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Abstract
Precambrian terrains in Australia are located west of the Phanerozoic “Tasmanides” and
consist of the West Australian Craton (WAC), newly defined Central Australian Craton
(CAC), North Australian Craton (NAC), and South Australian Craton (SAC). The
largely concealed CAC is situated north of the Paterson Orogen and south of the newly
defined Willowra Lineament and Willowra Gravity Ridge (or tectonic zone). The
lineament is located along the southern margin of the Willowra Gravity Ridge and the
northern margin of a magnetic low that extends southeast from the Western Australian
coast across the northern part of the Arunta Orogen to Queensland. Gold mineralization
appears to be generally concentrated around, or within 50 km of, the Willowra
Lineament, which bisects the “Aileron Province” of the Arunta Orogen and has
undergone significant reactivation during Paleozoic deformation. Elsewhere, the
Proterozoic Paterson Orogen separates the WAC from the CAC and the Arunta Orogen
from the SAC, the ca. 1300-1100 Ma Albany-Fraser Orogen separates the WAC and
SAC, and the ca. 1080 Ma Pinjarra Orogen forms the western margin of the WAC.
Proterozoic rocks in Australia host considerable mineral resources, some of which
are amongst the largest in the world (e.g. Olympic Dam Fe-Cu-Au-U, McArthur RiverMount Isa Zn-Pb-Ag, and Telfer Au). These include Paleoproterozoic gold deposits that
are not well documented, mainly because the tectonic setting for these largely obscured
terranes remains poorly understood, such as the Granites-Tanami Orogen. Furthermore,
multiply deformed metamorphosed rocks that have undergone a complex geological
history host the vast majority of these deposits. A consequence of this is that the early
tectonic evolution of Paleoproterozoic host rocks potentially predates the formation of
gold deposits by 10s of million years and does not necessarily relate to the events
leading to mineralization. An inadequate understanding of the tectonic evolution of
Paleoproterozoic terranes has thus significant implications on developing conceptual
models for ore systems and restricts the efficiency of exploration for mineral deposits.
The study reports the results of remapping the Granites-Tanami Orogen in Western
Australia and structural, geochemical, and isotopic studies of its constituent
supracrustal and intrusive rocks. Structural, geochemical, and isotopic studies on gold
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deposits in the region form the basis for an interpretation of the genesis of the gold
deposits within the overall evolution of the terrane.
The Granites-Tanami Orogen includes Mesoarchean to Paleoproterozoic rocks
older than late Paleoproterozoic cover sequences. The orogen comprises isolated inliers
of Archean leucocratic orthogneiss and schistose metasedimentary rocks.
Paleoproterozoic tightly folded greenschist-facies sedimentary, volcanic and
subvolcanic rocks included in the Tanami Group of the Tanami Basin, and ca. 1795 Ma
granitic rocks. The Tanami Group in Western Australia consists of the ca. 1864 Ma
Stubbins Formation and the conformably overlying Killi Killi Formation. Deposition in
the basin ceased during compressional deformation around 1850 Ma.
The Stubbins Formation consists of pelagic and turbiditic sedimentary rocks
interbedded with mafic volcanic rocks and abundant tholeiitic dolerite sills. A study of
the geochemistry of dolerite and spatially restricted basalt from the top 200 m of the
Stubbins Formation indicates that these rocks: 1) have tholeiitic to calc-alkaline
affinities; 2) are related to the same magmatic events; and 3) based on comparisons
with modern analogues, were deposited in a back-arc basin to island-arc setting to the
southeast of the Halls Creek Orogen.
The Killi Killi Formation is a succession of turbiditic sedimentary rocks. Sensitive
High Mass Resolution Ion Microprobe II (SHRIMP) U–Pb data indicates that the
formation has a maximum date of ca. 1864 Ma. Petrological and geochemical studies
on the formation show that these rocks: 1) have a predominantly granitic source; and 2)
based on comparisons with modern analogues, were deposited in an active continental
margin. Therefore, the transition from the Stubbins Formation to the Killi Killi
Formation represents a change from a back-arc to island-arc tectonic setting to an active
margin setting.
Granites formed in response to convergence and amalgamation of the GranitesTanami Orogen and Arunta Orogen along an interpreted accretionary margin delineated
by the Willowra tectonic zone during ca. 1795 Ma. Late-tectonic orogenic gold
mineralization and syn-collisional granites have been identified across extensive
regions throughout the NAC (e.g. the Pine Creek and Halls Creek orogens). This
improved understanding of the evolution of the Granites-Tanami Orogen may aid
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exploration for orogenic gold (and other metals) within this fertile yet relatively underexplored region and analogous terrains throughout the NAC and particularly in areas
that have experience collisional tectonics.
U-Pb data from SHRIMP studies, Sm–Nd isotopic data, geochemistry and
petrological studies all suggest that granites in the Western Australian part of the
Granites-Tanami Orogen where emplaced around ca. 1795 Ma during the Tanami
Orogeny, are variably fractionated, peraluminous and derived from, or interacted with,
Archaean (ca. 2600 Ma) crustal material.
Deformation, metamorphism, and magmatism around 1795 Ma in the orogen was
synchronous with the Stafford Orogeny of the Arunta Orogen to the south. This
widespread deformation was the product of north- to northeast-directed compression
within the Granites-Tanami Orogen, and is associated with greenschist facies regional
metamorphism. Amphibolite facies metamorphism is restricted to the immediate
aureole of certain granites.
The Stubbins Formation in the Bald Hill area hosts the Kookaburra and Sandpiper
gold deposits. The Kookaburra deposit forms as a saddle reef within a syncline (FGTO2),
and the Sandpiper deposits are localized within graphitic metasedimentary rocks along
a limb of an anticline (FGTO2). Gold in these deposits is hosted by anastomosing quartz–
(pyrite–arsenopyrite) veins within quartz–sericite schist with disseminated arsenopyrite,
pyrite, and marcasite (after pyrrhotite). Deduced from the relative timing relationships
with structural elements, the auriferous veins were emplaced during an early (DGTO2)
tectonic event, which is correlated with the Stafford Orogeny in the Arunta Orogen to
the south.
The Coyote deposit, the largest yet discovered in the Granites-Tanami Orogen of
Western Australia, consists of ore lenses localized along the limbs of the Coyote
Anticline (assigned to FGTO2). The largest lenses are located near the Gonzalez Fault
(assigned to DGTO2), which is located along the steeply dipping southern limb of the
fold.
From these studies on the mineralization, it is concluded that gold in the GranitesTanami Orogen of Western Australia are orogenic lode gold deposits that are hosted by

vi
epigenetic quartz veins in sedimentary and mafic rocks (e.g. Coyote) and by sulfiderich replacement zones within iron formation (e.g. Kookaburra and Sandpiper in the
Bald Hill area). U-Pb dates on zircons and Re-Os dates on sulfides support this, and
show broadly coeval (but postdating in detail) granite emplacement at ca. 1795 Ma.
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1.

Introduction

This report is on the remote geology and metallogeny of the Paleoproterozoic GranitesTanami Orogen (GTO) in Western Australia, and is the result of a close liaison between
the Geological Survey of Western Australia (GSWA), Tanami Gold NL (TGNL),
Minerals and Energy Research Institute of Western Australia (MERIWA), and the Centre
for Exploration Targeting at the University of Western Australia (CET).
The GTO in Western Australia contains the Coyote, Kookaburra, and Sandpiper gold
deposits and numerous other gold occurrences highlighting the high exploration potential
for undiscovered and concealed mineral occurrences in the region. The orogen in the
Northern Territory hosts several major gold deposits such as Callie, Tanami, and The
Granites, with a combined production of over 20 t of gold. However, research in the
Western Australian part of the orogen has focused largely on the deposit-scale, and
resulted in restricted advances in the geological understanding of the area. With the goal
to supplement the efforts of exploration companies working in the region, this study
attempts to better understand the camp- to terrane-scale controls on mineralization as an
aid in the discovery of new deposits.
This work is available for loan and limited copying in accordance with the Copyright
Act 1968.

1.1. Objective of the study
The objectives of this study are to: 1) increase our understand of the tectonic and
metallogenic evolution of the GTO in Western Australia; 2) focus on constraining the
lithostratigraphic, structural, and temporal controls on the distribution of gold
mineralization in the orogen; and 3) assist in improving mineral exploration targeting. To
achieve these objectives, the project approach has been to: 1) better understand the
metallogeny within the orogen; 2) better understand the regional- to lithospheric-scale
tectonic evolution of this remote area; and 3) to help better target mineral exploration.

Chapter 1: Introduction

These have been achieved through the publication of papers, which are reproduced in this
manuscript.
The project is being continued by Professor T. Cam McCuaig, Dr Aurore Joly, and
Dr Elok Porwal of the CET, who are involved in the construction of four-dimensional
(4D) GIS models to analyse, characterise, and compare ore-system geometries in the
GTO of Western Australia. The framework for the GIS study has been established in this
dissertation through completion of the following:
1) detailed fieldwork has been conduct that includes regional outcrop mapping, drill
core analysis, and comprehensive sampling programs to collect representative
material for geochemical and geochronological studies (reported here);
2) key exploration criteria have been identified based on multiple scales (i.e. terrane to
deposit scales) rather than just the deposit scale (reported here);
3) ore-forming process-oriented mineral systems related to regional orogenic processes
have been identified, rather than following the traditional deposit-model approach;
based on a better understanding of the tectonic and geochronological controls that
lead to mineralization (reported here);
4) preliminary 3D-geographic information system (GIS) database was compiled by
Irianti (2007) as part of her Master of Science Degree, which consists of all available
geological, geophysical, and geochemical data for the region; and
5) preliminary state of the art pattern recognition methods have been applied by Irianti
in her MSc project to integrate multi-source data sets identifying prospective areas
for future exploration. This MSc project and the continuing work by CET form an
integral part of this project. Furthermore, the close collaboration between the PhD
Candidate (author of this Thesis) and the MSc project (Irianti) was fundamental in
achieving the preliminary outcomes of ‘Weights of Evidence and Fuzzy Logic’
analysis (Irianti, 2007), which is assisting the current work by CET.
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Reported here are new geological, structural, petrophysical and geochemical data
(geochronology, and whole-rock analyses) that has been obtained from undated mineral
deposits and associated intrusions. Mafic intrusions, related volcanic rocks, and
metasedimentary rocks have been ‘fingerprinted’ using geochemistry and Pb-Pb, Sm-Nd,
and Lu-Hf isotopic systems. These data provide important clues as to the tectonic
evolution of the GTO.

1.2. Work yet to be completed
As mentioned above, the initial work by Irianti is being supplemented by the
development of a region-wide 3D geological model of the GTO that includes ‘time’ as
the fourth dimension (4D) by CET. The aim of this part of the project is to better
understand the geological architecture that controls mineralization. In particular, Cam
McCuaig, Aurore Joly, and Elok Porwal are investigating the relationship between
mineral occurrences and geological variables such as lithostratigraphic and tectonic
settings.
The strength of this style of 3D modelling is that it has the potential to help focus
explorers towards prospective regions for economic mineral deposits even where no data
is available. Another benefit of this technique is that the geological model can be used to
compute simulations quantifying physical processes operating during mineralizing
processes. In other words, tectonic fabrics linked to the mineralizing processes could be
tracked as a proxy to the discovery of new targets by means of 3D architectural
constraints already established by the project. Datasets already compiled by the project
include geological field observations, GIS-based geological boundaries, drill-hole data,
interpretative seismic cross-sections, and measured potential fields.
The 3D modelling requires consistency of all data; it integrates data in a common
geometrical reference point and then merges them into a geological model that supports
the 3D structural interpretation. This will include placing topographic and GIS controls
on lithostratigraphic units with the aim of reproducing complex geological features as
realistically as possible.
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The final aspect of this part of the project will be the compilation of the 4D
evolution of the GTO with the integration of structural and geochronological data already
established. This work will be documented as a series of external publications (e.g. Jolly
et al., submitted), is largely self-contained, and will not be discussed further in this
manuscript.

1.3. Location of study area
The GTO is located in the southwestern part of the North Australian Craton (NAC) and
to the northeast of the Central Australian Craton (CAC; Fig. 1.1).

Figure 1.1.

Simplified map of Australia west of the Paleozoic Tasmanides (after
Pirajno and Bagas, 2008 and Bagas et al., 2009).
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1.4. Previous studies
Compared to other Proterozoic terranes in Australia, the GTO in Western Australia has
received little attention by geoscientists. This is related largely to its poor exposure,
remote location, and deep weathering.
Before the late 1930s, exploration in the region was limited to prospecting resulting
in a minor gold rush around 1900 (Davidson, 1905; Talbot, 1910). This was short-lived
due to the hard conditions mentioned above. During the late 1930s and early 1980s, work
consisted of geophysical surveys in The Granites and Tanami goldfields, with sporadic
exploration and very limited gold production (Hossfeld, 1938, 1940; Daly, 1962). The
area was largely neglected until “modern” exploration commenced in the early to mid1980s in The Granites and Tanami goldfields (Mayer, 1990, Nicholson, 1990).
The former Bureau of Mineral Resources (now known as Geoscience Australia)
began an investigation of the GTO in the early 1970’s as part of an Australia-wide
regional geological mapping program. From this work, they compiled the first detailed
geological study of the orogen (Blake et al., 1979). The study describes the stratigraphy
and rock-types, and provides some information on the deformation and metamorphism in
the area. Plumb (1990) reviewed the geology of the orogen based on the pioneering work
of Blake et al. (1979).
Although most of the ~300 t total gold resource was discovered in the Northern
Territory (Huston et al., 2007), by the late 1990s, significant discoveries were made at
the Kookaburra-Sandpiper and Coyote areas in Western Australia.

1.5. This study
1.5.1. Field work
The work presented in this study is based on 9 months of fieldwork in the GORDON
DOWNS, STURT CREEK, SLATEY CREEK, BALWINA, WATTS, KEARNEY, and LEWIS
1:100 000-scale maps sheet areas, which was undertaken during the winter months
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between 2005 and 2008. This involved systematic and detailed mapping, and sampling
for petrographic, geochronological studies, and whole-rock geochemistry. The fieldwork
helped develop an understanding of the geology and regional tectonic setting of the GTO
in Western Australia, which is here reported.
Detailed geological mapping and logging of diamond-drilhole core at the Coyote and
Kookaburra-Sandpiper gold deposits complimented the regional study of the orogen.
This aspect of the study helped determine the variety, distribution, structural controls,
and timing relationship of hydrothermal alteration assemblages, phases of quartz veining,
and gold mineralization.
1.5.2. Laboratory studies
The following laboratory-based procedures were utilised to help achieve the aims and
objectives of the project:
1. Petrographic investigations using polished and standard thin section were
undertaken to identify characteristic features of rocks, such as metamorphic,
hydrothermal, igneous, sedimentary, and tectonic textures;
2. Whole-rock and trace element geochemistry of igneous and metasedimentary
rocks was performed to compliment the petrogenetic studies. Whole-rock analysis
of the samples was undertaken at Genalysis Labs in Perth and Geoscience
Australia. Major elements concentrations were determined by wavelengthdispersive XRF on fused disks (after Norrish and Hutton, 1969), with a precision
of better than ±1%. Trace elements Ba, Rb, Sr, Cr, Ni, Sc, V, and Zr were
determined by wavelength-dispersive XRF on a pressed pellet (after Norrish and
Chappell, 1997). Cs, Ga, Nb, Pb, Ta, Th, Y, and REE (Ce, Dy, Er, Gd, Ho, Lu,
Nd, Pr, Sc, Sm, Tb, Yb) were analysed by ICP-MS (Perkin Elmer ELAN 6000;
after Eggins et al., 1997), on solutions obtained by dissolution by HF of fused
glass disks (Pyke, 2000). Platinum, palladium, and other assay data were carried
out by Genalysis Laboratories in Perth, with Pt, Pd, and Au being determined by
lead fire assay with ICP-MS finish and detection limits quoted at 1 ppb. Quality
control data on reference standards are only available for Au: 90% of analyses
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agreed within better than 20% with SARM reference standards ranging from 50
to 270 ppb. Ninety percent of analytical duplicates for both Pt and Pd agreed
within 9% of the amount present over a similar range;
3. mineral separation for isotopic geochronological studies were performed by
GSWA and MinSep Laboratories using conventional heavy liquid and magnetic
separation, in addition to hand picking individual grains under a binocular;
4. Samarium and Neodymium isotope analyses of whole-rock and trace element
samples were undertaken by Dr Roland Maas at the University of Melbourne for
use in the igneous petrogenesis study; and
5. SHRIMP U-Pb dating of zircons was undertaken by the author to determine the
age of igneous rocks and the maximum age for metasedimentary rocks. The
SHRIMP laboratory is run and maintained by the consortium of Curtin
University, GSWA, and UWA, with the support of the Australian Research
Council.

1.6. Candidateʼs contribution, and format
The research counted towards this thesis has been accepted for publication in 10 papers
elsewhere. The papers deal with various concepts and discrete studies that are directly or
indirectly related to the project.
Where publications appear with the Candidate as the senior author, the Candidate
planned and produced the manuscripts in their entirety, including all figures and tables.
In most cases, Dr Frank Bierlein provided support and insightful scientific discussions
and advice as the main supervisor of the study.
The relative contribution of the candidate and other parties is shown in Table 1.1.
The co-authors were aware that the Candidate’s contributions formed part of a PhD
thesis by publication. These papers are reproduced here in journal formats.
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Table 1.1 List of publications forming this PhD thesis showing relative
contributions of co-authors and listed in relative importance.
Authors

Year

Title

Publisher

Bagas, L. (70%), Bierlein,

2008

An example of a

Precambrian Research 166,

F.P. (10%), English, L. (5%),

Palaeoproterozoic back-arc

168–184.

Anderson, J. (5%), Maidment,

basin: petrology and

D. (5%), Huston, D.L. (5%)

geochemistry of the ca. 1864
Ma Stubbins Formation as an
aid towards an improved
understanding of the GTO,
Western Australia

Bagas, L. (80%), Anderson,

2009

Paleoproterozoic evolution of

Ore Geology Reviews 34, 47–

A. (10%), Bierlein, F.P.

the Killi Killi Formation and

67.

(10%)

orogenic gold mineralization
in the GTO, Western
Australia
2010

Collisional-related granitic
magmatism in the GranitesTanami Orogen, Western
Australia

Precambrian Research 177,

Paleoproterozoic gold

Mineralium Deposita 42, 127–

(10%), Anderson, J. (5%),

deposits in the Bald Hill and

144.

Mernagh, T.P. (5%)

Coyote areas, Western

Bagas, L. (80%), Bierlein,
F.P. (10%), Anderson, A.
(5%), Maas, R. (5%)
Bagas, L. (80%), Huston, D.

2007

212–226.

Tanami, Western Australia
2007

Lode–gold mineralization in

Mineralium Deposita 42, 175–

Vandenberg, L. (15%),

the Tanami region, northern

20.

Wygralak, A.S. (15%),

Australia

Huston, D.L. (30%),

Mernagh, T.P. (15%), Bagas,
L. (15%), and Crispe, A.,
Lambeck, A., Cross, A.,
Fraser, G., Williams, N.,
Worden, K., Meixner, T.,
Goleby, B., Jones, L., Lyons,
P., Maidment, D. (collective
total 10%)
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40

in Lyons, P., Huston, D.L.

(20%), Bagas, L. (20%), and

episodic history of

(Eds.), Evolution and

Hussey, K., Claoué-Long, J.,

mineralisation and tectonism

metallogenesis of the NAC.

Cross, A., Vandenburg, L.,

in the southern NAC,

Geoscience Australia

Fraser, G. (50%), Huston, D.

2006

Ar/39Ar constraints on the

Wygralak, A., Donnellan, N.,

Conference. Record 2006/16,

Crispe, A. (collective total

13–14.

10%)
Goleby, B.R. (20%), Huston,

2008

The Tanami deep seismic

Tectonophysics,

D.L. (20%), Lyons, P. (20%),

reflection experiment: An

doi:10.1016/j.tecto.2008.05.

Vandenberg, L. (15%), Bagas

insight into gold

031.

(15%), and L., Davies, B.M.,

mineralization and

Jones, L.E.A., Gebre-Mariam,

Paleoproterozoic collision in

M., Johnson, W., Smith, T.,

the NAC

English, L. (collective total
10%)
2008

Tectonic setting, evolution

Precambrian Research 160,

F.P. (10%), Bodorkos, S.

and orogenic gold potential of

227–244.

(5%), Nelson, D.R. (5%)

the late Mesoarchaean

Bagas, L. (80%), Bierlein,

Mosquito Creek Basin, North
Pilbara Craton, WA
Pirajno, F. (50%), Bagas, L.

2008

(50%)

A review of Australia's

Precambrian Research 166, 54-

Proterozoic mineral systems

80.

and genetic models
Bagas, L. (80%), Nelson, D.R.
(20%)

2007

Provenance of Neoproterozoic

in Munson, T.J., Ambrose, G.J.

sedimentary rocks in the

(Ed.), Proceedings of the

northwest Paterson Orogen

Central Australian Basins
Symposium (CABS), Alice
Springs, Northern Territory.
Northern Territory Geological
Survey Special Publication 2.
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1.7. Thesis organization
The Thesis is the product of various publications, which essentially form self-contained
chapters within this manuscript. The early papers represent the ideas generally accepted
at the time, and deal with more general and regional geology. Publications that are more
detailed follow these “introductory” papers beginning in Chapter 3, although this chapter
also deals with regional aspects of the GTO.
1.7.1. Chapter 2 (Papers 1, 2, and 3)
A series of manuscripts were completed concurrently with the studies undertaken in the
GTO. These extracurricular publications included topics of interest in Australian geology
outside of the orogen, and include accreditations for CET in their title pages. These
papers are included in the first part of the “Regional geology” section (Chapter 2.1) to
place a more Australia-wide setting for the GTO. The second part of this chapter
(Chapter 2.2) focuses in on the region around the GTO, which is applicable for the
remaining papers forming the core of this Thesis.
The three papers in Chapter 2.1 principally introduce Precambrian mineral systems.
The first paper (Pirajno and Bagas, 2008) documents significant mineral resources hosted
by Proterozoic rocks throughout Australia putting the gold mineralization of the GTO in
an Australia-wide setting (Fig. 1.1).
In more detail, Pirajno and Bagas (2008) subdivides Australia’s Proterozoic mineral
systems into the major categories: (1) iron-formations or banded iron-formations (BIFs);
(2) orthomagmatic ore systems); (3) orogenic and intrusion-related systems; (4) mineral
systems associated with anorogenic magmatism; (5) rift-related stratiform and
stratabound sedimentary-hosted; and (6) uranium deposits. These mineral systems
formed in intraplate, plate-margin, back-arc rift, and/or collisional tectonic settings. Gold
deposits in the GTO are included in the third category above and were deposited within a
collisional tectonic setting (c.f. Bagas et al., 2009). These deposits were broadly
synchronous with granitic magmatism (Bagas et al., 2009, 2010), and form part of a rich
suite of Paleoproterozoic mineral endowment in Australia.
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The second paper in Chapter 2.1 describes a turbiditic succession that hosts gold
mineralization in the Mesoarchean Mosquito Creek Basin (MCB) of the Pilbara Craton
(Bagas et al., 2008a; Fig. 1.1) as a comparison with similar rocks in the Paleoproterozoic
Tanami Basin of the GTO. An aim of this study was to limit the age of the basin and gold
mineralization therein, which formed at shallower crustal levels than that in the GTO. In
the MCB, sulfur-and gold-bearing hydrothermal fluid migrated into proximal second-and
third-order fault systems developed subparallel to an east-northeast-trending terrane
boundary known as the Kurrana Shear Zone (Bagas et al., 2008a). The mineralized
structures are between 5 and 10 km from the terrane boundary, and include epizonal (i.e.
Au–Sb) to mesozonal (i.e. Au–As) lode systems formed late during deformation,
shortening and exhumation of the inverted MCB sequence.
The close association of anomalously large (i.e. ≥30 t Au) orogenic lode gold
deposits with meta-sedimentary rocks above ‘primitive’ oceanic crust in the majority of
major lode gold provinces implies that these oceanic rock sequences play an important
role in the ore-forming process (e.g. Bierlein et al., 2002). Moreover, giant gold
provinces and deposits, such as found in the GTO, are generally sited in geodynamic
settings involving lithospheric thinning just prior to, or synchronous with, the gold
mineralizing event (e.g. Bierlein et al., 2006). In contrast, development of the MCB
probably took place on thickened, previously dehydrated crust of continental origin that
had also been punctuated by voluminous granite intrusions during extensional tectonics
some 100 Ma prior to the development of the MCB (Bagas, 2005). These conditions are
generally considered unsuitable for the formation of well-endowed orogenic lode gold
provinces as they do not favour the release of massive fluid volumes from underplated
juvenile and hydrated rocks within a relatively short time (Bierlein et al., 2002).
The third paper (Bagas and Nelson, 2007) examines the effects of far-field tectonic
events on the development of sedimentary basins that host gold mineralization. This
paper emphasises that no region or terrane should be regarded as an entity on its own
without considering distal events. In other words, terranes are the product (or symptom)
of widespread geological processes affecting large portions of the crust. In detail,
metasedimentary units of the Neoproterozoic Tarcunyah Group in the Officer Basin and
the Throssell Range and Lamil groups in the Yeneena Basin form the base of the
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Centralian Superbasin in a long-lived mobile zone known as the Paterson Orogen, in the
north-central part of Western Australia (Fig. 1.1; Bagas and Nelson, 2007). Major faults
that coincide with boundaries to the 2000 km-long Anketell Gravity Ridge separate the
groups. Incidentally, the Willowra Lineament is a similar scale and subparallel feature in
the GTO, which extends for a similar distance across Western Australia to Queensland
(Bagas et al., 2008b). Both of these major tectonic zones form boundaries for the CAC
(discussed in section 1.7.3), were probably initiated at similar times (ca. 1800 Ma), and
have been reactivated during the Proterozoic and Palaeozoic.
The implication of the far-field provenance for sedimentary basins, such as the
Centralian Superbasin (and MCB), is that such basins are not self-contained or isolated
entities, but can be sourced from regions that are thousands of kilometres away, which is
envisaged for the turbiditic units included in the GTO. In the GTO example, the Tanami
Group is the consequence of tectonic activities along the boundary between the GTO and
Halls Creek Orogen to the west (Bagas et al., 2009).
1.7.2. Chapter 3 (Paper 4)
The seismic collaborative seismic research project was conducted during 2005, and
consisted of four seismic traverses (05GA-T1 to T4, totaling 720 line-km) across the
GTO in Western Australia and the Northern Territory (Fig. 1.2). The project’s team
involved Geoscience Australia, the Geological Survey of Western Australia, the Northern
Territory Geological Survey, Newmont Australia Pty Ltd, and Tanami Gold NL (Goleby
et al., in press). The aim of the project was to better understand the three-dimensional
geological architecture of the crust and gold mineral systems in the orogen. The work
done by the author of this Thesis was to map the geology and complete interpretations of
sections of the seismic lines that transected the Western Australian part of the GTO
(05GA-T4 and the western part of 05GA-T1; Fig. 1.2). The crustal-scale features imaged
include a well-defined and region-wide Mohorovičić (Moho) discontinuity, and
thickened crust defining the Willowra tectonic zone at the contact between the GTO to
the north and Arunta Orogen to the south. The crust in this contact zone ranges from 35
to over 60 km in depth, and is interpreted to represent a major collisionally thickened
zone between the GTO and the CAC (Bagas et al., 2008b). The project also indicates that
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several gold deposits in the orogen are within near-surface antiformal stacks or uplifted
and exhumed crustal sections associated with major shear zones that extend to the Moho
discontinuity (Goleby et al., 2009).

Fig. 1.2.

Simplified geology of the Granites-Tanami Orogen showing the location of
seismic lines 05GA-01 to 04 (modified after Huston et al., 2007).
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1.7.3. Chapter 4 (Papers 5, 6, and 7)
The initial study of the economic geology of the GTO is summarized in papers 5 (Huston
et al., 2007), 6 (Bagas et al., 2007), and 7 (Fraser et al., 2006), which describe the major
gold deposits throughout the GTO (Fig. 1.2; Huston et al., 2007), the Western Australian
portion of the orogen (Fig. 1.3; Bagas et al., 2007), and 40Ar/39Ar dates for gold
mineralization in the GTO (Fraser et al., 2006). Figure 1.3 is based on detailed field
mapping of five 1:100 000-scale sheet areas, accompanied by the interpretation of
aeromagnetic data (refer to Section 1.5 for further details).
These earlier papers placed the mineralization events within a tectonic framework
suggested by the Northern Territory Geological Survey (NTGS) and Geoscience
Australia (Fig. 1.4). This tectonic framework is now in doubt as outlined in later papers
(Bagas et al., 2008b, 2009, 2010). The different interpretations are illustrated in Figure
1.4.
The timing of gold mineralization in the GTO is discussed in paper 6 with reference
to the Callie and Coyote deposits, which are ca. 1795 million years old, based on U-Pb
ages of xenotime from gold-bearing veins (Fraser et al., 2006). At the Sandpiper deposit
north of Coyote, muscovite intergrown with arsenopyrite in gold-bearing veins yields a
40

Ar/39Ar date of ca. 1785 Ma, which is best regarded as a minimum age for gold

mineralization in the orogen. These dates, however, cannot be taken at face value,
because 40Ar/39Ar dates are commonly affected by post-ore thermal events (c.f. Selby et
al., 2002). This will be discussed in detail following the completion of current Os-Re
studies on the Coyote and Sandpiper deposits (Bagas et al. in prep.).
1.7.4. Chapter 5 (Paper 8)
Paper 8 focuses in on the GTO of Western Australia and describes the newly recognised
ca. 1864 Ma Stubbins Formation (Bagas et al., 2008b). The formation is a succession of
turbiditic and pelagic sedimentary rocks interbedded with volcanic and abundant dolerite
sills. A study of the geochemistry indicates that these rocks: (1) have tholeiitic to calcalkaline affinities; (2) are related to the same magmatic events; and (3) based on
comparisons with modern analogues, were deposited in a back-arc basin to island-arc

14

Chapter 1: Introduction

setting east of the Halls Creek Orogen. Deposition in the basin cease during
compressional (collisional) deformation around 1850 Ma that was followed by collisional
tectonics at ca. 1800 Ma, which is associated with orogenic lode-gold deposits in the
region (Bagas et al., 2009).

Fig. 1.3.

Simplified geology of the Granites-Tanami Orogen, Western Australia (area
mapped by the author).
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Figure 1.4.

Stratigraphy and deformation episodes in the Granites-Tanami Orogen
(GTO) proposed in this study and compared with that of Crispe et al.
(2007). The age constraints and characteristics of structures associated
with the events are discussed in Bagas et al. (2008b, 2009, 2010).
Acronyms used for tectonic events: PTO = Post Tanami Orogeny.

1.7.5. Chapter 6 (Paper 9)
The ca. 1864-1844 Ma Killi Killi Formation is a succession of turbiditic sedimentary
rocks in the GTO and discussed in paper 9 (Bagas et al., 2009). SHRIMP U–Pb zircons
data indicate that these rocks have a maximum age of ca. 1864 Ma, which is about 30 Ma
older than the previously proposed ages for the formation.
Some of conclusions made from this study of the Killi Killi Formation and gold
mineralization at Coyote are: 1) the formation has a predominantly igneous source; 2) the
formation was deposited in an active continental margin setting; 3) basin deposition
culminated by ca. 1850 Ma; and 4) compressional tectonics at ca. 1800 Ma lead to
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widespread formation of orogenic lode-gold deposits when the GTO collided with the
CAC to the south.
1.7.6. Chapter 7 (Paper 10)
U-Pb data from SHRIMP studies, Sm–Nd isotopic data, geochemistry and petrological
studies presented in paper 10 (Bagas et al., 2010) all suggest that granites in the Western
Australian portion of the GTO where emplaced around ca. 1795 Ma, are variably
fractionated, peraluminous and derived from, or interacted with, ca. 2600 Ma upper
crustal material.
Deformation, metamorphism, and magmatism associated with the Tanami Orogen
around 1795 Ma were synchronous with the Stafford Orogeny in the Arunta Orogen.
This deformation was the product of north- to northeast-directed compression within the
GTO, where it is associated with greenschist facies regional metamorphism. Amphibolite
facies metamorphism is restricted to the immediate aureole of certain granites.
The granites are inferred to have formed in response to convergence and
amalgamation of the GTO and the northern part of the Arunta Orogen along an
accretionary margin delineated by the Willowra Lineament. Synchronous ca. 1795 Ma
orogenic gold mineralization and syn-collisional granites have been identified across
extensive regions throughout the NAC (e.g. the Pine Creek and Halls Creek orogens).
This improved understanding of the evolution of the GTO aids exploration for orogenic
gold (and other metals) within this fertile yet relatively under-explored region and
analogous terrains throughout the NAC.
1.7.7. Chapter 8
The last Chapter (Chapter 8) summarizes the main findings and conclusions of the
publications, which are presented as they were published, thus there is a degree of
repetition between them.
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1.8. Conventions and acronyms
The International Commission on Stratigraphy (ICS), the International Union of
Geosciences International Union of Geological Sciences (IUGS), and the Glossary of
Geology published by the American Geological Institute are the reference works for
geological terms used in this manuscript. The geological nomenclature for geological
terranes follows that of GSWA (Tyler and Hocking, 2007).
The GTO, also called The Granites–Tanami Region (Blake et al., 1979) and the
Granites–Tanami Inlier (Tunks, 1996), is included in the poorly defined “Tanami
Region” of Crispe et al. (2007). Bagas et al. (2009) defined the GTO to include
Neoarchean and Paleoproterozoic rocks that are older than the late Paleoproterozoic
cover sequences known as the Pargee Sandstone and Birrindudu Group. The orogen
consist mostly of tightly folded Paleoproterozoic, greenschist-facies, sedimentary,
volcanic, and granitic rocks.
In an attempt to sort out the effects of deformation in the study area, it was assumed
that the earliest and widespread deformation event in the GTO recognized by the NTGS
and Geoscience Australia in the Northern Territory was also the earliest event in Western
Australia. This deformation event was designated as D1 and consequent deformation
events were abbreviated as Dn, of folding as Fn, foliation as Sn (where S0 designates the
bedding surface), lineation as Ln, and metamorphism as Mn, where “n” is a whole
number and is always cross-referenced to the deformation event. In other words, the S2,
F2, L2, and M2, are all associated with D2.
Soon after the study began, an earlier deformation event was quickly recognized in
Western Australia that was not recognized in equivalent rocks of the Northern Territory
(Bagas et al., 2007). To reduce the possibility of confusion in the literature, it was decide
to create a unique scheme to distinguish deformation events from those proposed by the
NTGS (e.g. Crispe et al., 2007). This was done by including “GTO” before “n” for
events that were older than the cover sequence, and “PTO” for events affecting the cover
sequence. This means that DGTO2 in this study is equivalent to D1 in Crispe et al. (2007).

18

Chapter 1: Introduction

The terminology used in this thesis follows that used in international journals. Where
an abbreviation or acronym is applied in the text, it is explained at its first appearance. In
addition, commonly used abbreviations and acronyms in this manuscript are:
~

approximately

ºC

degrees centigrade

3D

three-dimensional

4D

four-dimensional

BIF(s)

banded iron-formation(s)

ca. (circa)

approximately or around

CAC

Central Australian Craton (Bagas et al., 2008)

CET

Centre for Exploration Targeting

CL

cathodoluminescence

DGTO1

first deformation event in the Granites-Tanami Orogen

DGTO2

second deformation event in the Granites-Tanami Orogen

Dr

Doctor

e.g. (exempli gratia)

example

et al. (et alia)

and others

Fig(s).

Figure(s)

GIS

geographic information system

GSWA

Geological Survey of Western Australia

GTO

Granites-Tanami Orogen

ICP-MS

inductively coupled plasma mass spectroscopy

i.e. (id est)

in other words, that is

km

kilometres

LOI

Loss on ignition

Lu-Hf

lutetium-hafnium

m

metre

Ma

million years ago
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MERIWA

Minerals and Energy Research Institute of Western Australia

MCB

Mosquito Creek Basin

MORB

Mid-Ocean Ridge Basalt

MSc

Master of Science

N

north

NAC

North Australian Craton (Myers, 1990; Myers et al., 1996)

NTGS

Northern Territory Geological Survey

PGE(s)

platinum-group element(s)

PhD

Doctorate of Philosophy

ppb

parts per billion

ppm

parts per million

PT

post-Tanami Orogeny

REE

Rare-Earth Elements

S

south

SAC

South Australian Craton (Myers, 1990; Myers et al., 1996)

SARM

standard analytical reference materials

SHRIMP

Sensitive High Mass Resolution Ion Microprobe II

Sm-Nd

samarium-neodymium

t

tonnes

TGNL

Tanami Gold NL

U-Pb

uranium-lead

UWA

The University of Western Australia

WAC

West Australian Craton (Myers, 1990; Myers et al., 1996)

wt%

weight percent

XRF

X-ray fluorescence
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2.1. Examples of Precambrian mineral systems
2.1.1. Australiaʼs Proterozoic mineral systems
Precambrian Research 166 (2008) 54–80
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a b s t r a c t
Australian Proterozoic rocks host signiﬁcant mineral resources, some of which are amongst the largest in
the world with about 50% of the value of Australian mineral production from iron and gold. Australia’s
Proterozoic mineral systems reviewed in this contribution include: (1) iron-formations or banded ironformations (BIFs); (2) orogenic and intrusion-related systems; (3) orthomagmatic ore systems; (4) mineral
systems associated with anorogenic magmatism; (5) rift-related stratiform and stratabound sedimentaryhosted; and (6) uranium deposits. These mineral systems formed in intraplate, plate margin, back-arc
rift and collisional tectonic settings. The Hamersley Basin is endowed with largest Fe resources in the
world, which are time equivalent (ca. 2400 Ma) of the Transvaal Group BIF in South Africa. The origin
of BIF and of granular iron-formation (GIF) remains a contentious issue with models invoking subaqueous hydrothermal discharges in lakes and/or ocean basins or in Red Sea type brine pools. In all cases
a density and oxic–anoxic stratiﬁed system is required to enable precipitation of Fe3+ . Orogenic and
intrusion-related ore systems are very common in the Proterozoic rocks of Australia, with examples
from the Pine Creek, Granites–Tanami and Arunta orogens in the North Australian Craton (NAC), and
the Capricorn Orogen in the West Australian Craton (WAC). These deposits reﬂect collision and accretion events between ca. 1800 and 1790 Ma. Orogenic Au lodes are generally, but not always, temporally
associated with granitic rocks, but a genetic relationship remains elusive. Orthomagmatic Ni–Cu–PGE
and Fe–Ti–V ore deposits in maﬁc–ultramaﬁc systems are present in the Halls Creek Orogen (NAC) and
the ca. 1080 Ma Giles maﬁc–ultramaﬁc intrusions in the Musgrave Complex (Paterson Orogen). Mineral
systems associated with anorogenic magmatism encompass a wide range of hydrothermal deposits of
which the economically most important are the Fe oxide–copper–gold or IOCG ore systems, such as the
ca. 1580 Ma world-class Olympic Dam in the South Australian Craton (SAC). In the same group are the Abra
Pb–Zn–Ag–Ba(–Cu–Au–W) (Capricorn Orogen) and the world-class Telfer Au–Cu (Paterson Orogen). The
latter has been one of the largest Au producers in Australia. During 1100 and 800 Ma alkaline rocks, including carbonatites and diamondiferous lamproites, were emplaced in the NAC, SAC and WAC. The 1180 Ma
Argyle lamproite pipe in the NAC is the world’s largest diamond producer. Studies elsewhere suggest
that these alkaline rocks are the distal expression of mantle plume events. Stratiform and stratabound
sedimentary-rock hosted giant and world-class Zn–Pb–Ag sulﬁde deposits developed between ca. 1700
and 1500 Ma in the McArthur River-Mount Isa and Broken Hill rift systems. These deposits are all hosted
in metamorphosed siliciclastics or organic-rich shales and associated with clastic–evaporitic successions
and bimodal igneous activity. Conceptual models of ore genesis propose discharge of hydrothermal ﬂuids
along major basin faults, syn-sedimentary exhalations of these ﬂuids in oxygen deﬁcient pools and bacterial sulfate reduction in order to produce H2 S and precipitate sulﬁdes. An unusual and large non-sulﬁde
Pb carbonate ore deposit, Magellan, is hosted in clastic rocks of the ca. 1800 Ma Earaheedy Group. The
lack of sulﬁdes suggest that the deposit is related to paleoweathering processes, which induced oxidation and mobilization of Pb. Uranium ore systems, apart from U contained in IOCG deposits, include the
unconformity stratabound deposits in the Pine Creek Orogen with the world-class Jabiluka as the main
representative. We conclude that the several giant and world-class ore systems in Australia’s Proterozoic
were formed during intraplate tectonothermal and rifting events. Orogenic lodes were formed during
collision and accretion of arc terranes that led to the amalgamation of the NAC, SAC and WAC.
Crown Copyright © 2008 Published by Elsevier B.V. All rights reserved.
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2.1.2. An auriferous Mesoarchean turbiditic succession (supplementary
data in Appendices 1 and 2)
Available online at www.sciencedirect.com
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Abstract
The geology, evolution, and metallogenic potential of the Mesoarchaean Mosquito Creek Basin remains poorly understood, despite the presence
of several orogenic gold deposits. The basin is dominated by medium- to coarse-grained, poorly sorted and chemically immature sandstone and
conglomerates, characterised by very high Cr/Th, high Th/Sc, and low Zr/Sc relative to average continental crust. These features are consistent
with the presence of signiﬁcant maﬁc rocks in the source terrain(s), a limited role for sediment recycling, and deposition in an increasingly distal
passive margin setting on the southeastern edge of the Palaeo- to Mesoarchaean East Pilbara Terrane.
New U–Pb SHRIMP data on 358 detrital zircons indicate a conservative maximum depositional age of 2972 + 14/−37 Ma (robust median; 96.1%
conﬁdence). Zircon provenance spectra from conglomeratic rocks near the base of the unit are consistent with substantial derivation from the East
Pilbara Terrane, but ﬁner-grained sandstones higher in the stratigraphy appear to have been sourced elsewhere, as their zircon age spectra are not
well matched by any of the exposed Pilbara terranes.
The Mosquito Creek Basin was deformed before and during collision with the northern edge of the Mesoarchaean Kurrana Terrane, which resulted
in the development of macroscopic north-verging folds, thrust faulting, and widespread sub-greenschist to greenschist facies metamorphism. This
collisional event probably took place at ca. 2900 Ma, based on two identical Pb–Pb model ages of 2905 ± 9 Ma from epigenetic galena associated
with vein-hosted gold–antimony mineralization. The metallogenic potential of the Mosquito Creek Basin remains largely unevaluated; however,
the possibility of a passive margin setting and continental basement points to relatively limited potential for the formation of major orogenic gold
deposits.
© 2007 Elsevier B.V. All rights reserved.
Keywords: North Pilbara Craton; Archaean; Mosquito Creek Formation; Detrital zircon geochronology; Geochemistry; Orogenic gold

1. Introduction
Turbidite-hosted orogenic gold deposits are well documented
throughout the world. Examples are Palaeoproterozoic deposits
in the Granites–Tanami Orogen of Northern Australia (Bagas
et al., 2007), and Palaeozoic deposits of southeastern Australia
(e.g. Bierlein et al., 2001, 2004), New Zealand (e.g. Christie and
Brathwaite, 2003), and North America (Goldfarb et al., 1997,

∗ Corresponding author at: Geological Survey of Western Australia, 100 Plain
Street, East Perth, WA 6004, Australia. Tel.: +61 8 9222 3221;
fax: +61 8 9222 3633.
E-mail address: leon.bagas@doir.wa.gov.au (L. Bagas).

0301-9268/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.precamres.2007.07.005

1998; Böhlke, 1999; Bierlein et al., 2004). However, very little
has been published on Mesoarchaean deposits. Examples are
the epizonal deposits in the Mosquito Creek Basin (MCB) of
the Archaean North Pilbara Craton that have produced over 8 t
of gold (Ferguson and Ruddock, 2001).
Alluvial gold was discovered in the MCB near Nullagine
township in 1886 and gave impetus for further exploration for
gold and other precious metals in the region (Fig. 1), which
continues to this day (Noldart and Wyatt, 1962).
Since the 1980s, various research groups have proposed
that the structural history of the area involved either horizontal
compressional tectonics, or invoked a range of diapiric models for the emplacement of Archaean granitic complexes (Van
Kranendonk et al., 2002; Blewett et al., 2002, and references
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2.1.3. Local effects of far-field tectonic events on the Yeneena Basin that
hosts the world-class Telfer gold deposit
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2.2. Regional setting of the Granite-Tanami Orogen
2.2.1. Background
The GTO is also called The Granites–Tanami region (Blake et al., 1979) and The
Granites–Tanami Inlier (Tunks, 1996), and is included in the poorly defined Tanami
Region of Crispe et al. (2007). The orogen is located in the southwestern and southern
part of the NAC and is situated between the Halls Creek Orogen to the northwest and the
Arunta Orogen of the CAC to the south (Fig. 1.1). Neoproterozoic and Phanerozoic
sedimentary rocks conceal the contacts between these three orogens. However, a major
geophysical (combined aeromagnetic and gravity) feature, called the Willowra
Lineament, marks the boundary between the Granites–Tanami and Arunta orogens
(Bagas, et al., 2008b). The lineament continues to the northwest and is concealed near the
northeastern edge of the Canning Basin to the south of the King Leopold–Halls Creek
orogens (Fig. 1.1).
The GTO includes Mesoarchean to Paleoproterozoic rocks older than late
Paleoproterozoic cover sequences (Bagas et al., 2008b). The orogen consists of tightly
folded, greenschist-facies, sedimentary, volcanic, and granitic rocks. Isolated inliers of
Archean leucocratic orthogneiss and schistose metasedimentary rocks also outcrop in
Western Australia and the Northern Territory (Page et al., 1984). Examples of such
inliers in Western Australia are Browns Range Dome and west of Bald Hill (Figs. 1.1,
1.2, 1.3).
Blake et al. (1973; 1979) subdivided the GTO into five units included in the Tanami
Group. This subdivision was based on differing proportions of lithologies and, due to
poor exposure, on geographical locations. These units were called the Killi Killi, Mount
Charles, Nanny Goat Creek, Nongra, and Helena Creek beds, which were interpreted as
lateral equivalents. The formations consist of lithic sandstone (wacke), quartz-rich
sandstone, siltstone, chloritic and sericitic shale, carbonaceous shale, banded-iron
formation, and mafic volcanics.
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In the 2000s, NTGS and Geoscience Australia redefined the Tanami Group to
include the Dead Bullock Formation at the base and the conformably overlying Killi Killi
Formation (Hendrickx et al., 2000; Crispe et al., 2007; Cross and Crispe, 2007). They
also defined the Ware Group (Fig. 1.4), which is bracketed by Cross and Crispe (2007)
between 1825–1810 Ma. The group consists of felsic volcanic rocks and coarse-grained
lithic sandstone with minor siltstone and basalt. The contact relationship between the
Tanami and Ware groups has not been established, but it is inferred to be an
unconformity (Crispe et al., 2007). The validity of including various formations in the
Ware Group has been questioned based of lithological, geochemical, tectonic, and
geochronological grounds (Cross and Crispe, 2007; Bagas et al., 2008b, 2009). The two
main proposed stratigraphic schemes for the region are shown in Figure 1.4.
Each of these schemes has implications on the distribution of gold in the GTO. That
of this study restricts mineralization to the Tanami Group, whereas that of Crispe et al.
(2007) suggests that there were two major gold events separated by the age of the Ware
Group (Fig. 1.4).

2.2.2. Regional deformation and mineralization
Deformation, metamorphism and magmatism during ca. 1795 Ma in the GTO were
synchronous with deformation associated with the Stafford Orogeny in the Arunta
Orogen of central Australia (e.g. Collins and Shaw, 1995; Scrimgeour, 2006). This
deformation event was the product of north- to northeast-directed compression in the
GTO, which gave rise to predominantly greenschist facies regional metamorphism, with
localised areas in aureoles around the granites reaching amphibolite-grade. The granites
formed during tectonic relaxation following the convergence and amalgamation of the
GTO and the Arunta Orogen along an accretionary margin delineated by the Willowra
Lineament (Bagas et al., 2009, 2010). Coevality of ca. 1795 Ma orogenic gold
mineralization and syn-collisional granites has been identified across extensive regions
throughout the NAC (e.g. Pine Creek and Halls Creek orogens; e.g. Pirajno and Bagas,
2008).
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During this time, the NAC, CAC, and WAC came together in the Paleoproterozoic
(ca. 1800 Ma) by plate collisions of continents. The resulting Willowra tectonic zone of
the southern part of the GTO and the Paterson Orogen to the southwest were collisional
belts similar in scale to the modern Himalayas. The resultant continent contains reworked
Archean crust, which in the western part of the GTO is recorded in Browns Range Dome
and west of Bald Hill, and inferred from SHRIMP zircon dates of detrital zircons in
metasedimentary rocks, xenocrystic zircons in granitic rocks, and Sm-Nd ages. Major
accretionary provinces were added to this continent south of the Willowra Lineament in
what is now termed the Arunta Orogen (e.g. Shaw et al., 1984; Stewart et al., 1984;
Collins and Shaw, 1995; Scrimgeour, 2006), analogous to present-day convergence
between Australia and Indonesia. The preserved architecture of the GTO is discussed in
Chapter 3, although cover rocks concealed the nature of the northern part of the Tanami
Basin (e.g. Crispe et al., 2007).
Analysis of hydrothermal xenotime from the Coyote deposit and the Callie deposit,
and 40Ar/39Ar dating of biotite from the Coyote and Sandpiper deposits in the Bald Hill
area (Fig. 1.2) suggests that gold was deposited ca. 1795 Ma (Fraser et al., 2006), which
overlaps with the crystallization ages of granites in region (Bagas et al., 2007).
The Coyote deposit is hosted by the ca. 1864–44 Ma Killi Killi Formation (Fig. 2.1).
The formation is interpreted to be up to 4 km thick and comprises fine- to mediumgrained, immature sandstone (wacke) interbedded with lesser (10-30%) siltstone, and
rare carbonaceous shale, and is intruded by east-trending dolerite dykes that occupies
DGTO2 faults (Bagas et al., 2009).
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Figure 2.1.
Measured and composite stratigraphic section of the Killi Killi Formation at
Coyote gold mine (modified after TGNL, 2006).
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