by muscovite flakes (±0.08 mm long). 

Both quartz and muscovite form the matrix for albite clasts (±0.45 to 2mm in diameter), which is 

almost totally replaced by fine sericite and muscovite. Oblique (± 25 degrees) to the first foliation, 

a spaced crenulation cleavage can be seen. Quartz grows in two forms, one being elongated and 

displaying microstructures indicative of crystal-plastic deformation such as undulose extinction and 

deformation bands. The second type of quartz has a granular form, often arranged in granoblastic 

polygonal texture, with no evidences for intracrystalline deformation. The elongated quartz grains 

have rectangular/sub-rectangular forms, show smooth edges parallel to the foliation, and are 

bounded by mica flakes. The foliation often warps around the relict albite grains, but there are 

cases of a slightly rotated internal foliation inside of the later mineral. Rutile needles are patchily 

concentrated in the rock matrix, and in some cases inside albite. At an angle of about 25 to 30 

degrees to the continuous foliation; a spaced foliation (C foliation) can be seen. This cleavage is 

defining by reorientation of mica flakes as well as ribbon quartz. It also affects the albite clasts. 

Sigma clasts, mica fish, S and C foliation and oblique elongation of quartz ribbons, give a sinistral 

sense of shear. 

7.5.5.2 Microfabric studies 

The CPO for sample PR99-134 (Figure 7.21) again displays an orthorhombic geometry for 

its four peripheral maxima. The population of poles in the maxima show a sinistral asymmetry. 
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7.5.5.3 Interpretation 

Again, a complex interplay of plastic and brittle deformation processes have occurred in this 

sample, similarly to what was already observed for the other samples above described. 

7.5.6 Fie/dings Find Shear Zone 

7.5.6.1 Microstructural studies 

The sample PR 99-135A is a veined quartz-muscovite-albite mylonite and was collected 

within the Fieldings Find Shear Zone (Table). Similarly to the sample 134, sample 135 contains a 

continuous foliation defined by elongated quartz and muscovite, wrapping albite clasts. A 

pronounced veining parallel to foliation (40 to 50% of the rock) is observable. The quartz is more 

elongated in this rock, and there is a marked grain size variation (from about 0.08mm up to 

0.45mm). Rutile occurs in patches stretched into parallelism with the continuous foliation. Albite 

clasts that are often replaced by sericite are stretched, and the foliation wraps them. No secondary 

foliation was observed in this rock. Kinematic indicators are not present in the rock and sense of 

shear could not be determined. Due to the fact that the rock displays a broad variation of quartz 

grain size in the matrix, as well as in the vein quartz (Figures 7.22 and 7.24), three zones of the thin 

section were selected for CPO studies (see Figures 7.22, 7.23 and 7.24). Zone 1 (Figure 7.22) is an · 

oblique quartz vein varying in thickness from 0.20mm to 0.45mm. Quartz crystals within this vein 

grow as elongated/rectangular/sub-rectangular forms, as well as equidimensional grains displaying 

undulose extinction and deformation bands. Zone 2 (Figure 7.23) is part of the quartz-muscovite 

matrix. Quartz crystals within this zone display a smaller grain size, and a well developed 

granoblastic polygonal texture. The grains display a weak intracrystalline deformation. Zone 3 

(Figure 7.24) is one quartz vein, 2.3 mm long and 0.45 mm thick, with smaller grain size and 

parallel to the foliation. It shows undulose extinction and deformation bands. The quartz grains in 

this zone are strongly flattened and are parallel to the vein walls. 

7.5.6.2 Microfabric studies 

The CPO's of the three zones (Figure 7.25, 7.26 and 7.27) studied are basically similar to 

each other and similar to those described in all of the above samples, namely the maxima for a 

peripheral orthorhombic pattern, with pole occupancy giving a monoclinic sub-geometry with a 

sinistral skewness. 
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7.5.6.3 Interpretation 

A complex interplay between plastic and brittle deformation processes is the interpretation for this 

sample, similarly to what has already been observed in the above described samples. 

7.6 GEOCHEMISTRY STUDIES OF THE KOPCKE'S LEADER AND LEADER 1 

7.6.llntroduction 

As it is already stated above, the most gold occurs between the two most southerly leaders and it 

appears to be closely related to the most southerly, which is referred to as "Kopcke's Leader" and 

"Leader 1". To test if these two chert bands are part of the Warrawoona Greenstone Belt 

stratigraphy, as proposed by Hickman (1983), and if they are zones of intense deformation that 

have become silicified, inductively-coupled plasma-source mass-spectrometry (ICP-MS) 

geochemical analyses (Table 7.3) have been conducted, for both Kopcke's Leader (KLL02-0l) and 

Leader I (96F14). In addition to these two chert leaders, the Leader 2 and Leader 3 were also 

analysed, and their result compared with the Kopcke's Leader and Leader 1, which are associated 

with the mineralised areas (Table 7.3). 

7.6.2 Interpretation 

The ICP-MS geochemical results for sample KLL02-01 and 96F14, belonging to Kopcke's 

Leader and Leader 1, indicate that they are both markedly enriched in titanium, and chromium. The 

high abundance of these two elements is due to the presence of rutile, and fuchsite, respectively, as 

it is already described above. These two minerals occur often associated, and they often make the 

banding and foliation already described. Furthermore, the samples also display enrichment in 

barium, rubidium, zirconium, lanthanum and neodymium. Barium, lanthanum and neodymium are 

due to the presence of monazite often associated with opaques within the alteration zone as well as 

within the ore zone of the Klondyke Queen Mine (Chapter 5). Detrital zircon is also present within 

the alteration zone and ore zone at Klondyke Queen deposit, which in turn explains the presence of 

abundant zirconium within the geochemical results. The samples belonging to Leader 2 and Leader 

3 also display the same element enrichment, suggesting that they are all similar in origin. 

The Rare Earth Elements (REE) normalized to chondrite after Sun and McDonough (1989) 

are characterized by an enrichment in Light Rare Earth Elements (LREE) similar to samples of 

chert layers located at Point Samsom, 20 km north-northeast of Roebourne (Figure 7.28 and 7.29). 

These chert units belong to Cleaver Ville Formation in the Gorge Creek Group, at Point Samsom 

and are thought to be clastic sediments derived from mafic volcanics (Suiting et al., 1996). Sugitani 

et al. (1996) also describes enrichment inTi and Zr to be associated with detrital rutile and zircon 

within the cherts, which is also observed within the cherts from Klondyke Queen area. The 
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chondrite-normalized pattern of the samples from Klondyke suggests that they are derived from 

mafic rocks as they plot within the mafic igneous rocks from Point Samson (Figure 7.28 and 7.29). 

Due to the fact that the chert leaders often display a correlation between Ti and Zr, which is 

explained by the presence of both rutile and zircon within them, the relation between Ti02 (wt%) 

and Zr is analysed. According to the data plot of Ti02 (wt%) and Zr for Point Samson (Figure 30), 

and the similar plot for the chert leaders (Fig 7.31), it can be concluded that a mixing between 

felsic and igneous rocks from the area may have occurred because the data points plot within the 

felsic shaded area of Figure 7.30 from Sugitani eta!. (1996). 

The mafic-ultramafic derivation for the chert leaders is strongly suggested by the 

relationship between Ti02/Yb and La/Yb (Figure 7.32 and 7.33). The Figure 7.33 suggests that the 

cherts are derived from mafic-ultramafic end members, and they contain an anomalously high 

amount of Ti. The high amount of Ti is considered immobile during weathering, transportation and 

diagenesis (cf. Sugitani, 1978; Sugisaki et a!., 1982; Yamamoto et al. , I 984: Yamamoto et al. , 

1986: Wintsch and Kvale, 1996). Ti-rich layers have been reported within chert units from Point 

Samson and they are related to enrichment of rutile, aggregates of Fe- and Ti- oxides and Ti02 

grains (Sugitani et a!. , 1996). A positive correlation between Zr and Ti is also described for the 

samples from Point Samson, which is the case of those for Klondyke Queen area (Figure 7.31). 

7.7 CONCLUSIONS AND DISCUSSION 

The Klondike Queen deposit has been studied by (Malkenhorst, 1996) who applied an U

stage and SEMJEBSD techniques to determine whether the Warrawoona Shear complex is an 

anastomosing shear system originating from one deformation event, or a later shears cuts earliest 

shears. He compared CPO and microstructures from different shears within the western and central 

part of the Warrawoona Belt with macroscopic observations. From his results, he concluded that 

Warrawoona Shear Zone shows non-coaxial progressive deformation in the Main Shear Zone and 

Trig Well Shear Zone. The associated sense of shear indicated was Mount Edgar Batholith up. 

Other shears like Copenhagen, Fieldings Find and Brockman Hay all show a coaxial deformation, 

displaying similar sense of shear (Corunna Downs Batholith up). According Malkenhorst (1996) a 

multiple or single deformation event could have ·been the reason for this scenario. Mal kenhorst 

(1996) argue that during the multiple deformational event an earlier Corunna Downs Batholith up 

movement occurred at inte~ediate temperatures, giving-rise to the CPOs that he produced in his 

study. This sense of shear was not affected by later Mount Edgar Batholith up sense of movement. 

Malkenhorst (1996) proposed a second model for this area to be of one single deformation event 

were, coexistence of coaxial and non-coaxial deformation, that gave rise to the observable zoning 

within the shear zone. 
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According to the result of this study, quartz microstructural analysis of samples from 

Kopcke's Leader and Leaders 1-3 display a complex deformation history with plastic deformation 

as seen in the undulose extinction, deformation bands and recrystallised grains. This plastic 

deformation is interdispersed with phases of brittle deformation that produced first the foliation 

(banding) parallel veins that often contain stretched pyrite. The foliation-parallel vein quartz are 

often cut by foliation oblique vein quartz, which are often barren in terms of pyrite. Both si?istral 

and dextral sense of movements is present in all the samples, but the CPO geometry indicates 

mainly flattening with a sinistral component of rotational movement. 

· Within all the chert leaders, there is a consistent development of C-axis maxima at high 

angle to the foliation and lineation suggesting a dominant basal slip at low temperature plastic 

deformation, which fits in with phases of brittle deformation. 

Although strong silicification had occurred within the chert leaders, their geochemical as 

well as petrological signature indicates that they represent sediments derived from mafic -

ultramafic igneous rocks. 

Taking the above statements into consideration, the Chert Leaders can be classified as 

sediments, being part of the Warrawoona Belt stratigraphy, as proposed by Hickman (1983), and 

Au is mainly stratiform or stratabound. 
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Fig. 1.3a: Main gold deposits of the Warrawoona Mining Centre, showing the Four Leaders. Modified 
after Jones (1 938). · 
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Figure 7.3b: Main gold deposits of the Warrawoona Mining Centre, showing the Four Leaders. 
Modified after Jones, (1938) . 
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Figure 7.4: Main geology and gold mines of Klondyke area, showing the Kopcke's Leader and Chert 
Leaders 1, 2 and 3. Geology after Jones, (1938). 
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Figure 7.5 Microstructure of sample 96F 12 displaying el~ngate quartz grains with undulose extinction, deformation bands and 
recrystalisation. Note the presence of foliation parallel vein quartz latter cut by latter foliation perpendicular vein quartz at the 
right ofthe figure. Note also grain size variation paralleling the foliation which is oriented parallel to the bottom of the page. 
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Figuno 7.6 Mic:rostroctun: of sample 96FI3 displaymg banding due to gnoin size variation. Quartz gnoins display Ulldulatory 
oxtinctiou dcfonnatiou bands aDd n"bbon ohapes. The foliation at this sample is panllelto banding whidl is oricntod panllcl to 
the bottom of lhc page. Foliatiou pandlel aDd oblique vein quartz cau be seeD in lhc figuno, with quartz gnoins being oftm elougate. 
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Figure 7.9 Microstructure of sample 96F14 comprising mainly quartz that displays undulatory extinction, deformation bands and 
recrystalization. The quartz elongation is parallel to the foliation of the sample, which is parallel to the bottom of the page. 
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Figure 7. 11 Microstructure of sample 96F15 showing banding due to grain size variation and variation in sericite and fuchsite 
content. It also shows asymmetrically folded quartz veins cutt ing each other and are cut by banding para llel vei ns. The thick 
band at the bouom of the fi gure has polygonal shaped grains. The asymmetric vei n quartz suggest"' both dextral and sinistnl 
sense of movement . 
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Figure 7.1 2 Microstructure of sample 96FI5 displaying 
elongate quartz grains with deformation bands, undulose 
extinction and recrystalisation. Note also the presence of 
banding parallel veining cutting banding oblique vein quartz 
at lower left of the figure. The foliation for this sample is 
parallel to the bottom of the page. 
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Figure 7.16 Microstructure of sample %F20 displaying an banding oblique vein with quartz grains displaying undulose extinction, 
defonnntion bands and recrystalisation. Note also banding oblique trails of fuchsite and fme quartz from upper right to lower left. 
The foliation for this sample is parallel to the bottom of the page. 
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FiguR 7.17 Microstructure of sample 96F21 displaying banding due to gntio size variation and sericite and fuchsite content 
Note also banding puallel and oblique veins, with the finlt cutting the last at lower left side of the figuR. The foliation is paraUel 
to the bottom of the page. Quartz gntioa withio the bandiog parallel and oblique vein quartz displa)'ll undulose extinction, 
deformation bands and r=ystalisation. 
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Figure 7.20 Microstructure of sample PR99- 134 displaying albite clasts almost completely replaced by sericite at the meddle of the 
figure. The matrix of the sample is mainly comprised of muscovite and ribbon shaped quartz both defining the foliation which is 
oriented parallel to the bollom of the page. The foliation parallel vein quartz althe lop of the figure has elongate shaped quartz often 
displaying undulose extinction, deformation bands and recrystalisation. Mosaic quartz is also present within the vein as within the quartz 
muscovite matrix. 
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Figure 7.22 Microstructure of sample PR99-l35A zone I displaying an foliation obl ique vein quartz with defonnation bands. undulose 
extinction and recrystalisation. At lower right of the figure , muscovite flakes define the foliat ion, and at lower left . albite is almost totally 
replaced by sericite. 
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Figure 7.23 Microstructure of sample 99PR-135A zone 2 displaying tbe 
matrix rock main composition. Within this zone, quartz and muscovite 
are the predominaotminerals, but they also include traces of rutile. The 
quartz grains are ribbon shaped displaying undulose extinction 
defonnation bands and recrystalisation. Muscovite and quartz elongation 

defines the foliation which is parallel to the bottom of the page. 
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Figure 7.24 Microstructure of sample PR99-135A zone 3 displaying an foliation parallel vein quartz located from upper left to the meddle 
of the figure. The quartz grains within the vein display undulose ex.linction, defonnatiom and they are fl attened parallel to the foliation. 
The fine grained matrix comprises mainly ribbon ~haped quartz and muscovite. 
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Figure 7.28: Chondrite (Sun & McDonough, 1988)-normalised REE patterns of samples from A) 
Kopcke's Leader and Leader 1 and B) Leaders 2 and 3. N.B. The enrichment in HREE within all 
samples. The numbers 1, 2 and 3 in A correspond to samples KLL00-01 KL, 96F12-KL and 96F08-KI 
respectively, and the numbers 4, 5, 6 .and 7 in B correspond to samples 96F15-L2, 96F16-L2, 96F14-
L 1 and 96F22-L3 respectively. 
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Figure 7.29: Chondrite-normalized REE panerns for chert samples in a, and mafic and felsic rocks in b. 
Figures quoted from Sugitani et al. (1996). Within figure a the area filled with horizontal lines represent 
Light Rare earth elements enriched samples, and the area with vertical lines represent Heavy Rare 
Earth Elements enriched samples. In figure b quoted from Taylor and McLennan (1985), the shaded 
area represent REE panerns of mixtures of felsic and mafic derived materials. 
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represent destribution areas for felsic and mafic-ultramafic rocks shown in (a), respectively. Figure 
quoted from Sugitani et al. (1996). 
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Figure 7.31 Relationship between Ti02 and Zr for the Chert Leader samples from Klondyke Queen 
area. 
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Figure 7.32: Relationship between Ti02/Yb and La/Yb for Archean igneous and sedimentary rocks for 
Point Samson igneous rocks. (A) Archean igneous rocks of felsic and mafic-ultramafic compositions 
and Pilbara Shales with m representing average mafic volcanics (Condie, 1993; Taylor and McLennan, 
1985), I and s represent average felsic igneous rocks and and average shale (Taylor and McLennan, 
1985), F, t and g represent felsic igneous rocks (felsic volcanics, tonalite-trondhjemite and granite) 
(Condie, 1993). (*) shows Archean shales from the Pilbara· Block (Mclennan et .al., 1983); black 
squares and black triangles show Archean basaltic rocks and basaltic-komatiitic rocks showing spinifex 
texture from Western Australia, respectively (Sun and Nesbitt, 1978). The non filled circles, triangles 
and squares show dacite silicic lava, and granitic gneisses from the Pilbara Block (Jahn et al., 1981). 
Figure (b) is an plot of the Ti02/Yb and La/Yb plot of BIF and cherts from Point Samson with an 
shaded area representing a mixing field of mafic-ultramafic detrital materials and felsic end members. 
Figure quoted from Sugitani et al. (1996). 
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Figure 7.33 Relationship between Ti02Nb and LaNb for the chert leader samples from the Klondyke 
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Chapter 8 

Illite Crystallinity 

8.1 PREAMBLE 

Three major shear zones host the gold deposits of the Mosquito Creek Block. The hosting 

lithologies are turbidites and braided alluvial plain deposits, generally metamorphosed under 

greenschist facies conditions. The metamorphic conditions within the alteration zones are not very 

well understood. It is the aim of this chapter to establish if the shears hosting the gold deposits of 

the Mosquito Creek Block are metamorphic breaks or they just constitute major fractures through 

which fluids have migrated and gold was deposited. In order to check this hypothesis, detailed 

sampling was undertaken across the major lines of mineralisation such as the Gold and Gold

Antimony lines as well as in the Eastern Creek Line. The collected samples showed thee main 

varieties. The variety 1 is yellowish-brown to dark brown and it comprises samples Bart0/07, 

Bart0/03 and 02-08. The variety 2 is yellowish-green to green and comprises samples 02-62, 

Bart0/06, Bart0/02, Bart0/08 and Bart0/01. The last variety, 3, comprises light to dark-grey slates 

and comprises samples EC1, EC2, EC3, Blue01 and Blue12. Most of the above samples contain 

carbonate blasts included. 

8.2 SAMPLE PREPARATION 

In order to prepare the slates for Illite Crystallinity using XRD, the samples had to be crushed 

down to 2 J.Ul1 in diameter. In order to reduce the grain size, the samples were crushed by hand with 

an approximately one kg hummer. Three steps of crushing were performed for each sample, and 

the fine particles collected. Each crushing step was performed during one minute intercalated with 

steps of sieving. 

To remove any organic matter contained in the slates, the fine part of the crushed samples 

were reacted with H20 2 for two days. All the slates from variety 1 have shown strong reaction with 

H20 2 while the samples from variety 2 showed a weak reaction with H202. in other hand, the 

samples with pale-grey to dark-grey colour belonging to variety 3 showed no reaction with the 
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H202. When the reaction between the samples and the H20 2 terminated, the excess of H20 2 was 

removed from the fine sample by heating for one hour until no reaction was visible between the 

samples and the H202. 

In order to remove CaC03 from the samples, the samples were later reacted with HCI at 1:10 

ratio. This preparation step was conducted as CaC03 can affect the X-ray spectra of illite. The 

remaining CHI was later removed from the samples by washing the samples three times with pure 

water. In order to perform each washing step, the samples were centrifuged at 2500 cycles per 

minute during 1 hour each time. 

After the cleaning of the remaining HCI, the samples were peptitized with 5 ml of Na

pirophosphate to make sure that the particles do not form aggregates. The solution containing the 

Na-pirophosphate and the fine sample was later heated until boiling was observed for at least 3 

hours. The peptization liquid (Na-pirophosphate) was removed from the sample by adding distilled 

water and centrifuging at 2500 cycles peer minute. This part of preparation was performed three 

times and each centrifuging took one hour. 

After the cleaning of the fine samples, the 2 1-lJil size particles were collected from the sample 

by adding distilled water into the vessel and centrifuged for 1200 cycles per minute during 2 

minutes. The upper part of the suspended particles was later collected from the vessel, and 5 ml of 

the suspension was placed into glass disks with 2 em in diameter. The suspension contained in the 

glass disks was later dried at room temperature for 12 hours. The glass disks were used to measure 

the crystallinity of illite with the XRD. 

8.3RESULTS 

8.4 CONCLUSIONS 
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Chapter 9 

Geochronology 

9.1 PREAMBLE 

Absolute age dating of the gold deposits of the Pilbara Craton is important for the 

understanding of the timing of the gold deposition events in relation to the tectonothermal events 

that occurred within the craton. Although many gold deposits have been dated, this relation cannot 

be understood because most age dating of the gold deposition events could be only achieved by Pb 

isotope model ages. A compilation of Pb-Pb ages of gold deposits in Pilbara Craton has been 

completed by Huston et a!. (2001). These ages are mostly derived from Pb isotope model ages, 

with exception of Zakanaka deposit in the Mt York-Lynas Find district, that has been dated at 

2888±6 Ma using Pb-Pb isochron of alteration minerals (Neumayer eta!., 1998). 

The majority of the Pb isotope model ages define two main gold deposition periods. The first 

period occurred between 3431 and 3374 Ma and the second between 2954 and 2892 Ma. While the 

first period of gold deposition was restricted to mafic and ultramafic rocks of the Warrawoona 

Group, the second occurred in turbidites of the De Grey Group. According to Huston et a!. (2001), 

these two periods of gold deposition are subdivided in four individual gold mineralising events 

within the Pilbara Craton. 

During this study, dating of the gold deposits from Klondyke Queen Mine at the 

Warrawoona Mining Centre and of those at the Sharks Gully Mining Centre was conducted by Pb

Pb and U-Pb zircon geochronology. The dating was conducted using simultaneous solution 

nebulisation and laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS). In 

order to date these two deposits, three samples have been collected. 

The Klondyke Queen deposit is hosted by the Central Warrawoona Shear Zone, . which is 

(CWSZ) located between the Mouth Edgar ·and Corunna Downs batholiths. The CWSZ is a 100 to 

300 meters in width, E-W striking steep dipping shear zone. The stretching lineation within this 

shear is down dip, similar to the one displayed by stretched pyrite crystals at the Klondyke Queen 

Mine. An earlier south block up (Corunna Downs Batholith up) motion in ductile conditions is 
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post-dated by a dextral strike slip sense of movement. The last event recognised at the Warrawoona 

Mining Centre is a sinistral sense of movement that overprints the dextral one and it occurred in 

brittle conditions. 

The CWSZ was locus for both mafic and felsic dyke emplacement. In order to date the 

mineralisation at Klondyke Queen Mine, two samples of felsic dykes with well-defined kinematics 

were collected from Klondyke Queen area. Sample KL00/05 was collected at location (co

ordinates) and displays the earlier south-up sense of movement overprinted by a latter later dextral 

sense of movement. Stretching lineations measured in these samples has similar orientation as the 

stretched pyrite crystals at Klondyke Queen Mine. 

Within the same area, at location (co-ordinates), the sample KL00/04 was collected. This 

sample is relatively undeformed. This suggests that the felsic dyke KL00/04 is younger than 

KL00/05 and younger than the gold mineralisation. 

Dating of samples KL00/05 and KL00/04 provides a maximum and a minimum age for the 

mineralisation. These ages in turn make it possible to make an approximate estimate of the age of 

the mineralisation at Klondyke Queen Mine. The result of this age dating was compared to the age 

database provided by Huston et al. (2001), for Klondyke Queen area using lead isotope analyses of 

galena samples collected within quartz veins. 

At the Sharks Gully Mining Centre, the sample SG00/01 of a felsic volcanic has been 

collected at locality 0774753E and 7627584N. This felsic volcanic crosscuts the gold-bearing 

brecciated quartz-carbonate vein of Mount Ada Mine. The dating of this felsic volcanic provides an 

minimum age of the gold deposits from that area, as the maximum age is already known from the 

Sharks Gully Shear Zone to be at ca 3450±16 Ma (U-Pb zircon age, Pidgeon, 1978). Similar to the 

Klondyke Queen area, Pb-Pb and U-Pb zircon geochronology was determined using LA-ICP-MS. 

The kinematics of the Sharks Gully Shear Zone at the Sharks Well Mining Centre comprise 

mainly of northwest trending brittle faults with a dextral sense of movement. This structure was 

active during the development of the Warrawoona Group (see Chapter 3). The gold mineralisation 

phase is younger than the quartz-carbonate vein, as it often fills fractures within the vein. The 

mineralisation phase is syn-tectonic to the folding of the vein quartz as well as to dextral shearing 

within the shear zone. The fact that the Sharks Gully Shear Zone terminates at the Duffer felsic 

volcanics in the east, suggests that the mineralisation at Sharks Well Mining Centre must be 

younger than 3450±16 Ma (U-Pb zircon age, Pidgeon, 1978). On the other hand, the fact that the 

felsic volcanic crosscuts the ore-body as well as the country rock at the Sharks Well Mining Centre 

it suggests that the felsic volcanic is younger than the mineralising event. Dating of the felsic 

volcanic would therefore provide a minimal age constraint for the mineralisation phase, which is 

already interpreted to be younger than 3450±16 Ma. 
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9.2 SUMMARY OF GEOCHRONOLOGICAL DATING OF TECTONIC EVENTS 

According to (Van Kranendonk et al., 2002), two types of regional structures are 

characteristic of the East Pilbara granite-greenstone terrane. The first type of structures comprises 

dome and basin pattern (c.f. Hickman, 1984) and the second is made of curvilinear zone of 

complex folds and faults also known as Lalla-Rookh-Western Shaw structural corridor (c.f. Van 

Kranendonk and Collins, 1998; Zegers et al., 1998). The dome and basin pattern is made of cores 

of granitoid complexes (often displaying migmatites with multiphase deformation) wrapped by 

greenstones were both display intrusive or sheared intrusive contacts (Van Kranendonk et al., 

2002). 

Although precise age determinations of deformation events within the greenstones are 

difficult due to later reset of the metamorphic minerals during multiphase emplacement of granitoid 

complexes, the structures in the East Pilbara can be grouped into six main events (see Van 

Kranendonk et al., 2002) 

The D1 structures are interpreted to have occurred at ca. 3490-3410 and are related to two 

main structural scenarios. The first scenario comprises syn-volcanic, listric, normal growth faults in 

the Dresser Formation, Duffer Formation and the Panorama Formation (c.f. Nijman et al. , 1998; 

Van Kranendonk et al., 2001) that formed during craton-wide extension. The tilting of the 

Coonterunah Group and the Taiga Taiga Subgroup away from the granitoid complexes prior to 

deposition of the Panorama Formation and Apex Basalt represent the second scenario (Van 

Kranendonk et al., 2002). 

Also related to the D1 deformation event are the complex folds and overturned bedding 

occurring NW of Shaw area. These structures preceded the doming of the Shaw Batholith during an 

Alpine-Style thrusting (c.f. Bickle et al., 1980, 1985) that Zegers (1996) interpreted to be prior to 

3467 Ma. The D1 event was dated by Zegers (1996) at 3.46 Ga using 40Ar/39Ar on hornblende 

technique. McNaughton et al. (1988) had provided an age of 3467±6 Ma (SHRIMP zircon U-Pb) 

for the same event. Isoclinal folds preserved within the aureole of the Shaw Batholith are also 

ascribed to D1 structures by Van Kranendonk et al. (2001). These latter folds cut the foliated 

granitoid rocks dated at ca. 3.43 Ga (c.f. Van Kranendonk et al., 2001). The D1 event in the Pilbara 

was first explained by solid-state diapirism (Collins and Gray, 1990). This model was strongly 

supported in the 1980's by several researchers (c.f. Bickle, 1980; Bettenay, 1981 ; Cooper et al., 

1982; Boulter, 1987; Collins, 1989; Hickman, 1984). According to the model, the complete 

regional pattern of the granites as well as the greenstones was a product of diapirism. Although 

diapirism was recognized as the main cause of the regional geology and structural pattern, an event 

prior to diapirism was also recognized. This event created isoclinal folding, gneiss banding in the 

granites and cleavage development in the greenstones (Collins and Gray, 1990). 
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Controversially, Hickman and Keats (1990) suggested that diapirism is a D2 event, and is 

responsible for upright folds and has occurred over a period of about 400 Ma. Several authors (c.f. 

Bickle, 1980; Bickle, 1983; Collins, 1989) support the statement by Hickman and Keats (1990) 

because they describe pre-D2 recumbent fold to be related to horizontal to sub-horizontal tectonics. 

The second recorded event (D2) in the East Pilbara granite-greenstone terrane is interpreted 

by Van Kranendonk et al., (2002) to have occurred at ca. 3315 Ma. This deformation event was 

first ascribed to solid-state diapirism during doming of the Mount Edgar and Corunna Downs 

batholiths (Collins et al., 1998). The key area for the solid-state diapirism is the Warrawoona 

Greenstone Belt. The main structure related to the D2 event are the 1-3 km wide continuous shear 

zone located mainly at the south and west edges of the Mount Edgar Batholith. This shear zone has 

preserved Mount Edgar-up sense of movement. Associated to the doming of this batholith are also 

included the sub-vertical foliation and down-dip stretching lineation locally preserved at the centre 

of the Warrawoona Greenstone Belt (Collins et al., 1998) that were interpreted by Blewett (2002) 

as intersection lineations. According to Kloppenburg et al. (2001), this event occurred during NE

SW extension and it is synchronous with the emplacement of the Mount Edgar Batholith. 

The D3 event is interpreted to have occurred at ca. 3240 Ma (Van Kranendonk et al., 2002) 

and it is interpreted to be related to the intrusion of the Strelley Granite that resulted in the 

development of syn-volcanic growth faults in the Kangaroo Caves Formation (c.f. Van Kranendonk 

et al., 1998). The deposition of the Gorge Creek Group in the Pincunah Greenstone Belt is 

interpreted to be last stages of the development of the D3 event. During this ~tage, horst and graben 

faults have developed (c.f. Wilhelrnij and Dunlop, 1984). Strike-slip faults, conjugate folds, kink 

folds, conjugate kink bands and crenulation cleavage are also attributed to the D3 event, which is 

attributed to horizontal to sub-horizontal tectonics (Collins and Gray, 1990; Barley, 1987). 

According to Kranendonk (1998), the north-south striking sinistral strike-slip shear called the 

Central Pilbara Structural Corridor, was formed during D3 deformation event that occurred at ca. 

2950 Main the Western Shaw. This event overprints two events of granite doming at ca. 3460 Ma 

and at 3300 Ma (Kranendonk, 1998). 

The D4 event occurred at ca. 2940 Ma and has produced the northerly striking Lalla Rookh

Western Shaw Structural Corridor (Van Kranendonk et al., 2002), which is -synchronous with the 

formation of the De Grey Group (c.f. Van Kranendonk and Collins, 1998). Structures related to the 

D4 event comprise NE-SW-trending folds, N to NW-striking sinistral faults and shear zones, and 

NE-striking dextral faults . Van Kranendonk et al. (2002) have interpreted these structures to be 

related to a NW-SE direction of maximum compression, although they most probably suggest an 

E-W to WNW-ESE compression. The shear zones of the Lalla-Rookh-Western Shaw structural 

corridor are host for epigenetic gold deposits in the east Strelley and Western Shaw Greenstone 

Belts (Van Kranendonk et al., 2002). The Mulgandinnah Shear Zone dated by Zegers (1996) at 

2934±2 Ma (U-Pb SHRIMP zircon) is also ascribed to the D4 event (Van Kranendonk et al., 2002). 
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Post-diapiric strike-slip fault movement was recognized by Bickle (1985), who has suggested a D4 

deformation event. The recumbent folds that deform D2 structures at Ord Range and Yandicoogina 

were also related to D4 deformation event by Hickman (1983). 

According to Van Kranendonk et al. (2002), the sinistral shears striking at NNE that affected 

the NW part of the East Pilbara granite-greenstone terrane are ascribed to the D5 deformation event. 

This event occurred at ca. 2890 Ma (Van Kranendonk et al., 2002) and it is synchronous with the 

gold deposition event at Mount York and Lynas Find Districts (Neumayr et al., 1998). Lead isotope 

studies on gold associated hydrothermal microcline, titanite and pyrrhotite in the Zakanaka deposit 

yield a Pb-Pb isochron age of 2888.2±6.1 Ma for the alteration and gold mineralisation. 

Concordant Pb-Pb age using SHRIMP on hydrothermal titanite from the same deposit yield an age 

of 2904±70 Ma, confirming the previous age (Neumayr et al., 1998). The D5 event is interpreted to 

have predated the post-tectonic granitoids at 2850 Ma (Van Kranendonk et al., 2002). 

The youngest recorded deformation event in the east Pilbara granite-greenstone terrane is the 

D6. This event is estimated to have occurred at ca. 2760 Ma (Van Kranendonk et al., 2002). This 

deformation event is recorded in the basalts of the Fortescue Group and is related to a late 

component of granitoid doming (c.f. Hickman 1984). According to Van Kranendonk et al. (2002), 

evidences of the D6 event are preserved in the tight synclinal structure between Shaw and North 

Pole domes that have developed synchronously with the deposition of the Fortescue group. 

9.3 SUMMARY OF GEOCHRONOLOGICAL DATING OF GOLD MINERALISATION 

Most of the available age dating of the gold mineralisation within the Pilbara Craton is based 

on lead isotope analyses of galena, using conventional and double spike techniques (Huston et al., 

2002). The interpretation of the obtained data has been difficult because Pb from galena samples 

can have different source (Huston et al. , 2002). 

In general, the result of an compilation of mainly Pb isotope dating of the gold 

mineralisation by Huston et al. (2001) presented as Table 9.1 suggests that at least two major gold 

mineralising events have occurred craton wide. The first event is described by Huston et al. (2001) 

to have occurred at 3374 to 3431 Ma, were the gold deposits are hosted by mafic and ultramafic 

units from the Warrawoona Group. The second major gold deposition period occurred from 2954 

to 2892 Ma. The deposits from this last phase are hosted by turbiditic sequence of the De Grey 

Group. 

Wide ranges on Pb isotope ages were also observed even within single gold deposits, such as 

the Klondyke Queen Mine. Within this deposit, the wide range of Pb isotope ages was explained to 

be a result of a mixing of Pb from separate hydrothermal events (Huston et al., 2001). 
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9.4 CREATING THE LINK TECTONISM-MINERALISATION 

The Pb-Pb isotope age dating of galena from the main gold deposits of Pilbara Craton 

combined with dating of the tectonic events that have affected the craton, strongly suggests that the 

gold mineralising event was coeval with the main penetrative deformation events. 

A combination of both tectonic events and gold deposition events has already been done for 

the Pilbara Craton at the end of last decade (see for example Blewett, 1999). According to the data 

compilation from (Blewett, 1999), it can be concluded that the gold deposition events are 

contemporaneous with the major craton wide plutonic events. According to the compiled data, the 

earliest gold deposition event took place at Bamboo Creek Deposits during an D2 event at 3410 

Ma. Within these deposits, the mineralisation is hosted by E-W trending mylonitic shear zones 

developed within komatiitic rocks of the Warrawoona Group. With a slightly younger age, the 

deposits of Warrawoona District were also formed at ca 3400 Ma and they were hosted by mafic 

and ultramafic volcanics · from the Warrawoona Group. Here the hosting structure is the Central 

Warrawoona Shear Zone, with well-developed sub-vertical stretching lineation. This shear zone is 

interpreted to be related to the D2 event (Blewett, 1999). During an widespread D3 event of Blewett 

(1999), a gold deposition event is observed at Lalla Rookh at ca. 3200 Ma. The gold deposits 

related to this event are hosted by dilational zones developed within folded basalts of the Salgash 

Subgroup. 

At the Nullagine Domain, the youngest gold deposits were formed at approximately 2905 

Ma (Blewett, 1999). These deposits were hosted by approximately east-west striking shears during 

a D4 event also described by Blewett (1999). At Lynas Find, the younger gold deposit was formed 

at ca 2890 Ma mainly hosted by amphibolite and talc schist from the Warrawoona Group. This 

deposit was also created during the D4 event described by Blewett (1999). 

According to the observations by Blewett (1999), gold deposition events were episodic and 

they were formed at -3410 Ma (D2), -3200 Ma (D3) , -2990 Ma (D4), and -2900 Ma (D7) with 

possible events at <3000 Ma (D4 or D5) and <2880 Ma (D8). 

9.5 PB-PB AND U/PB SIMULTANEOUS SOLUTION NEBULIZATION AND LASER 

ABLATION INDUCTIVELY COUPLED PLASMA MASS SPECTROMETRY (LA-ICP

MS) 

9.5.11ntroduction 

To date the gold deposits from Klondyke Queen Mine and Sharks Well Mining Centre •. Pb

Pb and U/Pb simultaneous solution nebulisation and laser ablation inductively coupled plasma 

mass spectrometry (LA-ICP-MS) has been used. 
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The instrumentation and operating conditions developed at Utrecht University for Pb/Pb and 

U/Pb geochronology using Laser Ablation-Inductively Coupled Plasma-Mass Spectrometry (LA

ICP-MS) is similar to the procedure of Hornet a!. (2000). 

The set-up uses a short wavelength Lambda Physik Complex argon fluoride 193 nm Excimer 

laser. The samples were ablated with a laser pulse repetition rate between 5 and 10 Hz. The laser 

was adjusted in such a way that energy density at the sample surface was 6 mJ/cm2 per pulse. 

Apertures placed in the laser beam gave ablation craters of 20, 30, 40, 60, 80 and 120 ~-tm in 

diameter. The He flow (0.45Umin) containing the ablated sample was mixed with Ar gas carrying 

the nebulised solution (0.65Umin), and introduced into the central channel of the plasma in the ICP

MS. 

At Micromass Platform ICP single collector quadrupole mass spectrometer was used. The 

sensitivity of the Platform mass spectrometer is about 9000 cps/ppm on mass 238 when ablating a 

zircon standard with a crater diameter of 40 I!ITI· A precision of ::52.0% for both 206PbP38U and 
207PbP06Pb and :::;3% for 207Pb/235U was obtained for the Harvard Museum Standard Zircon 91500. 

The results of this technique over the past three years have illustrated that the quadrupole-based 

LA-ICP-MS is capable of measuring U-Pb ages in zircon with a precision and accuracy comparable 

to SHRIMP (Horn et a!., 2000). The efficiency of the quadrupole ICP-MS is lower that that of 

SHRIMP, but is compensated by the faster sampling rate of the laser, that brings higher sensitivity 

or cps/ppm (Horn et a!., 2000). 

The ablation rates with respect to depth in the zircons for the system at Utrecht University 

are between 0.5 and 1 microns per second and analysis lasted over periods of 60-120 seconds. The 

technique offers many advantages such as (1) no need of extensive additional sample preparation, 

(2) low costs compared to SHRIMP and (3) rapid data acquisition and manipulation. The major 

advantage of SHRIMP is the fact that it consumes less. material than ICP-MS. The LA-ICP-MS 

permits dating and acquiring isotopic data on the same minerals as SHRIMP without extensive, 

additional sample preparation such as ion exchange chromatographic separation for Pb, U and Hf 

that is required for ID-TIMS analysis. 

Mass discrimination of Pb/Pb as well as Pb/U in the ablated signal are accurately measured 

by nebulising a solution containing known amounts of natural T1 and 235U spike simultaneously 

with ablation of the zircon sample to be dated. 

Since the fractionation of Pb from U is observed to be a function of number of laser pulses 

(crater depth) and inversely exponentially correlated with spot size, it can be corrected (Hom eta!. 

2000). At spot sizes greater that 150 ~-tm the fractionation of Pb/U is negligible, whereas for :S35 

~-tm spot sizes U becomes four times progressively depleted relative to Pb after 2 minutes ablation 

period. 
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Applying the correction factor, which is a function of spot size and number of pulses, to the 

sample (depth of crater) the precision and accuracy of results U-Pb ages achieved in LA-ICP-MS 

are comparable to that of SHRIMP (Horn et a!., 2000). 

Each measured three samples were intercalated with measurements of the Harvard Museum 

91500 zircon standard in order to check equilibrium and mixing of the gas flows during set-up of 

the instrument. The measurements of the samples as well as of the standard were stable during the 

three days that the samples from this study were measured. 

The data obtained in LA-ICP-MS was corrected for elemental fractionation and mass 

discrimination using the software LAMTRACE (Jackson, 1997). The ratios 207Pb/235U, 206Pb/238U, 
207PbP06Pb and the Pb-Pb ages were calculated using the same software. 

The ratios 207Pb/235U and 206PbP38U, 207PbP06Pb obtained from LAMTRACE were later used 

to plot concordia diagrams as well as calculate U-Pb ages. This was obtained by the software 

Isoplot (Ludwig, 2001). One cumulative probability diagram (using Pb-Pb ages) was constructed 

prior to the different concordia diagrams. This procedure was selected in order to select the data for 

the different concordia diagrams. 

9.5.2 Sharks Gully Mining Centre 

9.5.2.1 Sample Description 

At Sharks Well Mining Centre, the sample SG00/01 was collected at location 0774753E and 

7627584N. This sample is a carbonatised felsic volcanic crosscutting the gold-bearing brecciated 

quartz-carbonate vein of Mount Ada Mine .. The main constituent of the sample is quartz (±80%), 

chlorite (±5%), and plagioclase (±4-5%). Quartz often occurs with elongate shapes ranging from 20 

IJlll up to !50 IJlll and makes the matrix together with chlorite (±5%) and plagioclase (±5%). Quartz 

crystals also grow in patches flattened parallel to disjunctive cleavage. This mineral also forms 

aggregates displaying no flattening and here it displays granoblastic polygonal texture. The quartz 

aggregates are often scattered within the matrix together with plagioclase clasts and fine chlorite. 

Parallel to the disjunctive cleavage, quartz segregation veinlets occur. These veinlets are often 

chlorite rich at their selvages. Plagioclase clasts often flattened parallel to the disjunctive cleavage, 

is replaced by chlorite. 

The remains of the rock after zircon separation for LA·ICP-MS age dating was analysed 

under the microprobe type Jeol JXA8600 Superprobe. The sample yielded traces of chromite, 

wolframite, barite, pyrite, sphalerite, chalcopyrite, magnetite, Th-depleted monazite, zoisite and 

telluride (CuAsCaTe). Pyrite was often Ni-bearing but locally W-and Cr-bearing. 
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9.5.2.2 Results of LA-ICP-MS 

Sample SG00/01 yielded 24 zircon crystals that were ablated at spot sizes of 20 J.Ul1 (14 

spots), 30 J.Ul1 (8 spots) and 40 J.Ul1 (2 spots). The selection of the spot size was mainly controlled 

by the size of the zircon crystals, which were in average !50 J.Ul1 in length and about 30 J.Ul1 in 

width (Figure 9.1 ). The presence of fractures as well as solid inclusions within zircon samples were 

also used to select the best spot size to be used. Inclusions and ·fractures were avoided when 

possible, as they give non-accurate ages and large Pb-Pb and U-Pb age errors due to the presence of 

commonPb. 

From the 24 zircon crystals of sample SG00/01, only 11 ablated spots could be analysed due 

to over-polishing of the remaining ones during sample preparation (Figure 9.1 ). The over-polishing 

of most of the zircon crystals during sample preparation gave rise to ablation periods of Jess than 

10 seconds that consequently gave rise to large Pb-Pb age errors (:::300 Ma). The results of LA

ICP-MS analysis conducted on zircon crystals from sample SG00/01 are presented in Table 9.1. 

The J I Pb-Pb ages projected in relative probability diagram indicate the presence of three 

group of ages. The younger age is 2998 Ma and the older age at 3306 Ma (Figure 9.2). The relative 

probability diagram of the Pb-Pb ages indicates an average age at 3202 Ma. 

The concordia diagram for sample SG00/01 gave an upper intercept at 3231±83 Ma and 

lower intercept at 206±350 Ma (Figure 9.3) . The concordia intercept age was calculated with 

Isoplot (Ludwig 2001). Precision.on the ages is at 2cr. 

9.5.3 Klondyke Queen Mine/Sample KL00/04 

9.5.3.1 Sample KL00/04 

The sample KL00/04 was collected at location( .... . ? . . ... ). This is a felsic dyke displaying no 

deformation evidences and it out-crops south of Klondyke Queen Mine. The sample KL00/04 

comprises mainly quartz (±40%), carbonate (±30%) and actinolite (±25%). Traces of plagioclase, 

fuchsite, sericite and opaques often occur within the matrix, which is mainly made of quartz and 

carbonate (>75 J.Ul1 in diameter). Quartz and carbonate with average grain size between 75-150 Jlm 

occurs as the main constituent of the matrix. These two minerals also forni patches scattered within 

the matrix, · or veins cross-cutting the matrix. In the patches, quartz and carbonate always display 

granoblastic polygonal texture. 

Cubic pyrite (35-75 J.Ul1 diameter), barite and hematite were found as the main constituents 

of the remains after zircon separation. Pyrite often occurs within the quartz-carbonate veins and 

locally within the quartz-rich patches. Within the veins, this mineral is consistently wrapped by 

fuchsite. 

Mineral phases such as TiBaS, CrFeNi were also under microprobe (Jeol JXA8600 

Superprobe) together with barite and pyrite. 
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9.5.3.2 Results of LA-ICP-MS 

Sample KL00/04 yielded 29 zircon crystals with 100-200 llffi in length and 50-60 llffi in 

width (Figure 9.4). About 80% of the zircon crystals display intense fracturing as well as solid 

inclusions (Figure 9.4). From the 29 zircon crystals, 26 were ablated for Pb-Pb and U-Pb age 

dating. The remaining three zircon crystals were excluded because they are metarnictic (zircon 6 

and 2 in Figure 9.4) and over-polished (zircon 28 in Figure 9.4). The 26 zircons were ablated at 

spot sizes of 40 llffi (24 spots) and 60 J.llll (17 spots) giving rise to 41 Pb-Pb ages presented in Table 

9.2. 

From the 41 ablated spots, 22 were excluded according to two main factors. The first factor 

taken into consideration was the Pb-Pb age. Zircon crystals with Proterozoic Pb-Pb ages as well as 

with Pb-Pb ages older than 3470 Ma were excluded. The second factor taken into consideration 

was Pb-Pb errors higher than 300 Ma. The detail of the excluded zircon crystals display intense 

fracturing as well as solid inclusions (Figure 9.5) . The obtained signal of these zircons during 

ablation periods was not stable (Figure 9.5). The ratios 206PbP38U, 207PbP06Pb and 207Pb/235U were 

highly irregular due to sample heterogeneity during ablation periods (Figure 9.5). 

The Pb-Pb relative probability diagram (Figure 9.6) of the remaining 19 zircon crystals 

indicates two age populations, one at 3225 and the other at 3287 (Figure 9.6). 

Two concordia diagrams were constructed based on the two Pb-Pb age populations (Figure 

9.7). The Pb-Pb population of 3225 Ma yielded a concordia diagram with lower intercept at 

191±420 Ma and upper intercept at 3248±49 Ma (Figure 9.7). The Pb-Pb age population ·of 3287 

Ma yielded an concordia diagram with a lower intercept age at 278±300 Ma and upper intercept 

age at 3287±67 Ma (Figure 9.7). The concordia intercept ages were calculated with lsoplot 

(Ludwig, 2001). The precision on the ages is at 2cr. 

9.5.4 Klondyke Queen Mine/Sample KL00/05 

9.5.4.1 Sample description 

Sample KL00/05 is a deformed felsic dyke collected at location (coordinates .. ... ). The felsic 

dyke has a mylonitic foliation trending at E-W and dipping steeply south. The kinematics in the 

sample also displays the dextral N-up sense of movement as observed at Klondyke Queen Mine. 

Sericite defines the foliation, together with ribbon shaped quartz and traces of flattened plagioclase. 

The associated stretching is mainly defmed by ribbon shaped quartz plunging at 70" to 75" 

southwest. 

Under the microscope, the rock is a veined (±50%) quartz-albite -sericite mylonite. The rock 

is mainly composed of quartz (up to 70%), albite (15%-20%), sericite (±5%), chlorite (±5%), rutile 

(;:::1), and tourmaline (;:::I). Quartz grows as veins (0.5-4 mm wide), as well as within the rock 
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matrix. Within the veins, quartz has ribbon shapes and displays deformation bands, undulose 

extinction and recrystallisation. This quartz has a grain size varying from 80J.U!1 to 320J.U!1. Quartz 

fro the matrix is elongate and almost equigranular, with an average grain size of about 64J.U!1. This 

quartz has also deformation bands, and undulose extinction. White mica growing within the matrix 

is often associated with chlorite and rutile. The white mica, chlorite and rutile are also seen 

wrapping albite blasts, up to 1.12mm in diameter. Albite often displays internal foliation and is 

replaced by sericite. Tourmaline is of dravite variety, according to qualitative chemical analysis 

conducted with Jeol JXA8600 Superprobe. This mineral often displays 0.8 mm long needles and it 

overgrows rutile and white mica. 

9.5.4.2 Results of LA-ICP-MS 

The sample KL00/05 yielded 80 zircon crystals with 100-200 J.Ull in length and 50-60 J.Ull in 

width (Figure 9.8). Due to their sizes, these zircons have been ablated with spots of 40 J.Ull (43 

spots) and 60 J.lm (27 spots). Similarly, to the samples SG00/01 and KL00/04, fractures as well as 

solid inclusions are present. 

From the result of 70 ablated spots, 16 were excluded due to three main factors. The first 

factor used for exclusion was Pb-Pb errors higher than 300 Ma. The zircons with Pb-Pb age errors 

greater than 300 Ma are often associated with U/Pb ratios with errors of more than 10%. Ablated 

zircon spots with ablation periods of less than 10 seconds were also excluded as they often yield 

large U-Pb errors (see Table 9.3). The excluded zircon crystals often yielded non-stable 206Pb/238U, 
207PbP06Pb and 207Pb/235U ratios (Figure 9.9). 

The remaining 63 ablated spots yielded 5 Pb-Pb age populations clustering around 2815, 

3084, 3233, 3334 and 3445 Ma (Fig 9.10). The five Pb-Pb age populations were used to construct 

five concordia diagrams (Figure 9.11). The intercept ages in the concordia diagrams were 

calculated with Isoplot (Ludwig, 2001) and the precision on the ages is at 2cr. 

9.6 MONAZITE AGE DATING 

9.6.llntroduction 

In order to date the gold deposits of the Mosquito Creek Block, samples collected from wall 

rock alteration zones of the Gold and Gold-Antimony lines and Eastern Creek Mining Centre have 

been checked for monazite. The alteration zone to these deposits is invariably made of carbonate

rich metamorphosed psamrnitic and pelitic units. The metapelites are mainly comprised of quartz, 

chlorite, muscovite and carbonate and associated apatite, monazite, xenotime, alanite and apatite. 

In order to date the gold deposits of the Mosquito Creek Block, monazite was the selected 

mineral. The monazite grains of interest were first analysed on Jeol JXA8600 Superprobe. Electron 
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microprobe (EMP) and back scattered electron images (BSE) at high magnification of monazite has 

been conducted. This provided information on internal structure of the grains that helped on 

avoiding features such as fractures or strange solid inclusions during chemical quantitative analysis 

by means of the EMP in the WDS mode. In order to conduct chemical Th-U-Pb dating of monazite 

crystals, three parameters are required: The first parameter is the minimum age, the second is the 
size of the crystals and the third is the amount of Th (Scherrer et a!. , 2002). Monazite crystals have 

to be ::5200 Ma, :$50 Jlffi in diameter and:::; 9% ofTh (Scherrer eta!., 2002). 

Monazite crystals in the alteration zones in the deposits of the Mosquito Creek Block range 

in size from less than 4 Jlffi to up to I 0 Jlffi. They often occur in aggregates, associated with 

xenotime, alanite and apatite. These aggregates are often associated with the zoned carbonate. The 

phosphates as well as carbonate are seen as fills to cleavage domains of white mica, or slate 

cleavage. This latter observation suggests that the carbonate and phosphates are post- to syn
cleavage forming event. 

According to mineral assemblages presented. in Chapter 6, the phosphates and the carbonate 
were seen to be associated with the pyrite- and gold-bearing fluid. Considering this last evidence, 

dating of one of the phosphates would provide the age of the gold-mineralisation in the deposits of 

the Mosquito Creek Block. 

Precise electron microprobe (EMP) analysis has been made on monazites from the Gold

Antimony lines and Eastern Creek ·Mining Centre. The chemical U-Th-Pb relation examined in 
terms of Pb and Th02* (Th02* = measured Th02 plus Th02 equivalent of measured U02). 

Analytical data was taken from clear portions of monazite crystals. 

Similarly to Pb-Pb and U-Pb dating of zircon samples using LA-ICP-MS, chemical Th-U-Pb 
age dating of monazite is a non-destructive and low-cost technique. One of the greater advantages 

of the technique is the fact that grains of particular interest may still be dated with an additional and 
more precise method such as SHRIMP. Monazites older than 200 Ma generally produce sufficient 

radiogenic lead such that chemical Th-U-Pb age dating can be calculated from EPM analysis at a 
spatial resolution of <5 llm and a precision within 50 Ma (Scherrer et a!., 2002). 

9.6.2 Results 

The chemical Th-U-Pb age dating of gold-related monazite from the Mosquito Creek Block 

was not a successful technique due to two main reasons: the first reason is the crystal size and the 

second is the amount of Th contained within monazite. Monazite crystals taken from the alteration 

zones in the Gold-Antimony and Gold lines as wells as from. the Eastern Creek Mining Centre, 

possess a grain size which is not suitable for The chemical Th-U-Pb age dating by Electron 

Microprobe. Their sizes range from less than 4 llm to I 0 Jlffi· Monazite crystals with grain size of at 

least 50 Jlffi, is required for dating, as they will produce more analysed spots. With a diameter 
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between 4 to 10 ~-tm only 1 to 2 spots of a specific crystal can be analysed. The number of required 
spots should be greater enough to construct a concordia diagram. 

Quantitative analysis by means of the EMP in the WDS mode using Jeol JXA8600 
Superprobe indicate that the monazite associated with the gold-bearing fluids from the Mosquito 
Creek Block are mostly Th-depleted monazite-Ce (Figure 9.12) or Th- bearing cheralite (Figure 
9.13 and 9.14). The amount of Th contained in Th-bearing cheralite from most of the gold mines of 
the Mosquito Creek Block was lower than 9% (Figure 9.13) excluding Golden Eagle Mine that 
shows Th-bearing cheralite with more than 9% (Figure 9.14). Although the amount ofTh in the Th
bearing cheralite from Golden Eagle Mine was enough for chemical Th-U-Pb age dating using 
microprobe, this technique could not be applied because the monazite crystals were of 4 to 1 0 !liD 

in diameter. At least 50 ~-tm is required to perform chemical Th-U-Pb age dating of monazite using 
microprobe. 

9.7 DISCUSSION 

The result of Pb-Pb ages of the undeformed felsic dyke KL00/04 yielded a maximum and a 
minimum age populations at 3287 Ma and 3225 Ma respectively. Their calculated U-Pb concordia 
ages based on the two populations yielded five ages with a minimum at 3248±49 Ma and a 
maximum age of 3287±67 Ma. The maximum age in the Pb-Pb relative probability diagram is the 
mean age, which is interpreted to be the crystallisation age of the zircon crystals from sample 
KL00/04. Based on the above statement, it can be concluded that the 3287±67 Ma age is the age of 
emplacement of the felsic dyke. 

In the case of deformed felsic dyke KL00/05, the Pb-Pb ages form five main age 
populations, with a maximum age at 3445 Ma, a minimum at 2814 Ma and the mean age at 3334 
Ma. Based on the Pb-Pb relative probability diagram, five U-Pb concordia diagrams were · 
constructed. The constructed U-Pb concordia diagrams yielded five ages with a minimum age at 
2784±49 Ma, a maximum at 3419±96 Ma and a mean age at 3303±12 Ma. The mean concordia age 
at 3303±12 Ma is interpreted, as the metamorphic age as it was calculated from the mean Pb-Pb 
age population of the Pb-Pb relative probability diagram. This age is also interpreted to be the 
maximum age for the gold deposition event at Klondyke Queen Mine, as the kinematic and 
stretching lineation displayed by the sample KL00/05 is similar to the gold-bearing stretched pyrite 
crystals from the mine. 

Based on the above data, can be concluded that the gold deposition event occurred from 
3287±67 Ma until 3303±12. This interpretation corroborates with Pb isotope model age of 3374 
Ma of galena sample from a gold-bearing quartz vein taken from fuchsite-carbonate rock at 
Klondyke Queen Mine (Table 9.1). 
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The Pb-Pb ages yielded by felsic volcanic (sample SG00/01) crosscutting the gold-bearing 

iron stained brecciated quartz vein at Mount Ada Mine yielded a minimum age of 2998 Ma, a mean 

age of 3202 Ma and maximum age of 3306 Ma. The constructed U-Pb concordia ages indicate an 

mean age at 3241±83 Ma. The 3241±83 Ma is interpreted as the crystallisation age of the felsic 

volcanic, and it is the minimum age for the gold mineralisation event at Sharks Well Mining 

Centre. The fact that the Sharks Gully Shear Zone hosts the gold-bearing brecciated quartz veins of 

the Sharks Well Mining Centre combined with the fact that the Sharks Gully S_hear Zone terminates 

at the Duffer felsic volcanics in the east, suggests that the mineralisation at Sharks Well Mining 

Centre must be younger than 3450±16 Ma (U-Pb zircon age, Pidgeon, 1978). The 3450±16 Ma can 

be interpreted as the maximum age for the gold deposition event. As a conclusion, the gold 

deposition even from Sharks Well Mining Centre occurred between 3241±83 Ma and 3450±16 Ma. 

The calculated age interval of 3241±83 Ma to 3450±16 Ma is similar to ages of the main gold 

deposition events dated by Pb isotope model ages of galena samples presented by Huston et a!. 

(2002), for the gold deposits of Taiga Taiga, Warrawoona, Bamboo Creek and Normay mining 

centres (Table 9.1 ). 

Based on the above calculated ages, can be concluded that the gold deposition events at 

Warrawoona and Sharks Well mining centres belong to the first major deposition event already 

observed by Huston et al. (2002) for the East Pilbara, based of Pb isotope model ages of galena 

samples. 

The fact that monazite is Th-depleted in most of the gold deposits of the Mosquito Creek 

Block can be explained by three main factors (Overstreet, 1967; Chang, 1996). The first factor is 

due to the metamorphic grade, the second is the composition .of the host rocks and at last the 

calcium activity. 

According to (Grauch, 1989), the thorium contents in monazite vary mainly as a function of 

the intensity of metamorphism, and range from 0 to more than 15%. Grauch (1989) argues that this 

variation is the result of monazites tendency to recrystallise and incorporate increasing quantities of 

radioactive elements in its lattice during prograde metamorphism. 

Monazite is only stable in calcium-poor magmas, and in metamorphic rocks with low 

calcium activities. This mineral can be replaced by apatite and alanite if the hosting metamorphic 

lithology experiments an increase in calcium activity (c.f. Negga, 1994). This situation was verified 

at the alteration zone of the main mineralised areas of the Mosquito Creek Block. The existence of 

high calcium activity in the gold deposits of the Mosquito Creek Block can explained by the 

presence of carbonate as well as apatite, and alanite forming aggregates together with 2-4 ~ 

monazite crystals. The presence of plagioclase as part of the wall rock alteration products can also 

explains the increase in calcium activity. The breakdown of plagioclase can also increase the 

calcium activity during retrograde metamorphism (Grauch, 1989). 
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According to Chang, 1996, in the eastern Mojave Desert, California, USA, monazite is 
absent in shale and low-grade schist but abundant in s~hist at staurolite and higher grades. This 
author also explains that at lower-grade schist, numerous minute oxides of Th and Ce, and 
unidentified Ce-poor light REE phosphates, occur. Chang, (1 996) stated that the minute Th-oxides 
and the light REE phosphates are the low-temperature precursors to monazite, the latter forming 
when the schist passes through lower-amphibolite-facies conditions. 
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Figure 9.1 Photomicrograph of the zircons yielded by sample SG00/01 from the felsic volcanic at Mount Ada Mine.Note the 

over-polishing of most ofthe crystals, as well as the presence of fractures. 
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207/206 Peak 
Sample 207/206 err% 207/235 err% 206/238 err% AG E (Ma) err (Ma) sees 
0101 /a-30 0.26579 4.78 13.1985 6.64 0.368 5.47 3280 150 21 .6 
0104/a-30 0.27223 3.96 18.182 3.72 0.4951 4.09 3318 124 18.9 
0106/a-20 0.25127 2.61 14.0086 5.09 0.4132 2.79 3192 82 12.2 
0107/a-30 0.22043 5.93 7.6825 8.19 0.2588 6.23 2982 192 13.6 
0107/b-30 0.24938 3.64 14.2923 5.29 0.4245 6.88 3180 122 33.8 
0110/a-20 0.25164 1.93 19.6099 2.67 0.5798 3.27 31 96 62 37.9 
0117/a-20 0.26903 ~ 3 19.8527 4.6 0.5462 4.25 3300 94 21 .7 
0117/b-30 0.25437 8.85 14.8937 0.466 0.432 9.43 3212 280 17.6 
0119/a-40 0.25143 3.09 4.0025 3.63 0.119 3.6 3192 96 25.7 
0112/a-20 0.1141 5.2 2.8641 7.18 0.1 853 3.61 1864 188 47.3 
01 12/b-20 0.10151 4.12 2.6875 6.33 0.1 964 5.57 1650 154 33.8 

Table 9.1 Results of LA-ICP-MS analysis for sample SG00/01, from Sharks Well Mining Centre. The first two numbers at the 
sample designation represent the sample SG00/01 from Mount Ada Mine. The next two numbers refer to the number of the 
analysed zircon crystal. The letters a and b represent first and second analysed spot in a single zircon crystal whi le the last 
numbers (20, 30 and 40) represent the spot size. 
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Figure 9.2 Gaussian summation probability density plot of zircon 207PbP06Pb ages from sample SG00/01. The 207PbP06Pb ages 
are in Ma and n=ll. The diagram is constructed with Isoplot (Ludwig, 2001). Note the average age clustering at 3202 Ma, 
minimal at 2998 Ma and maximal at 3306 Ma. 
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Figure 9.3 Concordia diagram showing results for the sample SG00/01 collected at Mount Ada Mine. The concordia intercept 
ages were calculated with !sop lot (Ludwig, 2001 ). The precision on the ages is at 2cr. 
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Figure 9 .5 (continued) 
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Figure 9.6 Gaussian summation probability density plot of zircon 207PbP06Pb ages from sample KL00/04, collected south of 
Klondyke Queen Mine. The 207PbP06Pb ages are in Ma and n:l9 which. The 19 207Pb/206pb ages are filtered out of a total of 
41 207Pb/206Pb ages. The diagram is constructed with lsoplot (Ludwig, 2001). Note the presence of age populations clustering 
at 3225 and 3287 Ma. 

238 



0.7 

::> 
"' "' 'l!.... 0.5 .c 
ll. 2300 "' 0 

"' 210 

0.3 

6 

0.8 

0.7 

0.6 

::> 
"' "' 'l!.... 0.5 .c 
ll. 
"' 2300 0 

"' cu 

0.3 

6 

f? 0 
.& 

' 

10 14 18 

2500 

(}& 
£! 

10 14 18 

22 

Intercepts at 
191 ± 420 & 3248 ± 49 ~ 

MSWD=2.2 

26 30 

ses are 2o 

Intercepts at 
278 ± 300 & 3287 ± 67 [±68] Ma 

MSWD = 1.9 

22 26 30 
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Figure 9.10 Gaussian summation probability density plot of zircon 207PbP06Pb ages from sample KL00/05 collected south of 
Klondyke Queen Mine. The 207Pbi206Pb ages are in Ma and n=54. The diagram was constructed with !sop lot (Ludwig, 2001 ). 
Note Pb-Pb clustering at28 14, C\084, 3233, 3334, and 3445 Ma. 

244 



' 0.9 
2200 

(JJ 3600 
2000 

0.36 0.1 

::> ::> 
~ 

O.J2 
800 ~ 

"- ' ~ .c 
0.. 0.. O> 
~ 028 ~ 2400 

' / 
02' 

~ ,& o.3 r- .. _.--
020 "" lila 17063213alt 11201 Mt 

MSW0•1 .6 

0.16 0.1 

12 10 20 " 
,. 

207Pbf3'u 207PbFsu 

0.44 

,. 
oao & 

? .,. 
::> 2800 

:X.. ' ~ 

~/ 
.c ~ 2400 
c.. 0.. o .• 2000 ~ 0.32 

.:P 
~ 

' ... 
' ' 

' 
02' 

1 \3 ., 30 

2o'Pt>1"'u 2117 Pbl'"u 
eQipHs ... 211' 

0.6 3000 

2900 

2800 

700 

rl 0~ 
.c 
0.. 

I 
0-' 

' 
' 

12 16 ., 22 " 
'
07Pbl"'u 

Figure 9.11 Concordia diagrams for zircon crystals of sample KL00/05. The concordia diagrams are constructed based on Pb
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Figure 9.12: X-ray spectra ofTh-depleted monazite-Ce from Golden Eagle Mine (A) and Barton Mine (B).Note the non 
existence ofTh in the spectrum A and B. 
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Figure 9.13: X-ray spectras ofTh-bearing cheralite from Banon Mine. The amount ofTh contained in the mineral is less than 
9% of the total element compound. 
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Figure 9.14 X-ray spectra of Th-bearing cheralite from Golden Eagle Mine. The amount Thin the monazite A and B is higher 
than 10%. 
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Lode gold deposits-hosted by Warrawoona Group 

Bamboo Creek Deposits Location Descripclon Analvllcal technlaue Model ••• Ma Bamboo Creek 120.238E Galena from quartz vein in Warrawoonn Group Conventionnl 3355(8) 
-20.95JN 

Bamboo Creek 120.238E Galena from quartz vein in Warrowoona Group Conventional 3420(b) 
-20.95JN 

Bonnie Doon 120.220E Galena from quanz vein in Warrawoona Group Conventional 3426(8) 
-20.942N 

Bonnie Doon 120.220E Galena from quartz vein in Warrawoona Group Conventional 3431(8) 
-20.942N 

Kitchener 120.218E Galena from quartl. vein in Warrawoona Group Conventional 3402(c) 
-20938N 

Prophecy-Perseverance 120.211E Galena from quartz vein in Warrawoona Group Conventional 3367(c) 
-20.930N 

Prophecy-Perseverance 120.211E Galena from quartz. vein in Warrawoona Group Conventional 3404(c) 
-20930N 

Lalla Rookh 
Lalla Rookh 119.274E Galena in auriferous quanz-pyrite-galena. Vein Convent ional 3188(d) 

-21.053N cuttinl! basahic schists of the Sal~ash SubRroup. 
Mt York-Lvnas Find 
McPhees 118.937E Galena in quartz vein cuning amphibole talc rock Double spike 3142(8) 

-2l.OOON 
Zakanaka 118.900E Microcline in auriferous alteration selvages to quanz- Conventional 3280(e) 

-21.093 calc silicate veins. Analysis of residue after acid 
lench. 

North pole 
Nonnay 119.403E Gn\ena from quartz ve in cutting basalt of Conventional 3392(0 

-21.099N Wamwoono Grouo 
Normay IJ9.403E Galena from quartz vein cuuing basal< of Conventional 3403(b) 

-21.099N Wamwoona Group 
Normay 119.403E Galena from quanz vein cutting basalt of Conventional 3406(b) 

-21.099N Warrawoona Group 
Normay 119.403E Galena from quartz vein cutting basalt of Conventional 3406(b) 

-21.099N Warruwoona Group 
North Shaw 
Big Bertha 119393E Gn\ena in quartz vein cutting schistose amphibolite in Conventional 2987(b) 

-21.41N Tal•• Tal•• Sub•roup 
Taloa Tal•• 
NorthStar 119.824E Galena in epigenetic quartz vein in North Star Basalt Conventional 33JJ(a) 

-21.017N 
War rawoona 
Klondyke 119.885E Galena in quartz vein cutting quartz-sericite-ruchsite Double spike 3050(a) 

-21337N schist 
Klondyke 119.885E Galena in 40 em quartz zone in brecciated ruchsite- Double spike 3374(8) 

-21337N carbonate rock. Low grade (O.lOgllAu) zone within 
zone of hi her e:rades 

Klondyke 119.885E Galena in 10 em vein that cuts sericite-quartz schist Double spike 3385(a) 
-2 1337N 

Lode gold deposits-hosted by DeGrey Group 

Mosaullo Cr eek Location Description Ana lvtical techniaue Model aee (Ma 
Mosquito Creek 120.456E Galena in auriferous quartz vein in peli tic schist from Conventional 2905(0 

-21.707N Mosquito Creek Formation 
Mallina -Whim Creek 
Gee mas 117.775E Pulp or gossanous rock chip. 3800 ppm Pb Double spike 1476(8) 

-20.982N 
North of North Calvert 118.243E PUlp or gossanous rock chip. 3700 ppm Double spike 2948(a) 

-20.853N 
Sherlock River 117.605E Galena Conventional 29S4(a) 

-21023 
West Yule North 118.296E Pulp of gossanous rock chip. 2250 ppm Pb Double spike 2893(8) 

-19.341N 
Station peak 
Station Peak 118. 181E Galena in quartz vei n in doleri te and metasedimentary Conventional 1S48(a) 

-21.162N rocks. Mallina Formation 

Table 9.1: Pb-Pb dating of galena and gossanous rock chips of lode gold deposits from Pilbara Craton. The data is quoted 
from Huston et aL (2001). Geochronology after: a, Huston al. (2001); b, Thorpe et aL (1992); c, Zegers (1996); d, Richars et 
al. (198 1); e, Neumayr et al. (1998); f, LR. Fletcher in Thorpe et al. (1992). 
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207/206 Peak 
Sample 207/206 err% 207/235 err% 206/238 err% AGE (Ma} err (Ma} sees 
0415/a-60 0.26505 1.89 23.4576 1.94 0.6591 1.45 3166 128 82.4 
0416/a-40 0.25057 2.36 12.0183 3.61 0.3558 3.63 3174 224 27.1 
0416/b-40 0.21195 4.50 14.1431 6.90 0.3857 4.30 3188 74 23 
0416/c-40 0.25111 3.57 12.8626 3.82 0.3825 7.94 3190 112 28.4 
0417/a-60 0.2929 3.83 20.3952 5.09 0.5167 5.07 3204 42 39.2 
0417/b-40 0.28381 7.50 24.3148 7.06 0.6369 3.81 3220 60 41 .9 
0420/a-40 0.25712 2.95 22.3574 2.26 0.6452 7.42 3228 94 41 .9 
0420/b-40 0.26866 1.87 22.3202 3.55 0.6176 3.65 3262 68 54.1 
0423/a-40 0.26868 1.05 27.9587 1.30 0.7715 1.31 3266 44 109.5 
0424/a-60 0.26885 4.94 21.4796 4.94 0.5921 4.70 3276 60 62.2 
0410/a-60 0.2678 2.13 25.1877 3.42 0.6938 3.36 3298 156 41.9 
0410/b-40 0.27407 4.06 24.9179 3.81 0.6768 3.05 3316 142 59.5 
0403/a-40 0.25311 1.37 12.0641 2.62 0.3541 3.30 3320 188 27.1 
0403/b-40 0.26277 2.20 13.5113 4.75 0.3797 5.10 3328 126 47.3 
0403/c-40 0.25593 1.93 10.7157 4.72 0.3081 4.88 3364 234 36.5 
0424/b-40 0.24833 7.04 21.7517 8.45 0.6486 7.03 3292 68 31 .1 
0425/a-60 0.33409 8.79 26.9931 9.04 0.6005 6.32 3298 58 43.3 
0425/b-60 0.39972 8.55 29.5999 8.92 0.5499 6.17 3298 34 70.3 
0413/a-60 0.25731 1.46 12.0014 4.22 0.3442 4.20 3230 46 14.8 

0421 /a-60 0.1919 6.99 5.629 10.53 0.2202 5.04 2758 
0430/a-40 0.27993 · 11.95 28.2007 12.03 0.7464 8.38 3362 
0408/b-40 0.08542 2.21 1.6432 4.87 0.142 3.79 1324 
0427/a-60 0.09982 2.57 2.8708 4.57 0.2133 4.48 1620 
0427/b-40 0.08758 1.92 1.8033 4.07 0.1526 3.80 1372 
0401 /a-60 0.10248 3.22 2.7906 3.32 0.2019 3.18 1668 
0401 /b-40 0.1 0063 3.24 3.1863 3.43 0.2343 5.68 1634 
0402/a-60 0.09334 1.53 1.9117 2.95 0.1516 5.52 1494 
0404/a-60 0.10427 1.81 3.5396 2.99 0.2524 2.97 1700 
0404/b-40 0.08149 2.72 3.017 3.62 0.2725 24.19 1232 
0405/a-60 0.09593 2.46 1.8216 3.51 0.141 3.13 1546 
0405/b-60 0.09405 2.74 1.7731 4.02 0.1385 3.34 1508 
0407/a-60 0.10331 2.43 2.8602 3.04 0.2052 2.36 1664 
0407/b-40 0.1034 2.04 3.1303 2.65 0.2244 2.50 1664 
0419/a-40 0.09529 3.44 1.6572 3.73 0.1295 3.68 1532 
0419/b-60 0.08929 4.21 1.7165 3.77 0.1417 2.28 1410 
0412/a-40 0.09843 1.71 2.1693 3.84 0.1637 3.56 1594 
0411 /a-40 0.30518 8.57 8.6239 15.99 0.209 18.56 3496 
0411/b-40 0.09618 2.70 2.1162 5.79 0.1628 4.57 1550 
0409/a-40 0.27253 5.98 15.688 8.88 0.4267 6.32 3432 
0422/a-60 0.24725 4.03 21 .4527 4.21 0.6441 4.06 3634 
0418/a-40 0.26335 1.41 20.082 3.83 0.5597 3.88 3908 

Table 9.2 Results of LA-ICP-MS analysis for sample KL00/04, collected from Klondyle Queen area. The first two numbers at 
the sample designation represent the sample KL00/04 from Klondyke Queen Mine. The next two numbers refer to the number 
of the analysed zircon crystal. The letters a, b and c represent first, second and third analysed spots in a single zircon crystal. 
The numbers 40 and 60 represent spot sizes and they are expressed in microns. The shaded zircons were excluded during 
elaboration of concordia diagrams due to Pb-Pb age errors Jager than 300 Ma, Pb-Pb Proterozoic ages, and ages higher than 
34700Ma. 
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2071206 Peak 
Sample 2071206 2071206 % 2071235 207/235 % 2061238 2061238% AGE (Ma) +1- 2 S.D. sees 
0533/b-40 0.19568 3.09 5 .6793 4.16 0.2143 3.88 2790 102 18.9 
0506/a-60 0.19781 2.95 10.6198 2.91 0.3964 3.23 2808 96 37.9 
0528/a-60 0.22298 4.11 9.2597 6.75 0.3071 4.05 3002 132 59.5 
0554/a.£0 0.22505 2.66 8 .4593 4.40 0.28 4.61 3016 56 40.6 
0525/a.£0 0.23238 1.85 12.1908 3.22 0.3885 2.43 3068 58 35.1 
0515/a-40 0.23262 4.47 9.1179 6.01 0.2901 4.37 3070 142 20.3 
0548/a-60 0.24903 5.20 19.1627 3.98 0.5712 9.69 3178 166 24 .3 
0524/a-40 0.25011 4.46 18.6353 5.84 0.5495 4.24 3184 142 55.4 
0510/a-40 0.25303 2.06 10.1894 6.49 0.2979 6.38 3202 64 74.3 
0567/a-40 0.2531 1.93 14.7152 3.72 0.4299 4.06 3204 62 32.5 
0569/a-40 0.25355 5.56 20.3858 4.97 0.5948 3.74 3206 176 17.6 
0537/a-60 0.25398 2.16 16.6299 4.05 0.4847 3.92 3208 68 73 
0560/a-40 0.25422 3.13 19.7388 3.72 0.5725 4.82 3210 98 20.3 
0523/a-60 0.25521 1.82 8.3333 2.98 0.2418 3.34 3216 56 33.8 
0568/a-40 0.25556 3.32 13.7239 3.19 0.396 4.17 3218 104 28.4 
0511 /a-40 0.2557 2.33 14.468 3.50 0.4186 3.30 3220 74 40.6 
051 7/a-40 0.25658 2.13 23.8925 2.59 0.6882 7.70 3224 68 123 
0576/a-60 0.25771 2.70 19.8297 3.41 0.5698 6.64 3232 86 105.4 
0564/a-60 0.26167 2 .42 19.6744 3.03 0 .5542 3.61 3256 76 81.1 
0550/a-60 0.26274 2.36 27.103 5.02 0.764 6.04 3262 74 79.7 
0545/a-60 0.26414 3.05 20.1622 5.56 0.5681 5.42 3270 96 au 
0551 /a-40 0.26504 3.29 21 .0233 2.45 0.5849 3.54 3276 102 24.3 
0519/a-40 0.26619 2.66 18.1539 3.93 0.5062 4.55 3282 84 24 .4 
0534/a-40 0.26602 5.39 23.547 4.64 0.6587 7.07 3282 170 55.4 
053618-40 0.26692 2.10 21 .1788 2.94 0.5891 2.60 3288 66 46 
0577/a-40 0.26699 2.34 11 .319 6.29 0.3147 5.83 3288 74 48.7 
0555/a-60 0.26823 3.63 20.4462 2.60 0 .5638 4.39 3294 114 51.4 
0531 /a-60 0.26851 2.74 22.8718 3.61 0.6304 2.36 3296 56 36.5 
0561 /a-40 0.26853 2.53 11 .7522 4.15 0.3247 4.26 3296 80 36.5 
0508/a-60 0.27098 2.45 20.057 3.91 0.5464 4.31 3310 76 32.5 
0501/a·60 0.27254 2.28 16.6482 3.56 0.4545 3.26 3320 72 63.5 
0504/a-40 0.27252 1.88 s .n02 6:17 0.1566 5.66 3320 58 27 
0575/a-40 0.27297 3.n 21 .4605 4.03 0.5639 2.88 3322 118 23 
0578/a-40 0.27325 2.07 26.6626 3.83 0.7224 3.87 3324 64 79.7 
0505/a-60 0.27485 1.77 26.8939 3.12 0.7237 2.92 3332 56 164 .9 
0579/a-40 0.27464 2.58 20.6065 2.85 0.5555 3.66 3332 82 28.4 
0557/a-60 0.27494 2.55 24 .0674 4.12 0.6509 3.70 3334 80 68.9 
057318-40 0.27504 2.15 23.5862 2 .n 0.6344 2.83 3334 68 25.7 
0527/8-60 0.27695 2.47 19.9819 3.00 0.5375 3.n 3344 76 86.5 
054618·60 o.2n12 1.93 23.4941 4.20 0.6271 3.87 3346 60 109.5 
0507/8.-60 o.2n59 3.44 26.0322 4.78 0.6923 3.02 3348 108 55 .4 
053218-40 0.27811 2.17 17.3537 5.62 0.4624 4.79 3352 66 62.2 
0543/a-60 0.27811 2.17 17.3812 5.61 0.4631 4.78 3352 66 62.2 
056318·60 0.2786 2.06 22.7433 2.70 0.604 2.72 3354 64 123 
0562/8-40 0.2806 7.61 15.6359 6.72 0.4121 5.25 3366 236 20.3 
053318-40 0.28154 2.00 23.6735 2.90 0.6227 2.39 3370 64 48.7 
0521/a-40 0.26347 6.07 14.0956 8.46 0.3668 10.64 3382 188 28.4 
0513/a-60 0.28612 3.12 15.n3 3.95 0.411 3.62 3396 98 32.5 
050318-40 0.28892 2.34 14.6761 3.44 0.3762 3.16 3410 72 100 
0566/a-40 0.28882 3.16 21.9224 3.74 0.5615 3.30 3410 98 41.9 
0556/a-40 0.29532 1.88 21 .6645 4.04 0.543 4.26 3444 58 60.8 
0530/a...SO 0.29748 2.16 15.8387 2.68 0.3952 2.89 3456 68 20.3 
0581 /a-40 0.29983 2.19 20.1733 2.76 0.4959 2.13 3468 68 16.2 
0558/a-40 .0.30456 8.67 18.0117 8.30 0.4378 9.94 3492 268 28.4 

0570/a-40 0.23967 3.58 12.0374 3.44 0.3715 21 .70 3116 114BI 0571 /8-40 0.2266 15.38 6.2721 13 .46 0.2706 9.22 3028 498 ' '8 

0574/8·40 0.2619 1.88 8.0782 14 .10 0.2266 13.42 3258 
0514/a-40 0.24059 2.84 14.0298 6.40 0.4282 4.64 3122 
0526/a-40 0.31347 11 .81 13.121 9.08 0.308 5.34 3538 
0535/a-40 0.29532 5.64 7.8562 4.90 0.1973 9.76 3444 
0538/a-40 0.27379 5.37 23.7806 4.81 0.6395 2.82 3326 
0559/a-40 0.13094 5.89 s .18n 4.89 0.2942 2.41 2110 
0580/a-40 0.25962 3.68 14 .542 6.46 0.4166 5.33 3244 
057218·40 0.10726 3.91 3.9603 4.23 0.2741 4.8 1 1752 
0565/8·40 0.76269 10.10 94.3527 36.14 0.9133 24 .15 4000 
0544/a-40 0.07084 9.01 o.n31 8.97 0 .0808 7.64 952 
0512/a-60 0.6178 6.63 39.5231 6.62 0.4745 6.75 4000 
0547/a-60 0.63295 6.92 68.9253 30.09 0.6103 20.79 4000 
0520/a-60 0.23545 2.49 12.7846 5.25 0.4003 11 .47 3088 
0529/a-40 0.2548 7.83 9.7073 15.49 0.2812 10.60 3214 

Table 9.3: Results of LA·ICP-MS analysis for sample KL00/05 , collected south of Klondyke Queen Mine. The first two 
numbers at the sample designation represent the sample KL00/05 from Klondyke Queen Mine. The next two numbers refer to 
the number of the analysed zircon crystal. The letters a and b represent first and second ablated spots in a single zircon crystal. 
The numbers 40 and 60 represent spot sizes and they are expressed in 11m. The shaded zircons (at the right side of the table) 
were excluded during elaboration of concordia diagrams. 
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Chapter 10 

Fabric Study of Gold Leaders at the 
Klondyke Queen Mine 

INTRODUCTION 

Crystallographic preferred orientation in quartz rich rocks combined with other microstructural 

observations can reveal information such sense of shear (Passchier and Casey 1986, Bouchez et al. 

1979, Lister &Williams 1979, Behrmann & Platt 1982, Simpson & Schmidt 1983, Law 1986, Schmidt 

& Casey), coaxial and non-coaxial strain (e.g. Schmidt & Casey, 1986) temperatures (e.g. Toru 1996), 

as well as the associated slip system (Lister & Hobbs, 1980, Lister & Paterson, 1979). The 

development of crystallographic fabrics in quartz rich a rock during plastic deformation is governed by 

strain path or kinematic framework, magnitude or symmetry of strain and at last, by crystallographic 

glide systems that operated during deformation (Law 1986). The symmetry of deformation will be 

reflected in the symmetry of the resultant fabric (e.g. Lister & Williams 1979). Fabrics that are 

symmetric in respect to foliation and lineation are known to have a coaxial strain path while the ones 

that are asymmetric are non-coaxial in terms of flow properties of the studied rock. C-axis . fabric 

pattern caused by intracrystalline slip changes from type I to type II crossed girdle, and from type II 

crossed girdle to X-maximum with increasing temperature. The two fabric transitions are probably 

caused by the transitions in dominant slip system from rhomb "a" to prism "a", and from basal "a" to 

prism (c) respectively. Temperature conditions for the former and the later fabric transitions have been 

petrologically estimated to be 350-450 degrees C and 550-600 degrees C respectively (Toru, 1996). 

In quartz rich rocks were parameters such as sense of shear, recrystallisation processes, slip 

systems and associated temperatures which can not be well understood in the field, crystallographic 

preferred orientations (CPO) as well as other fabric analyses are useful. The Klondyke Queen deposit 

as well as other deposits at the Warrawoona Mining Centre is associated to an EW striking black to 

grey mylonite chert dipping steeply to ·the north. This mylonite chert is known as the Kopke's Leader 

and gold was mined at this mine at the footwall of this chert. Because the kinematics in the Kopek's 
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Leader are not well exposed, six mylonite cherts occurring north of Klondyke Queen main adit have 

been studied. Flow conditions, sense of shear, temperatures and crystallisation processes are 

determined. During this study, seven samples were collected in five chert mylonite zones occurring 

north of Klondike Queen main adit. The ~herts strike in general at 280 to 290 degrees and they dip 80 

to 85 degrees towards north. These mylonites are part of the Central Warrawoona Shear Zone with a 

continuation at the Taiga Taiga area at the East and fans out into Copenhagen, Fieldings Find and 

Brockman Hay Cutting Shear Zone, all located in sequence from north to south, south of Klondyke 

Queen Mine. 

For this study, thin sections were made from seven selected samples: locations are shown in 

fig . . ... Thin sections were cut perpendicular to the foliation and parallel to the stretching lineation 

(interpreted as parallel to the XY finite strain plane). Determination of c-axis fabrics was made with a 

Leitz 5 axis universal stage in all the XY thin sections. The raw data (data from the U-stage) was later 

converted in such a way that it could be plotted as poles in a lower hemisphere equal area Schmidt net. 

Contour diagrams were made by the Schmidt method, using a computer program named Dips, Version 

2.0. 

GEOLOGICAL SETTING 

The Klondyke Queen deposit is located at the Central Warrawoona Shear Zone (CWSZ), 

between the Mount Edgar in the north and the Corunna Downs Batholith in the south (see fig .. .. ). The 

CWSZ is bounded in the north by the Mount Edgar Marginal Shear Zone (MEMSZ), which runs 

within the Mount Edgar Batholith. It is traceable for about 50 km, varies from 100 to 300 meters in 

thickness (Kloppenberg, 1996), and strikes E-W and steeply dipping. It is a complex structure 

consisting of braids anastomosing around less deformed metric scale boudins, and it has been a locus 

for dolerite and felsic intrusives (Kloppenberg, 1996). The shear has a long and complex kinematic 

story that starts by an initial south block up creating an steep stretching lineation in a ductile 

environment, followed by dextral and sinistral sense of shear mainly in brittle conditions (Kloppenberg 

eta!. , 1996). To the west the shear is divided into four separate shears, namely from north to south, The 

Main Shear Zone, The Northern and Southern Copenhagen Shear Zone, The Fieldings Find ·Shear Zone 

and the Brockman Hay Shear Zone. The Brockman Hay Cutting Shear Zone in the south is a kilometre 

broad an anastomosing located within meta-basalts, while the other three are located mainly in 

carbonated, talc, chlorite mylonites and fuchsite bearing mylonites (suggesting that there were 

ultramafic in composition) are 100 to 400 meters wide. The CWSZ has its continuation in the Taiga 

Taiga area by the Trig Well Shear Zone, which hosts in the footwall the Taiga Taiga gold deposits. 
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PREVIOUS LATTICE PREFERRED ORIENTATION STUDIES 

The vicinity of the Klondike Queen deposit has been studied by Malkenhorst (1996) applying an 

U-stage and SEMIEBSD techniques to determine whether the Warrawoona Shear complex is an 

anastomosing shear system originating from one deformation event, or a later shears cuts earliest 

shears. He compared CPO and microstructures from different shears occurring in the area, as well as 

macroscopic observations. From his results, he concluded that Warrawoona Shear Zone shows non

coaxial progressive deformation in the Main Shear Zone and Trig Well Shear Zone. The associated 

sense of shear is sinistral when looking to the East, which corresponds to south block down (Corunna 

Downs Batholith) up, or north block (Mount Edgar Batholith) down. Other shears like Copenhagen, 

Fieldings Find and Brockman Hay all sow a coaxial deformation, showing in some a similar sense of 

shear (Corunna Downs Batholith up). According to him a multiple or single deformation event could 

·have been the reason of these scenario. During the multiple deformational event an earlier Corunna 

Downs Batholith up have occurred at intermediate temperatures, giving rise to the CPOs that he have 

produced in his study. This sense of shear was not affected by the doming of the Mount Edgar 

Batholith. He emphasises his theory with field observations. The second proposed model for this area 

was a single deformation event where, coexistence of coaxial and non-coaxial deformation gave rise to 

zoning in the shear zone. 

PRESENTATION OF LATTICE PREFERRED ORIENTATION AND FABRIC ANALYSIS 

The CPOs in this chapter are presented as normal poie figures, and the diagrams are orientated in 

such a way that the N-S line represents the great circle of the foliation and the lineation at the 

intersection with the primitive of the net (fig .... ). In this diagram, the X-axis of the strain ellipsoid is in 

the top of the net, the Y -axis at the left and the Z-axis at the centre. The different positions of the CPOs 

are represented in roman letters from I to VIII, following the terminology of Lister &Domsiepen 

(1982). The measured axis is plotted in an equal area (Schmidt) net lower hemisphere, and the contour 

diagrams made by a stereographic program named Dips, version 2.0. The different measured grains 

were randomly selected from thin sections that were later checked for measurement errors. The same 

grains were measured twice for confirmation, and they have given errors of about 2 to 5 degrees from 

the original position. The errors are explained by strong undulose extinction (intracrystalline 

deformation) presented by the grains, as well as subgrains. During the measurements in the U-stage, 

subgrains were not taken into account, what may also have influenced the above-cited error. The C-
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axis measured in the U-stage were taken as pole vectors, which wee later treated as scatter and contour 

diagrams. Pole densities were performed using the Schmidt distribution method that expresses the 

number of measured poles falling in a counting circle of defined diameter. The number of measured 

grains is divided by the total number of poles in the population, defining the contour percentages. One 

percent of the lower reference hemisphere was selected for counting. The strength of each pattern is 

characterised by the percentage poles in the highest contour interval. 

RESULTS 

Nine samples have been used to perform the present study, seven (96fl2, 96fl3, 96fl4, 96fl5, 

96fl6, 96f20 and 96f21) of which were collected by myself in 1996 and two (99-134 and 99-135A) 

were collected by Stan White in 1999. The orientation of the foliation and lineation as well as the 

location of the samples is presented in Table AI and figure**. Geographically all the samples are 

presented in an eastward and westward view. Considering this, shear senses are reported as sinistral 

(Mount Edgar Down) and dextral (Mount Edgar up), and in the westward view, sinistral means Mount 

Edgar Batholith up and dextral Mount Edgar Batholith down. 

FABRIC MINERALOGY AND CPO 

In this part of the chapter, the texture and mineral composition of each sample is described, and 

the measured CPOs presented. 

Samples 96F12 and 96Fl3: Veined pale to dark green mylonite cherts 

At ... meters north of Klondyke main adit, a pale green to dark olive green mylonite chert zone 

occurs. The chert zone shows two varieties, one being remarkable laminated (sample 96F12), with a 

pale green colour and a weakly developed stretching lineation. Intercalating the former chert a second 

variety (sample 96F13) can be observed, displaying a stronger green colour well developed foliation 

and stretching lineation. The foliation in the cherts strikes at 286 and 290 degrees and dips towards 

north 80 to 82 degrees and the lineation is down dip, plunging at 80 to 82 degrees towards 016 and 020 

azimuths. Due to Jack of visible kinematic indicators in the cherts, the above-cited two samples have 

been collect~d for microscope analysis. The sample 96F13 is strongly veined and cubic pyrite with 

pressure shadows can be observed, specially confined to the green domains. The dark green domains in 

the sample 96F13 are mainly composed of millimetre scale green mica. In trace amounts, yellow 

coloured mica can also be observed, occurring in the sample 96F13. Under the microscope, the main 
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constituent of sample 96F12 is quartz (95%) with ribbon shape defining a continuous foliation together 

with fuchsite flakes. Quartz in these rocks also displays a granoblastic polygonal texture. Two distinct 

domains are visible in the rock. The first domain is made of a 0.01 mm sized quartz grains intercalated 

by 0.5 to about 3mm thick quartz veins, making 75% of the rock and they define a continuous 

foliation, together with fuchsite flakes (+-O.Olmm long). The quartz in the vein quartz has undulose 

extinction, deformation bands and grain boundary migration recrystallisation (GBMR). Cutting at high 

angle the foliation and the parallel quartz veins, a second set of veins can be observed· (see fig . ... ). 

Tourmaline needles 0.01mm long also occur in the rock, together with fuchsite (see fig .... ). Kinematic 

indicators such as imprecated objects, sigma clasts and a weakly developed S and C fabric they suggest 

a dextral sense of shear, what in the field means Mount Edgar Batholith up. Elongated quartz crystals 

that are slightly oblique to the general foliation (at 30 degrees) suggest a sinistral sense movement, 

suggesting Mount Edgar Batholith Down. The sample 96F13 also displays the two domains observed 

in the previous sample, but has bigger quartz grains in the finer domain ( +-0.02 mm). In this domain, 

the quartz grains show a granoblastic polygonal texture with no internal deformation. This domain also 

contains clasts of ribbon quartz resembling parts of old quartz veins. These quartzes have undulose 

extinction and deformation bands. Similar to the sample 96F12, fuchsite is also present in trace 

amounts (5%). An evident dextral movement can be seen in this rock which can be inferred by well 

deve~oped sigma clasts, S and C fabric , imprecated grains and asymmetric folded vein quartz. This 

movement suggests Mount Edgar Batholith up. Like in the sample 96F12, younger generation of quartz 

veins is visible, cutting the foliation and the older veins at an angle of 45 degrees. Inserting the gypsum 

plate under crossed-polars, both rocks seem to posses a Crystallographic-Preferred Orientation (CPO). 

The CPO patterns presented in the form of scatter and contour diagrams can be seen in figures .. . and 

... . The CPO pattern of .. . C axis measured from sample 96f12 suggests type ill and I of Lister 

&Dornsiepen (1982), and it has pattern strength of 11.70 and 8.61 %respectively. 

The CPOs pattern of sample 96f13 (fig ... a and b) is similar to the CPO of sample 96f12, but it 

displays more pole concentration at the centre of the net, defining a Z-maximum, or type I pattern. 

The type ill pattern in these diagrams falls closer to the X-axis (parallel to the foliation), being slightly 

oblique to the stretching lineation. 

Sample 96F14: Veined pale olive greenfuchsite mylonite chert 

Macroscopically the sample is composed of two distinct domains, one being olive green to light 

cobalt blue in colour, and the other, and white colour. The olive green and cobalt blue colour is due to 

the presence of tiny flakes of fuchsite that defines the foliation. In this domain, yellow micas are also 

visible, and they overgrow fuchsite. Cubic pyrite with pressure shadows is present in the rock, confmed 
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to these domain. The second domain is made of quartz veins that make 20 to 30 % of the rock. A 

second set of veins is also visible in the rock at outcrop and hand specimen, laying at a high angle to 

the foliation and dipping shallowly towards the north. These later veins cut the former ones, strikes at 

300 and dip around 30 degrees towards north. These veins were also mapped by . . .... and according to 

him are flat thrusts, interpreted to be tension gashes related to an NE-SW compression. The sample 

shows ribbons of quartz and aligned mica flakes, defining the stretching lineation. Under the 

microscope, the rock is made of a fine grained (0.03mm) domain displaying a granoblastic polygonal 

texture. Green and pale cobalt blue coloured fuchsite is part of this domain. The yellow coloured mica 

is sericite that overgrows the fuchsite. The vein quartz domain is made of 0.20mm in diameter quartz 

and intercalates the mica rich domain. The quartz in .the vein quartz has deformation bands, undulose 

extinction and GBMR phenomena. Cubic pyrite average O.lmm sized are scattered in the mica rich 

domains and they show pressure shadows. Rutile and tourmaline needles are also part of the mica rich 

domain they occur associated to fine opaques and they are aligned parallel to the foliation. Kinematics 

such as crystallographic orientation of quartz crystals and S and C fabric they suggests weak a dextral 

sense of movement, what in the field means Mciunt Edgar Batholith up. The rock displays an CPO as 

can be concluded by inserting a gypsum plate under crossed polars. The CPO pattern for the sample 

96fl4 is similar to the CPO patter of sample 96fl2 with small concentration of C-axis at the type I 

pattern. The other difference with that sample is de fact that the type III is well defined, laying close to 

the Y -axis (fig. ). 

Sample 96F15 and 96F16: Veined black and white mylonitic chert 

Around 15 meters north of Klondyke mine main adit, a zone of black and white cherts occurs. The 

foliation in the outcrop trends at 290 and dip 82 degrees towards north, with a down dip stretching 

lineation. Because it was not possible to work out the kinematics at the outcrop, two samples have been 

collected. The samples are a black mylonite chert (sample 96Fl5) and a sample of a whitish coloured 

chert (96F20) . The sample 96Fl5 has a dark greyish to black colours, displaying abundant veining (0.5 

to 2.5 mm thick) . The rock shows most of the veins oriented parallel to the foliation and few oblique to 

it (15 to 20 degrees). Folding of the veins is also visible, with axial planes parallel to the foliation . 

Stretching elongate ribbon quartz grains define the stretching lineation of the rock. A thin section was 

cut perpendicular to the foliation and parallel to the stretching lineation. Under the microscope, the 

rock is mainly composed of quartz with minor amount of opaques, forming two domains. One of the 

domains is made of a well defined compositional layering defined by fine grained (>0.03mm) 

recrystallised quartz and opaques and the other, by a coarse grained quartz. Quartz veins with an 

average thickness of 0.2mm intercalate with the compositional layering and lay parallel to the foliation. 
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The quartz veins are tight to isoclinally folded, displaying axial planes parallel to the foliation. A 

second set of quartz veins is also visible in the section, at an angle of about 15 to 20 degrees to the 

foliation. They show no folding and cut the folded veins (see fig. ). The quartz in the folded vein 

quartz displays undulose extinction and grain boundary migration recrystallisation (GBMR). The 

selvage of the veins, pressure solution is present. Static recrystallisation also occurs in the rock, which 

is displayed by quartz grains free of deformation bands and the presence of triple junctions. The 

opaques are mainly confined to the fine-grained quartz matrix and at the vein walls. Kinematic 

indicators such as stair stepping objects, asymmetric quartz veins, S and C fabric and crystallographic 

orientation of quartz grains gives a consistent dextral movement, which gives Mount Edgar Batholith 

down (see fig. ). The sample shows a notable lattice preferred orientation (LPO) as deducted by 

inserting the gypsum plate under crossed polars. The sample 96Fl6 is white in colour, with 

·discontinuous layers of pale yellowish green colour, defining a foliation. Stretching lineation is weakly 

developed in this rock compared to the black chert. Under the microscope, the rock is mainly 

composed of quartz varying in grain size from less than 0.3mm to lmm. The quartz grains show 

deformation bands, undulose extinction and GBMR. Ribbons of quartz with pressure shadows are 

visible in the section, and they define a weak foliation, together with lenses of fuchsite and sericite. 

Sericite overprints the fuchsite. This rock displays a weak LPO as can be judged by inserting the 

gypsum plate under crossed polars. Quartz grains elongated oblique to the foliation and kinked micas 

they display a dextral sense of movement, what means rising of Mount Edgar Batholith. The resulted 

CPO patterns which are products of C-axis measurements of samples 96f15 and 96f16 are both similar. 

Sample 96F20: Veined olive greenfuchsite mylonite chert 

At ... meters north of Klondyke Queen adit a pale olive green coloured mylonite chert occurs. 

The chert strikes at 292 and dips 80 degrees towards north. Stretching lineation is visible and is down 

dip. In order to work out the kinematics of these chert, a specimen was collected. The hand specimen 

displays · an olive green colour with white bands, defining a foliation. At close look of the collected 

specimen the green domains are mainly composed of fuchsite, flakes and the white domains are coarse 

grained quartz veins. At a high angle to the foliation, a second set of veins is visible, displaying same 

strike but dipping shallowly towards the north. The foliation is defined by orientated flakes of fine 

fuchsite. Quartz ribbons and flakes of mica are observable at a surface parallel to the foliation, and they 

define the lineation. Cubic shaped iron sulphides with distinctive pressure shadows (average grain size 

of 0.5 mm) are scattered in the fuchsite rich domains of the rock. Under the microscope, a thin section 

that is cut perpendicular to the foliation and parallel to lineation, displays the same features above 

described as well as a granoblastic polygonal texture. Quartz is the main constituent of the rock (95%). 
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The section displays two distinct domains, one being fine grained(+- 0.015mm diameter) quartz 

grains with no deformation and a well developed granoblastic polygonal or mosaic texture. This 

domain is intercalated by ribbon quartz and veins, defining all together a foliation . The quartz in the 

veins and the ribbons are 0.45 mm in diameter and displays undulose extinction, deformation bands 

and grain boundary migration recrystallisation phenomena. Layers of fuchsite, sericite and grey 

chlorite occur in the rock, and they intercalate the quartz veins and the quartz domains. Tourmaline 

needles also occur in the rock, confined to the mica rich layers. They also define the foliation. Cubic 

pyrite is 0.5 mm in diameter and has pressure shadows (see fig. ). Crystallographic orientation of 

quartz grains, S and C fabric, mica fish defined by fuchsite flakes , stylolites and asymmetric folded 

veins they consistently give sinistral sense of movement, which means, Mount Edgar Batholith up 

(figures to be shown). Inserting the gypsum plate under crossed polars, an LPO can be noted. The 

CPO pattern is presented in figure .. . , with an strength of 8.21 %. The CPO defines an single 

asymmetric girdle oriented NE-SW. 

Sample 96F21: Veinedfuchsite mylonite chert 

About .. .. Meters north of Klondyke Queen main adit the fifth green mylonite chert zone occurs. 

The chert is about 1meter wide and is mainly comprised of green fuchsitic mylonite. The chert strikes 

at 285 and dips 85 degrees to north. It contains at the surface well developed stretching lineation, 

which is defined by ribbon shaped quartz and fuchsite. This lineation is down dip, plunging 85 degrees 

towards 015. In hand specimen, the rock displays a well developed foliation that is defined by bands of 

mica rich layers intercalated by asymmetrically folded quartz veins. The veins make almost 5~% of the 

rock and they are 2mm wide. The remaining 50% of the rock is made by fine grained quartz and mica 

matrix and little iron sulphides with pressure shadows. The collected sample displays also an second 

set of veins, cutting the foliation and the older set at an of 60 degrees. These younger veins strike EW 

and they dip steeply to the south, displaying no deformation. Under the microscope, the rock is 

composed of 0.03mm sized quartz grains displaying a granoblastic polygonal texture, with well 

developed triple junctions, intercalated by asymmetrically folded quartz veins (+-2 to 3 mm wide). 

Fuchsite also occurs in this rock, but is confined to the fine grained granoblastic matrix. Sericite 

overgrowing fuchsite also occurs in the rock, together with trace amount of rutile concentrated in 

patches. These micas and the rutile needles, define the foliation. The quartz grains in the vein quartz 

are 0.3 mm in diameter and they show evidences of static recrystallisation. Ribbons of quartz with 

undulose extinction and deformation bands can be observed scattered in the fine grained quartz matrix. 

Delta clasts, kink bands, mica fish and S and C fabric are the kinematic indicators observable and they 

all suggest sinistral sense of movement, what means, Mount Edgar Batholith down. The resultant CPO 
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pattern of sample 96f20 is slightly similar to the CPO pattern of sample 96f20, with a strong 

asymmetric girdle oriented NE-SW (see fig .. . for detail) . The differences in both patterns is the 

existence of well defined type maximums at the second and the fourth quadrant which is weakly 

developed in the sample 96f20. 

Sample 99-134: Quartz-muscovite-albite mylonite 

The sample is composed of quartz(+- 80%), muscovite (+-5%) and albite (+-15%). Quartz has 

an elongated form, displaying rectangular shapes with smooth edges, and it defines the foliation. The 

grain size varies from less than 0.08mm to up to 0.32mm, and it is normally wrapped at the long edges 

by muscovite flakes ( +-0.08mm long). These two mineral make a matrix for albite clasts ( +-0.45 to 

2mm in diameter), which is completely replaced by fine sericite and muscovite. Oblique ( +- 25 

degrees) to the first foliation, spaced crenulation cleavage can be seen. Quartz grows in two forms, one 

being elongated and displaying microstructures indicative of crystal-plastic deformation such as 

undulose extinction and deformation bands (intracrystalline deformation). The second type of quartz 

has a granular form, often arranged in granoblastic polygonal texture, with no intracrystalline 

deformation. The elongated quartz grains often has a rectangular/sub-rectangular forms, show smooth 

edges parallel to the foliation, and is always bounded by mica flakes . The quartz and muscovite defines 

a continuous foliation to the rock, and form the matrix to eye-shaped albite, completely replaced by 

sericite. The foliation often warps around the albite, but there are cases of a slightly rotated internal 

foliation inside of the later mineral (fig .. .. ). Retile needles occur in rock always patchily concentrated, 

in the rock matrix, and in some cases inside of the albite. At an angle of about 25 to 30 degrees to the 

continuous foliation, a spaced foliation (C foliation) can be seen. This cleavage is defming by 

reorientation of mica flakes as well as ribbon quartz. It also affects the albite clasts (see fig .... ). Sigma 

clasts, mica fish, S and C foliation and oblique elongation of quartz ribbons, gives to the rock a 

sinistral sense of shear (fig .... ). The CPO test using a gypsum plate under crossed polars suggests an 

strong fabric. 

Sample 99-135A: Veined quartz-muscovite-albite mylonite 

Similarly to the sample 134, the sample 135 also contains a continuous foliation defined by 

elongated quartz and muscovite, wrapping around albite clasts. A pronounced veining (40 to 50% of 

the rock) is observable. The quartz elongated forms in this rock is more prominent, as well as grain size 

variation (from about 0.08mm up to 0.45mm). Rutile occurs in patches stretched into the parallelism 

with the continuous foliation. Albite clasts that are also replaced by sericite are often stretched, and the 

foliation wraps around them. No secondary foliation was observed in this rock. Kinematic indicators 
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are not present, sense of shear could not be determined. Due to the fact that the rock displays an wider 

variation of quartz grain size in the matrix as well as in the vein quartz, three zones of the thin section 

were selected for CPO studies. The zone 1 comprehends a quartz vein varying in thickness from 

0.20mm to 0.45mm (see fig ... ). Quartz crystals in these vein grows as elongated (rectangular/sub

rectangular) forms, as well as granules displaying undulose extinction and deformation bands. The 

CPO test using gypsum plate suggests a presence of a fabric in these zone. The zone 2 is part of the 

quartz-muscovite matrix. Quartz crystals in this zone shows smaller grain size, and have a well 

developed granoblastic polygonal texture. It displays an weak intracrystalline deformation. The CPO 

test with the gypsum plate under crossed polars suggests an weak fabric, although the pole diagram 

shows the opposite (fig .. ... ). The zone 3 is a quartz vein 2.3mm long and 0.45mm thick quartz vein , 

with smaller grain size. The quartz grains in this zone are strongly flattened, and are parallel to the vein 

walls. The granoblastic polygonal texture observed in zone 1 is not present in this vein. An weak CPO 

seams to present according to the gypsum plate test, but the pole diagram shows the opposite (see 

fig . .. ). Due to the fact that the whole analysed three zones in terms of CPO have produced an similar 

type III maximum laying close to the foliation plane and lineation. There data was used to elaborate an 

unique pole diagram (fig ... ). 

CONCLUSIONS 

Quartz textures measured from deformed quartz tectonites within the area extent from Klondyke 

Queen deposit and the Mount Edgar Batholith show a similar pattern. Orientation and distribution of 

the quartz crystallographic axes were used to study the local kinematics related to· the gold mineralising 

event in the mine, as well as temperature condition at which the patterns were developed. The 

asymmetry of c-axis patterns consistently indicates top-to-the south (Mount Edgar Batholith up) 

shearing. The seven fuchsite bearing mylonite cherts collected in the study area as well as the sample 

99-134 (quartz-muscovite-albite mylonite), they suggests that moderate-to high-temperature conditions 

of deformation have produced the observed crystallographic preferred orientation. 

The presence of rectangular to sub-rectangular grain shapes within the ribbons is a product of 

grain boundary migration recrystallisation, which had created straight grain boundaries (Hippert et a!. , 

2001). 

In samples 134, the microstructures indicative of crystal-plastic deformation such as deformation 

bands, undulose extinction and rarely subgrains, are indicative of lower metamorphic grade conditions. 

The slightly rotated internal foliation observed inside of the albite crystals as well as the strong 
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replacement by sericite, suggest a lower metamorphic grade (greenschist facies conditions) to the rock. 

This is emphasised by the presence of type Ill maximums at a high angle to the foliation. 

In sample 135, intracrystalline deformation in quartz grains is rare. This can be explained 

because of thermal energy available at high-grade conditions, which allows recovery/recrystallisation 

of quartz to proceed at faster rates through grain boundary migration such that intracrystalline 

deformation microstructures are obliterated (Urai et al., 1986). The presence of type Ill maximum close 

to the foliation and lineation, also suggests that the observed fabric was produced under high 

temperature conditions. The presence of undulose extinction or deformation bands, are indicative of 

lower grade metamorphic conditions that may have operated after the higher metamorphic conditions. 

As a result of this study, similarly to what Malkenhorst (1996) have found in the middle and 

eastern section of the CWSZ, a strain path partitioning within the CWSZ is present. While the rock 

samples 96f12, 96f14, 96f15, 96f21, 99-134, and 99-135 show a coaxial patterns, the samples 96f13, 

96f16 and 96f20 shows non-coaxial deformation path. 
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Table A 1: Location and orientation of foliation (strike/dip) and lineation (trend/plunge) of studied 

samples 

Sample Location Foliation (strike/dip) Lineation (trend/Plung~_ 
96fl2 290/82N 020/82 
96fl3 286/80N 016/80 
96fl4 292180N 022180 
96fl5 290/80N 020/80 
96fl6 287/88 017/88 
96t20 288/88 018/88 
96t21 285/85N 015/85 
99-134 
99-135A 

·-

·. 

Fig A.1 : Eastward view Schmidt pole concentrations, contours at 2, 4, 6, 8, 1 0 and 12%. Percent of 

total per 1% of area. Maximum pole concentration is equal to 11.70%, N=171 poles. b) Scatter plot, 

lower hemisphere Schmidt net projection, N=171 poles 
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·. 

ons, 

Percent of total per 1% of area. Maximum pole concentration is equal to 8.61 %, N=151 poles. b) 

Scatter plot, lower hemisphere Schmidt net projection , N=151 poles. 

1cen 
• 

Percent of total per 1% of area. Maximum pole concentration is equal to 11.58%, N=164 poles. b) 

Scatter plot, lower hemisphere Schmidt net projection, N=164 poles. 
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tior >. 

Percent of total per 1% of area. Maximum pole concentration is equal to 14.85%, N=175 poles. b) 

Scatter plot, lower hemisphere Schmidt net projection, N=175 poles 

con· ~%. 

Percent of total per 1% of area. Maximum pole concentration is equal to 11.59%, N=164 poles. b) 

Scatter plot, lower hemisphere Schmidt net projection, N=164 poles. also similar to 96f12. They have 

produced type Ill and I patterns of Lister &Dornsiepen (1982). Scatter plots of these two samples 

display an small difference in the distribution of the C-axis at the first and third quadrants on the net. 

While in the sample 96f15 there is an well defined maximum in both quadrants, in sample 96f16 only 

the third quadrant is well defined, and a almost random distribution can be observed in the first 

quadrant (see figures . ... And figure ... for details) . 
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J%. 

Percent of total per 1% of area. Maximum pole concentration is equal to 8.21%, N=207 poles. b) 

Scatter plot, lower hemisphere Schmidt net projection, N=207 poles. 

·. 

Fig .. . a) East ward view Schmidt pole concentrations, contours at 1.5, 3, 4.5, 6, 7.5, 9 and 10.5%. 

Percent of total per 1% of area. Maximum pole concentration is equal to 9.76%, N=164 poles. b) 

Scatter plot, lower hemisphere Schmidt net projection, N=164 poles. 
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Fig ... a) East ward view Schmidt pole concentrations, contours at 1.5, 3, 4.5, 6, 7.5, 9 and 10.5%. Percent of total 

per 1% of area. Maximum pole concentration is equal to 9.30%, N=140 poles. b) Scatter plot, lower hemisphere 

Schmidt net projection, N=140 poles. 

Fig Z1 .. . a) East ward view Schmidt pole concentrations, contours at 2, 4, 6, 8, 10, 12 and 14 %. 

Percent of total per 1% of area. Maximum pole concentration is equal to 11.45%, N=131 poles. b) 

Scatter plot, lower hemisphere Schmidt net projection, N=131 poles. 

268 



..: . 

Fig Z2 ... a) East ward view Schmidt pole concentrations, contours at 2, 4, 6, 8, 10, 12 and 14 %. 

Percent of total per 1% of area. Maximum pole concentration is equal to 13.28%, N=128 poles. b) 

Scatter plot, lower hemisphere Schmidt net projection, N=128 poles. 

·. 

Fig Z3 ... a) East ward view Schmidt pole concentrations, contours at 1.5, 3, 4.5, 6, 7.5, 9 and 1 0.5%. 

Percent" of total per 1% of area. Maximum pole concentration is equal to 10%, N=130 poles. b) Scatter 

plot, lower hemisphere Schmidt net projection, N=130 poles. 
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· .. 

Fig Z123 ... a) East ward view Schmidt pole concentrations, contours at 1.5, 3, 4.5, 6, 7.5, 9 and 10.5%. 

Percent of total per 1% of area. Maximum pole concentration is equal to 10.28%, N=389 poles. b) 

Scatter plot, lower hemisphere Schmidt net projection, N=389 poles. 
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