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AMIRA P482 Final Report 

David C. Champion & Kevin F. Cassidy 

Introduction 
This, the final report for the AMIRA P482 project, presents the data, results and conclusions 
ofthat study. The report is accompanied by a second CD, containing the digital data from 
the project, presented as a granite GIS, comprising granite solid geology, geochemical data 
(including metallogenic parameters), geochronological data, outcrop geology, mineral 
deposits, and geophysical interpretation layers. 

The final report is comprised of nine chapters, split into five themes as follows: 
• Geophysical overview of the Yilgam craton (Chapter I) 
• Description of the granite groups for each province (Chapters 2-5) 
• SHRIMP geochronology, and Sm-Nd, Pb/Pb isotopic data and results (Chapters 6-7) 
• Granite overview for the craton, including tectonothermal history (Chapter 8) 
• Granite metallogenesis and links to mineralisation (Chapter 9) 

The report also includes, as an appendix, a modified version of the 'Archean orogenic lode
gold deposits' paper by S.G. Hagemann & K.F. Cassidy (2000; in Reviews in Economic 
Geology, vol. 13, p.9-68). 

Also included on this CD are the Minutes (WORD format) from the various AMIRA 6-
monthly meetings, and the presentations from those meetings (POWERPOINT format). 

Report Formats 
This report is provided primarily in pdf format for which the ACROBAT Reader software is 
required. This can be downloaded free of charge from the ADOBE website. As some pdf 
files are large (up to 10 Megabytes), individual pdf files have been included for the text and 
each figure (in 'lndividuaLpdf subdirectories). In addition to pdf format, the text for each 
chapter is supplied as a WORD 97 document, and the figures as various graphic formats 
(e.g., jpegs, coreldraw files). These files can be found in the relevant subdirectories within 
each chapter directory. 

Reading this report 
The easiest way to read this report is by going to the Table of Contents (below), from which 
each chapter can be accessed, by following the links. 

Also included below is a location diagram illustrating the regions covered by the various 
chapters, again with links to the relevant chapters. 

Chapter summaries 
Summary sections for each chapter are bookmarked and so can be easily read by following 
the chapter links to the relevant chapter, and then using the bookmarks within each chapter 
to the relevant summary section. 
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Chapter 1. 
Granite characteristics and structure of the Yilgarn Craton as inferred 

from the interpretation of geophysical data 

Alan Whitaker 

Summary 
The Yilgarn Craton is very poorly exposed and geological models of its evolution and 
structure are poorly constrained. Aeromagnetic (and gravity) data are little influenced by thin 
regolith and provide a continuous model of the Craton. Approximately 75 percent of the 
Yilgarn Craton is composed of granite, or gneiss of granitic composition. Five main crustal 
elements (geophysical map units) are defined through interpretation of the aeromagnetic data: 
granite plutons; undivided gneiss-migmatite-granite (most abundant); parallel banded 
(granitic) gneiss; sinuous (variable composition) gneiss; and greenstone. Granitic and gneissic 
domes are identified in several areas. Eight large domains, equivalent to geological provinces, 
are defined and are composed of various mixes of the crustal elements. Granitic crust adjacent 
to or surrounding greenstone belts is also inferred to underlie them. The characteristics of 
faults and shears in this granitic crust provide a model for the nature of faults and shears in the 
greenstone belts. The Norseman-Wiluna belt is considered to be a 200 krn wide, craton scale, 
shear zone with distinctive structure relative to crust on either side. Banded gneiss and 
greenstone are spatially correlated with shear zones. Magnetisation is not an effective 
discriminator of the geochemically defined granite suites. Further more, mineralised granite is 
not uniquely magnetised. The geophysical data do however provide useful detail of major 
changes in the crust, structural and compositional trends, and the boundaries of many 
intrusives. 

1. Introduction 
About 75 percent of the near surface crust of the Yilgarn Craton is composed of moderate to 
highly magnetised granite or gneiss of granitic composition. Poorly magnetised greenstones 
belts, which comprise the remainder of the crust, host most of the known gold mineralisation. 
While the majority of production has come from mafic rocks in the greenstone belts, alteration 
is commonly potassic, and mineralising fluids are thought to have at least interacted with 
granite. In general, granitic rocks of the Craton have been considered poorly mineralised. 
However, significant resources of gold have been outlined in granite in recent years (e.g., 
Tarmoola, Fairclough & Brown, 1998; Golden Cities, Kehal et aI., 1999). Outcrop of the 
craton is poor (less than 15%), and geological understanding is consequently limited; 
particularly of the location and nature of boundaries between rock types and larger provinces. 
Interpretation of the aeromagnetic data provides considerable detail on the nature and 
distribution of discrete granite plutons, and also on the more problematic and extensive 
terranes of gneiss and granite. 

The Yilgarn Craton has been previously subdivided into a Western Gneiss Terrane with 
abundant gneiss, and terranes to the east composed dominantly of granite and greenstone 
(Myers, 1990; Gee et aI., 1981; Trendall, 1990). The position of boundaries between the 
terranes is poorly constrained and, in terms of the geophysical interpretation, some boundaries 
have been placed in regions where there is no apparent change in crustal material (e.g., parts 
of the Narryer-Murchison, Murchi'son- Southern Cross, Western Gneiss-Murchison Province 
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boundaries). The aeromagnetic interpretation also indicates that gneiss is more abundant in the 
granite-greenstone provinces than indicated in the literature. To a large extent the granite
greenstone provinces of the Yilgarn Craton have been defined on the basis of greenstone 
characteristics including abundance of key lithologies and deformational trends. The 
interpretation presented below defines province-sized domains drawing extensively on the 
nature and contrasts in granitic crust as well as that of greenstone. Craton crossing faults (e.g., 
Youanmi, Ida) have been defined as structural, terrane or accretionary boundaries (e.g., Myers, 
1995; 1997; Wilde et a!., 1996). There is no geological or geophysical evidence to support the 
continuity or extent proposed for these faults. 

This report provides information progress of the geophysical interpretation for the Yilgarn 
Craton, details of the mappable crustal elements, characteristics of the major domains or 
subdivisions of the Craton, and the geophysical characteristics ofthe geochemically defined 
granite groups. 

2 Geophysical data sets & interpretation progress 
2.1 Aeromagnetic data 
Survey specifications for aeromagnetic data coverage of the Yilgarn Craton held by the 
Australian Geological Survey Organisation (AGSO) include a variety of flightline line 
spacings: 1500 m data over the sub-cropping area of the Craton (56 x 1 :250000 Sheets); 400 
m data over the central and northeast areas of the Craton (17 x 1 :250 000 Sheets); and 3-6 km 
data in areas of thick sedimentary cover in the north east and east of the Craton (4 x 1 :250 000 
Sheets). The only 200 m publicly avai lable data accessible to the project is from the western 
parts of Rason and Throssell and parts of the recently acquired data for the Y ouanmi Sheet. 
Interpretation priorities were given to coverage of the sub-cropping areas ofthe Eastern 
Goldfields, Murchison, and Southern Cross and Provinces, in line with project objectives. 
Prior to the March 1999 Sponsors meeting, interpretation was completed on aeromagnetic 
data of the area from Leonora to Widgiemooltha in the Eastern Goldfields Province. During 
the past 18 months, interpretation and capture has been concluded for five 1 :250 000 Sheets in 
the Wi luna I: 1 M Sheet, all of the Perth and southern Meekatharra I: I M Sheets, and the 
Rason Sheet on the Kalgoorlie 1: I M Sheet. Interpretation of the regional aeromagnetic data is 
ongoing and has been provided to this project prior to public release but remains in the public 
domain. 

Several companies have generously provided access to detailed (100m and 200m line spacing) 
aeromagnetic data to complement the study. The data sets interpreted include coverage of 
greenstone in the north Murchison (Cue, Belele), the Yalgoo greenstone belt, Sandstone and 
Gum Creek greenstone belts, and parts of the Southern Cross and southern Eastern Goldfields 
Provinces (Southern Cross, Kellerberrin, Kalgoorlie, Kurnalpi, Widgiemooltha and Norseman 
Sheets). Most of the interpretations of these data sets have been captured but are yet to be 
integrated with the regional interpretation. However, Champion, Cassidy and Budd have 
incorporated relevant pluton outlines from the interpretations of company data in the granite 
solid geology compilation. The interpretations of sponsor company data will be subject to the 
confidentiality conditions of the project. 

This study, by necessity, has had to draw extensively on contour plots and images of regional 
1500 m data. These products were derived from grids of the data with a cell size of 
approximately 500 m which places significant constraints on the level of interpretation detail 
available relative to that provided by 400 m (100 m cell size) and 200 m (50 m cell size) data. 
In practice, the 1500 m data do not adequately resolve many small intrusives (some of these 
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host mineralisation e.g., Tarmoola granite), much gneissic banding, and most of the 
intermediate or smaller sized faults and fractures. The regional data do however provide 
information on large scale features including the Craton and domain boundaries, regional 
trends and variability within domains, and the larger faults and shears. 

To summarise progress, some twenty two (22) 1:250000 Sheets of 1500 m data, fourteen (14) 
Sheets of 400 m data and approximately three (3) Sheets of 200 m data have been interpreted 
during the course of the project. The previously released interpretations of 1500 m data for the 
Albany, Esperance and eastern Kalgoorlie 1: I M sheets (24 1 :250000 sheets), have also been 
reviewed and are currently being edited and coded to complement the study. 

Gamma-ray spectrometric data is available for most of the area for which AGSO has acquired 
400 m aeromagnetic data. As effective ground penetration of gamma-rays is in the order of 0.5 
m, and outcrop of the Yilgarn Craton is poor, these data mostly provide information about the 
regolith. No systematic analysis of these data has been undertaken for the project, however 
some observations will be included in the discussion of granite geochemical suites. 

2.2 Gravity data 
Gravity coverage of the Yilgarn Craton is based on the national II km grid. Additional data 
have been acquired in recent years for several areas. These surveys include: 2-4 km spaced 
data for twelve 1:250000 Sheets for the Eastern Goldfields National Geoscience Mapping 
Accord area (AGSO/GSWA); detailed data in the region of the Collie coal field (GSWA); and 
road and seismic line traverses of <2-5 km station spacing (AGSO and company data). Some 
small area, very detailed surveys are also stored in the database, however, they are oflimited 
value to this regional interpretation . 

. Because the station spacing of the gravity data is large (+1 km to -II km), resolution of 
geological features is considerably lower than that provided by the aeromagnetic data. For the 
Craton as a whole, large granite plutons correlate with the lowest gravity anomaly. 
Successively higher gravity anomaly is associated with gneiss-migmatite-granite and banded 
gneiss while layered intrusions and greenstone belts correlate with relative gravity highs. In 
the area of the more detailed Eastern Goldfields surveys, the gravity data yield complementary 
information to that provided by aeromagnetic data including evidence of dipping contacts 
between granite and greenstone, the extent of near surface granite underneath greenstone, and 
also some idea of relative granite thickness. The gravity data are also useful in defining the 
boundaries of the Craton particularly where inferred density contrasts are high or where there 
are significant changes in regional anomaly pattern. Elsewhere in the Craton, where granitic 
compositions dominate and station spacings are large, meaningful interpretation of the gravity 
data is more difficult. At this point in time, interpretation of the gravity coverage of the Craton 
has not been completed and results will not be discussed separately. Aspects of the gravity 
interpretation relevant to granite distribution will be covered in the section on crustal 
elements. 

3. Aeromagnetic interpretation 
Interpretation of the aeromagnetic data was undertaken at 1 :250 000 scale as it is the most 
appropriate scale for analysis of 400 m and 1500 m line-spaced data and afforded progress at a 
rate suitable for the project timeframe. The rationale behind the interpretation has been to 
define a set of 'crustal elements' or geophysical map units that could be applied with some 
consistency across the Craton. The description of these elements is deliberately geologica\. In 
addition to the main crustal elements, faults, shears, dykes, sills, and other intrusives, 
complete the range of mapped features. 
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3.1 Crustal elements (geophysical map units) 
The Yilgarn Craton is composed of five main crustal elements: granite plutons, undivided 
gneiss-migrnatite-granite, parallel banded gneiss, sinuous gneiss and greenstone. The first 
three elements are largely composed of rocks of granitic composition. Greenstone and sinuous 
gneiss are composed of, or are inferred to be composed of, a wide variety of lithologies 
including mafic and felsic volcanic rocks, calc-silicates, and metasediments, but also enclose 
granite. The greater variation in lithologies relative to the granite-dominated elements is 
reflected in the aeromagnetic data by a greater abundance of inferred lithological banding. 
The symbology listed with each of the crustal elements below relates to that used to attribute 
the interpretation digital data. Many of the crustal elements include zones that have symbol 
suffixes of '_I', '_m, '_h' and '_r'. These suffixes refer to low, medium, high and remanent 
magnetisation respectively. Areas labelled with these modifiers were distinguished to 
emphasise regional compositional trends and zonation in granite. 

Granite plutons (Ag, Ag_l. Ag_m, Ag_h, AgJ) 
Granite plutons comprise approximately 15% of the Yilgarn Craton. They show a wide range 
of magnetisations, from low to high levels, and, although most bodies are evenly magnetised, 
some are zoned. Granite plutons range in size from less than Ikm to greater than 50 km in 
diameter. Joint-like fracture patterns are particularly evident as poorly magnetised lineaments 
in the larger, moderate to highly magnetised bodies. The range in shape of plutons is high and 
includes circular, ovoid, lensoidal, and dyke like forms. Where granite intrudes greenstone, 
three main shape and contact relationships are defined: ovoid to circular plutons which cross 
cut greenstone units; elongate lenses of granite which are drawn out in the direction of the 
regional trends with greenstone in parallel contact with the elongate margins; and bodies of 
granite about which the greenstones seem to have been deformed giving rise to asymmetric 
greenstone 'tails'. Simple timing of intrusion as inferred from these structural relationships 
has not been supported by zircon geochronology (Champion, pers. comm.); inconsistencies in 
timing are inferred to result from significant strain partitioning. Granite intrusion, as inferred 
from this interpretation, is distributed unevenly across the Yilgam Craton with high 
abundances of plutons coincident with the area of the Norseman-Wiluna Belt of the Eastern 
Goldfields Province (Gee, 1979) and also in the southern Murchison Province. Within the 
Norseman-Wiluna Belt, plutons form spatial associations that are aligned with north
northwest regional structural trends. Most plutons are associated with local gravity lows, 
particularly where they intrude greenstone belts. Some of the larger plutons in the Norseman
Wiluna Belt are associated with the lowest gravity anomaly for the Yilgarn Craton (-850 to -
700 Ilm.sec·2). 

Gneiss-migmatite-granite (Agmg, Agmg_l, Agmg_m, Agmg_h, AgmgJ) 
Undivided gneiss-migmatite-granite is the most extensive crustal element comprising more 
than 45% of the Yilgarn Craton. Large regions of moderate magnetisation with low variability 
and few well defined internal boundaries or compositional banding is characteristic of the 
crustal element. Abundant remanent and normally magnetised dykes, and poorly magnetised 
fault and shears, are the most notable features in extensive areas of gneiss-migrnatite-granite. 
Some zones of higher or lower average magnetisation have been distinguished and are 
inferred to show regional compositional trends. Sparse, irregular shaped areas of variable but 
higher average magnetisation are attributed to gneiss. Gneiss-migrnatite-granite encloses 
examples of all other crustal elements. Greenstone is commonly in concordant contact with 
the margins of gneiss-migrnatite-granite and metamorphosed to amphibolite grade. Lower 
grades of metamorphism are recorded farther from the contacts in the larger belts (Binns et aI., 
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1975). Gneiss-migmatite-granite domains are associated with low to moderate gravity values 
(-700 to -600 Ilm.sec·2 in.the Eastern Goldfields Province). 

Banded geniss (Agn) 
Banded gneiss comprises 5-10 percent of Yilgarn Craton and is more widespread than 
previously recognised. The gneiss occurs in elongate belts with variable but higher average 
magnetisation and higher average gravity anomaly (-100 Ilm.sec·2 higher) than adjacent 
gneiss-migmatite-granite. The belts are commonly 5 to 15 km in width and up to 150 km in 
length. Both the belts and their internal banding and are aligned with local north-northwest to 
north regional trends. Banded gneiss is particularly abundant in the Eastern Goldfields, 
Yeelirrie, and northern Southern Cross domains where they commonly abut or enclose 
amphibolite and greenstone. Enclaves of greenstone are aligned parallel to the local banding 
of the belts. Linear to curvilinear contacts of banded gneiss with greenstone are well defined, 
however, boundaries with adjacent gneiss-migmatite-granite are generally irregular and 
difficult to delineate. Banded gneiss is inferred to be composed dominantly of granitic 
composition, but is known to include paragneiss adjacent to the Ida lineament, west of 
Leonora (Thom & Barnes, 1977). 

Sinuous gneiss (Anu) 
Sinuous gneiss is confined to the central and western parts of the Yilgarn Craton. The gneiss 
occurs in elongate belts with quite variable magnetisation. Inferred compositional layering and 
large-scale folds are particularly abundant in the belts but are less coherent and less well 
aligned with local regional trends than for banded gneiss. A wide range of lithologies 
including mafic rocks, calc-silicates and other metasedimentary rocks are inferred to comprise 
the crustal element. 

Greenstone (Aa) 
Poorly magnetised greenstone occupies over 25 percent ofYilgarn Craton and occurs in 
elongate belts that are commonly aligned with regional shears and faults. The most extensive 
area of greenstone occurs within the Norseman-Wiluna Belt of the Eastern Goldfields 
Province. While most greenstone lithologies are poorly magnetised and not discriminated in 
aeromagnetic data, highly magnetised banded iron formation (BIF) and ultramafic rocks 
provide some information on the internal structure of the belts. The greenstone belts correlate 
with high gravity anomaly (-500 to -150 llm.sec·2 in the Eastern Goldfields Province). 

Other mappedfeatures - Granitic Domes, Shears and Faults 
Circular to ovoid shaped domes composed of granite and gneiss are inferred in several areas 
of the Yilgarn Craton: at Yalgoo, to the north and east of the Windimurra layered intrusion; at 
Southern Cross; and in gneiss-migmatite-granite abutting the eastern margin of the Norseman
Wiluna Belt. Individual domes range in size from less than 10 km to greater than 50 km in 
diameter. They are characterised by either boundary parallel internal compositional banding, 
or by mantling of the inferred dome boundary by greenstone or gneiss in apparent concordant 
contact. The relationships of domes with surrounding rocks have been used to indicate 
reactivation of sialic basement (Archibald & Bettenay, 1976) and as evidence for extension 
tectonics early in the deformation history of the greenstones (Williams & Whitaker, 1993). 

The extent and form of faults and shears within the greenstone belts is difficult to determine 
from aeromagnetic data as both the structures and most rock types are poorly magnetised. In 
areas of moderate to highly magnetised granitic crust however, the low magnetisation of faults 
and shears provides a suitable contrast to provide detail of their form. Granitic crust 
surrounding greenstone is inferred here to also underlie the greenstone. Thus the nature faults 
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and shears in the adjacent granitic crust should provide a general model for dislocation 
structures, including those not readily mapped in greenstone domains. 

Shear zones form large structures. They typically range from 50 to 200 km in length and from 
5 to 10 km in width. In detail, shears consist of individual linear to elongate'S' form 
curvilinear segments that step en echelon through granitic terrane. Apparent relative lateral 
movement of crust across shears, where measured, is in the order of 30 to 50 km. Associated 
deformation of the granitic crust is inferred to be partially ductile and partially brittle. These 
features are comparable with the characteristics of tectonic or shear zones geologically 
mapped in the greenstone belts. Numerous brittle fracture faults cut granitic terrane and also 
dislocate the shear zones. Most faults have lengths less than 50km and occur as discrete to 
anastomosing zones of 300 m width or less. Apparent movement on these structures is 
typically less than 5 km. Thus there would appear to have been an early period of more ductile 
deformation of granitic crust followed at some later time by brittle dislocation. 

Shear zones are unevenly distributed in the Yilgarn Craton with the highest incidence in the 
Norseman-Wiluna Belt, followed by the Southern Cross Province, with much lower incidence 
to the east and west. Numerous shears in the Norseman-Wiluna Belt appear to inter-connect 
defining many rhomboid shaped areas \ 00-\50 km in length by 50 km in width. Over all, the 
Norseman-Wiluna Belt has the appearance of a 200 km wide, craton scale shear zone where 
the rhombs of granite and greenstone comprise super-sized boudins. Accretionary models 
evoked in recent years to explain greenstone evolution and variation have included craton 
crossing faults which are also terrane boundaries (e.g., Myers, \995). Parts of these faults are 
mapped in this study as shear zones across which crust may be correlated. In several areas, 
segments of the proposed faults pass through granitic or gneissic crust with no geophysical or 
geological evidence to support their continuity or in fact, their existence. 

3.2 Subdivision and Structure of the Yilgarn Craton 
The Yilgarn Craton can be subdivided into eight domains (Fig. I), each of which contains two 
or more of the crustal elements: undivided gneiss-migmatite-granite, banded gneiss, sinuous 
gneiss, greenstone, and granite plutons. For simplicity, and where appropriate, the domains 
have been assigned the name of the corresponding geological province. Boundaries between 
the domains are based on abrupt changes in average magnetisation, and anomaly abundance, 
variability, and orientation; in short, inferred changes in crustal composition. 

Narryer domain 
The Narryer domain is located in the northwest of the Yilgarn Craton and correlates 
approximately with the Narryer Gneiss Complex of Myers (1990). The domain is composed 
of poor to highly magnetised gneiss that is cut by numerous poorly magnetised faults. 
Metasedimentary belts are sparsely distributed throughout the domain. Some of these belts 
contain very highly magnetised BIF giving rise to similar appearance in aeromagnetic images 
to greenstone belts in the Murchison domain to the south and east. However, the 
metasedimentary belts are not associated with prominent gravity highs characteristic of basalt 
rich greenstones in other domains of the Craton. The domain is arcuate with the general strike 
of inferred lithological banding and major faults oriented northeast in the southwest of the 
domain and easterly in the northeast of the domain. Faults severely disrupt the structure of the 
domain. Geologically mapped Archaean granite within the domain ranges from low to high 
magnetisation and is on the whole poorly delimited in the regional 1500m data. Proterozoic 
granite, which intrudes the north east of the domain, is moderate to highly magnetised and 
occurs as oval shaped plutons. The Narryer domain is also intruded by numerous small 
intrusives of unknown affinity. 
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Murchison domain 
The Murchison domain abuts the Narryer domain to the south and southeast. The domain can 
be subdivided into three sub-domains with differing characteristics; however, boundaries 
between the sub-domains are ill defined. In the northwestern sub-domain, approximately 
equal areas of low and moderate magnetisation correlate with regions of largely 
undifferentiated gneiss-migmatite-granite. A zone of low magnetisation with some coherent 
banding incorporates the area of the Murgoo Gneiss and parallels part of the boundary with 
the Narryer domain to the north west. Elsewhere in the sub-domain, gneissic banding is of 
relatively short strike length and shows little regional coherency. The northwestern sub
domain is elongate west-southwest - east-northeast and is inferred to have behaved serni
competently during interactions with the adjacent Narryer domain. Greenstone belts are few, 
appear to be distributed around a core of undivided granite and gneiss, and roughly align with 
adjacent margins of the sub-domain. Discrete, irregular shaped granite plutons of moderate to 
high magnetisation are evident. 

Undivided gneiss-migmatite-granite of moderate magnetisation is the most abundant 
component of the central sub-domain. Coherent banding in gneiss is apparent locally, 
however, there is little overall regional directional control. The sub-domain hosts most of the 
greenstone belts of the Murchison domain. The greenstone belts are distributed in two main 
areas, centrally around the 'Yalgoo Dome', and in the north of the domain, along the eastern 
margin with the Southern Cross domain. There is no single overriding regional alignment of 
the central greenstone belts. Greenstone trends in areas abutting the 'Yalgoo Dome' parallel 
the adjacent margin of the dome. This area of the Murchison has some similarity of structural 
style to granite-greenstone terrane of the Pilbara Craton. Greenstone in the northeast of the 
sub-domain is grossly aligned north-south and parallel with the adjacent boundary with the 
Southern Cross domain. Granite plutons of low to moderate magnetisation are particularly 
abundant in and around the greenstone belts. These intrusives are commonly 5 - 20 km in 
diameter, ovoid to circular in plan and some exhibit complex zoning. 

The southern Murchison sub-domain contains only minor greenstone and is dominantly 
composed of poor to moderately magnetised undivided gneiss-migmatite-granite. The sub
domain includes some elongate zones of inferred banded gneiss which are of higher average 
magnetisation than the surrounds. Trends of the banded gneiss zones are variable from north
northwest to north-northeast. The sub-domain also hosts a suite of moderate to highly 
magnetised granite plutons, commonly 10 to 25 km in diameter. The suite defines a northwest 
trending belt of approximately 80 km width and stretching from the eastern boundary with the 
Southern Cross domain to the western boundary of the sub-domain, which coincides with the 
Darling Fault. There is a weak coincidence between intrusion location and the intersection of 
the belt with the more northerly trending banded gneiss zones. 

Interpretation of the 1500 m aeromagnetic data does not support the existence of a continuous 
Western Gneiss Terrane (Gee et aI., 1981; Myers, 1990) which links the southwest of the 
Craton with the Narryer Gneiss Complex through the west of the Murchison domain. The 
eastern boundary of the Murchison domain is poorly defined in the north but is interpreted to 
bound greenstone to the east and pass between the Windimumi and Narndee intrusive 
complexes. Farther south the boundary is more evident. In this area, the margin of the domain 
contains moderately magnetised north to north-northeast trending sinuous gneiss that is 
truncated by the boundary. The Southern Cross domain to the east is composed of relatively 
poorly magnetised gneiss-migmatite-granite and northwest to north trending greenstone. This 
greenstone is also truncated at the boundary. 
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Toodyay-Lake Grace domain 
The Toodyay-Lake Grace domain bounds the Murchison domain to the southwest and 
southeast. Overall the domain forms a relatively narrow (25 - 80 km) bifurcated belt with 
dominant north-northwest orientation and of approximately 400 km length. The domain is 
located to the east of, but grossly parallel to, the Southwest Seismic Zone. Abundant sinuous 
gneiss is oriented parallel to the local trends of the belt: north-northwest along the main 
elongation of the domain; north-northeast in the northeast segment. The domain is generally 
of higher magnetisation than surrounding domains however the area of the Jimperding 
Metamorphic Complex in the northwest is relatively poorly magnetised. The regional 
aeromagnetic data resolves only a few low to moderately magnetised granite plutons in the 
domain although geologically mapped granite is widespread. 

South West domain 
The South West domain occupies the southwest comer of the Yilgarn Craton and is bounded 
to the west by the Darling fault and Perth Basin, and to the South by the Proterozoic Albany
Fraser Province. The domain is largely composed of undivided gneiss-migmatite-granite of 
low to moderate magnetisation and with only minor compositional banding evident. A small 
region located in the south west of the domain with more common compositional banding, 
and of low average magnetisation, correlates with the area of the Balingup Metamorphic 
Complex. Boundaries of the Complex with the surrounding domain are poorly defined. 
Several large plutons of moderate to highly magnetised granite are located along the western 
margin of the domain. Elsewhere in the domain, plutons are rare or at least not well resolved 
in the regional 1500 m aeromagnetic data. The domain hosts relatively little greenstone and 
that present is also poorly resolved (e.g., Saddleback Greenstone Belt). 

Southern Cross domain 
The Southern Cross domain extends north-south across the Yilgarn Craton to the east of the 
Murchison and Toodyay-Lake Grace domains. Large regions of undivided gneiss-migmatite
granite are of lower average magnetisation than similar rocks in adjacent domains. The 
domain includes localised areas of more highly magnetised gneissic banding. Greenstone belts 
are relatively common throughout the domain and exhibit differences in magnetisation 
attributed to variations in lithology. Greenstone in the north of the domain contains abundant, 
very highly magnetised, banded iron formation. The gross appearance of the area of the belts 
in images of the aeromagnetic data is very similar to that associated with greenstone of the 
Murchison domain. Greenstone in the southern half of the domain contains fewer highly 
magnetised units. The greenstones are distributed as long sinuous belts oriented northwest to 
northeast. Granite plutons and granite-gniess domes of low to moderate magnetisation are 
particularly common in and around the greenstone belts. Several plutons of moderate to high 
magnetisation are also mapped in the areas of undivided gneiss-migmatite-granite. 

Yeelil'rie domain 
The Yeelirrie domain is located between the Southern Cross and Eastern Goldfields domains. 
Undivided gneiss-migmatite-granite is moderate to highly magnetised and forms lensoidal 
regions commonly bounded by banded gneiss and shear zones. Elongation of the banded 
gneiss, and the orientation of shear zones are commonly aligned to the north-northwest, north, 
or to the north-northeast. Greenstone is spatially associated with the shear zones is but is 
preferentially oriented only in the north-northwest and north orientations. Granite plutons are 
moderately common in and around the greenstone belts and far less evident in regions of 
undivided gneiss-migmatite-granite. 
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Lake Johnston domain 
The Lake Johnston domain abuts the Yeelirrie domain to the southeast and is also largely 
composed of moderate to highly magnetised gneiss-migmatite-granite. Sparse and relatively 
small greenstone belts, elongate to the northwest, provide limited information on the structure 
of the domain. Gneissic banding is rare. Poorly magnetised lineaments are common and some 
of the more prominent sets are oriented east-northeast, north-northeast, and north-northwest. 
Few granite plutons are resolved in regional data, however, more are evident in proprietary 
200 m data covering the eastern part of the Boorabbin Sheet. 

Eastern Goldfields domain 
The Eastern Goldfields domain occupies the eastern third of the Yilgarn Craton. The domain 
is readily subdivided into two main areas, the Norseman - Wiluna Belt (Gee, 1979) in the west 
with abundant greenstone, and felsic dominated crust of the eastern gneiss sub-domain to the 
east. 

Greenstone accounts for nearly 50 percent of the Norseman-Wiluna Belt. Three sub-domains 
composed largely of gneiss-migmatite-granite and banded gneiss are defined within the Belt, 
the Yandal, Ballard and Laverton sub-domains (Williams & Whitaker, 1993). These sub
domains have grossly similar characteristics being of low to moderate magnetisation with few 
internal boundaries and rare granite plutons. The sub-domains are separated by greenstone, 
but may be related crust that is in sheared contact at depth. Most greenstones in the 
Norseman-Wiluna Belt are poorly magnetised however highly magnetised ultramafic units 
provide some detail of the internal structure of the belts. Highly magnetised banded iron 
formation is much less abundant than in greenstone belts of the Southern Cross and 
Murchison domains. Margins of the greenstones are largely in concordant contact with the 
boundaries of the gneiss-migmatite-granite rich sub-domains. Granite plutons are abundant 
within the greenstone belts. The magnetisation of the plutons ranges from low to high and 
several are zoned with higher magnetisation in the outer margins. Many plutons are spatially 
associated and form elongate intrusive corridors that are grossly aligned with the dominant 
north-northwest regional trends. 

The eastern gneiss sub-domain is largely composed of moderately magnetised, undivided 
gneiss-migmatite-granite with some banded gneiss. Relatively small greenstone belts are 
spatially associated with widely spaced shears. Abundant granitic and gneissic domes are 
mapped in 200 and 400 m aeromagnetic data along the margin of, and immediately to east of 
the Norseman-Wiluna Belt. Many of these structures were not evident in 1500m data coverage 
of the region. An east-west elongate area of sinuously deformed granitic gneiss truncates a 
north-northwest trending greenstone belt at the boundary between the Rason and Minigwal 
Sheets. The relationships in this area are at the very least unusual and not readily reconciled 
with the structural history described for the southern part of the Norseman-Wiluna Belt (e.g., 
Swager, 1997). Farther east, the sub-domain is cut by a large shear system that extends from 
Minigwal in the south, north-northwest to the southeast comer of Kingston. The shear system 
exceeds 20 km in width on the Rason Sheet and approximates the eastern limit of sub
cropping Archaean rocks. Greenstone is spatially associated with the shear system. Banded 
gneissic rocks of moderate to high magnetisation lie to the east of the shear system on the 
Rason Sheet. The gneissic banding defines an 80 by 40 km east-west elongated dome like 
structure that is coincident with a low amplitude gravity high. To the south, numerous poor to 
moderately magnetised granite plutons intrude undivided gneiss-migmatite-granite. To the 
north, inferred banded iron rich greenstone and granitic rocks underlie thick Proterozoic and 
Phanerozoic sediments. 

AMIRA P482/MERIWA M281 - Yilgarn Granitoids. April, 2001 



1.10 

4. Geochemical classification of granitoids in the northern Eastern Goldfields and links 
with geophysical characteristics 

Interpretation of the regional aeromagnetic data suggests that considerable strain partitioning 
occurred throughout the Eastern Goldfields Province. The structural classification of granites 
(e.g., Witt & Davy, 1997) is, therefore, considered to be oflimited use in understanding 
relationships including relative timing of intrusion. Champion & Sheraton (1997) defined five 
geochemical groups for the northern Eastern Goldfields and these will be used to discuss 
granite distribution and geophysical characteristics. The geochemical groups comprise High
Ca, Low-Ca, High-High Field Strength Elements (HSFE; Ti, Fe, Zr, V), Mafic, and Syenitic 
types. Of these groups, the High-Ca and Low-Ca granite types are the most widespread and 
abundant. 

High-Ca group (Menangina Association) 
High-Ca group granites occur throughout both gneiss-migmatite-granite and greenstone 
domains. On present evidence they constitute the main component of the banded gneiss 
domains. Average magnetisation of the group ranges from poor to moderately high with most 
bodies uniformly magnetised except for crosscutting poorly magnetised fault and shear zones. 
Large plutons with strongly zoned magnetisation located in greenstone belts belong to the 
group as do the northern members of a linear association of similarly magnetised and weakly 
zoned granites, the Boyce domain of Williams & Whitaker (1993). The zoned granites have 
undergone fractional crystallisation with more mafic, highly magnetised, and often porphyritic 
margins which grade to more felsic, poorly magnetised and equigranular cores. 
Susceptibilities of the High-Ca group commonly occur in the range 5 to 1100 X 10-5 SI and 
can show variations of 300 to 1500 x 10-5 SI within a zoned pluton. Outcrops of these granites 
correlate with relative K channel anomalies, which display red in composite normalised K-Th
U (Red-Green-Blue) gamma-ray spectrometric images. 

Low-Ca group (Mt Boreas As.wciation) 
The Low-Ca group occurs most commonly in the gneiss-migmatite-granite domains with a 
lower incidence (inferred; outcrop dependant) in the banded gneiss domains and rare 
examples from within the greenstone domains. The magnetisation of individual bodies in the 
group is generally uniform and ranges from poor to moderately high. Susceptibilities of 40 to 
1600 X 10-5 SI are common. There is some evidence for thin sheets of poorly magnetised Low
Ca granite (e.g., in the Yeelirrie domain; Yeelirrie I: 100000 sheet) overlying more highly 
magnetised High Ca granite in the gneiss-migmatite-granite domains. In these areas, the 
change from High- to Low-Ca granite corresponds with a small but general lowering of 
average magnetisation and anomaly contrasts, and lower average gravity values. Outcrops of 
Low-Ca granite correlate with relative K, Th and U anomalous areas which display white in 
composite, normalised K-Th-U (Red-Green-Blue) gamma-ray spectrometric images. Total 
Count spectrometer readings over 150 c.p.s. from within gneiss-migmatite-granite domains 
are inevitably associated with Low Ca granites 

High-HFSE group (Kookynie Association) 
The High-HSFE granite group has only been found in, or marginal to, the greenstone domains. 
At least two of the occurrences are interpreted as deformed thin sheets that partially overlie 
greenstone. The magnetisation of the HSFE suite is low to moderate and the susceptibilities 
measured fall in the range of 10 to 350 X 10-5 Sl. One of the High-HFSE sheet-like bodies 
(near Yundamindera on the Edjudina Sheet) shows variability in magnetisation, however, it is 
unclear whether this is due to variations in original composition or loss of magnetisation 
associated with structural deformation or alteration. A radiometric signature has not been 
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detennined for this suite but is expected, on geochemical grounds, to be similar to the High 
Ca suite (red in K-Th-U temary images). 

Mafic group (Granny Smith Association) 
The Mafic granite group, commonly intruded as small plutons and dykes, is dominantly found 
within the greenstone domains. With the exception of the Granny Smith and Liberty 
Granodiorites, the bodies are too small or too poorly magnetised to be resolved in the regional 
aeromagnetic data. Mafic granite intrudes High Ca granite at a number oflocalities. There is a 
common spatial association of the group with mineralisation in the Eastern Goldfields. 
Measured susceptibilities are quite variable and range from 40 to 1500 x10·5 SI. A 
characteristic radiometric signature has not been detennined for the group. 

Syenites (Gilgarna Association) 
The syenite group has largely been sampled from within the greenstone domains or within 
granite adjacent to the greenstone domains. Many of these bodies are associated with small 
area, moderate to high amplitude, 'bulls eye' type anomalies. Numerous anomalies of similar 
style and of either nonnal or reverse polarity occur through out all geophysical domains but 
may be caused by intrusives other than the syenite group. The measured susceptibilities of 
syenites have the greatest range for the granitoids (30 to 3500 x 10.5 SI). Some outcrops of 
syenite correlate with areas of yellow on ternary K-Th-U gamma-ray spectrometric images 
which is indicative of anomalously high K and Th relative to U. Syenites east of Laverton 
correlate with regions of white in the same images and have high K, Th, and U, relative to 
surrounding rocks and surface materials. 

From the above overview it is apparent that the aeromagnetic data do not effectively 
discriminate the main geochemical groups of the granite classification. This said, zoned 
plutons and banded gneiss generally belong to the High-Ca group. The gamma ray 
spectrometric data can discriminate between High-Ca and Low-Ca granite groups but not 
between Low-Ca and Syenitic groups. The general lack of outcrop of the Yilgarn Craton also 
seriously limits the potential value of the gamma-ray data. 

As far as gold prospectivity is concerned, mineralised granite is not uniquely magnetised 
(Granny Smith granodiorite- remanent magnetisation, Tannoola granite - poorly magnetised, 
Liberty Granodiorite - moderately magnetised, Jupiter syenite - highly magnetised. 
Furthennore, some of the mineralised intrusives are not resolved or evident in the regional 
geophysical data (e.g., Tannoola granite, the mafic granite at Golden Cities, the mafic dyke at 
Kanowna Belle). The aeromagnetic data do at least provide the boundaries (limits) for many 
plutons for which geochemical and isotopic attributes can be assigned to aid regional analysis. 

5. Synopsis 
• Crust of the Yilgarn Craton is characterised by five main crustal elements (geophysical 

map units): granite plutons, gneiss-migmatite-granite, banded gneiss, sinuous gneiss, and 
greenstone. 

• Granite plutons are particularly abundant in the area of the Norseman-Wiluna Belt and in a 
northwest trending belt in the Southern Murchison domain. 

• The resolution of 1500 m aeromagnetic data is inadequate to reliably map granite plutons 
as many are relatively small and have low magnetisation contrast with surrounding rocks. 

• Dislocation features include both shears and faults. Shears are associated with the greatest 
demonstrable movements (30-50 km) while faults are associated with relatively minor 
movements «less than 5 km). 
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• Current geologically-defined province boundaries cut across crustal elements and, in many 
instances, across domains where there is no geophysical evidence for changes in crustal 
composition. 

• Eight large domains equivalent to geological provinces are defined: Narryer, Murchison, 
Toodyay-Lake Grace, South West, Southern Cross, Yeelirrie, Lake Johnston, and Eastern 
Goldfields domains. 

• Norseman-Wiluna belt is a craton scale, 200 km wide, shear zone. 

• Aeromagnetic data does not effectively distinguish the granite geochemical groups. 
• Granite plutons hosting gold mineralisation are not uniquely magnetised. 
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Figure I. Total Magnetic Intensity image of the Yilgam Craton, with domain 
boundaries superimposed. N - Narryer, M - Murchison, T - Toodyay/Lake 
Grace, SW - South West, S - Southem Cross, Y - Yeelirrie, J - Lake Johnston, 
EG - Eastern Goldfields, NW - Norseman-Wi luna belt. 
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Chapter 2. 
Granites ofthe northern Eastern Goldfields: their distribution, age, 

geochemistry, petrogenesis, relationship with mineralisation, and 
implications for tectonic environment 

(including a simplified key for discriminating granite 
groups in the northern Eastern Goldfields) 

David C. Champion & Kevin F. Cassidy 

Introduction 
Champion & Sheraton (1993), studying the granites in the Leonora-Laverton region 
recognised 5 main granite groups (Table 7). More recent work (Champion & Sheraton, 
1997; the current AMI RA P482 study), covering the whole ofthe northern Eastern 
Goldfields, comprising the northern Eastern Goldfields Province and the northwestern part 
of the Southern Cross Province, has confirmed and extended these granite groups (Fig. 1), 
with the identification of 24 clans within the five groups (Tables 1 to 6; Fig. 12). This 
latter work has proceeded simultaneously with the gathering of SHRIMP U-Pb 
geochronology, e.g., Nelson (1995,1996,1997,1998,1999); L. Black (written 
communication, 2000), AMlRA P482, such that over 60 ages are now available for 
granites of the northern Eastern Goldfields, for all granite groups (see Table 2). The 
combination of granite geochemistry and petrogenesis, with the geochronological data, is 
not only providing an overall framework for the region, but also insights of the finer detail, 
now emerging from the larger data sets. 

This chapter systematically I ists and details all groups, associations and clans of the 
northern Eastern Goldfields Province, and the easternmost part of the Southern Cross 
Province, i.e., Leonora, Laverton, Sir Samuel, Duketon, Wiluna, Kingston and Nabberu 
1:250 000 sheets (collectively referred to as the northern Eastern Goldfields). A standard 
format is used for all entries. This covers distribution, geochronology, chemical 
characteristics, related mineralisation (if any), and includes a brief summary on 
petrogenesis and tectonic implications. The latter should be considered speculative, given 
the difficulties of assigning tectonic environment from granites alone, and the uncertain 
nature of plate tectonics in the Archaean. Similarly, petrogenesis and granite source rocks 
are treated in a simplified manner, mostly assuming a one- or two-component source, 
thereby facilitating a more coherent and more easily understood comparison between clans 
and groups etc. Also to assist in descriptions of distribution etc., the granites of the 
northern Eastern Goldfields have been subdivided into informal granite masses, bound by 
large-scale faults or greenstones (Fig. 1). These include the Yeelirrie, Raeside, 
Koonoonooka, Teutonic, Banjiwarn and the Cosmo masses. As expected given the 
structural grain of the region, the majority of these masses are elongate to the NNW. The 
boundary between the Eastern Goldfields Province and the Southern Cross Province, 
separating the Yeelirrie and Raeside masses (Fig. I), is taken as the position of the Ida 
lineament. For the detailed distribution of associations and clans, the reader is referred to 
the accompanying 1:500 000 and smaller scale maps (on CD); the distribution of the 
granite groups is shown on Fig. I. 

The following section describes clans under the respective granite group, with individual 
clan descriptions following a more detailed description of the whole group. All five 
groups are discussed first as a whole - this effectively providing an overall summary of the 
granites of the northern Eastern Goldfields. 
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Also provided, in the last section, are simplified keys to aid recognition of granite groups 
from field and mineralogical data, and from geochemical data; these are accompanied by 
descriptions of the general methodologies involved. 

Granite groups ofthe northern Eastern Goldfields 

Member groups: High-Ca (Menangina & Diemals associations), Low-Ca (Mt Boreas & 
Beetle associations), Mafic (Granny Smith association), High-HFSE (Kookynie 
association), Syenitic group (Gilgama association) 

Distribution: The distribution of granites groups within the northern Eastern Goldfields is 
shown in Figure 1, from which a number of features are evident: 
• both the High-Ca and Low-Ca groups make up the bulk ofthe granites in the region, 

occurring in all granite masses. This includes representatives in the Southern Cross 
Province (in the Yeelirrie mass, Fig. I). Although members of both groups are 
commonly spatially associated, there are obvious zones where only one group 
dominates, e.g., Low Ca group in Yeelirrie mass. 

• the High-HFSE group is strongly localised along a NNW zone encompassing the 
Teutonic mass, the margins of the Koonoonooka mass, and the greenstones around 
these two masses (Fig. I) 

• the Mafic group is largely confined to within or marginal to the greenstones, and 
comprises a widespread but small component of the granites as a whole. 

• the Syenitic group occurs both within the greenstones and within the granite masses 
(e.g., Banjiwarn). The larger Syenitic group units appear to be concentrated broadly 
along the Celia lineament (roughly the western boundary of the Banjiwarn mass), and 
in a NNW zone within the greenstones between the Cosmo and Banjiwarn masses (in 
the Laverton region; Fig. I). 

Geochronology: Over 60 ages are now available for the granites of the northern Eastern 
Goldfields (Table 2), with the following observations: 
o The majority of ages lie between 2700 and 2630 Ma, i.e., younger than the oldest 

greenstones in the region, though there are several older units around 2735 Ma and at 
2760 Ma 

• there is a pronounced peak, in granite ages, for the Eastern Goldfields Province, around 
2670 to 2660 Ma, tailing off to 2630 Ma. This contrasts with the Southern Cross 
Province which appears to have a dearth of granitoids in the range 2670 to 2660 Ma 

• the majority of High-Ca granites, in the Eastern Goldfields Province, give ages 
between 2680 and 2660 Ma; High-Ca granites in the Southern Cross Province appear 
to be slightly older (2680 to 2700+ Ma) 

• the Low-Ca granites, in the Eastern Goldfields Province, lie between 2655 and 2637 
Ma; a slightly more expanded range is evident in Low-Ca granites within the Southern 
Cross Province (2660 to 2630 Ma). Therefore, unlike the High-Ca magmatism, there is 
good evidence that Low-Ca magmatism was largely synchronous across both provinces 
(and the Murchison Province) 

• the majority of Mafic granites in the northern Eastern Goldfields, especially those in 
the Granny Smith Clan, have ages within error of 2665 Ma 

• the High-HFSE group granitoids span a large range from 2700 to 2658 Ma, and may 
include an age of 2738 Ma 

• the Syenitic group appears to form a bimodal age distribution" i.e., ca. 2665 Ma, and 
2650 to 2640 Ma 

• there is a change, around 2655 Ma from largely High-Ca magmatism to dominantly 
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Low-Ca and Syenitic magmatism. 

The general sequence with relationship to greenstones and granite groups can be 
summarised as follows: 

Ca. 2760Ma Trump granodiorite, Raeside mass; High Ca group 

2730-40 Ma Kathleen Valley gabbro (Mafic group), and Satisfaction Complex (High-
HFSE group), both probably dating greenstone fonnation ages 

2720-2670 Ma Greenstone, basaltic and felsic volcanism 

2705 Ma Komatiitic magmatism 

2700-2670 Ma Increasing High-Ca magmatism with decreasing age; also High-HFSE 
magmatism (& felsic volcanism) throughout this range, though mostly at 2690 to 2680 Ma 

2670-2660 Ma Voluminous High-Ca magmatism, also Mafic, Syenitic, and minor High
HFSE group magmatism. Peak of magmatism in the Eastern Goldfields Province. 
Apparently only minor magmatism at this time in the Southern Cross Province. 

2660-2630 Ma Long period of magmatism in the Eastern Goldfields Province. High-Ca, 
Mafic? and minor HFSE magmatism? to 2650 Ma and slightly younger. Voluminous and 
very widespread Low- Ca magmatism, across the Eastern Goldfields Province, and the 
Yilgarn. In the Eastern Goldfields Province accompanied by syenitic (and carbonatitic) 
magmatism. 

Chemical characteristics: The geochemistry of the granite groups is discussed in detail 
under the relevant groups in the following section, and in the granite keys section. A 
number of broad generalisations can be made concerning possible trends: 
• both the High-Ca and Mafic groups exhibit a marked range in the LlLE and some of 

the HFSE. Similar, but smaller ranges in the LlLE are evident in the Low-Ca and 
High-HFSE groups. The available geochronological data, although limited, appears to 
indicate a general trend of increasing LlLE contents with decreasing ages, i.e., high
LlLE clans are generally younger than, or of similar age to, low LlLE clans. This trend 
mirrors that seen in the change from High-Ca to Low-Ca magmatism. 

• the younger magmatism, post 2.655 Ma is markedly more potassic and LlLE enriched, 
reflecting the change to Low-Ca and Syenitic group magmatism 

• there are no significant differences between clans of the High-Ca and Low-Ca groups 
in the Southern Cross Province and Eastern Goldfields Province, i.e., chemically very 
similar clans can be found in both provinces. In addition, all groups, with the 
exception of the Syenitic group, occur within both provinces. 

Mineralised members: Examples of granitoids hosting gold mineralisation or closely 
spatially associated, can be found in all granite groups, with the exception of the Low-Ca 
group. Examples of granitoids directly hosting significant gold mineralisation occur most 
commonly within the Mafic group, especially the members of the high LlLE Granny Smith 
clan, e.g., Granny Smith, Lawlers, Porphyry, Liberty, Golden Cities. Members of the 
Mafic group, therefore, appear to be favoured hosts, although examples can be found 
within the High-Ca (Tannoola) and Syenitic (Jupiter, Wallaby) groups as well. There 
appears to be no obvious features common to all granitoids hosting gold mineralisation 
(Champion & Cassidy, 1998), although nearly all of them fall within the lower silica 
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compositional range (mostly <70% Si02, with higher Fe etc); the one major exception 
being the Tarmoola granite. 

Petrogenesis: Petrogenetic models are discussed in detail for each group in the following 
section; results can be summarised as follows: 
• the general characteristics of the High-Ca granites (low LILEs, sodic, Sr-undepleted) 

indicate derivation, at high pressures (> I 0 kbar), from a mostly mafic (broadly 
basaltic/amphibolitic), L1LE-poor source. The range in the LILE and HFSE (between 
clans), however, indicates a more complex model, i.e., the involvement of at least two
components, either as a heterogeneous source (basaltic to quartz dioritic), or by some 
other process (assimilation of pre-existing crust, magma-mixing etc). 

• the potassic, high L1LE, high HFSE, Sr-undepleted nature of the Low-Ca group is most 
consistent with derivation, at moderate pressures «\0 kbars) from a relatively potassic 
and L1LE-rich crustal source, i.e., reworked continental crust with compositions not 
unlike typical Archaean tonalites. A number of features, though, e.g., low CaO, very 
minor occurrence of amphibole, indicate partial melting was either via small volume 
melts or from a source with only minor amphibole. Additionally, the high levels of the 
HFSEs, in particular Zr, indicate high melting temperatures, suggesting elevated 
thermal gradients. 

• the combination of high HFSE and low to moderate L1LE, suggests the High-HFSE 
group granites were derived from L1LE-poor, mafic to intermediate compositions. The 
more felsic clans within the group (Satisfaction, Kookynie) possibly represent 
fractionates of rocks similar in composition to the more mafic Sullshead clan of the 
group. The chemistry of the group (elevated Fe, Zr, Y), is also consistent with A-type 
granitoids in general, indicating high-temperature melts. The Sr-depleted, Y
undepleted nature of all members of the group, strongly imply generation at only 
moderate pressures, i.e., <10 kbars «35 km thick), while the Sm-Nd isotope data 
indicate significant involvement of pre-existing crustal rocks in the generation of the 
High-HFSE granites. It is also evident that members of the High-HFSE group, 
especially the less siliceous ones, have some similarities to the members of the 
Kathleen Valley and Sweet Nell clans (Mafic group), possibly implying some minor 
involvement of such rocks in the history of the High-HFSE granites 

• petrogenetic models for the Mafic group granites are largely equivocal, with evidence 
for both crustal and mantle-derived contributions. Notably, the variation in the L1LE 
and LREE (between and within clans), requires at least two separate components, e.g., 
a mafic 'basaltic' source, (like the High-Ca source), and a more mafic, perhaps mantle
derived, L1LE-rich source component. The origin of the L1LE-rich component is 
equivocal, although the overlap of ages (ca. 2665 Ma), between the high L1LE Mafic 
and some Syenitic group magmatism, indicates a possible source of, at least part of, the 
L1LE and LREE enrichment. The minor Kathleen Valley and Sweet Nell clans of the 
Mafic group largely represent fractionates from a basaltic, tholeiitic parent. 

• like the Mafic group, the petrogenesis of the Syenitic group is also equivocal with 
regards to the relative contributions of mantle versus crustal components, though, at 
least a significant crustal contribution, is implied by features such as lack of associated 
mafic rocks, the presence of quartz, the mostly high L1LE contents, inherited? zircons, 
and strong negative Nb and Ti anomalies. Additionally, it is evident, that at least 
locally, some form oflower crustal/mantle lithosphere metasomatism has also 
contributed to the generation of the Syenitic group, evidenced by strong Sa and Sr 
enrichment in syenites around the Kambalda region, and in the Wallaby and Jupiter 
deposits. In these regions, the syenites are spatially associated with lamprophyric and 
carbonatitic magmatism, respectively. 
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Tectonic and other implications: The following discussion is a summary of the tectonic 
implications as indicated by the granite petrogenesis and geochronology. More detailed 
discussions of tectonics are given for each granite group in the next section. 

The high pressure origins for the majority of the High-Ca granites (10-15 kbars), indicate 
derivation either deep within a thickened crust (>35-50 km) or, perhaps, from melting of a 
subducting slab. Available evidence, e.g., inherited zircons, Sm-Nd isotopic data, favour a 
thickened crust as the source. Regardless, both hypothesis appear to require the operation 
of some form of convergent tectonics in the Eastern Goldfields Province. Given the range 
in ages of the High-Ca group, such an environment would aRpear to have been operative, 
at least intermittently, from 2.7 Ga and earlier (including perhaps at 2760 Ma), but 
especially in the period 2.68-2.66 Ga, consistent with the D2 compression event. 

Further it is apparent, that whatever the tectonic environment was at 2680-2660 Ma, it 
didn't appear to produce significant magmatism at this time in the Southern Cross 
Province. The majority of High-Ca magmatism in the latter appears to have been earlier 
(>2700 to 2680 Ma). These differences may reflect a number of possible scenarios: I) the 
Southern Cross Province was separate from the Eastern Goldfields Province before and/or 
during this period; 2) the thermal regime at this time was such that granite production was 
largely confined to the Eastern Goldfields Province, such as in a typical modem-day 
convergent environment; or, 3) the change across the two provinces is actually 
diachronous, as in a migrating arc-environment. Clearly further geochronology is needed, 
particularly along the eastern margin of the Southern Cross Province. 

Finally, the large volume of High-Ca granites in the region require a correspondingly 
larger source (3 or more times volumetrically larger), implying, if indeed the High-Ca 
granites were largely crustal in origin, a very significant volume of pre-existing crust of 
basaltic to andesitic composition. Notably the Sm-Nd isotopic data suggests this crust is 
younger than the sources of the Low-Ca magmatism. 

The simplest model for the Low-Ca granites is that they were generated trom moderately 
dry tonalitic (or more felsic) pre-existing crust, in an extensional environment with an 
elevated geothermal gradient. This is clearly contrary to the High-Ca granites, indicating 
not only distinct source rocks, but distinct sites of granite generation for the two granite 
types, consistent with available Sm-Nd isotopic data. These differences are even more 
significant given the temporal change around 2660 to 2650 Ma, from voluminous 
dominantly High-Ca magmatism to less voluminous, but very widespread, dominantly 
Low-Ca (and Syenitic) magmatism. This changeover in magmatism most probably 
indicates a corresponding change in tectonic environment, presumably from a 
compressional or arc-related environment to one dominated by extension (and higher 
geothermal gradients), i.e., some mechanism produced a change in the thermal regime, that 
not only increased the thermal gradient (to allow generation of Low-Ca granites) but 
effectively turned off production of High-Ca granites. 

The exact nature of this tectonic transition is largely dependent on the origin of the High
Ca granites. If the High-Ca granites were generated in thickened crust, then melting 
shifted to higher crustal-levels (the site of Low-Ca generation), with the thickened lower 
crust (High-Ca source) either somehow insulated from further melting or removed. The 
latter is favoured given the apparently higher geotherm required for the Low-Ca granites. 
In this regard, Smithies & Champion (1999) suggested that this post 2655 Ma thermal 
event may have resulted from lower-crustal delamination following the D2 shortening 
deformation, perhaps heralding an additional tectonothermal event in the eastern Yilgarn 
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Craton, contemporaneous with lower-middle crustal high-grade metamorphism and 
regional Au mineralisation (e.g., Kent et al. 1996). If, however, the High-Ca granites were 
largely generated by slab-melting, then the change over to Low-Ca (and syenitic) 
magmatism may simply reflect some form of wide-scale extension, perhaps not unlike that 
presently operating in the Basin and Range province in the western United States, although 
with some differences. 

The close spatial, temporal, and, at least locally, genetic, relationship between the High
HFSE granites and volcanics (pre 2700 to 2680 Ma), indicates that these granites were 
intimately related to greenstone formation, consistent with the A-type geochemistry of the 
High-HFSE granites which suggest emplacement in an extensional environment 
(Champion & Sheraton, 1997). The ages of these granites, mostly 2700 to 2680 Ma, can be 
used, therefore, to indicate periods of extension, most likely localised extension, given the 
overlap with High-Ca magmatism (especially if the latter were generated in thickened 
crust). The possible 2738 Ma age on part of the Satisfaction Complex (Nelson, 1998) may 
also signify an, earlier period of greenstone development in the northern Eastern 
Goldfields, consistent with the age of the Kathleen Valley clan (Mafic group). In a similar 
manner, the 2658 Ma age of the Weebo granodiorite (Nelson, 1997), may well have been 
related to the same locally-extensional environment that was responsible for the 2665 Ma 
syenites. 

In this regard, it was originally envisaged, that many of the Mafic group granites, 
especially those generated around 2665 Ma were produced in some form of arc
environment, co-incident with the proposed main period of crustal shortening (D2) in the 
Eastern Goldfields Province. The evidence for, at least locally, spatially associated Syenitic 
and, perhaps High-HFSE group magmatism, of similar age, however, raises the possibility, 
that all granitoids of this age were produced in a similar (locally?) extensional 
environment. Note that this could still be in an overall arc-environment. 

The granitoids of the Kathleen Valley and Sweet Nell clans, were undoubtedly generated 
in periods of greenstone deposition and development, indicating, for the Kathleen Valley 
clan at least, greenstone formation around 2737 Ma. 

As indicated by Smithies and Champion (1999), alkaline and sub-alkaline rocks such as 
those in the Syenitic group are good indicators of regions undergoing, at least local, 
extension, or an anorogenic (post-tectonic) environment. The timing and locations, 
therefore, of members of the Syenitic group provide some constraints on the tectonic 
evolution of the Eastern Goldfields Province. In this sense, the 2650 to 2640 Ma syenites, 
like the Low-Ca group, indicate a significant change in tectonic environment in the period 
2660 to 2655 Ma, from voluminous, possibly arc-related, High-Ca magmatism, to 'post
tectonic', or extensional, Low-Ca and Syenitic magmatism. 

Also of importance, is the recognition of syenitic magmatism around 2665 Ma that must 
reflect some form of rifting and/or local extension, as discussed earlier. 

Finally, the presence of Archaean carbonatitic magmatism, closely spatially associated 
with the younger Mt Weld carbonatite, strongly suggests the existence ofa major deep
crustal fault zone within the Laverton region. The possible presence of such a structure has 
obvious implications for tectonic models for development of the Norseman-Wiluna belt, 
e.g., perhaps such a fault forms part of a rift-related pair with the Ida Lineament to the 
west, and for models of fluid flow and mineralisation. Such a fault zone should be clearly 
visible on the planned seismic traverse for this region. 

AMIRA P482fMERIWA M281 - Yilgarn Granitoids, 2001 



2.7 

High-Ca group, northern Eastern Goldfields 

Member Associations: Menangina Association (Eastern Goldfields Province) 
Diemals Association (Southern Cross Province) 

Distribution: The largest granite group within the northern Eastern Goldfields, 
representing up to and greater than 60% of the total granites (Fig. 1), within both the 
internal and external granites. Well represented in the Yeelirrie, Raeside, Koonoonooka, 
Teutonic and Banjiwarn masses. Seven clans have been recognised in the northern Eastern 
Goldfields Province, and 5 clans in the north-eastern Southern Cross Province (Table 1). 

Geochronology: A large number of dated samples, mostly from the Eastern Goldfields 
Province part of the northern Eastern Goldfields indicate an age range from 2.72 to 2.65 
Ga, with the majority falling between 2.685 to 2.66 Ga (Table 2a). Additionally, the 
geochronology indicates the common presence of inherited zircons, either from the source 
region or via assimilation of older crustal rocks. Good ages have been recorded from a 
number of inherited zircon populations, e.g., 2.7 and 2.85 Ga (Table 2a), ages consistent 
with Nd model ages (Champion & Sheraton, 1997). The available data also indicate strong 
temporal overlap between the various clans within the group. 

Only one age has been determined on the High-Ca granites in the Southern Cross Province 
region of the northern Eastern Goldfields, with an age of2679 Ma (Nelson, 1997). A 
similar age (within error) of 2689 Ma has been recorded for a High-Ca granite just to the 
south, on the Menzies sheet (Table 2a). Available geochronology for the Southern Cross 
Province further to the west and south suggests a marked difference between the age 
distributions of the High-Ca granites for both provinces. In particular, there appears to be 
a marked dearth of Southern Cross Province granites falling in the 2.67 to 2.66 Ga age 
range, contrary to the situation in the Eastern Goldfields Province. 

Chemical characteristics. Characteristics for this group have been summarised by 
Champion & Sheraton (1997), and Champion (1997). Basically the High-Ca granites 
comprise sodic trondhjemite, granodiorite and granite characterised by low to moderate 
LILE (K20, Rb, Ph) and HFSE (LREE, HREE, Y, Zr) contents. In detail individual clans 
(Table I), define a quasi-continuous range in LILE and HFSE contents, from low (Beasley 
clan) to moderate (Union Jack clan, see Figure 2), approaching values seen in the Low-Ca 
granites (Fig. 6). Given the range in the LILE and HFSE, an arbitrary divide splitting the 
High-Ca group into low-LILE and high-LILE members has been produced, largely for the 
basis of classification and descriptive purposes (fig. 5). It is notable, that this divide can 
also be used to discriminate between the high-LILE (Granny Smith clan) and low-LILE 
(Kanowna Belle clan) clans of the Mafic group (Fig. 5). 

The majority of granitoids from the High-Ca group are further characterised by moderate 
to high Sr contents (Sr-undepleted) coupled with low to moderate Y (and HREE) contents 
(Y-depleted; Fig. 3). However, like the LILE, there is a range in concentration of these 
elements, albeit it less pronounced, to Sr-depleted and Y -undepleted compositions. 

Geochemical discrimination between the High-Ca and other groups is mostly relatively 
straightforward (Figs 12, 13, 14; see last section). Most difficulty occurs with the more 
siliceous members of the Kanowna Belle clan of the Mafic group whose compositions 
strongly converge with that of the low-LILE clans of the High-Ca group (Figs 12, 13). 
Although differences between the two are apparent, e.g., Ni, Cr, MgO, Mg# (Fig. 13), it is 
possible that the High-Ca group includes some members which more correctly belong to 
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the Mafic group, and vice versa. 

Mineralised members? Mineralised members include the Tarmoola and Tower Hill 
mines, both occurring within or close to the Raeside mass. Porphyries, spatially associated 
with gold mineralisation, but always mineralised also occur at the Mt Morgans, Jundee and 
Keringal deposits. 

Petrogenesis: The general characteristics (low LILEs, sodic) indicate derivation from a 
mostly mafic LlLE-poor source, probably broadly basaltic in composition. The range in 
the LlLE and HFSE (between clans), however, points to a compositional range in the 
source also, i.e., the differences can not be solely due to varying degrees of partial melting. 
Such a compositional variety strongly indicates the involvement of at least two
components, either as a heterogeneous source (basaltic to quartz dioritic), or by some other 
process (assimilation of pre-existing crust, magma-mixing etc). Notably in this regard, the 
very similar epsilon Nd signature of all the High-Ca group granites in the northern Eastern 
Goldfields (Champion & Sheraton, 1997), coupled with the contrasting epsilon Nd 
signatures of the Low-Ca and High-Ca groups, indicate that no significant component of 
the Low-Ca source was involved in the generation of the High-Ca granites, i.e., the higher 
LlLE and HFSE contents in some members of the High-Ca group (e.g., Union Jack) can 
not have resulted from the involvement of Low-Ca granites or their sources. 

The Sr-undepleted, Y-depleted nature of the majority of the High-Ca granites indicate 
derivation at pressures great enough to stabilise garnet and destabilise plagioclase (10-15 
kbars) either deep within a thickened crust (>35-50 km) or, perhaps, from melting of a 
subducting slab (e.g., Martin, 1986). Either process is feasible, though the presence of 
inherited zircons, the range in Sr and Y to Sr-depleted and Y -undepleted compositions, and 
the Sm-Nd isotopic data favour a thickened crust source. 

Tectonic & other implications: Both the thickened crust or melting of a subducting slab 
hypotheses for petrogenesis of the High-Ca granites, require the operation of some form of 
convergent tectonics in the Eastern Goldfields Province, from 2.7 Ga and earlier, but 
especially in the period 2.68-2.66 Ga, consistent with the structural history of the region, in 
particular the D2 compression event. The timing of this tectonic setting for the Eastern 
Goldfields Province (post 2.68 Ga) appears to contrast with available geochronology for 
the Southern Cross Province (see above). Clearly there are a number of possible scenarios, 
not mutually exclusive, that may explain these apparent differences, e.g., the Southern 
Cross Province was separate from the Eastern Goldfields Province before and/or during 
this period, or perhaps the thermal regime at this period was such that granite production 
was largely confined to the Eastern Goldfields Province, such as in a typical modern-day 
convergent environment. Clearly further geochronology is needed, particularly along the 
eastern margin of the Southern Cross Province, to confirm or refute these hypotheses. 

[n addition, the large volume of High-Ca granites in the northern Eastern Goldfields clearly 
requires a correspondingly larger source (3 or more times volumetrically larger). This has 
important implications if the High-Ca granites were crustal-derived, requiring a significant 
volume of pre-existing crust of mostly homogenous 'basaltic to andesitic' composition. 
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High-C. 
Clan 
Barr Smith 

Calamity 

Cavity 

Diemals Association 
Supersuite 
Barr Smith 
Bridal Well 
Never Despair 

Peninvale 
Calamity 
Chinaman 
Cavity 
Reid Well 

Hong Kong Hong Kong 
Kaluweerie Hill Kaluweerie Hill 
unnamed unnamed 

High-Ca interpreted (SCP) 
unassigned unassigned 

High-Ca 
Clan 
Beasley 

HalUlans Bore 
Kingsley 

Nambi 

Netting Bore 

No.2 Well 

Union Jack 

unassigned 

Menangina Assoc. 
Supersuite 
Beasley Well 

Jundee-I 

Tarmoola 
Waltha 
Wingora 
Hannans Bore 
Cody Well 
Kingsley 
Auckland 
Nambi 

Netting Bore 

McKenzie Bore 
No.2 Well 

The Boals 
Urarey 
Blue Well 
Ivor Rocks 
Junction Well 
Mt Gerard 
Octopus 
Quongdong 
Union Jack 

Wanggannoo 
White Cliffs 
Wiro 
Mulega 
unassigned 

High-Ca interpreted (EGP) 
unassigned unassigned 

2.9 

Southern Cross Province 
Suite 
Barr Smith, Blow well, Palm Well, unnamed, 
Bridal Well, Critch Bore, Bridal Well? 
Nuendah, Never Despair, Twin Bores, Scottie Well, unnamed, 
Altona 
Perrinvale 
Bore Well, Calamity 
Chinaman 
Cavity 
Reid Well 
Hong Kong, unnamed 
Kaluweerie Hill, unnamed 
unnamed 

Diemals Association 
variolls unassigned units 

Eastern Goldfields Province 
Suite 
Beasley Well, Hawks Nest, Pool Well, Transvaal, Honey Queen, 
Ranch Well, Mulloch, Durang, Carroll Well, Mt Dennis 
Destiny Well, Gourdis, Keil, Jundee-I, Karrah Bore, Amees Bore, 
Mundy Bore 
Tannoola 
Waltha 
Wingora, Point Sheila 
Hannans Bore, Koonoonooka 
Cody Well, Pink Well, Hegarty 
Bullock, Kingsley, Kerry Lyn, Cork Bore 
Auckland, White City Well 
Bob Well, Kauri, Keep It Dark, Roman Well, Lent Well, Lignum, 
Paul Well 
Mt Pasco, Netting Bore, Charlies Well, MOnling Light, Melba 
Bore, lInnamed 
McKenzie Bore, Bemie Bore 
Mopoke Well?, Jims Well, Peperill Hill, Snowys Well, Schmitz 
Well, uuuamed, Bounty, Camel Well, Good Friday, Marshall, No. 
2 Well, Robbies Well 
The Boats, Cement Hole, Murphy 
Urarey 
Blue Well, unnamed 
lvor Rocks 
Junction Well 
Mt Gerard 
Octopus, Fyfe Bore 
Quongdong, Yilly Yilly 
Sergies well, Union Jack, Table Well, Fourteen Mile, unnamed, 
Turkey Well, Lawlers dykes, Ivor Rocks 
Two Jacks, Kujelan Creek, Wanggannoo 
White Cliffs 
Wiro, Mt Martin 
Mulega, Biddy 
unassigned 

Menangina Association 
various unassigned units 

Table I. Suites, supersuites, clans and associations of the High-Ca group, northern 
Eastern Goldfields. 
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Sampno 1:250000 Unit Supersuite Clan Age inherited Ref Com 
High-C. 
118936 Sir Samuel Barr Smith Barr Smith Barr Smith 2679 ±9 2798 5 OK 
96969080 Laverton Durang Beasley Well Beasley 2672 ±2 2 OK 
118945 Duketon Point Sheila Wingora Beasley 2697 ±6 ?2771 5 OK 
96969038 Wiluna AmeesBore lundee-l? Beasley? 2673 ±3 2739 2 OK 
96969039 Wiluoa Cork Bore dyke Kingsley Kingsley 2658 ±2 2684 2 OK 
89963380 Leonora Auckland Auckland Nambi 2669 ±7 2 OK? 
Liul Leonora Tnllnp Auckland Nambi 2760 2 OK? 
118950 Sir Samuel Morning Light Netting Bore Netting Bore 2666 ±6 2689 5 OK 
92963248 Leonora No.2 Wen No.2 Wen No.2 Wen -2650 ± 2797 ±8 2 OK 
92969067 Leonora Peperin Hill No.2 Wen No.2 Wen 2678 ±7 2 OK 
92969080A Leonora Wildara No.2 Wen No.2 Wen 2648 ±5 2 OK? 
92969113 Laverton Murphy The Boats No.2 Well 2670 2 OK? 
Fletcher-2 Leonora Lawlers dykes Union Jack Union Jack 2666 ±7 12 OK? 
92969038 Leonora Turkey Well Union Jack Union Jack 2676 ±7 2 OK 
92969082 Leonora Table Wen Union Jack Union Jack 2665 ±4 2 OK 
88-469 Leonora Union Jack Union Jack Union Jack 2664 ±8 I OK 
96969044 Sir Samuel KujeJan Creek Wanggannoo? Union Jack 2665 ±3 2 OK 
96969016 Menzies SCP-Menzies 2689 ±4 2 OK 
High-Co? 
88-450 Leonora Mt Ross sheared 2971,2776,2722 ? 

89-634 Sir Samuel Perseverance gneiss 72684 ±9 2856 to 2726 II ? 

Low-Ca 
112117 Menzies Clark Well Beetle 2640 ±8 4 OK 
118947 Duketon Barney Grant Duff Grant Duff 2637 ±8 5 OK 
96969025 Sir Samuel Ryans Well Mt Blackburn Hard Times? 2641 ±5 2747; 2702 2 OK? 
142815 Kingston Yelma Coolibah Mt Boreas 2651 ±IO 6 OK 
142816 Wi luna 2A Tank Mt Cleaver Nulerie 2648 ±19 2872 6 OK 
118946 Duketon unnamed pod MtWaite Nulerie 2654 ±9 5 OK 
96969046 Duketon Red Bore MtWaite Nulerie 2647 ±3 2 OK 
96969034 Sir Samuel Wanjarri Wobbly Nulerie? 2652 ±4 2 OK 
92964658 Leonora Wallaby Nob Rowe Range Yeelirrie 2653 ±3 2 OK 
96969002 Menzies SCP-Menzies 2631 ±3 2 OK 
96969006 Menzies SCP-Menzies 2636 ±2 2 OK 
96969007 Menzies SCP-Menzies 2660 ±3 2 OK 
96969010 Menzies SCP-Menzies 2660 ±5 2 OK 
96969012 Menzies SCP-Menzies 2633 ±2 2 OK 

Table 2a. Geochronological data for the High-Ca and Low-Ca groups of the northern 
Eastern Goldfields region; all ages (in Ma) are SHRIMP zircon ages unless indicated 
otherwise. Data sources: I - Hill et al. (1992); 2 - L. Black, AGSO (unpublished); 3-
Nelson (1995); 4 - Nelson (1996); 5 - Nelson (1997); 6 - Nelson (1998); 7 - Nelson 
(1999); 8 - Ojala et al. (1997); 9 - Yeats et al. (in press); 10- Pidgeon & Wilde (1990) 
conventional zircon analysis; II - Hill & Campbell (unpublished); 12 - Fletcher et al. 
(submitted); 13 - AMIRA P482; 14 - AM IRA P482 Pb whole-rock feldspar; 15 - AMIRA 
P482 SHRIMP titanite. Com = comments and refers to the interpreted reliability of the 
age. 
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Sampno 1:250000 Unit Supersnite Clan Age inherited Ref Com 
Mafic 
96969032 Sir Samuel Anomaly 45 Anomaly 45 Granny Smith 2667 ±3 2 OK 
88-597 Laverton Granny Smith Granny Smith Granny Smith 2665 ±4 OK? 
Fletcher-l Leonora Lawlers Lawlers Granny Smith 2666 ±3 12 OK 
88-600 Edjudina Porphyry Porphyry Granny Smith 2667 ±4 I OK? 
PI Edjudina Porphyry Porphyry Granny Smith 2657 ±8 2691 9 OK 
P2 Edjudina Porphyry Porphyry Granny Smith 2660±11 2710 9 OK 
P3 Edjudina Porphyry Porphyry Granny Smith 2662 ±23 2815 9 OK 
96969042 Sir Sanuel Hurleys Reward Hurleys Reward Kanown3 Belle 2956 ±5 2 OK 
118940 Sir Samuel Kens Bore Kens Bore Kanowna BeUe 2669 ±6 2720 5 OK 
142811 Sir Samuel Bronzewing dioriteSundowner Kanowna Belle -2655 ±4 6 ? 
Liu2 Sir Samuel Kathleen Val1ey Kathleen Valley Kathleen Valley 2736 ±3 2 OK 
Mafic? 
DAT4 Sir Samuel Mt McClure dyke 2656 ±4 2852 9 OK? 
DAT6 Sir Samuel Mt McClure dyke 2663 ±4 9 OK? 
DAn Sir Samuel Mt McClure dyke 2668±10 2867,2779,2706 9 OK? 
Jl Wiluna lundee dyke 2656 ±7 2866; 2765-2700 9 OK? 

Syenitic 
142810 Sir Samuel Woorana Soak Ninnis Gilgarna 2644 ± 13 6 OK 
93964145 Laverton HannsCamp Ninnis Gilgarna 2664 ±2 2 OK 
118948 Sir Samuel Wadarrah Panakin Panakin 2643 ±6 12674 5 OK 
148397 Nabberu Panakin Panakin Panakin 2664 ±4 7 OK 
132918 Edjudina McAuliffe Well 2651 ±5 2676 5 OK 
98967008 Widgiem. Erayinia 2660 ±5 13 OK 
99967174A Laverton Wallaby Wallaby Wallaby 2658 ± 16 14 OK? 
Syenitic? 
118996 Nabberu Teague Ring unassigned unassigned 2648 ±8 -2740 5 OK 
Carbonatite (syeilltic) 
99967177B Laverton Wallaby carbonatite carbonatite 2657±15 15 OK? 
High-HFSE 
96969024 Menzies Kookynie Kookynie Kookynie 2680 ±2 2 OK 
96969076 Leonora Kent complex Penzance Kookynie 2679 ±8 2713+1-8 2 OK 
118951 Sir Samuel Weebo Weebo Kookynie 2658 ±7 2704+1-28 5 OK 
142813 Sir Samuel Satisfaction Satisfaction Sntisfaction 2738 ±6 6 OK 
96969031 Sir Samuel Mandilla Well Satisfaction Satisfaction 2699 ±2 2 OK 

Felsic volcanics 
86-425 Leonora Teutonic Bore 2689 ±5 OK? 
110225 Menzies Carpet Snake Soak 2681 ±4 4 OK 
112159 Leonora Royal Arthur 2692 ±4 2746 ±9 3 OK 
118953 Sir Samuel Spring Well South 2690 ±5 5 OK 
118954 Sir Samuel Rockys Reward 2720±14 5 OK 
137251 Edjudina Yerilla 2696 ±6 6 OK 
142817 WiJuna Camel Bore 2669 ±10 6 OK 
142821 Sir Samuel Darlot Mine 2702 ±5 5 OK 
89-636 Sir Samuel Perseverance 12706±6 2734 ±5 II ? 
SDD243225 Edjudina Sunrise 2677 ±6 8 OK 
W83 Leonora Pig Well 2697 ±3 10 OK 
W98 Leonora Teutonic Bore 2688 ±4 10 OK 

Dolerite dyke 
142859 Sir Samuel Ka]uweerie 2627 ±6 2662, 2980, >3000 6 ? 

Table 2b. Geochronological data for the High-HFSE, Mafic, and Syenitic groups of the 
northern Eastern Goldfields region, and miscellaneous other rocks. Detai Is and data 
sources as for Table 2a. 
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Clans ofthe Menangina Association, High-Ca Group, Eastern Goldfields 
Province. 

Union Jack Clan 

Member Supersuites: Blue Well, Ivor Rocks, Junction Well, Mt Gerard, Octopus, 
Quongdong, Union Jack, Wanggannoo, White Cliffs, Wiro, Mulega 

Distribution: One of the dominant clans of the Menangina Association, the Union Jack 
clan occurs across the whole northern Eastern Goldfields, in four main zones: 
• north-south zone in Cosmo mass (White Cliffs, Ivor Rocks, Quongdong supersuites) 
• north-south zone in western part of Banj i warn mass (Wanggannoo, Wiro, Mt Gerard, 

Mulega supersuites) 
• very minor in Koonoonooka mass (Junction Well, Octopus supersuites) 
• north-south zone in Raeside mass (Union Jack, Blue Well supersuites) 

Geochronology: 5 reported ages (Table 2a) from the clan that include 2676 Ma (Union 
Jack supersuite) and 4 which cluster within 2 Ma of 2665 Ma (3 Union Jack, I 
Wanggannoo supersuite). The younger ages include both strongly deformed and 
undeformed units. The 2676 Ma unit is also strongly deformed. The Union Jack clan also 
includes lithologies from banded gneiss which may be older. 

Chemical characteristics: This clan represents the high LILE and higher HFSE end
member of the Menangina Association, and as such is distinguished by its elevated to 
higher K20, Rb, Pb, Th, Zr, Ce (Figs 2,3,5), particularly with regard to Beasley, Nambi, 
No.2 Well and Netting Bore clans. Notably, elements such as Sr and Y show strong 
overlap with other clans of the association. The Union Jack clan shares many similarities 
with both the Hannans Bore and Kingsley clans, with some notable differences (lower Ba, 
Sr, higher Rb, Y and Nb in Hannans Bore, and lower Pb, Ba, Th and Ce in Kingsley clan: 
Fig. 3) 

Mineralised members? None recorded. 

Petrogenesis: As for the High-Ca group in general, though the higher LILE and HFSE 
require a more LILE-enriched component in their source. Geochemically, many of the 
features evident in the Union Jack clan trend towards the less-evolved members of the 
Low-Ca group. Notably, however, the Sm-Nd isotopic data (Champion & Sheraton, 
1997), clearly indicate the two groups aren't related, i.e., distinct and separate sources for 
the Low-Ca and High-Ca groups. 

Tectonic & other implications: As for the High-Ca group in general. 

Nambi Clan 

Member Supersuites: Auckland, Nambi 

Distribution: A moderate sized clan that occurs in two main zones in the western half of 
the northern Eastern Goldfields: 
• clustering along the eastern half of the Teutonic mass (Nambi supersuite), and 
• along the eastern part of the Raeside mass, extending to the north into the 

Koonoonooka mass (Auckland supersuite). 
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Geochronology: Two, possibly-conflicting, age determinations are available, both on 
Auckland supersuite units around the Leonora area (both from L. Black, written 
communication, 2000), an age of 2669 Ma from the Auckland granitoid NW of Leonora, 
and a 2760 Ma age from the Trump granodiorite unit just west of Leonora (Table 2a). The 
latter age, if indeed correct (i.e., not inherited) would make this the oldest recorded granite 
within the Eastern Goldfields Province, with an age more akin to that found within the 
Southern Cross Province. However, both the Auckland and Trump units are chemically 
very similarly (grouped within the same Auckland suite) raising the possibility that they 
may be of similar age. Additional geochronology is undoubtedly required. 

Chemical characteristics: The Nambi clan is geochemically intermediate between the low 
L1LE Beasley and high L1LE Union lack clans, as evidenced by the lower MgO, CaO and 
higher K20, Ba, Rb, Pb, Ce etc, of the Nambi clan relative to the primitive Beasley clan 
(Figs 3, 5). Although presently separated, the Nambi clan is chemically very similar to the 
No.2 Well Clan, with only a few minor differences (the former having lower K20, Pb, and 
higher MgO); further work may see both clans amalgamated. The Nambi Clan also has 
many similarities to the Netting Bore clan, with some significant differences, e.g., higher 
MgO and lower Na20, Sr, Pb, Ba and Ce in the latter (Fig. 3). 

Mineralised members? Tower Hill 

Petrogenesis: If the Union Jack and Beasley clans define the two end-members in L1LE 
and HFSE contents in the Menangina Association of the High-Ca group (Fig. 2), than the 
Nambi (and No.2 Well) clan can be thought of as best defining the characteristics of the 
average High-Ca granites (Fig. 3). As such this and the No.2 Well clan can be used to 
approximate the source for the High-Ca granites, with the chemistry most consistent with a 
'average' source composition somewhere between basaltic and andesitic, i.e., the L1LE 
contents are too high for a purely basaltic/gabbroic precursor. 

Tectonic & other implications: Mostly as for the High-Ca group in general. The 2760 
Ma age, however, raises a number of possible implications, particularly given that it is 
from a unit that would expected to be older if regional extensional deformation and core
complex formation had occurred as envisaged by Williams and co-workers, e.g., Williams 
& Whitaker, (1993), Williams (1993). In such a model, the Trump granodiorite represents 
the basement to the Eastern Goldfields Province greenstones, with the much younger 
Auckland granite either having being emplaced at the time of core-complex formation or, 
more likely given its age', during some unrelated tectonic event, e.g., D2 compression. 

No.2 Well Clan 

Member Supersuites: McKenzie Bore, No.2 Well, The Boats, Urarey 

Distribution: Moderate sized clan that encompasses gneissic granites to un deformed 
porphyries. Three main regions of occurrence: 
• within the Raeside mass (No.2 Well supersuite) 
• southern half of the Banjiwarn mass (The Boats & Urarey supersuites) 
• southern part of the Teutonic mass (McKenzie Bore supersuite). 

Geochronology: Four age determinations available, all from L. Black (written 
communication, 2000), with ages of 2678 (Peperill Hill), ca. 2650 (No.2 Well) and 2648 
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Ma (Wildara), all from the No.2 Well supersuite in Raeside mass, and 2670 Ma (Murphy 
granite, The Boats supersuite), from the Banjiwarn mass (Table 2a). These ages suggest a 
bimodal distribution. Although, the two older samples are from gneissic to strongly 
deformed units, the two younger units are also moderately deformed. The 2650 Ma ages 
are the youngest yet recorded for High-Ca granites in the Eastern Goldfields Province. 
Black (written communication, 2000) also reports an inherited age of 2797 Ma for a 
granite of the No.2 Well supersuite, consistent with Nd model ages for the age of the 
source rocks (Champion & Sheraton, 1997). 

Chemical characteristics: The No 2 Well clan, like the Nambi Clan, is geochemically 
intermediate between the low LlLE Beasley and high L1LE Union Jack clans (Figs 3, 5). 
Although presently separated, the No 2 Well clan is chemically very similar to the Nambi 
Clan, with only a few minor differences (the latter having lower KzO, Pb, and higher MgO; 
Fig. 3); further work may see both clans amalgamated. The No 2 Well Clan also has many 
similarities to the Netting Bore clan, with some significant differences, e.g., higher MgO 
and lower NazO, Sr, Pb, Ba in the latter (Fig. 3). 

Mineralised members? None known 

Petrogenesis: Very similar chemically to Nambi Clan, with similar petrogenesis. 

Tectonic & other implications: In general, as for the High-Ca group. The 2650 Ma ages 
for members of this clan extend the age limits of the High-Ca group and indicate greater 
overlap with the Low-Ca group granites than previously thought. Additionally, as is also 
found for members of the Low-Ca group, the overprinting structural fabric within these 
younger granites indicate deformation post-dating 2650 Ma, in various localities across the 
northern Eastern Goldfields. The results for the Nambi and No.2 Well clans, indicate that 
very similar magmatism occurred at 2760, 2670-2660 and 2650 Ma, within the Raeside 
mass (and elsewhere?). 

Beasley Cia n 

Member Supersuites: Beasley Well, Jundee-l, Tarmoola, Waltha, Wingora 

Distribution: Widespread clan including gneiss and gneissic granite to variably deformed 
granites and porphyries. Occurrences include: 
• lower half of Cosmo mass (Beasley Well supersuite) 
• all through Banjiwarn mass, including porphyries to south (Waltha, Wingora, Beasley 

Well supersuites) 
• north-eastern part of Koonoonooka mass, on the continuation of Banj iwarn trend, and 

including porphyries in the greenstones to the east (Jundee-I supersuite) 
• the main internal granite at the Tarmoola deposit (Tarmoola supersuite) 
All except Tarmoola lie on the one broad NNW trend. 

Geochronology: Three ages available, 2697 Ma (Point Sheila complex, Wingora 
supersuite; Nelson, 1997), 2672 Ma (Durang, Beasley Well supersuite; Black, written 
communication, 2000), and 2673 Ma (Amees Bore complex, Jundee-I supersuite; Black, 
written communication, 2000), all from gneisses or gneissic granites. Further 
geochronology is required to ascertain if members of the clan extend to 2660 Ma and 
younger. 
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Chemical characteristics: As discussed or the High-Ca group, the Beasley Clan forms the 
most primitive end-member of the Menangina Association, characterised by low LlLE and 
HFSE contents, e.g., sodic with low K20, Rb, Th, Ce, Zr (Figs 2, 3, 5); features that 
distinguish it from other clans. One notable difference is the higher MgO and mg# in the 
Beasley Clan. 

Mineralised members? Tarmoola, porphyries spatially associated with mineralisation 
around Jundee, Keringal, Mt Morgans 

Petrogenesis: Generally as discussed for the High-Ca group. The primitive (low-LlLE) 
chemistry is most consistent with partial melting of a basaltic/amphibolitic pre-cursor, at 
moderate-high pressures. The higher MgO and mg# evident in most of the Beasley Clan 
may be the first good evidence for a subducted slab source for some of the High-Ca rocks, 
i.e., indicative of reaction with mantle-wedge peridotite (see Smithies & Champion, 2000). 

Tectonic & other implications: As for High-Ca group in general. 

Hannans Bore Clan 

Member Supersuites: Hannans Bore 

Distribution: A small clan and supersuite, comprising several units, confined to the central 
Koonoonooka mass. 

Geochronology: None available. 

Chemical characteristics: Most similarities with the Union Jack and Kingsley clans, with 
some notable distinctions, including lower Ba, Sr and higher Rb, Y and Nb in the Hannans 
Bore clan (Fig. 3). Has some affinities with the Low-Ca group, and could represent a 
mixed source. 

Mineralised members? None 

Petrogenesis: The lower Sr and higher Y within the Hannans Bore Clan suggest partial 
melting at lower pressureslhigher crustal levels from a source similar to that for the Union 
Jack clan. 

Tectonic & other implications: The postulated lower pressure origins ofthis clan, are 
consistent with the favoured model for the origin of the High-Ca in group, i.e., partial 
melting of thickened crust. 

Kingsley Clan 

Member Supersuites: Cody Well, Kingsley 

Distribution: Small to moderate-sized clan, with granitoids confined to two regions: 
• north-eastern part of the Raeside mass (Cody Well supersuite) 
• north-eastern part of the Koonoonooka mass (Kingsley supersuite). 

Geochronology: One age available on a dyke from the Kingsley supersuite (2658 Ma, 
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L.Black, written communication, 2000), intruding gneisses of the Beasley Clan. Upper age 
limits not known, but inferred to be <2700 Ma. 

Chemical characteristics: Belongs to the high LI LE members of the High-Ca group (Fig. 
5). As such, is chemically similar to the Union Jack clan, with minor differences, e.g., 
lower Ba, Th, Ce (Fig. 3). Also many similarities with the Hannans Bore clan (lower Ba, 
Sr and higher Rb, Y and Nb in the latter; Fig. 3). 

Mineralised members? None known. 

Petrogenesis: Similar to that for the Union Jack clan. The minor differences between the 
Kingsley and Union Jack clans, most probably reflecting minor differences in the source 
rocks. 

Tectonic & other implications: As for the Union Jack clan and the High-Ca group in 
general. 

Netting Bore Clan 

Member Supersuites: Netting Bore 

Distribution: A small clan and supersuite comprising 7 granite and granodiorite units 
occurring in two main regions: 
• north-east Teutonic mass and its extension into the greenstones to the NNW 
• western part of Koonoonooka mass. 

Geochronology: One age recorded (Nelson, 1997), of 2666 Ma for the Morning Light 
granodiorite, from the Teutonic mass. 

Chemical characteristics: The Netting Bore clan falls within the central area of the 
chemical range shown by the High-Ca group (Figs 3, 5), with most similarities to the 
Nambi and No.2 Well clans. Differences with the latter 2 clans include higher MgO and 
lower Na20, Sr, Pb, Ba in the Netting Bore clan. 

Mineralised members? None 

Petrogenesis: Largely as for the Nambi and No.2 Well clans. 

Tectonic & other implications: As for the Nambi and No.2 Well clans, and the High-Ca 
group in general. 

Clans ofthe Diemals Association, High-Ca Group, Southern Cross 
Province 

Barr SmitIi Clan 

Member Supersuites: Barr Smith, Bridal Well, Never Despair, Perrinvale 

Distribution: One of the major clans in the Southern Cross Province in the NEG area. Its 
distribution is localised to the north-eastern half of the Yeelirrie mass. 
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Geochronology: One age recorded, by Nelson (1997), of 2679 Ma, for the Barr Smith 
granite, belonging to the Barr Smith supersuite. 

Chemical characteristics: Chemically, falls into the high LlLE and HFSE end-members 
of the High-Ca group (Fig. 4, 5). Geochemical characteristics largely similar to those 
shown by the Union Jack clan of the Eastern Goldfields Province, i.e., elevated K20, Rb, 
Th, U, Pb, Zr, LREE. Differences include slightly higher CaO, Na20, and lower K20, Rb, 
in the Barr Smith clan, relative to the Union Jack Clan. Both clans show similar elevated 
levels ofTh, U, LREE, and Zr (Figs 3, 4, 5). 

Mineralised members? None. 

Petrogenesis: Essentially similar to that for the Union Jack clan, Eastern Goldfields 
Province, i.e., from a 'source' more chemically evolved than basalt/amphibolite. Shares 
many similarities with the Calamity clan, Southern Cross Province, although the latter has 
lower Na20, and higher K20, Sr, Ba, Th, LREE. 

Tectonic & other implications: Largely as for the Union Jack Clan, Eastern Goldfields 
Province, and the High-Ca group granites in general. One result of the present AMIRA 
project is the apparent lack of granites around 2.67 to 2.66 Ma in the Southern Cross 
Province, unlike the Eastern Goldfields Province, where the majority of High-Ca granites 
are of this age. Although the data is limited, this also appears to be consistent with the 
comparisons between the Barr Smith clan and many of the granites in the Union Jack clan, 
the latter which cluster strongly around 2665 Ma. 

Calamity Clan 

Member Supersuites: Calamity, Chinaman 

Distribution: Small clan of 5 variably deformed units, with both supersuites occurring in a 
north-south zone, in the northern half of the Yeelirrie mass. 

Geochronology: None available. Locally intruded by members of the Barr Smith Clan. 

Chemical characteristics: Belongs to the high LlLE part of the High-Ca group range 
(Figs 4, 5). Many similarities to the Barr Smith Clan but with higher LlLE and HFSE, e.g., 
higher K20, Pb, Ba, Th, LREE, Zr (Fig. 4). Very similar chemically to the Union Jack clan 
of the Eastern Goldfields Province. 

Mineralised members? None. 

Petrogenesis: As for the Union Jack clan of the Eastern Goldfields Province, and the 
High-Ca granites in general. Relative to the Barr Smith clan, requires a source with higher 
LlLE and HFSE, or, perhaps, represents slightly lower degrees of partial melting. 

Tectonic & other implications: As for the Barr Smith clan and High-Ca group in general. 
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Cavity Clan 

Member Supersuites: Cavity, Reid Well 

Distribution: Small clan of two supersuites, each comprising only one unit, both occurring 
within the central zone of the Yeelirrie mass. 

Geochronology: None. One unit (Cavity) intruded by members of the Barr Smith clan. 

Chemical characteristics: Chemically not as LlLE- or HFSE-rich as the Barr Smith clan, 
with lower TiOl , Rb, Th, LREE, Zr, Y and Nb (Fig. 4). Most akin to the NambilNo. 2 
Well clans of the Eastern Goldfields Province, i.e., falling within the central part of the 
High-Ca range. 

Mineralised members? None. 

Petrogenesis: As for NambilNo. 2 Well clans, Eastern Goldfields Province, and High-Ca 
granites in general. 

Tectonic & other implications: As for NambilNo. 2 Well clans, Eastern Goldfields 
Province, and High-Ca granites in general. 

Hong Kong Clan 

Member Supersuites: Hong Kong 

Distribution: Small clan of one supersuite comprising 2 units, one of which (Hong Kong 
complex) may be substantially larger (based on aeromagnetic data). Confined to the 
eastern and central parts of the Yeelirrie mass. 

Geochronology: None. 

Chemical characteristics: Small data set of only three analyses, characterised by low 
LlLE and generally low HFSE, e.g., low KlO, Rb, Th, Zr, Y, especially compared to the 
Barr Smith clan (Fig. 4). Chemically most similar to the Beasley clan, Eastern Goldfields 
Province. 

Mineralised members? None. 

Petrogenesis: The Low-LlLE composition, is most consistent with a basaltic/amphibolitic 
source composition, as for the Beasley clan, Eastern Goldfields Province. 

Tectonic & other implications: When combined with the other Southern Cross Province 
High-Ca clans, clearly demonstrates that there is little difference between these High-Ca 
granites and those of the Eastern Goldfields Province, particularly in regard to the range of 
LILEs and HFSEs (Fig. 5). This can be taken further to indicate that source rocks and 
processes, responsible for production of the High-Ca granites, were also probably similar 
in both provinces. 
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Kaluweerie Hill Clan 

Member Supersuites: Kaluweerie Hill 

Distribution: Small clan comprising one supersuite with three units, occurring within the 
central part of the Yeelirrie mass. 

Geochronology: None. 

Chemical characteristics: Although a small clan with only four analyses, all show similar 
distinctive geochemistry. Such features include elevated Pb, Ba, Th, U, LREE, Zr, coupled 
with high Na20, Sr and low to moderate K20, Rb (Fig. 4). Compared to the Barr Smith 
clan, members of the Kaluweerie clan have higher CaO, Na20, Sr, LREE and Zr and lower 
K20 and Rb. Notably, K20 and Rb levels are as low as those found in the low-LILE Hong 
Kong clan (Figs 4, 5); it is equivocal whether these compositions are primary or reflect 
some post crystallisation modification, e.g., alteration? 

Mineralised members? None. 

Petrogenesis: The unusual decoupling of the LILE and HFSE in the Kaluweerie clan, if 
not due to alteration etc, strongly suggest either a unique source composition or, possibly, a 
mixed source. 

Tectonic & other implications: As for the High-Ca group in general. 
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Low-Ca Group, northern Eastern Goldfields 

Member Associations: Mt Boreas Association (Eastern Goldfields Province) 
Beetle Association (Southern Cross Province) 

Distribution: The second most dominant granite group within the northern Eastern 
Goldfields, representing up to and greater than 20% of total granites (up to 40% in the 
portion of the Southern Cross Province in the northern Eastern Goldfields, Fig. I). Most 
dominant in the external granites, where it is often associated with older gneisses. Well 
represented in all the granite masses with the apparent exception of the Teutonic mass (Fig. 
I). Six clans have been recognised in the northern Eastern Goldfields Province, and 2 
clans in the north-eastern Southern Cross Province (Table 3). Apart from the widespread 
Nulerie and Mt Boreas clans, the clans in the Eastern Goldfields Province are localised to 
particular zones. 

Geochronology: A moderate number of dated samples, mostly from the Eastern Goldfields 
Province indicate an age range from 2655 to 2637 Ma (Table 2a). As would be expected 
given the chemistry of the Low-Ca granites (i.e., high Zr levels indicating that the initial 
melts weren't zircon saturated), there is only minor evidence for inherited zircon. Data, 
available for two granites (one of which intrudes greenstones, i.e., the zircons may be 
xenocrystic), indicates age ranges for inherited zircons of 2700 to 2870 Ma (Table 2a). 
These 'inherited' ages are much younger than would be expected given the Nd model ages 
(2800 to 3000+ Ma, Champion & Sheraton, 1997). 

Only one age (2653 Ma, L.Black, written communication, 2000) has been determined on 
the Low-Ca granites in the Southern Cross Province region of the northern Eastern 
Goldfields. Low-Ca granites, just to the south on the Menzies 1:250000 sheet, record ages 
in the range 2660 to 2630 Ma (Table 2a). Available geochronology for the Southern Cross 
Province further to the south and west (and the Murchison Province) suggests that the 
Low-Ca magmatism extended to 2.64-2.63 Ga and younger, becoming more voluminous 
around 2.65-2.63 Ga (this project, Qui et aI., 1997). This appears to be slightly different to 
the Eastern Goldfields Province, particularly the northern half of the province, where the 
limited data suggests the majority of Low-Ca magmatism occurred at 2655-2640 Ma, with 
only one Low-Ca granite recording an age below 2.64 Ga (Table 2a). Further 
geochronology will help clarify whether these differences are indeed real or just artefacts 
of the limited data to date. 

Chemical characteristics. Characteristics for this group have been summarised by 
Champion & Sheraton (1997), and Champion (1997). Basically, the Low-Ca granites 
comprise potassic granite and lesser granodiorite, characterised by high LlLE (K20, Rb, 
Pb, Th, U) and HFSE (LREE, HREE, Y, Zr) contents (Figs 5, 6, 7, 8, 13, 14). Individual 
clans (Table 3), exhibit a range in LlLE and HFSE contents, from moderate (Nulerie, 
Mugs Bore clan) to high (Grant Duff, Hard Times, Mars Bore, Yeelirrie clans; Figs 6, 7, 
8), though the range isn't as large as for the High-Ca group (Figs 5, 14). The majority of 
granitoids from this group are further characterised by (low to) moderate Sr contents (Sr
depleted) coupled with moderate to high Y (and HREE) contents (Y-undepleted; Figs 7, 8), 
although, the group does range to Sr-undepleted and variably Y -depleted compositions. 

Mineralised members? Notably, there are no recorded examples of Low-Ca granites 
hosting gold mineralisation, despite them being either older or contemporaneous with the 
postulated main period of gold mineralisation around 2640 to 2630 Ma. Given the high Th 
and U contents of the Low-Ca granites it is considered very likely that the weathering of 
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these granites contributed significantly, via weathering, to the U in calcrete deposits, e.g., 
Yeelirrie. Elsewhere in the Yilgarn, Low-Ca granites are associated with Be and Sn 
deposits, as would be expected given their fractionated nature. 

Petrogenesis: The general characteristics of the Low-Ca group granites (potassic, high 
LILEs, elevated HFSEs) indicate derivation from a, at least moderately, potassic and 
LlLE-rich crustal source, i.e., they represent reworked continental crust. Champion & 
Sheraton (1997) suggested source rocks with compositions not unlike tonalites found in 
Archaean terranes throughout the world, though the low CaO in the Low-Ca granites and 
the very minor occurrence of amphibole in the granites themselves, indicate partial melting 
was largely via dehydration melting driven by biotite breakdown, i.e., either small volume 
melts or from a source with only minor amphibole. Additionally, the high levels of the 
HFSEs, in particular Zr, in the Low-Ca granites, strongly indicate high temperature 
melting (i.e., zircon saturation and, hence, levels of Zr in a granite melt are strongly 
temperature dependent), a fact which may also be consistent with a generally water-poor 
(limited amphibole) source. Finally, the mostly Y-undepleted and Sr-depleted nature 
suggests that the Low-Ca granites were generated at moderate crustal levels (mostly <35 
km). 

The variation in LlLE, in particular, and the HFSE, between the Low-Ca clans, may reflect 
a variety of processes, including: 
• changes in percentage of partial melt, i.e., the greater percentage of melt, the lower the 

concentration of LI LEs in the melt, 
• variations in source compositions, 
• variable mixing of two or more source components, e.g., perhaps a component of a 

source similar to that envisaged for the High-Ca granites. 
The available evidence favours a combination of the first two hypothesis, though the third 
can not be ruled out. Notably, the differences between the Mt Boreas and Meredith clans 
appear to mostly reflect a change in the degree of partial melting. 

Tectonic & other implications: The simplest model for the Low-Ca granites, would 
appear to require their generation from moderately dry tonalitic (or more felsic) pre
existing crust, in an extensional environment with an elevated geothermal gradient. This is 
clearly contrary to the general scenario for the High-Ca granites, indicating not only 
distinct source rocks, but distinct sites of granite generation for the two granite types. This 
is also supported by the available Sm-Nd isotopic data which indicates isotopically distinct 
source reservoirs for the two granite groups (Champion & Sheraton, 1997). These 
differences are even more significant when the age distributions of the two granites groups 
are taken into consideration, i.e., there is a temporal change from voluminous dominantly 
High-Ca magmatism to less voluminous, but very widespread, dominantly Low-Ca 
magmatism, around 2660 to 2650 Ma. This changeover in magmatism most probably 
indicates a corresponding change in tectonic environment, presumably from a 
compressional or arc-related environment to one dominated by extension or post-tectonic 
relaxation, i.e., some mechanism produced a change in the thermal regime, that not only 
increased the thermal gradient (to allow generation of Low-Ca granites) but effectively 
turned off production of High-Ca granites. 

The exact nature of this tectonic transition is largely dependent on the origin of the High
Ca granites, which as described earlier, is not straight-forward. If, as favoured here, the 
High-Ca granites were generated by partial melting in thickened crust, then melting shifted 
to higher crustal-levels (the site of Low-Ca generation), with the thickened lower crust 
(High-Ca source) either somehow insulated from further melting or removed. In this 
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regard, Smithies & Champion (1999) suggested that this post 2660 Ma thermal event may 
have resulted from lower-crustal delamination following crustal thickening during the main 
D2 shortening deformation. These authors further speculated that this event represented an 
additional tectonothermal event in the eastern Yilgarn Craton, contemporaneous with 
lower-middle crustal high-grade metamorphism and regional Au mineralisation (e.g., Kent 
et al. 1996). 

If, however, the High-Ca granites were largely generated by slab-melting, a scenario 
considered less likely given the geochemical, Sm-Nd isotopic and inherited zircon 
evidence, but still with some merit, then the change over to Low-Ca (and syenitic) 
magmatism may simply reflect some form of wide-scale extension, perhaps not unlike that 
presently operating in the Basin and Range province in the western United States, although 
with some differences, e.g., lack of contemporaneous felsic volcanism. 

Low-Ca (SCP) Beetle Association 
Clan Supersuite 
Mugs Bore Mugs Bore 
Yeelirrie Rowe Range 

Yeelirrie 
Breakaway Well 
Wild Cat 
unassigned 

Low-Ca interpreted (SCP) 
unassigned unassigned 

Low-Ca (EGP) Mt Boreas Association 

Suite 
Mugs Bore, Dalray Creek 
Brets Bore, Rowe Range, Tunney Well 
Mystery Bore, Two Inch, Yeelirrie, Deadwood 
Breakaway Well 
Wild Cat, Ohara Well, unnamed 
unassigned (Break of Day) 

Beetle Association 
various unassigned units 

Clan Supersuite Suite 
Grant Duff Deeba Freshwater, Far Comet, Deeba, New Bore, Mitika 

Grant Duff Bamey, Grant Duff, Tumback, Duff Range 
Lake Wells Lake Wells, Dumbung 

Hard Times Hard Times Hard Times, AlfWell 
Short Cut Short Cut 

Mars Bore 
Meredith 

Mt Boreas 

Nulerie 

unassigned 

Sunday Bore 
Mt Blackburn 
unnamed 
Mars Bore 
Meredith 
Point Pater 
Coolibah 
Mt Boreas 
Vickers Creek 
Carlee 
Mt Waite 
Nulerie 
Moxon 
MtCleaver 
Wobbly 
Yillaree 
unassigned 

Low-Ca interpreted (EOP) 
unassigned unassigned 

Sunday Bore 
Mt Blackburn, Ryans Well, Kurrajong Bore 
Forrest Well 
Top Well, Jacks Bore, Mars Bore 
Meredith, Darby Well, Start Hill, Pine Tree 
Point Pater 
Calcalong, Porcupine, Coolibah, Yelma, Kukkabubba 
Mt Boreas 
Vickers Creek 
No 22 Bore, Carlee, Sholl Range, unnamed 
Phi Is Fossey, Mt Waite, Red Bore, unnamed, Neckersgat 
Charleston Well, Boundary Well, Extension Tank, Nulerie 
Moxon, Mt Tate, Miljie, Gerry Well 
Mt Cleaver, 2A Tank 
Wobbly, Wanjarri, Old Brilliant, Eifel Tower 
Yillaree, Anderson 
unassigned (Conglomerate Bore) 

Mt Boreas Association 
various unassigned units 

Table 3. Suites, slIpersuites, clans and associations or the Low-ea group, northern Eastem Goldfields 
Province. 
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Clans of the Mt Boreas Association, Low-Ca Group, Eastern Goldfields 
Province 

Grant Duff Clan 

Member Supersuites: Deeba, Grant Duff, Lake Wells 

Distribution: Widely distributed clan of three supersuites and 10 units, confined to the 
eastern half of the northern Eastern Goldfields Province, i.e., east of the Celia lineament, as 
follows: 
• all through the Cosmo mass (Deeba, Lake Wells supersuites) 
• eastern half of Banjiwarn mass (Grant Duff supersuite) 

Geochronology: One date of 2637 Ma (Nelson, 1997; Table 2a) on the Barney granite, 
Grant Duff supersuite. 

Chemical characteristics: Archetypal Low-Ca clan, exhibiting all the features of Low-Ca 
granites, namely, high K20, Rb, Pb, Th, LREE, Zr, Nb, moderate to high HREE and Y, 
and low Na20, (Figs 6, 7,8, 14). The majority of other Low-Ca clans exhibit 
compositional trends that lie between those of the Grant Duffclan and those of the Union 
Jack clan (the most L1LE- and HFSE-enriched High-Ca clan; Fig. 6). The Grant Duff clan 
shares many similarities with the Hard Times and Mars Bore clans, and with the Yeelirrie 
clan, Beetle Association, of the Southern Cross Province. 

Mineralised members? None 

Petrogenesis: As for the Low-Ca group in general, particularly given the high L1LE, high 
HFSE nature of this clan. 

Tectonic & other implications: As for the Low-Ca group in general. Further 
geochronology is required to ascertain whether this clan is indeed younger, as the one age 
date suggests, than other Low-Ca clans in the region. 

Hard Times Clan 

Member Supersuites: Hard Times, Short Cut, Sunday Bore, Mt Blackburn, unnamed 

Distribution: The 9 units of the 5 supersuites (one unnamed) belonging to this clan are 
confined to a circular area occupying the central parts of the Banjiwarn (Mt Blackburn 
supersuite) and Koonoonooka (Hard Times, Short Cut, Sunday Bore supersuites) masses. 

Geochronology: No definitive ages, though one poorly-defined possible intrusive age of 
2641 Ma on the Ryans Well granite, Mt Blackburn supersuite (L. Black, written 
communication, 2000; Table 2a). This granite also records a much better, inherited? age of 
2747 Ma (Table 2a). This strongly foliated granite occurs along the western e'dge of the 
Banjiwarn mass intrusive into greenstones, so the older zircon ages may represent 
xenocrysts. 

Chemical characteristics: Geochemically, falls into the high L1LE, high HFSE end of the 
range shown by the Low-Ca group, and as such is chemically similar to the Grant Duff 
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Clan (Figs 6, 7). Minor differences include, higher Th, U, higher Nb, Y in the high-silica 
end-members, and more variable alkalis (K20, NazO, and Rb). 

Mineralised members? None. 

Petrogenesis: As for the Grant Duff clan, and the Low-Ca group in general. 

Tectonic & other implications: As for the Grant Duff clan, and the Low-Ca group in 
general. The minor differences between the Grant Duff and Hard Times clans most 
probably reflect minor compositional differences in the source. 

Mars Bore Clan 

Member Supersuites: Mars Bore 

Distribution: One supersuite comprising 3 small to large units in the Raeside mass, 
extending south onto the Menzies 1:250000 sheet area. Two of the units lie along the 
western edge of the Eastern Goldfields Province, i.e., near the Ida Lineament. 

Geochronology: None. 

Chemical characteristics: Members ofthe Mars Bore clan lie towards the high LlLE, 
high HFSE end of the Low-Ca group range, and, accordingly, share many similarities with 
the Grant Duff, and Hard Times clans. Differences include variable to lower KzO, Rb, Th, 
U and variable to higher Pb and Ba (Fig. 7). The greatest differences are in total Fe, which 
is significantly higher in the Mars Bore clan. Notably, the geographically close Yeelirrie 
clan in the Southern Cross Province, has compositions which strongly overlap with the 
Mars Bore clan, including elevated total Fe. 

Mineralised members? None. 

Petrogenesis: The differences in total Fe (and mg#), between the Grant Duff and Mars 
Bore clans may either reflect differences in source geochemistry or mineralogy, or perhaps 
degree of partial melting. Given the similarity in LILEs, the former is the preferred option. 

Tectonic & other implications: Given the similarities between the Mars Bore clan, 
Eastern Goldfields Province, and the Yeelirrie clan of the Southern Cross Province, it is 
clearly evident that either the crust does not significantly change across the Ida Lineament, 
or the surface location of the lineament does not correspond to its position at depth, i.e., the 
fault must dip to the east; the latter is the preferred option. 

Meredith Clan 

Member Supersuites: Meredith, Point Pater 

Distribution: The Meredith clan, comprising two supersuites with 8 units in total, is 
largely confined to the Cosmo mass (Meredith, Point Pater supersuites), but also includes 
internal granites (Meredith supersuite) in the Laverton greenstone belt. 

Geochronology: None. 
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Chemical characteristics: The Meredith clan falls into the lower LlLE, lower HFSE end 
of the Low-Ca compositional range (Fig. 7), with lower Rb, Pb, Th, U, Y, variable to lower 
K20, Pb and Nb, and variable to higher Na20, CaO and Ba, relative to the Grant Duff Clan 
(Fig. 7). The Meredith clan has many similarities to the Nulerie clan, with some 
differences, including lower total Fe, K20, Rb, and higher Ba and LREE in the former. 

Mineralised members? None. 

Petrogenesis: As for the Low-Ca group in general. As discussed earlier, the geochemistry 
of the Meredith clan, relative to the Grant Duff clan, probably results from a combination 
of a greater degree of partial melting, and a more LlLE-poor source. 

Tectonic & other implications: As for the Low-Ca group in general. 

Mt Boreas Clan 

Member Supersuites: Coolibah, Mt Boreas, Vickers Creek, Carlee 

Distribution: One of the larger clans of the Mt Boreas Association, the Mt Boreas clan is 
confined to the central part of the northern Eastern Goldfields Province, occurring in two 
pronounced clusters: 
• northern third of the Koonoonooka mass (Coolibah supersuite) 
• NNW trending zone in the central Banj iwarn mass (Mt Boreas, Vickers Creek, Carlee 

supersuites). 

Geochronology: One age of2651 Ma (Nelson, 1998), on the Yelma granite (Coolibah 
supersuite ). 

Chemical characteristics: Like the mostly similar Meredith clan, the Mt Boreas clan falls 
within the lower LlLE and lower HFSE end of the Low-Ca spectrum. Significant 
differences with the Grant Duff and Hard Times clans (both high LlLE & HFSE), include 
similar to higher Sr, higher Na20, lower K20, Th, and distinctly different (lower) trends for 
the LREE and Zr (Fig. 7), features also shared by the Nulerie and Meredith clans (Figs 6, 
7). Differences between the Nulerie and Mt Boreas clans include generally higher K20, 
LREE, Zr, Y, and lower Na20 in the latter. The Mt Boreas and Meredith clans are more 
closely akin, minor differences including higher Rb (and U) at similar K20 contents. 

Mineralised members? None 

Petrogenesis: As for the Meredith clan, and the Low-Ca group in general. Notably the 
differences between the generally similar Meredith and Mt Boreas clans, in particular the 
similar K20 contents but different Rb, and hence, KlRb ratios, is most indicative of smaller 
degrees of partial melting in the generation of the Mt Boreas clan. 

Tectonic & other implications: As for the Low-Ca group in general. 

Nulerie Clan 

Member Supersuites: Mt Waite, Nulerie, Moxon, Mt Cleaver, Wobbly, Yillaree 
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Distribution: The most widespread clan of the Mt Boreas Association, occurring right 
across the Eastern Goldfields Province, in all but the Teutonic mass, as follows: 
• northern part ofthe Raeside mass (Yillaree supersuite) 
• whole length of the Koonoonooka mass (Yillaree, Mt Cleaver, Wobbly supersuites) 
• southern half of the Banjiwarn mass (Mt Waite, Moxon, Nulerie, supersuites) 
• northern part of the Cosmo mass (Moxon supersuite) 
• internal bodies in greenstone between the Cosmo and Banjiwarn masses (Nul erie 

supersuite ). 

Geochronology: Four age determinations available (Nelson, 1997, 1998; L.Black, written 
communication, 2000), - 2654, 2652, 2648, 2647 Ma, all within error of each other (Table 
2a). These include two samples from the Koonoonooka mass - 2A Tank (Mt Cleaver 
supersuite), and Wanjarri (Wobbly supersuite), and two from the Banjiwarn mass - Red 
Bore and an unnamed pod in High-Ca gneiss (both Mt Waite supersuite). 

Chemical characteristics: The Nulerie clan is one of the more chemically primitive clans 
of the Low-Ca group, i.e., lower LlLE and lower HFSE (see Figs 5, 6, 7). Differences 
between the Nulerie and the Grant Duff clans (one of the high LlLE & high HFSE 
members of the Low-Ca group) are graphically illustrated in Figure 6, from which the 
variations in KlO, NalO, Rb, Zr, Th, and the LREE are clearly visible. It is also evident 
from Figure 6, that the Nulerie clan contains higher LlLE and HFSE contents (e.g., KlO, 
Rb, Zr, Ce) than the most LlLE- and HFSE-enriched clan of the High-Ca group - the 
Union Jack clan. The distinction between the Low-Ca and High-Ca groups is also shown 
by the different Sm-Nd signature of each group, particularly in the western half of the 
northern Eastern Goldfields (see Champion & Sheraton, 1997). The Nulerie clan has many 
similarities to both the Mt Boreas and Meredith clans, though with some differences, e.g., 
lower Ce, Y, Zr than the Mt Boreas clan, and higher NalO, Rb, and lower Ce than the 
Meredith clan. 

Mineralised members? None. 

Petrogenesis: As for the Low-Ca group in general. The convergence in compositions 
between the most LlLE- and HFSE-poor Low-Ca clan, and the most LlLE- and HFSE-rich 
member of the High-Ca group (Union Jack clan; Fig. 6), also strongly suggests a 
convergence in source compositions for the two clans. As discussed earlier, though, the 
differences in Sm-Nd isotopic signatures effectively rule out any commonality of sources. 

Tectonic & other implications: As for the Low-Ca group in general. 

Clans of the Beetle Association, Low-Ca Group, Southern Cross Province 

Mugs Bore Clan 

Member Supersuites: Mugs Bore 

Distribution: One supersuite, comprising 6 units, all localised within the central part of the 
Yeelirrie mass. 

Geochronology: None. 
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Chemical characteristics: This clan falls within the low LlLE and HFSE end of the Low
Ca compositional range, and is clearly distinct from the Yeelirrie clan (Fig. 8). The Mugs 
Bore clan is compositionally very similar to the Nulerie Clan in the Eastern Goldfields 
Province, with only minor differences, e.g., higher NazO, lower Rb in the latter. 

Mineralised members? None. 

Petrogenesis: As for the Nulerie clan, Eastern Goldfields Province, and the Low-Ca 
granites in general. 

Tectonic & other implications: As for the Nulerie clan, Eastern Goldfields Province, and 
the Low-Ca granites in general. The similarity between clans of both the Southern Cross 
Province and Eastern Goldfields Province, strongly implicates both similar compositional 
source rocks and similar processes within both provinces. 

Yeelirrie Clan 

Member Supersuites: Rowe Range, Yeelirrie, Breakaway Well, Breakaway Well, Wild 
Cat, unnamed 

Distribution: Extensive clan spanning the entire north-south range of the Yeelirrie mass in 
the northern Eastern Goldfields, particularly along the western half. 

Geochronology: One available age (L.Black, written communication, 2000) of2653 Ma 
on the Wallaby Knob granite, Rowe Range supersuite (Table 2b). 

Chemical characteristics: The Yeelirrie clan falls into the high LlLE and high HFSE end 
of the Low-Ca compositional range (Fig. 8), though is clearly not as evolved as the Grant 
Duffclan of the Eastern Goldfields Province (see Fig. 8). The Yeelirrie clan is 
compositionally very similar to the spatially close Mars Bore clan of the Eastern 
Goldfields Province, including having the distinctive higher total Fe contents present in the 
latter. 

Mineralised members? None, though probably indirectly related to the Yeelirrie U in 
calcrete deposit, being the most likely source of the U (via weathering of the granites). 

Petrogenesis: As for the Mars Bore clan, Eastern Goldfields Province, and the Low-Ca 
group in general. 

Tectonic & other implications: As for the Mars Bore clan, Eastern Goldfields Province, 
and the Low-Ca group in general. 
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Kookynie Association, High-HFSE group, Eastern Goldfields Province 

Member clans: Kookynie, Satisfaction, Bullshead? 

Distribution: A strongly localised association confined to a NNW trending zone, from 
Kookynie to the south (Menzies 1 :250 000 sheet), to north of Wi luna and Bronzewing, and 
including the Teutonic mass, and marginal to both sides of the Koonoonooka mass (Fig. 1). 

Geochronology: Five ages available, 4 from the northern Eastern Goldfields, with three 
between 2700 and 2680 Ma (Table 2b). These ages overlap with those found for spatially 
associated, and, at least locally, genetically-related felsic volcanics (Table 2b). Two other 
ages include a younger 2658 Ma, and an anomalous older 2738 Ma (Nelson, 1997, 1998). 

Chemical characteristics: The members of the High-HFSE group have been described in 
detail by Champion & Sheraton (1997), and Champion (1997), though additional work, 
largely as part of this project, has resulted in some redefinition of the group. Originally 
only containing high silica (>74% Si02) members, the high-HFSE group now has a silica 
range greater than both the High-Ca and Low-Ca groups (Fig. 9). The group, however, is 
still characterised by its combination of high total Fe, MgO, Ti02, HFSE, low to moderate 
LILE, and Sr-depleted, Y -undepleted character (Fig. 9), features that readily distinguish 
the group from other granite groups in the northern Eastern Goldfields (Figs 9, 13). 

Differences between the two most felsic clans (Kookynie, Satisfaction) are minor (mostly 
evident in Pb, Th and U, Fig. 9). The third clan, Bullshead, is significantly more silica 
poor (63-68% Si02) and has many similarities with members of the Mafic group, with 
which it may actually belong. Features such as high total Fe, coupled with low Rb, Sr, Pb, 
Th, and elevated Y and Zr, however, suggest some kinship with the High-HFSE group, and 
the Bullshead clan is tentatively included within that group. 

Petrogenesis: Champion & Sheraton (1997), and Champion (1997), suggested that the 
High-HFSE group granites were crustal-derived melts from an intermediate to more 
siliceous source, the latter hypothesis based on the combination of high HFSE and only 
low to moderate LlLE. While such a scenario is consistent with both the Satisfaction and 
Kookynie clans, the presence of less siliceous granites, such as those in the Bullshead clan, 
raises the possibility that the more siliceous end-members are actually fractionates of rocks 
similar in composition to the Bullshead clan granitoids. If the latter scenario is correct, 
then the ultimate source rocks for the granitoids of this group must have been both more 
mafic and even more LILE-poor than originally envisaged. Such a hypothesis is also 
consistent with the, high-temperature A-type characteristics of the High-HFSE group 
(elevated Fe, Zr, Y; Fig. 9). 

The Sr-depleted, Y -undepleted nature of the group, strongly infer generation at only 
moderate crustal pressures, i.e., <10 kbars «35 km thick). Similarly, as discussed by 
Champion & Sheraton (1997), the Sm-Nd isotope data indicate significant involvement of 
pre-existing crustal rocks in the generation of the High-HFSE granites. 

In many regards, it is evident that members of the High-HFSE group, especially the less 
siliceous ones, have a number of similarities (though not as extreme) to the tholeiitic 
fractionates in the Kathleen Valley and Sweet Nell clans of the Mafic group, e.g., elevated 
Fe, Zr, Y, low LILEs, especially K20, Rb, Sr (Fig. 10). It is tempting, therefore, to suggest 
some minor involvement of such rocks in the history of the High-HFSE granites. 
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Tectonics and other implications: The close spatial, temporal, and, at least locally, 
genetic, relationship between the High-HFSE granites and volcanics (e.g., at Kookynie), 
indicates that these granites were intimately related to greenstone formation. More 
importantly, the geochemistry of the High-HFSE granites and their A-type affinities 
indicates emplacement in an, at least locally, extensional environment (as pointed out by 
Champion & Sheraton, 1997). The ages of these granites, mostly 2700 to 2680 Ma, 
especially the latter, can be then be used to indicate periods oflocal extension. In this 
regard, the veracity of the 2738 Ma age on part of the Satisfaction Complex (Nelson, 1998) 
becomes important, in that it may signity earlier greenstone development in the northern 
Eastern Goldfields than currently envisaged. Similarly, the younger age of the Weebo 
granodiorite (2658 Ma, Nelson, 1997), though appearing somewhat anomalous, may be 
related to the same environment that was responsible for the syenites ofsimilar age (ca. 
2666, Table 2b). 

High-HFSE 
Clan 
Kookynie 

Satisfaction 

Bullshead 

Kookynie Association 
Supersuite 
Boo Boo 
Penza nee 
Weebo 
unassigned 

Satisfaction 

Bullshead 

High-HFSE interpreted (EGP) 
unassigned unassigned 

Suite 
Boo Boo, Caledonian 
Penza nee, Chandlers, Bundarr3 
Weebo 
unassigned (Gearless, Bebbington, Weebo unnamed-I, Weebo 
unnamed-2, Madman Well, Skeleton Well, OkeefWell) 
Satisfaction, Gemchapps, Boomer Bore, Ives Find, Mandilla Well, 
Cocks Well 
Wilsons Patch, Bullshead, Teutonic 

Kookynie Association 
Variolls unassigned units (Lehmann) 

Table 4. Suites, supersuites, clans and associations of the High-HFSE group, northern 
Eastern Goldfields Province. 

Clans of the Kookynie Association, High-HFSE Group, Eastern 
Goldfields Province 

Kookynie clan 

Member Supersuites: Boo Boo, Penzance, Weebo 

Distribution: The Kookynie clan, comprising three supersuites in the NEG, is strongly 
localised along a NNW-trend, extending from Kookynie (Menzies 1:250000 sheet), up to 
north of Wiluna, as follows: 
• the western half of the Teutonic mass (Penzance supersuite) 
• in the greenstones west of the Koonoonooka mass (Boo Boo supersuite), and 
• in the greenstones north of the Teutonic mass (Weebo supersuite). 

Geochronology: Two reported ages, 2679 Ma for the Kent Complex, Penzance supersuite 
(Black, written communication, 2000), and 2658 Ma for the Weebo granodiorite, Weebo 
supersuite (Nelson, 1997; Table 2b). The latter age is atypically young, with most 
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Kookynie Association granites 2680 to 2700 Ma (Table 2b). Both dated granites indicate 
some inheritance, around 2710 Ma (Table 2b). 

Chemical characteristics: The Kookynie clan is the archetypal High-HFSE clan, 
containing the rocks that earlier published descriptions of the group were based on (e.g., 
Champion & Sheraton, 1997). Geochemical characteristics include the variably elevated 
total Fe, MgO, Y, LREE, Zr coupled with low to moderate Ab03, K10, Rb, Sr, and only 
moderate NalO (Fig. 9). Plots of various element combinations, e.g., K10-Sr, KzO-Ab03 
are very distinctive (Fig. 13). The Kookynie clan has many similarities to the Satisfaction 
clan, with most significant differences evident in the abundances of some of the LILEs, 
e.g., Rb, Pb, Th and U (Fig. 9). The Kookynie and Bullshead clans are spatially associated 
and also share many similarities. 

An extra feature of the Kookynie clan is the presence of an altered subgroup, identified by 
lower K10, Rb, Pb? and elevated CaO, NazO and Sr (Fig. 9). Notably, within this 
subgroup, the LREE, traditionally thought of as immobile during most alteration, can also 
be seen to be highly variable. Good examples of the LREE variation include 2 samples 
from within several meters of each other which show Ce varying from> 160 ppm to <50 
ppm in the fresher sample. Although these differences probably reflect alteration of 
LREE-bearing minerals, e.g., allanite, sphene, they could also reflect the very 
heterogeneous distribution of such minerals throughout the host. 

Mineralised members? Porphyries on the Wi luna 1:250000 sheet spatially associated 
with gold mineralisation. Similarly, granites and porphyries spatially associated with gold 
mineralisation on the Edjudina and Menzies 1:250000 sheets. 

Petrogenesis: As for the High-HFSE group in general. 

Tectonic & other implications: As for the High-HFSE group in general. 

Satisfaction clan 

Member Supersuites: Satisfaction 

Distribution: This clan of one supersuite and six units, is strongly localised to a NNW 
trending zone along the eastern edge of the Koonoonooka mass (Fig. I), either marginal to 
greenstones, or, as strongly foliated to gneissic granitoids intimately interlayered with 
greenstone remnants and lenses, e.g., Satisfaction Complex. 

Geochronology: Two reported ages, 2738 Ma from a gneissic layer within the Satisfaction 
Complex (Nelson, 1998), and a younger 2699 Ma age on the Mandilla Well porphyry (L. 
Black, written communication, 2000), a dyke intruding greenstone (Table 2b). Dating, as 
part of this project, also recorded a 2608 Ma titanite age on the Gemchapps granite. 

Chemical characteristics: Geochemically very similar to the Kookynie clan, with 
significant differences only present within some of the LILEs, e.g., lower Pb, Th, U and Rb 
in the latter (Fig. 9). 

Mineralised members? None. 

Petrogenesis: As for the High-HFSE group in general. 
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Tectonic & other implications: As for the High-HFSE group in general. The older age of 
the Satisfaction Complex layer is one of the oldest recorded for the northern Eastern 
Goldfields (Table 2), and raises a number of interesting points. Given that granites of this 
group have a strong spatial relationship with contemporaneous (and in part co-genetic) 
felsic volcanics, suggests the strong possibility that there are/were co-existing volcanics 
(and, hence, greenstone) of similar age (2738 Ma) in the region. Notably, Nelson (1997a) 
reports an age of 2720 ± 14 Ma (Table 2b) from a deformed felsic volcanic rock from the 
Rockys Reward mine, which although younger, is within experimental error of the 
Satisfaction Complex age. Similarly, the tonalitic phase of the Kathleen Valley Gabbro 
records an age of2736 ± 3 Ma (L.P. Black, written communication, 2000; Table 2b), also 
suggesting the presence of older greenstone (to 2750 Ma) within the region. 

Bullshead clan 

Member Supersuites: Bullshead 

Distribution: This clan, comprising the one supersuite, is localised within and adjacent to 
the western Teutonic mass. Although comprising only three named units (Table 4), both 
the Wilsons Patch and Bullshead granitoids occur as widespread small intrusions, either as 
outcrop or intersected in drill hole. The third unit, the Teutonic granodiorite is only found 
on mine dumps, from small historic gold mines, within the surrounding Kookynie clan 
granites. 

Geochronology: None. 

Chemical characteristics: The Bullshead clan is clearly distinct from the other two High
HFSE clans, in particular being considerably more mafic (Fig. 9). The clan has been 
tentatively placed within the High-HFSE group, largely on the combination of such 
features as high total Fe, elevated Y and Zr, coupled with low Rb, Sr, Pb, Th (Figs 9, 13). 
The Bullshead clan members are clearly distinguished from the dominant clans of the 
Mafic group (Granny Smith and Kanowna Belle clans), by the lower MgO, Sr, Ba, Pb, Th, 
U, Cr, and higher total Fe, Y and Zr in the Bullshead clan (Figs 10, 13). As described 
earlier, members of the Bullshead clan do, however, have a number of similarities to the 
distinctive Kathleen Valley and Sweet Nell clans of the Mafic group. 

Mineralised members? Small gold deposits associated with the Teutonic granodiorite. 

Petrogenesis: As discussed for the High-HFSE group in general. 

Tectonic & other implications: As discussed for the High-HFSE group in general. 
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Granny Smith Association, Mafic group, Eastern Goldfields Province 

Member clans: Granny Smith, Kanowna Belle, Lawlers High-Ti, Kathleen Valley, Sweet 
Nell. 

Distribution: This group comprises 2 widely distributed clans (Kanowna Belle, Granny 
Smith) and three very small clans (Table 5), with the large majority of units occurring as 
small to moderate plutons and porphyries within the greenstones (Fig. I), in particular: 
• in the greenstone belt stretching from around Leonora in the south to lundee in the 

north, 
• in the greenstones around Laverton, 
• at Lawlers 
• as small bodies within the Teutonic mass 
• in the Dingo Range greenstone belt. 

Geochronology: The great majority of recorded ages for the Mafic group cluster around 
2665 Ma (especially within the Granny Smith clan, Table 2b). The overall range of the 
group appears to be from at least 2676 Ma (Kanowna Belle porphyry, Krapez et aI., 2000), 
to 2648 Ma (Liberty granodiorite, Kent, 1994). 

Chemical characteristics: Champion & Sheraton (1997) and Champion (1997), originally 
defined the Mafic group as a variety of granite suites and supersuites largely characterised 
by their lower silica contents (55-70%) and variable LILE and LREE content (Fig. 10). 
Champion & Cassidy (1998) further studied the spread in the LILE and LREE, and 
subdivided the Mafic group into two broad subtypes, namely High-LlLE and Low-L1LE, 
now called the Granny Smith and Kanowna Belle clans, respectively. Notably, the 
approximate dividing line for these two clans is very similar to the arbitrary divide used for 
the low and high L1LE members of the High-Ca group (Fig. 5). Another important feature 
is that the high LlLE and LREE character of the Granny Smith clan extends even to the 
most mafic end-members, clearly indicating the fundamental differences from the 
Kanowna Belle clan (Fig. 10). Despite the differences in LlLE and LREE, members of 
both clans are all dominantly Sr-undepleted. Y typically decreases with increasing silica, 
from Y -undepleted levels becoming Y -depleted. Similarly, epsilon Nd values are similar 
for both clans (Champion & Sheraton, 1997). 

The other three clans (Table 5), each contain only one unit with distinctive geochemistry, 
e.g., Lawlers high-Ti clan - very high TiOz, Kathleen Valley & Sweet Nell clans - high 
total Fe, Zr, Y, low LILE. 

Mineralised members? One important feature of the Mafic group, is the relatively 
common association of members of the group with gold mineralisation, including units that 
directly host gold, e.g., Granny Smith, Lawlers, Liberty, Kanowna Belle, Golden Cities, to 
small bodies and porphyries spatially associated with mineralisation, e.g., porphyries at 
Jundee, Bronzewing. 

Petrogenesis: As indicated by Champion (1997), the source of the Mafic group granites is 
largely equivocal, with evidence for both crustal and mantle-derived contributions. Clearly 
the variation in the LI LE and LREE, evident in even the most mafic end-members, requires 
at least two separate components, just to produce the Kanowna Belle and Granny Smith 
clans (see discussion for Granny Smith clan). Champion (1997) suggested two such 
sources, namely a mafic 'basaltic' source, simi lar to that proposed for the High-Ca 
granites, and a more mafic, perhaps mantle-derived, LlLE-rich source component. The 
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similarity, at least in part, of sources for the Mafic group (Kanowna Belle clan) and the 
High-Ca group, is supported by the very similar chemistry of the two groups in their small 
region of overlap (Fig. 10). The origin of the High-L1LE component is more equivocal 
(see discussion for Granny Smith clan). Notably the overlap of ages for Granny Smith 
clan, around 2665 Ma, with some Syenitic group magmatism (Table 2b), indicates a 
possible source of, at least part of, the L1LE and LREE enrichment in the Granny Smith 
clan. 

Origins for the minor Kathleen Valley and Sweet Nell clans are more straight forward, 
either resulting from fractionation, or partial melting, of a tholeiitic parent. The former is 
preferred for the Sweet Nell clan, and is clearly the case for the Kathleen Valley clan. 

Mafic group Granny Smith Association 
Clan Supersuite Suite 
Granny Smith Anomaly 45 Anomaly 45 

Bronzewing2 Bronzewing porphyry-2 
Granny Smith Granny Smith, Mount Crawford 
Jerusalem Jerusalem, Golden Ring, Wool shed Well 
lindardie Jindardie, Little Bore 
Jundee-3 Jundee-3 
Lawlers 
Linger and Die 

Mabel Creek 
MtJoel 
Russell Well 
Sims Find 
Waihi Hills 

Kanowna Belle Bills Find 
Bronzewing 

Collavilla 
Golden Ring-2 
Hurleys Reward 
Jundee-2 
Kens Bore 
Mount Lucky 
Mount Stirling 
Sundowner 
Tommy Bore 
lInnamed 

Kathleen Valley Kathleen Valley 
Lawlers High-Ti Lawlers High-Ti 
Sweet Nell Sweet Nell 

Lawlers 
Linger and Die, Pumping Station, Victory Corner, King ofthe 
Hills, Winston 
Mabel Creek 
Mt Joel, Bronzewing porphyry-3 
Russell Well 
Sims Find 
Waihi Hills 

Bills Find 
Mandaline, Bronzewing porphyry-I, unnamed suite, Lowlands, 
Thompsons Well 
Colla villa 
Golden Ring-2 
Hurleys Reward 
Jundee-2 
Kens Bore 
Mount Lucky 
Mount Stirling, Federation 
Sundowner, 8ronzewing diorite 
Tommy Bore 
unnamed 

Kathleen Valley 
Lawlers High-Ti 
Sweet Nell 

Table 5. Suites, supersuites, clans and associations of the Mafic group, northern 
Eastern Goldfields Province. 
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Tectonic & other implications: It was originally envisaged, by the author, that many of 
the Mafic group granites, especially those generated around 2665 Ma were produced in 
some form of arc-environment, co-incident with proposed main period of crustal 
shortening (02) in the Eastern Goldfields Province; such an environment being capable of 
producing the compositional variation in the L1LE. The increasing evidence for Syenitic 
and other sub-alkaline magmatism at this time (e.g., Gilgarna, Panakin, Erayinia clans, 
Table 2b), however, raises the possibility, that both granitoids from the Syenitic and Mafic 
groups were produced, at that time (ca. 2665 Ma) in a similar (locally?) extensional 
environment. Note that this could still be in an overall arc-environment. 

The granitoids of the Kathleen Valley and Sweet Nell clans, were undoubtedly generated 
in periods of greenstone deposition and development. 

Clans of the Granny Smith Association, Mafic Group, Eastern Goldfields 
Province 

Granny Smith clan 

Member Supersuites: Anomaly 45, Bronzewing2, Granny Smith, Jerusalem, Jindardie, 
Jundee-3, Lawlers, Linger and Die, Mabel Creek, Mt Joel, Russell Well, Sims Find, Waihi 
Hills 

Distribution: A clan comprising widely distributed supersuites, with the great majority of 
units occurring as small to moderate plutons and porphyries within the greenstones, in 
particular: 
• in the greenstone belts stretching from around Leonora in the south to Jundee in the 

north (Anomaly 45, Bronzewing2, Jundee-3, Linger and Die, Mabel Creek, Mt Joel, 
Sims Find supersuites), 

• in the greenstones around Laverton (Russell Well, Granny Smith, Jerusalem, Waihi 
Hills supersuites), 

• at Lawlers (Lawlers supersuite supersuite). 
In addition, a number of small bodies occur within the Teutonic mass (Jindardie 
supersuite ). 

Geochronology: Given the strong association with gold mineralisation, granites of this 
clan (and the Mafic group in general) have been well studied, and hence, dated (Table 2a). 
Notably, nearly all dated granites from the Granny Smith clan give ages within error of 
2665 Ma (Table 2b); the only major exception being the Liberty granodiorite (2648 ± 6 Ma, 
Kent, 1994) in the southern Eastern Goldfields Province. It is noted that such a time 
specific clan is unusual within the Eastern Goldfields Province. 

Chemical characteristics: As discussed earlier, the members of the Granny Smith clan, 
dominate the high-L1LE compositional range of the Mafic group (Fig. 10). Geochemical 
characteristics include higher K20, Rb, Sr, Pb, LREE relative to the Kanowna Belle clan 
(Fig. 10). Champion & Cassidy (1998) noted that a simple K20-Ce plot can be used to 
discriminate between the majority of Kanowna Belle and Granny Smith clan members 
(Fig. 5). An important feature to note, however, is that even within the Granny Smith clan 
there is a considerable variation between L1LE and LREE contents between individual 
supersuites (Fig. 10). 

Mineralised members? The Granny Smith clan, includes mineralised granites at Granny 
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Smith and Lawlers (Porphyry, Liberty to the south), as well as a number of porphyries and 
smaller bodies spatially associated with mineralisation, e.g., Jundee, Bronzewing. The 
clan also includes a number of units sampled because of their association with sub
economic mineralisation (e.g., Sims Find, Anomaly 45). 

Petrogenesis: Largely as for the Mafic group in general. The differences between the 
Granny Smith clan and the Kanowna Belle clan, may have been produced in a variety of 
ways, all concerning the nature and timing of the LlLE enrichment, namely: 
• essentially two completely separate sources (not supported by the range in L1LE 

observed within the Granny Smith clan itself), 
• a similar overall source, variably L1LE-enriched (metasomatised) before partial 

melting, with the non- or poorly-metasomatised regions producing the Kanowna Belle 
clan, and the more strongly-enriched regions producing the Granny Smith clan, 

• a heterogeneous (mixed) source region, or 
• post-melting modification by a L1LE-enriched fluid or melt, e.g., magma mixing. 

At present it is difficult to choose between one or more of these models. Notably the 
strong clustering of ages for Granny Smith clan, around 2665 Ma, overlapping with 
syenitic and sub-alkaline magmatism of a similar age not only suggests a possibly similar 
tectonic environment of formation, but also indicates a possible source of, at least part of, 
the L1LE and LREE enrichment in the Granny Smith clan. 

Tectonic & other implications: Largely as for the Mafic group in general. 

Kanowna Belle clan 

Member Supersuites: Bills Find, Bronzewing, Collavilla, Golden Ring-2, Hurleys 
Reward, Jundee-2, Kens Bore, Mount Lucky, Mount Stirling, Sundowner, Tommy Bore, 
unnamed 

Distribution: The Kanowna Belle clan comprises numerous, dominantly small bodies and 
porphyries, mostly within or marginal to greenstones, as follows: 
• within the greenstone belt running from around Leonora to Jundee in the north (Bills 

Find, Bronzewing, Colla villa, Jundee-2, Kens Bore, Mount Stirling, Sundowner, 
Tommy Bore supersuites), 

• in the greenstones around Laverton (Golden Ring-2, Mount Lucky supersuites), and 
• in the Dingo Range greenstone belt (Hurleys Reward supersuite). 
The distribution of units of the Kanowna Belle clan strongly overlap with those of the 
Granny Smith clan. 

Geochronology: Only one reliable age has been reported for the Kanowna Belle clan in 
the northern Eastern Goldfields, an age of 2669 Ma for the Kens Bore granodiorite 
(Nelson, 1997; Table 2b). Geochronology on the Bronzewing diorite showed a complex 
zircon distribution, with a possible intrusive age of around 2655 Ma (Nelson, \998). L. 
Black (written communication, 2000) obtained what appears to be a 2956 Ma inheritance 
age for the Hurleys Reward granodiorite. 

Chemical characteristics: The Kanowna Belle clan encompasses the low L1LE and LREE 
part of the Mafic group compositional range, evident in the low to moderate levels of K20, 
Rb, Sr, Pb, Ce (Figs 5, \ 0), but also does not extend to the less siliceous compositions of 
the Granny Smith clan. Many of the chemical characteristics of the Kanowna Belle clan 
are similar to those observed in the 10w-L1LE clans of the High-Ca group (Beasley, Nambi, 
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No.2 Well clans; Figs 10, 13), making it difficult to separate members of the two groups in 
the region of overlap (around 69-72% Si02). 

Both the Sweet Nell and Kathleen Valley clans also contain low L1LE contents (Figs 5, 
10), but are easily distinguished from the Kanowna Belle clan by their high to very high 
total Fe, Zr, Y and low Ah03 (Fig. 10). 

Mineralised members? In the northern Eastern Goldfields the Kanowna Belle clan 
includes a number of porphyries and small bodies spatially associated with gold 
mineralisation, e.g., at Bronzewing, Jundee. 

Petrogenesis: Largely as for the Mafic group in general; also see discussion for the Granny 
Smith clan. 

Tectonic & other implications: Largely as for the Mafic group in general. 

Kathleen Valley clan 

Member Supersuites: Kathleen Valley 

Distribution: Confined to the felsic portions of the zoned Kathleen Valley Gabbro (see 
Liu, 2000) for descriptions. 

Geochronology: One age (L.Black, written communication, 2000) of 2736 Ma (Table 2b). 

Chemical characteristics: Strongly tholeiitic chemistry, marked by strong Fe-enrichment 
(very high-FeO*, low mg#), high levels of HFSE elements (e.g., Zr, Y, HREE) and very 
low L1LE, in particular, K20, Rb (Figs 5, 10). Many similarities to the other tholeiitic clan 
- Sweet Nell (Fig. 10). Clearly distinct from the Kanowna Belle, Granny Smith and 
Lawlers High-Ti clans (e.g., total FeO, Ah03, Zr, Y, Fig. 10). 

Mineralised members? None. 

Petrogenesis: The tholeiitic chemistry and other features (high-HFSE, 10w-L1LE), are 
consistent with an origin through fractionation of the L1LE-poor tholeiitic Kathleen Valley 
gabbro. The high levels of HFSE are a function of both the chemistry of the gabbro and 
the high temperatures of the magma. 

Tectonic & other implications: The Kathleen Valley gabbro (and the more felsic parts), 
and surrounding rocks, are indicative of greenstone formation, The 2737 Ma age suggests 
the unit is possibly more akin to the Southern Cross Province, a view adopted by Liu 
(2000). It should be noted, however, that such ages are not unknown in the Eastern 
Goldfields Province. 

Lawlers High-Ti clan 

Member Supersuites: Lawlers High-Ti 

Distribution: A small unit identified from drill core only in the Lawlers deposit (Cassidy, 
1992). Relationships with the host Lawlers tonalite are uncertain, but probably represents 
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a large pod within the Lawlers tonalite. 

Geochronology: None, assumed to be of similar age to the Lawlers tonalite and porphyry 
dykes within the region, i.e. c. 2665 Ma (Table 2b). 

Chemical characteristics: As the clan name suggests this unit is largely distinguished by 
significantly elevated TiOz contents (nearly twice the levels of the Kanowna Belle and 
Granny Smith clans). Other elements, e.g., LlLE, HFSE, even PzOs (which might be 
expected to mimic TiO z), overlap with levels found in the Granny Smith and Kanowna 
Belle clans (Figs 5, 10). 

Mineralised members? Spatially associated with mineralisation. 

Petrogenesis: Largely as for the Kanowna Belle and Granny Smith clans. The elevated 
TiOz contents are difficult to explain, and may reflect a source rock feature, some unusual 
alteration effect, assimilation of greenstones, or perhaps a cumulate feature (not likely). 

Tectonic & other implications: As for the Mafic group in general. 

Sweet Nell clan 

Member Supersuites: Sweet Nell 

Distribution: One small unit within the greenstones of the northern Duketon area, hosted 
by a related? thick doleritic unit. 

Geochronology: None (currently in progress). 

Chemical characteristics: Like the very similar Kathleen Valley gabbro, the Sweet Nell 
granodiorite is characterised by high FeO*, low AIz03, low LlLE (especially KzO, Rb, 
LREE) and elevated HFSE (Y, Zr; see Fig. 10). 

Mineralised members? The unit is spatially associated with numerous small historic gold 
workings, largely concentrated along the contact with the surrounding dolerite. 

Petrogenesis: Largely as for the Kathleen Valley gabbro which the Sweet Nell 
granodiorite largely resembles. Possibly related via fractionation, to the surrounding 
dolerite body. 

Tectonic & other implications: The Sweet Nell granodiorite is very similar to the 
Kathleen Valley gabbro. Although both could be included in the one clan, they have been 
kept separate because the Kathleen Valley gabbro is most likely within the Southern Cross 
Province. Like the Kathleen Valley gabbro, the Sweet Nell granodiorite is almost certainly 
syn-greenstone formation. Currently being dated, the unit should give an approximate age 
to the greenstones within the region. 
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Gilgarna Association, Syenitic group, Eastern Goldfields Province 

Member clans: Gilgarna, Panakin, Wallaby 

Distribution: Conventionally thought of as being localised along linear NNW belts, 
mostly adjacent to the larger fault and shear zones (e.g., Smithies & Champion, 1999). 
This is, however, an oversimplification of the real situation, with their distribution best 
described as occurring within NNW-trending broad zones (Fig. I). In this regard, Smithies 
and Champion (1999) identified four supersuites, namely Mount Monger, Emu, Claypan 
and Ninnis (all Gilgarna clan), in the Eastern Goldfields Province, each broadly confined 
to geographically distinct belts, with each belt corresponding to one of the major NNW to 
N fault systems, e.g., Emu Fault, Perseverance Fault. 

Although, mostly occurring as small to moderate sized intrusives and porphyries, the group 
does include some larger units, dominantly belonging to the quartz monzonitic members 
(e.g., Pan akin supersuite), in the very north of the northern Eastern Goldfields (and, 
notably, also in the southern part of the southern Eastern Goldfields). 

The Wallaby Syenite, from the Wallaby deposit, appears to be spatially associated with 
carbonatite at that deposit. Relationships, from drill core, suggest that either some mixing 
has occurred or, possibly that there is some genetic relationship between the carbonatite 
and syenite. 

Geochronology: The majority of available geochronology has indicated that members of 
the Syenitic group are in the range 2650 to 2640 Ma (Table 2b). More recent dating by 
Nelson (1999), L. Black (written communication, 2000) and the present AM1RA study 
(Table 2b) now suggests the presence of an additional? syenitic event around 2665 to 2660 
Ma, i.e., there are now two distinct age groups for the Syenitic group. Note that the ages 
for the Wallaby syenite (and related? carbonatite) are within error of both time periods, so 
can not be reliably assigned to either. 

Geochemical characteristics: The geochemistry of the Syenitic group and its members 
has been described in detai I by Champion & Sheraton (1997), Smithies & Witt (1997), and 
Smithies & Champion (1999). The members of this group are easily recognisable by their 
combination of high total alkalis (NazO + K20), high K20, variable to high Rb, Ba, Sr, Pb, 
Th, U, Zr, LREE, Y, coupled with mostly lower MgO, CaO, total Fe and mg#, relative to 
the High-Ca group granites (Figs II, 12). Members from the Gilgarna and Panakin clans, 
although petrographically distinct, are very similar geochemically; differences include 
lower K20, Rb, Th, U, Nb and marginally higher Sr. The Wallaby clan, comprising the 
syenites from the Wallaby and Jupiter gold deposits, is the most distinctive, with low TiOz, 
FeO*, MgO and Rb and elevated Sr, Pb, Ba, Th, U and Nb (Fig. II, although some of 
these differences may reflect the effects of hydrothermal alteration). An additional 
complexity, for the Wallaby Syenite at least, concerns the interaction with the carbonatite 
at that deposit. 

Mineralised members? Both units of the Wallaby clan host gold mineralisation, as do 
members of the Gilgarna clan (e.g., Tin Dog). There is no recorded mineralisation 
associated with the Panakin clan members. 

Petrogenesis: The petrogenesis of the Syenitic group has been described in some detail by 
Johnson (1991) and Smithies & Champion (1999), in particular the relative contributions 
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of mantle versus crustal components - a constant problem in all petrogenetic models for 
syenites, especially quartz-normati ve syenites. Smithies and Champion (1999), pointed out 
that features such as the lack of associated mafic rocks, the presence of quartz within all 
syenites, the variable but mostly high LILE contents, the presence of some inherited? 
zircons (Table 2b), the presence of strong negative Nb and Ti anomalies, when all 
combined indicated a dominantly crustal origin; a conclusion also reached by Johnson 
(1991). Another important piece of evidence supporting this is present around the 
Kambalda region, where various members of the High-Ca, Mafic and Syenitic group all 
show evidence for strong Ba and Sr enrichment, a feature attributed to some form oflower 
crustal/mantle lithosphere metasomatism (e.g., Perring & Rock, 1991; Smithies & 
Champion, 1999). 

In this regard, it is notable that the Wallaby clan, the most distinctive of the Syenitic group, 
is also characterised by high to very high Sr and Ba contents. This, together, with the close 
spatial relationship between the Wallaby syenite and carbonatite (a unit highly enriched in 
Ba and Sr), suggests, like the Kambalda area, that the syenitic source region around 
Laverton, has also been metasomatised to some extent. 

Tectonic and other implications: As indicated by Champion (1997), and Smithies and 
Champion (1999), alkaline and sub-alkaline rocks such as those in the Syenitic group are 
good indicators of regions undergoing, at least local, extension, or an anorogenic (post
tectonic) environment. The timing and locations, therefore, of members of the Syenitic 
group provide some constraints on the tectonic evolution of the Eastern Goldfields 
Province. In this sense, the 2650 to 2640 Ma syenites, reinforce the inferences deduced 
from the Low-Ca magmatism, i.e., there is a significant change in tectonic environment in 
the period 2660 to 2655 Ma, from voluminous, possibly arc-related, High-Ca magmatism, 
to 'post-tectonic', or extensional, Low-Ca and Syenitic magmatism. Smithies and 
Champion (1999) speculated that this change reflected lower crustal delamination, caused 
by an unstable thickened crust produced in the D2 compressional event. 

Also of importance, is the recognition ofsyenitic magmatism around 2665 Ma (Table 2b), 
that must reflect some form of rifting and/or local extension. This has possible important 
implications for the origin of the high LILE contents found in the contemporaneous 
Granny Smith clan granitoids (Mafic group), and also to the Eastern Goldfields Province in 
general, given that the time around 2665 Ma is commonly assumed to be part of the D2 
compressional event. 

Finally, the presence of Archaean carbonatitic magmatism, closely spatially associated 
with the younger Mt Weld carbonatite, strongly suggests the existence of a major deep
crustal fault zone within the Laverton region. The possible presence of such a structure has 
obvious implications for tectonic models for development of the Norseman-Wiluna belt, 
e.g., perhaps such a fault forms part of a rift-related pair with the Ida Lineament to the 
west, and for models of fluid flow and mineralisation. Such a fault zone should be clearly 
visible on the planned seismic traverse for this region. 
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Syenitic 
Clan 
Gilgama 

Panakin 
Wallaby 
unassigned 

Gilgarna Association 
Supersuite 
Emu 
Mount Monger 
Ninnis 

Panakin 
Wallaby 
unassigned 

Syenitic - interpreted 
unassigned unassigned 

2.40 

Suite 
Emu, Pig Well, Bulldog, Lorna Glen 
Boiler Well 
Double Hole, Woorana Soak, Red Hill, Admiral, Beasley South, 
McKenna, Hanns Camp 
Panakin, Pizzetti, WadaITah, Old Darda, Jink Bore 
Jupiter, Wallaby 
unassigned (Teague impact syenite) 

Gilgama Association 
unassigned (Gravel Bore, Old Peculiar) 

Table 6. Suites, supersuites, clans and associations of the Syenitic group, northern 
Eastern Goldfields Province. 

Clans of the Gilgarna Association, Syenitic Group, Eastern Goldfields 
Province 

Gilgarna clan 

Member Supersuites: Emu, Mount Monger, Ninnis 

Distribution: Smithies and Champion (1999) identified four supersuites, within the 
Gilgarna clan, namely Mount Monger, Emu, Claypan and Ninnis, each broadly confined to 
geographically distinct belts corresponding to one of the major NNW to N fault systems in 
the Eastern Goldfields Province, e.g., Emu Fault. Of these four supersuites, three (Ninnis, 
Emu, and Mt Monger, Table 6) extend into the northern half of the Eastern Goldfields 
Province, as follows: 
• Mt Monger supersuite - Raeside mass 
• Ninnis supersuite - greenstones around Laverton, Koonoonooka & Banjiwarn masses 
• Emu supersuite - greenstones around Leonora, Teutonic and Banjiwarn masses 

Geochronology: Two ages have been reported for this clan in the northern Eastern 
Goldfields, both from the Ninnis supersuite; 2644 Ma for the Woorana Soak syenite 
(Nelson, 1998), and 2664 for the Hanns Camp syenite (L. Black, written communication, 
2000; Table 2b). Gilgarna clan units to the south give ages between 2650 and 2640 Ma 
(Table 2b; Smithies & Champion, 1999). 

Chemical characteristics: Members of this clan are the archetypal syenites within the 
Eastern Goldfields Province. Their geochemistry has been described in detail by Smithies 
& Champion (1999). Basically, they are alkaline (high total alkalis, NalO, KlO), with 
moderate to high Rb, variable to low MgO, CaO, and variable to high Sr, Pb, Zr, LREE, Y 
(Figs II, 12). The three supersuites (Ninnis, Emu and Mount Monger) in the Gilgarna clan, 
northern Eastern Goldfields, are chemically relatively similar, with differences best seen in 
levels of Ba, Sr, Y, La, and Nb (see Smithies & Champion, 1999). 

Mineralised members? None recorded in the northern Eastern Goldfields. Mineralised 
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units known to the south (e,g" Tin Dog), 

Petrogenesis: As for the Syenitic group in general. Smithies & Champion (1999) 
suggested the differing geochemistry shown between the supersuites largely reflected 
mainly subtle variations in crustal composition across the Eastern Goldfields Province, 

Tectonic & other implications: As for the Syenitic group in general. The apparent 
presence of syenites of two distinct ages, strongly suggests at least 2 periods of extension 
(at least locally), In particular, the presence of syenites at 2665 Ma, has important 
implications for the timing of the major compressional event (Dz), 

Panakin clan 

Member Supersuites: Panakin 

Distribution: This clan, comprising one supersuite of seven quartz monzonite units, is 
confined to a NNW-trending zone, in two separate regions in the northern half of the 
northern Eastern Goldfields, both straddling the Celia Lineament (Ninnis Fault): 
• two units in the northern part of the Teutonic mass and central Banjiwarn mass, 

(Wadarrah, Old Darda), 
• five units in the north-eastern part of the Koonoonooka mass and the north-western part 

of the Banjiwarn mass, 

Geochronology: Two ages have been recorded for this clan, 2643 Ma for the Wadarrah 
quartz monzonite (Nelson, 1997), and 2664 Ma for the Panakin quartz monzonite (Nelson, 
1999), Notably, these differing ages correspond to the two geographically separate outcrop 
regions, i,e" Wadarrah in the south, and Panakin in the north, 

Chemical characteristics: Although petrographically distinctive, being largely quartz 
monzonitic (versus quartz syenitic), the Panakin clan has many chemical similarities with 
the Gilgarna clan, e,g" similar levels of MgO, FeO*, TiOz, CaO, NazO, Ba, Sr, Th, LREE 
(Fig, II), The main differences concern KzO and Rb which are marginally lower in the 
Panakin clan (Fig, I I), 

Mineralised members? None, 

Petrogenesis: Largely as for the Syenitic group in general. 

Tectonic & other implications: Largely as for the Syenitic group in general. Like the 
Gilgarna clan, the bimodal age distribution indicates, at least local, extension, around 2665 
Ma, and later at 2650 to 2640 Ma, 

Wallaby clan 

Member Supersuites: Wallaby 

Distribution: A number of small bodies around the Jupiter and Wallaby gold deposits, 

Geochronology: Two indistinguishable ages, one on titanite (2657 ± 15 Ma) on a mixed 
syenitic-carbonatitic rock, the other a Pb feldspar-wholerock isochron age (2658 ± 16 Ma) 
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on the Wallaby syenite, both from the Wallaby deposit (both AMIRA P482 ages; Table 
2b). Unfortunately, as described earlier, both these ages are are within error of the two 
recognised time periods for the Syenitic group (ca. 2665 and 2650-2640 Ma). 

Chemical characteristics: The Wallaby supersuite syenites are distinguished by their 
consistently low Ti02, FeO*, MgO, low to moderate Rb and Y, high Th and U, and high to 
very high Ba, Sr, and Pb, relative to other clans in the Syenitic group (Fig. II). Like other 
members of this group, however, alkalis are high, and the LREE, Zr, Th and U are highly 
variable (Fig. II). 

Mineralised members? Units at both Wallaby and Jupiter are mineralised. 

Petrogenesis: Largely as for the Syenitic group in general. It is noted that similar elevated 
to extreme Sr and Ba are present in syenites and other granites in the general area around 
Kambalda (part of the Mount Monger supersuite of Smithies & Champion, 1999). These 
authors suggested such enrichments reflected the influence of some metasomatising agent 
(Iamprophyric magmatism around Kambalda), either before, or during syenite generation. 
A similar situation is envisaged for the Wallaby clan granites, a suggestion supported by 
the close spatial association with carbonatite (at Wallaby). 

Tectonic & other implications: The close relationship between the syenite and 
carbonatite at the Wallaby deposit is very significant, with obvious implications for the 
origin of the syenites, particularly given the fact that there appears to be hybrid? mixes 
between the two lithologies. Whether the mixed syenite-carbonatite represents mixing at 
or near the source or more locally is not known. Certainly, the geochemistry strongly 
suggests the carbonatite is a true carbonatite and not some unusual alteration effect. Given 
the common association of carbonatites with large-scale deep faults and the presence of 
both an Archaean and the nearby younger Mt Weld carbonatite in the Laverton region 
strongly suggests the presence of one (or more) such deep-seated large faults in this region. 
Such a structure should be clearly visible on the east-west seismic traverse planned for the 
region. The presence of such a system, in tandem with the deep penetrating nature of the 
fault as imaged along the Ida lineament (Goleby et aI., 1993), on the western margin of the 
Norseman-Wiluna belt, Eastern Goldfields Province suggests an interesting paired 
association, with implications for both tectonic development of the region and for gold 
mineralisation. 

AMIRA P482!MERIWA M281 - Yilgam Granitoids, 2001 



2.43 

Simplified key for discriminating granite groups in the northern Eastern 
Goldfields. 

This section describes keys and techniques developed to successfully discriminate between 
the five granite groups within the northern Eastern Goldfields. This approach relies on 
both petrology/mineralogy and geochemistry with the observation that it is difficult if not 
impossible to successfully identify all granite groups from petrology/mineralogy alone, i.e., 
geochemistry is a necessary ingredient. The basic technique involves what is best 
described as an inverse approach, moving from most easily recognisable to the more 
cryptic groups. Finally, it should be noted that there will be some granites that can not be 
confidently assigned to anyone group. 

Key for identification of associations and clans. 
Keys I and 2 list keys for identifying granite groups on basis of mineralogical and field 
data (Key I), and using geochemical data (Key 2). Table 7 lists characteristic field, 
mineralogical and geochemical features for granite groups and associations in the northern 
Eastern Goldfields region, encompassing the northern EGP and the south-eastern Southern 
Cross Province. Although, strictly only valid for this region the keys are, in general, 
applicable for all granites in the Eastern Goldfields Province at the group level, and 
probably to the majority of granite groups in the Southern Cross Province (and Murchison 
Province). Although keys can be used individually, they are best used together. Once a 
tentative group assignment has been made, further details should be checked against the 
group characteristics listed in Table 7 (and described in detail in the preceding sections). 

Field and mineralogical discrimination 
Geological and mineralogical characteristics of each group are shown in Table 7, with the 
more diagnostic features highlighted. For a number of the groups field identification is 
quite straight forward (see Key I). For example, a quartz-poor feldspar-rich rock with 
common green mafic minerals most probably belongs to the Syenitic group (Gilgarna 
association). Members of the Mafic group (Granny Smith association), which include 
common host rocks for gold mineralisation (e.g., Granny Smith, Liberty, Golden Cities), 
where not altered, can be readily recognised by their darker colour, and common 
ferro magnesian minerals, mostly amphibole, though a small percentage of the High-HFSE 
group (mafic end-members) also have this characteristic. More felsic members of the 
High-HFSE group (Kookynie association), on the other hand, can be very difficult to 
distinguish in the field although their common close spatial association with, often related, 
volcanics, and their geographically-restricted distribution do help (Key I). The Low-Ca 
and High-Ca groups can also be difficult to distinguish in the field. Perhaps the best means 
of in-situ discrimination is by use of a gamma-ray spectrometer, e.g., total counts of -I 00 
counts per second (cps), on AGSO's spectrometers appears to be a good approximate 
separation; above 100 cps suggests Low-Ca, below suggests the High-Ca group. Note 
though, that values above 120 cps are used in the key to eliminate High-Ca group outliers. 
Other indicators for Low-Ca granites include the presence of fluorite (typically purple) and 
common allanite and sphene (Key I), especially in the more biotite-rich members, 
although these minerals can be difficult to see in hand specimen. In thin section, the 
relative abundances of K-feldspar to plagioclase, and the presence or absence of zoning 
can be diagnostic (Table 7). 
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KEY 
I. 
la. 

2. 

2a. 
2b. 

Common to abundant amphibole 
Minor or no amphibole (biotite only) 

2.44 

Green amphibole and/or pyroxene, mostly minor quartz « I 0%), 
K-feldspar dominant, minor or no plagioclase; often common 
titanite; rare garnet. 
Amphibole and/or pyroxene in very felsic rock 
Moderate to common quartz, common plagioclase, amphibole 
mainly dark 

3. Mafic group mostly, though could possibly be Bullshead Clan 
of High-HFSE group, particularly if around Teutonic Mass. 
Confirm with chemistry. 

4. Fluorite present 
4a. No fluorite 

5. Relatively common titanite and allanite (to few percent) 
5a. Titanite or allanite (not both), or neither present 

6. Spectrometer available 
6a. No spectrometer readings 

7. High total counts; > 120 cps on AGSO readings 
7a. Lower total counts; < 120 cps 

8. High-Ca group mostly, though could also be High-HFSE group, 
or Low-Ca. Confirm with chemistry. 

9. Either High-Ca, Low-Ca, or perhaps High-HFSE group. Confirm 
with chemistry. 

2 
4 

Syenitic 

High-HFSE 
3 

Low-Ca 
5 

Low-Ca 
6 

7 
9 

Low-Ca 
8 

Key 1. Simplified key using mineralogical features to identify granite groups. Note, 
geochemical characteristics will often also be required for full identification. Once an 
identification has been made, all characteristics should be checked with Table 7, Key 2 if 
possible, and the relevant preceding sections. The key will not work for moderately to 
strongly altered samples. 
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KEY 
l. High LOI (>2-3%), or anomalous ASl, S, C02, Na20, K20 
la. LOI and ASI okay 

2. high Na20+K20, high Na20 versus K20, high Ce & K20, low 
to moderate MgO; (refer to plots in Figs 11,12). Also verifY 
mineralogical features (Key I) 

2a. Not as above 

3. high to very high total Fe, Y, Zr, very low AhO], K20, Rb, 
Pb (Fig. 10) 

3a. not as above 

4. Kathleen Valley and Sweet Nell clans, Mafic group. At present 
only two units in these clans, i.e., rare 

5. low to moderate Si02 «72%), high Ni, mg#, low to 
moderate K20, Zr, high MgO for given K20 (Fig. 13). 

Sa. not as above 

6. Mafic group. Kanowna Belle clan can be difficult to distinguish 

altered 
2 

Syenitic 

3 

4 

5 

6 

7 

from some High-Ca clans. Granny Smith clan more easily discriminated. 

7. Low AI20] & Sr for given K20, only moderate K20, High-HfSE 
elevated Zr, Y (fig. 13) 

h. ~u~w 8 

8. high K20, K20/Na20, Rb, Th, Zr, LREE, moderate Na20, Low-Ca 
moderate-high Y; (see Figure 14) 

8a. low-moderate K20, Rb, Th, Zr, LREE, moderate-high Na20, High-Ca 
low-moderate Y; (see figure 14). 

Key 2. Simplified key using geochemical features to identify granite groups; to he used in 
conjunction with Figures 10, II, 12, 13, 14. Once an identification has been made, all 
characteristics should be checked with Table 7 and the relevant preceding sections. Also 
refer to the latter for clan identification The key is not designed for moderately to strongly 
altered samples. 
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• h Higl -Ca group (Menangina & Diemals AssocIations) 
Field characteristics Feldspar-quartz Fe-Mg minerals and Geophysics Geochemistry 

mineralogy accessories 
Often strongly deformed to plagioclase domiuant biotite-bearing, minor total COlillts, K, high Na,O. low 
gneissic. In the EGP can be orten \\ith COOlDlon amphibole; some allanite or Thand U aU Th,LREE,Zr 
stron~ly feldspar porphyritic zoning or patchy cores sphene, rarely both. low 

Low-Ca group (Mt Boreas & Beetle associations) 
Field characteristics Feldspar-quartz Fe-Mg minerals and Geophysics Geochemistry 

mineralol!.Y accessories 
Commonly mildly defonned comnIOn K-reldspar. biotite-bearing, amphibole total counts, K, high K,O. low 
at best but can be locally plagioclase typically rare; mafic compositions Th and U all Na20, high Rb, 
strongly defonned. Also unzoned rich in both allanIte and generally high; Th,LREE, Zr 
fonus small pods to plutons sphene (to 3%); fluorite often high 
in external gneisses; often cODlOlonly present magnetic 
have post-tectonic susceptibilty, to 
appearance 10+ (10·) 51 

units) 

High-HFSE group (Kookynie association) 
Field characteristics Feldspar-quartz Fe-Mg minerals and Geophysics Geochemistry 

mineralol!V accessories 
variably defonned. mostly very felsic, i.e., despite felsic nature can have moderate cps distinctive 
commonly spatially quartz and feldspar rich; either biotite and/or for total counts, combinalioll of 
associated with volcanic does include amphibole. The presence of K, Th and U high FeO*, 
rocks and volcanic plagioclase-rich amphibole in a very felsic MgO, TiOz, Y, 
complexes; also granodiorites also rock is diagnostic of this Zr, with low 
geographically restricted to group. More mafic variants Rb, Pb, Sr, 
north-soulh zone from S of contain amphibole ± pyroxene AlzO) 
KookYlIle to N of WHuna 

(Mafic !!roup (Grannv Smith association) 
Field characteristics Feldspar-quartz Fe-Mg minerals and Geophysics Geochemistry 

mineralol!V accessories 
variably defonned, mostly plagioclase cOO101onlo abundant low to moderate low SIOz 
distinctive dark-looking dominant (over K- amphibole ± biotite ± total counts, K, contents (55-
granites feldspar); pJagioclase pyroxene. Biotite may be Thand U 70+0/0), 

has conunon zoning, relatively common in clans moderate to 
often oscillatory. with high-LILE contents, e.g. high Ni, Cr, 

Grannv Smith clan MgO,111g# 

Syenitic group (Gilgarna association) 
FieJd characteristics Feldspar-quartz Fe-Mg minerals and Geophysics Geochemistry 

mineralogy accessories 
cOl1ullonly undefonned; K-feldspar-rich, with common green pyroxene moderate to high total alkalis 
COIJUllOnly very distinctive little or no quartz; (locally amphible) and locally high (Na,O+ K,O) 
red granites with green adundant sphene; notably total counts, K, 10-12%; often 
pyroxene (or amphiboles); ferromags are only locally Thand U low MgO, 
often have haematitic or strongly abundant; i.e. mostly FeD"', TiQ2; high 
altered look low pyroxene/feldspar ratio; Na20 versus 

local garnet K,O 

Table 7. Characteristics oflhe 5 granite groups in the northern Eastern Goldfields. Distinctive features are 
highlighted in bold. It should be noted, however, that no single feature is 100% diagnostic. 

AMIRA P482/MERIWA M281 - Yilgarn Granitoids, 2001 



2.47 

Geochemical discrimination 
Geochemical data, where available, is perhaps the best way to discriminate the granite 
groups, although it too is not definitive in all cases. Once a group classification has been 
made the corresponding field and mineralogical characteristics should also be checked. 

Altered samples 
Although most strongly altered samples can usually be easily recognised in the field or in 
hand specimen, this is not always the case. Additionally, their are occasions when access to 
hand specimens is not feasible, e.g., using data not personally collected. In these 
situations, it is necessary to be able to recognise moderately to strongly altered samples 
from their geochemistry. There are a number of parameters which can be used to indicate 
alteration, typically by increased or decreased contents of elements, or changes in ratios, 
e.g., LO! (loss on ignition), C02, H20, S, K20, Na20, and ratios involving Na20 and K20, 
e.g., AS! (aluminium saturation index - ratio of AI to Ca+Na+K). The latter and Lor are 
shown in Figure 12. LOI (or, if measured, H20 and/or CO2), is one of the more simple 
indicators of alteration (or weathering), with most samples plotting above 2% (Figure 12) 
suggesting some modification. It is evident, from Figure 12, that many of the Mafic group 
granites are altered, which is to be expected given that many were collected from gold 
deposits. It is also evident that a subset of both the High-Ca and High-HFSE groups (Fig. 
12) are also altered; these correspond to samples from Tarrnoola, and samples east of 
Teutonic Bore, respectively. The ASI plot (Figure 12), also clearly shows a number of 
anomalous samples, plotting above and below the main trend. Once altered samples have 
been recognised, the data can still be used but must be treated with caution with regard to 
group classification. The use of anhydrous Si02, (simply major elements renorrnalised to 
100% once LOI or combined H20 and C02 are omitted), is useful in that it counteracts 
dilution effects due to hydration and carbonation. 

Gilgarna Association, Syenitic group 
Members of this group are, perhaps, the most distinctive of all EGP granites. They are 
readily and easily identifiable in the field, mineralogically, and geochemically (see Keys 1, 
2; Table 7). Their chief chemical characteristics are high contents of the alkalis (K20, 
Na20+K20), coupled with generally low FeO*, MgO, Ti02, and commonly elevated but 
quite variable HFSE, e.g., Zr, Y, REE (Figs 11, 12). A combination of total alkalis, Na20 
versus K20, Ce versus K20, and MgO (Fig. 12) are usually sufficient to discriminate 
members of this group. Most difficulty occurs for the high Si02 end-members, where 
compositions converge with those of the Low-Ca group; Na20 versus K20 is usually 
sufficient, however (Fig 12). 

Kookynie Association, High-HFSE group 
This group has a number of distinctive geochemical characteristics that make recognition 
relatively easy, in particular the combination of high total Fe, MgO, Ti02, HFSE, low to 
moderate Ab03, L1LE, and Sr-depleted, Y -undepleted character (Figs 9, 13). While plots 
of these elements/oxides versus Si02 are often sufficient, it is combinations of these 
elements/oxides that are very diagnostic, e.g. Rb versus Y, K20 versus Ah03, Sr, Y, MgO 
(Fig. 13). For example, Figure 13 clearly shows that K20 versus Sr and Ab03, and Si02 
versus K20 together clearly discriminate this group from all other groups. In this regard 
the High-HFSE group is one group that is considerably easier to identify with 
geochemistry; in fact most classifications for this group are largely based on geochemistry 
alone. This reliance on chemistry can lead to some classification errors, so consideration 
should also be given to other attributes such as the association's localised distribution and 
common occurrence with volcanic rocks (Table 7). Most confusion with the group 
concerns the Bullshead clan, largely because it possesses a number of features clearly 
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distinct from the other High-HFSE clans, in particular being considerably more mafic (Fig. 
9). The clan has been placed within the High-HFSE group, and not the Mafic group, 
largely on the basis of common High-HFSE group features such as high total Fe, elevated 
Y and Zr, coupled .with low Rb, Sr, Pb, Th (Figs 9, 13). The Bullshead clan members are 
clearly distinguished from the dominant clans of the Mafic group (Granny Smith and 
Kanowna Belle clans), by their lower MgO, Sr, Ba, Pb, Th, U, Cr, and higher total Fe, Y 
and Zr (Figs 10, 13). The members of the Bullshead clan do have a number of similarities 
to the Kathleen Valley and Sweet Nell clans of the Mafic group, but the very high total Fe 
and very low Ab03 of the latter clans are diagnostic (Fig. 10). 

Granny Smith Association, Mafic group 
As the group name suggests, members of this association are largely characterised by low 
silica contents «55 to >70% Si02). Other characteristics include high MgO, Ni and Cr 
contents and high mg* (Fig. 13). Granite samples (not including xenoliths) with 65% or 
less Si02 typically only belong to either this group or the Syenitic group; the distinctive 
chemistry of the latter makes confusion between the 2 groups unlikely. Accordingly, Si02 
<65% and high MgO, Ni and Cr immediately suggest this group (see Fig. 13). As silica 
increases, however, especially to 70% and above, there is a convergence with the 
chemistry of the Menangina association, especially between the low LlLE members of 
both groups. Distinction between the two associations is not always straightforward, but 
fortunately, can be made >90% of the time. 

Mt Boreas & Beetle Associations, Low-Ca group 
As a group, the members of the Low-Ca group have many distinctive characteristics that 
make their recognition easy, including high K20, K201Na20, high LlLE and high HFSE 
(Rb, La, Ce, Zr, Th, U, F). This is particularly true for the more mafic end-members (i.e., 
68-73% Si02), which are strongly enriched in Zr, LREE (La, Ce) and Th (Fig. 14) and 
K20. Plots of K20 versus Zr, La, Ce or Th are also very diagnostic (e.g., Figs 12, 13, 14). 
There is some minor overlap with the more felsic (and hence more fractionated and more 
potassic) members of the High-Ca group. However, use of elements such as Ba, Rb and Y 
(Fig. 14), can be used to discriminate Low-Ca granites from such members of the High-Ca 
group. 

Menangina & Diemals Associations, High-Ca group 
Members of this group are, in the keys provided, identified largely by default, i.e., if the 
sample doesn't fit with the other four groups then it probably belongs to the High-Ca 
group. Therefore, once this stage in identification is reached, sample characteristics should 
be checked against the general characteristics of the High-Ca group, to confirm the 
classification. Features of the High-Ca group include low to moderate K20, K201Na20, 
Rb, Th, Zr, LREE, Y and moderate to high Na20 and Sr (Fig. 14), low MgO and moderate 
to high Sr, both relative to K20 (Fig. 13), moderate to low Ni, Cr and mg# (Fig. 13), and 
moderate Na20 + K20 (Fig. 12). 
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Figure I. Granite masses in the northern Eastern Goldfields. Raeside, 
Koonoonooka, Teutonic, Banjiwarn, & Cosmo in the Eastern Goldfields 
Province, Yeelirrie in the Southern Cross Province. 
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Granitoids ofthe southeastern Yilgarn Craton: Distribution, geochronology, 
geochemistry, petrogenesis and relationship to mineralisation· 

Kevin F. Cassidy & David C. champion 

Summary 

o Over 360 new analyses have been obtained for the southeastern Yilgam Craton (MENZIES, 

EDJUDINA, KALGOORLIE, KURNALPI, BOORABBIN, WIDGIEMOOLTHA. LAKE JOHNSTON and 
NORSEMAN 1:250 000 sheets) as part of the present project. These, combined with about 700 
pre-existing analyses, have been classified into granite suites, supersuites, clans and associations. 

o Two groups (High-Ca and Low-Ca) dominant the granitoids in the southeastern Yilgam Craton. 
The other main groups are the Mafic, High-HFSE, and Syenitic groups. The majority of the High
Ca group granitoids appear to overlap in age from 2.70 to 2.66 Ga, although older High-Ca 
gneisses and granitoids and have ages ranging from older than 2720 to about 2700 Ma The 
Low-Ca granitoids appear to overlap in age from ca. 2.66 to 2.63 Ga in both provinces (see 
Summary Table). 

o The Diemals (High-Ca) and Beetle (Low-Ca) associations of the Southern Cross Province are 
chemically equivalent to the Menangina (High-Ca) and Mt Boreas (Low-Ca) associations of the 
Eastern Goldfield Province, respectively). Although all these groups broadly overlap in age there 
are some differences between the two regions, with the majority of Diemals Association 
granitoids (2.70-2.68 Ga) approximately 20 m.y. older than equivalent High-Ca group granitoids 
(2.68-2.66 Ga) in the Eastern Goldfields Province (see Summary Table). 

o High-Ca and Mafic group granitoids can be broadly divided into 'high-LILE' and 'low-LILE' 
sub-groups. Each province contains several 'high-LILE' and 'low-LILE' clans, with differences 
in distribution and geochemistry. The 'low-LILE' clans terri to have fonned over a longer time 
interval, and mostly earlier than the 'high-LILE' clans. Other clans have geochemistry that is 
transitional to both these end-member sub-types. 

o A number of granitoid clans and associations appear to be unique to each Province. The 
Nargalyerin clan (Beetle Association, Low-Ca group) is unique to the Southern Cross Province, 
although low-silica members of the Nulerie clan (Mt Boreas Association, Low-Ca group) in the 
Rason-Throssell region have many similarities with the Nargalyerin clan. 

o The Erayinia clan (Gilgarna Association, Syenitic group) is unique to the eastern part of the 
Kumapli and Widgiemooltha 1 :250,000 map sheets. This clan shares many similarities with the 
Panakin clan in the northern top of the northeastern Yilgam Craton (see Champion & Cassidy, 
this report). 

o The presence of a number of associations and clans unique to each province, i.e., Gilgama, 
Kookynie, Erayinia, Nargalyerin most probably relate not only to differing source rocks but also 
to changing tectonic environments (e.g., Champion, 1997; Smithies & Champion, 1999). 

o A number of Mafic group granitoids, and to a lesser extent High-Ca and Syenitic group 
granitoids, either host or are spatially associated with gold mineralisation. Both 'low-LITE and 
'high-LILE' clans are represented 

o Some Low-Ca group granitoids contain evidence for late magmatic fluids. Evidence includes 
pegmatoid fluid-release structures, miarolitic cavities and biotite-rich 'oikocryst' zones. Notably, 
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quartz ctystal in these structures and zones typically contain low-salinity, aqueous -carbonic fluid 
inclusions, similar to those present in many orogenic gold deposits. 

Summary Table. Comparison of granitoid groups in the Southern Cross and Eastern Goldfields Provinces in the 
southeastern Yilgam Craton. Age ranges for each association (in bold) reflects the complete range of ages 
known for the association. Age ranges are also given for clans present in the southeastern Yilgarn CratoD. Data 
compiled from published studies as well as from this study. Eastern Goldfields groups and data expanded from 
Champion & Sheraton (1997), Champion (1998) and Cassidy (1998). 

SOUfHERN CROSS 

Mafic Group 
Westonia Association 
Red Leaf 

High-Ca Group 
Dlemals Association 

Kara]ee 
Spear 
Stennet Rock 
Woolgangie 

Low-C. Group 
Beetle Association 
Beetle 
Boorabbin 
Nargalyerin 
Oberwyl 
Yeelirrie 

Corriding 

Syenitic Group 
Fitzgerald Peaks Association 
Fitzgerald Peaks 

. 

AGE 
(Ga) 

2.81-?? 

2.85-2.8; 2.74-2.72; 
2.71-2.655 
-2675 
-2695 
-2690 
2710-2655 

-2.68; 2.66-2.62 
266Q.2625 
263:>-2630 
264:>-2625 

2680-2640 

?? 

EASTERN GOIJ)FlELDS 

Mafic Group 
Granny Smith AssociatioD 
Dinky Boys 
Granny Smith 
Kambalda 
Kanowna -Belle 
Mafic unassigned 
New Celebration 
Victory 

Hig.Ca Group 
Menangtna Association 
Ajax 
Beasley 
Burra 
Goongarrie 
Menangina 
Niagara 
Parker Hills 
Yindi 

Low-Ca Group 
Mt Boreas Association 
Mt Boreas 
Mungari 
Nulerie 

High-HFSE Group 
Kookynle Association 
Outcamp Bore 
Kookynie 
Cashmans 

Syenitic Group 
Gilgarna Association 
Gilgama 
Eravinia 

AGE 
(Ga) 

2.695-2.65 

2670-2650 
-2660 
2695-?2615 
2675-2670 
-2685 
-2665 

-2.76; 2.72-2.65 

2695-2655 
2690-2655 
2690-2650 
2675-2660 

2660-2650 
-2660 

2.655-2.62 
-2650 
2630-2620 
2655-2645 

?2.74-2.66 
2720-2700 
2685-2660 

2.665-2.64 
-2660 
2665-2645 
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Introduction 

This section systematically documents the granitoid groups of the southeastern Yilgam Craton, 
principally granitoids of eight I :250,000 map sheets: MENZIES, EDJUDINA, KALGOORLIE, 
KURNALPL BoORABBIN, WIDGIEMOOLTHA. LAKE JOHNSTON and NORSEMAN These eight map 
sheets comprise the eastern part of the southern Southern Cross Province, and the majority of the 
southern Eastern Goldfields Province. The boundary between the Eastern Goldfields Province and 
the Southern Cross Province is taken as the approximate position of the Ida Lineament and its 
inferred southern extension through dominantly granitoid terrain on the BoORABBIN and NORSEMAN 
map sheets. 

In this section, the characteristics of the major and minor granitoid groups are discussed with 
reference to the province and then compared with the granite groups previously recognised in the 
Eastern Goldfields and Southern Cross Provinces. Two main granite groups, High-Ca, Low -Ca, 
fonn the bulk of the granitoids in both provinces, with three minor groups (Mafic, Syenitic, High
HFSE) present in one or both provinces. A standard fonnat is used to detail the distribution, age, 
geochemistry, petrogenesis and relationship to mineralisation and uses and extends the classification 
of Champion & Sheraton (1997) to the southeastern Yilgam Craton. 

Granitoids are subdivided into Group, Association, Clan, Supersuite and Suite. Table I outlines the 
subdivision of granitoids. The basic unit of subdivision is the suite; whereas group is used to 
recognise major granitoid types. Granitoids belonging to the same Gfoup are assigned to different 
Associations depending on the Province in which they are located For example, High-Ca group 
granitoids in the Eastern Goldfields Province belong to the Menangina Association, whereas High-Ca 
group granitoids in the Southern Cross Province are assigned to the Diemals Association. 
Associations are divided into Clans that are groups of Supersuites with similar petrographic and 
geochemical characteristics and are the level of grouping documented in this report. Some Clans of 
High-Ca and Low-Ca granitoids in the southeastern Yilgam Craton are similar to Clans documented 
in the northeastern Yilgam Craton (Champion & Cassidy, this report). For detailed distribiution of 
Associations and Clans, the reader is referred to the accompanying I :500,000 and smaller scale 
maps provided on CD. 

Table 1. Granitoid subdivision used in this project. The subdivision is incorporated into all digital datasets and 
GIS produced for the project. 

Grouping Broadest granite grouping; Yilgam-wide 
Association Similar to grouping but Provinc~pecific 
Clan Groups of supersuites with similar petrographic and geochemical 

characteristics 
Supersuite Groups of suites with similar petr"graphic and geochemical characteristics 

Suite Groups of plutons of the same magmatic event 

Infonnal Infonnal name of the unit 

Approach 

The major approach to the whole study has been to build on and expand the pre-existing 
classification from the northern Eastern Goldfields (Champion & Sheraton, 1997) by progressively 
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moving west and south across the Yilgam Craton. During the project, the following objectives were 
met: 
• undertake an east-west transect from the eastern edge of the Western Gneiss Terrain across to 

the Eastern Goldfields in the southern part of the Yilgam Craton; 
• undertake an east-west transect from the western edge of the Murchison Province across the 

Southern Cross Province to join up with detailed pre-existing data from the northern Eastern 
Goldfields Province; 

• infill gaps in the Eastem Goldfields coverage, including detailed sampling on tenements held by 
sponsors, largely through access to drlllcore, both from mine and prospect areas. 

Through the AMlRA project, over 360 samples have been collected in the southeastem Yilgam 
Craton, principally from regional samples on the MENZIES, KALGOORllf., BoORABBIN. LAKE 
JOHNSTON, EDnJDINA, WIDGIEMOOLTHA, and NORSEMAN 1 :250,000 map sheets and a number of 
porphyries in the New Celebration, Bardoc and Kalgoorlie districts. Champion (1998) provided a 
preliminary classification of granitoids of the BoORABBIN and KALGOORLIE I :250,000 map sheets, 
and Cassidy & Champion (l998) provided a preliminary classification of granitoids in the 
southeastern Yilgam Craton; this report builds on these classifications. 

In the southeastern Yilgam, this study is built upon a considerable amount of published geochemistry, 
principally from the work of the GSWA, notably Witt & Davy (1997) and Smithies & Witt {I 997). 
Other major contributions include Bettenay (1977) for the southwestern Southern Cross Province 
and Johnson (1991) for syenites in both the Eastern Goldfields Province and the Fitzgerald Peaks in 
the southern Southern Cross Province. Despite these and other studies (e.g., Cassidy, 1992; Perring, 
1989) of the granitoids, a number of gaps still exist in the granitoid coverage of the southeastern 
Yilgam craton. In particular, within the external granitoids in the south-east (ZANTHUS & 
CUNDEELEE 1 :250000 sheets) and south-west (LAKE JOHNSTON, NORSEMAN 1 :250,000 sheets) 
of the region. Samples with geochemical analyses currently available from these eight map sheets are 
listed in Table 2. 

Table 2. Avai1able geochemistry for the regions described within this report. AMIRA samples are those collected 
specifically as part of this project. AGSO samples are those collected by AGSO personnel prior to commencement 
of the AMlRA project. 

AMlRA 
AGSO 
GSWA 
Others 

southern Eastern Goldfields 
(eastern side of Menzies, Kalgoorlie, 
Boorabbin; all of Edjudina, Kumalpi, 
Widgiemoo1tha; most of Norseman) 
260 
68 
251 
255' 

southeastern Southern Cross 
(western side of Menzies. Kalgoorlie. 
Boorabbin; all of Lake Johnston) 

81 
30 
8 
7f! 

, - includes 23 from Bettenay (1977), 45 from Cassidy (1992), I from CSIRO, 104 fromlohnson (1991), 4 from 
Knight (1994) and 78 from Perring (1989). 
2 _ includes 47 from Beltenay (1977), and 29 from lohnson (1991). 

Previous Work 

The Eastern Goldfields Province is the most comprehensively studied area of the Yilgam Craton with 
respect to both granite geochemistry (e.g., Champion & Sheraton, 1997; Witt & Davy, 1997) and 
also geochronology (e.g., Nelson, 1997). Detailed summaries of the granitoids of the north Eastern 
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Goldfields region are provided by Champion & Sheraton (1997), and the southern Eastern 
Goldfields region by Witt & Davy (i 997) and Smithies & Witt (i 997). A summary of previous 
classifications for granites in the Eastern Goldfields Province is given in Table 3. This table includes 
the Association names for the various granite groups. 

Table 3. Granite classification for the southeastern YiJgam Craton relative to other c1assifications for the eastern 
part of the craton. Shown in bold are the granite groups (expanded from Champion & Sheraton, 1997) and the 
Association names for each granite group in the Southern Cross and Eastern Goldfields Provinces. 

This Report Champion & Witt & Davy" Inttrnsll 8etttnay" WybomC 

Shemton Edemai' 

-=Yugam nonhem EasTern southern EasTern Easton southern Sou1hern 
crnton Goldfields Goldfields Goldfields Cross 

Hlgh·Co Blgh-Ca Woolg;mgie (post) 1nIemaI& S)11kinematic. Groups 1,3 
Mornpoi (Pre) """""" postkinemalic & &4 

DiornaIs (SCP) banded gneiss 
Menongim (EGP 

Low.c. Low.c. WooJgangie (POSl) 1nIemaI& Synkinematic & Groups 3 & 4 

"""""" poslkineroatic 
Beetle (SCP) 
Mt Eo"", (EGP) 

Hlgb·HFSE High·HFSE Dally (Post) 
Mornpoi (Pre) 

Kookynie (EGP) 

Mafic Mafic Libeny (Post) Group 2 
Mompoi (Pre) 

Grnnny Smith (EGP) 

Syenite Syenik Gilg:>ma (PO") 

Fil2gemld (SCP) 
Gil g>ma (EGp) 

Explanation and sources: a - pre- and post-folding supersuite classification of Witt & Davy (1997); b
External to or Internal within greenstones; c - Bettenay (1977); d - Wyborn (1993): 1 -early banded gneiss 
and migmatite; 2 - mafic tonalite to granite; 3 - granodiorite to granite; 4 - monzogranite to granite. 
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High-Ca group, southeastern Yilgarn Craton 

Member Associations: Menangina Association (Eastern Goldfields Province) 
Diemals Association (Southern Cross Province) 

The High-Ca group is the dominant granitoid group in the southeastern Yilgam Craton, representing 
about 60 percent of all granitoids. High-Ca group granitoids consist largely of trondhjemite, sodic 
granodiorite and monzogranite. All the granitoids are biotite-bearing with some corntaining 
hornblende. Granitoids exhibit a range of defonnation and metamorphic fabircs, with the vast 
majority displaying variable recrystallisation. High-Ca granitoids fonn large to very large, internal and 
external, massive plutons, as well as foliated granite and/or granitic gneiss complexes, including the 
bulk of the external granitic masses in the Eastern Goldfields Province and the largest proportion of 
the Southern Cross Province. The granitic gneisses range from relatively homogeneous to strongly 
layered and are locally migmatitic (e.g., Bettenay, 1977). Many of the granitoid masses fonn linear 
belts with a general NNW trend parallel to the general structural fabric in the eastern Yilgarn Craton. 
High-Ca granitoids also fonn large zoned plutons that are largely internal to the greenstone belts in 
the central part of the southern Eastern Goldfields Province. They also fonn a range of small plutons 
and dykes intrusive into both greenstone and other High-Ca granitoids throughout the rest of the 
province. 

Eight clans have been delineated in the southern Eastern Goldfields Province on the basis of 
geochemisby and regional distribution, whereas four clans have been delineated in the Southern 
Cross Province. Some ofthe clans (e.g., Ajax, Niagara, Parker Hills, Spear, Yindi) are 
geographically restricted, whereas more arbitrary boundaries are used for some of the larger High
Ca clans (e.g, Burra, Goongarrie, Menangina, Woolgangie); each clan, however, is characterised by 
particular geochemical characteristics. 

Geochronology on High-Ca granitoids in the southern Eastern Goldfields Province indicate a range in 
ages from ca 2.72 to 2.65 Ga (Table 4), with the vast majority ranging from ca. 2.685 to 2.66 Ga 
Many High-Ca granitoids in the Eastern Goldfields Province contain some inherited zircons, with 
ages ranging from 2.68 to >2.86 Ga There appears to be consistent peaks in the ages of zircon 
inheritance, possibly indicating discrete magmatic events for the development of the source rocks. 
These ages are in accord with Nd model ages detennined for High-Ca granitoids in the Eastern 
Goldfields Province (Champion & Sheraton, 1997; Fletcher & McNaughton, this report). 

High-Ca granitoids in the southern Southern Cross Province range from 2.71 to ca. 2.66 Ga (Table 
5), with a peak at about 2.70 to 2.68 Ma, in contrast to the Eastern Goldfields Province. Some 
High-Ca granitoids in the Southern Cross Province contain inherited zircons with ages ranging from 
2.76 to >3.2 Ga, suggesting the presence of very old crust in the source regions for some of these 
granitoids. This is consistent with Nd model ages that support the presence of pre-existing crust for 
some High-Ca granitoids in the Southern Cross Province (Fletcher et aI., 1994; Fletcher & 

McNaUghton, this report). 

The geochemical characteristics for High-Ca granitoids have been documented by Champion & 

Sheraton (1997) and several reports provided as part of this AMIRA project and will be only briefly 
summarised. High-Ca granitoids are characterised by a narrow compositional range (68-76 wt"110 
SiD,), but exhibit heterogeneity with respect to many elements, in particular large-ion lithophile 
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elements (LILE). High-Ca granitoids generally have high Al,03, moderate to high Na,O, moderate 
K,o, and low to moderate LILE (K,o, Rb, Pb, Th) and 
HFSE (LREE, HREE, Zr, Y) contents. Towards the high silica end of the compositional spectrum, 
there is overlap in many elements with Low-Ca granitoids (Figure 1,2,3). General trends with 
increasing silica for selected elements and ratios are listed in Table 6. The High-Ca group granitoids 
plot along the calc-alkaline trend generally to the right of the ITG field on a K-Na-Ca plot (Figure 
2). Some High-Ca granitoids at the high silica end of the compositional spectrum display distinctly 
fractionated patterns for K,O, Rb, Pb and Th; note the Ajax and Niagara clans plot in the 
'fractionated granitoid' field on a Rb-Ba-Sr plot (Figure 2). 

Table 4. Age ranges and ages of inherited zircons for granitoid c1ans in the Eastern Goldfields Province, and 
represented in the southeastern Yilgam Craton. Compiled from published and unpublished sources. 

Granitoid Granitoid Clan n Age Range- AgeR8oge- Xenocryst Ages (Ga) 
Assoclatlon Low(Ma) HIgh (Ma) 

Menangina Ajax no age data 
(High-Ca) Beasley 6 2656±7 2697±6 2.70-2.72,2.74,2.77-2.78,2.87 

Burra 12 2655±6 2689±22 2.685-2.69,2.8, >2.85 
Goongarrie 5 2646±11 2687±6 2.685,2.74,2.78,2.86 
Menangina 4 2658±13 2675±11 2.70-2.80 
Niagara no age data 
Parker Hills 3 2648±11 2657±9 2.705-2.725 
Yindi I 2660±5 2.70 
unassigned 5 2664±4 2711±6 2.725,2.81,2.84,2.94 

Mt Boreas Mt Boreas 2651±IO 
(Low-Ca) Mungari 4 2603±19 -2630 2.685,2.81 

Nulerie 4 2647±3 2654±9 2.87,2.95 
unassigned 4 2619±13 2652±3 2.675,2.715 

Granny Smith Dinky Boys no age data 
(Mafic) Granny Smith 11 2648±6 2667±2 2.675,2.70-2.715,2.80-2.81 

Kambalda 2662±6 
Kanowna-Belle 7 2613±11 2694±8 2.72-2.74,2.92-2.95 
Mafic unassigned 2 2673±3 2674±6 2.72,2.875 
New Celebration 2686±4 2.72 
Victory 2664±8 
unassigned 7 2656±4 2686±5 2.685,2.705-2.715,2.78,2.86 

Xenolith (Mafic) Cement 2663±11 

Kookynie Kookynie 3 2658±7 2686±7 2.705-2.71 
(High-HFSE) Ou tcamp Bore 3 2698±10 2719±5 2.75 

Cash mans no age data 

Gilgama Erayinia 2 -2660 2660±5 
(Syenitic) Gilgarna 4 2644±13 2664±2 2.675,2.74 

Individual clans of High-Ca granitoids can be delineated on the basis ofLILE and HFSE contents 
(Figure 4). Overall, High-Ca granitoids in both provinces represented in the southeastern Yilgam 
Craton can be subdivided into 'low-LILE' and 'high-LILE' clans. Individual granitoids plotted on a 
K,O versus Ce variation diagram (Figure 2) can be generally subdivided into these two High-Ca 
subgroups. However, this division is somewhat arbitrary and largely for the purpose of classification 
of individual suites and super-suites. Some suites and super-suites cannot be easily placed into either 
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'Iow-LILE' or 'high-LILE' subgroups (e.g., Parker Hills) or show concentrations transitional to 
these subgroups. Overall, the range of High -Ca granitoid compositions in the southeastern Yilgam 
Craton indicate a range of partial melting conditions for their petrogenesis. 

Table 5. Age ranges and ages of inherited zircons for granitoid clans of the Southern Cross Province, and 
represented in the southeastern Yilgam Craton. Compiled from pubHshed and unpublished sources. 

Granltoid Granitoid ClaD n Age Range- Age Range- XeDoerystAges (Ma) 
Association Low(Ma) High (Ma) 

Diemals Karalee 2676±3 
(High-Ca) Spear 2693±5 2.84,3.3 

Stennet Rock 2691±8 -2.9, -3.1, -3.2 
Woolgangie 2 2656±10 2707±6 2.76 

Beede Beetle 4 2632±4 2660±3 2.705,2.80 
(Low-C.) Boorabbin 3 2631±3 2633±2 2.67-2.68,2.765 

Nargalyerin 7 2623±7 2646±6 
Yeelirrie 4 2638±10 2682±8 -2.9, -3.0, -3.1, 3.58, 3.67 

Westonia (Mafic) Red Leaf no age data 

Fitzgerald Peaks Fitzgerald Peaks no age data 
(Syenitic) 

High-Ca group granitoids are generally characterised by moderately to steeply fiactionated rare
earth element (REE) patterns, typically without an Eu anomaly. The majority of High-Ca granitoids 
are also are characterised by moderate to high Sr contents and variable low to moderate Y contents. 
These characteristics show up as a relatively Sr-undepleted and variably Y-depleted signature on 
primitive rnantle~nonna1ised multi-element diagrams (Spider-plots) (Figure 3). However, there is a 
range in concentration of these elements to slightly Sr-depleted and Y- undepleted compositions 
(e.g., Figure 3). The majority of High-Ca granites also exhibit negative Nb, P and Ti anomalies on 
the Spider-plots (Figure 3). 

Constraints can be placed on the petrogenesis of the High-Ca granitoids by their geochemistry, Nd 
and Pb isotopic compositions and presence and age of inherited zircons. The broadly silica-rich and 
sodic nature of the High-Ca group granitoids, as well as generally low-LILE contents, is consistent 
with derivation from an intermediate to mafic LILE-poor source. The major compositional variations" 
in LILE and HFSE between individual various High-Ca clans suggests a range in the composition of 
the source as the range cannot be due solely to varying degrees of partial melting. 

The variations between the dominant Y-depleted, Sr-undepleted and subordinate Y -undepleted, Sr
depleted clans within the High-Ca granitoid group is consistent with partial melting over a range of 
pressures. The Y -depleted, Sr-undepleted signature of the majority of the High-Ca granitoids is 
generally interpreted to indicate derivation from a plagioclase-poor source at pressures high enough 
to stabilise residual garnet and destabilise plagioclase during melting (e.g., Rapp et al., 1991). 
Petrogenetic models commonly invoke either partial melting deep within thickened crust (>35-50 
km) or partial melting of a subducting slab (e.g., Drunimond & Defant, 1990; Martin, 1994). The 
presence of inherited zircons as well as a range ofNd model ages and variable Y- and Sr-depletion, 
favour partial melting of, or at least interaction with, a thickened crustal source for the High-Ca group 
granitoids. 
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Tectonic models for development ofthe eastern Yilgam Craton range from pre-existing continental 
crust upon which greenstone belts were deposited either in a subduction and/or back -arc 
environment (e.g., Barley et aI., 1989), related to mantle plume tectonics (e.g., Hill et aI., 1989) to 
collisional tectonics involving accretion of micro-plates (e.g., Myers, 1995). Radiogenic isotope (Nd, 
Pb) compositions, granitoid emplacement ages and inherited zircon populations are consistent with 
some form of convergent tectonics, however, the timing of convergence is not well understood. The 
change in the peak age of High-Ca granitoid emplacement from ca 2.70-2.68 Ga in the Southern 
Cross Province to ca. 2.68-2.66 Ga in the Eastern Goldfields Province is consistent with such a 
model. However, the models need to be more fully developed to clearly explain the voluminous 
High-Ca group granitoids in the southeastern Yilgam Craton. 

Table 6. Summary of typical abundances of selected elements, comparing the Diemals and Beetle associations of 
the Southern Cross Province to the Menangina and Mt Boreas associations of the Eastern Goldfields Province. 
Decreasing and increasing refer to overalJ trends of these elements with increasing silica. 

SIO N.OIK,Q Rb/Sr lit Zr c. 

Menanl!lna Associadon (HI2h-Ca) 
68-76 0.75-2.5 0.1.>1.0 5-25 50-200 15·120 

Na,O 3.4-5.6 Rb 50-200 decreasing broad decrease 
K02.04.5 Sf <100-> 1000 

Dlemals Association 1H12h-Cal 
69-74 1.0·2.0 0.2.fj.75 1040 80·250 25·200 

Na,O 3.8-5.0 Rb 75-175 decreasing decreasing 
K 202.84.1 Sf 150-500 

Mt Boreas Association (Low-Ca) 
70-75 <I <I to »1 20-65 60-300 30-300 

Na,O 3.3-4.1 Rb 200-350 very broad decreasing decreasing 

K204.5-5.4 Sr <50->350 decrease 

Beetle Association (Low-Ca) 
68-75 <I <1 to »1 30-70 100-500 <100-400 

Na,O 3.3-4.2 Rb 150-350 broad decreasing broad decrease 
](.04.0-5.5 Sr 75-300 decrease 

Clans within the Menangina Association, Eastern Goldfields Province 

The Menangina Association is the dominant granitoid grouping in the Eastern Goldfields Province in 
the southeastern Yilgam Craton. Eight clans have been delineated on the basis of geographical 
distribution and geochemical characteristics. Some of the clans (e.g., Ajax, Parker Hills) are small 
and geographically restricted, whereas the larger High-Ca clans (e.g, Burra, Menangina) form over 
large regions within the southern Eastern Goldfields Province. Individual clans of the Menangina 
Association are characterised by specific geochemical characteristics; Table 6 summarises the 
abundances of selected elements for the clans. 

The distribution, age constraints, geochemic al characteristics and relationship to mineralisation are 
summarised for each clan; clans are presented in alphabetical order. General petrogenetic models for 
the High-Ca granitoids have been summarised above; however, specific petrogenetic implications for 
individual clans are also highlighted below. 
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Table 6. Summarised abundances of selected elements for the various clans of the Menangina, Mt Boreas, and 
Kookyoie Associations of the Eastern Goldfields Province. Number in brackets refers to number of geochemical 
analyses used in calculations. 

Group S10, N.,OIK,O Rb/Sr 1h Zr c. 

Menanglna Association 
AJa. 74.5-77.5 0.7~.95 4->10 15-20 75-100 15-25 
(n ~ 10) Nap 3.0.3.8 Rb 130-250 

1<,04.0.4.4 Sr 1().J5 

Beasley 68.0.71.0 1.54.0 0.1~.2 5-10 90.130+ 30.70 
(n ~ 17) Na,O 4.5-5.6 Rb 45-100 

1<,01.5-3.0 Sr 400.750 
Burra 68.0.76.0 0.9·2.5 0.15->1.0 5-30 50.160 20.50 
(F72) Na,O 3.7-5.5 Rb 60.200 

1<,02.0.4.5 Sr<[00-500 
Goongarrte 70.0.75.0 0.75-2.0 0.1-1.5 10-35 80.200 40.125 
(n ~ 55) Na,O 3.5-5.0 Rb 70.200 

K,02.5-4.5 Sr 100.750 
Menanglna 68.0.73.5 1.0-2.0 0.1~.75 5-20 80.200 35-110 
(n ~ 52) Nal O4.s..6.0 Rb 80.175 

K,02.75-4.4 Sr 200.1200 
Niagara 75.5-78.0 0.75-1.4 >l.O 10-20 50.100 IS-SO 
(n ~ 10) NalO 3.8-4.8 Rb 110-260 

1<,03.5-6.0 Sr 25-100 
Parker Hills 70.0.73.0 1.5-2.2 <0.1 <5-8 75-125 20.60 
(n ~ 22) Na,O 5.0.6.1 Rb 50.85 

1<,02.6-3.5 Sr 750.1500 
Ylndl 70.0.75.5 1.0-2.5 0.15-1.0 <5-15 60.125 10.50 
(n ~ 39) Na,04.4-5.5 Rb 60.175 

1<,02.0.4.2 Sr 100.600 

Mt Boreas Association 
Mt Boreas 73.0.76.0 0.65-0.9 2->10 20-50 60.175 30.125 
(n~21) Na,O 3.4-4.1 Rb 250-375 

K,04.5-5.4 Sr 25-110 
Mungarl 71.5-75.0 0.6~.8 1.5-5.0 25-65 100-300 70.250 
(n ~ 28) Na,O 3.3-4.0 Rb200400 

K104.75-S.4 Sr60.170 
Nulerie 70.0.72.5 0.75-0.95 0.5->1.0 25-45 200->300 150-300 
(n ~ 11) Na,O 3.6-4.0 Rb 175-250 

1<,04.9-5.2 Sr20o.400 

Kookynle Association 
Kookynie 74.0.77.5 1.0-2.5 OJ -2.5 5-20 100-250 55-105 
(n ~ 16) Na,O 3.6-4.4 Rb 50.150 

1<,01.7-4.0 Sr50.150 
Outcamp Bore 70.0.76.0 1.2-1.8 0.6-1.2 7-10 75->250 30.80 
(n~ 7) Na,O 4.0-4.5 Rb 70.125 

K,O 2.5-3.5 Sr50.>200 
Cashmans 75.0.76.5 >1.5 1.5 -3.0 65-75 200-250 60.70 
(n~6) Na,O 4.2-5.5 Rb 50.100 

K,01.25->2.2 Sr25-50 
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Ajax Clan 

Member Supersuites: Ajax 

Distribution: Minor High-Ca clan in the Eastern Goldfields Province. Fonns series of granitic dykes 
in the Norseman area. Lithologies are syenogranite and monzogranite reflecting the potassic 
nature of the rocks. 

Geochronology: No SHRIMP geochronology available. A Pb-Pb wholerock + K-feldspar 
isochron suggests an age of ca. 2680 Ma (perriog, 1989). 

Geochemistry: Geochernically the Ajax clan is characterised by fractionated High-Ca 
characteristics with high SiO" K,O, Rb, Rb/Sr, Y, moderate Pb, Th and low Nq,O/K,O, Sr, 
"b:, LREE and mg (Table 3.). Ajax granitoids contain low total REE contents, and display 
flatish REE patterns with a large negative Eu anomalies. They are one of the few High-Ca 
clans with Sr-depleted, Y-undepleted signature as displayed on a Spider-plot. The low Zr, 
LREE and only moderate Pb and Th contents clearly distinguish this group from Low-Ca 
group granitoids. 

Mineralisation: Spatially associated with Au mineralisation in the Norseman district (e.g., Ajax 
mine). 

Petrogenesis: The high silica contents, high K,O and Rb contents and o\eralilow total contents of 
REE are consistent with crystal fractionation processes. The flat REE patterns with 
pronounced negative Eu anomalies, Sr-depletion, Y -undepletion are consistent with a source 
where plagioclase was stable indicating rnid- to lower-crustal pressures. 

Tectonic and other implications: The felsic nature and lower pressures of fomnation postulated for 
the Ajax clan innplicates partial melting of pro-existing intermediate crust. 

Beasley Clan 

Member Supersuites: Barret Well, Beasley, Linden, No.2 Well, Olympic-2 

Distribution: A moderate-sized High-Ca clan that occurs dominantly in the northeastern half of the 
southern Eastern Goldfields Province on the central and eastern parts of the EDJUDINA sheet. 
It also occurs as banded granitic gneiss (Olympic -2) within Goongame clan High-Ca 
granitoids on the eastern part of the MENZIES sheet. Forms a range of granitoids from 
undeformed plutons to granitic gneiss (e.g., Barret Well, Two Lids Soak, Olympic-2); also 
occurs as dykes in several localities. Lithologies include dominant biotite monzogranite and 
minor granodiorite and tonalite. 

Geochronology: SHRIMP zircon ages range from 2697 to 2656 Ma with the majorily with ages of 
ca 2675 Ma These includes granitic gneisses at Two Lids Soak and Barret Well on the 
eastern side ofEDJUDINA sheet (Nelson, 1997). 
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Geochemistry: The Beasley clan fontlS the 'low-LITE end-member for High-Ca granitoids in the 
southern Eastem Goldfields Province, with high Na,O, mg#and Na,O/KP, low LILE (e.g., 

K,O, Rb, Pb, Sr, Th) and HFSE (Zr, REE) contents and low Rb/Sr ratios (Figures 4). 

Beasley clan granitoids are characterised by strongly fractionated REE patterns without Eu 

anomalies (Figure 3) and low to very low HREE contents. They also are Sr-undepleted and 
Y-depleted with pronounced Nb and Ti and minor P depletion as displayed on Spider-plots 

(Figure 3). 

Mineralisation: None known 

Petrogenesis: The more 'primitive' low-LILE geochemistry and Sr-undepleted, Y-depleted 
signature of the Beasley clan is consistent with partial melting of a basalticlamphibolitic source 

at high pressures. The higher mg# may indicate a subducted slab component in the source 
region rather than thickened crust. 

Tectonic and other implications: The suggestion of a subducted slab comporent in the source has 
important tectonic implications for the Eastem Goldfields Province, although more work is 
required to substantiate this suggestion. 

BurraClan 

Member Supersuites: AMET-Ballard-l, Bali, Big Porphyry, Buldania, Burra, Connolly, Chalice
Dyke-I, Gladstone-dyke-2, Lake Dundas, Lake Kirk, Riverina, Tonkin, Twin Hills 

Distribution: The Burra clan is the dominant High-Ca clan in the western half of the Eastern 
Goldfields Province. It fonns a diverse range of granitoids from granitic dykes in the 
Norseman and Kookynie areas, massive to defonned granitoid plutons (Bali, Battery, 

Buldania, Calooli) and domes (e.g., Pioneer) and extensive granitic gneiss complexes (e.g., 
Lake Kirk, Connolly) along the edge of the Kalgoorlie Terrane. Dykes belonging to the 

Chalicl'>-Dyke-l supersuite are tentatively included in the Burra clan. Lithologies are mainly 

biotite monzogranite with subordinate biotite granodiorite. 

Geochronology: Burra clan granitoids have a range ofSHRJMP zircon ages from 2689 to 2655 
Ma, with the majority around 2675 to 2660 Ma. Some of the granitic gneisses (e.g., Lake 

Kirk, Connolly, Pioneer) contain ?inherited zircon populations older than 2.7 Ga Dykes in the 
Chalice deposit that are tentatively assigned to the Burra clan have ages of ca. 2645 Ma (L. 
Bucci, written communication, 2000). Syntectonic metamorphic titanite from the Lake Kirk 
granitic gneisses in the Norseman district is dated at ca 2630 Ma, indicating defonnation 

along major shear zones extended down to ca 2630 Ma in some areas. 

Geochemistry: The Burra clan is characterised by high Nap and N~O/K20, low LILE (e.g., 
K,o, Rb, Pb, Sr, Th) and HFSE (Zr, REE) contents and low-moderate Rb/Sr ratios (Table 

3; Figures 4), with members at the high-silica end (>74 wt% SiO,) displaying weak 

fractionation trends. Burra granitoids display moderately fractionated REE patterns with no or 
small negative Eu anomalies. They have Sr-undepleted, Y -depleted to variably Sr-depleted, 

Y-undepleted signatures as displayed on Spider-plots. These characteristics place the clan in 

the 'low-LILE' subgroup of High-Ca granitoids in the southern Eastern Goldfields Province. 
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The variable Sr- Y signatures, variable but generally low LILE and HFSE contents, higher 
Na,lK,o and RblSr ratios and lower mg# contrast this 'low-LILE' clan with the Beasley clan. 
Both clans have lower Sr, K,o and higher Total FeO contents than the Yindi clan. 

Mineralisation: Burra clan dykes are spatially associated with Au mineralisation in the Norseman 
(e.g., Big Porphyry) and Kookynie districts. Dykes of the Chalice. Dyke- I supersuite at the 
Chalice deposit are mineralised. 

Petrogenesis: The 'low-LILE' geochemistIy but variably Sr-undepleted, Y -depleted signature of 
the Burra clan is consistent with partial melting of a mafic to intermediate source at variable 
pressures (i.e., lower thickened crust). The lower mg# (than the Beasley clan) may indicate a 
minimal or no subducted slab component in the source region. 

Tectonic and other implications: As for the High-Ca group granitoids in general. The lower LILE 
and HFSE may indicate a more primitive source, although not as primitive as postulated for the 
Beasley clan. The youngest Burra clan members overlap with the oldest Low-Ca granitoids 
and this has implications regarding tectonic models. 

Goongarrie Clan 

Member Supersuites: Cave Hill, Chalice-Dyke-2, Dynamite, End of Day, Goongarrie, Larkinville, 
Lone Hand, Mendleyarri, Nine Mile Rocks, Pine Lodge, Queen Victoria 

Distribution: A large High-Ca clan that occurs in the western half ofthe southern Eastern Goldfields 
Province. It occurs a range of granitoids from undeformed plutons (e.g., Lone Hand, Pine 
Lodge) to variably deformed granitic complexes (e.g., extensive areas of the Goongarrie -Mt 
Pleasant batholith). The Goodia and Theatre Rocks domes in the Norseman district also 
belong to the GooDgarrie clan. This clan also occurs as dykes in several localities. Dykes of 
the Chalice-Dyke-2 supersuite at the Chalice deposit have been tentatively assigned to the 
Goongarrie clan. Litlnlogies include dominant biotite monzogranite and minor granodiorite. 

Geochronology: Five Goongarrie clan granitoids have been dated by SHRIMP; these have zircon 
ages that range from 2687 Ma (Queen Victoria Rocks monzogranite, suite and supersuite) to 
2646 Ma (Donnas Soak monzogranite, Siberia-2 suite, Goongarrie supersuite). Chalice. 
Dyke-2 supersuite dykes from the Chalice deposit have been dated at ca. 2630 Ma (L. Bucci, 
written communication, 2000); if the tentative classification of these dykes to the Goongarrie 
clan stands further scrutiny, then High-Ca magmatism continued in some areas to ca. 2630 
Ma. 

Geoch"emistry: The Goongarrie clan is characterised by moderate Total FeO, K,O, Rb, Ce, Pb, 
Th, Zr contents (Figure I, 2, 4) and is typical of 'high-LILE' clans by having higher LILE and 
HFSE contents and RblSr ratios, and lower SrISr* and mg#, than 'Iow-LILE' clans (e.g., 
Beasley, Burra). Strontium contents of Goongarrie clan members are generally lower than 
'Iow-LILE' High-Ca granitoids. Goongarrie clan granitoids are characterised by strongly 
fractionated REE patterns with no or variable negative Eu anomalies. The negative Eu 
anomalies are generally in higher silica members that also show weak fractionation. On Spider-

AMIRA P482lMERIW A M281 - Yilgam Granitoids. April, 200 I 



3.14 

plots, Goongame granitoids are Sr-undepleted to moderately Sr-depleted and moderately to 
slightly Y -depleted. 

The Goongame clan shares many similarities with the Menangina clan, but with notable 
differences in Sr and Ba contents. Also the Goongame clan is dominantly more siliceous tha n 
the Menangina clan. The 'high-LILE' clans of the High-Ca group have geochemistry that is 
intermediate between 'Iow-LILE' clans and Low-Ca group granitoids. There is also some 
overlap at the high silica end with both 'low-LILE' clans and Low-Ca group granitoids. 

Mineralisation: The Cawse Gold Mine suite is mineralised at the Cawse gold deposit. Dykes of the 
Chalicf}-Dyke-2 supersuite at the Chalice gold deposit are mineralised. 

Petrogenesis: The higher LILE and HFSE contents of 'high-LILE' clans require a more LILE
enriched component in their source. Although the 'high-LILE' clans overlap at the high silica 
end with some Low-Ca group granitoids, Nd and Pb isotope compositions point to distinct 
sources for both granitoid types. The variable Sr-depleted, Y -depleted signature suggests 
variable but moderate -high pressures off ormation. 

Tectonic and other implications: Partial melting of thickened crust is the preferred model for these 
granitoids. 

Menangina Clan 

Member Supersuites: Birthday, Coglia Road, Galvalley, Goat Dam, Loafers Well, Menangina, 
Moon Rock, Yallaburra, Yilgangi, various dykes 

Distribution: A laJEe High-Ca clan that occurs dominantly internal to greenstones in the central part 
of the southem Eastern Goldfields Province. It includes the type locality (Menangina Rocks) 
for High-Ca granitoids in the Eastem Goldfields Province. It occurs a muge of granitoids from 
discrete internal plutons (e.g., Bulyairdie, Cowarna, Galvalley, Goat Dam,) to variably 
defonned granitic complexes (e.g., Birthday complex), principally on the EDJUDINA and 
KURNALPI sheets. A small pluton in the central part of the WIDGIEMOOLIHA sheet is also 
assigned to the Menangina clan. The clan also includes a number of gmnitic dykes that intrude 
greenstones and granitoids throughout the central Eastern Goldfields Province. Lithologies 
include dominant biotite monzogranite and minor granodiorite. Hornblen~ bearing granitoids 
are present in places. 

Geochronology: Four Menangina clan granitoids have been dated by SHRIMP; these have zircon 
ages that range from 2675 Ma (Cement Well-Barber Well monzogranite, Birthday suite and 
supersuite) to 2658 Ma (Brady Well monzogranite, Menangina suite & supersuite). Based on 
interpretation of aeromagnetic data, the Menagina suite intrudes the Birthday suite, and the 
zircon ages are consistent with this interpretation. 

Geochemistry: The Menangina clan is characterised by moderate Total FeO, K,O, Rb, Ce, Pb, 
Th, Zr contents (Figure I, 2, 4) and is typical of 'high-LILE' clans by having higher L1LE and 
HFSE contents and Rb/Sr ratios, and lower SrISr* and mg#, than 'Iow-LILE' clans (e.g., 
Beasley). Strontium and Ba contents of Menangina clan members are variable but generally 
low, except for the Galvalley and Loafers Well supersuites that contain high Sr and Ba 
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contents. Menangina clan granitoids are characterised by strongly fractionated REE patterns 
with no Eu anomalies; HREE display moderately fractionated to 'spoon' -shaped patterns. On 

Spider-plots, Menangina granitoids are dominantly Sr- undepeted and variably Y -depleted. 

The Menangina clan shares many similarities with the Goonganie clan, but with lower Th and 

Pb and variable but higher Na20 contents. The Sr and Ba contents of some supersuites 
overlap with those of the Parker Hills clan; this is best displayed on a Cao versus Sr diagram 

(Figure 2). 

Mineralisation: None known. 

Petrogenesis: The higher LILE and HFSE contents of'high-LILE' clans require a more LILE

enriched component in their source. Although the 'high-LILE' clans overlap at the high silica 

end with some Low-Ca group granitoids, Nd and Pb isotope compositions point to distinct 
sources for both granitoid types. The variable Sr-depleted, Y -depleted signature suggests 

variable but moderate -high pressures offonnation. 

Tectonic and other implications: Partial melting of thickened crust is the preferred model for these 
granitoids, although a LILE-enriched component in the source is required. 

Niagara Clan 

Member Supersuites: Niagara 

Distribution: A small High-Ca clan that occurs in the eastern half of the MENZIES sheet as a series 
of dykes and small plutons. Most granitoids of this clan are biotite monzogranite. 

Geocbronology: None available. 

Geochemistry: The Niagara clan is characterised by high Si02 , K20, Rb and Y, moderate Pb, Th, 

and low Ce, Sr, and Zr contents (Figure I, 2,4). The K20, Rb, Y, Pb and Th trends and high 

Rb/Sr suggest that these granitoids are fractionated, silica-rich granitoids and have affinities to 

'Iow-LILE' clans (e.g., Beasley, Burra); Niagara granitoDs plot in the 'fractionated granitoid' 
field on a Rb-Ba-Sr diagram (Figure 2) .. Niagara clan granitoids are characterised by 

moderately fractionated LREE and flatish HREE panerns with strong negative Eu anomalies. 

On Spider-plots, Niagara granitoids are Sr-depleted and Y-undepleted. The Niagara clan 

shares many similarities with the other 'low-LILE' clans, but are more siliceous than the most 
granitoids belonging to the Burra and Beasley clans. They are most similar to the Ajax clan, 

but have lower Y contents. Although they overlap with some silica-rich Low -Ca group 

granitoids, the low Zr, LREE and only moderate Pb and Th contents clearly distinguish this 

clan from Low-Ca group granitoids. 

Mineralisation: Dykes of Niagara clan granitoids are mineralised in the Niagara and Kookynie 

areas. 

Petrogenesis: The high silica contents, high K,o and Rb contents and overall low total contents of 

REE are consistent with crystal fractionation processes. The REE patterns with pronounced 
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negative Eu anomalies, Sfodeple tion, Y-undepletion are consistent with a source where 
plagioclase was stable indicating mid- to lower-crustal pressures. 

Tectonic and other implications: The felsic nature and lower pressures of formation postulated for 
the Niagara clan implicates partial melting of pre-existing intermediate crust 

Parker Hills Clan 

Member Supersuites: Fitzgerald Lagoon, Jyndabinbin, Parker Hills, Sinclair 

Distribution: A moderate sized High-Ca clan that is geographically restricted to a linear belt in the 
central and eastern WIDGIEMOOLTHA sheet, as 'well as part of the NORSEMAN sheet. Parker 
Hills clan granitoids occur as a large discrete plutons internal to and bounding greenstones in 
the southeastern comer ofthe Eastern Goldfields Province. Most granitoids of this clan are 
homblende-biotite monzogranite and granodiorite. 

Geochronology: Three SHRIMP ages are available for the Parker Hills clan and these range from 
2657 Ma (Fitzgerald Lagoon pluton, suite and slsuite) to 2648 Ma (Toil and Trouble granite, 
Sinclair suite and slsuite). 

Geochemistry: The Parker Hills clan is characterised by moderate K,O and Pb, and low Ce, Rb, 
Th, Y and Zr contents (Figure 1, 2, 4). Parker Hills clan granitoids are characterised by 
moderately fractionated REE patterns with no Eu anomalies and on Spider-plots have Sr
undepleted to -enriched and V-depleted signatures. The Parker Hills clan shares many 
similarities (e.g., Ce, Rb, Th, Y, Zr contents, high mg/f.) with 'low-LILE' clans, but contrasts 
by containing significantly higher Ba, Sr contents and SrISr*, moderate K,o and Pb contents 
that overlap with 'high-LILE' clans and lower Total FeO contents. The high Ba and Sr 
contents are very similar to those in New Celebration clan dykes and the Depot supersuite of 
the Grnnny Smith Association (Mafic group). 

Mineralisation: None known; although highly fractured, veined and altered granitoid is present at 
one locality (Yardina granitoid, suite). Quartz veins contain CR.-rich, and locally graphite
bearing, fluid inclusions. At the time of vein funnation and alteration, the carbonaceous 
sedimentary rocks of the Mount Belches Fonnation is interpreted to have been immediately on 
top of the Yardina granitoid and may have provided the carbon subsequently trapped in the 
fluid inclusions. 

Petrogenesis: The similar characteristics of the Parker Hills clan Oow-moderate LILE and HFSE; 
Sr-undepleted, Y -depleted signature) to the 'Iow-LILE' clans is consistent with partial melting 
of a basalticlamphibolitic source at high pressures. The higher mg#rnay indi:ate a subducted 
slab component in the source region rather than thickened crust. However, the high to very 
high Ba and Sr contents necessitates interaction with a LILE-enriched (at least Ba and Sr) 
component, either from subducted sediments, a LILE-enriched fluid phase or melt, or 
continental crust. The last possibility of not likely,' as the Ba and Sr contents are well above 
those in the rest of the High-Ca group granitoids in the Eastern Goldfields Province. 
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Tectonic and other implications: The suggestion ofa subducted slab component in the source has 
important tectonic implications for the Eastern Goldfields Province. The linear distribution of 

this clan as well as the proximity to Ba- and Sr-rich porphyry dykes and plutons of the New 

Celebration clan, Mafic group, further implicates a highly focussed source for these granitoids. 
The high Ba and Sr contents implicate interaction with a LILE-enriched (at least Ba and Sr) 
component; this may have been a metasomatized mantle wedge-derived fluid phase. Further 

evidence is required to substantiate this suggestion. 

Yi"di Cia" 

Member Supersuites: Bronco Plain, Forest Well, Jarrah Well, Pindinnus, Roe, Surprise, 
Redcastle, Yindi, various dykes 

Distribution: A moderate-sized High-Ca clan that forms a roughly linear belt in the northeastern half 

of the southern Eastern Goldfields Province on the central and eastern parts of the EDJUDINA 
and KURNALPI sheets. The clan occurs as a range of granitoids from discrete plutons (e.g., 
Yindi, Yowie) to deformed granitic oomplexes (e.g., Bronco Plains, Mt Celia Gneiss) that are 

both internal to and external to the greenstones. Some of the plutons (Redcastle) show strong 
zonation on aeromagnetic images. The clan also occurs as dykes in several localities. 

Lithologies include dominant biotite monzogranite and minor granodiorite. 

Geochronology: Only one SHRIMP zircon age of2660 Ma (Redcastle granite, suite) is available 
for the clan. 

Geochemistry: The Yindi clan is characterised by typical 'low-L1LE' characteristics including high 
Na,O and Na,OIK,o, moderate mg#, SrISr*, low Total FeO, L1LE (e.g., K,O, Rb~ Pb, Sr, 
Th) and HFSE (Zr, Y, REE) contents and low Rb/Sr ratios (Figures 4). Yindi clan granitoids 

are characterised by moderately fractionated REE patterns without Eu anomalies (Figure 3) 
and have variable Sr-enriched to slightly-depleted and variably Y-depleted signatures as 

displayed on Spider-plots (Figure 3). 

Mineralisation: None known. 

Petrogenesis: The 'primitive' 10w-L1LE geochemistry and dominantly Sr-undepleted, Y-depleted 
signature of the Yindi clan is consistent with partial melting of a basaltic/amphibolitic source at 

high pressures. The moderate mg#and variable Y-depletion may indicate a larger proportion 
ofthickened crust in the source region rather than a subducted slab component. 

Tectonic and other implications: Similar to that proposed for other 'Iow-LILE' clans of the High

Ca group. 

S.2 Clans within the Diemals Association, Southern Cross Province 

The Diemals Association is the dominant granitoid grouping in the Southern Cross Province in the 

southeastern Yilgam Craton. Four clans have been delineated on the basis of geographical 

distribution and geochemical characteristics. Three of the clans (Karalee, Spear and Woolgangie) 
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have geochemislty indicating affinity with 1he 'high-LILE' clans present in the Eastern Goldfields 
Province. The other clan (Stennet Rocks) is a minor clan that has geochemislty consistent with 
affinity with the 'Iow-LILE' clans. Two clans (Karalee, Woolgangie) are fonn over large regions 
within the southeastern Southern Cross Province, and have very similar characteristics; separation is 
based mainly on distribution of the granitoids rather than geochemislty. Individual clans of the 
Diernals Association are characterised by specific geochemical characteristics; Table 7 summarises 
the abundances of selected elements for the clans. 

Table 7. Summarised abundances of selected elements for the various clans of the Diemals, Beetle, Westonia and 
Fitzgerald Peaks Associations of the Southern Cross Province. 

Group sial Na,OIK,O Rb/Sr Th Zr Ce 

Diemals Association 
Karalee 69.2-75.5 0.9-1.5 0.3-1.1 10-30 80-200 40-80 
(n - 18) Na,D3.75-5.0 Rb 100-175 

K,O 3.0-4.25 Sr 150-375 
Spear 70.0-72.0 1.0-1.5 0.25-0.6 20-40 200-250 100-200 
(n = 10) Na,04.0-4.75 Rb 100-175 

K,O 3.0-4.0 Sr 300-500 
Stennet Rock 69.0-73.5 1.5-4.0 0.15-0.5 7-15 100-165 25-75 
(n = 10) Na,O 4.5-5.5 Rb 50-125 

K,O 1.5-3.0 Sr 250-500 
Woolgangle 68.5-74.0 1.1-1.8 0.2.{).5 10-35 100-220 40-110 
(n = 24) Na,03.9-5.0 Rb 75-175 

K,O 2.6-3.8 Sr200-450 

Beetle Association 
Beetle 72.5-75.0 0.6.{).9 0.7-4.0 (>1) 35-70 110-250 80-200 
(n = 59) Na,O 3.3-4.0 Rb 175-350 

K,O 4.6-5.5 Sr 75-250 

Boorabbln 69.5-72.5 0.7-1.0 0.7-1.5 35-55 200-450 100-300 
(n = 21) Na,O 3.4-4.2 Rb 150-250 

K,O 4.0-5.1 Sr 140-300 

Oberwyl 76.0-77.0 0.S.{).S5 >5 25-35 70-90 25-30 
(n=4) Na,O 3.6-3.8 Rb 200-275 

K,04.45-4.55 Sr20-30 

Yeelirrle 73.0-74.8 0.S.{).9 <1->4 40-50 115-170 S5-150 
(n= 3) Na,O 3.8-3.9 Rb 165-350 

K,04.4-4.8 Sr S0-275 
Nargalyerln 65.0-70.0 0.S-1.4 0,4-1.25 30-50 400-700 270-400 
(n = 13) Na,O 3.6-4.5 Rb 140-250 

K,O 3.25 -4.5 Sr 200-400 

Corrldlng -73.5 O.S 0.75 35 150 110 
(n = 1) Na,03.5 Rb 170 

K204.5 Sr 225 

Westonla Association 
Red Leaf -58.25 2.3 0.15-0.2 -10 120-130 -{;O 

(n= 2) Na,O 3.8-3.9 Rb S5-100 

K,O 1.65-1.7 Sr 500-550 

Fitzgerald Peaks Association 
Fitzgerald 64.0-73.0 0.9-1.2 0.2.{).5 (<<1) <10-35 10->200 60-200 
Peaks (n = 29) Na,O 4. 7-6.S Rb 90-200 

K,O 4.2-6.0 Sr 250-550 
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Karalee Clan 

Member Supersuites: Curam., Eagle Well, Karalee, Metzke, Mulline, Perrinvale, Red Leaf-2 

Distribution: The major High-Ca clan that occurs dominantly marginal and external to greenstones 
in the central-eastern part of the Southern Cross Province, principally on the MENZIES and 

KALGOORLIE sheets. It occurs a range of granitoids from discrete plutons (e.g., Mulline) to 
variably defonned granitic complexes and gneiss (e.g., Metzke). The clan includes a number of 

granitic dykes that intrude greenstones and granitoids throughout the central Southern Cross 
Province. Lithologies include dominant biotite monzogranite and minor granodiorite. 

Geochronology: One Karalee clan granitoids has been dated by SHRIMP and has an age of 2676 
Ma (Day Rock granite; Nelson, 2000). 

Geochemistry: The Karalee clan is characterised by moderate Total FeO, K,O, Rb, Ce, Pb, Th, 
Zr contents (Figure 1,2,4) and is typical of 'high-LILE' clans by having higher LILE and 

HFSE contents and RblSr ratios, and lower SrISr* and mg#, than 'low-LILE' clans (e.g., 
Stennet Rocks). Strontium and Ba contents of Karalee clan granitoids are variable but 

generally low. Karalee clan granitoids are characterised by moderately fractionated REE 
patterns with no Eu anomalies; HREE display slightly fractionated to 'spoon' -shaped patterns. 
On Spider-plots, Karalee granitoids display minor Sr-depletion and minor to moderate y
depletion. 

With the exception of slightly higher Rb contents, Karalee clan granitoids are very similar to 
granitoids of the Woolgangie clan. It has many similarities with the Barr Smith clan to the north. 

MineraUsation: None known. 

Petrogenesis: The similar geochemisny of the Karalee clan to the Goongarrie clan in the Eastern 
Goldfields Province, suggests very similar source rock and conditions of melting. The hig her 
LILE and HFSE contents of 'high-LILE' clans require a more LILE-enrlched component in 

their source. The variable Sr-depleted, Y -depleted signature suggests variable but moderate
high pressures of fonnation. 

Tectonic and other impUcations: Partial meting of thickened crust is the preferred model for these 
granitoids, although a LILE-enrlched component in the source is required. 

Spear Clan 

Member Supersuites: Shannan Well, Spear, Perrinvale-xenoliths 

Distribution: A minor High-Ca clan that occurs sporadically throughout the south-eastern part of 

the Southern Cross Province, principally on the MENZIES and LAKE JOHNSTON sheets. It 
occurs as granitoids that are marginal (e.g., Sharman Well) or external (Spear) to the 

greenstone belts and fonn variably defonned plutons and granitic complexes. The clan includes 
a number of granitic xenoliths that are enclosed within other High-Ca granitoids throughout the 

central Southern Cross Province. Lithologies include dominant biotite monzogranite and minor 

granodiorite. 
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Geochronology: One Spear clan granitoids has been dated by SHRIMP and has an age of 2693 
Ma (perrinvale-xenolith; AGSO, unpublished data, 2000). The xenolith also contains 
populations of inherited zircons as old as 3.3 Ga 

Geochemistry: The Spear clan is characterised by high Total FeO, Ce, Th, Zr contents, moderate 
K,O, Rb, Pb contents and variable Y contents (Figure 1,2,4). The clan displays 
geochemistry typical of 'hig\l-LILE' clans by having higher LILE and HFSE contents and 
Rb/Sr ratios, and lower SrlSr" and mglt than 'low-LILE' clans (e.g., Stennet Rocks). Spear 
clan granitoids are characterised by high total REE contents, moderately fractionated REE 
patterns with small negative Eu anomalies; HREE display slightly fractionated to flatish 
patterns. On Spider-plots, Spear granitoids display minor Sr-depletion and minor to moderate 
V-depletion. Spear clan granitoids share some similarities to granitoids of the Karalee and 
Woolgangie clans, but have higher high Total FeO, TiO" p,os, Ce, Th and Zrcontents. They 
are very similar to granitoids of the Calamity clan further to the north in the Southern Cross 
Province. 

Mineralisation: None known. 

Petrogenesis: The higher LILE and HFSE content of the Spear clan implicate a source with higher 
LILE and HFSE. The variable Sr-depleted, Y -depleted signature suggests variable but 
moderate-high pressures of formation. 

Tectonic and other implications: As discussed for other 'hig\l-LILE' clans in the Southern Cross 
and Eastern Goldfields Provinces, although a source region with higher LILE and HFSE is 
implicated. 

Stennet Rocks Clan 

Member Supersuites: Aerodrome, Bank East, Pietro Gneiss, Stennet Rock, Woolgangie-xenoliths 

Distribution: A smalI-sized Hig\l-Ca clan that occurs in the southeastern part of the southern 
Southern Cross Province on the eastern parts of the BOORABBIN. LAKE JOHNSTON and far 
western NORSEMAN sheets. The clan forms a range of granitoids from deformed plutons 
(Stennet Rock) to granitic gneiss (e.g., Pietro Gneiss). A number of granitic xemliths also form 
part of this clan. Lithologies include biotite-hornblende monzogranite, granodiorite and tonalite. 

Geochronology: One SHRIMP zircon ages of2691 Ma has been determined for the Stennet 
Rocks pluton (Hill et al., 1989) on the north-western part ofthe NORSEMAN sheet. lbis 
granitoid also includes populations of inherited zircons as old as -3.2 Ga 

Geochemistry: The Stennet Rocks clan forms the 'low-LILE' end-member for High-Ca granitoids 
in the southern Southern Cross Province, with high Nap, mg# and Na,O/K,O, low LILE 
(e.g., K,O, Rb, Pb, Sr, Th) and HFSE (Zr, REE) contents and low Rh/Sr ratios (Figures 4). 
Stennet Rocks clan granitoids are characterised by moderately fractionated REE patterns 
without Eu anomalies and low to very low HREE contents. They also are Sr-undepleted and 
V-depleted as displayed on Spider-plots. 
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Mineralisation: None known. 

Petrogenesis: The 'primitive' low-LILE geochemistry and Sr- undepleted, Y -depleted signature of 

the Stennet Rocks clan is very similar to the Beasley clan in the southern Eastern Goldfields 
Province. The geochemical characteristics are consistent with partial melting of a 

basa1tic/amphibolitic source at high pressures. The higher mg#may indicate a subducted slab 

component in the source region rather than thickened crust. 

Tectonic and other implications: The suggestion of a subducted slab component in the source has 
important tectonic implications for the south-eastern Southern Cross Province. 

Wooigangie Clan 

Member Supersuites: Gilmore, McPhersoo, Woolgangie 

Distribution: The major High-Ca clan that occurs dominantly marginal and external to greenstones 

in the southern part of the Southern Cross Province, principally on the BoORABBIN. LAKE 

JOHNSTON and western edge of NORSEMAN sheets. It occurs a range of granitoids from 
discrete plutons to variably deformed granitic complexes and gneiss (e.g., Woolgangie). The 
clan includes a number of granitic dykes that intrude greenstones and granitoids throughout the 
central Southern Cross Province. Litholo@es include dominant biotite monzogranite and minor 

granodiorite. 

Geochronology: Two Woolgangie clan granitoids has been dated by SHRIMP; these have ages of 

2707 Ma (Woolgangie monzogranite, suite, s/suite; Nelson, 1997) and 2656 Ma (McPherson 
monzogranite, suite, slsuite). The Woolgangie monzogranite also contains a popUlation of 
zircons with ages of ca. 2676 Ma; these may represent distrubed grains (Nelson, 1997) or be 
the emplacement age of the granitoid 

Geochemistry: The Woolgangie clan is characterised by moderate Total FeO, K,O, Rb, Ce, Pb, 
TIt, Zr contents and generally low Ba and Sr contents (Figure 1,2,4). The geochemistry is 
typical of'high-LILE' clans by having higher LILE and HFSE contents and Rb/Sr ratios, and 

lower SrISr* and mg#, than 'Iow-LILE' clans (e.g., Stennet Rocks). Woolgangie clan 

granitoids are characterised by moderately to strongly fractionated REE patterns with minor 

positive to minor negative Eu anomalies. On Spider-plots, Woolgangue granitoids display 
slight Sr-depletion and minor to strong Y-depletion. 

With the exception of slightly lower Rb contents, Woolgangie clan granitoids are very similar 

to granitoids of the Karalee clan. 

Mineralisation: None known. 

Petrogenesis: The similar geochemistry of the Woolgangie clan to the Karalee clan, and High-Ca 
group granitoids in general, suggests very similar source rock and conditions of melting. The 
higher LILE and HFSE contents of 'high-LILE' clans require a more LILE-enriched 

component in their source. The variable Sr-depleted, Y-depleted signature suggests variable 

but moderate -high pressures of formation. 
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Tectonic and other implications: As for the Karalee cIan and other 'high-LILE' clans of the High
Cagroup. 

AMIRA P4821MERIW A M281 - Yilgarn Granitoids. April, 200 1 



3.23 

Low-Ca group, southeastern Yilgarn Craton 

Member Associations: Mt Boreas Association (Eastern Goldfields Province) 
Beetle Association (Southern Cross Province) 

The Low-Ca group is the second largest granitoid group in the southeastern Yilgam Craton, 
representing over 20 percent of all granitoids. Low-Ca granitoids are dominantly undeformed and 
unrecrystallised monzogranites, although deformed and gneissic Low-Ca granitoids are known from 
several localities. Low-Ca group granitoids form a large linear belt of granitoids along the eastern 
edge of the Southern Cross Province; in particular just west of the Ida lineament on the MENZIES 
and KALGOORLIE sheets in the Yeelirrie geophysical domain. In the Eastern Goldfields Province, 
Low-Ca group granitoids form small to large plutons throughout the province, including the Mungari 
pluton between Kalgoorlie and Coolgardie and some of the dykes as well as the Western Granite at 
the Chalice deposit. Three clans have been characterised in the Eastern Goldfields Province on the 
basis of geochemistry and regional distribution, whereas five clans have been delineated in the 
Southern Cross Province. The Corriding clan is represented by only one pluton and has been fitted 
into the Low-Ca group for convenience. A number of samples with probable Low-Ca affiliation 
have not been assigned to a particular clan and are not discussed in this report. 

Geochronology on Low-Ca granitoids in the southern Eastern Goldfields Province indicate a 
relatively narrow range in ages from ca. 2.655 to ?2.62 Ga (Table 4). Zircon inheritance is common 
and varies from slightly older than the emplacement age of the host pluton to older than 2.9 Ga in 
some Nulerie clan granitoids in the eastern part of the Eastern Goldfields Province. In the Southern 
Cross Province, Low-Ca group granitoids have ages ranging from 2.68 to 2.625 Ga (Table 5), with 
most between 2645 and 2630 Ma Zircon inheritance in Low-Ca granitoids is widespread and 
varies from slightly older than the emplacement age ofth~ pluton to older than 3.5 Ga in some Low
Ca granitoids from the northern Southern Cross Province. 

The geochemical characteristics for Low-Ca granitoids have been documented by Champion & 

Sheraton (1997) and several reports provided as part of this AMIRA project and will be only briefly 
summarised. Low-Ca granites are characterised by high LILE (K,O, Rb, Pb, Th, U) and HFSE 
(REE, Y, Zr) and low Al,O" Na,O and CaO contents, as well as high Rb/Sr and very low SrlSr* 
ratios (Figure \,2,3). The majority ofLow-Ca granitoids have silica contents over 70 wt"10 SiO" 
however, work as part of the AMIRA P482 project has extended this compositional range down to 
about 65 wt SiO ,. Compared to High-Ca granitoids, Rb, Pb, Th and U contents are higher, Ba is 
similar and Sr generally lower, for a given Si02 content Like the High-Ca granitoids, Low-Ca 
granitoids also exhibit a range in LILE and HFSE contents. The vast majority of Low-Ca granitoids 
are also characterised by fractionated REE patterns and large negative Eu anomalies. On 
Spiderplots, Low-Ca granitoids typically display strongly Sr-depleted and Y -undepleted signatures; 
the range ofY contents, however, does result in minor but variable Y-depletion in some suites. 
Systematic variations in Rb/Sr and KIRb suggest that crystal fractionation processes were 
significantly more important than in High-Ca granitoids. 

Constraints can be placed on the petrogenesis of the Low-Ca granitoids by their geochemistry, Nd 
and Ph isotopic compositions and presence and age of inherited zircons. The Low-Ca granitoids are 
characterised by a range ofNd model ages. Low-Ca granitoids in the Eastern Goldfields Province 
have Nd model ages ranging from 2700 Ma to 2900 Ma, whereas Low-Ca granitoids in the 
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Southern Cross Province range from about 2900 Ma to 3050 Ma (see Champion & Sheraton, 
1997; Fletcher & McNaughton, this report). This is generally interpreted to indicate that the Low-Ca 

granitoids in the Southern Cross Province were sourced from an older protolith than Low-Ca 

granitoids in the Eastern Goldfields Province. 

The Nd and Pb isotope data clearly implicates reworked crust, consistent with the broadly silica

rich, potassic (high K and LILE contents) and Sr-depleted nature of the Low-Ca group granitoids. 

Champion & Sheraton (1997) indicate that the similar trace element patterns of the Low-Ca 

granitoids can be accurately modelled by batch melting of a protolith compositionally similar to the 
mafic end members of the High-Ca group. However, the generally similar SiO" TiO" Total FeO 

and P,Os contents suggest a source more mafic that the High-Ca granitoids. Differences in epsilon 

Nd for High-Ca and Low-Ca granitoids in the same province also suggest isotopically distinct 

sources. As suggested by Champion & Sheraton (i 997), a possible source candidate are Archean 
TTG-suite rocks (e.g., tonalitic composition) that are found in Archean terranes throughout the 

world The strong negative Eu anomalies, and Sr-depleted and mostly Y- undepleted signature 

indicate that the Low-Ca granites were generated at moderate pressures and, therefore, at mid to 

lower-crustal levels (mostly <35 km). 

The preferred model for the generation of the Low-Ca granitoids is partial melting at high 

temperatures and moderate pressures of a tonalitic pre-existing crust. The moderate to high HFSE 

suggests some affinities with A - type granitoids, and may indicate an extensional environment for the 
Low-Ca granitoids. The Low-Ca granitoids are dominantly emplaced after 2655 Ma and after 

cessation of the majority of High -Ca and Mafic group magmatism. The other granitoid group 

emplaced in the southern Eastern Goldfields Province after this period was Syenitic group granitoids. 

These are generally thought to have been emplaced in an extensional environment and this supports 
the suggestion of an overall extensional environment across the Yilgam Craton during Low-Ca group 

magmatism. The presence of the Low-Ca granites and Syenitic rocks may indicate a change in 

tectonic environment from an overall compressional regime during High-Ca group magmatism to an 

extensional regime during Low-Ca group magmatism. 

The distribution, age constraints, geochemical characteristics and relationship to mineralisation are 

summarised for each clan; clans are presented in alphabetical order. General petrogenetic models for 

the Low-Ca granitoids have been summarised above; however, specific petrogenetic implications for 
individual clans are also highlighted below. 

Clans with the Mt Boreas Association, Eastern Goldfields Province 

The Mt Boreas Association is the second -most common granitoid grouping in the Eastem Goldfields 

Province. In the southern Eastern Goldfields Province, it constitutes about 10 to 15 percent of 

granitoids. Three clans have been delineated on the basis of geographical distribution and 
geochemical characteristics. The clans (Mt Boreas, Mungari and Nulerie) are geographically 

restricted The Mt Boreas and Nulerie clans are also present in the northern Eastern Goldfields 

Province and are described by Champion (this report). Individual clans of the Mt Boreas 

Association are characterised by specific geochemical characteristics; Table 6 summarises the 
abundances of selected elements for the clans. 
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Mt Boreas Clan 

Member Supersuites: Cock Robin, Donkey Rocks, Galah, Mars Bore 

Distribution: A major Low-Ca clan in the central and northern Eastern Goldfields Province. It 
includes the type-locality (Mt Boreas) for Low-Ca granitoids in the Eastern Goldfields 
Province. In the southeastern Yilgam, Mt Boreas clan granitoids are localised mainly on the 
eastern half of MENZIES and western half ofEDJUDINA sheets. Mt Boreas granitoids range 
from small largely deformed plutons to large granitic complexes (e.g., Donkey Rocks); 
undeformed varieties predominate. Lithologies include biotite-, muscovite- and gamet-bearing 
monzogranite and syenogranite; both seriate and porphyritic varieties are known. 

Geochronology: Only one SHRIMP age is available for the Mt Boreas clan. An age of2651 Ma 
was obtained for the Mount Eureka monzogranite (Nelson, 1998) on the KINGSTON sheet, in 
the far north of the Eastern Goldfields Provnce. No ages are available for Mt Boreas 
granitoids in the southern Eastern Goldfields Province. 

Geochemistry: The Mt Boreas clan characterised by typical Low-Ca group chemistry, including 
high LILE (K,O, Rb, Pb, Th, U) and HFSE (REE, Y, Zr) contents (Figures 1, 2, 3). Mt 
Boreas clan granitoids are characterised by moderately fractionated LREE and slightly 
fractionated HREE patterns with large negative Eu anomalies, as well as strong Sr-depletion 
and Y -undepletion to slight Y -depletion on Spider-plots (Figure 3). The Mt Boreas clan has 
many similarities to the Mungari clan in the southern Eastern Goldfields Province, and the 
Beetle clan in the southern Southern Cross Province. These two clans have higher Rb, Pb, TIt, 
Y and Zr (Figure 1, 2) when compared with the Nulerie clan. However, like the Nulerie clan, 
the Mt Boreas clan falls into the lower-LILE, lower-HFSE end of the Low-Ca compositional 
range when compared with the Grant Duff clan present in the northern Eastern Goldfields 
Province. 

Mineralisation: None known. 

Petrogenesis: The petrogenesis of the Mt Boreas clan is probably as discussed for the Low-Ca 
granitoids in general. The Mt Boreas and Mungari clans have LILE and HFSE contents higher 
than for the Nulerie clan but are still at the lower end of the spectrum for Low-Ca group 
granitoids. This may indicate slightly lower degrees of partial melting or a slightly more LILE
enriched source for the Mt Boreas and Mungari clans. At the high silica-end of the Mt Boreas 
clan, significant crystal fractionation is evident. 

Tectonic implications: As discussed for Low-Ca group granitoids. 

Mungari Clan 

Member Supersuites: BuUabulling, Chalice, Cha1ice-2, Comet Hill, Mungari, Scotia, Talbot, 
Widgiemooltha 
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Distribution: The Mungari clan is the dominant Low-Ca clan in the south-western part of the 
southern Eastern Goldfields Province. Mungari clan granitoids occur as plutons internal to 
greenstones (e.g., Bullabulling, Mungari) as well as a series of granitoids, possibly intruded as 
sheets, marginal or external to the greenstone belts (e.g., Scotia). Lithologies are dominantly 
biotite monzogranite with minor syenogranite. 

Geochronology: Although several Mungari clan granitoids have been dated by the SHRIMP 
technique, only imprecise ages of ca 2630 to 2620 Ma are available for three granitoids. 
Three unsuccessful attempts have been made to date the Mungari granitoid; the only published 
age of 2603±1 9 Ma (Hill et aI., 1992) is interpreted to be too young and not date granitoid 
emplacement. 

Geochemistry: The Mungari clan characterised by typical Low-Ca group chemistry, including high 
LILE (KP, Rb, Pb, Th, U) and HFSE (REE, Y, Zr) contents (Figures I, 2, 3). Mungari clan 
granitoids are further characterised by modemtely fiactionated LREE and slightly fiactionated 
HREE patterns with modemte negative Eu anomalies, as well as strong Sr-depletion and Y
undepletion to slight Y -depletion on Spider-plots. The Mungari clan has many similarities to 
the Mt Boreas clan in the southern Eastern Goldfields Province, and the Beetle CM in the 
southern Southern Cross Province. These two clans have higher Rb, Pb, Th, Y and Zr (Figure 
I, 2) when compared with the Nulerie clan. However, like the Nulerie clan, the Mungari clan 
falls into the lower-LILE, lower-HFSE end of the Low-Ca compositional mnge when 
compared with the Gmnt Duff clan present in the northern Eastern Goldfields Province. 

Mineralisation: Gold minemlisation is spatially associated with the Chalice and Chalice-2 
supersuites at the Chalice deposit. The Bullabulling intrus ion is spatially associated with gold 
mineralisation at Bullabulling. 

Petrogenesis: The petrogenesis of the Mungari clan is probably as discussed for the Low-Ca 
granitoids in geneml. The Mt Boreas and Mungari clans have LILE and HFSE contents higher 
than for the Nulerie clan but are still at the lower end of the spectrum for Low-Ca group 
granitoids. This may indicate slightly lower degrees of partial melting or a slightly more LILE
enriched source for the Mt Boreas and Mungari clans. At the high silica-end of the Mungari 
clan, significant crystal fiactionation is evident. 

Tectonic implications: As discussed for Low-Ca group granitoids. 

Nulerie Clan 

Member Supersuites: Elora, Irwin Hills 

Distribution: The Nulerie clan is a small to mdeiurn-sized clan that occurs as a series of plutons, 
granitic gneiss complexes and dykes external to the greenstone belts on the eastern side of 
EDJUDINA and western part of MINIGW AL It also extends into the northern Eastern 
Goldfields Province, as described by Champion (this report). 
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Geochronology: Four ages are available for Nulerie clan granitoids. These are all for granitoids in 
the northern Eastern Goldfields Province and range from 2654 to 2647 Ma (Nelson, 1997, 
1998; L.Black, written communication, 2(00); all of the ages are within error of each other. 

Geochemistry: The Nulerie clan characterised by high LILE (K,O, Rb, Pb, 111, U) and HFSE 
(LREE, HREE, Y, Zr) contents (Figures I, 2, 3) that are typical for Low-Ca group granitoids. 
The clan falls into the lower-LILE, lower-HFSE end of the Low-Ca compositional range, with 
lower Rb, Pb, Th, Y, and Zr variable to lower K,O, Pb and Nb, and variable to higher Na,O, 
Cao and Ba, relative to the Mt Boreas and Mungari clans (Figure I, 2). Nulerie clan 
granitoids are further characterised by moderately fractionated LREE and slightly fractionated 
HREE patterns with moderate negative Eu anomalies, as well as moderate Sr-depletion and 
moderate Y -depletion on Spider-plots. The Nulerie clan has many similarities to the Meredith 
clan in the northern Eastern Goldfields. The Nulerie clan clearly contains higher L1LE and 
HFSE contents than 'high-LILE' clans of the High-Ca group. 

Mineralisation: None known, although some of the Irwin Hills granitoids contain minor quartz 
veining and associa ted wallrock alteration. 

Petrogenesis: The petrogenesis of the Nulerie clan is probably as discussed for the Low-Ca 
granitoids in general. The Nulerie clan has LILE and HFSE contents at the lower end of the 
spectrum for Low-Ca group granitoids and this may result from either a greater degree of 
partial melting or a LILE source that was not as enriched. 

Tectonic implications: As discussed for Low-Ca group granitoids. 

Clans within the Beetle Association, Southern Cross Province 

The Beetle Association is the second -most common granitoid grouping in the Southern Cross 
Province, and constitutes over 30 percent of granitoids in the southeastern Southern Cross Province. 
In the eastern part of the Southern Cross Province on the MENZIES and KALGOORLIE sheets, Lo w
Ca granitoids constitute up to 50 percent of the granitoids. Five clans have been delineated on the 
basis of geographical distribution and geochemical characteristics. The dominant clan in the Southern 
Cross Province is the Beetle clan; other clans are subordinate in size and generally geographically 
restricted. Two clans (Boorabbin, Nargalyerin) fonn moderate-sized clans that are represented over 
much of the southern Southern Cross Province, whereas the Yeelirrie clan is restricted to the 
northern half of the MENZIES sheet. The Oberwyl clan is represented by a single unit along the 
boundary of the Southern Cross Province with the Eastern Goldfields Province, at the top of the 
MENZIES sheet Another clan, Corriding, represented by a single unit, is compositionally intermediate 
between Low-Ca and High-Ca granitoids, and is included in the Beetle Association for the purposes 
of reporting. Individual clans of the Beetle Association are characterised by specific geochemical 
characteristics; Table 7 summarises the abundances of selected elements for the clans. 

Beetle Clan 

Member Supersuites: Beetle, Holland, Perry, Rundle, Banks, Bromos, Maggie Hays, Yerdanie, 
Yowie 
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Distribution: The Beetle clan is the dominant Low-Ca clan in the southern Southern Cross 
Province. Forms large granitoid bodies along the eastern edge of the Southern Cross Province 
in proximity to the Ida Lineament; constitutes up to 50 percent of granitoids west of the Ida 
Lineament on the MENZIES and KALGOORLIE sheets. The Ularring and Clark WeI 
monzogranites, plutons internal to the greenstone belt along the Ida Lineament, are also 
members of this clan. Most of these granitoid bodies are characterised by high rnagnetisation 
as displayed on aeromagnetic images. Most of the granites are largely undeformed, although 
some are foliated and even gneiss in places. Lithologies are syenogranite and monzogranite 
reflecting the potassic nature of the rocks; both seriate and porphyritic varieties are common. 

Geochronology: Four granitoids belonging to the Beetle clan have been dated by SHRIMP; ages 
range from 2660 to 2630 Ma Two plutons (Rundle granite, Tom Rock granite) have ages of 
ca. 2660 Ma, whereas two plutons (Clark Well monzogranite, Ularring monzogranite) have 
ages of 2640 Ma and 2632 Ma, respectively. All four granitoids are member of the Rundle 
supersuite. Some of the plutons contain inherited zircons with ages ranging from -2700 to 
older than 2800 Ma . 

Geochemistry: Geochemically the group is characterised by typical Low-Ca characteristics with 
high K,O, Rb, Rb/Sr, Pb, Th, Zr, LREE, Y and low CaO, Nap, Nap1K20, Sr (Table 3; 
Figures 1,2). Beetle clan granitoids are further characterised by moderately fractionated 
LREE and slightly fractionated HREE patterns with moderate to large negative Eu atDmalies, 
as well as moderate to strong Sr-depletion and Y-undepletion to moderate Y-depletionon 
Spider-plots. The Beetle clan has many similarities to the Mt Boreas and Mungari clans in the 
southern Eastern Goldfields Province, although the Beetle clan ha s slightly higher Th and Zr 
and lower Rb contents. It is also similar to the Yeelirrie clan, although in the northern Southern 
Cross Province, this clan has elevated LILE and HFSE contents. However, like the Mt 
Boreas and Mungari clans, the Beetle clan falls into the lower-LILE, lower-HFSE end of the 
Low-Ca compositional range when compared with the Grant Duff clan present in the northern 
Eastern Goldfields Province. 

Mineralisation: None known; although pegmatites with tourmaline and minor rare metals known 
from elsewhere in SCPo 

Petrogenesis: The petrogenesis of the Beetle clan is probably as discussed for the Low-Ca 
granitoids in general. High silica contents, relatively low CaO and Nap contents, high Th, U, 
Pb and K20 contents, fractionated REE pattern; with pronounced negative Eu anomalies, Sf
depletion, Y-undepletion are consistent with a source where plagioclase was stable indicating 
mid- to lower-crustal pressures. GeochemislIy is consistent with partial melting in the mid
lower crust at moderate pressures from source rocks of intermediate composition (e.g., 
tonalite). Pronounced negative ENd' the presence of inherited zircons are consistent with 
melting of pre-existing old crust. 

Tectonic implications: As discussed for Low-Ca granitoids in general. 

Boorabbin Clan 

Member Supersuites: Boorabbin, Hospital, Nearanging, Walling Rock 
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Distribution: The Boorabbin clan is a moderate sized clan in the southern Southern Cross Province. 

It fonns a variety of granitoid bodies, including plutons and dykes along the eastern edge of the 

Province in proximity to the Ida Lineament The clan includes the Hospital and Walling Rock 

granitoids, as well as the pluton at the Boorabbin quarry. Most of these granitoid bodies are 
characterised by high magnetisation. Most of the granites are largely undefonned Lithologies 

are syenogranite and monzogranite reflecting the potassic nature of the rocks. The Boorabbin 

granitoid contains unusual biotite-rich 'oikocrysts' that are interpreted to have fonned late 

during the magmatic history of the granitoid 

Geochronology: Three Boorabbin clan granitoids have been dated by SHRIMP and have ages of 

that are within error; Hospital - 2631 Ma, Scorpion - 2633 Ma and Walling Rock - 2633 

Ma. Inherited zircons with ages of ca. 2675 Ma and >2760 Ma are present in the Scorpion 
and Walling Rocks granitoids. Field relations support the younger ages for the Boorabbin clan 

granitoids. 

Geochemistry: Geochemically the Boorabbin clan is characterised by lower silica and higher Zr, 
LREE, TiO, and variable Y contents relative to Beetle clan (Table 7; Figures 1,2). High silica 

end members of this clan overlap with the Beetle and other Low-Ca clans (e.g., Nulerie). 

Boorabbin clan granitoids are also characterised by a high total REE content, moderately 

fractionated LREE and slightly fractionated HREE patterns with moderate negative Eu 
anomalies, as well as moderate Sr-depletion and variable Y (Y -enriched to moderately Y

depleted) on Spider-plots. The Boorabbin clan has some similarities to the Nulerie clan in the 

southern Eastern Goldfields Province, but has higher Pb, Th, Y and Zr and lower Rb contents. 

It is also similar to the Nargalyerin clan, although this clan has lower silica contents and even 
higher LILE and HFSE contents. However, like the Beetle clan, the Boorabbin clan falls into 

the lower-LILE, lower-HFSE end of the Low-Ca compositional range when compared with 

the Grant Duff clan present in the northem Eastem Goldfields Province. 

Mineralisation: None known; although pegmatites with tounnaline crosscut the Boorabbin type

locality at Boorabbin quarry. The biotite-.rich 'oikoCtysts' in the Boorabbin pluton contain 

(sub)hedra1 quartz and feldspar grains that contain low-salinity, carbonic (H,O-CO,-CH,) 

fluid inclusions, similar to the mineralising fluids inferred for many Archean orogenic gold 
deposits. 

Petrogenesis: The petrogenesis of the Boorabbin clan is probably as discussed for the Low-Ca 

granitoids in general. The high LREE, Pb, Th, Y and Zr contents, fiactionated REE patterns 
with pronounced negative Eu anomalies, Sr-depletion, and variable Y -undepletion are 

consistent with a mixed LILE-enriched source where plagioclase was stable indicating mid- to 

lower-crustal pressures. The lower silica contents suggest either a larger degree of partBl 

melting or a more mafic source rock. However, to maintain and increase the LILE and HFSE 
contents in the Boorabbin clan granitoids relative to the Beetle clan, a more mafic source also 

would need to be more L1LE-enriched than inferred for the higher silica clans. The higher Zr 
contents also implies high temperature melting conditions were anained 

Tectonic implications: The age of the Boorabbin clan granitoids is younger than that established for 

the Beetle clan. The lower silica content of the Boorabbin clan suggests that the source 

became more mafic over time. Higher percentage partial melting is also implied 
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Nargalyerin Clan 

Supersuites: Wargangering; also Tank No. 28 and Lake Hope 

Distribution: The Nargalyerin clan fonns a number of small plutons and dykes tlrroughout the 
southern Southern Cross Province; in particular, granitoid bodies along the eastern edge of the 
Province in proximity to the Ida Lineament. They also occur as xenoliths within other Low-Ca 
granitoids (e.g., Wargangering-xenolith unit). Most ofthese granitoid bodies are characterised 
by very high magnetisation. Most of the granites are largely undefonned. Lithologies are 
syenogranite and monzogranite reflecting the potassic nature of the rocks; some are 
amphibole-bearing in places. These granitoids typically contain appreciable allanite and/or 
titanite as accessory phases. 

Geochronology: Seven ages are available for the Nargalyerin clan and these range from 2646 Ma 
(Wargangering-dyke phase) to 2623 Ma (Tank No.28 granite). However, only two of these 
ages are for Nargalyerin clan granitoids in the southeastern Southern Cross Province. A 
monzogranite in the Woolgangie area, inferred to be a member of the Nargalyerin clan on the 
basis of containing very high LREE and Zr contents, was dated at 2645 Ma by Hill et al. 
(1992). Qiu & McNaughton (1999) present U-Pb zircon ages of2632 and 2637 Ma for two 
samples from the Nargalyerin typo)- locality on the SOUTHERN CROSS map sheet. 

Geochemistry: Geochemically the group is characterised by low silica contents (mostly 65-71 % 
SiO,) relative to other Low-Ca clans as well as low CaO, Na,O, Sr, moderate to high K20, 
Rb, 111, and high Zr, LREE and Y contents (Table 7; Figures 1,2). The high to very high Zr 
and LREE combined with low SiO, is especially diagnostic. Nargalyerin clan granitoids are 
also characterised by a high total REE content, moderately fractionated LREE and slightly 
fractionated HREE patterns with moderate negative Eu anomalies, as well as moderate Sr
depletion and variable Y (Y -enriched to moderately Y -depleted) on Spider-plots. It is quite 
feasible that the Nargalyerin clan granitoids represent mafic variants, perhaps cumulates, of the 
Beetle Association with which it shares many features. 

Mineralisation: None known. 

Petrogenesis: The petrogenesis of the Nargalyerin clan is probably as discussed for the Low-Ca 
granitoids in general. The high LREE, Pb, 111, Y and Zr contents, fractionated REE patterns 
with pronounced negative Eu anomalies, Sr-depletion, and variable Y-undepletion are 
consistent with a mixed LILE-enriched source where plagioclase was stable indicating mid- to '. 
lower-crustal pressures. The high HFSE contents also imply that high temperature melting 
conditions were attained The lower silica contents suggest either a larger degree of partial 
melting or a more mafic source rock. However, to maintain and increase the LILE and HFSE 
contents in the Nargalyerin clan granitoids relative to the Beetle or even Boorabbin clans, a 
source also would need to be more LILE-enriched than inferred for the higher silica clans if a 
larger degree of melting was attained 

Tectonic implications: The ages of the Nargalyerin clan granitoids overlap or are younger than 
those established for the Beetle and Boorabbin clans. The low silica content of the Nargaiyerin 
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clan requires higher temperatures were attained or a higher percentage partial melt; again the 
latter suggestion requires a source to be increasingly LILE-enriched over time. 

Oberwyl Clan 

Supersuites: Oberwyl 

Distribution: The Oberwyl clan is a very minor clan comprising one pluton on the eastern edge of 
the Southern Cross Province. The pluton is a strongly foliated and lineated granitoid that is 

marginal to the greenstone belt in proximity to the Ida Lineament on the MENZIES sheet. The 
granitoid body is characterised by moderate magnetisation. The granitoid is very felsic with 

mafic minerals fonning less than 7 modal percent. 

Geochronology: None available. 

Geochemistry: Geochemically the Oberwyl clan is characterised by very high siica contents as well 
as high K,D, Rb, Rb/Sr, Pb, Th, Zr, LREE, Y and low CaO, Na,D, Na,OIK,D, Sr (Table 
7). The silica contents clearly distinguish this minor clan from other clans in the Beetle 

Association. The ()berwyl clan is further characterised by a slightly fractionated to flat LREE 
and flat HREE pattern with large negative Eu anomalies, and strong Sr-depletion and Y
undepletion on Spider-plots. The Oberwyl clan has some similarities with other Low-Ca clans, 

but also shares similarities with silica-rich High-Ca group granitoids (e.g., Ajax and Niagara 

clans). It has been placed in the Low-Ca group on the basis of its overall geochemistry, but 

may be a fractionated High -Ca group member. 

Mineralisation: None known. 

Petrogenesis: The petrogenesis of the Oberwyl clan is probably as discussed for the Low-Ca 
granitoids in general. The high silica contents, relatively low CaO and Na,O contents, high Th, 
U, Pb and K,O contents, REE patterns with pronounced negative Eu anomalies, Sr-depletion, 

Y-undepletion are consistent with a source where plagioclase was stable indicating mid- to 
lower-crustal pressures. It probably represents a low percentage partial melt of an 
intennediate source. 

Tectonic implications: As discussed for Low-Ca granitoids in general. 

Yeelirrie Clan 

Supersuites: Sunday Bore, Yendang 

Distribution: A major Low-Ca clan in the northern and central Southern Cross Province. It foons 

large granitoid bodies that are largely external to the greenstone belt in proximity to the Ida 

Lineament In the southern Southern Cross Province, it foons several units on the northern half 
of the MENZIES sheet. 

AMlRA P482lMERIWA M281 - Yilgam Granitoids. April, 2001 



3.32 

Geochronology: Four SHRIMP ages are available for granitoids of the Yeelirrie clan; the ages 
range from 2682 Ma to 2638 Ma. Three ages are for Yeelirrie clan granitoids in the far 
northern Southern Cross Province around the Gum Creek. The fourth age of 2653 Ma is from 
the Wallaby Knob granitoid on the LEONORA sheet (L. Black, written communication, 2000). 

Geochemistry: Geochemically the group is characerised by typical Low-Ca characteristics with 
high K,O, Rb, RblSr, Pb, Th, Zr, LREE, Y and low CaO, Nap, Na,O/K,O, Sr (Table 3; 
Figures 1,2). Yeelirrie clan granitoids are further characterised by moderately fractionated 
LREE and slightly fractionated HREE patterns with moderate to large negative Eu anomalies, 
as well as moderate Sr-depletion and variable Y-depletion on Spider-plots. The Yeelirrie clan 
has many similarities to the Beetle clan, although it has slightly elevated LILE and HFSE 
contents. 

Mineralisation: None known; although calcrete U mineralisation at Yeelirrie may be indirectly 
related. 

Petrogenesis: The petrogenesis of the Yeelirrie clan is probably as discussed for the Low-Ca 
granitoids in general. 

Tectonic impHcations: As discussed for Low-Ca granitoids in general. 

Corriding Clan 

Supersuites: Corriding 

Distribution: One unit localised within the central part of the Southern Cross Province. 

Geochronology: None available .. 

Geochemistry: Geochemically Corriding is intermediate between Low-Ca and High-Ca granitoids 
and is difficult to assign to either group. It has been tentatively assigned to the Low-Ca group 
on the basis of its relative high LREE, Rb, Pb and Th contents and Na,O/K,O ratio. It is 
characterised by moderately fractiona ted REE with a medium negative Eu anomaly and also 
slight to moderate Sr-depletion and moderate V-depletion. 

Mineralisation: None known. 

Petrogenesis: Geochemistry cannot discriminate between either a Low-Ca or a High-Ca 
petrogenetic model for the Corriding suite. 

Tectonic impHcations: None. 
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Mafic group, southeastern Yilgarn Craton 

Member Associations: Granny Smith Association (Eastern Goldfields Province) 
Westonia Association (Southem Cross Province) 

The Mafic group is an important granitic group in the southeastern Yilgarn Craton and represents up 
to 10 to 15 percent of all granitoids by surface area, but perhaps over 50 percent of the 
compositional spectrum ofYilgam granitoids. The majority of Mafic group granitoids fonn as small 
plutons or porphyry dykes internal or at the margins of greenstone belts. In many cases, in particular 
the porphyry dyke swanns, they have been defonned by later defonnation. The main occurrences of 
Mafic group granitoids in the southern Eastern Goldfields Province are: 
• a di verse range of porphyries and stocks are localised along most of the major defonnation 

zones (e.g., Zuleika, Bardoc, Boulder-Lefroy), 
• a diverse range of plutons (e.g., Liberty, Depot, Golden Cities etc.) internal or marginal to the 

greenstone belts in the Kambalda-Mt Pleasant region (Kalgoorlie terrane), 
• a diverse range of plutons (e.g., Porphyry etc.) internal or marginal to the greenstone belts in the 

Edjudina-Laverton region (?Laverton Tectonic zone), 
• small plutons and porphyries in the Norseman district. 
Six clans have been delineated on the basis of geochemistry and geographic distribution in the 
southern Eastern Goldfields Province. In the southern Eastern Goldfields Province, they comprise 
two widely distributed clans (Kanowna Belle, Granny Smith) and four small clans that are 
geographically restricted. The Victory and Kambalda clans are similar and are geographically 
restricted to these locations; the New Celebration clan is characterised by distinct geochemistry and 
is also geographically restricted to around the New Celebration area. The last clan, Dinky Boys, is a 
small clan in the Norseman district. A number of relatively mafic porphyry samples have also been 
assigned to another clan (Mafic unassigned clan); these are not discussed in this report. There is also 
a series of granitic xenoliths from a number of granitoids from throughout the Eastern Goldfields 
Province. This compositionally diverse clan (Cement clan) has been assigned at its own association 
(Xenolith association) and will not be discussed in this report. 

In the Southern Cross Province, only one very small clan of Mafic group granitoids has been 
identified and this clan (Red Leaf) is localised along the Ida Lineament at the boundary of the 
Southern Cross and Eastern Goldfields Provinces. This clan has been kept within the Southern Cross 
Province for reporting purposes, but may be a supersuite within the Kanowna-Belle clan. 

A large number of Mafic group granitoids in the Eastern Goldfields Province have been dated by 
robust techniques. This is because many Mafic group granitoids either host or are spatially associated 
with gold mineralisation (e.g., Porphyry, Golden Cities, Bonnievale, Kambalda, Kanowna-Belle, 
etc.) and have attracted the interest of researchers. The majority of recorded ages for the Mafic 
group cluster around 2665 Ma (especially within the Granny Smith clan; Table 4). The range for 
Mafic group granitoids varies from ca. 2694 Ma (Kanowna-Belle porphyry, Wang et aI., in press; 
Krapez et aI., 2000) to ca. 2648 Ma (Liberty granodiorite, Kent, 1994). An age of 2613 Ma for the 
Four Mile Hill porphyry dyke in the Kanowna district (Nelson, 1995) is interpreted to date a 
disturbance event rather than the emplacement age of the dyke. 

Cassidy et al. (1991), Champion & Sheraton (1997) and Champion (1997) have discussed the 
geochemical characteristics of many of the Mafic group granitoids. Champion & Sheraton (1997) 
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defmed the group as a variety of granitoid suites and supersuites largely characterised by their lower 
(and variable) silica contents (55-70 wt"1o) and variable LILE and LREE content (Figures 5, 6, 7). 
Despite the variation in LILE and LREE, the majority of Mafic group granitoids are Sr-undepleted. 
Y contents generally decreases with increasing silica, from Y-undepleted levels becoming Y
depleted All Mafic group granites show strong negative Nb, Ti and P anomalies on Spider-plots. 
SrISr* is mainly around 1.0 with little correlation with silica contents. Most display fiactionated REE 
patterns with variable HREE fractionation and no or negligible Eu anomalies. At the high silica end, 
some Mafic group granitoids trend towards High-Ca group compositions. 

Champion & Cassidy (1998) further studied the Mafic group, and subdivided them into two broad 
subtypes based on LILE and HFSE contents; the 'high-LILE' and 'Iow-LILE' end-member 
subtypes are called the Granny Smith and Kanowna-Belle clans, respectively. The approximate 
dividing line for these two clans is the same as the amitrary boundary used to divide the 'Iow-LILE' 
and 'high-LILE' members of the High-Ca group (Figure 3, 6). The high LILE and LREE character 
of the Granny Smith clan extends to the most mafic end-members of the clan, clearly indicating the 
fundamental differences with the Kanowna -Belle clan. Epsilon Nd values are similar for both clans 
(Champion & Sheraton, 1997; Fletcher & McNaughton, this report). The other clans in the southern 
Eastern Goldfields Province have compositions transitional to the 'high-LILE' and 'Iow-LILE' end
member clans or have distinct chemical characteristics (e.g., New Celebration). 

The Mafic group granitoids have been the best studied group of granitoids in the Eastern Goldfields 
Province (e.g., Witt and Swager, 1989; Cassidy et aI., 1991; Wyborn, 1993; Champion & 
Sheraton, 1993, 1997; Champion & Cassidy, 1998). They form a chemically diverse group and may 
have been derived by a variety of processes and from a variety of sources. Most petrogenetic 
models involve crustal protoliths with or without a mantle component. The variation in the LILE and 
LREE contents, evident in even the most mafic end -members, requires at least two separate 
components to produce the Granny Smith and Kanowna -Belle clans. A direct mantle contribution is 
probable for at least some of the Mafic group suites (e.g., Lawlers tonalite). Champion (i 997) 
suggests two such sources, namely a mafic 'basaltic' source, similar to that proposed for the High
Ca granites, and a more mafic, perhaps mantle-derived, LILE-rich source component The similarity 
of the silica-rich em-members of the Kanowna-Belle clan and the High-Ca group supports a 
common origin at least for some suites. The Ba and Sr-enriched New Celebration clan is in the same 
region as the Ba and Sr-enriched Parker Hills (High-Ca) clan; however, with the exception ofBa 
and Sr, these clans have closer similarities with 'Low-LILE' clans of both the Mafic group and the 
High-Ca group. An enriched source in Ba and Sr is required for these clans; perhaps interaction with 
lamprophyric magmas as suggested by Perring (1989) may provide these LILE, without increasing 
the other LILE. The origin of the High-LILE clans (e.g., Granny Smith) is more equivocal. Champion 
(this report) suggests that Syenitic group magmatism is a possible source of, at least part of, the LILE 
and LREE enrichment in the Granny Smith clan; such a model may explain the some of the 
supersuites (e.g., Porphyry). 

Tectonic models for the southern Eastern Goldfields Province granitoids range from rift-related 
magmatism to arc- and collisiona~related magmalism. The diverse range of Mafic group granitoids 
requires at least two and probably three sources. The majority oflow-LILE (Kanowna-BeUe clan) 
Mafic group granitoids were emplaced prior to emplacement of either high-LILE (Granny Smith 
clan) or New Celebration clan Mafic group granitoids. Granny Smith clan granitoids were dominantly 
emplaced over a short time period at ca. 2665 -2660 Ma. This was also the time of emplacement of 
the Parker Hills clan High-Ca group granitoids as well as the Erayinia clan Syeritic group granitoids, 
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indicating a rnnge of high-LILE magmatism throughout the southern Eastem Goldfields Province at 
this time. 

Clans within the Granny Smith Association, Eastern Goldfields Province 

Granny Smith Association granitoids constitute a metallogenically and petrogeneticaJly important 
group of granitoids in the southern Eastern Goldfields Province. Six clans have been delineated on 
the basis of geochemistty and geographic distribution in the southern Eastem Goldfields Province. 
The main two c1aris (Kanowna -Belle, Granny Smith) are lithologically and compositionally diverse 
and fonn a variety of undefonned and defonned plutons and series of porphyry dykes. They are 
geographically widespread, however, separate supersuites and suites are geographically restricted 
The Victory and Kambalda clans are similar and are geographically restricted to these locations; the 
New Celebration clan is characterised by distinct geochemistty and is also geographically restricted 
to around the New Celebration area. The Dinky Boys clan is a small clan in the Norseman district. 

There is also a number of mafic porphyry dykes from several localities in the Kambalda-Kalgoorlie
Mt Pleasant region. These have been assigned to a particular clan (Mafic unassigned clan), but their 
composition is diverse and they are not discussed in this report. There is also a series of granitic 
xenoliths from a number of granitoids from throughout the Eastern Goldfields Province. This 
compositionally diverse clan (Cement clan) has been assigned at its own association (Xenolith 

. association) and will not be discussed in this report. 

Individual clans of the Granny Smith Association are characterised by specific geochemical 
characteristics; Table 8 summarises the abundances of selected elements for the clans. The 
distribution, age constraints, geochemical characteristics and relationship to mineralisation are 
summarised for each clan; clans are presented in alphabetical order. General petrogenetic models for 
the High-Ca granitoids have been summarised above; however, specific petrogenetic implications for 
individual clans are also highlighted below. 

Table 8. Summarised abundances of selected elements for the various clans of the Granny Smith and Gilgama 
Associations of the Eastern Goldfield~ Province. Number in brackets refers to number of geochemical analyses 
used in calculations. 
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Group SIO z Na20IKzO Rb/Sr 1b Zr Ce 

Granny Smith Association 
Dinky Boys 72.1).73.0 2.1-3.1 0.06-0.1 5-7 110·120' 35-40 
(n-7) Nap 4. 7-5.2 Rb 40.55 

ISO I. 75-2.2 S,6Oo.750 
Granny Smith 62.5-70.5 1.0-2.5 <0.1-0.15 S-16 125-250 7Q.170 
(n - 76) N.p4.Q.5.4 Rb 60.125 

ISO 2.Q.4.5 S,50o.I400 
Kambalda 6S.Q. 72.0 2.04.0 0.05-0.1 6-15 100-160 3Q.100 
(n - 15) Na,05.Q.6.1 Rb4o.70 

ISO 1.5-3.0 S,60o.I000 

Kanowna- 60.Q. 72.5 1.5->4.0 <0.1-0.2 <10 100-175 2Q.100 
Belle (n - 104) Nap 3.5->6.0 Rb 25-S5 

KzO<L5-3.0 S,I5o.900 
New Celebrat- 6S.Q. 71.5 I. 75->10 0.01-<0.1 S-13 100-150 4Q.120 
Ion (n - 16) Na10 5.5->7.0 Rb 20.75 

K,O <1.0-3.0 S,70Q.1300 

Mafic 50.Q.57.0 1.0->5.0 0.05-0.4 5-15 100-180 5Q.170 
unassigned Na10 2.5-6.5 Rb4Q.100 
(n - IS) ISO 1.Q.3.0 S, 15Q. 750 

Victory 59.5-72.5 2.0->5.0 0.01-0.1 5-12 9Q.160 4Q.135 
(n - 27) Nap 4.Q.6.5 Rb <10-75 

ISO 0.70-2.25 Sr 350-1150 

Gilgarn8 Association 
Eraylnia 65.5-70.5 0.9-1.4 0.1.().2 10-20 150-300 5Q.175 

(n - 37) Na,O 5.Q.6.0 Rb 100-200 
K,O 4.Q.6.0 S, SOQ.1200 

GUgarna 53.Q. 72.0 0.8->2.5 <0.05-0.25 5-25 5Q.400 25-250 
(n = lOS) Na,O 5.Q.S.0 Rb 5Q.160 

K 0 2.Q.5.5 S,50o.2000 

Dinky Boys Clan 

Member Supe rsuites: Dinky Boys 

Distribution: A small clan consisting of one suite of granitic dykes in the Norseman area 

Geochronology: None available. 

Geochemistry: Dinky Boys has many similarities with 'Iow-LILE' clans of the Mafic group, 
including low to moderate K,O, Ba, Rb, Sr, Zr contents. However, they are also 
characterised by high silica (-72 wt%), higher Pb and Th contents and lower Y contents and 
mg# than other 'Iow-LILE' clans. Dinky Boys is characterised by moderately fractionated 
REE and a Sr-undepleted and strongly Y-depleted signature. The clan may belong to one of 
the 'Iow-LILE' High-Ca group clans. 

Mineralisation: Spatially associated with gold mineralisation in the Norseman area. 

Petrogenesis: As discussed for the Mafic group granitoids in general. 

Tectonic implications: As discussed for the Mafic group granitoids in general. 
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Granny Smith Clan 

Member Supersuites: Bonnievale, Brazier, Cernent Well, Depot, Granite Dam, Granny Smith, 
Liberty, Mount Belches, Porphyry 

Distribution: A lithologically and compositionally diverse clan comprising small to large plutons 
(Liberty, Porphyry, Golden Cities) and porphyry dykes that is widely distributed throughout 

the greenstone belts in the southern Eastern Goldfields Province. The main areas include: 
• plutons and porphyry dykes spatially associated with regional deformation zones (e.g., 

Boulder-Lefroy, Zuleika, Bardoc Deformation Zone, Laverton Tectonic Zone, etc.) 

• plutons and porphyry dykes in the Norseman area 
• discrete plutons internal to the greenstone belts (Liberty, Porphyry) 
• discrete plutons marginal to the greenstone belts (e.g., Golden Cities) 

Geochronology: A total of II ages are available for the Granny Smith clan. This includes ages for 
the Liberty, Porphyry, Golden Cities and Lake Brazier plutons in the southern Eastern 
Goldfields Province. Ages range from 2667 Ma to 2648 Ma, with the majority of plutons 

having an emplacement age of ca 2665 Ma. The age ofthe Liberty granodiorite (2648±6 Ma, 
Kent, 1994) is unusual for Granny Smith clan granitoids. 

Geochemistry: The Granny Smith clan is the 'high-LIlE archetypal end-member of Mafic group 
granitoids in the Eastern Goldfields Province. Granitoids of this clan are characterised by 
higher K,O, Rb, Sr, Pb, LREE relative to the Kanowna-Belle clan (Figure 6). Champion & 
Cassidy (1998) noted that a simple K,O-Ce plot can be used to discriminate between the 
majority ofKanowna Belle and Granny Smith clan members (Figure 6). Granny Smith clan 

granitoids are characterised by moderately to strongly fractionated REE patterns with no Eu 
anomalies as well as are generally Sr-undepleted and Y-depleted. Individual supersuites tend 

to be characterised by enrichment or depletion of specific elements. For instance, the Depot 
supersuite contains vel)' high Ba and Sr contents relative to other supersuites and is similar to 

the New Celebration clan. The Porphyry supersuite is characterised by high K ,0, whereas the 
Golden Cities suite has higher mg# than the other suites and supersuites in the Granny Smith 
clan. This diversity indicates subtle changes in the composition of the source or sources for 
individual suites and supersuites. 

Mineralisation: Many of the Granny Smith clan granitoids host gold mineralisation (e.g., Golden 
Cities, Porphyry, Liberty, Granny Smith, etc.) or are spatially associated with mineralisation 
(many of the porphyry dykes). Some of the granitoids may also host early 'magmatic' 
mineralisation; for instance, low-grade Au-Mo mineralisation at Granny Smith is attributed to 

late-magmatic fluids (Ojala, 1994). Some researchers have also suggested that some of the 

porphyry dyke swarms are the source for mineralised fluids and/or Au. 

Petrogenesis: As discussed for the Mafic group granitoids in general. Of note, is that the Granny 

Smith clan granitoids are generally restricted in time. In contrast, Kanowna -Belle clan 

granitoids tend to have spread in emplacement ages from ca 2690 Ma to ca. 2660 Ma, with 
most emplaced prior to ca. 2675 Ma. This temporal progression from 'Iow-LILE' to 'high

LILE' magmatism follows a similar pattern to that determined for the High-Ca group 

granitoids. 
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Specific supersuites and suites require specialised sources; e.g., Porphyry, Depot, etc. A 
variably LILE-enriched source can produce the majority of the Granny Smith (and Kanowna

Belle) clan granitoids, with the LILE-enrichment possibly increasing with time. 

Tectonic implications: As discussed for the Mafic group granitoids in general. 

KatHbalda Clan 

Member Supersuites: Kambalda, Kambalda-2 

Distribution: The Victory and Karrbalda clans are spatially restricted to the Kambalda-St Ives 
district. They comprise a series of small plutons (e.g., Kambalda trondhjemite) and porphyry 
dykes that intrude the greenstone sequence throughout the district, but tend to be spatially 
associated with major deformation zones such as the Boulder-Lefroy fault and subsidiary 

structures. 

Geochronology: The Kambalda trondhjemite (Kambalda clan) is dated at 2662 Ma and a 

granitoid dyke at Victory (Victory clan) is dated at ca 2664 Ma (Hill et aI., 1992). 

Geochemistry: The Kambalda and Victory clans are transitional to the 'Iow-LILE' and 'high-LILE' 
Mafic group clans. They are characterised by similar K20, Ce, Pb, Rb, Zr contents and mg# 
and k to 'Iow-LILE' clans but have elevated Sr, Y and Ba contents similar to 'high-LILE' 
clans. The Ba and Sr contents are not as elevated as for the New Celebration clan. The 

Kambalda and Victory clans are characterised by moderately fractionated REE patterns with 
no or slight Eu anomalies and Sr-undepleted, Y-deple1ed signatures in Spider-plots. The 

Kambalda and Victory clans have very similar chemistry and perhaps should be joined into a 

single transitional clan. 

Mineralisation: Porphyry dykes and plutons of the Kambalda and Victory clans are mineralised in 
many deposits throughout the district. Gold mineralisation post-dated intrusion of the porphyry 
dykes and plutons (perring, 1989). 

Petrogenesis: As discussed for the Mafic group granitoids in general. The Kambalda and Victory 

clans are transitional to the 'Iow-LILE' and 'high-LILE' clans suggesting a mixed source or 
variable LILE-enrichment in the source region. 

Tectonic impHcations: As discussed for the Mafic group granitoids in general. 

Kanowna-Belle Clan 

Member Supersuites: Braiser Well, Cosmopolitan, Doyle Dam, Freddo, Hawkins Find, 
Kalgoorlie-I, Kanowna- Belle, Lady Grace Darling, Lanarkshire, Maori Queen, Mt Pleasant, 

Mt Lucky, Pig Face Flat, Siberia Dam, unassigned porphyries 

Distribution: The Kanowna-Belle clan forms a very diverse range of small plutons and porphyry 

dykes that are widespread throughout the southern Eastern Goldfields Province. Many of the 
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clan members are spatially associated with large defonnation zones and have been emplaced 
along active defonnation zones. The ages of emplacement rna y indicate periods when the 

defonnation zones were open to deep-seated fluids and magmas. In many places (e.g, 

Kanowna area, New Celebration area), both Kanowna- Belle and Granny Smith clan 

porphyty dykes have been emplaced in the same areas. Generally, the Kanowna- Belle clan 
granitoids were emplaced earlier than Granny Smith clan granitoids. In the Kanowna district, 
Champion & Cassidy (1998) identified over 10 suites of porphyries, with the majority being of 

Kanowna- Belle clan lineage. 

Geochronology: Seven ages are available for Kanowna-Belle clan granitoids, with four of these 

ages from granitoids in the southern Eastern Goldfields Province. These range from 2694 Ma 
for the Kanowna-Belle porphyty (Wang et aI., in press) to 2669 Ma for a porphyty dyke at 
Mt Percy (Yeats et aI., 1999). An age of2613 Ma was obtained for the Four Mile Hill 
porphyty by Nelson (1995), but this age is interpreted to reflect zircon disturbance rather than 

emplacement. 

Geocbemistry: The Kanowna-Belle clan is the archetypal 'Iow-LILE' clan ofthe Mafic group in the 
Eastern Goldfields Provionce. Kanowna -Belle clan granitoids are characterised by low to 

moderate K,o, Ba, Rb, Sr, Pb, Y, Zr and Ce contents (Figure 6) relative to Granny Smith 
clan granitoids. They also tend to have higher Ni, mg#but lower k and FeO. They are 
characterised by moderately fiactionated LREE and flat to fractionated HREE with no to slight 
negative Eu anomalies, and also Sr-undepleted, Y -depleted signatures. At the high silica end 
of the Kanowna-Belle compositional spectrum there is considerable overlap with members of 
low-LILE clans of the High-Ca group (Beasley, Burra, Yindi). 

Mineralisation: A number of Kanowna-Belle clan granitoids are mineralised. The best know 

example, is at Kanowna-Belle itself, where the type locality for the Kanowna-Belle clan is 
overprinted by orogenic gold mineralisation. Minor earlier mineralisation may be related to the 

porphyry dykes throughout the district. Other districts (e.g., Yundamindera, Kalgoorlie, Mt 
Pleasant,Lanarkshire, Mt Lucky, Hawkins Find) have mineralisation spatially associated with 
Kanowna- Belle clan granitoids. 

Petrogenesis: As discussed for the Mafic group granitoids in general. Of note, is that 'Iow-LILE' 
Kanowna- Belle clan granitoids tend to have spread in emplacement ages from ca 2690 Ma to 

ca. 2660 Ma, with most emplaced prior to ca 2675 Ma; this contrasts with the 'high-LILE' 

Granny Smith clan. This temporal progression from 'Iow-LILE' to 'high- LILE' magmatism 

follows a similar pattern to that determined for the High-Ca group granitoids. 

Tectonic implications: As discussed for the Mafic group granitoids in general. Models for the 
generation of the 'Iow-LILE' High-Ca group granitoids may also be applicable to the 'Iow

LILE' Mafic group granitoids. This rna y implicate either thickened crust or partial melting of a 
subducted slab. The higher mg# would support the subducted slab model. 

New Celebration Clan 

Member Supersuites: Mount Shea, New Celebration-I 
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Distribution: The New Celebration clan consists of a couple of suites from within the same district. 
The district also contains both Granny Smith and Kanowna -Belle clan granitoids. The New 
Celebration clan is centred on the porphyry dykes at the Hampton-Boulder gold deposit. 
Note that this district is an extension to'the NNW -trend displayed by the Parker Hills clan 
(High-Ca group) that shares many similarities with the New Celebration clan. 

Geochronology: An age of 2686 Ma is available for a porphyry dyke from the New Celebration 
area (Hill et al.). This dyke is tentatively assigned to the New Celebration clan, but could 
belong to the Kanowna- Belle clan. 

Geochemistry: The New Celebration clan shares many similarities with granitoids of the 'Iow-LILE' 
Kanowna-Belle clan, including low to moderate K20, FeO, Ce, Rb, Y, Zrcontents, high mg# 

and low k. However, it does contain elevated Ba, Sr and Pb contents. The New Celebration 
clan is also characterised by strongly fractionated REE patterns with no Eu anomalies and by 
Sr-undepleted and V-depleted signatures. These characteristics make the New Celebration 
clan very similar to the Parker Hills clan (High-Ca group) that is located to the southeast of 
new Celebration. The Depot suite of the Granny Smith clan is also characterised by elevated 
Ba and Sr and may also be part of a Ba- and Sr-enriched suite of granitoids in the central part 
ofthe Kalgoorlie terrane. 

Mineralisation: New Celebration clan porphyry dykes are the host to gold mineralisation at 
Hampton-Boulder and Freddo deposits. 

Petrogenesis: As discussed for the Mafic group granitoids in general. The enriched Ba and Sr 
signature and high mg#of the New Celebration and Parker Hills clans may be consistent with 
interaction between a 'low-LILE' Mafic group source with a lamprophyric or mantle
metasomatised source. 

o 

Tectonic implications: As discussed for the Mafic group granitoids in general. 

Victory Clan 

Member Supersuites: Hunt-2, Victory-I, Victory-2 

Distribution: The Victory and Kambalda clans are spatially restricted to the Kambalda-St Ives 
district They comprise a series of small plutons (e.g., Kambalda trondhjemite) and porphyry 
dykes that intrude the greenstone sequence throughout the district, but tend to be spatially 
associated with major deformation zones such as the Boulder-Lefroy fault and subsidiary 
structures. 

Geochronology: The Kambalda trondhjemite (Kambalda clan) is dated at 2662 Ma and a 
granitoid dyke at Victory (Victory clan) is dated at ca. 2664 Ma (Hill et aI., 1992). 

Geochemistry: The Kambalda and Victory clans are transitional to the 'low-LILE' and 'high-LILE' 
Mafic group clans. They are characterised by similar K20, Ce, Pb, Rb, Zr contents and mg# 

and k to 'Iow-LILE' clans but have elevated Sr, Y and Ba contents similar to 'high-LILE' 
clans. The Ba and Sr contents are not as elevated as for the New Celebration clan. The 
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Kambalda and Victory clans are characterised by moderately fractionated REE patterns with 
no or slight Eu anomalies and Sr-undepleted, Y -depleted signatures in Spider- plots. The 

KambaIda and Victory clans have very similar chemistry and perhaps should be joined into a 

single transitional clan. 

Mineralisation: Porphyry dykes and plutons of the Kambalda and Victory clans are mineralised in 
many deposits throughout the district. Gold mineralisation post-dated intrusion of the porphyry 

dykes and plutons (Perring, 1989). 

Petrogenesis: As discussed for the Mafic group granitoids in general. The Kambalda and Victory 

clans are transitional to the 'low-LILE' and 'high-LILE' clans suggesting a mixed source or 

variable LILE-enrichment in the source region. 

Tectonic implications: As discussed for the Mafic group granitoids in general. 

Clans within the Westonia Association, Southern Cross Province 

In the southeastern part of the Southern Cross Province, only one small Mafic group clan is present. 

This clan, Red Leaf, occurs as porphyry dykes and small plutons internal to the greenstones that are 
along the Ida Lineament on the MENZIES sheet. The location of the Red Leaf clan close to the 
Eastern Goldfields Province boundary also means that it could be placed within the Eastern 
Goldfields Province. The wholerock chemistry suggests affinity with 'low-LILE' Mafic group 

granitoids (e.g., Kanowna-Belle clan). The other clans of Mafic group granitoids that occur within 
the Southern Cross Province (e.g., Westonia; Courlbarloo, Ravensthorpe) have not been found 
within the southeastern Yilgarn Craton. 

Red Leaf Clan 

Member Supersuites: Red Leaf-I 

Distribution: Red Leaf occurs as a series of small plutons and porphyry dykes intrusive into the 

greenstones that are along the Ida Lineament on the MENZIES sheet. It is very close to the 
arbitrary boundary between the Southern Cross and Eastern Goldfields provinces, but has 

been placed within the Southern Cross Province for reporting purposes. 

Geochronology: None available. 

Geochemistry: The Red Leaf is very similar to the 'low-LILE' Kanowna-Belle clan in the Eastern 
Goldfields Province. Red Leaf granitoids are characterised by low to moderate K,O, Ba, Rb, 

Sr, Pb, Y, Zr and Ce contents (Fgure 6) relative to 'high-LILE' granitoids. They also tend to 
have high N~ mg#but lower k and FeO. They are characterised by slightly fractionated LREE 

and HREE with no Eu anomalies, and also Sr- undepleted, and weakly V-depleted signatures. 

Mineralisation: The Red Leaf granitoids are spatially associated with gold mineralisation. 

Petrogenesis: As discussed for the Mafic group granitoids in general. 
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Tectonic implications: As discussed for the Mafic group granitoids in genernl. 
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High-HFSE group, southeastern Yilgarn Craton 

Member Associations: Kookynie Association (Eastern Goldfields Province) 

High-HFSE granitoids fonn a minor component ofthe Eastern Goldfields Province. The Kookynie 
clan is the main clan and is largely localised to a belt running from south ofKookynie (southwestern 
comer of EoJUDINA sheet) to north ofWiluna A few smaller localities for the clan have also been 
identified, including a linear belt in the central part of the EOJUDINA sheet These include phases 
within granitic gneiss along the western edge of the Eastern Goldfields Province on the MENZIES 
sheet, and dykes within greenstone on the BARDOC I: 100,000 sheet. Three clans (Cashmans, 
Kookynie, Outcamp Bore) have been delineated on the basis of geochemistry and geographical 
distribution in the southern Eastern Goldfields Province. 

Eight ages are available for the Kookynie Association; however, four of these are from the northern 
Eastern Goldfields, with three between 2700 and 2680 Ma (fable 4). These ages overlap with 
those found for spatially associated, and, at least locally, genetically-related felsic volcanics (Nelson, 
1997). Other ages include the Weebo granitoid with a younger age of 2658 Ma, the Outcamp Bore 
and Yam granitoids at ca. 2710 Maand an anomalous older 2738 Ma obtained for the granitic 
gneiss at Pannelia (Nelson, 1997, 1998). 

High-HFSE group granitoids in the southern Yilgam Craton are characterised by a limited silica 
range and generally> 74 wt% SiO ,. This contrasts with the broader compositional variation for the 
group present in the northern Eastern Goldfields Province (Champion, this report). Kookynie 
Association granitoids in the southern Eastern Goldfields Province are characterised by high Total 
FeO, MgO, TiO" HFSE, low to moderate LILE, low Al,O" and Sr-depleted, Y -undepleted 
character and are readily distinguished from other granite groups (Figure 8). They generally have 
CaO and Na,O contents similar to those in the High-Ca group granitoids. Minor differences are 
evident between the two clans that constitute the Kookynie Association. 

As discussed by Champion & Sheraton (1997), High-HFSE group granitoids are crustally-derived 
melts from an intermediate to more siliceous source. This scenario readily explains the high silica 
contents and strongly Sr-depleted signature of the granitoids. The combination oflow Rb and K,O 
and moderate Ba contents argue against small degrees of partial melting. The high TiO" MgO, Total 
FeO, Y, Zr, and Nb contents for a given silica content suggest A -type affinities. High temperatures 
are inferred to be required to melt the preferred source rocks. The Sr-depleted, Y -undepleted 
nature of the group, strongly infer generation at only moderate crustal pressures, i.e., <10 kbars (<35 
km thick). Similarly, as discussed by Champion & Sheraton (1997), the Sm-Nd isotope data 
indicate significant involvement of pre-existing crustal rocks in the generation of the High-HFSE 
granites. 

Hallberg (1985) noted felsic volcanic rocks in the Eastern Goldfields Province with vel}' similar 
geochemistry to the High-HFSE group granitoids. These felsic volcanics also have a similar localised 
distribution that has been attributed to be due to extension during rifting (e.g., Hallberg & Giles, 
1986). The close spatial, temporal, and, at least locally, genetic, relationship between the High
HFSE granitoids (e.g., Kookynie) and felsic volcanics (e.g., Melita volcanics), indicates that these 
granites were intimately related to greenstone formation. More importantly, the geochemistry of the 
High-HFSE granites and their A-type affinities indicates emplacement in an, at least locally, 
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extensional environment (Champion & Sheraton, 1997). The ages of these granitoids may then be 
used to date periods ofloca1 extension. 

Clans witbin tbe Kookynie Association, Eastern Goldfields Province 

Three clans (Cashmans, Kookynie, Outcamp Bore) have been delineated on the basis of 
geochemical characteristics and geographical distribution. The Cashmans clan is a vet)' small clan 
made up of two supersuites in the Bardoc district The Kookynie clan is the archetypal clan for High
HFSE group granitoids in the Eastern Goldfields Province. It is spatially associated with felsic 
volcanic rocks in most localities and is inferred to have been emplaced contemporaneous with the 
felsic volcanism. The presence of the Outcamp Bore clan in the central Kumalpi terrane suggests that 
bimodal volcanism may have been extruded or tectonically emplaced in the Kumalpi terrane. 

Coshmans Clan 

Member Supersuites: Cashmans, Paddy's Knob 

Distribution: The Cashmans clan is a minor clan that is geographically restricted to dykes and small 
plutons in the Bardoc and Davyhlmt districts. 

Geocbronology: None available 

Geochemistry: The Cashmans clan is characterised by vet)' high silica contents, high Zr, Y, 
moderate FeO, TiO" and low K,O and Rb, and is only tentatively assigned to the High
HFSE group. Cashmans clan granitoids also characterised by vet)' fiactionated LREE and flat 
HREE patterns with no Eu anomaly, and Sr-depleted, and slightly Y-depleted signatures on 
Spider-plots. They contrast with Kookynie and other clans of the High-HFSE group by their 
lower TiO, and FeO contents. The Cashmans granitoids are also altered and may have 
changed the chemical characteristics of the clan. 

Mineralisat ion: Spatially associated with gold mineralisation in the Ora Banda area. 

Petrogenesis: Similar to the Kookynie clan; however, the lower TiO, and FeO require a less mafic 
source rock. 

Tectonic implications: As for the High-HFSE group in general 

Kookynie Clan 

Member Supersuites: Hawkes Nest, Kookynie, Minyma, Providence 

Distribution: The Kookynie clan is strongly localised along zone extending from south ofKookynie 
up to north of Wiluna. In the majority of cases, there is strong spatial association with Melita
type felsic volcanics. In the southern Eastern Goldfields Province it comprises four supersuites. 
Two of the supersuites (Kookynie, Minyma) are localised along the main zone. The Hawkes 
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Nest supersuite occurs as dykes and small plutons on the EDJUDINA and LA VERTON sheets, 
whereas the fourth supersuite (Providence) is localised as small units and phases within granitic 
gneiss on the far western edge of the Eastern Goldfields Province on the northern MENZIES 
sheet. Lithologies include biotite monzogranite and syenogranite. 

Geochronology: Three ages are available for Kookynie clan granitoids; only one age is for a High
HFSE granitoid in the southern Eastern Goldfields Province. This is an age of 2679 Ma for the 
Kookyrue granitoid The other two ages are for granitoids in the northern Eastern Goldfields 
Province (2679 Ma for the Kent Complex; L. Black, written communication, 2000; 2658 Ma 
for the Weebo granodiorite, Nelson,. 1997). All three granitoids contain some inheritance ca 
2705 to 2710 Ma. 

Geochemistry: The Kookynie clan is the archetypal High-HFSE clan, containing the rocks that. 
earlier published descriptions of the group were based on (e.g., Champion & Sheraton, 
1997). Geochemical characteristics include the variably elevated total Fe, MgO, Y, LREE, Zr 
coupled with low to moderate A1,o" K,o, Rb, Sr, and only moderate Na,O (Figure 8). 
Kookyrue clan granitoids are also characterised by moderately fi'actionated REE patterns and 
Sr-depleted, Y-undepleted signatures on Spider-plots. 

Mineralisation: Granitoids and porphyries of the Kookynie clan are spatially associated with gold 
mineralisation (e.g., Cosmopolitan deposit) on the EDIDDINA and MENZIES sheets. 

Petrogenesis: As for the High-HFSE group in general. 

Tectonic implications: As for the High-HFSE group in general. The presence ofHigh-HFSEgroup 
granitoids within granitic gneiss on the western edge of the Eastern Goldfields Province, 
suggests that spatially and temporally felsic volcanism may also have been active in this district. 

Outcamp Bore Clan 

Member Supersuites: Outcamp Bore, Yam 

Distribution: A sma1l High-HFSE clan that occurs along a linear belt in the eastern half of the 
EDIDDINA and KURNALPI sheets as a series offoliated granitoids and dykes internal to the 
greenstone sequences. Granitoids of this clan range from biotite monzogranite to tonalite. 

Geochronology: Three ages are available for the Outcamp Bore clan; these range from 2719 Ma 
(Outcamp Bore tonalite, suite & supersuite) to 2698 Ma (Round Hill tonalite; Outcamp Bore 
supersuite). No age is available for the Yarri supersuite. 

Geochemistry: The Outcamp Bore clan is characterised by unusual geochemistry and shares 
features with other High-HFSE clans. Outcamp Bore granitoids have high Y, TiO" Total FeO 
contents, moderate Na,O, Ce, and low A1,O" K,o, Pb, Rb, Sr and Th contents (Figure I, 2, 
4). Very low mg# and SrfSr* are also a characteristic of the clan. Two supersuites can be 
separated on the basis of Zr and Total FeO contents; Yarri sfsuite has low Zr and Total FeO 
whereas the Outcamp Bore sfsuite has high Zr and Total FeO contents. Outcamp Bore clan 
granitoids are characterised by weakly to moderately fractionated LREE and flat HREE 
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patterns with small to moderate negative Eu anomalies (Figure 3). On Spider-plots, Outcamp 
Bore granitoids are weakly Sr-depleted and Y -undepleted to slightly Y-depleted (Figure 3). 
The chemical characteristics of Outcamp Bore granitoids are intennediate between more 
typical High-Ca granitoids and High-HFSE granitoids (e.g., Bullshead clan, Kookynie 
Association). 

Mineralisation: Very minor gold mineralisation is known from the Yarri monzogranite on the south
central part of the EDJUDINA sheet 

Petrogenesis: The variable silica contents, low LILE contents, overall high but variable Total FeO, 
TiO" Y and Zr contents suggest affinities with A - type granitoids and implicate an intennediate, 
but reasonably primitive, source for Outcamp Bore clan granitoids. The REE patterns with 
small negative Eu anomalies, and Sr-depleted, Y -undepleted signature are consistent with a 
source where plagioclase was stable indicating mid- to lower-crustal pressures. In combination 
with the high Y and Zr contents, the Outcamp Bore granitoids may result from high 
temperature melting of an intennediate source at modera te (crustal) pressures. 

Tectonic and other implications: The similarities of the Outcamp Bore clan granitoids with the 
high-HFSE group granitoids and A - type granitoids in general implicates an extensional 
environment for their genesis. The localised distribution of these granitoids is consistent with 
this interpretation. 
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Syenitic group, southeastern Yilgarn Craton 

Member Associations: Gilgama Association (Eastern Goldfields Province) 
Fitzgerald Association (Southern Cross Province) 

The Syenitic group is a minor but important granitic group in the southeastern Yilgam Craton and 
represents up to 5 to IO percent of all granitoids. The majority ofSyenitic group granitoids form as 
small to large plutons or dykes internal or at the margins of greenstone belts. Others occur as small 
intrusions within large external granitoids (e.g., Rainbow complex). In the majority of occurrences, 
the syenites are spatially associated with major deformation zones (e.g., Emu, Claypan faults; Celia 
lineament). The main occurrences of Syenitic group granitoids in the southern Eastern Goldfields 
Province are along the Emu, Claypan faults in the Edjudina terrane as well as the southern extension 
of the Celia lineament and the Laverton tectonic zone to the southern KURNALPI and 
W IDGIEMOOL rnA sheets. Other syenitic granitoids are localised throughout the Mount Monger 
district and on the western WIDGIEMOOLTHA sheet. 

Two clans have been delineated on the basis of geochemistry and geographic distribution in the 
southern Eastern Gold fields Province. The Gilgama clan is lithologically and chemically diverse and 
geographically restricted to four NNW -trending zones. Smithies & Cbarnpion (1999) describe in 
detail the four supersuites that are restricted to each of the NNW-trending zones. The Erayinia clan 
forms large plutons throughout a broad linear zone in the southeastern part of the southern Eastern 
Goldfields Province. 

In the Southern Cross Province, only one small clan of Syenitic group granitoids has been identified 
and this clan (Fitzgerald Peaks) is geographically restricted to the Peak Charles area on the LAKE 
JOHNSTON sheet. 

Granitoids of the Erayinia and Gilgama clan have a restricted age range from 2665 to 2640 Ma 
(Nelson, 1997, 1998; L. Black, written communication, 2000; t his study). The Gilgama clan has 
ages over the full range, although there does appear to be a bimodal distribution at ca 2660 Ma and 
ca 2645 Ma. In contrast, the Erayinia clan has been dated at ca. 2660-2655 Ma; a similar age is 
inferred for the Panakin clan in the northern Eastern Goldfields Province. The ages of the Erayinia 
clan and the early Gilgama clan event overlap with the end of High-Ca and Mafic group magmatism 
and the start of Low -Ca group magmatism in the Eastern Yilgam Craton. Partial melt ing of a variety 
of sources is required to produce the diverse range of granitoids at this time. 

The geochemistry of the Syenitic group granitoids has been described in detail by Johnson (1991), 
Champion & Sheraton (1997) and Smithies & Champion (1999). The Syenitic group are 
characterised by high total alkalis (Na,O+K20), high K,O, variable to high Rb, Ba, Sr, Pb, Th, U, 
Zr, LREE, Y, combined with mostly lower MgO, Cao, Total FeO and mg#, relative to the High-Ca 
group granites (Figure 9). Even though there is considerable lithological diversity, the Erayinia and 
Gilgama clan granitoids have very similar wholerock geochemistry; differences include lower K20, 
Rb, Th, U, Nb and marginally higher Sr in the Erayinia clan. The Gilgama clan is characterised by 
large variations in total REE and in the level of fractionation as displayed by REE. 

The source rocks for the Syenitic group granitoids is equivocal (Champion & Sheraton, 1997; 
Smithies & Cbarnpion, 1999). The geochemistry of the Gilgarna and Erayinia cla ns is similar to that 
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of some A-type granitoids. Models for A- type granitoids include high ternperature crustal partial 
rnelting along localised zones, fractionation coupled with crustal assimilation of mantle-derived melts 
and complex models involving metasomatism of source rocks or during crystallisation (e.g., Eby, 
1990). The large compositional range of the Syenitic group makes it difficult to comment on the 
origins; in particular, the relative contributions of mantle and crustal components. Smithies & 
Champion (1999) suggest that the lack of associated mafic rocks, the presence of quartz within all 
syenites, the variable but mostly high LILE contents, the presence of some ?inherited zircons in some 
plutons and strong negative Nh, P and Ti anomalies on multi-element diagrams support a dominantly 
crusta1 origin. 

By analogy with syenitic granitoids elsewhere, and A-type granitoids in general, an extensional 
regime is inferred for the Syenitic group granitoids. The presence of possibly two separate Syenitic 
magmatic events at ca. 2660 Ma and ca. 2645 Ma may indicate that there was several, at least local, 
extensional events in the southern Eastern Goldfields Province. The first event coincides with the 
peak of 'high-LILE' Mafic group magmatism and the waning phase of 'high-LILE' High-Ca group 
magmatism. After this time, a significant shift in granitoid genesis to Low-Ca magmatism occurred at 
approximately 2655-2650 Ma. This shift moved towards extension on the scale of the whole Yilgarn 
Craton. Smithies & Champ ion (1999) speculated that may reflect lower crustal delamination, caused 
by an unstable thickened crust produced in the D, compressional event. 

Clans within the Gilgama Association, Eastern Goldfields Province 

Erayinia Clan 

Member Supersuites: Chamleigh, Erayinia, Yardilla 

Distribution: The Erayinia clan is spatially restricted to a broad NNW-trending linear belt on the 
southeastern edge of the Eastern Goldfields Province on the southern KURNALPI and 
W IDGIEMOOL lHA sheets. It occurs are as series of large plutons that are strongly magnetic as 
displayed on aeromagnetic images. Lithologies include clinopyroxene- and amphibole-bearing 
quartz monzonites and monzonites. 

Geochronology: Three Erayinia clan granitoids have been dated by SHRIMP; two zircon ages of 
2660 Ma (Erayinia and Yardilla North granitoids) and a titanite age of2645±12 Ma (Yardilla 
South; this project). A similar age is inferred for the Panakin clan in the northern Eastern 
Goldfields Province. The age of the Erayinia clan is therefore probably ca. 2660-2655 Ma 
and overlaps with the end of High-Ca and Mafic group magmatism and the start of Low-Ca 
group magmatism. 

Geochemistry: The Erayinia clan is characterised high K,O, total alkalis (Na,O+K,O), Ba, Sr and 
LREE, and is very similar to mernbers of the Gilgarna clan (Figures 9, 10); the main 
differences is marginally lower K,O and Rb. The Erayinia is characterised by high total REE 
contents, strongly fractionated REE patterns with no Eu anomaly and a Sr-undepleted, Y
depleted signature. The clan also exhibits strong negative Nh, P and Ti anomalies on multi
element diagrams. The Erayinia clan is virtually identical to the Panakin clan in the far northern 
Eastern Goldfields Province. 
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Mineralisation: None recorded 

Petrogenesis: As discussed for the Syenitic group in general. 

Tectonic implications: Smithies & Witt (1997) postulated that the eastern part of the southern 
Eastern Goldfields Province was part of a different domain with a contrasting basement to that 
under the Kalgoorlie terrane. The existence of the broadly linear Erayinia clan and its affinity 
with the Syenitic group suggests that the clan was emplaced during ?Iocal extension at ca 
2660-2655 Ma It is quite possible for the extension to have taken place within an overall 
compressive regime. 

Gilgarna Clan 

Member Supersuites: Claypan, Emu, Mount Monger, Ninnis 

Distribution: The syenites exhibit a restricted distribution lying mostly along lineaments (e.g., Libby, 
1978). Four supersuites (Claypan, Emu, Mount Monger and Ninnis) have been identified by 
Smithies & Champion (1999). Each supersuite is spatially restricted to distinct NNW-trending 
belts that correspond to major NNW-trending deformation zones (e.g., Ninnis Fault). In the 
southern Eastern Goldfields Province, members of all four supersuites are present. They form 
small to moderate plutons (e.g., Gilgama, Binneringie) and/or dykes that are generally 
undeformed, locally layered and largely comprise amphibole - and pyroxene -bearing quartz 
syenite and syenite. The McAuliffe Well complex is deformed and mineralised at its margins. 

Geocbronology: Four Gilgama clan syenitic intrusions have been dated, although three of these are 
for granitoids in the northern Eastern Goldfields Province; ages range from 2664 Ma (Hanns 
Camp Complex; L. Black, written communication, 20(0) to 2644 Ma (Woorana syenite; 
Nelson, 1998). The one Gilgama clan granitoid in the southern Eastern Goldfields Province, 
McAuliffe Well syenite, has an age of 2651 Ma (Nelson, 1997). 

Geochemistry: The Gilgama dan is the archetypal Syenitic group clan in the Eastern Goldfields 
Province. Gilgama clan syenites are characterised by their high K,O, Na,O and total alkalis 
(Na,O+K,o> 10 wt"1o). They are also peraIkaIine to alkaline, high Agpaitic indicies (Figure 
9) and have low mg#. Large variations in Ba, Sr, Yand LREE are apparent for individual 
supersuites. Gilgama clan syenites are characterised by extreme variation in REE, ranging from 
slightly to very strongly fractionated REE patterns with no or very small Eu anomalies. They 
also display variably Sr-undepleted, Y -depleted signatures on Spider-plots. Many other 
elernents show considerable scatter and probably reflect lithological heterogeneity and local 
layered or cumulus features. Smithies & Champion (1999) highlight the main geochemical 
features of each of the supersuites in the southern Eastern Goldfields Province. 

Mineralisation: Several plutons of the Gilgama clan (e.g., MCAuliffe Well, Tin Dog) host minor 
gold mineralisation. Members of the clan are reguhrly targeted as potential hosts to 
mineralisation. 
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Petrogenesis: As for the Syenitic group in general. The small differences between the various 
supersuites probably reflect minor variations in the composition of the source across the 

Eastern Goldfields Province (Smithies & Champion, 1999). 

Tectonic implications: As for the Syenitic group in general. 

Clans within the Fitzgerald Peaks Association, Southern Cross Province 

The Fitzgerald Peaks Association comprises one supersuite (peak Charles) at the Bzgerald Peaks 

.complex on the LAKE JOHNSTON sheet. 

Fitzgerald Peaks Clan 

Member Supersuites: Peak Charles 

Distribution: The Fitzgerald Peaks clan is localised at Peak Charles on the LAKE JOHNSTON sheet. 
It forms a very prominent hill at Peak Charles. lithologically it consists of mainly amphibole -
bearing quartz syenite. 

Geochronology: An Archean age is inferred for the Fitzgerald Peaks complex. 

Geochemistry: The Fitzgerald Peaks clan is characterised by high KP, Nap and total alkalis 
(Nap+K,O> 10 wt"1o). They are also peralkaline to alkaline, and have low mg#. Large 
variations in Ba, Sr, Yand LREE are apparent The Fitzgerald Peaks clan syenites are 
characlerised by extreme variation in REE, ranging from slightly to very strongly fractionated 
REE patterns with no or very small Eu anomalies. They also display minor Sr-depleted, and 
minor Y-depleted signatures on Spider-plots. 

Mineralisation: None recorded 

Petrogenesis: As discussed for the Syenitic group in general. 

Tectonic implications: As disclSSed for the Syenitic group in general. 
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Figure 3.1 Discriminant plots for granitoids of the Low-Ca group (Mt Boreas (EGP) and Beetle (SCP) 
Associations) and High-Ca group (Menangina (EGP) and Diemals (SCP) Associations), 
southeastern Yilgarn Craton. High-LILE clans of the High-Ca group are shown in green, low
LILE clans of the High-Ca group in red, and all Low.ea granitoids in magenta. 
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Chapter 4. 
Granites of the northern Southern Cross Province: their distribution, 
age, geochemistry, petrogenesis, relationship with mineralisation, and 

implications for tectonic environment. 

Anthony R. Budd & David C. Champion 

Introduction 
This section describes the granites occurring in the northern part of the Southern Cross 
Province (nSCP) occurring on the Glengarry, Sandstone, Youanrni, Barlee & Jackson 
1 :250000 rnapsheets. It follows the format and nomenclature of other areas in this volume. 
The area is dominated by High-Ca and Low-Ca group granites, each occupying about 50% 
of the outcrop area. Two units are classified as High-HFSE group, although one ofthese 
may actually be a fractionated Mafic group granite. One unit is classified as a 
differentiated Mafic group granite, but may be an unusual High-Ca group granite. No 
Syenite group granites are recognised. Relatively few granites and volcanics have been 
dated, and the dating has been restricted mostly to two general areas. These are around the 
Marda-Diemals area, and the Gum Creek greenstone complex. 

This chapter systematically lists and details all groups, associations and clans of the 
northern Southern Cross Province. A standard format is used for all entries. This covers 
distribution, geochronology, chemical characteristics, related mineralisation (if any), and 
includes a brief summary on petrogenesis and tectonic implications by comparison with 
granites from other areas of the Yilgarn, particularly the Eastern Goldfields Province 
(EGP). 

The following section describes clans under the respective granite group, with individual 
clan descriptions following a more detailed description of the whole group. All groups are 
discussed first as a whole - this effectively providing an overall summary of the granites of 
thenSCP. 

Granite groups of the northern Southern Cross Province (nSCP) 

Member groups: High-Ca (Diemals association), Low-Ca (Beetle association), High
HFSE (Courlbarloo, Marda clans) & Mafic (Deception Hill clan). 

Distribution: The High-Ca and Low-Ca group granites are distributed throughout the 
report area. Local areas however, are apparently dominated by one group (although this 
may be a sampling artefact); these include: 
o The Yeerlirie Mass (east of the Gum Creek Greenstone belt, see also Champion & 

Cassidy, northern Eastern Goldfields Province report, this volume) is dominated by the 
Low-Ca Yeerlirie Clan. 

o The area between the Windamurra Mafic Complex and the Barrambie-Youanrni 
Greenstone belts is dominated by the Low-Ca Skinny Bore and Yarabubba Clans. 

o The area surrounded by the Sandstone-Youanrni-Diemais-Illaara-Maynard Hills 
Greenstone belts is dominated by parts of the High-Ca Y oothapinna, Diernals, Two 
Mile Hill, Pigeon Rocks and Mondie Clans. 

The distribution of the minor granite groups is as follows: 
o High-HFSE group granites are very restricted, occurring as two small plutons internal 

to the Y Quanrni and Marda Greenstone belts. 
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• The single Mafic group granite (Deception Hill), occurs internal to the Diemals 
Greenstone belt. 

Geochronology: Relatively few granites and volcanics have been dated, with the dating 
largely restricted to two general areas. These are around the Marda-Diemals area, and the 
Gum Creek greenstone belt and surrounds. 27 ages are available (Table 1). The available 
data show that: 
• emplacement of High-Ca group granites (2740-2660 Ma) mostly preceded that of the 

Low-Ca group granites (2700--2600 Ma), with some overlap. 
• The main period of granite emplacement is around 2700 Ma (Figure 1), which is earlier 

than in the Eastern Goldfields Province. 
• Mafic and ultramafic rocks of the Gum Creek and Diemals-Marda Greenstone belts are 

also suggested by Wang et al. (1998) to be older than those of the Eastern Goldfields, 
forming at between 2900 - 3000 Ma. This is the same age as the komatiites in the Lake 
Johnston greenstone belt, southern SCP (Wang et al. 1996). It is also similar to ages of 
the older greenstone sequences in the MP (see Champion & Cassidy, this volume). 

• The probably syn-volcanic (very high level) Mafic Deception Hill granite is dated at 
3023 ± 10 Ma (Nelson 1998), which is older than age estimates for the host Diemals 
greenstone belt. Either this age is actually an inheritance age and the emplacement age 
is 2787 ± 26 Ma (one of the age clusters of Nelson 1998), the greenstones were 
unconformably emplaced above the granite (not likely), or the Diemals greenstone is in 
part older or synchronous to the granite. 

The general sequence of thermal events can be summarised as follows: 

3670Ma 

3120-2900Ma 

3020Ma 

2815 Ma 

2735 - 2730 Ma 

2730-2700Ma 

2700 - 2670 Ma 

2660 - -2600 Ma 

inheritance, Munroes Well granite in Gum Creek greenstone belt (Wang et al. 1998). 

inheritance, Buttercup Bore & Munroes Well granites in Gum Creek greenstone belt 
(Wang et al. 1998), McLeod Rock granite. 

felsic volcanics, Deception Hill porphyry. 

High-HFSE group granite (Courlbarloo plagiogranite). Also approximate age of 
tholeiite intrusions (eg Windimurra, Youanmi, Atley layered intrusions) - may be a 
localised rifting event. 

felsic volcanics, Marda & Koolyanobbing. High-Ca granites, McLeod Rocks & 
Pigeon Rocks. 

felsic volcanics, Gum Creek. Woodley Bluff & Montague granites. 

dominantly High-Ca group, some Low-Ca, specifically Bulga Downs Clan. 

dominantly Low-Ca group, some High-Ca group, and felsic volcanics (Gum Creek). 

Chemical characteristics: The geochemistry of the granite groups is summarised by 
Champion & Cassidy (this volume) in the northern Eastern Goldfields Province (EGP) 
section of this volume. All groups found in the EGP, except the Syenite group, are also 
found in the nSCP. However, there are only two occurrences of High-HFSE group 
granites, one of Mafic group granites, and one suite of lamprophyres. The geochemistry of 
each granite group in the nSCP is discussed in more detail in the relevant sections below, 
but a number of generalisations and comparisons can be made here: 
• As in the EGP, based on limited dating, clans of the High-Ca associations show an 

apparent increase in LILE and HFSE with decreasing age (see Fig. 8 and Table 2). This 
trend mirrors that seen in the change from High-Ca to Low-Ca magmatism. 

• There are no significant differences between clans of the High-Ca and Low-Ca groups 
in the nSCP and EGP, i.e., chemically very similar clans can be found in both 
provinces. However, the proportions of each granite group are different in the nSCP to 
the proportions in the EGP. In the nSCP the High-Ca and Low-Ca groups are equally 
represented, and there are very few High-HFSE or Mafic group granites present, and 
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no Syenite group granites. 

Mineralised members: There are no significant mineral occurrences associated with 
granitoids in the nSCP. 

Petrogenesis: Given the similarities of the granites in the nSCP to those in the EGP, 
petrogenic models for the nSCP granitoids are as for those of the nMP and the nEGP. A 
summary of the discussion on petrogenic models for the nEGP granitoids (Champion & 
Cassidy, this volume) is given below: 
• the general characteristics of the High-Ca granites (low LILEs, sodic, Sr-undepleted) 

indicate derivation, at high pressures (> I 0 kbar), from a mostly mafic (broadly 
basaltic/amphibolitic), LILE-poor source. The range in the LILE and HFSE (between. 
clans), however, indicates a more complex model, i.e., the involvement of at least two
components, either as a heterogeneous source (basaltic to quartz dioritic), or by some 
other process (assimilation of pre-existing crust, magma-mixing etc). 

• the potassic, high LILE, high HFSE, Sr-undepleted nature of the Low-Ca group is most 
consistent with derivation, at moderate pressures «10 kbar) from a relatively potassic 
and LILE-rich crustal source, i.e., reworked continental crust with compositions not 
unlike typical Archaean tonalites. A number of features, though, e.g., low CaO, very 
minor occurrence of amphibole, indicate partial melting was either via small volume 
melts or from a source with only minor amphibole. Additionally, the high levels of the 
HFSEs, in particular Zr, indicate high melting temperatures, suggesting elevated 
thermal gradients. 

• the combination of high HFSE and low to moderate LILE, suggests the High-HFSE 
group granites were derived by melting of, or fractionation from, LILE-poor mafic to 
intermediate compositions. The chemistry of the group (elevated Fe, Zr, Y), is also 
consistent with A-type granitoids in general, indicating high-temperature melts. The Sr
depleted, Y -undepleted nature of all members of the group, strongly imply generation 
at only moderate pressures, i.e., <10 kbar «35 km thick), while the Sm-Nd isotope 
data indicate the significant involvement of pre-existing crustal rocks in the generation 
of the High-HFSE granites. 

• in the EOP, the more felsic clans within the High-HFSE group (Satisfaction, Kookynie) 
may possibly represent fractionates of rocks similar in composition to the more mafic 
Bullshead clan of the same group. It was also evident in the EOP that members of the 
High-HFSE group, especially the less siliceous ones, have some similarities to the 
members of the Kathleen Valley and Sweet Nell clans (tholeiites of Mafic group), 
possibly implying some minor involvement of such rocks in the history of the High
HFSE granites. In the nSCP, the Courlbarloo granite has been included in the High
HFSE group, however it is possible that it is a differentiated Mafic group of the 
tholeiite series, and may be linked to the tholeiitic layered intrusives of the area. 

• petrogenetic models for the Mafic group granites are largely equivocal, with evidence 
for both crustal and mantle-derived contributions. Notably, the variation in the LILE 
and LREE (between and within clans), requires at least two separate components, e.g., 
a mafic 'basaltic' source, (like the High-Ca source), and a more mafic, perhaps mantle
derived, LILE-rich source component. The origin of the LILE-rich component is 
equivocal, although within the EGP the overlap of ages (ca. 2665 Ma), between the 
high LILE Mafic and some Syenitic group magmatism, indicates a possible source of, 
at least part of, the LILE and LREE enrichment. In the EOP, the minor Kathleen 
Valley and Sweet Nell clans of the Mafic group largely represent fractionates from a 
basaltic, tholeiitic parent. Such rocks may also exist within the nSCP, e.g., related to 
the mafic complexes. Also it is possible that the Courlbarloo granite belongs to this 
type, as mentioned earlier. 
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Tectonic and other implications: The Southern Cross Province and the Murchison 
Province (MP) share a similar crustal history since about 3020 Ma, as is evidenced by the 
similarity of magmatic events in both provinces since this time. It is probable that the 
nSCP and nMP have been one crustal block since that time. The reader is referred to the 
discussions on tectonics in both the northern Murchison and northern Eastern Goldfields 
Provinces in this volume. Two points are made: 
• The peak of granite activity is earlier in the nSCP and nMP than in the nEGP. 
• Rifting along the eastern nMP/western nSCP is marked by tholeiitic magmatism at 

-2800 Ma, and this indicates a minimum age that the two provinces must have been 
joined. 
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Sampno 1:250000 Unit Superouite Clan Age inherited Ref 
High-C. 
98969033 Sandstone Tom Bore Tom Bore Diemals 2671 ± 3 
97969082A Youannll The Spring Diemals Diemals 2682 ± 5 I 
97969104 Barlee Native Well Diemals Diemals 2682 ± 6 I 
168903 Barlee Johnson Rocks Johnson Rocks Diemals 2693 ± 4 4 
98969045 Sandstone Monty Bore Atley Yootbapinna 2700 ± 15 I 
98969055 Sandstone Woodley Bluff Atley Yoothapinna 2712±6 I 
93-992 Sandstone Old Gidgee Old Gidgee Gnabberdocking 2699 ± 7 2 
95YQ 87 1ackson Koolyanobbing Gnabberdocking Gnabberdocking 2656 ± 3 6 
121380 Jackson Maries Find ? ? 2688 ± 3 6 
97969102B Barlee Mcleod Rock Mondie Mondie 2737 ± 7 -3010 I 
142919 Barlee Pigeon Rocks Pigeon Rocks Pigeon Rocks 2729 ± 4 8 
93-994 Sandstone Montague Granite Montague unassigned 2722 ± 7 2 

Low-Ca 
98969025 Sandstone Buttercup Bore Buttercup Bore Yeerlirie 2661 ± 7 I 
93-1000 Sandstone Bonza Bore Buttercup Bore Yeerlirie 2682 ± 8 3124±41,2908±26 2 
93-993 Sandstone Munroes Well Munroes Well Yeerlirie 2638 ± 10 3671±29, -3000 2 
93-1006 Sandstone NE Coomh Bore NE Coomh Bore 801ga Downs 2680 ± 5 3 
97969063 Youanmi BulgaDowns BulgaDowns BulgaDowns 2684 ± 8 I 
142915 Barlee OlbyRock OlbyRocks Bulga Downs 2697 ± 8 2738 ± 16 8 
98969042 Sandstone Barlangi Well Yarrahubba Yarrahuhba no date 2714± 18 I 
98969044 Sandstone Yarrabuhba Yarrahubba Yarrahubba 2650 ±9 I 
93-1007 Youanmi Mica Well Mica Well Skinny Bore -2600 3 

H1gh-HFSE 
168959 Jackson Butcher Bird Butcher Bird Marda 2730 ± 4 7 
98968104 Youanmi Courlbarloo Courlbarloo Courlbarloo 2813 ± 5 

Mafic 
142920 Barlee Deception Hill Deception Hill Deception Hill 3023 ± 10 8 

Felsic volcanics 
93-995 Sandstone Gum Creek metarhyolite 2702 ± 6 2 
93-996 Sandstone Gum Creek meta rhyolite 2652 ± 18 2722± 14 2 
WI65 Barlee Marda Complex felsic volcanic 2735 ± 2 5 
WI93 Jackson Koolyanobbing felsic volcanic 2736 ± 10 5 

Table 1. Geochronological data for all groups of the northern Southern Cross province; all 
ages (in Ma) are SHRIMP zircon ages unless indicated otherwise. Data sources: 1 -
AMlRA P482; 2 - Wang et al. 1998; 3 - Wang (ANU) unpublished; 4 - Nelson 1999; 5-
Pidgeon & Wilde 1990 conventional U-Pb zircon; 6 - Qiu et al (in press, AJES); 7 -
Nelson 2001 (in press); 8 - Nelson 1998. 

Com = comments and refers to the interpreted reliability of the age. 
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High-Ca group. northern Southern Cross 

Member Associations: Diemals Association. 

Distribution: The High-Ca group makes up about 50% of the granites of the northern 
Southern Cross Province, and is distributed fairly evenly throughout the area. Three 
associations with eight clans have been recognised in the area. 

Geochronology: The dating available indicates an age range from 2.74 to 2.65 Ga, with 
the majority falling at about 2.7 Ga (Table 1, Figure 1). This age range is similar to that 
seen in the EGP, but the peak of intrusive activity is older in the nSCP than the EGP (peak 
of activity in EGP is between 2.685 to 2.66 Ga, Champion & Cassidy, this volume). 

Few ages from inherited zircons are noted in the literature. Seven Sm-Nd analyses are 
available, see Fletcher & McNaughton (this volume). 

Chemical characteristics. Characteristics for this group have been summarised by 
Champion & Sheraton (1997), and Champion (1997). Basically the High-Ca granites 
comprise sodic trondhjemite, granodiorite and granite characterised by low to moderate 
LILE (K20, Rb, Pb) and HFSE (LREE, HREE, Y, Zr) contents. In detail individual clans 
(Table 2), define a quasi-continuous range in LILE and HFSE contents, from low 
(Yoothapinna clan) to moderate (Diemals clan, see Fig. 3), approaching values seen in the 
Low-Ca granites (Fig. 5). Given the range in the LILE and HFSE, an arbitrary divide 
splitting the High-Ca group into low-LILE and high-LILE members has been produced, 
largely for the basis of classification and descriptive purposes (Fig. 8). 

The majority of granitoids from the High-Ca group are further characterised by moderate 
to high Sr contents (Sr-undepleted) coupled with low to moderate Y (and HREE) contents 
(Y -depleted; Fig. 4). However, like the LILE, there is a range in concentration of these 
elements, albeit it less pronounced, to Sr-depleted and Y -undepleted compositions. 

Geochemical discrimination between the High-Ca and other groups is mostly relatively 
straightforward (Figs. 6, 7, 8). Most difficulty occurs with the siliceous Deception Hill 
clan of the Mafic group, as its composition strongly converges with that of the low-LILE 
clans of the High-Ca group (Figs. 6, 7, 8). Although differences between the two are 
apparent, e.g., Ni, Cr, MgO, mg# (Fig. 6), it is possible that the High-Ca group includes 
some members which more correctly belong to the Mafic group, and vice versa. 

Mineralised members? None. 

Petrogenesis: The following discussion is modified from the summary of the petrogenesis 
of the High-Ca group granites in the nEGP (Champion & Cassidy, this volume). The 
general characteristics (low LILEs, sodic) indicate derivation from a mostly mafic LILE
poor source, probably broadly basaltic in composition. The range in the LILE and HFSE 
(between clans), however, points to a compositional range in the source also, i.e., the 
differences can not be solely due to varying degrees of partial melting. Such a 
compositional variety strongly indicates the involvement of at least two-components, either 
as a heterogeneous source (basaltic to quartz dioritic), or by some other process 
(assimilation of pre-existing crust, magma-mixing etc). Notably in this regard, Sm-Nd 
isotopic evidence indicates no significant component of the Low-Ca source was involved 
in the generation of the High-Ca granites in either the Murchison or Eastern Goldfields, 
i.e., the higher LILE and HFSE contents in some members of the High-Ca group (in those 
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provinces) can not have resulted from the involvement of Low-Ca granites or their sources. 
Although the isotopic data is more equivocal for the SCP, a similar conclusion is to be 
expected. 

The Sr-undepleted, V-depleted nature of the majority of the High-Ca granites indicate 
derivation at pressures great enough to stabilise garnet and destabilise plagioclase (10-15 
kbar) either deep within a thickened crust (>35-50 krn) or, perhaps, from melting of a 
subducting slab (e.g., Martin, 1986). Either process is feasible, though the presence of 
inherited zircons, the range in Sr and Y to Sr-depleted and Y -undepleted compositions, and 
the Sm-Nd isotopic data favour a thickened crust source. 

Tectonic & other implications: The following discussion is taken from the section of 
High-Ca group granites of the northern Murchison Province (Champion & Cassidy, this 
volume; the reader is referred to that section). As shown earlier in this chapter, it is 
apparent that the nMP and nSCP have shared a similar crustal history at least since -3020 
Ma. 

The bulk of the evidence for the MP, and hence for the SCP, appears to favour a thickened 
crust (>35-50 krn) origin for the High-Ca granites. It is, however, also apparent that 
derivation from a subducting slab is also a possible viable mechanism for production of at 
least some of the High-Ca granites. Importantly, both the thickened crust or melting ofa 
subducting slab hypotheses, require the operation of some form of convergent tectonics 
contemporaneous or just prior to granite generation. This can be interpolated, therefore, to 
infer that all periods of High-Ca granite formation correspond roughly to times of 
convergent tectonics in the Murchison (and Southern Cross) Provinces, i.e., 2675-2765 
Ma, 2780-2825 Ma, 2920-2960 Ma, and 3000-3025 Ma. As noted before (Champion & 
Cassidy, this volume), the timing of these tectonic settings, especially post 2.72 Ga, 
contrasts somewhat with that for the Eastern Goldfields Province, i.e., pre 2.68 Ga High
Ca magmatism was very common in the Murchison and Southern Cross provinces but 
relatively minor in the Eastern Goldfields Province, 2.68 to 2.66 Ga magmatism was minor 
in the Murchison and Southern Cross provinces but voluminous in the Eastern Goldfields 
Province. Clearly there are a number of possible scenarios, not mutually exclusive, that 
may explain these apparent differences, e.g., the Murchison and Southern Cross provinces 
were separate from the Eastern Goldfields Province before and/or during this period, the 
change across the Murchison and Southern Cross provinces to the Eastern Goldfields 
Province is actually diachronous, as in a migrating arc-environment, or perhaps the thermal 
regime at 2.68-2.66 Ga was such that granite production was largely confined to the 
Eastern Goldfields Province, such as in a typical modem-day convergent environment. 
Clearly further geochronology would be helpful, particularly along the eastern margin of 
the Southern Cross Province and western margin of the Eastern Goldfields Province. 

In addition, the large volume of High-Ca granites in the northern Southern Cross Province, 
and the other provinces, clearly requires a correspondingly larger source (3 or more times 
volumetrically larger). This has important implications if the High-Ca granites were 
crustal-derived, requiring a very significant volume of pre-existing crust of relatively 
homogenous 'basaltic to andesitic' composition. 
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Higb-C. 
Clan 
Diemats 

Diema]s Association 
Supersuite 
Diemals 

Johnson Rocks 
Porcupine 

Tom Bore 
Unaly Hill 
Waukenjerrie 

Gnabberdocking Gnabberdocking 

Suggard 
Two Mile Hill 
Yoothapinna 

Pigeon Rocks 

Higb-Ca 
Gneissic Clans 
Mondie 
Lake Seabrook 

Nierguine 
Old Gidgee 
Shaws Bore 
Suggard Bore 
Two Mile Hill 
Atley 

Ayer Well 
Bulchina Well 
Darrine Rock 
Edale Fault Gneiss 
Mallee Hen 
Peregrine Bore 
Yoothapinna 
Yuinmety 

Little Noondie 
Pigeon Rocks 

Marda Complex 

Diemals Association 
Supersuite 
Mondie 
Lake Seabrook 
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nortbern Soutbern Cross Province 
Suite 
Christmas Bore, Diemals, Jan Bore, Lana Bore, North Diemals, 
Outcamp Bore, The Spring, Wungrun, Moola Bore Complex 
Johnson Rocks 
Baum Well, Patent Well, Porcupine Well, Rafferty Patch Well, 
Ramona Well, Sommer Well, Two Brothers Well 
Tom Bore 
Unaly Hill 
Waukenjenrie, Hill 490 
Gnabberdocking, Kangaroo, Koolyanobbing Gneiss, West 
Chidarcooping Hill 
Chadwick, Nierguine, Three Mile Rocks, unassigned 
Old Gidgee 
Shaws Bore 
Suggard Bore 
Two Mile Hill 
Atley, Babba Wallia, Beaton Bore, Bowman Well, Bradley Well, 
Bull Oak, Bullock Bore, Bux's Bore, Dooly Well, Monty Bore, 
Nanadie Well, Number Six Well, Poison Hills, Woodley Bluff 
Ayer Well 
Bulchina Well 
Darrine Rock 
Edale Fault Gneiss 
Mallee Hen 
Peregrine Bore 
Red Tank, Y oothapinna 
North Johnson Rocks, Number One Bore, Tom Well, Walgarty, 
Yuinmety 
Little Noondie, Noondie Well 
Dooling, East Evanston, Manning-Hunt, West Yarbu, Wolgling, 
unassigned 
Butcher Bird 

nortbern Soutbern Cross Province 
Suite 
Jan Bore, McLeod Rock, Visitors Bore 
Lake Seabrook, unassigned 

Table 2. Suites, supersuites, clans and associations of the High-Ca group, northern 
Southern Cross Province. 
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Clans of the Diemals Association, High-Ca Group, Southern Cross 
Province 

Diemals Clan 

Member Supersuites: Diemals, Johnson Rocks, Porcupine, Toms Bore, Unaly Hill, 
Waukenjerrie. 

Distribution: Considerable north-south extent, from south of the Sandstone greenstone 
belt to the north of the Marda greenstone belt. Western side of the Yeerlirie Mass of the 
northern Eastern Goldfields. 

Geochronology: Four samples have been dated: Toms Bore Granite (Tome Bore 
Supersuite) at 2671 ± 3 Ma, The Spring Granite (Diemals Supersuite) at 2682 ± 5 Ma, 
Native Well Granite (Lana Bore Suite, Diemals Supersuite) at 2682 ± 6 Ma, and Johnson 
Rocks Granite (Johnson Rocks Supersuite) at 2693 ± 4 Ma. 

Chemical characteristics: Falls into high LILE and HFSE end-members of the High-Ca 
group (Figs. 3, 4, 8). Some samples have elevated K20, Th, Y and Rb relative to other 
members of the Diemals Association. 

Mineralised members? None. 

Petrogenesis: As for the High-Ca group generally. 

Tectonic & other implications: As for the High-Ca group generally. 

Gnabberdocking Clan 

Member Supersuites: Gnabberdocking, Nierguine, Old Gidgee, Shaws Bore. 

Distribution: Dominantly on central Jackson Sheet (south ofMarda greenstone belt
Nierguine & Gnabberdocking Supersuites). Two outcrops occur on the eastern part of 
Sandstone (east of Gidgee greenstone belt): the Old Gidgee syenogranite and the Shaws 
Bore Granite. 

Geocbronology: Two ages are available for units assigned to the Gnabberdocking Clan, 
but there is some uncertainty that both units are correctly assigned. The Koolyanobbing 
monzogranite (Gnabberdocking Supersuite) has an age of2656 ± 3 Ma, and the Old 
Gidgee syenogranite (Old Gidegee Supersuite) has an age of2699 ± 7 Ma. 

Chemical characteristics: Mostly this clan is similar to the Diemals Clan in having higher 
Rb, Th, Y and Ce and lower Sr than other clans of the Diemals Association (particularly 
Yoothapinna Clan). The Gnabberdocking clan has an unusual flat trend for Ce, whereas 
most other members of the Diemals Association have decreasing Ce with increasing Si02 
(Fig. 4). Overall, the clan fits in the High LILE and HFSE end member of the High-Ca· 
group. 

Mineralised members? None. 

Petrogenesis: As for the High-Ca group in general. 
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Tectonic & other implications: As for the High-Ca group in general. 

Suggard Clan 

Member Supersuites: Suggard Bore. 

Distribution: Restricted to only two samples in the Yuinmery Gneiss Zone, central 
southern Y ouanmi Sheet. 

Geochronology: None. 

Chemical characteristics: Felsic (-74.5 wt% Si02), high LILE and HFSE end of High-Ca 
group (Fig. 4). 

Mineralised members? None. 

Petrogenesis: As for the High-Ca group in general. 

Tectonic & other implications: As for the High-Ca group in general. 

Two Mile Hill Clan 

Member Supersuites: Two Mile Hill. 

Distribution: One of the few internal granites in the northern Southern Cross Province, 
intruding the Sandstone Greenstone Belt. Very restricted in extent, only one occurrence. 

Geochronology: None. 

Chemical characteristics: Three samples, all approximately 69 wt% Si02, low LILE 
member of High-Ca group (Fig. 4). 

Mineralised members? None. 

Petrogenesis: As for the High-Ca group in general. 

Tectonic & other implications: As for the High-Ca group in general. 

Yoothapinna Clan 

Member Supersuites: Atley, Ayer Well, Bulchina Well, Darrine Rock, Edale Fault 
Gneiss, Malle Hen, Peregrine Bore, Yoothapinna, Yuinmery. 

Distribution: Very extensive, occurring mostly on the Glengarry, Sandstone & Youanmi 
Sheets, but with limited outcrop on the Barlee & Jackson Sheets. 

Geochronology: This is one of the oldest clans of the Diemals Association, with two 
samples of the Atley Supersuite, dated at 2700 ± 5 Ma and 2712 ± 6 Ma. 

Chemical characteristics: Extensive silica range, from 66 to >75 wt%. Low LILE and 
HFSE member of High-Ca group. 
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Mineralised members? None. 

Petrogenesis: As for the High-Ca group in general. 

Tectonic & other implications: As for the High-Ca group in general. 

Pigeon Rocks Clan 

Member Supersuites: Little Noondie, Pigeon Rocks. 

Distribution: The majority of this clan occur in and around the Johnson Range - Blue 
Hills greenstone belts on the Barlee and Jackson sheets. Also has a limited occurrence in 
the Yuinmery Gneiss Zone (Younami Sheet). The Pigeon Rocks Supersuite is unusual for 
the northern Southern Cross Province in that it is one of the few granites that are internal to 
the greenstone belts. 

Geochronology: A sample of foliated biotite monzogranite from the Pigeon Rocks 
(Nelson 1999) gives an age of 2729 ± 4 Ma. This is one of the oldest High-Ca granites in 
the northern Southern Cross Province. 

Chemical characteristics: Mostly as for the High-Ca group in general, but is notable for 
lower CaO and Sr than most, and correspondingly high Rb, Pb and Y. Compared to the 
Diemals Association, the Pigeon Rocks Clan is higher in some of the L1LE (K20, Pb and 
Rb) and Y, and lower in Sr and CaO. These characteristics are partly intermediate between 
the High- and Low-Ca groups. 

Mineralised members? None. 

Petrogenesis: As for the High-Ca group in general. 

Tectonic & other implications: As for the High-Ca group in general. 

Gneissic clans of the Diemals Association, High-Ca Group, Southern 
Cross Province 

Mondie Clan 

Member Supersuites: Mondie. 

Distribution: Occurs in southeastern Youanmi Sheet, around the Mount Elvire and Crook 
Well greenstone belts. Limited extent. 

Geochronology: McLeod Rock is dated at 2737 ± 7 Ma, with inheritance at -3010 Ma .. 

Chemical characteristics: Low L1LE and HFSE (Fig. 4). Compared to the Diemals 
Association, the Southern Cross Gneiss Association is 10w-L1LE, including K20, Ce, Pb 
and Rb, and lower in some HFSE including Y and Th. It is similar to the Yoothapinna 
Clan, which also occurs in the same broad area, but the Yoothapinna clan is younger. 
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Mineralised members? None. 

Petrogenesis: As for the High-Ca group in general. 

Tectonic & other implications: As for the High-Ca group in general. 

Lake Seabrook Clan 

Member Supersuites: Lake Seabrook. 

Distribution: Four samples, restricted to the southern Jackson Sheet around Lake Deborah 
East and Lake Seabrook, between the Marda and Bullfinch greenstone belts. 

Geochronology: None. 

Chemical characteristics: Falls in the low LILE and HFSE part of the High-Ca group. 
Some spread in values. See discussion for Mondie Clan. 

Mineralised members? None. 

Petrogenesis: As for the High-Ca group in general. 

Tectonic & other implications: As for the High-Ca group in general. 
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Low-Ca Group. northern Southern Cross Province 

Member Associations: Beetle Association 

Distribution: The Low-Ca granites of the Beetle Association (Table 3), northern Southern 
Cross Province (nSCP), are fairly evenly distributed throughout the five mapsheets, and 
account for approximately 45% of samples. There are very few internal granites in the 
nSCP; some of these are of the Beetle Association. The Beetle Association also occurs in 
the northern Eastern Goldfields (Champion, this volume) and the northern Murchison 
(Champion & Cassidy, this volume). Eleven clans are recognised in the nSCP, most are 
moderately localised. 

Geochronology: Eight ages are available for this Group (Table 2), but only six appear to 
be reasonable. The age range (of the six) is from 2684 Ma to 2638 Ma. Halfofthese ages 
are within error of 2680 Ma. 

Chemical characteristics: Characteristics for this group have been summarised by 
Champion & Sheraton (1997), and Champion (1997). The Low-Ca group comprise 
potassic granites characterised by high LILE (K20, Rb, Pb, Th, U) and HFSE (LREE, 
HREE, Y, Zr) contents (Figs. 2, 7, 10), with moderate to strong negative Eu anomalies (Sr
depleted), flat HREE patters, and mostly Y -undepleted, but ranging to Y -depleted, 
compositions. As in the nMP and nEGP, individual clans exhibit a range in LILE and 
HFSE contents, and are described in the following sections. 

Both the nMP and nEGP Low-Ca group granites exhibit a narrow range in ENd (-3.4 to-
4.6), that overlap completely with members of the High-HFSE group, but are clearly more 
evolved (more negative), than High-Ca and Mafic group granites (Fletcher & 
McNaughton, this volume, and Champion & Sheraton 1997). Sm-Nd isotopic data 
available for the nSCP shows that the range for ENd is wider (-3.46 to 0.28), and is within 
the range of the High-Ca group (-4.20 to 0.75). The Courlbarloo plagiogranite, which has 
been classified as an High-HFSE group granite (but may belong to the Mafic group) has a 
very primitive ENd value of 3.88. 

Mineralised members? None. 

Petrogenesis: The characteristics of the Beetle Association, and the Low-Ca group granite 
in general, i.e., potassic, high LILEs, elevated HFSEs, indicate derivation from an, at least 
moderately, potassic and LILE-rich crustal source, i.e., some form of pre-existing 
continental crust, possibly compositions not unlike typical Archrean tonalites (Champion & 
Sheraton 1997). The low CaO in the Low-Ca granites and the very minor occurrence of 
amphibole in the granites themselves, indicate partial melting was largely via dehydration 
melting driven by biotite breakdown, i.e., either small volume melts or from a source with 
only minor amphibole. Further the high levels of the HFSEs, in particular Zr, in the Low
Ca granites, strongly indicate high temperature melting (i.e., zircon saturation and, hence, 
levels of Zr in a granite melt are strongly temperature dependent), a fact which may also be 
consistent with a generally water-poor (limited amphibole) source. Finally, the mostly Y
undepleted and Sr-depleted nature suggests that the Low-Ca granites were generated at 
moderate crustal levels (mostly <35 km). 

The variation in LILE, in particular, and the HFSE, between the Low-Ca clans, may reflect 
a variety of processes, including: 
• changes in the percentage of partial melting, i.e., the greater percentage of melt, the 
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lower the concentration of LILEs in the melt, 
• variations in source compositions, 
• variable mixing of two or more source components, e.g., perhaps a component ofa 

source similar to that envisaged for the High-Ca granites. 
Finally, it is evident that the variation in the HFSE, N a20 and K20, and Sr and Ba, 
between clans, also indicate some differences in LILE and HFSE contents of the source 
rocks for the Low-Ca clans. 

Tectonic & other implications: The following discussion is modified from Champion & 
Cassidy: northern Murchison Province (this volume). 

The simplest model for the Low-Ca granites, would appear to require their generation from 
moderately dry tonaJitic (or more felsic) pre-el{isting crust, in an el{tensional environment 
most probably with an elevated geothermal gradient (needed to get the postulated high 
melting temperatures). This is clearly contrary to the general scenario for the High-Ca 
granites, indicating not only distinct source rocks, but distinct sites of granite generation 
for the two granites. These differences between the High-Ca and Low-Ca sources are also 
supported by the available Sm-Nd isotopic data which indicate isotopically distinct source 
reservoirs for the two granite groups (Fletcher & McNaughton, this volume). As for the 
Eastern Goldfields Province, these differences are even more significant when the age 
distributions of the two granites groups are taken into consideration, i.e., the temporal 
change from dominantly High-Ca magmatism to less voluminous, but very widespread, 
dominantly Low-Ca magmatism, around 2660 to 2650 Ma. This changeover in . 
magmatism presumably must correspond to some fundamental change in tectonic 
environment, perhaps from a compressional or arc-related environment to one dominated 
by el{tension or post-tectonic relaxation, i.e., some mechanism produced a change in the 
thermal regime, that not only increased the thermal gradient (to allow generation of Low
Ca granites) but effectively turned off production of High-Ca granites. 

As discussed for the Eastern Goldfields Province (Champion and Cassidy, this volume), 
the el{act nature of this tectonic transition is largely dependent on the origin of the High-Ca 
granites. If, as favoured for the northern Murchison, the High-Ca granites were generated 
by partial melting in thickened crust, then the change to Low-Ca magmatism indicates 
melting shifted to higher crustal-levels (the site of Low-Ca generation), with the thickened 
lower crust (High-Ca source) either somehow insulated from further melting or removed. 
In this regard, Smithies & Champion (1999) suggested that this post 2660 Ma thermal 
event may have resulted from Yilgam-wide lower-crustal delamination following crustal 
thickening during the main D2 shortening deformation in the Eastern Goldfields Province. 
These authors further speculated that this event represented an additional tectonothermal 
event in the Yilgarn Craton, contemporaneous with lower-middle crustal high-grade 
metamorphism and regional Au mineralisation (e.g., Kent et al. 1996). 

If, however, the High-Ca granites were largely generated by slab-melting, a scenario 
considered less likely, then the change over to Low-Ca (and High-HFSE) magmatism may 
simply reflect some form of wide-scale extension, perhaps not unlike that presently 
operating in the Basin and Range province in the western United States, although with 
some differences, e.g., lack of contemporaneous felsic volcanism. 

Finally, the possible component of High-HFSE group source in the Horseshoe clan, 
suggests an overlap in not only time but also in process andlor crustal level of generation 
between the Low-Ca and High-HFSE groups. Notably, this is consistent with the Sm-Nd 
isotopic data, which indicate similar isotopic signatures for both granites groups. 
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Tectonic & other implications: The reader is referred to discussions in the northern 
Eastern Goldfields (Champion, this volume) and northern Murchison Province (Champion 
and Cassidy, this volume) Low-Ca group sections. However, there do appear to be some 
differences in the northern Southern Cross Province which should be taken into account. 
From the limited isotopic data available, Low-Ca granites appeared earlier than in either 
the nEGP or the nMP, and there is more significant overlap in ENd values of the Low-Ca 
group with the High-Ca group than in the other two provinces (but this is only based on 
three analyses). 
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Low-Ca (SCP) Beetle Association 
Clan Supersuite 
Bareoo Bareoo Bore 
Bulga Downs Bulga Downs 

Olby Rocks 
NE Coomb Bore 
Salt Bore 

Bacon Hill Mt Correll 
Speen Hill 

Weowanie Journalogwin 
Cooliboo Bore Cooliboo Bore 
Lake Barlee Lake Barlee 
Rainy Rocks Rainy Rocks 
Red Knob Corkscrew Well 

Red Knob 
West Clampton 

Rocky Dump Rocky Dump Well 
Skinny Bore Skinny Bore 

Unassigned Gmn Tree Bore 
Yarrabubba Yarrabubba 
Yeerlirie Black Hill 

Buttercup Bore 
Caluyn Bore 
Dummy Well 
Milgoo Well 
Munroes Well 
North Alston 
Satan 
Wallaby Knob 
Yarloo Spring 
Yeerlirie 
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Suite 
Bareoo Bore 
Bulga Downs, Cabaret Bore, Denham Bore, Edale, Kohler Bore, 
Moola Moola, Rising Fast, Stock Well 
Olby Rocks 
NE Coomb Bore gneiss 
Salt Bore 
Chidarcooping, Elachbutting, Mt Correll 
Speen Hill, unassigned 
Joumalogwin 
Cooliboo Bore 
Lake Barlee, Ullamby Soak 
Rainy Rocks 
Corkscrew Well, Everett Creek 
Elspon Well, Red Knob, Rocky Well, Yingarrie 
West Clampton 
Rocky Dump Well 
Dowden Well, Mica Well, Nalganadga Bore, No-Ibla, Skinny 
Bore 
Gum Tree Bore 
Yarrabubba, Barlangi Rock 
Black Hill 
Buttereup Bore, Bonza Bore 
Caluyn Bore, O'Connor, Samaria 
Dummy Well 
Milgoo Well 
Munroes Well 
North Alston 
Hell Gates, Les Bore, Number Two Bore, Satan 
Wallaby Knob 
Yarloo Spring 
Bluff Point, Easter Mile, Red Handed, Yeerlirie, unassigned 

Table 3. Suites, supersuites, clans and associations of the Low·Ca group, northern Southern Cross Province. 
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Clans of the Beetle Association, Low-Ca Group, Southern Cross Province 

Barcoo Clan 

Member Supersuites: Barcoo Bore 

Distribution: One granite, located in the northeastern Sandstone sheet, within what is 
otherwise dominantly Yeerlirie Clan granites. Between Gum Creek and Booylgoo Range 
greenstone belts. 

Geochronology: None. 

Chemical characteristics: Two samples. Separated from the Yeerlirie Clan by 
significantly higher Sr, otherwise geochemistry is as for Yeerlirie Clan (Fig. 5). 

Mineralised members? None. 

Petrogenesis: As for the Low-Ca granites in general. 

Tectonic & other implications: As for the Low-Ca granites in general. 

Bulga Downs Clan 

Member Supersuites: Bulga Downs, NE Coomb Bore, Salt Bore and Olby Rock. 

Distribution: The NE Coomb Bore Gneiss occurs on the northeastern margin of the 
Sandstone greenstone belt. The Salt Bore granite occurs near the centre of the Youanmi 
Sheet. Olby Rock occurs just to the northeast of the Marda Greenstone Belt. The majority 
of the Bulga Downs Supersuite occurs between the Elvirie Greenstone Belt and the White 
Cloud Gneiss Zone on the Y ouanmi sheet. 

Geochronology: Three samples have been dated. The Bulga Downs granite (Bulga 
Downs Supersuite) is dated at 2684 ± 8 Ma and the NE Coomb Bore gneiss (NE Coomb 
Bore Supersuite) at 2680 ± 5 Ma. No inheritance was recorded. A sample of foliated biotite 
monzogranite from Olby Rock (Olby Rocks Supersuite) was dated at 2697 ± 8 Ma. This is 
within error of the age of the Bulga Downs granite. Xenocryst zircons from this sample 
give an age of 2738 ± 16 Ma. Samples from this clan are the oldest recorded unequivocal 
Low-Ca granites within the Yilgarn. 

Chemical characteristics: Si02 range of 70.5 - 75.5 wt%. This clan is within the normal 
ranges for the Beetle Association, but with some samples having slightly higher Rb, Th 
and Y (Fig. 5). 

Mineralised members?: None. 

Petrogenesis: As for the Low-Ca granites in general. 

Tectonic & other implications: As for the Low-Ca granites in general. 
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Bacon Hill Clan 

Member Supersuites: Mt Correll, and Speen Hill. 

Distribution: Speen Hill & Mt Correll Supersuites occur on southwestern Jackson Sheet, 
west of the Bullfinch greenstone belt. 

Geochronology: None. 

Chemical characteristics: Si02 range of 69.5 - 76 wt%. As noted above, there is some 
scatter in this group, possibly indicating that the clan should be broken into two. 
Otherwise, this clan is within the normal ranges for the Beetle Association, but with some 
samples having slightly higher Rb, Th and Y. 

Mineralised members?: None. 

Petrogenesis: As for the Low-Ca granites in general. 

Tectonic & other implications: As for the Low-Ca granites in general. 

Weowanie Clan 

Member Supersuites: Journalogwin. 

Distribution: Between Bullfinch/South Cross Greenstone Belt & Marda Greenstone Belt, 
Jackson sheet. Two occurrences. 

Geochronology: None. 

Chemical characteristics: The two samples are very similar; both are quite felsic (-74 
wt% Si02). This clan is very similar to the Bulga Downs and Bacon Hill clans. One sample 
has slightly lower Rb & Pb. 

Mineralised members?: None. 

Petrogenesis: As for the Low-Ca group in general. 

Tectonic & other implications: As for the Low-Ca group in general. 

Cooliboo Bore Clan 

Member Supersuites: Cooliboo Bore. 

Distribution: Four samples taken from southwest of the Youanmi Layered Mafic 
Intrusion on the southwest ofthe Youanmi Sheet. The granite is probably about lOxlO km 
in dimension. 

Geochronology: None. 

Chemical characteristics: Slightly lower K20 and higher Y than the rest of the 
Association, otherwise normal. Low LILE & moderate HFSE endmember of Low-Ca 
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group. 

Mineralised members?: None. 

Petrogenesis: As for the Low-Ca granites in general. 

Tectonic & other implications: As for the Low-Ca granites in general. 

Lake Barlee Clan 

Member Supersuites: Lake Barlee. 

Distribution: The six samples form an interesting north-northwest trending arc extending 
from Ullumbay Soak (Jackson Sheet) to Midget Bore in the Yuinmery Gneiss Zone 
(Youanmi). 

Geochronology: None. 

Chemical characteristics: All samples are between 69 - 70 wt% Si02, which is near the 
mafic end of the Beetle Association. Three of the samples have slightly higher total Fe than 
other members ofthe Association, but otherwise the chemical characteristics are as for the 
rest of the Association. Low LILE and low HFSE endmember of Low-Ca group; very 
similar to Yeerlirie clan to the north. 

Mineralised members?: None. 

Petrogenesis: As for the Low-Ca granites in general. 

Tectonic & other implications: As for the Low-Ca granites in general. 

Rainy Rocks Clan 

Member Supersuites: Rainy Rocks. 

Distribution: Confined to the Diemals greenstone belt, which is also host to the Marda 
Complex, on the southern Barlee Sheet. Forms a narrow «5 km) northeast-trending belt 20 
km long. One of few internal Low-Ca group granites in nSCP. 

Geochronology: None. 

Chemical characteristics: Covers a range of -71 - 76 wt% Si02, and is distinguished by 
higher Pb, Y, CaD, and for some samples Ceo Otherwise normal for Beetle Association. 
Probably low LILE high HFSE endmember. 

Mineralised members?: None. 

Petrogenesis: As for the Low-Ca granites in general. 

Tectonic & other implications: As for the Low-Ca granites in general. 
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Red Knob Clan 

Member Supersuites: Corkscrew Well, Red Knob, West Clampton. 

Distribution: A distinct NW -linear trend along the White Cloud Gneiss ZonelNorth 
Crook Well greenstone belt (Youanrni Sheet) to the Barrambie Belt (Sandstone Sheet). A 
subtle magnetic feature is visible on this trend. 

Geochronology: None. 

Chemical characteristics: The Red Knob Clan is fairly distinct - it shows the same 
trends as the rest of the Beetle Association, but element abundances are slightly different 
(Fig. 7). The Si02 range is wide, from 67 to 75 wt%. K20, Ce, Zr, and for some samples 
Ce, Pb and Th, is higher, whereas Na20 and CaO are lower than most for the Beetle 
Association. 

Mineralised members?: None. 

Petrogenesis: As for the Low-Ca granites in general. 

Tectonic & other implications: As for the Low-Ca granites iii. general. 

Rocky Dump Clan 

Member Supersuites: Rocky Dump Well. 

Distribution: Single occurrence, northeast ofthe Windamurra Intrusion. 

Geochronology: None. 

Chemical characteristics: 74.78 wt% Si02. Normal for Beetle Association (Fig. 7). 

Mineralised members?: None. 

Petrogenesis: As for the Low-Ca granites in general. 

Tectonic & other implications: As for the Low-Ca granites in general. 

Skinny Bore Clan 

Member Supersuites: Skinny Bore. 

Distribution: Mica Well and Skinny Bore are the most sampled Suites, and occur on the 
western join of the Sandstone and Youanrni Sheets, east and northeast of the Windimurra 
Intrusion. The No-Ibla Suite on Glengarry may be up to 25x30 km (on the aeromagnetics), 
but only two samples have been taken from it. The Nalganadga and Dowden Well Suites 
occur adjacent to each other, in the northwestern part of the Sandstone Sheet. 

Geochronology: One sample has been dated; the Mica Well Granite has an age of -2600 
Ma, but is not considered to be a good result. 
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Chemical characteristics: The Clan has a Si02 range from -69 wt% to -76 wt%. Some 
samples have slightly higher Y than other members of the Beetle Association, but 
otherwise is within the normal range for the Association. It is a low LILE, possibly high 
HFSE member of the Low-Ca group. 

Mineralised members?: None. 

Petrogenesis: As for the Low-Ca granites in general. 

Tectonic & other implications: As for the Low-Ca granites in general. 

Yarrabubba Clan 

Member Supersuites: Yarrabubba, Barlangi Rock. 

Distribution: Northwestern corner of Sandstone, a slight but distinguishable magnetic 
low, oval in shape. The Barlangi Rock granophyre and quartz monzonite is restricted to 
two small outcrops showing intrusive relationships to the Yarabubba Granite. 

Geochronology: A sample of the Yarrabubba Granite is dated at 2650 ± 15 Ma. SHRIMP 
U-Pb on zircon has produced an age of2714 ± 18 for the Barlangi Quartz Monzonite, and 
is regarded as an inheritance age. 

Chemical characteristics: The Yarrabubba Clan is very felsic, between 74 - 76 wt% Si02 
(Fig. 7). Compared to the bulk of the rest of the Beetle Association, the Clan has lower 
CaO, Sr, Pb, and higher MgO and Na20. One sample of the Yarrabubba Granite shows 
potassic alteration. The Barlangi Suite rocks have even lower Pb and CaO, and higher 
K20, the others of the Clan. It is not understood why Pb is so low for this Clan. 

Mineralised members?: None. 

Petrogenesis: As for the Low-Ca granites in general. 

Tectonic & other implications: As for the Low-Ca granites in general. 

Yeerlirie Clan 

Member Supersuites: Black Hill, Buttercup Bore, Caluyu Bore, Dummy Well, Milgoo 
Well, Munroes Well, North Alston, Satan, Wallaby Knob, Yarloo Spring, Yeerlirie. 

Distribution: Extensive clan spanning the entire north-south range of the Yeelirrie mass in 
both the western part of the northern Eastern Goldfields, and the northeastern part of the 
Southern Cross Province. 

Geochronology: Three ages are available on the Sandstone sheet. The Buttercup Bore 
Granite is dated at 2661 ± 7 Ma; the Bonza Bore Granite is dated at 2682 ± 8 Ma, with 
inheritance at 3124 ± 41 and 2908 ± 26 Ma; and the Munroes Well Granite at 2638 ± 10 
with inheritance at 3671 ± 29 Ma and -3000 Ma. In the Yeelirrie Mass (north Eastern 
Goldfields Province), one age is available (L. Black, written communication, 2000) of 
2653 Ma on the Wallaby Knob granite, Rowe Range supersuite. 
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Chemical characteristics: The Yeelirrie clan falls into the high LILE, low HFSE end of 
the Low-Ca compositional range (Fig. 5), though is clearly not as evolved as the Grant 
Duff clan of the northern Eastern Goldfields Province. The Yeelirrie clan is 
compositionally very similar to the spatially close Mars Bore clan of the Eastern 
Goldfields Province, including having the distinctive higher total Fe contents present in the 
latter. 

Mineralised memhers? None, though probably indirectly related to the Yeelirrie U in 
calcrete deposit, being the most likely source of the U (via weathering of the granites). 

Petrogenesis: As for the Low-Ca group in general. 

Tectonic & other implications: As for the Low-Ca group in general. 
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High-HFSE 
Clan 
Marda 
Courlbarloo 
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Marda Association 
Supersuite Suite 
Marda Butcher Bird, Marda Volcanics 
Courlbarloo Courlbarloo 

Mafic Westonia Association 
Suite Clan 

Deception Hill 
Supersuite 
Deception Hill . Deception Hill 

Table 4: High-HFSE and Mafic Group granites, northern Southern Cross province. 

High-HFSE group, Marda Association. northern Southern Cross 
Province 

Member clans: Courlbarloo and Marda. 

Distribution: Limited in extent, all are internal to greenstones. The Marda clan is internal 
to the Marda greenstone belt, and together with the comagmatic felsic volcanics, makes up 
an area of < 300 krn2

• The Courlbarloo clan consists of a single pluton in the Y ouanmi 
greenstone belt 

Geochronology: The Courlbarloo pluton is older than most granites in the nSCP, dated at 
2813 ± 5 Ma. This age corresponds with the age of the mafic layered intrusions of the area 
(e.g. Windamurra Intrusion). It has a primitive ENd value of 3.88, which is very different 
from any other values obtained for the nSCP (Fletcher & McNaughton, this volume). 
The Marda Clan includes granites and co magmatic felsic·volcanics, and is dated at -2730 
Ma. This is also the age of the first significant granite intrusive activity in the nSCP, being 
that of the Pigeon Rocks and Southern Cross Gneiss associations of the High-Ca group. 

Chemical characteristics: The members of the High-HFSE group have been described in 
detail by Champion & Sheraton (I 997), and Champion (1997), though additional work, 
largely as part of this AMIRAIMERIWA project, has resulted in some redefinition of the 
group. Originally only containing high silica (>74% Si02) members, the high-HFSE group 
now has a silica range greater than both the High-Ca and Low-Ca groups. The group, 
however, is still characterised by its combination of high total Fe, MgO, Ti02, HFSE, low 
to moderate LlLE, and Sr-depleted, Y -undepleted character (Fig. 8), features that readily 
distinguish the group from other granite groups in the nSCP (Figs. 8-10). 

Petrogenesis: The following discussion is from the section on High-HFSE group granites 
in the northern Eastern Goldfields Province (Champion, this volume). Champion & 
Sheraton (1997), and Champion (1997), suggested that the High-HFSE group granites 
were crustal-derived melts from an intermediate to more siliceous source, the latter 
hypothesis based on the combination of high HFSE and only low to moderate LlLE. 
While such a scenario is consistent with both the Satisfaction and Kookynie clans (nEGP), 
the presence of less siliceous granites, such as those in the Bullshead clan (nEGP), raises 
the possibility that the more siliceous end-members are actually fractionates of rocks 
similar in composition to the Bullshead clan granitoids. If the latter scenario is correct, 
then the ultimate source rocks for the granitoids of this group must have been both more 
mafic and even more LlLE-poor than originally envisaged. Such a hypothesis is also 
consistent with the, high-temperature A-type characteristics of the High-HFSE group 
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(elevated Fe, Zr, V). 

The Sr-depleted, Y-undepleted nature of the group, strongly infer generation at only 
moderate crustal pressures, i.e., <10 kbar «35 km thick). Similarly, as discussed by 
Champion & Sheraton (1997), the Sm-Nd isotope data indicate significant involvement of 
pre-existing crustal rocks in the generation of the High-HFSE granites. 

In many regards, it is evident that members of the High-HFSE group, especially the less 
siliceous ones, have a number of similarities (though not as extreme) to the tholeiitic 
fractionates in the Kathleen Valley and Sweet Nell clans (nEGP, and perhaps the 
Deception Hill clan, nSCP) of the Mafic group, e.g., elevated Fe, Zr, Y, low LILEs, 
especially K20, Rb, Sr. It is tempting, therefore, to suggest some minor involvement of 
such rocks in the history of the High-HFSE granites. 

Tectonics and other implications: The close spatial, temporal, and, at least locally, 
genetic, relationship between the High-HFSE granites and volcanics (e.g., at Kookynie
nEGP, and Marda-nSCP), indicates that these granites were intimately related to 
greenstone formation. More importantly, the geochemistry of the High-HFSE granites and 
their A-type affinities indicates emplacement in an, at least locally, extensional 
environment (as pointed out by Champion & Sheraton, 1997). The ages of these granites 
(in the nEGP), mostly 2700 to 2680 Ma, especially the latter, can be then be used to 
indicate periods of local extension. In this regard, the veracity of the 2738 Ma age on part 
of the Satisfaction Complex (Nelson, 1998) becomes important, in that it may signify 
earlier greenstone development in the northern Eastern Goldfields than currently 
envisaged. Likewise, the ages of 2730 Ma for the Butcher Bird granite (Marda complex) 
and 2735 & 2736 Ma for felsic volcanics in the Marda and Koolyanobbing areas, is 
possibly the age of upper greenstone formation in this area, and is slightly older than the 
onset of High Ca group granites in the area. 

The age of the Courlbarloo granite (2815 Ma) is probably indicative of the age of rifting 
which resulted in the emplacement of tholeiitic mafic layered intrusions in the area 
between the nSCP and nMP. 

Mafic Group, Westonia Clan, northern Southern Cross Province 

Member clan: Deception Hill. 

Distribution: Single pluton internal to the southern part of the Diemals greenstone belt. 

Geochronology: The Deception Hill Clan is the oldest dated granite in the Southern Cross 
Province, having an intrusive SHRIMP zircon age of 3023 ± 10 Ma. This would indicate 
that the Diemals greenstone, and probably other greenstone belts in the Southern Cross 
Province, are older than 3025 Ma. 

Chemical characteristics: The Mafic group as originally defined by Champion & 
Sheraton (\ 997) was, as the name suggests, comprised of granitoids with <70 wt% Si02. 

With further work (e.g. this project), the Mafic group has been expanded, and includes 
more differentiated clans such as Sweet Nell (see northern Eastern Goldfields, Champion 
& Cassidy, this volume). For a description of the characteristics of the Mafic group, the 
reader is referred to the appropriate sections in the northern Eastern Goldfields Province 
(Champion & Cassidy, this volume) and northern Murchison Province (Champion & 
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Cassidy, this volume). 

The Deception Hill granites have been classified as Mafic group granites because of their 
elevated Ni, mg# and Na20, and low Ce, K20 and Y. 

Mineralised members? None. 

Petrogenesis: The reader is referred to the appropriate sections in the northern Eastern 
Goldfields Province (Champion & Cassidy, this volume) and northern Murchison Province 
(Champion & Cassidy, this volume). 

Tectonic & other implications: Assuming the age of this granite is correct (3023 ± 10 
Ma, Nelson 1998), it provides a better upper age limit on the formation of the Diemals 
greenstone. Wang et al. (1996) and Wang et al. (1998) gave age estimates of2.9-3 Ga for 
the earlier, mafic sequences of the Lake Johnson and Gum Creek greenstone belts. Other 
possibilities are that the 3023 Ma age is actually an inheritance age (not favoured by 
Nelson, 1998), or that the granite is basement remnant to the greenstones. It is noted that 
there are greenstones of this age within the nMP (See Champion & Cassidy, this volume), 
and so, given the similarities between the two provinces, such ages should be expected in 
the SCPo 
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Clans 

Dlemals 
Gnabberdocking 
Lake Barlee 
Mondie 
Pigeon Rocks 
Suggard 
Two Mile Hill 
Yoolhapinna 
Bacon Hill 
Barcoo 
Beelle 
Bulga Downs 
Bullfrog? 
Cooliboo Bore 
Lake Seabrook 
Rainy Rocks 
Red Knob 
Rocky Dump 
Skinny Bore 
Weowanle 
Yarrabubba 
Yeerllrle 
Courlbarloo 
Decepllon Hills 
Marda 
Lamprophyre 
Unassigned 
Unnamed 
Greenslone 
Prolerozolc 

N 

Greenstone Belts (after Griffin 1990) 
GCGB = Gum Creek greenstone belt 
SGB = Sandstone greenstone belt 
BRGB = Booylgoo Range greenstone belt 
WMI = Windimurra mafic intrusion 
YMI = Youanmi mafic intrusion 
CWGB = Cook Well greenstone belt 
1GB = lIIaara greenstone belt 
EGB = Elvire greenstone belt 
DGB = Diemals greenstone belt 
MGB = Marda greenstone belt 
BGB = Bullfinch greenstone belt 
KGB = Koolyanobbing greenstone belt 

Location Map: Granitoids of the northern 
Southern Cross Belt 
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Figure 1: Northern Southern Cross Province ages histogram 
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Chapter 5. 
Granites of the northern Murchison Province: their distribution, age, 

geochemistry, petrogenesis, relationship with mineralisation, and 
implications for tectonic environment. 

David C. Champion & Kevin F. Cassidy 

Introduction 
The most comprehensive study of the granites of the Murchison Province, prior to the 
current study, has been by Watkins and co-workers, e.g., Watkins & Hickman (1990). 
These workers developed a classification scheme based on both geochemical differences 
and structural timing (Table 1). This classification had the disadvantage of lack of 
geochronological control. Accordingly, as was also the case in the Eastern Goldfields 
Province, later geochronology clearly showed that relative ages deduced from structural 
history to be flawed, e.g., the Post-folding suites were mostly older than the external 
recrystallised granites. Later workers either concentrated on small regions or were 
focussed on geochronology, e.g., L. Wang et al. (1993, 1995), Wiedenbeck & Watkins 
(1993), Q. Wang (written commun, 1998), Schiotte & Campbell (1996), Mueller et al. 
(1996), Yeats et al. (1996). These workers largely followed the classification scheme of 
Watkins and co-workers, though L. Wang et al. (1993, 1995) modified the Watkins & 
Hickman scheme slightly, largely in name only and ignoring the gneisses (Table 1). 

Pegmatite-banded gneiss 
• mixtures of granodiorite, monzogranite, pegmatite 
• thought to be older than other granites 
• most abundant to west, enclaves only in the east 
• mUltiple deformations & generations 

Recrystallised Monzogranite (Suite 1- monzogranite-granodiorite suite of Wang et al) 
• Most voluminous group 
• Mostly external 
• multiply deformed & recrystallised 
• conunon gneiss inclusions and other xenoliths 

Post-Folding Suite 1 (Suite 2 - trondhjemite-tonalite suite) 
• Sub-circular to oval, tonalite, granodiorite, trondhjemite, monzogranite & syenogranite 
• mostly internal or marginal; none wholly external 
• discordant relationships with greenstones 
• mostly in northeast part of Murchison Province 

Post-Folding Suite 2 (suite 3 - monzogranite-syenogranite suite) 
• Sub-circular to oval, quartz-rich monzogranite & syenogranite 
• mostly internal or marginal; none wholly external 
• discordant relationships with greenstones 
• mostly in southwest part of Murchison Province 
• higher LILE & HFSE contents, e.g., higher K20, Rb, Y, relative to Suite I 

Table I. Granite classification scheme of Watkins & Hickman (1990). Modified 
classification ofL. Wang et al. (1993, 1995) also shown, in parentheses. 

More recent work (the current AMlRA P482 study), covering the whole of the northern 
Murchison Province, has followed the approach of Champion & Sheraton (1993,1997) and 
subdivided the granites on the basis of chemistry and petrology, largely ignoring structural 
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characteristics. Importantly, the granite groups identified by Champion & Sheraton (1993, 
1997) were found to be applicable across the Yilgarn and have been used in the northern 
Murchison Province, along with the detailed subdivision introduced in the current work, 
e.g., Association, Supersuite. 

The new classification has resulted in the identification of 28 clans within the five groups 
and the two provinces (Tables 2, 6, 7, 8,9). This current work has been greatly assisted by 
the growing database of SHRIMP V-Pb geochronology, e.g., L. Wang et al. (1993, 1995), 
Wiedenbeck & Watkins (1993), Q. Wang (written comrnun, 1998), Schiotte & Campbell 
(1996), Muelleret al. (1996), Yeats et al. (1996), AMIRA P482. Some 58 ages have now 
been determined for granites of the Murchison Province (44 for the northern Murchison; 
see Tables 3, 4), complemented by another 22 for supracrustal and volcanic rocks from the 
greenstones (Table 4), and many ages from the gneiss terranes (Table 5). The combination 
of granite geochemistry and petrogenesis, with the geochronological data, is not only 
providing an overall framework for the region, but also insights into the finer detail, now 
emerging from the larger data sets (Table 2). 

This chapter systematically lists and details all groups, associations and clans of the 
northern Murchison Province, and the westernmost part of the Southern Cross Province, 
i.e., Byro, Belele, Murgoo, Cue, Yalgoo, Kirkalocka and northern halves of Perenjori and 
Ninghan 1:250 000 sheets (collectively referred to as the northern Murchison). This region 
also includes a significant part of the Western Gneiss Terrane (WGT) - the latter does not 
form part of the current study and, apart from geochronology, is not discussed in any 
detail. The distribution of rocks ofthe WGT are shown on the accompanying map (on CD 
& Fig. I), split into a number of units, based on magnetic signature in the gneiss provinces 
proper, pendants of gneiss within the MP, but also including later granites intrusive into the 
WGT. Chemical analyses are available for a small number of the younger (i.e., non
gneissic) intrusives into the WGT; these have been classified into granite group, clan etc., 
and treated as belonging to the Murchison Province. 

A standard format is used for all entries, covering distribution, geochronology, chemical 
characteristics, related mineralisation (if any), and including a brief summary on 
petrogenesis and tectonic implications. The latter should be considered speculative, given 
the difficulties of assigning tectonic environment from granites alone, and the uncertain 
nature of plate tectonics in the Archaean. Similarly, the petrogenesis of the granites and 
their interpreted source rocks are treated in a simplified manner, mostly assuming a one- or 
two-component source, thereby facilitating a more coherent and more easily understood 
comparison between clans and groups etc. 

Descriptions of granite group and clan distributions in the northern Murchison are based on 
1:250000 subdivisions, with the terms northeast (NE), north-central (NC), northwest 
(NW), southeast (SE), south-central (SC), southwest (SW) basically corresponding to the 
I: I 00000 sheet areas within the 1 :250000 sheets. The boundary between the Murchison 
Province and the Southern Cross Province, along the eastern margin of the northern 
Murchison region is shown in Figure I, taken from the geophysical interpretation of 
Whitaker (this volume). For the detailed distribution of associations and clans, the reader is 
referred to the accompanying 1:500000 and smaller scale maps (on CD); the distribution 
of the granite groups is shown on Fig. 1. 

The following section describes clans under the respective granite group, with the 
individual clan descriptions following a more detailed description of the whole group. All 
five groups are discussed first as a whole - this effectively providing an overall summary 
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of the granites of the northern Murchison. 

Granite groups of the northern Murchison 

Member groups: High-Ca (Mainland & Diemals associations), Low-Ca (Goolthan & 
Beetle associations), Mafic (Gem of Cue association), High-HFSE (Damperwah 
association), Syenitic group (Udagalia association) 

Distribution: The distribution of granites groups within the northern Murchison is shown 
in Figure 1, from which a number of features are evident: 
• both the High-Ca and Low-Ca groups make up the bulk of the granites, occurring 

across the region. This includes representatives in the Southern Cross Province (Fig. 
I). Members of both groups are commonly spatially associated, there are no obvious 
zones where only one group dominates, contrary to the situation for the northern 
Eastern Goldfields. 

• the High-Ca group granites comprise the largest granite group within the northern 
Murchison, representing up to and greater than 60% of the total granites (Fig. 1), 
within both the internal and external granites. Eleven clans have been recognised in 
the northern Murchison Province, and 2 small clans in the western Southern Cross 
Province (Table 6). 

• the Low-Ca group, the second most dominant granite group within the northern 
Murchison, represents up to 15 to 20% of total granites (Fig. I). The group has a 
widespread occurrence across the northern Murchison, ranging from large plutons to 
numerous small pods and dykes into older granites. Eight clans have been recognised 
in the northern Murchison Province, and one small clan in the western Southern Cross 
Province (Table 7). 

• the High-HFSE group is sparsely «10%), but widely distributed. Members of the 
group are very commonly spatially associated with greenstones, either internal or 
marginal (Fig. 1). Unlike the Eastern Goldfields Province, there is no indication that 
the group is spatially localised, although it is evident that many of the High-HFSE units 
are concentrated within the north-western half of the northern Murchison region (Fig. 
I). No High-HFSE group granites occur within the Southern Cross Province in the 
northern Murchison region. 

• the Mafic group, is also sparse « 10%), but distributed across the Murchison Province. 
Members of the group are almost solely confmed to within or marginal to the 
greenstones, with the exception of one unit that occurs as a pendant or pod within an 
external Low-Ca granite (NW Kirkalocka). No Mafic group granites occur within the 
Southern Cross Province in the northern Murchison region. 

• the Syenitic group is largely absent from the northern Murchison region, with one 
recorded unit occurring as a dyke within a High-Ca granite (NC Y algoo). No Syenitic 
group granites occur within the Southern Cross Province in the northern Murchison 
regIOn. 

Geochronology: Over 44 ages are now available for the granites of the northern 
Murchison (Tables 3, 4, 5), with the following observations (summarised in Table 2): 
• There is a large spread of ages, spanning 2600 Ma to 3010 Ma, in total, with 

identifiable groups at 2600-2765 Ma, 2780-2820 Ma, 2920-2960 Ma, and 3000-3015 
Ma. Younger ages «2765 Ma) form a number of broad peaks at 2620-2660 Ma, 2665-
2705 Ma, 2710-2720 Ma, 2725-2765 Ma, with largest peaks at ca. 2625,2680,2700, 
2720, and 2750 Ma. Given the large spread in data and the relatively small sample set 
the full significance of these latter sub-groups is not clear, i.e., further dating may alter 
the current interpretation. 
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• Granite ages within the Southern Cross Province further to the east clearly show 
similar age groupings to the Murchison Province, with most magmatism at 2630-2740 
Ma, and older groups at 2780-2825 Ma, and 2900-3020 Ma. In both the Murchison 
Province and Southern Cross Province there is no apparent large peak, in granite ages, 
unlike that seen for the Eastern Goldfields Province. Notably, the period 2670 to 2660 
Ma, a time of voluminous magmatism in the Eastern Goldfields Province, appears to be 
largely unrepresented in the Murchison Province (and Southern Cross Province). This 
gap is even evident within younger granites intrusive into the Narryer Terrane (Table 
5). 

• The High-Ca granites span the entire age range, although most are greater than 2670 
Ma (Tables 3-4). This contrasts with the situation for the Eastern Goldfields Province, 
where the majority have ages between 2680 and 2660 Ma, i.e., High-Ca (and other), 
magmatism was largely absent in the Murchison Province (and Southern Cross 
Province), during the period of most voluminous High-Ca (and Mafic) magmatism in 
the Eastern Goldfields Province. The geochronology data indicate that all dated 
intrusive magmatism within the Murchison Province prior to ca. 2670 Ma was High-Ca 
in origin. This, however, probably reflects bias in the data set rather than the true 
picture. For example, felsic volcanic rocks within the Luke Creek group, i.e., >2930 
Ma, appear to have chemistry (Watkins & Hickman, 1990), similar to members of the 
High-HFSE group. 

• the Low-Ca granites, in the Murchison Province, lie between 2654 and 2626 Ma, with 
one outlier at 2676 Ma. This is largely similar to that observed for the Low-Ca granites 
within the Eastern Goldfields Province (2660 to 2630 Ma). This range is very similar to 
that observed for the Low-Ca granites within the Southern Cross and Eastern 
Goldfields provinces (2660 to 2630 Ma), providing good evidence that Low-Ca 
magmatism, unlike the High-Ca magmatism, was largely synchronous across both 
provinces (and the Southern Cross Province), though as noted elsewhere (Champion & 
Cassidy, this volume), the Eastern Goldfields Province appears to lack significant 
Low-Ca magmatism of2.64-2.63 Ga and younger. Further geochronology will help 
clarify whether these differences are indeed real or just artefacts ofthe limited data to 
date. 

• the Mafic granites in the northern Murchison, have ages indicating two periods of 
magmatism, at ca. 2715 Ma (Gem of Cue, Britania clans), and 2747-2760 Ma (Gem of 
Cue, Britania, Norie clans), with a possible outlier at 2788 ± 32 Ma (tentatively 
identified as Mafic group), but within error of the older sub-group. Even older Mafic 
group granites (ca. 2800 and 3020 Ma) are known from the Southern Cross Province 
(Budd & Champion, this volume); it is expected that similarly-old Mafic granites also 
exist in the Murchison Province. 

• the High-HFSE group granites of the northern Murchison, like the Mafic group 
granites, also fall into two temporal periods, with the older Nannine clan at ca. 2745-
2750 Ma, and the Damperwah clan at 2640 Ma or younger. Similar granites within the 
southern Murchison Province have ages less than 2640 Ma (Tables 3, 4). Like the 
Mafic group, it is highly likely that older (>2780 Ma) High-HFSE granites exist within 
the Murchison Province, particularly when it is noted that 2930 Ma and older felsic 
volcanic rocks, with similar chemistry to the High-HFSE group, are found within the 
Luke Creek group (Watkins & Hickman, 1990). 

• the Syenitic group which forms a very minor component within the Murchison 
Province, has not been dated. 

• like the case for the Eastern Goldfields Province, there is a change from largely High
Ca magmatism to dominantly Low-Ca within the Murchison Province. In the former 
this occurs at around 2655 Ma; a similar period appears to be evident in the Murchison 
Province, though High-Ca granites are largely absent after 2670 Ma. 
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o Greenstone ages are largely similar to the granites, though are confined to 2703 Ma and 
older (Table 4). As noted by Schiotte & Campbell (1996), the available data indicate 
good evidence for three periods of greenstone formation, i.e., 2700-2750 Ma (Mt . 
Farmer group), ca. 2780-2820 Ma (upper part of Luke Cre.ek group), and 2930-3010 
Ma (Luke Creek Group) (Table 4), not the two periods envisaged by Watkins & 
Hickman (1990). The data also suggest the possibility that the 2930-3010 Ma period 
may be actually comprised of2 discrete periods, 2930-2965 Ma and 3000-3010 Ma. 

o Inherited zircon ages also closely follow granite and greenstone ages as may be 
expected. Most notably, however, there appears to be no evidence for old inherited 
zircon (>3100 Ma) that may be expected ifWGT-type crust was being reactivated 
(compare Tables 3 & 4 with 5). This result is consistent with the Sm-Nd isotopic data 
(Fletcher & McNaughton, this volume), and with the suggestion of Nutman et al. 
(1993) that the Narryer Terrane was thrust over the Murchison Province. 

o There is abundant evidence for younger events «3100 Ma), within the WGT, that 
match those seen within the Murchison Province, especially less than 2750 Ma (Table 
5). There are a couple of 2800 Ma ages (inherited) that may correspond with a similar 
event within the Murchison Province. The commonality of age data are, perhaps, best 
interpreted to indicate collision between the Murchison Province and Narryer at 
sometime between 2750 & 2810 Ma. Notably, Nutman et al. (1993) reached similar 
conclusions. They further suggested, however, that the pre-3300 Ma rocks of the 
Narryer complex were confined to the eastern part of the gneiss complex, and that 
these older gneisses formed an allochthonous terrane overthrust onto pre-existing 3000-
2920 Ma gneisses (and also greenstone age), at ca. 2750 Ma. 

o Notably there also appears to be a dearth of older ages within the southwest gneiss 
terrane (SWGT; Table 5), with almost all ages (magmatic and inherited), 2800 Ma or 
younger. The presence of 2800 Ma inherited zircons may suggest docking had 
occurred before this time. The lack of ages between 2680 and 2800 Ma, however, may 
suggest commonality wasn't achieved until around 2680 or before. The SWGT 
certainly lacks the 2680-2750 Ma ages evident in both the Murchison Province and the 
Narryer (and also in the Southern Cross and Eastern Goldfields provinces), though this 
could reflect resetting of zircon core ages as suggested by Nemchin & Pidgeon 
(1997a). 

The general sequence with relationship to greenstones and granite groups is summarised in 
Table 2, and discussed in more detail by Champion et al. (this volume). 

Chemical characteristics: The geochemistry of the granite groups is discussed in detail 
under the relevant groups in the following sections. A number of broad generalisations can 
be made concerning possible trends: 
o. the High-Ca, High-HFSE and Mafic groups exhibit a marked range in the LILE and 

some of the HFSE. Similar, but smaller ranges in the LILE are evident in the Low-Ca 
group. The available geochronological data indicates that while there is a trend of 
increasing LILE contents with decreasing ages for the High-HFSE group (Nannine to 
Damperwah clan), this does not appear to be the case for the Mafic or High-Ca groups, 
with high LILE clans as old as 2760 Ma. The data is too limited to make any 
comments on trends within older magmatism (>2760 Ma). 

o the younger magmatism, post 2655 Ma, is markedly more potassic and LILE enriched, 
reflecting the change to Low-Ca and high LILE High-HFSE group magmatism. 

o there are no significant chemical differences between the High-Ca groups in the 
Murchison Province/Southern Cross Province and Eastern Goldfields Province, with 
the possible exception of the Eily Eily clan (Murchison Province). The latter differs in 
two main aspects: first, the clan trends to relati vely high LILE and HFSE contents, in 
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part overlapping with the Low-Ca group; and second, the clan is characterised by its 
generally Sr-depleted nature (i.e., minor to significant negative Eu anomalies). The 
Union Jack clan of the High-Ca group, Eastern Goldfields Province, does share some 
characteristics with the Eily Eily clan, but does not reach the more extreme 
compositions shown in the latter. 

• there are no significant chemical differences between the Low-Ca groups in the 
Murchison Province/Southern Cross Province and Eastern Goldfields Province. 
Clearly the process that produced such widespread magmatism must have been very 
similar across the entire Yilgarn craton. 

• the young (high LILE) Damperwah clan of the High-HFSE group appears to have no 
chemical equivalents within the Eastern Goldfields Province. It is notable that in the 
latter province the younger magmatism accompanying the Low-Ca group is Syenitic - a 
group that appears to be largely absent within the Murchison and Southern Cross 
provinces. Similarly, the high-Mg Norie clan of the Mafic group, appears to have no 
recorded equivalents within the Eastern Goldfields Province. 

• Sm-Nd data suggest a number of competing trends, based largely on geographic 
position. Most of the Murchison Province High-Ca granites have relatively unevolved 
Nd signatures, with ENd between +1.4 and -1.7. These values are clearly distinct from 
the Low-Ca group granites (-3.4 to -4.5), notably even for the Eily Eily clan (which 
chemically overlaps with clans of the Low-Ca group), i.e., the two groups were derived 
from isotopically distinct sources, (data from Fletcher & McNaughton, this volume; 
Nutman et aI., 1993; Fletcher et aI., 1994; Watkins & Hickman, 1990). Uncommon, 
more evolved values (i.e., more negative), occur in some of the High-Ca granites 
within the Narryer Gneiss Terrane, and, importantly, also to the east of the gneiss 
terrane in older gneisses and pendants within the Murchison Province (Nulman et aI., 
1993; Watkins & Hickman, 1990); such isotopic signatures clearly reflect the 
involvement of older crust. The available Sm-Nd isotopic data for the High-HFSE 
group indicate a narrow range in ENd (-3.7 to -4.7), that overlaps completely with the 
Low-Ca granites, but are clearly more evolved (more negative), than High-Ca, and 
Mafic group granites (Fletcher & McNaughton, this volume). Champion & Sheraton 
(1997) reported similar relationships between the granite groups in the Eastern 
Goldfields Province. 

Mineralised members: Examples from the Murchison Province of granitoids hosting 
gold mineralisation or closely spatially associated, are apparently confined to granites of 
the High-Ca and Mafic groups. Examples of granitoids directly hosting significant gold 
mineralisation are rare in the Murchison Province, though a number hosting 'minor' gold 
mineralisation (typically in quartz veins and/or shears) are known, e.g., deposits in the 
Gem of Cue granite around Cue, in the Lady Lydia granite at Noongal, in the Gold Bay 
and Britania granites south of Mt Magnet. One of the largest deposits in the region, Big 
Bell, is closely spatially associated with a High-Ca granite, though the main zone of 
mineralisation appears to be located within the greenstones (Mueller et aI., 1996). 

It is apparent from descriptions in Watkins & Hickman (I990), that feldspar porphyry sills 
and dykes are a common lithology found within Au deposits of the Murchison Province, 
though most appear to be spatially associated rather than hosting mineralisation e.g., in Hill 
50 and other deposits around Mt Magnet (Watkins & Hickman, 1990). These porphyries 
would also appear to belong to either the Mafic or High-Ca groups. Perhaps the best 
documented porphyries associated with gold mineralisation are those in the Meekatharra -
Paddys flat mining camp region (see Watkins & Hickman, 1990). 
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3800 - 4100 Ma 

3600-3730Ma 

3440-3500 Ma 

3380-3350 Ma 

3290-3315 Ma 

3119? Ma 

ca. 3010-3000 Ma 
t 
I 

continuous? 
t 

2965-2920 Ma 

>2810-2750 Ma 

2815-2780Ma 

2760-2745 Ma 

2750-2700 Ma 

2745-2725 Ma 

2725-2710 Ma 

2700-2665 Ma 

2655-2620 Ma 

2650-2640 Ma 

5.7 

inherited zircons- Narryer Gneiss Terrane (e.g., Froude et aI., 1983) 

Narryer Gneiss Terrane, e.g., Meeberrie gneiss 

Narryer Gneiss Terrane, e.g., Eurada gneiss 

Narryer Gneiss Terrane, e.g., Dugel gneiss 

Narryer Gneiss Terrane, e.g., unnamed gneisses 
Pendants of gneiss, e.g., Murgoo gneiss, within the western Murchison 
Province - related to Narryer Gneiss Terrane? 

Narryer Gneiss Terrane, e.g., unnamed gneisses 

greenstones (and komatiite?), of Luke Creek group, High-Ca group 
Mafic and High-HFSE groups? 

Narryer Gneiss Terrane - magmatism of this age appears to be absent 

greenstones (and komatiite?), of Luke Creek group, High-Ca group 
granites and gneisses, Mafic and High-HFSE groups? 

Narryer Gneiss Terrane overthrust over Murchison Province? 

greenstones (upper part of Luke Creek group), High-Cagroup, rift
related? layered mafic intrusive complex.es along Southern Cross 
ProvincelMurchison Province boundary, Mafic and High-HFSE 
groups? 

High-HFSE (Nannine clan), Mafic and High-Ca groups 

greenstones, including komatiite, of the Mount Farmer group 

High-Ca group 

High-Ca and Mafic (Gem of Cue, Britania clans) groups 

common High-Ca magmatism, very minor Low-Ca group 
magmatism? 

Low Ca and High-HFSE (Damperwah clan) group magmatism. 

Granulite metamorphism - Southwest Gneiss Terrane 

Table 2. Tectonothermal history for the northern Murchison Province (and western 
Southern Cross Province). Narryer Gneiss Terrane data largely from Nutman et al. (1993); 
sources for other age data given in Tables 3, 4, 5. 
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Sampno Unil Supersuite Clsn Map Age inheritance Ref Com 
Hlgh-Ca 
74459 Eily Eily Eily Eily Eily Eily Cue 2681 .6 2831 ±l5 7 OK? 
91966186 Eily Eily Eily Eily Eily Eily Cue 2678.5 2778 ±20 2 OK 
91966187 Dixie WeU Eily Eily Eily Eily Cue 2670 ±6 2697.25; 2724 ±14 2 OK 
91966188 Dorothy Eily Eily Eily Eily Cue 2680 ±5 2797±24; 2913 ±16 2 OK 
92966263 dyke in Dorolhy Eily Eily Eily Eily Cue 2741 to 2935 2 ? 
92966261 Bookine Bookine Eily Eily Kirka 2655.102707±12 2 OK 
99969 I 64A Courin Hill Cuurin Hill Eily Eily? Yalgoo 2742 ±6 5 OK 
99964016C MtMulgine MtMulgine Eily Eily? PereD 2756 ±20 4 OK 
93-978 unnamed porphyry unnamed Kyle Kyle? Belele 2718.10 3 OK? 
93-979 urmamed porphyry unnamed Kyle Kyle? Belele 2727.10 3 OK? 
89-438 Big Bell Mainland? Mainland Cue 2737.4 -2800-2900 17 OK 
91966158 ClarryBore Mainland Mainland Cue 2700 ±7 2741 ±15 17 OK 
93-969 Buttercup Mainland? Mainland Cue 2666.4 3 OK? 
93-981 Taincrow Main1and Mainland Cue 2612.10 3 ?1 
91966190 Wardatharra Wardatharra Mainland Kirka 2694 ±7 2730.26 2 OK 
93-967 altered Meehan? unassigned Mainland Cue 2684.5 3 OK? 
83339 Badja gneiss Badja Uanna Yalgoo 2920 ±12 7 ? 
91966189 Gold Bay Gold Bay Uanna? Kirka 2696.5 2730 ±12; 2741 .28 2 OK 
99969192A Mangatah Younga? Wardiacca Kirka 2686.5 5 OK 
83481 Dam Hill Wardiacca Wardiacca Kirka 2704 ±50 2811 ±8 7 ? 
92966259 Nannowtharra Wardiacca? Wardiacca Kirka 2710 ±IO 2958±10 2 OK 
92-265 Wheel of Fortune Wheel Fort. Wheel Fort. Cue 2702.6 2725; 2789; 2943 2 OK 
99964100 Basin Lady Lydia Wheel Fort. Yalgoo 2743 ±4 4 OK 
RE8 Pearce Well unassigned unassigned Cue 2710 .10 8 OK? 
RE80 Triton unassigned unassigned Cue 2785 .8 8 OK? 
Hlgb-HFSE 
83407 DamperWah Damperwah Damperwah Yalgoo 2641 .5 2863.8 7 OK? 
83551 Koolanooka Koolanooka Damperwah Yalgoo 2602 '16 7 ? 
99967141 Keygo Keygo Nannine Cue 2745 5 OK 
93-989 Eelya Nannine Nannine Cue 2752.4 3 OK 
93-990 Eelya Nannine Nannine Cue 2753 '4 3 OK 
93-991 Eelya Nannine Nannine Cue 2746 ±5 3 OK 
Low-Ca 
92966258 . unnamed dyke Edah Edah Kirka 2640 '102798-2810 2 OK 
99964003 Goolthan Goolthan Goolthan Goolthan Yalgoo 2626.6 5 OK 
93-982 Jungar Jungar Myagar? Cue 2676.7 3 OK? 
92966366 altered Coodardy? Bocadeera? Nakedah? Cue 2627.8 2670.34 17 OK? 
Mane 
99969142 Triangle Triangle Britania Yalgoo 2747.3 5 OK 
91966153 Beitania Britania Britania Kirka 2716.4 2 OK 
92966278 Milky Way Milky Way Gem of Cue Kirka 2715 ±7 2932.21 2 OK 
92966283 dyke in Boomer pit Milky Way Gem of Cue Kirka 2752.5 2931.9 2 OK 
W378 Gem of Cue Gem of Cue Gem of Cue Cue 2759. 4 19" OK? 
PFG-I Norie Norie Norie Belele 2760.8 7 OK? 
SGIII Reedy Reedy Norie Cue 2752 ±l0 8 OK? 
8G122 Reedy Reedy Norie Cue 2751 ±6 8 OK? 
87-322 unnamed dyke 2788.32 -3000? 7 ? 
Unassigned 
91966185 LREE-poor dykes LREE-poor unassigned Cue 2657.9 2 ? 
Unassigned lale granites flanking Narry_r gneiss complex 
88-179 grt intruding gneiss 2643 ±5 18 OK? 
88-189 grt intruding gneiss 2679.2 18 1? 
88-192 grt intruding gneiss 2685.6 18 11 
88-195 grt intruding gneiss 2620 18 ?? 
89-457 grt intruding gneiss, Pindaring Rock? 2753 '10-2920 18 11 
105015 No 7 Bore grt dyke 2666 ±6 2730 ±22 II OK 
105017 No 8 Boregrt 2680.3 -2965 II OK 

Table 3. Geochronological data for the granite groups of the northern Murchison region; all ages (in Ma) are SHRIMP 
zircon ages, except those with an asterisk which are conventional U-Pb zircon ages. Data sources: 1 - Q. Wang et a1. 
(1998); 2 - Schiotte & Campbell (1996); 3 - Q. Wang (ANU)- unpublished dala; 4 - Oliver (BSc Hons, 1999); 5 -
AMIRA P482; 6 - Yeats el aI. (1996); 7 - Weidenbeck & Watkins (1993); 8 - L. Wang et aI. (1995); 9 - Pidgeon & Wilde 
(1990); 10 - Pidgeon el aI. (1990); II - Nelson (1996); 12 - Nelson (1997); 13 - Kinny el aI. (1990); 14 - Nemchin el aI. 
(1994); 15 - Nemchin & Pidgeon (I 997b); 16 - Pidgeon et aI. (1996); 17 - MueUer el aI. (1996); 18 - Nutman et aI. (1991, 
1993); 19 - Pidgeon & Hallberg (2000); 20 - Pidgeon (1992); 21 - Pidgeon & Wilde (1998). Com = commenls and refers 
10 the interpreled reliability of the age. 
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Sampoo Unit Map Age IoherllaDce ReC Com 
Supracrustal 
92-272 Galtee Moore Chert 2798 ±8 2949 ±II 2 MAX 
92-382 Windaning Fm sandstone Ninghan 2809 ±5 2945 ±7 I OK 
93-1010 Warramboo Chert 2810 ±19 2 MAX 
93-970"" Gabanintha Fm? 2749 ±7 3 MAX 
93-971"" Gabanintha Fm? 2731 ±5 3 MAX 
93-974"" Windaning Fm? 2785 ±30 3 MAX 
IIN97 Supracrustal 2934 ±6 6 MAX 
OR77 Supracrustal 2929 ±3 2942-2963? 6 MAX 
Volcanic 
92-385 Scuddles Unit rhyodacite Ninghan 2945 ±4 OK 
92-388 Golden Grove rhyolite Ninghan 2960 ±6 OK 
92-386 Gossan Valley Wlit rhyolite Ninghan 2953 ±7 I OK 
92-266 Mt Farmer group 2703 ± 10 2805 ± 10 2 OK 
92966269 Morning Star 2739 ±1I2762 ±I9? 2 OK 
93-976"" Windaning Fm? 2815 ±7 3 OK? 
93-977"" Windaning Fm? 2780 ±II 3 OK? 
93-986"" Gabanintha Fm? 2747 ±6 3 OK? 
94-117 Morning Star 2727 ±6 2 OK 
WII6 TaUering greenstone belt 2935 ±2 9" OK 
W50 Weld Range greenstone belt -3010 9" ?1 
W56 Koolanooka Hills -3000 9" 11 
W78 Twin Peaks greenstone belt 3003 ±10 9' ?1 
W90 Golden Grove greenstone belt 2938 ±10 9" OK 
W296 Dalgaranga belt felsic tuff 2745 ± 4 19" OK? 
W297 Dalgaranga belt felsic tuff 2746 ±8 3034 ± 8 19 OK? 
W308 Dalgaranga belt felsic tuff 2749 ±2 19" OK? 
W310 Dalgaranga belt felsic tuff 2743 ±4 19' OK? 
W369 Cue area fe1sic tuff 2716 ±4 19" ? 
W372/373 Cue area felsic tuff 2761 ± I 19" OK 
W379 Cue area felsic tufT -2900 19 OK 
W360 Gabbro sill, Dalgaranga area 2719 ± 6 19 OK 

Southern Murchison Province 
HIgh-C. 
99967049A Goddard Quarry 2790 ±IO 5 ? 
99967082C Dookaling gneiss 2940 ±5 5 OK 
99969093B Moora - Agg gneiss 3007 ±3 5 OK 
99969066 Moora - fol. Mzg 2680-2780, >3100 5 OK 
GWE Western Grt 2935 ±3 6 OK? 
W7 Moonagarrin gneiss 2800 ±9 2997 ±47 10 OK? 
Hlgh-HFSE? 
GNE Northeast Grt 2623 ±7 6 OK 
99969049 Bencubbin Hb-Bt grt 2640 ±5 5 OK 
Low-C. 
99967055 Bencuhbin grt 2637 ±IO 5 OK 
99967066 Nambangrt 2646 ±5 5 OK 
99969063 Moora - Aln-Ttn mzg 2630 ±6 5 OK 
99969096 Moora - Hb-Bt grd 2639 ±6 5 OK 
GIN Post-tectonic grt 2627 ±3 2682?, 2770? 6 ?? 
W6 Wongan Hills grt 2654 ±4 2833 ±2" 10 OK? 

Table 4. Geochronological data for the supracrustal rocks and volcanics of the Murchison region, and the granites of the 
southern Murchison Province; all ages (in Ma) are SlffiIMP zircon ages, except those with an asterisk which are 
conventional U-Pb zircon ages. Data sources as for Table 3. Com = comments and refers to the interpreted reliability of 
the age; MAX = maximum age for the sedimentary WIit. 
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Sampoo Unlt Group Age inheritance Ref Com 
Narryer Gneiss Terrane 
105002 Cargarrn Well '?xeno 2994 ±6 3313 t15, 3502 ±3 11 OK 
105005 Bluebush Well gneiss 2735 .9 11 OK 
105007 Churla Well gneiss 2636 ±4 3000-3200; >4000 12 OK? 
105009 Duffles Well ?xeno 3495 ±3 11 OK 
105010 Duffies Well gneiss 3487 ±3 11 OK 
105011 Sharpe Bore grt 3312±3 3484 ±6 11 OK 
105012 Sharpe Bore grt 3479 ±4 11 OK 
105014 NooDie Hill gneiss 3489 ±3 3587 ±2 11 OK 
88-168 eastern Narryer gneiss and/or grt 3298 ±6 18 ?? 
88-173 Meeberrie gneiss, eastern Narryer 3731 .4 18 OK? 
88-175 Eurada gneiss, eastern Narryer 3439 ±3 3490 18 OK 
88-176 Eurada gneiss, eastern Narryer 3466.4 3055-metam? 18 OK?? 
88-180 eastern Narryer gneiss and/or grt 3302.9 3730 18 OK? 
88-181 eastern Narryer gneiss 3119.21 18 11 
88-191 Meeherrie gneiss, eastern Narryer 3597 >7 18 ?7 
88-197 Eurada gneiss, eastern Narryer 3489 ±6 13 OK 
88-198 gneiss 3462 .6 13 11 
88-199 gneiss 3289 ±11 >3670 13 1? 
88-200 gneiss 2950 13 1? 
89-456 Meeberrie gneiss, eastern Narryer 3626.10-3740 18 11 
84-81 Meeberrie gneiss, eastern Narryer 3662 ±8 18 ?? 
84-82 Meeberrie gneiss, eastern Narryer 3633 i8 18 1? 
84-83 Eurada gneiss, eastern Narryer 3483 ±4 18 11 
84-96 eastern Narryer gneiss 3302 ±6 18 11 
88-26 Meeberrie gneiss. eastern Narryer 3600 ±9 18 11 
88-27 Meeberrie gneiss, eastern Narryer 3623 ±7 18 11 
77218 Duge1 gneiss 3375 .26 18 OK? 
W61 porph granite gneiss, Meeberrie? 3290.20 21 OK?? 
W29 tonaJitic gneiss, Meeberrie? 3608.22 21 OK?? 
W35 granodioritic gneiss, Meeberrie? -3516 .32 21 OK?? 

Late granlles withIn the Narryer Gneiss Terrane 
84-97 eastern Narryer late grt 2638 ±11-2680, -2920 18 ?? 
88-170 eastern Narryer late grt? 2620 ±l2 13 OK 
88-178 eastern Narryer late grt? 2679.5 13 ?? 
88-182 eastern Narryer late grt 2748 '12-3050 18 ?? 
88-186 eastern Narryer late grt 2672 ±2 -3300 18 ?? 
88-187b eastern Narryer late grt 2656.2 18 ?? 
88-188 eastern Narryer late grt 2654.2 -3600 18 ?? 
88-193 eastern Narryer late grt? 2673 ±30 13 ?? 
88-196 eastern Narryer late grt 2648.2 -3600 18 ?? 
105001 Hungry Well mzg 2683.4 11 ?? 
105004 Balla Rock mzg 2638 ±6 11 OK 
W34 monzogranite dyke Low-Ca 2660.20 20 OK 
W62 monzogranite Low-Ca 2654 ±7 21 OK 

Narryer Gneiss Terrane pendants within Murchison Province 
88-166 migmatite, Murgoo gneiss, flanking Narryer 2727 ±8 3286±13 18 ?? 
88-169 Murgoo gneiss, flanking Narryer 3005.6 18 ?1 
88-171 Murgoo gneiss, flanking Narryer 2918 ±6 18 OK? 
91-615 Murgoo gneiss, flanking Narryer 2994.9 18 OK 
105016 No 8 Bore gneiss ?xeno 2717.452995; 3236 11 OK? 
105018A No 8 Bore gneiss, 2689 ±17 2723 ±10; >3800 12 OK?? 

Table 5. Geochronological data for granites, gneisses and granulites from the gneiss terranes; all ages (in Ma) are 
SHRIMP zircon ages, except those with an asterisk which are conventional U-Pb zircon ages. Data sources as for Table 
3. Com = comments and refers to the interpreted reliability of the age. 
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Sampoo Unit Group Age Inberltance Ref Com 
Mafic granulite - Southwest Gneiss Terrane 
Wl7 Griffm' Find 2640 ±I 14· OK 
W22 Jinka, Hill 2641 is 279816 14· OK 
Wl29 Corrigin 2643 ±4 14· OK 
Wl78 MtDick 264916 14· OK 
W236 MtDick 2643 15 14· OK 
W306 Althorpe Peaks 264814 14· OK 

Gneiss - Southwest Gneiss Terrane 
W323 Canning Dam grt -2640 266517 15 ?1 
W330 Statham, Quarry grt 262918 2662 is 15 ?1 
W332 Statham, Quarry-2 grt 262616 2659 15; 2680 ±3; 15 ?1 
W382 York South grt 263813 266814 15 ?1 
W390 WilJiams East aplite 264814 266514; 2801112 15 11 
W393 Northam West aplite 2633 18 266317 15 11 
W395 Katrine syenite gneiss 2654 is -3250 16 OK 
W427 Logue Brook grt 2613 .8 268018 15 11 

Table 5 (continued). Geochronological data for granites, gneisses and granulites from the gneiss terranes; all ages (in Ma) 
are SHRIMP zircon ages, except those with an asterisk which are conventional U-Ph zircon ages. Data sources as for 
Table 3. Com = comments and refers to the interpreted reliability of the age. 

Other mineralisation asssociated with granites includes Mo and W, best seen at Mt 
Mulgine where it is associated with the High-Ca Mt Mulgine granite (Oliver, 1999), and 
Be and/or Sn-Ta mineralisation associated with pegmatites, the latter most probably related 
to the Low-Ca group. These pegmatites, as described by Watkins & Hickman (1990), 
occur both within greenstones, e.g., Rothsay, Dalgaranga, Poona or within Low-Ca 
granites, e.g., Edah. Like the Low-Ca granites in the Eastern Goldfields Province, it is 
considered highly likely that the Low-Ca granites of the Murchison Province have, 
contributed, by weathering, to the U in calcrete deposits in the region. 

Petrogenesis: Petrogenetic models are discussed in detail for each group in the following 
section; results can be summarised as follows: 
• the general characteristics of the High-Ca granites (low LILEs, sodic) indicate 

derivation from a mostly mafic (broadly basaltic/amphibolitic), LILE-poor source. The 
range in the LILE and HFSE (and Na20, Sr), between clans, however, indicates a more 
complex model, i.e., the involvement ofa number of components, either as a 
heterogeneous source (basaltic to quartz dioritic), or by some other process 
(assimilation of pre-existing crust, magma-mixing, alteration of the source etc). The 
flat HREE patterns and lack of negative Eu anomalies in the majority of High-Ca 
granites in the Murchison Province, suggest that there was at best only minor residual 
feldspar, and that amphibole not gamet, was a dominant residual phase, indicate 
derivation at pressures great enough to stabilise amphibole 1 garnet and destabilise 
plagioclase (10-15 kbars) either deep within a thickened crust (>35-50 km) or, perhaps, 
from melting of a subducting slab (e.g., Martin, 1986). Either process is feasible, 
though the Sm-Nd isotopic data and the chemistry of the Eily Eily clan tend to favour a 
thickened crust source. The Sr-depleted chemistry of the Eily Eily clan, the most 
LILE-rich High-Ca clan, indicates derivation at lower pressures than other High-Ca 
clans, probably much closer to the site of generation for the Low-Ca group. This 
immediately suggests some involvement of the Low-Ca-type source in the generation 
of the Eily Eily clan granites, a process that would also explain the high LILE contents 
in the latter. The available Sm-Nd data, which suggest largely isotopically-distinct 
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sources for the Low-Ca and High-Ca groups, limits the amount of possible Low-Ca
type source-component in the Eily Eily clan to probably less than 20-25%; this is 
considered enough, however, to impart the high LILE characteristic to the Eily Eily 
clan. Such a mechanism, if correct, also indicates that at least some (all?) of the High
Ca granites were generated within the crust, not a subducting slab. 

• the potassic, high LILE, high HFSE, Sr-undepleted nature of the Low-Ca group is most 
consistent with derivation, at moderate pressures «10 kbars) from a relatively potassic 
and LILE-rich crustal source, i.e., reworked continental crust with compositions not 
unlike typical Archaean tonalites (e.g., Champion & Sheraton, 1997). A number of 
features, though, e.g., low CaO, minor occurrence of amphibole, indicate partial 
melting was either via small volume melts or from a source with only minor 
amphibole. Also, the high levels of the HFSEs, in particular Zr, indicate high melting 
temperatures, suggesting elevated thermal gradients. The variation in LILE, in 
particular, and the HFSE, between the Low-Ca clans, appears to result from a variety 
of processes, including: changes in the percentage of partial melting, variations in 
source compositions, and some input of other source components (e.g., High-Ca 
source, High-HFSE source). 

• the chemistry of the Nannine and Damperwah clans of the northern Murchison region 
(high HFSE, high Si02), is consistent with the suggestions of Champion & Sheraton 
(1997), and Champion (1997), that they are crustal-derived melts from an intermediate 
to more siliceous source. However, as discussed for High-HFSE granites in the 
Eastern Goldfields Province (Champion & Cassidy, this volume), it is also possible that 
the granites are actually fractionates of more mafic rocks, similar in composition to the 
Bullshead clan of the Eastern Goldfields Province. If the latter scenario is correct, then 
the ultimate source rocks for the granitoids of this group must have been even more 
mafic. Such a mafic source, and the temperatures required for partial melting, is also 
consistent with the, high-temperature A-type characteristics of the High-HFSE group 
(elevated Fe, Zr, Y; Fig. 6). Unlike the Eastern Goldfields Province, the High-HFSE 
clans of the northern Murchison region show a large difference in the LILE, from low 
(Nannine) to high (Damperwah), which given the similarity ofSi02, mg*, size of the 
negative Eu anomaly etc., must reflect original source differences, i.e., the source for 
the Damperwah clan was more LILE-rich. Notably, many of the high LILE 
characteristics of the Damperwah clan are also shared by the contemporaneous Low-Ca 
group in general, suggesting the possibility of partly common sources, as has already 
been suggested for the Horseshoe Clan of the Low-Ca group. In this regard, it is 
notable that the Low-Ca and High-HFSE groups share similar Sm-Nd signatures, both 
significantly more evolved than those for the High-Ca and Mafic groups. It is noted, 
however, that members of the LILE-poor Nannine clan also have similar Sm-Nd 
signatures, pointing to both long-lived high and low LILE sources for the High-HFSE 
group granites in the northern Murchison region, i.e., pre-existirig crustal rocks. The 
Sr-depleted, Y-undepleted nature of the group, strongly infer generation at only 
moderate crustal pressures, i.e., <10 kbars «35 km thick). 

• petrogenetic models for the Mafic group granites are largely equivocal, with evidence 
for both crustal and mantle-derived contributions. Notably, the variation in the LILE 
and LREE (between and within clans of the Mafic group), requires at least two separate 
components, as suggested by Champion (1997) for the Eastern Goldfields Province, 
e.g., a mafic 'basaltic' source, (similar to that proposed for the High-Ca granites), and a 
mafic, perhaps mantle-derived, LILE-rich source component. These differing 
components may reflect entirely separate source regions for the Britania and Gem of 
Cue clans, or may result from more complex interactions, e.g., a similar overall source, 
variably LILE-enriched (metasomatised) before partial melting, with the non- or 
poorly-metasomatised regions producing the Gem of Cue clan, and the more strongly-
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enriched regions producing the Britania clan. Another feasible mechanism is post
melting modification by a LILE-enriched fluid or melt, e.g., some form of magma 
mixing, such as lamprophyres, introducing the high LILE into the Britania clan 
granites. The granites of the ca. 2755 Ma Norie Clan with their elevated MgO, mg#, 
Ni, Cr, clearly require a mantle-component in their genesis. Even more important, 
however, is the combination of high MgO, Ni etc, with moderate LILE contents, which 
is thought to reflect metasomatism of a depleted mantle source by LILE-enriched melts 
from a subducting slab, either before or during genesis of the granitoids (see discussion 
in Smithies & Champion, 2000). 

• the petrogenesis of the one recorded syenitic unit in the northern Murchison (Udagalia) 
is equivocal with regards to the relative contributions of mantle versus crustal 
components, though, like the syenites in the Eastern Goldfields Province, a significant 
crustal contribution is implied by features such as the presence of quartz, the high LILE 
contents, and strong negative Nb and Ti anomalies. The Udagalia syenite has chemistry 
somewhat similar to, but not as extreme, as that recorded for the Wallaby clan syenites 
in the Eastern Goldfields Province. Notably syenites at Wallaby appear to have had 
some interaction with a carbonatite, and, perhaps a similar relationship is also the case 
for the U dagalia unit. 

Tectonic and other implications: The following discussion is a summary of the tectonic 
implications as indicated by the granite petrogenesis and geochronology, and consideration 
of the geochronology and inherited zircon data from the Narryer Gneiss Terrane (and 
Southwest Gneiss Terrane). More detailed discussions of tectonics are given for each 
granite group in the next section. 

The bulk of the evidence appears to favour a thickened crust origin for the High-Ca 
granites, especially for the Eily Eily clan. As such, the periods of magmatism involving 
granites of the Eily Eily clan (i.e., 2670-2680 Ma, 2740-2760 Ma), also correspond to 
those times when the Murchison Province crust was thickened (>35-50 km). It is, 
however, also apparent that derivation from a subducting slab is also a possible viable 
mechanism for production of at least some of the High-Ca granites. Importantly, both the 
thickened crust or melting of a subducting slab hypotheses, require the operation of some 
form of convergent tectonics contemporaneous or just prior to granite generation. This can 
be interpolated, therefore, to infer that all periods of High-Ca granite formation correspond 
roughly to times of convergent tectonics in the Murchison (and Southern Cross) Provinces, 
i.e., 2675-2765 Ma, 2780-2825 Ma, 2920-2960 Ma, and 3000-3025 Ma. As noted before 
(Champion & Cassidy, this volume), the timing of these tectonic settings, especially post 
2.72 Ga, contrasts somewhat with that for the Eastern Goldfields Province, i.e., pre 2.68 
Ga High-Ca magmatism was common in the Murchison and Southern Cross provinces but 
minor in the Eastern Goldfields Province, 2.68 to 2.66 Ga magmatism was minor to absent 
in the Murchison and Southern Cross provinces but voluminous in the Eastern Goldfields 
Province. Clearly there are a number of possible scenarios, not mutually exclusive, that 
may explain these apparent differences, e.g., the Murchison and Southern Cross provinces 
were separate from the Eastern Goldfields Province before and/or during this period, the 
change across the Murchison and Southern Cross provinces to the Eastern Goldfields 
Province is actually diachronous,·as in a migrating arc-environment, or perhaps the thermal 
regime at 2.68-2.66 Ga was such that granite production was largely confined to the 
Eastern Goldfields Province, such as in a typical modern-day convergent environment. 
Clearly further geochronology would be helpful, particularly along the eastern margin of 
the Southern Cross Province and western margin of the Eastern Goldfields Province. 

The simplest model for the Low-Ca granites is that they were generated from moderately 
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dry tonalitic (or more felsic) pre-existing crust, in an extensional environment with an 
elevated geothermal gradient. This is clearly contrary to the environment proposed for the 
High-Ca granites, indicating not only distinct source rocks, but distinct sites of granite 
generation for the two granite types, consistent with available Sm-Nd isotopic data 
(Fletcher & McNaughton, this volume). These differences are even more significant given 
the temporal change around 2660 to 2650 Ma, from voluminous dominantly High-Ca 
magmatism to less voluminous, but very widespread, dominantly Low-Ca (and Syenitic) 
magmatism. This changeover in magmatism most probably indicates a corresponding 
change in tectonic environment, presumably from a compressional or arc-related 
environment to one dominated by extension (and higher geothermal gradients), i.e., some 
mechanism produced a change in the thermal regime, that not only increased the thermal 
gradient (to allow generation of Low-Ca granites) but effectively turned off production of 
High-Ca granites. 

The exact nature of this tectonic transition is largely dependent on the origin of the High
Ca granites. If, as favoured for the northern Murchison, the High-Ca granites were 
generated in thickened crust, then melting shifted to higher crustal-levels (the site of Low
Ca generation), with the thickened lower crust (High-Ca source) either somehow insulated 
from further melting or removed. The latter is favoured given the apparently higher 
geotherm required for the Low-Ca granites. In this regard, Smithies & Champion (1999) 
suggested that this post 2660 Ma thermal event may have resulted from Yilgarn-wide 
lower-crustal delamination following the 02 shortening deformation in the Eastern 
Goldfields Province, perhaps heralding an additional tectonothermal event, 
contemporaneous with lower-middle crustal high-grade metamorphism and regional Au 
mineralisation (e.g., Kent et al. 1996). If, however, the High-Ca granites were largely 
generated by slab-melting, then the change over to Low-Ca (and syenitic) magmatism may 
simply reflect some form of wide-scale extension, perhaps not unlike that presently 
operating in the Basin and Range province in the western United States, although with 
some differences. 

The geochemistry of the High-HFSE granites and their A-type affinities indicates 
emplacement in an, at least locally, extensional environment (as pointed out for the Eastern 
Goldfields Province by Champion & Sheraton, 1997). The ages of these granites, mostly 
2740-2750 Ma, and post-2640 Ma, can be then be used to indicate periods oflocal 
extension. In the Eastern Goldfields Province, the close spatial, and genetic, association 
between High-HFSE granites and volcanics suggested that the granites there were 
intimately related to greenstone formation. Within the northern Murchison region, such an 
association would appear to only hold for the Nannine Clan; the granites of the post 2640 
Ma Oamperwah clan clearly post-date felsic volcanism (Tables 3,4); their formation being 
related to the same extensional(?) tectonic environment responsible for the Low-Ca 
granites. The Nannine clan granites, on the other hand, overlap in age with, and share 
similar geochemical characteristics to some of the younger felsic volcanics (Mt Farmer 
group, e.g., Watkins & Hickman, 1990), and so must, at least in part, be related to 
greenstone formation. Similarly, there is also good reason to expect older (>2930 Ma) 
members of this clan to be present within the northern Murchison region. 

It is notable that the younger granites within the northern Murchison region (Low-Ca and 
High-HFSE groups) contrast with those in the Eastern Goldfields Province (Low-Ca and 
Syenitic, and carbonatitic?). The reasons for this are not completely understood but may 
have something to do with proximity to recently active convergent margins, i.e., 
immediately prior subduction along the eastern margin of the Eastern Goldfields Province 
may have been responsible for producing suitably metasomatised mantle and lower crustal 
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(?) rocks as source rocks for syenites (e.g., Smithies & Champion, 1999). Given the 
dominance ofLow-Ca granites of this age across the craton, however, it is still evident that 
the bulk of the middle-lower crust across the craton must have been of largely similar 
composition, or at least, similarly capable of producing voluminous Low-Ca magmatism. 

In this regard, it was originally envisaged, that many of the Mafic group granites, 
especially those generated around 2665 Ma were produced in some form of arc
environment, co-incident with the proposed main period of crustal shortening (02) in the 
Eastern Goldfields Province. The evidence for, at least locally, spatially associated Syenitic 
and, perhaps High-HFSE group magmatism, of similar age, however, raises the possibility, 
that all granitoids of this age were produced in a similar (locally?) extensional 
environment. Note that this could still be in an overall arc-environment. 

One notable feature of the Mafic group within the northern Murchison region is the ca. 
2755 Ma Norie Clan comprising granites with chemistry similar to Archaean high-Mg 
diorites elsewhere (e.g., Smithies & Champion, 2000). These granites with their elevated 
MgO, mg#, Ni, Cr, clearly require a mantle-component in their genesis. Even more 
important, however, is the combination of high MgO, Ni etc, with moderate LILE contents. 
This combination of chemical features is thought to reflect metasomatism of the mantle 
source by LILE-enriched melts from a subducting slab, either before or during genesis of 
the granitoids (see discussion in Smithies & Champion, 2000); if correct this indicates 
subduction occurred at or before 2755 Ma, affecting the northern half, at least, of the 
northern Murchison region. 

As indicated by Smithies & Champion (1999), alkaline and sub-alkaline rocks such as 
those in the Syenitic group are good indicators of regions undergoing, at least local, 
extension, or an anorogenic (post-tectonic) environment. It is difficult, however, to make 
any serious conclusions regarding tectonic environments, given that there is only one 
recognised syenitic unit in the northern Murchison. The lack of age control for this unit is 
also another problem. 

High-Ca group. northern Murchison 

Member Associations: Mainland Association (Murchison Province) 
Diemals Association (Southern Cross Province) 

Distribution: The largest granite group within the northern Murchison, representing up to 
and greater than 60% of the total granites (Fig. I), within both the internal and external 
granites. Well represented across the entire region. Eleven clans have been recognised in 
the northern Murchison Province, and 2 small clans in the western Southern Cross 
Province (Table 6). 

Geochronology: A large number of dated samples indicate a large age range from >3000 
Ma to 2650 Ma, with the majority falling between 2760 to 2670 Ma (Tables 3, 4). One 
anomalously young age of 2612 ± 12 Ma has been recorded; the veracity of this age is not 
clear. Four distinct periods of High-Ca magmatism are evident, at 30 I 0-3000 Ma, 2965-
2930 Ma, 2815-2780 Ma, and 2760-2665 Ma. The latter age range may itself comprise a 
discrete sub-periods, with a number of apparent gaps; this may simply reflect the limited 
data set though. The periods of High-Ca magmatism closely correspond to the ages of 
greenstone formation within the region. The geochronology data indicate that all dated 
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intrusive magmatism within the Murchison Province prior to ca. 2670 Ma was High-Ca in 
origin. This, however, probably reflects bias in the data set rather than the true picture. For 
example, felsic volcanic rocks within the Luke Creek group, i.e., >2930 Ma, appear to have 
chemistry (Watkins & Hickman, 1990), similar to members of the High-HFSE group. 
Furthermore, Mafic group granites of 2800 and 3020 Ma age are known from the Southern 
Cross Province, e.g., Westonia (Budd & Champion, this volume). 

Inherited zircons, either from the source region or via assimilation of older crustal rocks, 
are relatively common within the High-Ca granites. As expected, the inherited zircon ages 
closely correspond, to the periods of known magmatism and greenstone formation (Tables 
3, 4), consistent with at least some crustal input into the High-Ca granites. 

No dates have been determined on the High-Ca granites in the Southern Cross Province 
region of the northern Murchison. Granite ages within the Southern Cross Province further 
to the east clearly show similar age groupings to the Murchison Province, with most 
magmatism at 2630-2740 Ma, and older groups at 2780-2825 Ma, and 2900-3020 Ma. 
Comparisons of the Murchison and Southern Cross provinces, with the Eastern Goldfields 
Province, suggests a marked difference between the age distributions of the High-Ca 
granites. In particular, there appears to be an apparent dearth of High-Ca (and other group) 
granites within the Murchison and Southern Cross provinces, in the 2.67 to 2.66 Ga age 
range, clearly contrary to the situation in the Eastern Goldfields Province. 

Chemical characteristics. Characteristics of this group have been summarised by 
Champion & Sheraton (1997), and Champion (1997) for the Eastern Goldfields Province. 
Basically, the High-Ca granites comprise sodic trondhjemite, granodiorite and granite 
characterised by low to moderate LILE (K20, Rb, Pb) and HFSE (LREE, HREE, Y, Zr) 
contents. In detail, like the Eastern Goldfields Province, individual clans (Table 6), define 
a quasi-continuous range in LILE and HFSE contents, from low (Mainland clan) to 
moderate-high (Eily Eily clan, see Fig. 2), approaching and overlapping values seen in the 
Low-Ca granites (Fig. 4). Given this range in the LILE and HFSE, an arbitrary divide 
splitting the High-Ca group (and Mafic group) into 10w-LlLE and high-LiLE members was 
produced for the granites of the Eastern Goldfields Province, largely for the basis of 
classification and descriptive purposes (Fig. 4). It is apparent that this divide is also 
applicable for the Murchison Province (Fig. 4), and as such has been utilised in the 
following clan descriptions to subdivide the High-Ca group (and Mafic & High-HFSE 
groups) into high-LILE and low-LILE members; note that use of this terminology is 
relative, not absolute. 

It is also evident that there is a decoupling between the LlLE and HFSE in some clans, 
especially within the low LILE clans; for example, both the Euro and Mainland clans have 
low LlLE, but the former has much higher contents of the HFSE than the latter. This 
picture is further complicated by the behaviour ofNa20 and Sr, which also exhibit large 
inter-clan differences, for clans with similar LILE and HFSE (e.g., Berbo Hill - low Na20, 
Sr, and Wheel of Fortune - high Na20, Sr). Notably, however, there is no variation in Eu, 
i.e., no relationship between the amount of Sr and Eu (both elements typically residing in 
plagioclase). 

The majority of granitoids from the High-Ca group, in the Murchison Province, are 
characterised by low to moderate Y (and HREE) contents (Y-depleted; Fig. 3). HREE 
patterns are, however, largely unfractionated to flat, the only exceptions to this are 
members of the Wardiacca clan, and perhaps some of the Euro clan, which have 
significantly steeper HREE patterns. Notably, all except the Eily Eily, Yoothapina and 
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Wardiacca clans, are characterised by positive to very minor negative Eu anomalies. 

Geochemical discrimination between the High-Ca and other groups is largely relatively 
straightforward (Figs 3, 4, 5, 6). Most difficulty occurs with the Eily Eily clan of the High
Ca group, and two clans (Nakedah and Myagar) of the Low-Ca group, which overlap for 
many elements (Fig. 5). Although differences between these clans are apparent, e.g., Ce, 
Zr, Sr, it is possible that the Eily Eily clan of the High-Ca group includes some members 
which more correctly belong to either the Myagar or Nakedah clans of the Low-Ca group, 
and vice versa. As discussed under individual clans below, it is possible that the Myagar 
clan, in particular, may actually be more correctly placed within the High-Ca group. 

Sm-Nd data indicate a number of competing trends, based largely on geographic position. 
Most of the Murchison Province High-Ca granites have relatively unevolved Nd 
signatures, with ENd between + 1.4 and -1.7 (data from Fletcher & McNaughton, this 
volume; Nutman et ai., 1993; Fletcher et aI., 1994; Watkins & Hickman, 1990), notably 
irrespective ofLILE and HFSE contents. More evolved values (i.e., more negative) occur, 
as expected, within the Narryer Gneiss Terrane, and, importantly, also to the east of the 
terrane in the older gneisses and pendants within the Murchison Province (Nutrnan et aI., 
1993; Watkins & Hickman, 1990), though they are not common. Ignoring the latter, it is 
clear that there is a pronounced isotopic difference between the High-Ca and Low-Ca 
groups, indicating isotopically distinct sources, notably even for the Eily Eily clan (which 
chemically overlaps with clans of the Low-Ca group). 

Mineralised members? One of the larger Au mines within the northern Murchison region, 
Big Bell, is apparently associated with a granite of the High-Ca group, although the ore 
itself is largely hosted within greenstone (e.g., Mueller et aI., 1996). Other units hosting 
gold mineralisation include Gold Bay, near Mt Magnet, and Lady Lydia near Noongal In 
addition, many of the deposits and mining camps described by Watkins & Hickman (1990) 
are characterised by the presence of porphyry dykes and sills, e.g., Hill 50, deposits in the 
Meekatharra mining camp. Many of these porphyries probably belong to the High-Ca 
group, though, some, at least, are definitely members of the Mafic group. 

Other mineralisation associated with High-Ca granites include Mo-W. Significant Mo-W 
mineralisation is recorded for the 2756 Ma Mt Mulgine granite (Oliver, 1999). The 
mineralisation hosted within this granite, and within the greenstones nearby (Watkins & 
Hickman, 1990), appears to be closely related to the Mt Mulgine granite indicating 
orthomagmatic Mo-W mineralisation at ca. 2750 Ma (Oliver, 1999). Notably, the gold 
mineralisation around the Mt Mulgine granite overprints the W -Mo mineralisation and is 
not related (Oliver, 1999). 

Petrogenesis: As for the Eastern Goldfields Province, the general characteristics of the 
High-Ca group (low LILEs, sodic), indicate derivation from a mostly mafic LILE-poor 
source, probably broadly basaltic in composition (Champion & Sheraton, 1997). Also like 
the Eastern Goldfields Province, the range in the LILE and HFSE (and Na20, Sr), between 
clans, however, points to a compositional range in the source also, i.e., the differences can 
not be solely due to varying degrees of partial melting. Such a compositional variety 
strongly indicates the involvement of at least two-components, either as a heterogeneous 
source (basaltic to quartz dioritic), or by some other process (assimilation of pre-existing 
crust, magma-mixing etc). Importantly, the decoupling between the LILE and HFSE, in 
some clans, suggests, either some further variation within the source, or the existence of an 
extra source component, or, perhaps, changes in the melting conditions (e.g., differences in 
initial water content resulting in differing residual mineral phases, especially accessory 
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phases which largely control the HFSE). This picture is further complicated by the 
behaviour of Na20 and Sr, and the lack of a Sr-Eu relationship, which may reflect an 
additional source component, or perhaps, if slab derived, variations in the degree of sea
floor alteration prior to subduction, and possibly even post-emplacement alteration. 

The flat HREE patterns and lack of negative Eu anomalies in the majority of High-Ca 
granites in the Murchison Province, suggest that there was at best only minor residual 
feldspar, and that amphibole not garnet, was a dominant residual phase; the only possible 
exceptions being members of the Wardiacca and Euro clans, which may have had more 
dominant residual garnet, and the Eily Eily, Yoothapina and Wardiacca clans, which 
probably have had more significant amounts of residual feldspar. 

The Sr-undepleted, Y-depleted nature of the majority of the High-Ca clans indicate 
derivation at pressures great enough to stabilise amphibole ± garnet and de stabilise 
plagioclase (10-15 kbars) either deep within a thickened crust (>35-50 km) or, perhaps, 
from melting of a subducting slab (e.g., Martin, 1986). Either process is feasible, though 
the Sm-Nd isotopic data tend to favour a thickened crust source. This is even more evident 
when the Eily Eily clan is considered. The latter, with its Y -depleted but also Sr-depleted 
nature, requires either melting within the plagioclase-garnet stable region (10-15 kbars), or, 
perhaps, low pressure fractionation of feldspar. The presence of significant negative Eu 
anomalies in even the most mafic end-members suggests this is a source feature, hence, 
strongly arguing for partial melting within the crust, given that it is unlikely that slab
melting would occur at such low pressures. Notably if this is correct, i.e., the Eily Eily 
clan, the most LILE-rich High-Ca clan, was derived at lower pressures (higher crustal 
levels), than the other High-Ca clans, then it also follows that the Eily Eily clan was 
possibly generated closer to the site of partial melting for the Low-Ca group, i.e., closer to 
the source rocks for the Low-Ca granites. Such a hypothesis immediately suggests some 
involvement of the Low-Ca-type source in the generation of the Eily Eily clan granites, a 
process that would also explain the high LILE contents in the latter. Although the 
available Sm-Nd data, which suggest isotopically-distinct sources for the Low-Ca and 
High-Ca groups, limits the amount of possible Low-Ca-type source-component in the Eily 
Eily clan to probably less than 20-25%, this is considered sufficient to impart the high 
LILE characteristic to the Eily Eily clan. Note that this doesn't preclude a slab origin for 
other High-Ca clans, e.g., Mainland, Wheel of Fortune. 

Tectonic & other implications: The bulk of the evidence appears to favour a thickened 
crust origin for the High-Ca granites, especially for the Eily Eily clan. As such, the periods 
of magmatism involving granites of the Eily Eily clan (i.e., 2670-2680 Ma, 2740-2760 
Ma), also correspond to those times when the Murchison Province crust was thickened 
(>35-50 km). It is, however, also apparent that derivation from a subducting slab is also a 
possible viable mechanism for production of at least some of the High-Ca granites. 
Importantly, both the thickened crust or melting of a subducting slab hypotheses, require 
the operation of some form of convergent tectonics contemporaneous or just prior to 
granite generation. This can be interpolated, therefore, to infer that all periods of High-Ca 
granite formation correspond roughly to times of convergent tectonics in the Murchison 
(and Southern Cross) Provinces, i.e., 2675-2765 Ma, 2780-2825 Ma, 2920-2960 Ma, and 
3000-3025 Ma. As noted before (Champion & Cassidy, this volume), the timing of these 
tectonic settings, especially post 2.72 Ga, contrasts somewhat with that for the Eastern 
Goldfields Province, i.e., pre 2.68 Ga High-Ca magmatism was common in the Murchison 
and Southern Cross provinces but minor in the Eastern Goldfields Province, 2.68 to 2.66 
Ga magmatism was minor to absent in the Murchison and Southern Cross provinces but 
voluminous in the Eastern Goldfields Province. Clearly there are a number of possible 
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scenarios, not mutually exclusive, that may explain these apparent differences, e.g., the 
Murchison and Southern Cross provinces were separate from the Eastern Goldfields 
Province before and/or during this period, the change across the Murchison and Southern 
Cross provinces to the Eastern Goldfields Province is actually diachronous, as in a 
migrating arc-envirorunent, or perhaps the thermal regime at 2.68-2.66 Ga was such that 
granite production was largely confined to the Eastern Goldfields Province, such as in a 
typical modern-day convergent envirorunent. Clearly further geochronology would be 
helpful, particularly along the eastern margin of the Southern Cross Province and western 
margin of the Eastern Goldfields Province. 

In addition, the large volume of High-Ca granites in the northern Murchison clearly 
requires a correspondingly larger source (3 or more times volumetrically larger). This has 
important implications if the High-Ca granites were crustal-derived, requiring a very 
significant volume of pre-existing crust of relatively homogenous 'basaltic to andesitic' 
composition. 
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High-Ca (SCP) 
Clan 
Dewar 
Janjather 
unnamed 

High~Ca (MP) 
Clan 
Berbo Hill 

Eily Eily 

Euro 
Gudgeman? 
Kyle Kyle 

Mainland 

Vanna 

unassigned 

Diemals Association 
Supersuite 
Dewar 
Janjather 
unnamed 

Mainland Association 
Supersuite 
Berbo Hill 
North Paradise 
Bamong 

Bookine 
BURdine 
Bundabinna 
Buongnoo? 
Coobawam 
Coombeloona 
Coompacoomper 
Cour;n Hill 
Dinny 
Eily Eily 

Fishers Bore 
Gabbobobby 
Linders Fern 
Marlomumbo 
MtMulgine 
Murnini 
North Weaner 
Payne WeU 
Peendubba 
Walga 
unnamed 
Yarlot 
Yilgiddie 
Euro 
Gudgeman 
Kyle Kyle 
unnamed 
Bunnajarra 
Mainland 

Mardah? 
Mt Farmer 
TaU Tower 

Toben 
Wardatharra 
Wattamulga 
Badja 
Gold Bay 
Kurmjong WeU 
Vanna 
Wiregaminda 
unassigned 

Suite 
Dewar 
Janjather 
unnamed 

Suite 
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Berbo HiU, Edamurta, unnamed 
Morawa, Petroden, North Paradise, Windinie 
Barnong, Coodardoo, Booladoo, Munboocarderbungah, 
Worarawar 
Bookine 
Woolbertharm, Bundine, BoUy 
Killarnie, Bundabinna 
Buongnoo?, unnamed 
Coobawam, unnamed 
Coombeloona 
YaUabanodka, McCarthy, Coompacoomper, unnamed, BaUan 
Cour;n Hill, Wandaminya Vee 
Dinny, Mungarra, unnamed 
Dorothy, Eily Eily, Vlogaona?, Dartmoor, Gorge Well, IXL, 
unnamed 
Fishers Bore, UlUlamed 
Gabbobobby? 
Linders Fern 
Marlomumbo, unnamed, Meelo, Pereira?, Chiggarie 
MtMulgine 
Murnini, Bardenu, unnamed, First Pop 
North Weaner 
Payne Well, unnamed 
Mardooganna, Peendubba, Ero Creek, Boodrah 
Walga, Poona 
Tharandah 
Yarlot 
Yilgiddie 
Euro, Cootamarra, Dicks WeU 
Gudgeman, Fenton, Balbaroo 
unnamed, Kyle Kyle?, Whee locks 
unnamed porphyries in Gabanintha Fm 
Bunnajarra, Franks Well, Warratarra, Curbura 
Mungo, Weedah Yalan, Mainland, Pollick, Clany Bore, Taincrow, 
Wadu, Koweragabbie, Big BeU, Buttercup 
Mardah, unnamed 
MtFarmer 
unnamed, Wyagoola, Tall Tower, Yoweragabbie, East Kia, 
Nungajinny, Congoa, Cockarra, Jordans, Camgo 
Toben 
Wardatharra, McNab 
Wattamulga, unnamed 
Badja, Dampacoppy 
Gold Bay 
Kurmjong Well, Gabyon 
Vanna 
Wiregaminda, Zadow, Jindooloo, Camel Paddock, unnamed 
unassigned 

Table 6. Suites, supersuites, clans and associations of the High-Ca group, northern 
Murchison. 
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ffigh-Ca (MP) Mainland Association 
Clan Supersuite 
Wardiacca Wardiacca 

Warragee 
Younga 

Wheel of Fortune Lady Lydia 

Woolbong 

Yoothapina 

Wheel of Fortune 
Wolbar 
Wolla Wolla 

Woolbong 
Yoothapina 
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Suite 
Wardiacca, Darn Hill?, Tobins, Gnudabigbee, Nannowtharra? 
Warragee, Murrungnulg 
Younga, Wagstaff, Mungada, Mangatah 
Lady Lydia, Dabyilmurra? 
Wheel of Fortune 
Wolbar 
Wolla Wolla, Mick Well, Minjar, ChuUa, Moorgabby, Gnows 
Nest, unnamed, 8000a, Nargunger 
Woolbong, Beardie, Eraballe, Collyakko, Beardie, Marlandy 
Yoothapina, unnamed 

Table 6 (continued). Suites, supersuites, clans and associations ofthe High-Ca group, 
northern Murchison. 

Clans of the Menangina Association, High-Ca Group, Eastern Goldfields 
Province. 

Eily Eily Clan 

Member Supersuites: Bamong, Bookine, Bundine, Bundabinna, Buongnoo?, Coobawam, 
Coombeloona, Coompacoomper, Courin Hill, Dinny, Eily Eily, Fishers Bore, 
Gabbobobby?, Linders Fern, Marlomumbo, Mt Mulgine, Muminip, North Weaner, Payne 
Well, Peendubba, Walga. unnamed, Yarlot, Yilgiddie 

Distribution: The most dominant clan within the Mainland Association (Table 6), the 94 
units of the Eily Eily clan include intrusive units, gneiss complexes, dykes and gneiss 
pendants, both external and intemalto greenstone belts. The clan is widespread, but is 
particularly concentrated within two broad zones: 
• a broad belt from NE Belele to NC and NE Perenjori, and 
• in a NNE zone from SC Cue to SW Kirkalocka. 

Geochronology: Eight recorded ages for 7 units are available for the Eily Eily clan (Table 
3). These fall into three distinct age groups, most at 2670-2680 Ma (all Eily Eily 
supersuite), 2 at ca. 2740-2760 Ma (Courin Hill & Mt Mulgine supersuites), and one 
younger outlier at 2655 tlO Ma (Hookine supersuite). Most also show evidence for zircon 
inheritance, with ages for the latter from 2700 to 2935 Ma. 

Chemical characteristics: This clan represents the high LILE and higher HFSE end
member of the Mainland Association (Fig. 2), and as such is distinguished by its elevated 
to higher K20, Rb, Pb, Th, Zr, Ce, relative to most other High-Ca clans (Figs 2, 3, 4). 
Another feature of the Eily Eily clan is the low Sr (Fig. 3), and correspondingly negative 
Eu anomalies, relative to most other clans, even though all High-Ca clans are Y - (and 
HREE-) depleted. The Eily Eily clan shares a number of similarities with the Berbo Hill 
(similar low Sr but lower LILE, HFSE in the latter), Gudgeman (similar low Sr but lower 
HFSE), Wardiacca (similar high HFSE but higher Sr & lower LILE), Euro (similar high 
HFSE but higher Sr & lower LILE), and Yoothapina (similar high HFSE but higher Sr & 
lower LILE) clans, but with notable differences (Fig. 3). The Southern Cross Province 
Dewar clan, is the most similar to Eily Eily. 
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Mineralised members? Significant Mo-W mineralisation is recorded for the older (2756 
Ma) Mt Mulgine granite (Oliver, 1999). The mineralisation, hosted within this granite and 
within the greenstones nearby (Watkins & Hickman, 1990), appears to be closely related to 
the Mt Mulgine granite indicating orthomagmatic Mo-W mineralisation at ca. 2750 Ma 
(Oliver, 1999). Notably, the gold mineralisation around the Mt Mulgine granite overprints 
the W-Mo mineralisation and is not related (Oliver, 1999). 

Petrogenesis: As for the High-Ca group in general, though the higher LILE and HFSE 
require a more LILE-enriched component in their source. In addition the Sr- and Y
depleted natures of the Eily Eily clan granites requires the involvement of both garnet and 
feldspar in their production, most probably as residual minerals within the source region. 
The Sr depletion could also be due to low pressure feldspar fractionation, however, the 
presence of negative Eu anomalies in even the most mafic members of the clan argues 
strongly against such a mechanism. If the latter is correct this places the generation of the 
Eily Eily granites within a small pressure range where both garnet and plagioclase are 
stable (approximately 10-15 Kbar, e.g., Patino Deuce & Beard, 1995). Importantly, these 
constraints would tend to imply the Eily Eily clan was largely crustal-derived, not slab
derived. Geochemically, many of the features evident in the Eily Eily clan trend towards 
and actually overlap with the less-evolved members of the Low-Ca group, especially the 
Nakedah and Myagar clans in the latter (Fig. 5). This geochemical overlap is significant, 
particularly when the apparent depth (pressure) of generation is taken into account. Unlike 
the Eastern Goldfields Province, where the sites of generation for the Low- Ca and High
Ca groups were largely separate (low-moderate pressure versus high pressure, 
respectively), it is evident that in the Murchison Province the respective source regions 
overlapped; it is no surprise, therefore, that there is also some overlap in chemistry, i.e., a 
mixing of sources for some members of both groups. The available Sm-Nd isotopic data, 
which suggest isotopically-distinct sources for the Low-Ca and High-Ca groups (including 
the Eily Eily clan), limits the amount of possible Low-Ca-type source-component in the 
Eily Eily clan to probably less than 20-25%, this is considered sufficient, however, to 
impart the high LILE characteristic to the Eily Eily clan. 

Tectonic & other implications: As for the High-Ca group in general. The Sr depleted 
nature of the Eily Eily clan appears to indicate derivation within continental crust, not the 
subducting slab. As such, the periods of magmatism involving granites of the Eily Eily 
clan (i.e., 2670-2680 Ma, 2740-2760 Ma), also correspond to those times when the 
Murchison Province crust was thickened (>35-50 km). 

Berbo Hill Clan 

Member Supersuites: Berbo Hill, North Paradise 

Distribution: A moderate sized clan, comprising less than 10 units, ranging from large 
intrusive bodies, to gneiss complexes and including dykes and gneiss pendants, all either 
external or marginal to the Gullewa, Yalgoo-Singleton and Koolanooka greenstone belts. 
The clan is confmed to a broad north-south zone encompassing the eastern and central 
parts of the Yalgoo and northern Perenjori sheets. The largest units (intrusive bodies and 
gneiss complexes) occur within the southern part of this zone, along the Perenjori-Yalgoo 
sheet boundary. 

Geochronology: No ages have been recorded for members of this clan. 
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Chemical characteristics: The Berbo Hill clan falls into the low L1LE end-member of the 
High-Ca group, and as such has most similarities to the Mainland clan. Differences with 
the latter include lower Na20, Sr, and slightly lower HFSE in the Berbo Hill clan. Both 
clans are Sr-undepleted with no or slightly negative Eu anomalies, Y -depleted, and have 
elevated MgO and mg#, relative to other High~Ca clans. 

Mineralised members? There is no known mineralisation associated with the Berbo Hill 
clan. 

Petrogenesis: As for the High-Ca group in general. Like the Mainland clan, the Berbo Hill 
clan granites clearly represent derivation from a 10w-L1LE basaltic source, with little or no 
input from other components. The lower Sr and Na20 in the Berbo Hill clan, relative to 
the Mainland clan, most likely represents a source difference, given the similar levels of 
L1LE between the two, i.e., it can not be due to additional components or variable degrees 
of partial melting. 

Tectonic & other implications: 
Mostly as for the Mainland clan and the High-Ca group in general. 

Euro Clan 

Member Supersuites: Euro 

Distribution: A small clan comprised of 5 units, including one pod, all external to 
greenstones. Two main regions of occurrence: 
• 4 units in the in SW Kirkalocka, and 
• one unit in NE Kirkalocka 

Geochronology: No ages have been recorded for this clan. 

Chemical characteristics: The Euro clan straddles the high- L1LE/low-LILE boundary 
and as such shares geochemical features with both the low LILE Mainland and high L1LE 
Eily Eily clans (Figs 3, 5), e.g., elevated HFSE, lower CaO, MgO and moderate Na20, like 
Eily Eily, with low LILE, including K20, Rb, Pb, like Mainland. The Euro clan is further 
characterised by elevated Ba and Sr, strongly depleted Y, and no or slightly negative Eu 
anomalies. 

Mineralised members? None known associated mineralisation. 

Petrogenesis: As for the High-Ca group in general. The low LILE contents suggest an 
essentially low L1LE source, e.g., as postillated for Mainland. The elevated HFSE, indicate 
an additional component, perhaps some metasomatic mantle product, e.g., lamprophyre, 
given the elevated Sr and Ba of the clan. 

Tectonic & other implications: In general, as for the High-Ca group. The chemistry of 
the Euro clan raises the possibility of a third source component, one with low L1LE but 
elevated HFSE component. 
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Gudgeman Clan 

Member Supersuites: Gudgeman 

Distribution: Small clan of 3 units, one a gneiss complex, localised to SE Yalgoo within 
and marginal to the external granite mass between the Yalgoo-Singleton and Gullewa 
greenstone belts. 

Geochronology: No recorded age determinations. One unit, the Fenton gneiss complex, is 
spatially associated with the Badja gneiss which has a tentative age of 2920 Ma (Table 3). 
It is possible that the Fenton gneiss complex is also of this age, though it is noted that the 
8adja gneiss, which is distinctive on the aeromagnetic data, is more complexly deformed 
and folded (Watkins & Hickman, 1990), and, hence, probably older. 

Chemical characteristics: The Gudgeman clan falls into the high L1LE end-member and 
as such has many similarities with the Eily Eily clan. Differences with the latter include 
significantly higher Sr, Ba, lack of Eu anomalies, and generally lower HFSE contents. The 
high Sr and Ba, with moderate to high L1LE is distinctive. Like many other High-Ca clans, 
there is a pronounced flattening of the HREE. 

Mineralised members? No known associated mineralisation. 

Petrogenesis: Generally as discussed for the High-Ca group, with the high L1LE contents 
indicating the involvement of a moderate-L1LE source component, as for the Eily Eily 
clan, though at greater pressures. The lower HFSE in the Gudgeman clan probably reflects 
a source feature. 

Tectonic & other implications: As for High-Ca group in general. 

Kyle Kyle Clan 

Member Supersuites: Kyle Kyle and unnamed 

Distribution: A small clan, comprising three intrusive units, and a number of external and 
internal dykes, occurring within three regions: 
• NE and NC Kirkalocka, 
• external dykes in NW Kirkalocka, and 
• internal porphyry dykes(?) near the Norie tonalite, SE Belele, in the Meekatharra

Wydgee greenstone belt. These samples collected by Q. Wang (ANU, unpublished data), 
are described as porphyry and may actually be felsic volcanics not granites. 

Geochronology: None available. 

Chemical characteristics: Very similar to the Mainland clan, i.e., a 10w-L1LE member, 
with actually lower L1LE and HFSE relative to the former (Figs 3, 4). Typically, Sr
undepleted, with no or slightly negative Eu anomalies, and Y -depleted, with markedly flat 
HREE. 

Mineralised members? No recorded associated mineralisation. 

Petrogenesis: As for the Mainland clan and the High-Ca group in general. The lower 
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LILE and HFSE, relative to the Mainland clan, indicates an even more LILE-poor source. 
The flat HREE indicate significant involvement of amphibole, probably within the source 
(as a residue). 

Tectonic & other implications: As for the Mainland clan and the High-Ca group In 
general. 

Mainland Clan 

Member Supersuites: Bunnajarra, Mainland, Mardah?, Mt Farmer, Tall Tower, Toben, 
Wardatharra, Wattamulga 

Distribution: Widespread clan, comprising some 47 units (intrusive units, gneiss 
complexes, dykes, pods, and gneiss pendants), both internal and external to greenstones. 
Mainly concentrated within the Cue, and Kirkalocka sheets, especially within a north-east 
trending zone from NE Cue to SC Kirkalocka. Minor units also occur along the eastern 
parts of the Murgoo and Yalgoo sheets. 

Geochronology: Six ages, four from the one supersuite, are available for the Mainland 
clan (Table 3), that range from 2737 to 2684 Ma (4 ages), with a young 2666 Ma age, and 
an anomalously-young (for any"granite group), 2612 Ma age. Inherited zircon ages are 
mostly young «2750 Ma), except for the Big Bell granite which contains inherited zircons 
with ages ca. 2800-2900 Ma (Table 3). 

Chemical characteristics: The archetypal low LILE clan of the High-Ca group, with low 
LILE and HFSE (Figs 2, 3,4). No Eu anomaly is present within mafic end-members, but 
becoming slightly negative with increasing silica. Members of the clan are V-depleted and 
mostly Sr-undepleted, with relatively flat HREE patterns. Most similar to the Kyle Kyle, . 
Vanna, and Wheel of Fortune clans, though the latter have higher Sr and even more
depleted Y. 

Mineralised members? The Big Bell porphyry is spatially associated with gold 
mineralisation at the Big Bell deposit. Most gold mineralisation, at the latter, is, however, 
hosted within the greenstones (e.g., Mueller et aI., 1996). Porphyries spatially associated 
with mineralisation at the Pinnacles, Tuckabiana, Tuckanarra, Cuddingwarra, Lennonville 
and, perhaps Mt Magnet, mining camps (Watkins & Hickman, 1990), are also likely to 
belong to this clan, given the close geographic proximity of these mining camps to known 
granites of this clan. 

Petrogenesis: The sodic nature, and low LILE and HFSE indicate derivation from ~ source 
even more depleted in these elements, most probably broadly basaltic in composition. 
Although Y -depleted, the flat HREE patterns suggest more the involvement of hornblende 
as versus gamet, indicating slightly lower depths, i.e., lower pressures, of generation. 

Tectonic & other implications: As for the High-Ca group in general. 
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Vanna Clan 

Member Supersuites: Badja, Gold Bay, Kurrajong Well, Vanna, Wiregaminda 

Distribution: A small clan of 16 units comprising gneisses, gneiss pendants, moderate
sized plutons, small pods, and dykes, mostly external or marginal to greenstone belts (e.g., 
Yalgoo-Singleton, Warda Warra greenstone belts), with one internal body (Gold Bay, near 
Mt Magnet). Distribution is largely confmed to one region, in the eastern half of the 
Yalgoo sheet (Badja, Kurrajong Well, Wiregaminda supersuites). Three units occur 
elsewhere, two in SW Cue (both Vanna supersuite), the other in NC Kirkalocka (Gold Bay 
supersuite ). 

Geochronology: Two units from the Vanna clan have been dated. The Badja gneiss 
(Badja supersuite), on the Yalgoo sheet, gives a tentative age of2920 ± 12 Ma 
(Weidenbeck & Watkins, 1993), the other Gold Bay (Gold Bay supersuite) with a 2696 ±5 
Ma age. The latter falls within the dominant age range of the High-Ca granites, while the 
former is one of the oldest ages recorded in the northern Murchison Province. Similar old 
ages, however, are well know within the Narryer Terrane and in the southern Murchison 
Province (Tables 4, 5). The younger, internal, Gold Bay granite shows evidence for young 
inherited zircons «2750 Ma) that may have been sourced from greenstones or granites. 

Chemical characteristics: Members of the Vanna clan largely fall within the high-LILE 
end-members, though only just. As such they have chemistry somewhat intermediate 
between the Eily Eily clan and the Mainland clan (Figs 3, 4), e.g., not as LILE- or as 
HFSE-enriched as Eily Eily. Best characterised, like Wheel of Fortune, by their high to 
very high Sr, higher than both the Mainland clan and Eily Eily clan. All members have 
positive to no or very slight negative Eu anomalies and are strongly Y -depleted. 

Mineralised members? The Gold Bay granite, south of Mt Magnet hosts minor Au 
mineralisation. Elsewhere units not associated with mineralisation. 

Petrogenesis: Largely as for the High-Ca group in general. The intermediate contents of 
the LILE and HFSE suggest a mixed source, though one not as LILE-rich as for the Eily 
Eily clan. The high to very high Sr and low Y indicate residual gamet, and no plagioclase, 
i.e., at high pressures (15 kbar+). 

Tectonic & other implications: As for the High-Ca group in general. Clearly derived at 
high pressures, either within thickened crust or the slab. 

Wardiacca Clan 

Member Supersuites: Wardiacca, Warragee, Younga 

Distribution: A small clan of II units comprising small to large granite plutons, mostly 
external with one marginal unit (marginal to the Gullewa greenstone belt). 
Distribution is largely confined to two regions, with the majority of units forming a cluster 
in the western third of the Kirkalocka sheet (Younga and Wardiacca supersuites), and the 
two plutons of the Warragee supersuite occurring in NE Perenjori. 

Geochronology: Three units of the Wardiacca clan have been dated, giving ages between 
2685 and 2710 (Table 3), all falling within the dominant age range of the High-Ca group in 
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the Murchison Province. Inherited zircon data indicate ages of ca. 2800 and 2960 Ma, 
similar to both greenstone formation ages and periods of granite magmatism. 
Significantly, the two dated units showing inheritance are external to the greenstones, 
suggesting sampling of older granites as the source of the inheritance. 

Chemical characteristics: Clearly falls within the high LILE end-member of the High-Ca 
group. As such similar to Eily Eily clan, though with some notable differences, e.g., 
similar to higher Ba, LREE and Zr, similar to lower Y and Nb, lower Rb, higher Sr, and 
smaller Eu anomalies; the latter ranging from slightly positive to slightly negative. 
Notably, negative Eu anomalies occur within the most mafic end-members of the clan, 
suggesting, like the Eily Eily clan, that this may be a primary feature of the clan. The 
Wardiacca clan is most similar to the Euro clan, though the latter has higher Sr and lower 
K20, REE and Y (Fig. 3). 

Mineralised members? No known associated mineralisation. 

Petrogenesis: 
Largely as for the Eily Eily clan, and the High-Ca group in general. 

Tectonic & other implications: 
As for the Eily Eily clan, and the High-Ca group in general. 

Wheel of Fortune Clan 

Member Supersuites: Lady Lydia, Wheel of Fortune 

Distribution: A small clan of 5 units comprising small to moderate-sized plutons, both 
external and internal (within Yalgoo-Singleton and Meekatharra-Wydgee greenstone 
belts). Distribution is confined to 2 small regions, in NE Yalgoo (Lady Lydia supersuite), 
and SC Cue (Wheel of Fortune supersuite). 

Geochronology: Two units have been dated from the Wheel of Fortune, 2743 ± 4 (Lady 
Lydia supersuite), and 2702 ±6 (Wheel of Fortune supersuite). These results indicate a 
significant time-break between the supersuites, though both are within the broad range 
shown by the majority of High-Ca granites in this region (Table 3). Inherited zircon data 
correspond to the three periods of greenstone development and granite magmatism; given 
the internal setting of the dated plutons, the inherited zircons may reflect either. 

Chemical characteristics: A low LILE end-member, the Wheel of Fortune clan is 
characterised by low LILE, and HFSE, coupled with high Na20, Sr, and Ba;the latter three 
being characteristic. The clan is similar to the Mainland and Kyle Kyle clans but readily 
distinguished by its higher Na20 and Sr from the fonner, and higher K20, Sr, Ba relative to 
the latter. All members are strongly HREE- and Y -depleted with no or very minimal, 
slightly positive to slightly negative, Eu anomalies. 

Mineralised members? The Lady Lydia granite (Lady Lydia supersuite) hosts gold 
mineralisation and is according to Oliver (1999) hydrothennally altered. Similarly, 
porphyries related to the Basin granite are spatially associated with mineralisation in the 
same area (Noongal mining camp). Oliver (1999) reported a titanite age from the Basin 
granite of 2631 ± 7 Ma, which he interpreted to date movement on the Noongal shear zone 
and an indirect age for gold mineralisation. Although, the Wheel of Fortune granite is 
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spatially close (within Ikm), to the deposits of the Lennonville mining camp (north ofMt 
Magnet), Watkins & Hickman (1990), record no porphyries within these deposits. 

Petrogenesis: Largely as for the Mainland and Kyle Kyle clans. 

Tectonic & other implications: As for the Mainland and Kyle Kyle clans, and the High
Ca group in general. 

Wool bong Clan 

Member Supersuites: Wolbar, Wolla Wolla, Woolbong 

Distribution: A moderate clan of 20 units comprising gneiss complexes, small to large
sized plutons, and small pods, mostly external, but including a few internal or marginal to 
greenstone belts (Gullewa greenstone belt). Distribution is strongly localised with all units 
confined to the eastern half of the Yalgoo sheet. 

Geochronology: No units of the Woolbong clan have been dated. 

Chemical characteristics: Mostly falls within the high LILE end-member, characterised 
by moderate (to high) LILE, but shares some features with the low LILE end-members, 
i.e., low to moderate HFSE, and moderate to high Sr. The latter is reflected by most 
samples having with no or only slight negative or positive Eu anomalies, though some 
felsic members have either small negative Eu or moderate to large positive anomalies. The 
clan is strongly Y -depleted. The coupling of moderate LILE with low HFSE is distinctive. 
A similar feature is shared by the Gudgeman clan, which shares many similarities with the 
Woolbong clan, though the latter lacks the elevated Sr and Ba of the former. 

Mineralised members? Not associated with known mineralisation. 

Petrogenesis: Largely as for the Eily Eily and Gudgeman clans. 

Tectonic & other implications: As for the Eily Eily and Gudgeman clans, and the High
Ca group in general. 

Y oothapina Clan 

Member Supersuites: Yoothapina 

Distribution: A very small clan of just 2 units, comprising a moderate-sized internal 
foliated granite in the Meekatharra-Wydgee greenstone belt, SE Belele, and a small 
external pod, in SW Belele. 

Geochronology: No units of the Yoothapina clan have been dated. 

Chemical characteristics: Clearly falls within the high LILE end-members of the High
Ca group, and as such such has many similarities with the Eily Eily clan, including 
negative Eu anomalies. The Yoothapina clan is, however, characterised by a number of 
element decouplings, e.g., has moderate Sr and low Rb and Pb, coupled with moderate 
Na20, and K20. Also characterised by moderate to high HFSE contents, small negative Eu 
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anomalies, and higher FeO*, MgO than the majority of High-Ca granites in the region. 
Has many similarities with the Euro clan, in particular the low-moderate 1ILE and 
moderate-high HFSE, though the Euro clan has distinctly higher Sr and Ba. 

Mineralised members? No known association with mineralisation. 

Petrogenesis: 
Largely as for the Euro and Eily Eily clans. 

Tectonic & other implications: As for the Euro and Eily Eily clans, and the High-Ca 
group in general. 

Clans of the Diemals Association, High-Ca Group, Southern Cross 
Province 

Dewar Clan 

Member Supersuites: Dewar 

Distribution: A small clan comprising two small to moderate external plutons in SE Cue. 

Geochronology: No reported geochronology for this clan. 

Chemical characteristics: Belongs to the high 1ILE end-member of the High-Ca group. 
Chemically, very similar to the Eily Eily clan of the Murchison Province (Figs 3, 4), 
including having moderate Sr and small to moderate negative Eu anomalies. Readily 
distinguished from the more chemically-primitive Janjather clan; the latter having lower 
LILE and HFSE, and significantly higher Na20 and Sr. Relative to Southern Cross 
Province clans to the east (Budd & Champion, this volume), the Dewar clan is very similar 
to the Diemals clan, and may actually belong in the latter. 

Mineralised members? No known associated mineralisation. 

Petrogenesis: Essentially similar to that for the Eily Eily clan, Murchison Province, i.e., . 
from a 'source' more chemically evolved than basalt/amphibolite. 

Tectonic & other implications: Largely as for the Eily Eily Clan, Murchison Province, 
and the High-Ca group granites in general. 

Janjather Clan 

Member Supersuites: Janjather 

Distribution: Very small clan comprising one external small pluton in SE Cue. 

Geochronology: No reported geochronology for this clan. 

Chemical characteristics: Clearly falls into the low LILE end-member with its low to 
very low K20, Rb, Pb, and high Na20 and Sr. Most similarities with the Wheel of Fortune 
and Mainland clans in the Murchison Province, though the former has higher LILE 
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contents, and the latter has lower Na20, Sr and Ba and higher MgO and FeO*, relative to' 
the Janjather clan. Relative to SCP clans to the east (Budd & Champion, this volume), the 
Janjather clan is clearly more primitive with lower LILE (especially K20 and Rb) and 
much higher Sr. The most similar clan, the Hong Kong clan, occurs within the very 
easternmost part of the Southern Cross Province in the northern Eastern Goldfields region 
(Champion & Cassidy, this volume), although the latter lacks the high Sr found in the 
lanjather clan. 

Mineralised members? No known associated mineralisation. 

Petrogenesis: As for the Mainland and Wheel of Fortune clans of the Murchison Province, 
and the High-Ca granites in general. The Low-LILE composition, is most consistent with 
a basaltic/amphibolitic source composi-tion. 

Tectonic & other implications: As for the Mainland and Wheel of Fortune clans of the 
Murchison Province, and High-Ca group in general. 
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Low-Ca Group. northern Murchison 

Member Associations: Goolthan Association (Murchison Province) 
Beetle Association (Southern Cross Province) 

Distribution: The second most dominant granite group within the northern Murchison, 
representing up to 15 to 20% of total granites (Fig. I). Widespread occurrence across the 
northern Murchison, ranging from large plutons to numerous small pods and dykes into 
older granites. Eight clans have been recognised in the northern Murchison Province, and 
one small clan in the western Southern Cross Province (Table 7). 

Geochronology: Only 4 ages are available for the Low-Ca granites, in the Murchison 
Province, 3 lying between 2654 and 2626 Ma, with one outlier at 2676 Ma (Table 3). The 
older age should be treated with some caution as it is not entirely unequivocal whether this 
sample belongs to the High-Ca or Low-Ca group (see Myagar clan section). Except for the 
outlier, these ages are similar to those for Low-Ca granites in the southern Murchison 
Province (Table 4), which fall between 2627 and 2654 Ma. This range is very similar to 
that observed for the Low-Ca granites within the Southern Cross and Eastern Goldfields 
provinces (2660 to 2630 Ma), providing good evidence that Low-Ca magmatism, unlike 
the High-Ca magmatism, was largely synchronous across both provinces (and the Southern 
Cross Province), though as noted elsewhere (Champion & Cassidy, this volume), the 
Eastern Goldfields Province appears to lack significant Low-Ca magmatism of 2.64-2.63 
Ga and younger. Further geochronology will help clarity whether these differences are 
indeed real or just artefacts of the limited data to date. 

Although inherited zircons would not expected within Low-Ca granites (Le., high Zr levels 
indicating that the initial melts weren't zircon saturated), there is some evidence for older 
zircon. Data, available for the whole Murchison Province (Tables 3, 4) give inherited(?) 
ages of 2670-2680, and ca. 2770-2830 Ma. These 'inherited' ages are much younger than 
would be expected given the Nd model ages (3000 to 3200 Ma, Fletcher & McNaughton, 
this volume). 

Chemical characteristics. 
Characteristics for this group have been summarised by Champion & Sheraton (1997), and 
Champion (1997), for the Eastern Goldfields Province. Basically, the Low-Ca granites in 
the Murchison Province are very similar, comprising potassic granite and lesser 
granodiorite, characterised by high LILE (K20, Rb, Pb, Th, U) and HFSE (LREE, HREE, 
Y, Zr) contents (Figs 4, 5), with moderate to strong negative Eu anomalies (Sr-depleted), 
flat HREE patterns, and mostly Y -undepleted, but ranging to Y -depleted, compositions. 
The Deep Mucca Bunna, Midge and Goolthan clans of the northern Murchison, are the 
archetypal Low-Ca clans, exhibiting most of the features of this granite group (Figs 4,5). 
As for the Eastern Goldfields Province, individual clans (Table 7), exhibit a range in LILE 
and HFSE contents, from moderate (Myagar, Nakedah clan) to high (Deep Mucca Bunna, 
Midge and Goolthan clans; Fig. 4), though the range isn't as large as for the High-Ca 
group. Other chemical variations include high to very high Sr and Ba (Nakedah, Deep 
Mucca Bunna clans), and, in the Horseshoe clan, elevated FeO·, Y. Available Sm-Nd 
isotopic data, indicate a narrow range in ENd (-3.4 to -4.6), that overlap completely with 
members of the High-HFSE group, but are clearly more evolved (more negative), than 
High-Ca, and Mafic group granites (Fletcher & McNaughton, this volume). Champion & 
Sheraton (1997) reported similar relationships between the granite groups in the Eastern 
Goldfields Province. 
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The Myagar and Nakedah clans, two of the most chemically primitive clans of the Low-Ca 
group, are characterised by moderate to high Na20, moderate K20, with only moderate 
LILE and HFSE, and as such, their geochemistry overlaps with the more LILE-rich 
members of the Eily Eily clan of the High-Ca group, with only minor differences, e.g., 
slightly lower HFSE, and slightly higher CaO, in the Eily Eily clan (Fig. 5). This raises the 
problem that it is not entirely evident to which group the Myagar and Nakedah clans 
actually belong, i.e. either Low-Ca or High-Ca, although part of this overlapping chemistry 
reflects lack of documentation by Watkins & Hickman (1990), for their sample sites where 
mUltiple samples were collected, i.e., it is not entirely clear what has been sampled, e.g., 
dominant phase, dyke, enclaves. Obviously, there is no satisfactory solution to this 
classification problem; additional work is clearly required, in particular, Sm-Nd data for 
both the Myagar and Nakedah clans would be helpful. 

Mineralised members? Like the Eastern Goldfields Province, there are no recorded 
examples of Low-Ca granites hosting gold mineralisation, despite them apparently being 
either older or contemporaneous with the postulated main period of gold mineralisation 
around 2640 to 2630 Ma (e.g., Yeats et aI., 1996). The Low-Ca granites are, however, 
younger than the gold mineralisation recorded at Big Bell, if the 2662 ± 5 Ma age of 
Mueller et al. (1996), is correct. 

Like the Low-Ca granites in the Eastern Goldfields Province, it is considered highly likely 
that the Low-Ca granites of the Murchison Province have, contributed, by weathering, to 
the U in calcrete deposits in the region. It is also considered likely that pegmatites 
associated with Be (and Li), and/or Sn-Ta mineralisation are also related to the Low-Ca 
granites. These pegmatites, as described by Watkins & Hickman (1990), occur both within 
greenstones, e.g., Rothsay, Dalgaranga, Poona or within Low-Ca granites, e.g., Edah. 

Petrogenesis: The characteristics of the Goolthan Association, and the Low-Ca group 
granites in general, i.e., potassic, high LILEs, elevated HFSEs, indicate derivation from an, 
at least moderately, potassic and LILE-rich crustal source, i.e., some form of pre-existing 
continental crust, possibly compositions not unlike typical Archaean tonalites (Champion 
& Sheraton, 1997). The low CaO in the Low-Ca granites and the very minor occurrence of 
amphibole in the granites themselves, indicate partial melting was largely via dehydration 
melting driven by biotite breakdown, i.e., either small volume melts or from a source with 
only minor amphibole. Further the high levels of the HFSEs, in particular Zr, in the Low
Ca granites, strongly indicate high temperature melting (i.e., zircon saturation and, hence, 
levels of Zr in a granite melt are strongly temperature dependent), a fact which may also be 
consistent with a generally water-poor (limited amphibole) source. Finally, the mostly Y
undepleted and Sr-depleted nature suggests that the Low-Ca granites were generated at 
moderate. crustal levels (mostly <35 km). 

The variation in LILE, in particular, and the HFSE, between the Low-Ca clans, may reflect 
a variety of processes, including: 
• changes in the percentage of partial melting, i.e., the greater percentage of melt, the 

lower the concentration of LILEs in the melt, 
• variations in source compositions, 
• variable mixing of two or more source components, e.g., perhaps a component ofa 

source similar to that envisaged for the High-Ca granites. 
It is apparent that a number of these processes may have viable. For example, the chemical 
characteristics of the Goolthan clan, e.g., lower KlRb, mg#, more negative Eu anomalies 
and higher Ca/Sr ratios, for given silica content, are consistent with smaller degree partial 
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melts. On the other hand features such as those shown by the Horseshoe clan, e.g., higher 
FeO*, and lower K20, Rb, coupled with low Sr, are also characteristics of the High-HFSE 
group in the northern Murchison, suggesting that there may be a component of the High
HFSE group source involved in the generation ofthe Horseshoe clan. Finally, it is evident 
that the variation in the HFSE, Na20 and K20, and Sr and Ba, between clans, also indicate 
some differences in LILE and HFSE contents of the source rocks for the Low-Ca clans. 

Tectonic & other implications: The simplest model for the Low-Ca granites, would 
appear to require their generation from moderately dry tonalitic (or more felsic) pre
existing crust, in an extensional environment most probably with an elevated geothermal 
gradient (needed to get the postulated high melting temperatures). This is clearly contrary 
to the general scenario for the High-Ca granites, indicating not only distinct source rocks, 
but distinct sites of granite generation for the two granite types (though there is some 
evidence that the Eily Eily clan of the High-Ca group may have been derived at similar 
crustal levels as the Low-Ca granites). These differences between the High-Ca and Low
Ca sources are also supported by the available Sm-Nd isotopic data which indicate 
isotopically distinct source reservoirs for the two granite groups (Fletcher & McNaughton, 
this volume). As for the Eastern Goldfields Province, these differences are even more 
significant when the age distributions of the two granites groups are taken into 
consideration, i.e., the temporal change from dominantly High-Ca magmatism to less 
voluminous, but very widespread, dominantly Low-Ca magmatism, around 2660 to 2650 
Ma. This changeover in magmatism presumably must correspond to some fundamental 
change in tectonic environment, perhaps from a compressional or arc-related environment 
to one dominated by extension or post-tectonic relaxation, i.e., some mechanism produced 
a change in the thermal regime, that not only increased the thermal gradient (to allow 
generation of Low-Ca granites) but effectively turned off production of High-Ca granites. 

As discussed for the Eastern Goldfields Province (Champion & Cassidy, this volume), the 
exact nature of this tectonic transition is largely dependent on the origin of the High-Ca 
granites. If, as favoured for the northern Murchison, the High-Ca granites were generated 
by partial melting in thickened crust, then the change to Low-Ca magmatism indicates 
melting shifted to higher crustal-levels (the site of Low-Ca generation), with the thickened 
lower crust (High-Ca source) either somehow insulated from further melting or removed. 
In this regard, Smithies & Champion (1999) suggested that this post 2660 Ma thermal 
event may have resulted from Yilgarn-wide lower-crustal delamination following crustal 
thickening during the main D2 shortening deformation in the Eastern Goldfields Province. 
These authors further speculated that this event represented an additional tectonothermal 
event in the Yilgarn Craton, contemporaneous with lower-middle crustal high-grade 
metamorphism and regional Au mineralisation (e.g., Kent et al. 1996). 

If, however, the High-Ca granites were largely generated by slab-melting, a scenario 
considered less likely, then the change over to Low-Ca (and High-HFSE) magmatism may 
simply reflect some form of wide-scale extension, perhaps not unlike that presently 
operating in the Basin and Range province in the western United States, although with 
some differences, e.g., lack of contemporaneous felsic volcanism. 

Finally, the possible component of High-HFSE group source in the Horseshoe clan, 
suggests an overlap in not only time but also in process and/or crustal level of generation 
between the Low-Ca and High-HFSE groups. Notably, this is consistent with the Sm-Nd 
isotopic data, which indicate similar isotopic signatures for both granites groups. 
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Low-Ca (SCP) 
Clan 
Bullfrog? 

Low-Ca(MP) 
Clan 
Deep Mucca
Bunna 

Edah 

Goolthan 

Horseshoe 

Midge 
Myagar 

Nakedah 

Tardiwarra 

unassigned 

Beetle Association 
Supersuite 
Bullfrog 

GooIthan Association 
Supersuite 
Poordy 
Bidjeroo 
Bubbamunga? 
Deep Mucca Bunna 
Minjin 
Tallering 
Candoo 
Edah 
Woolpah 
Yarnga 
Ben Davey 
Bubbowroo 
Goolthan? 
Jingemarra 
Omega 
Poothea 
Telegootherra 
Horseshoe 
Ubloo 
Midge 
Goonamoodey 
Koolagabby 
Myagar 
Jungar 
Bocadeera 
Fionabell 
Nakedah 
Nalbarra 
Tura 
unnamed 
Tardiwarra 
Beergoona 
unassigned 

Suite 
Bullfrog 

Suite 
Poordy 
Bidjeroo 

5.34 

Bubbamunga , unnamed 
Deep Mucca Bunna, Mem, Yalgoora 
Minjin 
Tallering 
Candoo 
Edah 
Woolpah 
Yarnga, Wollanoo, Kutmia 
Ben Davey, Cunby Cunby, unnamed 
Bubbowroo 
Goolthan? 
Jingemarra 
Omega 
Poothea 
Dalgaranga, Wambu!')'?, Telegootherra, unnamed 
Horseshoe 
Ubloo 
Goodoona, Doodaw8lUlie, Midge HQ, unnamed 
Mullawagga, Jumbulyer, Rasik, unnamed 
Koolagabby 
Beeringunjer, Myagar, Kerbar, Hegarties well, unnamed 
Jungar 
Bocadeera, Borehole Bore 
Fionabell 
Nakedah-2, Nakedah-I, Sherron, MurrawaHa, Cricket Well 
Nalbarra, Nalbarra-2 
Tura 
unnamed 
Warra Warra, Tardiwarra 
Boojall, Beergoona 
unassigned 

Table 7. Suites, supersuites, clans and associations of the Low-Ca group, northern Murchison Province. 

AMlRA P482lMERlW A M28l - Yilgam Granitoids. 200 l 



5.35 

Clans of the Goolthan Association, Low-Ca Group, northern Murchison 
Province 

Deep Mucca Bunna Clan 

Member Supersuites: Poordy, Bidjeroo, Bubbamunga, Deep Mucca Bunna, Minjin, 
Tallering, Candoo 

Distribution: Widely distributed clan of seven supersuites and 26 units, comprising mainly 
external, dykes, small pods and small plutons, occurring within two regions: 
• dykes, and small bodies in the eastern two-thirds ofYalgoo (Bidjeroo, Deep Mucca 

Bunna, Tallering, Candoo supersuites) 
• small bodies within NW Cue and SW Belele (Poordy, Bubbamunga, Minjin 

supersuites) 

Geochronology: No recorded ages for the Deep Mucca Bunna clan. 

Chemical characteristics: The Deep Mucca Bunna clan, with the Midge and Goolthan 
clans, are the archetypal Low-Ca clans, exhibiting most of the features of this granite 
group, namely, high K20, Rb, Pb, Th, LREE, Zr, Nb, moderate to high HREE and Y, and 
low Na20, (Figs 4, 5). The Deep Mucca Bunna clan is most similar to the Midge clan, 
though not as HFSE-enriched as the latter. Differences between the Goolthan and Deep 
Mucca Bunna clans include lower Rb, Nb, Zr, and higher Sr and Ba, in the latter. Like the 
Low-Ca group in general, all members of the Deep Mucca Bunna clan are Sr-depleted 
(moderate negative Eu anomalies), and mostly Y-undepleted. 

Mineralised members? No known associated mineralisation, though it is possible that 
some of the lithophile mineralisation (Sn, Li, Be, U) in the NW Cue area, may be related to 
this clan; note that members of the Midge and Goolthan clans also occur within that region 
also. 

Petrogenesis: As for the Low-Ca group in general, particularly given the moderate-high 
L1LE, and high HFSE nature of this clan. The lower Rb, Y, Nb and higher Sr, Ba, relative 
to the Goolthan clan, appears to reflect both differences in the crustal level of generation 
(deeper levels and higher pressures for the Deep Mucca Bunna clan), and geochemical 
differences between the respective sources. 

Tectonic & other implications: As for the Low-Ca group in general. 

Edah Clan 

Member Supersuites: Edah, Woolpah, Yarnga, 

Distribution: 
The 6 units ofthls clan comprise moderate to large plutons and granite dykes; all are 
external to greenstone belts. The clan is confined to three regions, that probably really 
constitute one broad distribution: 
• NW Kirkalocka - NE Yalgoo (Edah, Yarnga supersuites), 
• SC-SE Yalgoo and NE-Perenjori (Yarnga supersuite), 
• and dykes within NC Yalgoo (Woolpah supersuite). 
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Geochronology: One age has been reported for the Edah clan, on an unnamed dyke in NW 
Kirkalocka (Edah supersuite), which gives an age of 2640 ± 10 Ma (Schiotte & Campbell, 
1996, Table 3). This dyke also contained inherited zircons of ca. 2800 Ma age. 

Chemical characteristics: Geochemically, falls into the high LILE, high HFSE end of the 
range shown by the Low-Ca group, and as such is chemically very similar to the Goolthan 
Clan (Figs 4, 5). Minor differences include slightly lower Pb, Th, U in the Edah clan; 
other apparent differences include lower K20 and higher Na20, though given the high 
silica, these differences may simply reflect advanced fractionation in the Edah clan. As 
expected from such silicic fractionated compositions, members of the Edah clan have 
strong to very strong negative Eu anomalies, with high Rb (to 400 ppm and over), and high 
RblSr ratios (to 8). 

Mineralised members? Spatially associated with Be mineralisation, north of Edah 
homestead. No other apparent related mineralisation. 

Petrogenesis: As for the Goolthan clan, and the Low-Ca group in general. 

Tectonic & other implications: As for the Goolthan clan, and the Low-Ca group in 
general. The minor differences between the Goolthan and Edah clans most probably 
reflect minor compositional differences in the source. It is possible that further work may 
see this clan amalgamated with the Goolthan clan. 

Goolthan Clan 

Member Supersuites: Ben Davey, Bubbowroo, Goolthan, Jingemarra, Omega, Poothea, 
Telegootherra 

Distribution: This clan, the most areally extensive in the northem Murchison, includes 24 
units, comprising small to large plutons, small pods and numerous dykes. The clan is 
apparently confined to one large band trending NE, from NC-NE Murgoo to NW -NC Cue. 
Units occur either external or marginal to greenstone belts. 

Geochronology: One unit from this clan has been dated, the Goolthan Goolthan granite, 
giving an age of 2626 ± 6 Ma (Table 3). 

Chemical characteristics: The archetypal Low-Ca group, characterised by high LILE, 
high HFSE, potassic compositions, depleted-Sr, large negative Eu anomalies and mostly 
undepleted Y (and HREE). With the Edah clan, has the lowest Sr and Ba, and highest Rb 
ofthe Low-Ca clans in the northern Murchison region (Fig 5). 

Mineralised members? No known associated mineralisation, though it is probable that 
some of the lithophile mineralisation (Sn, Li, Be, U) in the regions where this granite clan 
occurs, e.g., NW Cue area, and around the Dalgaranga and Wardawarra greenstone belts, is 
related to the clan, particularly given the clan's fractionated and lithophile-rich nature. 

Petrogenesis: As discussed for the Low-Ca group in general, the characteristics of the 
Goolthan clan, i.e., potassic, high LILEs, elevated HFSEs, indicate derivation from an, at 
least moderately, potassic and LILE-rich crustal source at moderate crustal levels (mostly 
<35 km). Given that the Goolthan clan represents the most LILE- and HFSE-enriched 
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compositions of the Low-Ca granites in the northern Murchison region, suggests either it 
was derived from a more enriched source and/or by smaller degrees of partial melting. The 
chemical evidence, features such as lower KlRb, mg#, more negative Eu anomalies and 
higher CaiSr ratios, for given silica content, are consistent with smaller degree partial 
melts, though the variation in the HFSE, Na20 and K20, also indicate some differences in 
LILE and HFSE contents of the source rocks for the Low-Ca clans. 

Tectonic & other implications: As for the Low-ca group in general. 

Horseshoe Clan 

Member Supersuites: Horseshoe, Vbloo 

Distribution: 
A small clan, comprising two units, one per supersuite; one on SC Kirkalocka - NC 
Ninghan (Vbloo supersuite), the other near Mt Mulgine, on NE Pernjori (Horseshoe 
supersuite ). 

Geochronology: None recorded geochronology for this clan. 

Chemical characteristics: The Horseshoe clan is largely intermediate in chemistry, 
between the Goolthan and Deep Mucca Bunna clans, e.g., low Sr, Ba, moderate to high 
LREE, Zr, Y, with some notable differences, including higher FeO*, and only moderate 
K20 and Rb, coupled with low Na20 and Sr (Fig. 5). Like all Low-Ca clans in this region, 
members of the Horseshoe clan are strongly Sr-depleted with large negative Eu anomalies, 
and undepleted Y (and HREE). 

Mineralised members? No known associated mineralisation. 

Petrogenesis: Largely as for the Goolthan and Deep Mucca Bunna clans, and the Low-Ca 
group in general. The higher FeO*, and lower K20, Rb, coupled with low Sr, are features 
also shared by the High-HFSE group in this region, though much more extreme in the 
latter. It is possible that there may be a component of the High-HFSE group source 
involved in the generation of the Horseshoe clan. 

Tectonic & other implications: As for the Low-Ca group in general. The possible 
component of High-HFSE group source in the Horseshoe clan, suggests an overlap in not 
only time but also in process and/or crustal level of generation between the Low-Ca and 
High-HFSE groups. 

Midge Clan 

Member Supersuites: Midge 

Distribution: This small clan of7 units comprises dykes, pods and small to moderate sized 
plutons, all confmed to the a localised cluster in the NW Cue to SW Belele area. All 
appear to be external to greenstone belts. 

Geochronology: No recorded geochronology for this clan. 
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Chemical characteristics: Belongs to the high LILE end-member of the Low-Ca clan, 
with many similarities to both Goolthan and Deep Mucca Bunna clans (Figs 4, 5). Like the 
latter, characterised by high Sr and Ba, coupled with low to moderate Rb, that clearly 
distinguish it from the Goolthan clan. Higher HFSE than the Deep Mucca Bunna clan, 
especially Y, which is high to very high in the Midge clan (Fig. 5). 

Mineralised members? 
No known associated mineralisation, though it is possible that some of the lithophile 
mineralisation (Sn, Li, Be, U) in the NW Cue area, may be related to this clan; note that 
members of the Deep Mucca Bunna and Goolthan clans also occur within that region also. 

Petrogenesis: As for the Deep Mucca Bunna and Goolthan clans and the Low-Ca group in 
general. 

Tectonic & other implications: As for the Deep Mucca Bunna and Goolthan clans and the 
Low-Ca group in general. 

Myagar Clan 

Member Supersuites: Goonamoodey, Koolagabby, Myagar, Nalbarra, Jungar, unnamed 

Distribution: A small to moderate sized clan of 17 units, comprising, dykes, pods, and 
small to moderate plutons, occurring as both internal (to the Meekatharra-Wydgee 
greenstone belt), and external units. Largely confined to one region, and as isolated bodies 
elsewhere, namely: 
• the eastern two-thirds of the Kirkalocka sheet, both sides of, and internal to, the 

Meekatharra-Wydgee greenstone belt (Goonamoodey, Myagar, Nalbarra supersuites), 
and 

• isolated units on Murgoo (unnamed supersuite), NC Cue (Jungar supersuite), and 
Perenjori (Koolagabby supersuite). 

Geochronology: One age determination is available for the Myagar clan. The Jungar 
granite (Jungar supersuite), tentatively included within the Myagar clan, gives an age of 
2676 ± 7 Ma (Q. Wang, written communication, 1995; Table 3). This age is somewhat 
anomalous for the Low-Ca group, and may suggest, either, that this unit does not belong to 
this group, or as discussed below, the possibility that this clan does not fit within the Low
Ca group. However, it is noted that several, more-unequivocal, Low-Ca granites of the age 
are known from the Southern Cross Province to the east (see Budd & Champion, this 
volume). 

Chemical characteristics: The Myagar clan, along with the Nakedah clan, are 
characterised by moderate to high Na2D, moderate K2D, with only moderate LILE and 
HFSE. As such they are two of the most chemically primitive clans of the Low-Ca group, 
clearly falling into the low LILE (and low HFSE) end-member of that group (Figs 4, 5). 
The members of the Myagar clan are further characterised by mostly moderate negative Eu 
anomalies (Sr-depleted), and range from Y -undepleted to Y -depleted, with flat HREE 
patterns. Importantly, the Myagar clan overlaps strongly with the more LILE-rich members 
of the Eily Eily clan of the High-Ca group, with only minor differences, e.g., slightly lower 
HFSE, and slightly higher CaD, in the Eily Eily clan (Fig. 5). This raises the obvious 
problem that it is not entirely evident to which group the Myagar clan actually belong, i.e. 
either Low-Ca or High-Ca. Part of this overlapping chemistry problem is caused by lack 
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of documentation, for those sample sites where multiple samples were collected, by 
Watkins & Hickman (1990), i.e., it is not entirely clear what has been sampled, e.g., 
dominant phase, dyke, enclaves. Obviously, there is no satisfactory solution to this 
classification problem; additional work is clearly required, in particular, Sm-Nd data for 
both the Myagar and Nakedah clans would be helpful. For the moment, on the basis of the 
dominant characteristics of each individual supersuite, the clan is placed within the Low
Cagroup. 

Mineralised members? No known associated mineralisation. 

Petrogenesis: Largely as for the Eily Eily clan of the High-Ca group, arid the High-Ca and 
Low-Ca groups in general. The convergence in compositions between the most LILE- and 
HFSE-poor Low-Ca clans, and the most LILE- and HFSE-rich member of the High-Ca 
group (Eily Eily clan; Fig. 5), strongly suggests a convergence in source compositions for 
the two clans. As discussed earlier, though, the differences in Sm-Nd isotopic signatures 
for the High- Ca and Low-Ca groups would appear to effectively rule out any commonality 
of sources. 

Tectonic & other implications: Any implications from this clan are largely speculative 
given the difficulty in assigning it to a group. However, if the clan is indeed in the Low-ca 
group, then the reported age (2676 Ma) is the oldest recorded for this group within the 
northern Murchison region; as mentioned earlier, it is noted that Low-Ca granites of this 
age are recorded within the Southern Cross Province. 

Nakedah Clan 

Member Supersuites: Bocadeera, Fionabell, Nakedah, Tura, unnamed 

Distribution: The Nakedah clan comprises 15 units ranging from dykes and small pods to 
small to medium-sized plutons. Units occur both externally and internal to greenstone 
belts (e.g., Meekatharra-Wydgee greenstone belt), outcropping within 2 regions: 
• mostly in a north-south band from SC Kirkalocka to SC Belele (Bocadeera, Fionabell, 

Nakedah supersuites), and 
• as isolated units on Murgoo (Tura, unnamed supersuites) 

Geochronology: One recorded age determination for this clan, on the altered Coodardy? 
granite near the Big Bell deposit, with an age of 2627 ± 8 (Mueller et aI., 1996). Although 
the unit is altered, the geochemistry fits best with the Low-Ca group, and the surrounding 
granites within the region. 

Chemical characteristics: Like the Myagar clan (see above), the Nakedah clan is one of 
the more chemically primitive clans of the Low-Ca group, i.e., lower LILE and lower 
HFSE (see Figs 4,5). Members of the Nakedah clan range from V-depleted to Y
undepleted, and are mostly Sr-depleted with minor to moderate negative Eu anomalies. It 
is evident from Figure 5, that the Nakedah clan lilso overlaps in chemistry with the Eily 
Eily clan of the High-Ca group, though the former can be distinguished from the latter by 
its higher Sr and Ba. Such high Sr and Ba is also a characteristic of a few other Low-Ca 
clans, e.g., Midge clan (Fig. 5). As for the Myagar clan, it is not entirely evident to which 
group the Nakedah clan actually belongs, i.e. either Low-Ca or High-Ca, though, on the 
basis of the dominant characteristics of each individual supersuite, the clan is placed within 
the Low-Ca group. 

AMlRA P482IMERIWA M281 - Yilgarn Granitoids. 2001 

--- -- --



5.40 

Mineralised members? No known associated mineralisation. 

Petrogenesis: As for the Myagar clan. 

Tectonic & other implications: As for the Myagar clan. 

Tardiwarra Clan 

Member Supersuites: Tardiwarra, Beergoona 

Distribution: A small clan of II units in two supersuites, occurring as dykes and small to 
medium sized plutons, all external to greenstone belts. Units are confined to two regions, 
namely: 
• in a north-south band, along the eastern third of the Murgoo sheet and the very top part 

of the Yalgoo sheet (Tardiwarra supersuite), and 
• NE Perenjori (Beergoona supersuite). 

Geochronology: No reccorded ages for this clan. 

Chemical characteristics: The Tardiwarra clan largely has chemistry somewhat 
intermediate between the Goolthan and Deep Mucca Bunna clans, e.g., moderate-high Pb, 
Th, U, LREE, Zr, low Sr and Ba, strongly negative Eu anomalies, but with some 
significant differences, largely in the alkalis, e.g., only moderate levels ofK20, and 
elevated Na20 (Figs 4, 5). 

Mineralised members? No known associated mineralisation. 

Petrogenesis: As for the Goolthan and Deep Mucca Bunna clans, and the Low-Ca group in 
general. 

Tectonic & other implications: As for the Goolthan and Deep Mucca Bunna clans, and 
the Low-Ca group in general. 

Clans ofthe Beetle Association, Low-Ca Group, Southern Cross Province 

Bullfrog Clan 

Member Supersuites: Bullfrog 

Distribution: One unit occurring in SE Kirkalocka. 

Geochronology: None recorded. 

Chemical characteristics: Only one available analysis, which shows a chemistry very 
similar to the Myagar clan, Goolthan Association, i.e., moderate K20, Na20, LILE, HFSE, 
though, more unequivocally belongs to the Low-Ca group. 

Mineralised members? No associated mineralisation. 
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Petrogenesis: Largely as for the Myagar clan, Goolthan Association, and the Low-Ca 
granites in general. 

Tectonic & other implications: Suggests, like for the High-Ca granites, that there is 
similar chemistry across the Murchison Province - Southern Cross Province boundary, 
though based on very limited data. 
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Damperwah Association. High-HFSE group. Murchison Province 

Member clans: Damperwah, Nannine 

Distribution: The High-HFSE group is sparsely «10%), but widely distributed. Members 
of both clans within the group (Table 8), are very commonly spatially associated with 
greenstones, either internal or marginal (Fig. 1). Unlike the Eastern Goldfields Province, 
there is no obvious indication that the group is sgeographically localised, although it is 
apparent that many of the defined units are concentrated within the north-western half of 
the northern Murchison region, a trend transverse to the dominant structural grain within 
the region. No High-HFSE group granites occur within the Southern Cross Province in the 
northern Murchison region. 

Geochronology: Six ages determinations on 4 units are available for the High-HFSE group 
granites of the northern Murchison region. This small data set, shows that the granites of 
the group fall into two temporal periods, based on clan; the older Nannine clan with ages 
of ca. 2745-2750 Ma, and the Damperwah clan with ages of2640 Ma or younger (Table 
3). Similar granites within the southern Murchison Province have ages less than 2640 Ma 
(Tables 4). It is considered highly likely that older (>2780 Ma) High-HFSE granites do 
exist within the Murchison Province, given that 2930 Ma and older felsic volcanic rocks, 
which have similar geochemistry to the High-HFSE group, are relatively common within 
the Luke Creek group (Watkins & Hickman, 1990). 

Chemical characteristics: Members of the High-HFSE group within the Eastern 
Goldfields Province have been described in detail by Champion & Sheraton (1997), 
Champion (1997), and Champion & Cassidy (this volume); as expected these granites 
share many characteristics with those High-HFSE granites in the northern Murchison 
region. The latter are characterised, and easily recognisable from other granites within the 
region, by their high total Fe (FeO*), moderate to high Ti02, and high LREE, Zr and Y, 
i.e., high HFSE as their name suggests. Other characteristics include moderate silica range 
(69-78% Si02), moderate to large negative Eu anomalies (which increase with increasing 
silica), depleted Sr and mostly undepleted Y (and HREE). Two clans are recognised, 
largely on the basis of LILE contents, with the younger Damperwah clan having 
significantly higher K20, Rb, Th, Pb, Nb and lower Na20 and Sr (Fig. 6). 

Petrogenesis: Champion & Sheraton (1997), and Champion (1997), suggested that the 
High-HFSE group granites were crustal-derived melts from an intermediate to more 
siliceous source, the latter hypothesis based on the combination of high HFSE, high silica, 
and the Sr-depleted and Y -undepleted nature. Such a scenario is also consistent with both 
the Nannine and Damperwah clans of the northern Murchison region. However, as 
discussed for High-HFSE granites in the Eastern Goldfields Province (Champion & 
Cassidy, this volume), it is also possible that the granites are actually fractionates of more 
mafic rocks, similar in composition to the Bullshead clan of the Eastern Goldfields 
Province. If the latter scenario is correct, then the ultimate source rocks for the granitoids 
of this group must have been even more mafic. Such a mafic source, and the temperatures 
required for partial melting, is also consistent with the, high-temperature A-type 
characteristics of the High-HFSE group (elevated Fe, Zr, Y; Fig. 6). Unlike the Eastern 
Goldfields Province, the High-HFSE clans of the northern Murchison region show a large 
difference in the LILE, from low (Nannine) to high (Damperwah). Given the similarity of 
such factors as Si02, mg*, size of the negative Eu anomaly, it is clear that these differences 
in LILE must reflect original source differences, i.e., the source for the Damperwah clan 
was more LILE-rich. Notably, many of the high LILE characteristics of the Damperwah 

AMlRA P482IMERIW A M281 - Yilgam Granitoids. 200 I 



5.43 

clan are also shared by the contemporaneous Low-Ca group in general, suggesting the 
possibility of partly common sources, as has already been suggested for the Horseshoe 
Clan of the Low-Ca group. In this regard, it is notable that the Low-Ca and High-HFSE 
groups share similar Sm-Nd signatures, both significantly more evolved than those for the 
High-Ca and Mafic groups. It is noted, however, that members of the LILE-poor Nannine 
clan also have similar Sm-Nd signatures, pointing to both long-lived rugh and low LILE 
sources for the High-HFSE group granites in the northern Murchison region, i.e., pre
existing crustal rocks. The Sr-depleted, Y -undepleted nature of the group, strongly infer 
generation at only moderate crustal pressures, i.e., <10 kbars «35 km truck). 

Tectonics and other implications: The close spatial, and genetic, relationsrup between the 
High-HFSE granites and volcanics in the Eastern Goldfields Province suggested that in 
that province those granites were intimately related to greenstone formation. Within the 
northern Murcruson region, however, although there is an undoubted spatial relationsrup, it 
is evident that many of the associated volcanics are apparently much older (e.g., Watkins 
& Hickman, 1990). Given the ages of the Nannine clan granites, which overlap with ages 
for the younger felsic volcanics (Mt Farmer group), and the similarity in chemistry of some 
of the Luke Creek and Mt Farmer group felsic volcanics, to the High-HFSE granites, it is 
reasonable to suggest that the latter are, at least in part, related to greenstone formation. 
Similarly, there is also good reason to expect older (>2930 Ma) members of this clan to be 
present within the northern Murcruson region. More importantly, the geochemistry of the 
High-HFSE granites and their A-type affinities indicates emplacement in an, at least 
locally, extensional environment (as pointed out by Champion & Sheraton, 1997). The 
ages of these granites, mostly 2740-2750 Ma,and 2640 Ma and younger, can be then be 
used to indicate periods of local extension. 

It is notable that the younger granites withln the northern Murchison region (Low-Ca and 
High-HFSE groups) contrast with those in the Eastern Goldfields Province (Low-Ca and 
Syenitic, and carbonatitic?). The reasons for trus are not completely understood but may 
have something to do with proximity to recently active convergent margins, i.e., 
immediately prior subduction along the eastern margin of the Eastern Goldfields Province 
may have been responsible for producing suitably metasomatised mantle and lower crustal 
(?) rocks as source rocks for syenites (e.g., Smitrues & Champion, 1999). Given the 
dominance of Low-Ca granites of this age across the craton, however, it is still evident that 
the bulk of the middle-lower crust across the craton must have been of largely similar 
composition, or at least, similarly capable of producing voluminous Low-Ca magmatism. 

Higb-HFSE (MP) Damperwab Association 
Clan Supersuite Suite 
Damperwah Bootra Bootra 

NaIUline 

Cootinge 
Damperwah 
Koolanooka 
Tinderlong 
Toola 
Urawa 
Keygo 
Nannine 

Cootinge 
Damperwah, Kadji Kadji, Mingewanah?, Goodingnow 
Koolanooka 
Tinderlong 
Toola 
Urawa 
Keygo 
Nannine, Eelya? 

Table 8. Suites, supersuites, clans and associations of the High-HFSE group, northern 
Murchison Province. 
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Clans ofthe Damperwah Association, High-HFSE Group, northern 
Murchison region 

Damperwah clan 

Member Supersuites: Bootra, Cootinge, Damperwah, Koolanooka, Tinderlong, Toola, 
Urawa 

Distribution: A small to moderate clan of 7 supersuites (Table 8), comprising small to 
moderate sized plutons occurring across the north-west half of the northern Murchison 
region, either external or marginal to the greenstone belts. 

Geochronology: Two units have been dated (Weidenbeck & Watkins, 1993), both from 
the northern half of the Perenjori sheet, with ages of2641 ± 5 (Damperwah supersuite), and 
2602 ± 16 Ma (Koolanooka supersuite). Zircon inheritance ages of ca. 2863 Ma were 
reported for the Damperwah unit (Table 3). 

Chemical characteristics: The Damperwah clan clearly falls within the high LILE end
member of the High-HFSE group (Fig. 4), with its elevated K20. Rb. Pb, Th and low Na20 
and Sr (Fig. 6). Like all High-HFSE granites, the Damperwah clan is clearly distinguished 
from other granite groups by the elevated FeO*, Zr. Y, etc. (Fig. 6). 

Mineralised members? No recorded associated mineralisation. 

Petrogenesis: As for the High-HFSE group in general. The high LILE contents of the 
Damperwah clan, relative to the Nannine clan, indicate a more LILE rich source for the 
former. 

Tectonic & other implications: As for the High-HFSE group in general. 

Nannine clan 

Member Supersuites: Keygo, Nannine 

Distribution: A small clan of three units (Table 8). within and marginal to the 
Meekatharra-Wydgee greenstone belt (Nannine supersuite), and marginal to the 
Dalgaranga greenstone belt (Keygo supersuite). Given the apparent association with felsic 
volcanics, and the similar chemistry of the latter to the former (e.g., Watkins & Hickman, 
1990). it is to be expected that more units of this clan exist. 

Geochronology: Four ages are recorded from two units for this clan, all falling between 
2745 and 2753 Ma (Table 3). These ages indicate that the Nannine clan is significantly 
older than the Damperwah clan. 

Chemical characteristics: Clearly falls into the low LILE end-member of the High-HFSE 
group (Fig. 4), with low to moderate K20, Rb, Pb, Th. and moderate to high Na20 and Sr 
(Fig. 6). Like the Damperwah clan, is characterised by high total Fe, LREE, Zr. Y, and is 
Sr-depleted with moderate to strong negative Eu anomalies. Clearly distinguished from 
the Daml'erwah clan by its lower LILE contents (Fig. 6). 
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Mineralised members? No known associated mineralisation. 

Petrogenesis: As for the High-HFSE group in general. Source rocks for the Nannine clan 
were clearly low in LILE. 

Tectonic & other implications: As for the High-HFSE group in general. 
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Gem of Cue Association, Mafic group, northern Murchison Province 

Member clans: Britania, Gem of Cue, Norie 

Distribution: This group, comprising 3 clans (Table 9), is widely distributed across the 
northern Murchison Province, but overall, like the High-HFSE group, forms only a minor 
component of the total granites (Fig. 1). With the exception of one pendant within a Low
Ca granite (NW Kirkalocka), all units of the group are either internal or marginal to 
greenstone belts. Most units appear to occur within the Meekatharra-Wydgee greenstone 
belt. 

Geochronology: Geochronology has been undertaken on 9 units from the Mafic group 
(Table 3), from which it is evident that there are at least two periods of magmatism, at ca. 
2715 Ma (Gem of Cue, Britania clans), and 2747-2760 Ma (Gem of Cue, Britania, Norie 
clans), with a possible outlier at 2788 ± 32 Ma (unit tentatively identified as Mafic group), 
but within error of the older sub-group. Notably, older Mafic group granites (ca. 2800 and 
3020 Ma) have been recorded within the Southern Cross Province (Budd & Champion, this 
volwne), and, accordingly it is expected that similarly-old Mafic granites probably also 

. exist in the Murchison Province. 

Chemical characteristics: As for the Mafic group granites within the Eastern Goldfields 
Province (Champion & Sheraton, 1997; Champion, 1997; Champion & Cassidy, this 
volume), the chief characteristic of the Mafic group granites in the northern Murchison 
region is the expanded silica range, in particular, compositions between 58-68% Si02, and 
the presence, in hand specimen of common hornblende. Other characteristics include 
variable LILE and LREE content, with mostly Y -undepleted (Y decreasing with increasing 
silica), and mostly Sr-undepleted (with no or mildly negative Eu anomalies) signatures 
(Fig. 6). In the Eastern Goldfields Province, Champion & Cassidy (1998) subdivided the 
Mafic group into two broad subtypes on the basis of their LILE contents. A similar 
approach has been adopted for the northern Murchison region, with the Gem of Cue (low 
LILE) and Britania (high LILE) clans (Table 9, Figs 4, 6), though it is apparent that no 
strongly LILE-enriched Mafic group granites are yet known from the region. In addition to 
these clans, it is evident that there exists an additional clan (Norie), largely characterised 
by high MgO, mg*, Ni and Cr - chemical features that strongly indicate a subduction-type 
environment was present before or during their generation (see below). Available Sm-Nd 
isotopic data for the Mafic group (ENd of 0.7 and -1.7; Fletcher & McNaughton, this 
volwne), indicates a strong overlap with values recorded for the High-Ca group, similar to 
the situation in the Eastern Goldfields Province (Champion & Sheraton, 1997). 

Mineralised members? Examples of Mafic group granitoids directly hosting significant 
gold mineralisation are rare in the Murchison Province, though a nwnber hosting 'minor' 
gold mineralisation (typically in quartz veins and/or shears) are known, e.g., deposits in the 
Gem of Cue granite around Cue, in the Britania granite south of Mt Magnet, and small 
deposits in the Annean granite near Nannine. It is also evident from descriptions in 
Watkins & Hickman (1990), that feldspar porphyry sills and dykes are a common lithology 
found at Au deposits of the Murchison Province, though most appear to be spatially 
associated rather than hosting mineralisation e.g., mafic group dykes in Hill SO and other 
deposits around Mt Magnet (Watkins & Hickman, 1990). These porphyries appear to 
belong to either the Mafic or High-Ca groups. Perhaps the best documented porphyries 
associated with gold mineralisation are those in the Meekatharra - Paddys flat mining camp 
region (see Watkins & Hickman, 1990). 

AMIRA P482IMERIW A M281 - Yilgam Granitoids. 200 I 



5.47 

It is clear that the strong common association of members of the Mafic group with gold 
mineralisation seen in the Eastern Goldfields Province, e.g., Granny Smith, Lawlers, 
Liberty, Kanowna Belle, Golden Cities, is not evident within the northern Murchison 
region. This may be a true and correct feature of the northern Murchison region or, 
alternatively, may simply reflect lack of exploration within such Mafic group granites in 
the region. lfthe latter is correct, then given the overall structural control ofYilgarn gold 
deposits, any interplay of structural features and Mafic group granites is worthy of 
exploration. 

Petrogenesis: As indicated by Champion (1997), the source for most of the Mafic group 
granites is largely equivocal, with evidence for both crustal and mantle-derived 
contributions. Clearly, the variation in the LILE and LREE, evident in even the most 
mafic end-members, requires at least two separate components, just to produce the Britania 
and Gem of Cue clans. Champion (1997) suggested two such sources for the Eastern 
Goldfields Province, namely a mafic 'basaltic' source, similar to that proposed for the 
High-Ca granites, and a more mafic, perhaps mantle-deri ved, LILE-rich source component. 
Such sources would also appear to be apt for the northern Murchison region, though it is 
clear that there is no requirement that the LILE-enriched source be mantle-derived or even 
as mafic as the low LILE 'basaltic' source component. Other possible mechanisms for . 
producing the LILE differences between the Britania and Gem of Cue clans, include: 
• a similar overall source, variably LILE-enriched (metasomatised) before partial 

melting, with the non- or poorly-metasomatised regions producing the Gem of Cue 
clan, and the more strongly-enriched regions producing the Britania clan, 

• a heterogeneous (mixed) source region, or 
• post-melting modification by a LILE-enriched fluid or melt, e.g., some form of magma 

mixing introducing the high LILE into the Britania clan granites. 

At present it is difficult to choose between one or more of these models. although the 
magma-mixing model would appear to be least likely, given the lack of evidence for LILE
enriched melts, such as Low-Ca or Syenitic magmatism, prior to 2700 Ma. 

One notable feature of the Mafic group within the northern Murchison region is the ca. 
2755 Ma Norie Clan comprising granites with chemistry similar to high-Mg diorites 
elsewhere (e.g., Smithies & Champion, 2000). These granites with their elevated MgO, 
mg#, Ni, Cr, clearly require a mantle-component in their genesis. Even more important, 
however, is the combination of high MgO, Ni etc, with moderate LILE contents. This 
combination of chemical features is thought to reflect metasomatism of the mantle source 
by LILE-enriched melts from a subducting slab, either before or during genesis of the 
granitoids (see discussion in Smithies & Champion, 2000); if correct this indicates 
subduction occurred at or before 2755 Ma, affecting the northern half, at least, of the 
northern Murchison region. 

Tectonic & other implications: As discussed above, the major tectonic implication from 
the Mafic group is provided by the Norie Clan, whose high-Mg diorite affinities, suggest 
subduction and slab melting occurred at or before ca. 2755 Ma, at least in the northern half, . 
ofthe northern Murchison region. The presence of such an arc raises a number of 
questions, not least of which what was the possible orientation of such an arc. Assuming 
the Murchison Province and Southern Cross Province were one before 2800 Ma (see 
Champion et aI., this volume), suggests either an arc somewhere to the north or the west of 
the current Murchison province boundaries. The position of such an arc also has 
implications for the timing of collision between the Narryer Gneiss Terrane and the 
Murchison Province. As suggested earlier, and also by Nutman et al. (1991), the best 
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timing on docking of the Narryer would be sometime between 2810 and 2750 Ma. This 
appears to fit well with the postulated presence of a subduction zone environment at this 
time, and may suggest that such a subduction zone was to the north-west, probably close to 
or north-west of the Narryer terrane's present position. Such a theory would suggest that 
the members of the Mafic group at ca. 2755 Ma, including the Norie clan, were derived 
within a back-arc environment. This is consistent with the presence of High-HFSE 
granites, and felsic (and bi-modal volcanism, Watkins & Hickman, 1990), all indicative of 
at least local extension. How such an environment fits with the High-Ca granites is unclear. 
The environment of formation for the younger (ca. 2715 Ma) Mafic group granites is not 
unequivocal but may largely be as for the older Mafic granites. 

Mafic group (MP) Gem of Cue Association 
Clan Supersuite Suite 
Britania Britania Britania 

Carbar Carbar 
Nookagoo Nookagoo 
Triangle Triangle 

Oem of Cue Deaty. Deaty. 

Norie 

Divine Well Divine Well 
Oem of Cue Oem of Cue, Annean 
Milky Way Milky Way, Eclipse Hill? 
Moyagee Moyagee 
unnamed unnamed 
Norie 
Reedy 

Norie 
Reedy 

Table 9. Suites, supersuites, clans and associations ofthe Mafic group, northern 
Murchison Province. 

Clans ofthe Gem of Cue Association, Mafic Group, Murchison Province 

Britania clan 

Member Supersuites: Britania, Carbar, Nookagoo, Triangle 

Distribution: A small clan of 4 units (Table 9), comprising small to moderate sized 
plutons, within the Meekatharra-Wydgee (Britania, Carbar supersuites), Gullewa (Triangle 
supersuite), and the Twin Peaks (Nookagoo supersuite) greenstone belts. 

Geochronology: Two units have been dated, with results of2747 ± 3 Ma (Triangle 
supersuite), and 2716 ± 4 Ma (Britania supersuite), indicating that members of this clan 
were emplaced during both known periods of Mafic group magmatism. 

Chemical characteristics: As discussed earlier, the members of the Britania clan, 
comprise the high LILE end-member compositional range of the Mafic group in the 
northern Murchison region (Fig. 4). Geochemical characteristics include higher K20, Rb, 
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Sr, Ba, Th, U, LREE, Nb, and lower CaO, relative to the Gem of Cue and Norie clans (Fig. 
6). It is noted, that the LILE-enrichment within the Britania clan is not as great as that 
within some supersuites of the Granny Smith clan, in the Eastern Goldfields Province. 

Mineralised members? Examples of Britania clan granitoids directly hosting or 
associated with gold mineralisation are confined to the Britania granite south of Mt 
Magnet. It is also possible that some feldspar porphyry sills and dykes found at Au 
deposits of the Murchison Province, may belong to the Britania clan; it is noted, however, 
that no dykes of this clan have yet been identified. 

Petrogenesis: Largely as for the Mafic group in general. 

Tectonic & other implications: Largely as for the Mafic group in general. 

Gem of Cue cIan 

Member Supersuites: Deatys, Divine Well, Gem of Cue, Milky Way, Moyagee, unnamed 

Distribution: A small clan of 8 suites and 10 units (Table 9), comprising dykes, sub
surface granites (detected by aeromagnetics and intersected in drill hole), one small pod or 
pendant, and as small to moderate sized plutons. All units are either marginal or internal to 
the Meekatharra-Wydgee (Deatys, Gem of Cue, Milky Way, unnamed supersuites), or 
Tallering (Divine Well supersuite) greenstone belts; the one exception being the Moyagee 
supersuite, which occurs as a pod or pendant within a Low-Ca granite in NW Kirkalocka. 
The distribution of units of the Gem of Cue clan strongly overlap with those of the Britania 
and Norie clans, within the Meekatharra-Wydgee greenstone belt. 

Geochronology: Two SHRIMP ages are recorded for granites of this clan, both by 
Schiotte & Campbell (1996), both from the same Milky Way supersuite, both within the 
region around Mt Magnet. One, on a small pluton gives an age of2715 ± 7 Ma, the other 
on a dyke returns a significantly older age of2752 ± 5 Ma. Pidgeon & Hallberg (2000), 
record a conventional U-Pb zircon age of 2759 ± 4 for the Gem of Cue tonalite (Gem of 
Cue supersuite). Notably, these 3 ages overlap with those of the Britania clan, adding 
support for the existence of at least two periods of Mafic group magmatism. Both dated 
samples contained inherited zircons of ca. 2930 Ma (Table 3). Given the internal nature of 
the dated units these inherited zircons may either reflect source ages or, more likely, some 
contamination from greenstone sequences. 

Chemical characteristics: The Gem of Cue clan encompasses the low LILE and LREE 
part of the Mafic group compositional range, evident in the low to moderate levels of K20, 
Rb, Sr, Pb, Ce (Figs 4, 5), and also extends to less siliceous compositions than the Britania 
clan (Fig. 6). Many of the chemical characteristics of the Gem of Cue clan are similar to 
those observed in the low-LILE clans of the High-Ca group (e.g., Mainland, Wheel of 
Fortune), making it somewhat difficult to separate members of the two groups in the region 
of overlap (around 69-72% Si02); it is notable, however, that the Gem of Cue clan has 
lower Ti02, Sr, Ba, LREE, and Zr with similar to higher MgO, than nearly all High-Ca 
granites. 

Mineralised members? Examples of Gem of Cue clan granitoids associated with gold 
mineralisation include deposits in the Gem of Cue granite around Cue, and in the Annean 
granite near Nannine. It is also evident that feldspar porphyry sills and dykes found at Au 
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deposits of the Murchison Province, are at least locally, part of this clan, e.g., dykes in Hill 
50 and other deposits around Mt Magnet (Watkins & Hickman, 1990). Other porphyries 
within the northern Murchison region probably also belong to this clan, but may also 
include members of the High-Ca group. 

Petrogenesis: Largely as for the Mafic group in general. The apparent chemical 
distinctions between members of the Gem of Cue clan and the High-Ca group, suggests 
that the sources for these two granite types were at least partly different. 

Tectonic & other implications: Largely as for the Mafic group in general. 

Norie clan 

Member Supersuites: Norie, Reedy 

Distribution: A small clan comprising two units, one per supersuite, of small to moderate 
sized plutons, closely spatially associated within the northern part of the Meekatharra
Wydgee greenstone belt, on the NE Cue and SE Belele sheets. 

Geochronology: Both units have been dated, the Norie granite twice (Table 3), all giving 
ages between 2750-2760 Ma. No inherited zircons have been reported. 

Chemical characteristics: The two members of the Norie clan, with their elevated MgO, 
mg#, Ni, Cr, are clearly chemically distinct from other Mafic group granites (Figs 6). 
Notably, despite high concentrations of such elements, which strongly imply a mantle 
origin, the Norie clan granites also have LILE and HFSE contents similar to those of the 
Gem of Cue clan. 

Mineralised members? No recorded associated mineralisation. 

Petrogenesis: As discussed for the Mafic group in general, the coupling of high MgO, mg# 
etc., with moderate LILE contents, and comparisons with similar Archaean granites 
elsewhere, strongly implicate mantle derivation with a subducted slab melt component 
(e.g., Smithies & Champion, 2000). 

Tectonic & other implications: As discussed for the Mafic group in general, the proposed 
mechanism of genesis for granites of the Norie clan, indicate the existence of a subduction 
environment either before or at the time of generation of these granites, i.e., before or 
during ca. 2760-2750 Ma. 
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Udagalia Association. Syenitic group. Murchison Province 

Member clans: Udagalia 

Distribution: Only one unit recorded in the northern Murchison region (Table 10), 
occurring as a dyke within High-Ca granite on NC Yalgoo. Williams et al. (\ 983) record 
two small gneissic quartz syenites (Dallah and Yungan quartz syenites), within the Narryer 
terrane on the NE part of the Byro sheet. 

Syenitic (MP) 
Clan 
Udagalia 

UdagaUa Association 
Supersuite 
Udagalia 

Suite 
Udagalia 

Table 10. Suites, supersuites, clans and associations ofthe Syenitic group, northern 
Murchison Province. 

Geochronology: No recorded geochronology. 

Geochemical characteristics: The one unit is characterised by a very convincing syenitic 
chemistry, e.g., low MgO, FeO*, CaO, Ni, Cr, high K20, Rb, Nb, total alkalis, very high 
Sr, Pb, Th, U, Zr, LREE, and extreme Ba. In addition, the unit is Sr-undepleted with a 
minimal negative Eu anomaly, is Y -undepleted, and shows strong negative Ti and Nb 
anomalies on primitive-mantle normalised plots. Notably, the chemistry of the unit is 
somewhat simi lar to, but not as extreme, as that recorded for the Wallaby clan syenites in 
the Eastern Goldfields Province. The latter syenites appear to have had some interaction 
with a carbonatite, and, perhaps a similar relationship is also the case for the Udagalia unit. 

Mineralised members? No recorded associated mineralisation. 

Petrogenesis: The petrogenesis ofthe syenites of the Yilgarn craton, especially of the 
Eastern Goldfields Province, have been described in some detail by Johnson (1991) and 
Smithies & Champion (1999), with most emphasis on deciphering the relative 
contributions of mantle versus crustal components in their origin - a common problem in 
petrogenetic models for syenites. Smithies & Champion (1999), pointed out that features 
such as the lack of associated mafic rocks, the presence of quartz, the high LILE contents, 
the presence of strong negative Nb and Ti anomalies, when combined indicated a 
significant crustal component. Smithies & Champion (1999), and Champion & Cassidy 
(this volume), however, also indicated that there was, at least in some units within the 
Eastern Goldfields Province, good evidence, e.g., the high Sr and Ba contents, the presence 
of a carbonatite at Wallaby, for the existence of some metasomatised mantIe/lower crustal 
component. The similarity of the Udagalia clan chemistry to the Wallaby clan, invites the 
suggestion that the source for the former also contained some metasomatised component. 

Tectonic and other implications: As indicated by Champion (1997), and Smithies & 
Champion (1999), alkaline and sub-alkaline rocks such as those in the Syenitic group are 
good indicators of regions undergoing, at least local, extension, or an anorogenic (post
tectonic) environment. It is difficult, however, to make any serious conclusions regarding 
tectonic environments, given that there is only one recognised syenitic unit in the northern 
Murchison. The lack of age control is also another serious problem. 
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It is noted, however, that the interpreted possible involvement of carbonatitic magmatism, 
may indicate the existence of a major deep-crustal fault zone within the NE Yalgoo area. 
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Figure 1. Granite groups in the northern Murchison and northwestern Southern 
Cross provinces. Greenstone belts (after Watkins & Hickman, 1990), as follows : 
MR - Mingah Range; MW - Meekatharra-Wydgee; Ta - Tallering; TP - Twin 
peaks; YS - Yalgoo-Singleton; Ko - Koolanooka; Da - Dalgaranga; Wa -
Wardatharra. 
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Figure 2. Comparison of the 'high-LILE' Eily Eily clan, and the ' Iow-LILE' 
Mainland clan, both of the Mainland Association, High-Ca group, northern 
Murchison Province. Nb. 'High-' and 'Iow-LILE' terms are relative, not absolute. 
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Figure 6. Udagalia clan of the Syenitic group, Gem of Cue, Britania and Norie 
clans of the Mafic group, and Damperwah and Nannine clans of the High-HFSE 
group, northern Murchison Province. Also shown, in brown, are the low-LILE 
Mainland clan, High-Ca group, and the Deep Mucca Bunna clan, Low-Ca group. 
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Granitoid geochronology: SHRIMP zircon and titanite data 

Ian R. Fletcher and Neal J. McNaughton 

Summary 

A total of 60 granitoid samples, most of them collected during the 1997-1999 field seasons 
for this project, were selected for SHRIMP geochronological studies, as well as Sm-Nd 
and Pb/Pb isotopic analysis. The samples are fairly evenly distributed between the three 
Provinces of the Yilgam Craton. Zircons were recovered from almost all samples, but in a 
significant proportion of cases the zircons were not sufficiently well preserved to provide 
useful geochronological data. This problem was partially overcome by analysing titanite 
separated from some of these samples. In some cases the use of both zircon and titanite 
revealed aspects of the geochronology which would not have emerged from either mineral 
in isolation. However, there were several cases where titanites were not found, or were too 
low in U to be used for dating. Approximately 75% of the samples are considered to be 
well dated, with a further 5-10% having approximate dates that are interpreted to be valid 
ages. 

Data summary 

Table I summarises the results of SHRIMP dating, and subsequent pages provide brief 
descriptions of each of the samples, data tables and figures, and comments on the results. 
In most cases, the zircon and titanite dates listed in Table I are interpreted to be magmatic 
ages, but they should not be used as such without reference to the discussion which 
follows. 

l 
Figures I and 2 display the distribution of ages from Table 1. There are several events 
which appear to be strongly represented in two Provinces but none which is a major 
component of the distribution in all Provinces, and some events are represented in only one 
of the three Provinces. Note, however, that some 'peaks' include only one or two analyses, 
and that some ofthis sampling programme was intended to will gaps in the previous data 
record. The long-recognised west-east younging of the Yilgam Craton is clearly reflected. 
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Table 1: Summary of SHRIMP zircon and titanite geochronological data. 

Ages ± 2" (Ma) 
AGSO Pluton Unit Rock Chemical 
Number Number Name Type Grouping Zircon Titanite Xenocryst zircon 

Murchison Province 
97969138 243614 Waddouring monzogranite Low-Ca 2628 ± 3 2626 ± 4 
99964003 224112 Goolthan Goolthan bt monzogranite Low-Co 2626 ± 6 2630 ± 5 
99964016C 223916 Mount Mulgine bt syenogranite High-Ca 2756 ± 20 
99964100 224107 Basin bt monzogranite High-Co 2743 ± 4 2632 ± 8 
99967049A 233501 Goddard nebulitic gneiss granitic gneiss High-Ca 2787 ± 4 -2840;-2890 
99967055 233623 Fox Lair bt monzogranite Low-Ca 2641 ± 5 
99967066 213701 Nambon Kfs-phyric bt granite Low-Ca 2646 ± 5 2638 ± 7 
99967082C 213722 Dookaling-xenolith augen gneiss High-Ca 12940 2619 ± 8 
99967114 244301 Telegootherra bt granodiorite Low-Ca no date 
99967141 234208 Keygo granophyric granodiorite High-HFSE -2745 
99969049 253621 Coolamen-dyke hb-bt granite High-HFSE? 2640 ± 5 
99969063 223622 Barrambie-dyke aln-tto-bt granite Low-Ca 2630 ± 6 -2670 
99969066 213601 Donga Wen foliated bt-granite High-Ca no date -2780;-3100;-3200;-3300 
99969093B 223703 Coolangotta granodiorite gneiss High-Ca 3007 ± 3 2632 ± 6 
99969096 223701 Wubin hb-bt granodiorite Low-Ca 2639 ± 6 
99969142 214006 Triangle bt-hb qtz-monzonite Mafic 2747 ± 3 -2790 
99969164A 214114 Courin Hill foliated bt-granite High-Ca 2742 ± 7 

Southern Cross Province 
97969023 293713 Turturdine bt monzogranite Low-Co no date no date 
97969034 303505 Yerdanie bt monzogranite Low-Co no date no date -2705 
97969063 284001 Bulga Downs bt monzogranite Low-Ca .2684 ± 8 
97969082A 284006 The Spring bt granodiorite High-C. 2682 ± 5 
97969102B 283905 Mcleod Rock granitic gneiss High-C. -2740 -2790; -3010 
97969104 283908 Native Wen monzogranite High-C. 2682 ± 6 
97969125 263504 Warren-2 monzogranite Low-C. 2617 ± 3 -2650 
97969126 0 Proterozoic dyke diorite Prot dyke 1201 ± 7 2629 ± 4; -2650 
97969201 323203 Tank No. 28 monzogranite Low-C. 2623 ± 7 
97969202 323304 McPherson bt monzogranite High-C. 2656 ± 10 
98967100A 293504 Boorabbin bt monzogranite Low-Ca no date 
98967102E 0 Koolyanobbing xenolith bt gr.nodiorite Mafic? 2699 ± 10 
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Ages ± 20 (Ma) 
AGSO Pluton Unit Rock Chemic.l 
Number Number Name Type Grouping Zircon Titanite Xenocryst zircon 

Southern Cross Province (conI.) 
98968104 264001 Courlbarloo tonalite Mafic 2813 ± 5 
98969019 284301 Bluff Point monzogranite Low-Ca no date -3105;-3585 
98969025 274302 Buttercup Bore granodiorite Low-Ca 2661 ± 7 
98969033 274304 Tom Bore . granitic gneiss High-Ca 2671 ± 3 
98969042 264305 Barlanga Well quartz monzonite Low-Ca no date -2715;-2820 
98969044 264304 Yarrabubba granite Low-Ca 2650 ± 10 -2750 
98969045 264314 Monty Bore monzogranite High-Ca -2700 
98969055 274205 Woodley Bluff monzogranite High-C. 2712 ± 6 -3025 

Eastern Goldfields Province 
97967038G 313726 Golden Cities bt-hb granodiorite Mafic 2656 ± 3 -2675 
97967069A 314308 Sundowner-dyke feldspar porphryry Mafic 2644 ± 6 
97967069B 304301 Gemchapps bt monzogranite High-HFSE 2608 ± 10 
97967150 343401 Yardilla bt -hb granite Syenite 2645 ± 12 
97967152 343401 Yardilla bt-hb granite Syenite ?2660 
97967153 333419 Talbot bt monzogranite Low-Ca ?2625 -2685 
97969044 313605 Mungari monzogranite Low-Ca no date -2810 
97969209 323308 Dundas bt monzogranite Low-Ca ?2620 
97969212 323303 Lake Kirk granitic gneiss High-Ca ?2685 2631 ± 6 
97969223 333301 Buldania bt granodiorite High-Ca 2660 ± 9 
97969237 323310 Boojerbeenyer monzogranite Low-Ca ?2625 >2800 
97969243 323311 Buldania-2 bt-hb granodiorite High-Ca 2655 ± 6 
97969245 333414 Tramways South monzogranite Low-Ca no date 
97969248 333415 Toil and Trouble bt monzogranite High-Ca 2648 ± 11 2652 ± 14 
97969249 333409 Sinclair monzogranite High-Ca no date 2655 ± 20 ?2725 
97969256B 333413 End of Day xenolith granodiorite Mafic 2663 ± 11 2658 ± 20 
98967008 343613 Erayinia Complex bt-hb qtz-monzonite Syenite 2660 ± 5 
98969003 343501 Fitzgerald Lagoon bt granodiorite High-Ca 2657 ± 9 -2710 
99967170A 314126 Bullshead bt diorite High-HFSE no date 
99967174A 334022 Wallaby K-spar-phyric syenite Syenite no zircon or titanite recovered 
99967176 334023 Wallaby carbonatite Carbonatite no zircon or titanite recovered 
99967177B 334022 Wallaby carbonatitic syenite Syenite 2657 ± 15 
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Figure 1: Cumulative frequency plots for the data in Table I. In cases where titanite and 
zircon register different dates, both are used; when the two minerals record the 
same date it is used as a single entry. Dates which are only approximately 
determined have been assigned an uncertainty of 25 Ma. 
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Figure 2: Expanded detail of the main sections of Figure 1. 
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Sample processing 

All samples were inspected in the laboratory and weathered material discarded. The 
samples were then washed and scrubbed with a nylon brush in town water, rinsed in 
distilled water and dried. Each sample was then crushed in a precleaned jaw crusher and 
about 100 g of material was unbiassedly split off using a perspex splitter. This was milled 
in agate to give a representative wholerock aliquot for geochemical and/or isotopic 
analysis. The remaining rock was milled in a tungsten carbide ring mill to pass through a 
60# disposable nylon sieve, and then washed and decanted in town water to remove fine 
particles (i.e. nominally <10 11m). The samples were then dried, and minerals separated as 
follows: 

• LST heavy liquid separation to separate material lighter than about 2.9 gms/cc; 
• Frantz lsodynamic Separator: magnetic separation to remove strongly to moderately 

magnetic minerals; 
• Di-iodomethane heavy liquid separation to remove material lighter than about 3.3 

gms/cc; 
• Dissolution of sulphides in weak nitric acid (if applicable); and 
• Handpicking of zircons and/or titanite from the remaining heavy mineral 

concentrate. 
• Separation of K-feldspar from the light fraction for Pb isotopic analysis. 

All residues from the processing have been retained at UW A. 

Mount preparation and imaging 

Sample grains were mounted in epoxy with chips of the CZ3 zircon standard (564 Ma; 
206Pb/23SU = 0.0914) or the Khan titanite standard (518 Ma; 206Pbr sU = 0.08367). The 
mounts were ground and polished to remove about half of each grain, and photographed at 
low and high magnification in preparation for SHRIMP analysis. 

Representative zircons from each sample were imaged using Scanning Electron 
Microscope (SEM) techniques at the Centre for Microscopy and Microanalysis (CMM), 
UW A. Images from backscattered electrons (BSE) and charge contrast (CCI) were 
obtained using an environmental SEM. The BSE images show variations in the average 
atomic number of the grains and usually show the internal morphology of the grain due to 
variations in the trace element contents. The CCI technique, developed by Dr Brendan 
Griffin from the CMM, gives images similar to those obtained from cathodohiminescence 
(CL). Variations in CCI image intensity correspond to variations in specific trace elements 
and to radiation damage caused by U -Th-decay over time. The CCI method was used in 
preference to CL because it is quicker and gave a higher resolution of the digital image, it 
did not require carbon coating prior to imaging and subsequent removal prior to gold 
coating for SHRIMP analysis, and caused less damage to the epoxy surface of the mount 
than a CL image. 

Titanite samples were also examined by SEM but growth structures were recognised in 
very few cases. 

SHRIMP method and operating conditions for zircon 

The SHRIMP procedure for zircons has been described by Compston et al. (1984), 
Williams and Claesson (1987) and Smith et al. (1997). The overall advantage of using 
SHRIMP compared to other isotope geochronology methods makes use of the fact that 
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zircons are refractory and can preserve a complex geological history within zircon 
populations found in one rock, and even within one zircon grain. Small areas of grains 
(20-30 /lm diameter) can be analysed to give age information on progressive growth zones 
of single crystals (ie. rims and cores). If this growth history is common to a number of 
grains, a temporal history of the rock can be determined and related to overall geological 
history of the area. 

The normal monitor of machine performance for SHRIMP is the reproducibility of the 
UlPb ratio of the CZ3 standard during the analytical session. This value is given with each 
sample described below. For comparison, at the Australian National University, SHRIMP 
data for their SL3 zircon standard typically has U/Pb ± 2.0% {I 0), whereas data from this 
project is normally better than this. This is considered to be partly due to the CZ3 standard 
being more isotopically homogeneous than the SL3 standard. 

The SHRIMP operating parameters used for zircon were as follows: 

Mass Species Counting 
time (secs) 

Magnet delay 
time (secs) 

196 Zr,O 2 8 
204 ' 04Pb 10 3 
204.1 Background 10 1 
206 '°"Pb 10 2 
207 ,o'Pb 30 1 
208 ,o'Pb 10 1 
238 23'U 5 3 
248 '3'Th 160 5 2 
254 23'U 160 2 2 

Six (sometimes seven) cycles of data constitute each ofthe 'spot' analyses reported. 

A correction was made for common Pb by using the measured 204Pb and the Broken Hill 
Pb isotopic composition to remove the common Pb from the measured isotopic ratios. This 
is an approximation, in that samples with significant 204Pb are generally metamict or 
cracked, and the isotopic composition of the common Pb component cannot be determined 
independently. Surface Pb contamination of the sample, which would be dominantly of 
Broken Hill composition, was monitored in data for CZ3 and was always insignificantly 
small. Data were excluded from age determinations if the potential error introduced by the 
common Pb correction could be significant. 

Data were processed using the program Krill (version 007), written by Dr Peter Kinny 
(Curtin University). In determining whether the spread in a data set is that expected from a 
homogeneous sample population, we accept X2 (equivalent to MSWD) less than -1.6, 
preferably less than -1.2. Other research groups may be less conservative and accept data 
populations with a larger X2, whereas others may be more conservative. In the 
interpretations presented below, a discussion of the influence of this aspect on the age 
estimates is given, where appropriate. 

SHRIMP method and operating conditions for titanite 

The SHRIMP procedure for titanites is similar to that for zircons, and has been described 
by Kinny (1994; 1997). The micro-analytical advantages are also similar to those for 
zircon, although in this project they have served to demonstrate the extreme rarity of 
growth zonation in the samples analysed, rather than to date different growth phases. 
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The monitor of machine performance for SHRIMP of titanite is the reproducibility of the 
UlPb ratio of the Khan standard during the analytical session. This value is given with each 
sample described below, and is generally <2.0% (i.e. comparable to data for CZ3). 

The operating parameters used for SHRIMP during the period of analysis were as follows: 

Mass 

200 
204 
204.1 
206 
207 
208 
248 
254 
270 

Species 

CaTi20 4 
204Pb 

Background 
2°6pb 

207Pb 
208Pb 

232Thl60 

238U160 

238UI60 2 _ 

Counting 
time (sees) 

2 
10 
10 
10 
30 
10 
3 
2 
2 

Magnet delay 
time (sees) 

8 
2 
1 
2 
1 
1 
3 
2 
2 

Six (sometimes seven) cycles of data constitute each of the 'spot' analyses reported. 

Unlike zircons, titanites commonly incorporate a small amount of common Pb when they 
form. For the data reported below, common-Pb corrections were made using the measured 
204Pb for each analysis and the Pb isotopic composition determined by the Cumming and 
Richards (1975) Model 3 average-Earth evolution model at an age estimated from the raw 
data for all analyses of that sample. Surface Pb contamination of the samples, which would 
be dominantly of Broken Hill composition, was assumed to be insignificantly small, as 
observed for zircons. Data were generally excluded from age determinations if the 
potential error introduced by the common Pb correction could be significant, but in some 
cases the U abundances (and hence radiogenic Pb) were sufficiently low that all data had 
significant corrections. In these cases, the effect of choosing possible common Pb 
compositions is discussed. 

For some of the titanite analyses, a combination oflow U (and hence low radiogenic Pb) 
contents and limited available 02- primary ion beam current led to unacceptably low 
secondary ion count rates. To compensate, analyses were sometimes performed using N02-
primary ions. The N02- current is normally stronger than 02-, and the resulting increase in 
secondary Pb + counts sometimes allowed data acquisition with adequate precision. The 
PblU calibration is not well determined in these cases, due mainly to uncalibrated matrix 
effects which appear to cause greater variation in recorded Pb +/UO+ when using N02-. 
Therefore, for these analyses, the consistency in processed PblU data was considered to be 
a stronger indicator of concordance than the absolute relationship between the two decay 
schemes. In no case is it considered likely that the measured ages, which are calculated 
from 207PbPo6Pb, are perturbed by this assumption. The PblTh calibration is not known for 
these operating conditions, and PblTh data are not reported for these analyses. 

Data reduction for titanites was carried out using Krill, and similar data criteria were 
applied to the identification of coherent data groups as described above for zircons. 

Data presentation 

Data are presented below in sample number order, with data tables and figures identified 
by sample number and prefixes 'z' and 't' for zircon and titanite data, respectively. In all 
tables: 
4f206% is the percent of 206Pb calculated to be common Pb; 
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all Pb data are corrected for common Pb (denoted *); 
cone. is concordance, stated as the ratio of the ages calculated from 206pbP38U and 
207 PbP06Pb. 

Uncertainties listed in the tables and shown in concordia plots are I cr, based on counting 
statistics and propagated through data processing. In tables, the uncertainties refer to the 
last digits quoted. Ages determined from pooled analyses are calculated from 207PbP06Pb 
and are quoted with 95% confidence limits, determined by the larger of [I) the population 
scatter (when X2 > I), or [2] the theoretical precision calculated from the internal precision 
of the individual data points (when X2 <I). 
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9796 7038G: hornblende-biotite granodiorite, Golden Cities Granodiorite 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Description o/zircons 

Kalgoorlie (SH 51-9) 
347377.6 mE, 6634826.1 mN 
Woodcutters prospect drillhole WCVCD-73, depth interval 310.75-
3l2.70m 
Eastern Goldfields 
This sample is a least-altered hornblende-biotite granodiorite from 
the Golden Cities granodiorite, a pluton within the Scotia-Kanowna 
batholith. The hornblende-biotite granodiorite contains abundant 
small mafic dioritic enclaves and some small greenstone xenoliths 
and is, in places, cross-cut by thin aplites 
Mafic group, Granny Smith association, Granny Smith clan 
313726 
97-220 

The zircon population in this sample consists of one morphologic type with uniform grain 
size, mostly with grains of the order of 100 x 50 flm. Grains are typically euhedral to 
subhedral in external morphology with continuous euhedral internal zoning from core to 
rim. Inclusions are not common and consist of opaque or rod-like to equant minerals. All 
inclusions occur throughout the grains and show no preference for core or rim regions. The 
grains range from clear to pale brown, to dark brown in colour. Strong euhedral zoning is 
observed in both optical and SEM images: no obvious xenocrystic cores were observed. 
Discordant alteration patches, which characterised zircons from the previous two samples, 
are not present in this sample. 

Result.~ and interpretation 

Twenty nine analyses were obtained from 24 grains. The corrections for common Pb are 
low and the V-contents of all analyses are <250 ppm. The age data show a relatively tight 
group, with grains being either concordant or slightly discordant. When all data are treated 
as one population, the population exhibits more scatter than would be expected from the 
analytical uncertainties. Three analyses which are significantly discordant, and one which 
has similar 4f206 to the discordant points and is statistically younger than the main 
population, are omitted (pale-shaded analyses in Figure z9796 7038G). Also omitted is one 
analysis from the core of a grain (grain #22) which gives an age of 2676±8 Ma, slightly 
older than the main population. The remaining 24 analyses have a X2 < 1.0 and are 
considered to be a single age population at 2656±3 Ma. 

Given the magmatic morphology of the grains which form the main group, the 
emplacement age of the granitoid is inferred to be 2656±3 Ma. 
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Table z9796 7038G: SHRIMP zircon data for the hornblende-biotite granodiorite, Golden 
Cities Granodiorite (UWA mount 97-220). 

grain- U Th 41206 201Pb· 2O'.p»_ 2~.p~~ ~7_p!»~ ~8_P_b~ cone. lO'Pb/lO'Pb 

spot (ppm) (ppm) (%) 206Pb'" 206pb'" 2J8U 23SU 2J2Th (%) age (Ma) 

2-1 196 137 0.050 0.1797 ± 7 0.1906 ± 12 0.4767 11.810 0.1295 95 2650 ± 7 
3-1 135 101 0.042 0.1808 ± 8 0.2089 ± 15 0.4884 12.176 0.1359 96 2661 ± 8 
4-1 III 64 0.000 0.1803 ± 8 0.1477 ±11 0.5041 12.533 0.1289 99 2656 ± 7 
5-1 195 122 0.000 0.1806 ± 6 0.1700 ± 9 0.4794 11.939 0.1300 95 2659 ± 6 
6-1 183 122 0.025 0.1802 ± 7 0.1764 ± 12 0.4926 12.237 0.1308 97 2655 ± 7 
7-1 135 131 0.086 0.1792 ± 9 0.2628 ± 17 0.4949 12.230 0.1339 98 2646 ± 8 
8-1 177 105 0.011 0.1799 ± 7 0.1631 ± 11 0.4940 12.256 0.1358 98 2652 ± 7 
9-1 209 146 0.000 0.1796 ± 6 0.1913 ± 10 0.5016 12.423 0.1368 99 2649 ± 6 
9-2 148 104 0.093 0.1810 ± 9 0.1567 ± 14 0.4983 12.436 0.1107 98 2662 ± 8 
10-1 137 77 0.000 0.1810 ± 8 0.1568 ±11 0.4998 12.474 0.1391 98 2662 ± '7 
11-1 242 148 0.001 0.1804 ± 6 0.1698 ± 9 0.5104 12.699 0.1419 100 2657 ± 5 
12-1 226 158 0.009 0.1806 ± 6 0.1962 ± 10 0.4997 12.444 0.1399 98 2659 ± 6 
14-1 207 128 0.013 0.1808 ± 7 0.1732 ± 11 0.4816 12.003 0.1346 95 2660 ± 6 
15-1 239 294 0.039 0.1800 ± 6 0.2369 ± 12 0.4890 12.136 0.0943 97 2653 ± 6 
16-1 152 86 0.040 0.1806 ± 9 0.1564 ± 14 0.4896 12.191 0.1347 97 2658 ± 8 
16-2 127 75 0.025 0.1813 ± 9 0.1706 ± 15 0.4902 12.255 0.1412 96 2665 ± 9 
16-3 132 56 0.018 0.1803 ± 9 0.1182 ± 12 0.4967 12.345 0.1385 98 2655 ± 8 
17-1 187 109 0.000 0.1816 ± 7 0.1630 ± 9 0.4955 12.406 0.1386 97 2667 ± 6 
19-1 84 61 0.004 0.1792 ±11 0.2001 ± 19 0.5061 12.504 0.1390 100 2646 ± 10 
20-1 114 79 0.000 0.1805 ± 9 0.1930 ±13 0.5133 12.775 0.1431 100 2658 ± 8 
21-1 245 148 0.023 0.1789 ± 6 0.1662 ± 9 0.5090 12.556 0.1403 100 2643 ± 6 
23-1 173 87 0.063 0.1811 ± 8 0.1338 ± 12 0.5223 13.041 0.1397 102 2663 ± 7 
24-1 90 36 0.066 0.1798 ± 11 0.1087 ± 16 0.5137 12.736 0.1378 101 2651 ± 10 
24-2 125 56 0.000 0.1816 ± 8 0.1242 ± 10 0.5105 12.783 0.1414 100 2668 ± 8 
Discordant and/or higher common Pb 
1-1 94 64 0.185 0.1813 ± 11 0.1804 ± 20 0.4644 11.609 0.1226 92 2665 ± 10 
1-2 164 77 0.178 0.1777 ± 8 0.1302 ±13 0.4684 11.477 0.1303 94 2632 ± 7 
13-1 249 206 0.278 0.1775 ± 7 0.2337 ± 15 0.4407 10.787 0.1249 89 2630 ± 7 
18-1 100 68 0.255 0.1774 ± 11 0.1777 ± 20 0.5020 12.279 0.1321 100 2629 ± 11 
Inherited core (7) 
22-1 137 78 0.076 0.1825 ± 9 0.1575 ± 14 0.5117 12.878 0.1413 100 2676 ± 8 

Data 1117197. 
UlPb scatter (10) for cz3 standard ~ 1.77% (n~15). 
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Figure z9796 7038G: Concordia plot of SHRIMP zircon data for the hornblende-biotite 
granodiorite, Golden Cities Granodiorite (UW A mount 97 -22D). 
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1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmounts: 

6.13 

9796 7069A: feldspar porphryry dyke, Sundowner 

Sir Samuel (S05113) 
307195 mE, 6977734 mN 
Sundowner prospect drillhole DDH BWRCD 2996, depth interval 
347.80-349.70 m 
Eastern Goldfields 
Thin mafic-feldspar porphyry dyke intrusive into greenstone 
sequence at the Sundowner prospect north of Bronzewing. Porphyry 
dykes and mafic-ultramafic greenstone sequence are sheared, veined 
and hydrothermally altered to chlorite-sericite-bearing assemblages. 
Mafic group, Granny Smith association, Kanowna-Belle clan 
314308 
A-38D 

Description of titanites 

The titanites from this sample are all 50-200 11m fragments of larger grains. Only rarely do 
grains show growth surfaces; most surfaces are fractures. Little internal morphology is 
detectable from SEM images, with faint sector growth zones and twinning just visible in a 
minority of grains. The grains are dark brown to brown-red to honey brown in colour. 
Some grains are almost black and have evenly distributed dense and very fine inclusion 
populations. Isolated inclusions and small and rare, and tend to be within or in close 
association with fractures. Areas of SHRIMP analysis were in clean parts of the grains, 
avoiding inclusions and fractures. 

Results and interpretation 

Twenty analyses were obtained from 19 fragments. Most of the U abundances are low, 
resulting in significant common Pb corrections and only modest precision in some 
analyses. However, the age data show a relatively tight group, with most grains being 
concordant. Omitting five analyses with the highest 4f206 values, including the one 
significantly discordant analysis (shaded analyses in Figure t9796 7069A), leaves a 
population with X2 = 0.52. The corresponding age of 2644 ± 6 Ma is interpreted to be the 
magmatic age of the sample. 
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Table t9796 7069A: SHRIMP titanite data for the Sundowner porphyry dyke (UW A mount 
A-38D). 

grain- U Th 41'206 207Pb• 208Pb· 206Pb· 207Pb• 

spot (ppm) (ppm) (%) Z06Pb• 206Pb· "'u "'u 

1-1 41 9 1.618 0.1191 ± 19 0.0514 ± 38 0.5005 12.360 
2-1 95 18 1.045 0.1181 ± 12 0.0511 ± 22 0.4906 12.049 
3-1 225 38 0.405 0.1800 ± 6 0.0512 ± 10 0.4884 12.111 
4-1 41 6 1.958 0.1189 ± 23 0.0411 ± 45 0.5044 12.443 
5-1 80 11 0.950 0.1194 ±12 0.0411 ± 23 0.4992 12.351 
6-1 85 21 1.084 0.1188 ± 12 0.0128 ± 23 0.4996 12.315 
1-1 91 24 1.015 0.1119 ± 12 0.0691 ± 22 0.4910 12.046 
8-1 III 28 0.801 0.1190 ±ll 0.0141 ± 21 0.4941 12.199 
11-1 41 8 1.629 0.1182 ± 19 0.0504 ± 31 0.5129 12.600 
13-1 48 10 1.114 0.1800 ± 20 0.0510 ± 39 0.4969 12.333 
14-1 46 10 1.616 0.1193 ± 19 0.0592 ± 38 0.5090 12.583 
14-2 56 11 1.481 0.1119 ± 11 0.0545 ± 34 0.4958 12.162 
15-1 188 41 0.568 0.1186 ± 1 0.0621 ± 12 0.4962 12.219 
16-1 383 40 0.351 0.1193 ± 4 0.0304 ± 1 0.4952 12.242 
11-1 54 11 1.608 0.1180 ± 18 0.0511 ± 35 0.4910 12.195 
Discordant or f206>2%. 
9-1 31 12 3.412 0.1811 ± 33 0.1148 ± 69 0.4884 12.193 
10-1 31 8 2.836 0.1140 ± 29 0.0661 ± 60 0.4941 11.856 
12-1 46 16 2.154 0.1111 ± 31 0.0891 ± 65 0.4626 11.293 
18-1 39 8 2.605 0.1164 ± 25 0.0504 ± 51 0.4952 12.044 
19-1 40 9 2.260 0.1159 ± 24 0.0606 ± 49 0.5024 12.183 

Data 2211100. 
UlPb scatter (1 0) for Khan standard ~ 1.05% (n ~ 12). 
Common-Pb corrected using Cumming & Richards (1915) Model ill@2630Ma. 
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0.1466 99 2641 ± 11 
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0.1210 93 2626 ± 29 
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0.1310 100 2614 ± 22 

t = 2644 ± 6 Ma 
n = 15 of 20 
X2 = 0.52 
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Figure t9796 7069A. Concordia plot showing all SHRIMP titanite data for the Sundowner 
porphyry dyke (UWA mount A-38D). 
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1:250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmounts: 

6.15 

9796 70698: biotite monzogranite, Gemchapps 

Sir Samuel (SG5113) 
307195 mE, 6977734 mN 
Sundowner prospect drillhole DDH BWRCD 2996, depth interval 
522.00-524.20 m 
Eastern Goldfields 
Variably deformed and altered seriate medium-grained biotite 
monzogranite that forms the footwall granitoid to the Sundowner 
Prospect. Footwall granite is sheared and veined (quartz-chlorite
carbonate-sericite) with accompanying wallrock alteration (mainly 
sericite-carbonate-albite). Minor hematite alteration surrounding 
some veins and alteration zones. 
High-HFSE group, Kookynie association, Satisfaction clan 
304301 
A-38B 

Description of titanites 

The titanites from this sample are 100-250 11m fragments of larger grains. Only rarely do 
grains show growth surfaces; most surfaces are fractures. Little internal morphology is 
detectable from SEM images, with faint sector growth zones and twinning just visible in a 
minority of grains. The grains are dark brown to brown-red to pale brown in colour. Some 
grains are almost black and have evenly distributed dense inclusion populations. Isolated 
inclusions and small and rare, and tend to be within or in close association with fractures. 
Areas of SHRIMP analysis were in clean parts of the grains, avoiding inclusions and 
fractures. 

Results and interpretation 

Twenty three analyses were obtained from 23 fragments. Although the U abundances are 
all < I 00 ppm, the common Pb corrections are all quite modest. The age data show a 
relatively tight group, with all grains being concordant. One sample (#21-1, shaded in 
Fig. t9796 7069B) is a statistical outlier; this has been omitted from the age calculation 
although there is no apparent reason for the difference. The remaining 22 analyses form a 
single age population with X2 

= 0.88. The corresponding age of 2608 ± 10 Ma is 
interpreted to be the magmatic age of the sample. 
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Table t9796 70698 SHRIMP titanite data for the Gemchapps monzogranite (UW A mount 
A-388). 

grain- U Th 41'206 2~»_b~ ~8.p~~ ~-P!>~ 207Pb· 

spot (ppm) (ppm) (%) 206Pb· 2Al6Pb· 238U 235U 

I-I 68 15 0.374 0.1761 ± 15 0.0648 ± 24 0.5044 12.245 
2-1 41 9 0.534 0.1759 ± 20 0.0647 ± 34 0.4911 11.913 
3-1 30 6 0.765 0.1753 ± 29 0.0582 ± 57 0.5048 12.204 
4-1 29 10 0.860 0.1769 ± 28 0.0904 ± 56 0.5070 12.371 
5-1 30 19 1.433 0.1730 ± 30 0.1573 ± 62 0.5062 12.073 
6-1 39 9 0.488 0.1792 ± 23 0.0672 ± 39 0.4920 12.157 
7-1 52 19 0.763 0.1739 ± 20 0.1029 ± 38 0.5038 12.077 
8-1 30 8 1.224 0.1753 ± 30 0.0635 ± 59 0.5094 12.310 

. 9-1 37 10 0.790 0.1746 ± 24 0.0798 ± 45 0.5068 12.199 
10-1 48 13 1.010 0.1719 ± 23 0.0665 ± 44 0.5065 12.008 
II-I 28 6 1.321 0.1719 ± 31 0.0460 ± 62 0.4868 11.536 
12-1 25 6 1.480 0.1716 ± 35 0.0521 ± 70 0.4986 11.801 
13-1 36 II 0.737 0.1759 ± 22 0.0816 ± 40 0.5010 12.152 
14-1 29 8 1.675 0.1691 ± 38 0.0696 ± 78 0.5004 11.668 
15-1 28 7 1.250 0.1746 ± 30 0.0712 ± 59 0.5004 12.048 
16-1 36 7 0.871 0.1755 ± 26 0.0533 ± 48 0.4977 12.042 
17-1 69 18 0.536 0.1743 ± 15 0.0750 ± 26 0.4957 11.916 
18-1 35 12 0.753 0.1792 ± 23 0.1001 ± 43 0.5040 12.453 
19-1 49 II 0.713 0.1763 ± 20 0.0663 ± 37 0.5031 12.232 
20-1 29 7 0.893 0.1788 ± 30 0.0756 ± 59 0.4800 11.835 
22-1 39 13 1.074 0.1721 ± 25 0.0919 ± 50 0.4983 11.825 
23-1 29 10 1.059 0.1773 ± 28 0.1086 ± 54 0.5083 12.425 
Possible old ondier. 
21·1 46 5 0.180 0.1810 ± 19 0.0436 ± 31 0.4897 12.218 

Data 2217/00. 
UlPb scatter (I u) for Khan standard = 1.05% (n = 12). 
Common-Pb corrected using Cumming & Richards (1975) Model m@2600Ma. 
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t = 2608 ± 10 Ma 
n = 22 of 23 
X2 = 0.88 
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Figure t9796 70698 Concordia plot showing all SHRIMP titanite data for the Gemchapps 
monzogranite (UW A mount A-388). . 

AMIRA P482IMERIW A M281 - Yilgam Granitoids. April, 200 I 

- - ~- - _. -- - - -- -- - ~ -- --------



6.17 

9796 7150: K-feldspar porphyritic biotite-hornblende granite, Yardilla 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Widgiemooltha (SH5114) 
457380.9 mE, 6479579.1 mN 
Yardilla granite, part of regional extensive granitoid south ofMt 
Belches metasedimentary domain; sample drilled from large outcrop 
Eastern Goldfields 
Moderately to locally strongly K-feldspar porphyritic medium
grained hornblende-biotite granite. Minor aplite and pegmatite and 
thin shear zones «50 cm). Granitoid contains weak fabric. 
Syenite group, Gilgarna association, Erayinia clan 
343401 
98-76A 

Description of titanites 

The titanites from this sample are all 50->200 ).lm fragments of larger grains. Only rarely 
do grains show growth surfaces; most surfaces are fractures. Little internal morphology is 
detectable from SEM images, with faint euhedral growth zoning visible in a few grains. 
The grains are dark brown to brown-red to honey ,brown in colour. Some very dark grains 
have evenly distributed dense and very fine inclusion populations, sometimes highlighting 
euhedral growth zoning. Isolated inclusions and small and rare. Areas of SHRIMP analysis 
were in clean parts of the grains, avoiding inclusions and fractures. 

Results and interpretation 

Thirty analyses were obtained from 30 fragments. The U abundances are all <100 ppm and 
the common Pb corrections are all significant, most being in the range I %-4%. The lack of 
correlation between 4£206 and corrected 207PbPo6Pb is taken as evidence that the common 
Pb composition used in making the corrections is appropriate. One sample (#26-1, shaded 
in Fig. t9796 7150) has 4£206 -7%; this has been omitted from the age calculation. The 
remaining data show a tight grouping in both 207Pb/206Pb and PblU, which is taken as 
evidence that these data are concordant. The remaining 29 analyses fonn a single age 
population with X2 

= 0.95. The corresponding age of2645 ± 12 Ma is interpreted to be the 
magmatic age of the sample. 
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Table t9796 71 SO. SHRIMP titanite data for the Yardilla biotite-hornblende granite (UW A 
mount 98-76A). 

grain- U Th' 41'206 201Pb· 208Pb• 2~_P_b~ ~7_p?~ # cone. ""PbIlO'Pb 

spot (ppm) (ppm) (%) zo6Pb· 206Pb· 238U "'u (%) age(Ma) 

Main group. 
I-I 36 113 2.898 0.1788 ± 36 0.9529 ±1I1 0.4966 12.242 98 2642 ± 34 
2-1 41 118 2.130 0.1807 ± 29 0.9005 ± 92 0.4739 11.805 94 2659 ± 27 
3-1 31 91 2.377 0.1854 ± 36 0.8993 ±11O 0.5124 13.100 99 2702 ± 32 
4-1 32 97 2.593 0.1810 ± 36 0.9601 ±112 0.5355 13.366 104 2662 ± 33 
5-1 40 109 3.157 0.1759 ± 34 0.8201 ± 98 0.5126 12.431 102 2615 ± 32 
6-1 39 110 3.225 0.1738 ± 35 0.8376 ±101 0.4978 11.926 100 2594 ± 33 
7-1 33 112 2.441 0.1842 ± 33 0.9902 ±105 0.5176 13.150 100 2691 ± 29 
8-1 32 95 2.909 0.1790 ± 35 0.9056 ±105 0.5168 12.752 102 2643 ± 32 
9-1 31 100 4.098 0.1795 ± 41 0.9879 ±122 0.5171 12.801 101 2649 ± 38 
10-1 28 87 2.992 0.1795 ± 37 0.9007 ±11O 0.5061 12.528 100 2649 ± 34 
11-1 31 87 3.380 0.1798 ± 37 0.8749 ±108 0.4999 12.394 99 2651 ± 34 
12-1 29 91 3.172 0.1752 ± 39 0.9026 ±1I6 0.5126 12.385 102 2608 ± 37 
13-1 29 89 2.776 0.1816 ± 37 0.9583 ±114 0.5179 12.968 101 2667 ± 34 
14-1 30 94 2.791 0.1801 ± 37 0.9456 ±113 0.4964 12.328 98 2654 ± 34 
15-1 32 101 3.746 0.1758 ± 42 0.9701 ±124 0.4898 11.870 98 2613 ± 40 
16-1 31 86 2.275 0.1832 ± 32 0.8173 ± 97 0.5331 13.465 103 2682 ± 29 
17-1 28 87 3.073 0.1781 ± 38 0.9222 ±113 0.5105 12.537 101 2636 ± 35 
18-1 29 87 2.964 0.1779 ± 39 0.8798 ±114 0.5166 12.674 102 2634 ± 36 
19-1 25 87 3.446 0.1843 ± 45 1.0373 ±137 0.4985 12.665 97 2692 ± 40 
20-1 33 105 2.867 0.1787 ± 37 0.9386 ±113 0.5305 13.072 104 2641 ± 35 
21-1 40 161 2.344 0.1779 ± 30 1.2559 ±108 0.5070 12.434 100 2633 ± 28 
22-1 27 81 2.944 0.1782 ± 38 0.8818 ±1I2 0.5096 12.519 101 2636 ± 35 
23-1 27 81 2.485 0.1834 ± 36 0.9007 ±1I0 0.5023 12.703 98 2684 ± 33 
24-1 27 83 3.042 0.1779 ± 37 0.9025 ±112 0.5078 12.452 101 2633 ± 35 
25-1 40 137 2.649 0.1768 ± 30 1.0288 ± 97 0.5033 12.271 100 2623 ± 28 
27-1 74 178 1.496 0.1746 ± 18 0.7204 ± 56 0.5017 12.080 101 .2603 ± 17 
28-1 30 87 2.571 0.1800 ± 38 0.8730 ±115 0.5092 12.638 100 2653 ± 35 
29-1 37 91 2.313 0.1860 ± 31 0.7574 ± 91 0.5109 13.099 98 2707 ± 28 
30-1 43 175 2.351 0.1791 ± 27 1.2235 ± 97 0.5114 12.627 101 2645 ± 25 
41'206>5%. 
26-1 18 13 6.847 0.1647 ± 76 0.1934 ±172 0.5004 11.363 104 2504 ± 77 

Data 11/5/99. 
UlPb scatter (1,,) for Khan standard = 2.58% (n = IS). 
Common-Pb corrected using Cmnming & Richards (1975) Model ill@2650Ma. 
# Analysed using NOz" primary ion beam. 

PbIU calibration might be slightly disturbed. 
ThIU calibration is not reliable; Th abundances are indicative only, and Pbffh are not reported. 
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Figure t9796 7150 Concordia plot showing all SHRIMP titanite data for the Yardilla 
biotite-hornblende granite (UW A mount 98-76A). 
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9796 7152: K-feldspar porphyritic hornblende-biotite granite, Yardilla 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Description o/zircons 

Widgiemooltha (SH5114) 
461195.0 mE, 6498254.1 mN 
Yardilla granite S., part of regional extensive granitoid south ofMt 
Belches metasedimentary domain; sample drilled from large outcrop 
Eastern Goldfields 
Moderately to locally strongly K-feldspar porphyritic medium
grained hornblende-biotite granite; slight alignment of 
ferromagnesian minerals forming weak foliation 
Syenite group, Gilgarna association, Erayinia clan 
343401 
97-43C 

The zircon population in this sample consists of one morphologic type of uniformly fine to 
medium grains, with most grains being 30-80 11m long and a uniform aspect ration of 2-
3: I. Grains are typically subhedral in external morphology with faintly preserved 
continuous euhedral internal zoning from core to rim. Many grains show patchy annealed 
areas which overprint the internal euhedral zoning, and pervasive fracture networks which 
normally indicate high U-contents and metamictisation. Inclusions are not common and 
consist of opaque or rod-like to equant minerals. All inclusions occur throughout the grains 
and show no preference for core or rim regions. The grains range from pale brown to dark 
brown in colour. Strong relict euhedral zoning observed on both optical and SEMimages 
and again suggest high U -Th-contents and radiation damage. The fracture networks and 
annealling patches were avoided during data collection. 

Results and interpretation 

Thirteen analyses on 13 grains are presented in Table z9796 7152 and shown on a 
concordia diagram in Figure z9796 7152. Although the majority of analyses show U 
contents <300 ppm, there is only a small proportion which are not affected by common Pb 
contamination or radiogenic Pb loss. The data suggest an age of -2660 Ma. Further data 
might improve the age estimate, but a definitive age determination is unlikely. 
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Table z9796 7152: SHRIMP zircon data for the Yardilla hornblende-biotite granite. (UW A 
mount 97-43C). 

grain. U Th 41'206 207Pb* ~8_pp~ 2~.P.b~ 207Pb· 2osPb* cone. 2<l1Pb/20'Pb 

spot (ppm) (ppm) (%) 206Pb* 206Pb* 23'U 2J'u 232Th (%) age (Ma) 

1-1 145 46 0.061 0.1800 ± 11 0.0855 ± 16 0.4870 12.087 0.1326 96 2653 ± 11 
2-1 167 77 0.560 0.1793 ± 13 0.1353 ± 25 0.4890 12.092 . 0.1428 97 2647 ± 12 
3-1 471 400 7.370 0.1663 ± 28 0.1465 ± 62 0.2275 5.216 0.0393 52 2520 ± 28 
4-1 55 24 0.220 0.1849 ± 21 0.1167 ± 37 0.5116 13.042 0.1387 99 2697 ± 19 
5-1 249 115 0.367 0.1775 ± 10 0.1212 ± 18 0.4697 11.497 0.1238 94 2630 ± 9 
7-1 291 96 1.333 0.1721 ± 13 0.0825 ± 26 0.4236 10.051 0.1052 88 2578 ± 13 
31-1 123 32 2.767 0.1749 ± 32 0.1023 ± 67 0.4027 9.709 0.1579 84 2605 ± 30 
9-1 472 258 9.522 0.1718 ± 35 0.2023 ± 79 0.1989 4.711 0.0736 45 2575 ± 34 
10-1 272 132 4.869 0.1703 ± 23 0.1220 ± 51 0.4498 10.562 0.1135 94 2561 ± 23 
12-1 193 74 0.239 0.1795 ± 11 0.1044 ± 18 0.4892 12.109 0.1333 97 2648 ± 10 
14-1 224 227 3.487 0.1719 ± 25 0.2314 ± 57 0.3344 7.924 0.0764 72 2576 ± 25 
15-1 326 246 0.129 0.1807 ± 7 0.2061 ± 14 0.4936 12.297 0.1348 97 2659 ± 7 
16-1 222 103 0.852 0.1726 ± 14 0.1437 ± 27 0.4072 9.688 0.1262 85 2583 ± 13 

Data from 27/8/98. 
UlPb scatter (1 0) for cz3 standard ~ 1.78% (n~14). 
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Figure z9796 7152. Concordia plot of SHRIMP zircon data for the Yardilla hornblende

biotite granite (UW A mount 97-43C). 
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1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Description of zircons 

6.22 

97967153: biotite monzogranite, Talbot 

Widgiemooltha (SH5114) 
426706.6 mE, 6493675.6 mN 
Talbot Rock, part of regional extensive granitoid south of Lake 
Cowan; sample drilled from old blast site in large outcrop. 
Eastern Goldfields 
Equigranular to seriate medium-grained biotite monzogranite. This 
sample is from a complex granite outcrop with at least three 
granitoid phases. Contains xenoliths/enclaves offoliated feldspar
phyric diorite and dyke-like bodies of fine-medium grained felsic 
granitoid. 
Low-Ca group, Mt Boreas association, Mungari clan 
333419 
97-44A 

Sample 9796-9153 contains numerous small grains and fragments (less than 50 )lm in size) 
as well as larger grains (up to 150 )lm), present with both euhedral morphologies as well as 
more rounded external forms. Approximately half of the grains are clear, translucent and 
light yellow to white in colour, while the others are darker and more opaque. Some 
inclusions are visible in many grains. The slightly darker grains appear to have internal 
structures compared to the clearer grains, as seen in the photos, which may account for 
their more opaque character. The SEM images more clearly documents the internal features 
of the grains, with systematic zoning visible in some grains while others appear relatively 
amorphous with thin (I )lm) to thick (10 )lm) metamict rims. Some of these grains can be 
interpreted as having distinct cores although they may not always represent older 
xenocrystic grains (they may actually represent an early crystallised grain of different 
chemical composition to the subsequently crystallised rims). Zones and fronts of 
recrystallisation are apparent in some of the grains. 

Result.v and interpretation 

Nineteen analyses on 19 grains are presented in Table z9796 7153 and shown on a 
concordia diagram in Figure z9796 7153. The data are mostly highly discordant, with both 
the concordant and discordant analyses giving 207PbPo6Pb dates ranging from -2600 Ma to 
-2685 Ma. It seems most likely that the magmatic age of the sample is -2625 Ma, and that 
the older grains are xenocryts. However, it is also possible that the -2685 Ma date is a 
minimum age for the rock and the data spread is due to a combination of recent and old Pb 
loss, the latter possibly being due to a resetting event at -2625 Ma. Additional data and 
subsequent interpretation may improve the age estimates, but definitive age determinations 
are unlikely. 
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Table z9796 7153: SHRIMP zircon data for the biotite monzogranite, Talbot Rock (UWA 
mount 97-44A). 

gram- U Th 41"206 2o'Pb· 2~8_p~~ 2~_P_b~ ~7_P_b~ 

spot (ppm) (ppm) (%) 206Pb· 206Pb· "'U 2JSU 

1·1 147 90 5.306 0.1741 ± 22 0.1499 ± 48 0.5180 12.437 
2·1 67 43 0.040 0.1846 ± 12 0.1743 ± 21 0.5080 12.928 
4·1 286 263 7.961 0.1834 ± 27 0.2958 ± 61 0.4026 10.180 
7·1 188 112 8.568 0.1855 ± 26 0.2484 ± 58 0.4089 10.457 
42·1 624 966 19.079 0.1727 ± 29 0.3066 ± 66 0.2837 6.754 
8·1 118 38 5.411 0.1760 ± 28 0.0662 ± 60 0.3960 9.611 
9·1 299 298 14.660 0.1767 ± 26 0.3098 ± 60 0.3919 9.551 
13·1 751 625 13.300 0.1802 ± 24 0.2739 ± 54 0.2663 6.616 
14·1 38 64 15.024 0.1782 ± 56 0.3763 ±128 0.6581 16.166 
17·1 547 808 17.961 0.1775 ± 25 0.3609 ± 58 0.3952 9.670 
18·1 125 135 0.015 0.1828 ± 8 0.2923 ± 16 0.5145 12.966 
20·1 678 592 20.843 0.1694 ± 28 0.4080 ± 65 0.3199 7.472 
22·1 142 76 2.623 0.1788 ± 21 0.1699 ± 46 0.4634 11.426 
27·1 196 141 8.285 0.1723 ± 25 0.2203 ± 57 0.4936 11.726 
30·1 529 662 12.201 0.1783 ± 21 0.2430 ± 47 0.3162 7.772 
32·1 718 1423 19.546 0.1773 ± 20 0.3855 ± 45 0.4581 11.200 
33·1 727 561 20.093 0.1751 ± 22 0.3748 ± 52 0.3111 7.509 
36·1 138 103 5.225 0.1783 ± 24 0.2515 ± 55 0.4469 10.990 

Data from 2/3/98. 
UlPb scatter (10) for cz3 standard ~ 1.70% (n~1I of 12). 
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97-44A; 97967153 
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207 Pb /235 U 

208Pb· cone. 207Pbt''''Pb 
232Th (%) age (Ma) 

0.1262 104 2598 ± 21 
0.1363 98 2694 ± II 
0.1293 81 2684 ± 24 
0.1707 82 2703 ± 23 
0.0562 62 2584 ± 28 
0.0814 82 2616 ± 26 
0.1220 81 2623 ± 25 
0.0876 57 2655 ± 22 
0.1478 124 2636 ± 52 
0.0966 82 2629 ± 24 
0.1388 100 2678 ± 7 
0.1495 70 2552 ± 28 
0.1476 93 2642 ± 20 
0.1513 100 2580 ± 25 
0.0614 67 2637 ± 19 
0.0892 93 2628 ± 18 
0.1510 67 2607 ± 21 
0.1515 90 2637 ± 23 

14 16 18 

Figure z9796 7153: Concordia plot showing all SHRIMP zircon data for the biotite 
monzogranite, Talbot Rock (UWA mount 97-44A). 
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9796 9023: biotite monzogranite, Turturdine 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Description of zircons 

Kalgoorlie (SH5109) 
257561.6 mE, 6632077.4 mN 
This sample was drilled from a 'whale back' that forms part of 
Turturdine Rock 
Southern Cross 
Equigranular to sparsely feldspar-phyric biotite monzogranite that 
forms the major granitic phase at the locality, and contains accessory 
titanite and allanite. The monzogranite has very minor pegmatite 
veins. 
Low-Ca group, Beetle association, Beetle clan 
293713 
97-22C (zircon) and 98-84B and C (titanite) 

The zircon population in this sample consists of two morphologic types of uniformly fine 
grain size. The first type is the same as for sample 9796 9044, with grains typically 
euhedral in external morphology, with continuous euhedral internal zoning from core to 
rim. The second type has a structureless internal morphology (e.g., grains #3, #5, #6, #7) 
with a euhedral to anhedral external shape. The appearance of both types is somewhat 
similar to those in sample 9796 9044, with similar discordant alteration patches again 
suggestive of high U-Th-contents and corresponding radiation damage to the zircon 
structure. 

Description of titanites 

The titanites from this sample are typically -100 !lm fragments oflarger grains. Only rarely 
do grains show growth surfaces; most surfaces are fractures. Little internal morphology is 
detectable from SEM images, with faint euhedral growth zones just visible in a minority of 
grains. The grains are black to dark brown and rarely to pale brown in colour. Some grains 
are almost black and have evenly distributed dense inclusion populations. Isolated 
inclusions and rare, and tend to be within or in close association with fractures. Areas of 
SHRIMP analysis were in clean parts of the grains, avoiding inclusions and fractures where 
possible. 

Results and interpretation 

Zircon 

Ten analyses on 10 zircon grains are presented in Table z9796 9023. Further analysis on 
this sample was terminated after it became apparent that the best grains gave unsatisfactory 
age data. The zircons have very high U-contents (up to 1.5% U) and gave scattered and 
discordant age data. The U-contents for all analyses, except one, are >300 and essentially 
do not allow a reliable age estimate to be made. This can also be seen in the high common 
Pb contents which also reflects radiation damage of the zircon structure. 

Titanite 

Thirteen analyses on 10 titanite fragments (Table t9796 9023) were also found to be 
unsatisfactory for dating, primarily because of low U contents. 
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Table z9796 9023: SHRIMP zircon data for the biotite monzogranite, Turturdine Rock 
(UW A mount 97 -22C). 

grain- U Th 41206 2~'_PJl~ 2~3.pJ>~ ~'p_b' 2~_P_b~ ~8_pJ>~ conCA ." Pb/206Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb· 238U "'u 2]2111 (%) age (Ma) 

I-I 14059 6165 3.440 0.1523 ± 2 0.1218 ± 4 0.5 194 10.907 0.1442 114 2372 ± 2 
2-1 6025 2121 2.430 0.1293 ± 5 0.1148 ± '11 0.3515 6.267 0.1146 93 2089 ± 7 
3-1 14939 7943 0.611 0.1409 ± 3 0.1415 ± 5 0.4841 9.402 0.1288 114 2238 ± 3 
7-1 126 240 4.511 0.1746 ± 31 0.5784 ± 76 0.4089 9.842 0.1236 85 2602 ± 30 
9-1 634 331 4.071 0.1770 ±13 0.1845 ± 28 0.5896 14.387 0.2083 114 2625 ± 12 
41206>5% 
4-1 2297 1859 23.368 0.1682 ± 27 0.4384 ± 63 0.1498 3.473 0.0812 35 2539 ± 27 
5-1 . 354 216 6.578 0.1756 ± 25 0.2327 ± 55 0.3210 7.771 0.1224 69 2612 ± 23 
6-1 2606 2993 25.895 0.1764 ± 24 0.5422 ± 56 0.2297 5.587 0.1085 51 2619 ± 23 
8-1 627 1224 19.903 0.1729 ± 40 0.5026 ± 94 0.2232 5.321 0.0575 50 2586 ± 39 
10-1 385 893 18.684 0.1819 ± 40 0.4270 ±92 0.3993 10.016 0.0734 81 2670 ± 36 

Data 22/8/97. 
UlPb scatter (10) for cz3 standard = 2.83% (n=4). 

Table t9796 9023: SHRIMP titanite data for the biotite monzogranite, Turturdine Rock 
(UW A mount 98-848,C). 

grain- U Th' 41206 207Pb• 208Pb• 

spot (ppm) (ppm) (%) 206Pb· 206Pbo 

98-84B; 9796 9023 non-mag. 
1-1 13 <I 1.274 0.1677 ± 75 
10-1 10 1 2.394 0.1635 ± 74 0.0767 ±156 
3-1 59 17 2.190 0.1689 ± 57 0.0639 ±120 
8-1 16 I 3.330 0.1645 ± 65 0.0128 ±138 
9-1 32 <I 1.172 0.1798 ± 50 
41206>4% 
1-2 12 4 18.326 0.1645 ±166 0.3304 ±376 
19-1 10 I 7.632 0.1846 ±117 0.1091 ±255 
5-1 15 0 4.863 0.1866 ± 92 0.0554 ±196 
7-1 25 8 11.703 0.1873 ±123 0.2211 ±272 

98-84C; 9796 9023 mag m. 
1-1 42 15 0.982 0.1735 ± 34 0.1012 ± 67 
1-2 79 22 1.275 0.1725 ± 30 0.0783 ± 59 
2-1 45 15 3.064 0.1634 ± 66 0.0650 ±140 
2-2 54 20 1.936 0.1761 ± 63 0.1177 ±134 

Data 5/5/99. Data are not reported for spots with U<lO ppm. 
UlPb scatter(la) for Khan standard = 2.53% (n = 14). 

206Pb· 207Pb· 

238U 23SU 

0.5358 12.386 
0.4883 11.007 
0.5522 12.861 
0.4776 10.834 
0.5721 14.186 

1.0512 23.840 
0.5672 14.438 
0.5015 12.903 
0.6338 16.368 

0.5307 12.692 
0.5483 13.045 
0.5348 12.048 
0.5428 13.181 

Common-Pb corrected using Cumming & Richards (1975) Model m@ 2650 Ma. 
# Ana1ysed using NOz- primary ion beam. 

PblU calibration might be slightly disturbed. 

# 

IbIU calibration is not reliable; Th abundances are indicative only. and Pbffh are not reported. 

conCA "'Pbl'06Pb 

(%) age (Ma) 

109 2534 ± 75 
103 2492 ± 76 
III 2547 ± 57 
101 2503 ± 67 
110 2651 ± 46 

185 2502 ±171 
107 2695 ±105 
97 2712 ± 81 

116 2719 ±108 

\06 2591 ± 32 
\09 2582 ± 29 
III 2491 ± 68 
107 2617 ± 60 
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Figure z9796 9023: Concordia plot showing all SHRIMP zircon data for the biotite 

monzogranite, Turturdine Rock (UWA mount 97-22C). 
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Figure t9796 9023: Concordia plot of SHRIMP titanite data for the biotite monzogranite, 
Turturdine Rock (UW A mount 98-84B,C). Data with 41206> 1 0% are not plotted. 
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97969034: porphyritic biotite monzogranite, Yerdanie 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Description o/zircons 

Boorabbin (SH5113) 
274137.4 mE, 6547216.2 mN 
The sample was drilled from the east side of Yerdanie Rock 
Southern Cross 
Variably K-feldspar porphyritic medium-coarse grained biotite 
monzogranite that contains abundant pegmatite veins and dykes, 
ovoid biotite-rich granitic enclaves and biotite-rich schlieren. This 
granitoid phase intrudes a medium-grained biotite granodiorite 
Low-Ca group, Beetle association, Beetle clan 
303505 
97-23C (zircon) and 98-S4D (titanite) 

The zircon population in this sample consists of one morphologic type of variable grain 
size. Many grains have an aspect ratio of about 4-5 and are similar to zircons in sample 
9796 90S2A. Grains are typically euhedral in external morphology with the majority 
showing continuous euhedral internal zoning from core to rim. Some grains have 
structureless cores. Inclusions are not common and consist of opaque or rod-like to equant 
minerals. All inclusions occur throughout the grains and show no preference for core or 
rim regions. The grains are generally medium to dark brown in colour. Rare discordant 
alteration patches are visible on SEM images, particularly as a thin discontinuous outer 
rim and along some cracks in a minority of grains: these were avoided during analyses. 

Description 0/ titanites 

Only small quantities of titanite were recovered from this sample. It is all in the form of 
30-S0 /lm fragments oflarger grains. Only rarely do grains show growth surfaces; most 
surfaces are fractures. Little internal morphology is detectable from SEM images, with 
faint euhedral alteration patches and growth zones visible in a couple of grains. The grains 
are black to dark brown in colour. Inclusions are rare. Areas of SHRIMP analysis were in 
clean parts of the grains, avoiding inclusions and fractures where possible. 

Results and interpretation 

Zircon 

Thirty analyses on 30 zircon are presented in Table z9796 9034 and shown in Figures 
z9796 9034a, b. The common Pb corrections were mostly low, although about two-thirds 
of the analyses have >400 ppm V and half the anal,1;ses have> 1 000 ppm U. Almost all the 
data is discordant and show a large range in their 2 7Pb/206Pb ages. The strong reverse 
discordance of some data probably results from extreme metarnictisation of those grains. 
The most concordant analyses are also variable in age and, given the high V-contents, it is 
likely that many of the analyses represent minimum ages for the analysed grains due to old 
Pb-loss. If the grains represent a single genetic population, as suggested by their similar 
internal and external morphology, their minimum age can be estimated from the oldest 
concordant group to be -2700 Ma (Fig. z9796 9034a). Amongst this data cluster, only the 
two oldest (shaded in Fig. z9796 9034b) have ages within analytical uncertainty of each 
other, and give a pooled age of 2706±7 Ma. As with sample 9796 8153, this could be taken 
as the minimum emplacement age of the granitoid, but it seems more likely that all most of 
these grains are xenocrysts in a rock with a magmatic age -2630 Ma. Neither the 
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appearance of the grains nor the structure of the data set provides a strong distinction 
between the two possibilities. 

Titanite 

Only preliminary analyses were performed, to assess the small quantity of titanite that was 
obtained from the sample. Results (not tabulated) suggest that dating might be possible, 
and that the titanite date probably corresponds to the younger of the possible interpretations 
of the zircon data. 

Table z9796 9034: SHRIMP zircon data for the porphyritic biotite monzogranite, Yerdanie 
Rock (UW A mount 97-23C). 

grain- U Th 41'206 207Pb+ 208pb* 206Pb• ~'.PJ>~ 208Pb• cone. 207Pb/206Pb 

spot (ppm) (ppm) (%) 206Pb+ 206Pb· 2J·U "'u '
32Th (%) age (Ma) 

I-I 1383 642 1.765 0.1620 ± 4 0.5031 ± 9 0.7664 17.115 0.8301 148 2476 ± 4 
2-1 1693 361 0.417 0.1765 ± 3 0.0618 ± 5 0.5056 12.304 0.1463 101 2620 ± 3 
3-1 1129 2394 6.123 0.1752 ± 8 0.8028 ± 20 0.7326 17.693 0.2774 136 2608 ± 7 
4-1 280 413 1.951 0.1786 ±13 0.4916 ± 31 0.4928 12.131 0.1638 98 2639 ± 12 
5-1 947 584 0.369 0.1633 ± 6 0.1332 ±11 0.2894 6.516 0.0625 66 2490 ± 6 
6-1 295 295 3.889 0.1769 ± 16 0.5946 ± 40 0.3548 8.654 0.2107 75 2624 ± 15 
7-1 275 127 0.127 0.1816 ± 6 0.1053 ± 9 0.4986 12.483 0.1134 98 2668 ± 5 
8-1 192 254 0.010 0.1812 ± 7 0.3606 ± 15 0.5027 12.557 0.1368 99 2663 ± 6 
9-1 919 991 0.116 0.1733 ± 3 0.3031 ± 7 0.4654 11.121 0.1308 95 2590 ± 3 
10-1 190 325 1.647 0.1805 ± 13 0.6364 ± 35 0.3981 9.907 0.1480 81 2657 ± 12 
11-1 124 218 0.072 0.1794 ± 8 0.4932 ± 23 0.4992 12.348 0.1399 99 2647 ± 8 
12-1 185 238 0.366 0.1794 ± 9 0.4226 ± 22 0.4599 11.377 0.1510 92 2647 ± 8 
13-1 2654 1818 0.698 0.1678 ± 2 0.6015 ± 6 0.7643 17.684 0.6712 144 2536 ± 2 
14-1 3468 2451 0.018 0.1444 ± I 0.1929 ± 3 0.4042 8.046 0.1103 96 2280 ± 2 
15-1 3340 471 0.030 0.1859 ± I 0.0393 ± I 0.5362 13.742 0.1494 102 2706 ± 1 
16-1 1439 648 0.265 0.1773 ± 3 0.1305 ± 5 0.4551 11.127 0.1317 92 2628 ± 3 
17-1 1462 1656 0.441 0.1619 ± 3 0.3170 ± 7 0.4131 9.222 0.1156 90 2476 ± 3 
18-1 255 150 0.044 0.1838 ± 6 0.1702 ± 10 0.4795 12.153 0.1389 94 2688 ± 6 
19-1 1327 57 O.oI5 0.1794 ± 2 O.oI 13 ± I 0.4940 12.222 0.1311 98 2648 ± 2 
20-1 1399 1195 0.074 0.1842 ± 2 0.2119 ± 4 0.5310 13.483 0.1318 102 2691 ± 2 
21-1 1099 511 0.262 0.1794 ± 3 0.0946 ± 5 0.4752 11.753 0.0966 95 2647± 3 
22-1 2001 3247 0.032 0.1844 ± 2 0.4142 ± 5 0.5258 13.370 0.1342 101 2693 ± 2 
23-1 1908 2488 3.802 0.1673 ± 5 0.7028 ± 12 0.7700 17.766 0.4149 145 2531 ± 5 
24-1 6087 1537 0.012 0.1787 ± I 0.0955 ± I 0.5970 14.714 0.2259 114 2641 ± 1 
25-1 2214 831 0.011 0.1795 ± 2 0.1099 ± 3 0.5340 13.217 0.1563 104 2648± 2 
26-1 335 342 0.102 0.1861 ± 8 0.2679 ± 15 0.5327 13.667 0.1398 102 2708 ± 7 
27-1 321 506 2.054 0.1777 ± 12 0.5318 ± 30 0.5406 13.246 0.1821 106 2632 ± 11 
28-1 372 1014 0.088 0.1799 ± 6 0.7471 ± 22 0.4839 12.001 0.1325 96 2652 ± 6 
29-1 1208 778 0.171 0.1772 ± 4 0.1837 ± 6 0.4776 11.667 0.1362 96 2627 ± 3 
30-1 725 1255 0.153 0.1790 ± 5 0.4934 ± 13 0.4767 11.763 0.1358 95 2643 ± 5 

Data 13/8/97 and 19/8/97. 
UlPb scatter (I,,) for cz3 standard ~ 1.40% (n ~ 10) and 1.27% (n~l1). 
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Figure z9796 9034a. Concordia plot of all SHRIMP zircon data for the porphyritic biotite 

monzogranite, Yerdanie Rock (UW A mount 97-23C). 
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Figure z9796 9034b. Concordia plot showing the main cluster of SHRIMP zircon data for 
the porphyritic biotite monzogranite, Yerdanie Rock (UW A mount 97 -23C). 
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9796 9044: biotite monzogranite, Mungari Monzogranite 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description o/zircons 

Kalgoorlie (SH5109) 
332406.8 mE, 6585646.4 mN 
Taken from blasted material 50 metres east of the Mungari facing 
stone quarry 
Eastern Goldfields 
This sample is an equigranular to very sparsely feldspar porphyritic 
medium-grained biotite monzogranite. It is weakly to moderately 
altered and contains accessory metamict allanite. The monzogranite 
contains very minor pegmatite veins and is well jointed 
Low-Ca group, Mt Boreas association, Mungari clan 
313605 
97-22A 

The zircon population is of one morphologic type of uniformly fine grains, with most 
grains being 20-30 fJ.m wide and 40-60 fJ.m long. Grains are typically euhedral in external 
morphology with continuous euhedral internal zoning from core to rim. Inclusions are not 
common and consist of opaque or rod-like to equant minerals. All inclusions occur 
throughout the grains and show no preference for core or rim regions. The grains range 
from clear to pale brown, to dark brown in colour. Strong euhedral zoning observed on 
both optical and SEM images suggest high V-Th-contents and radiation damage. 
Discordant alteration patches, which are visible on SEM images, overgrow the euhedral 
zoning in many grains and are preferentially concentrated along the outer zones of grains, 
although some irregular patches occur within the grains without visible connection to the 
outer areas. In normal magmatic growth, the outer parts of the grains are typically more V
Th-rich and hence more radiation-damaged. Annealing of radiation damaged areas often 
occurs as a magmatic or later metamorphic process. These patches were avoided during 
data collection. 

Results and interpretation 

Seventeen analyses were made on 17 grains, although one data set could not be processed 
because of exceptionally high count rates (Table z9796 9044). The data are shown on a 
concordia diagram in Figure z9796 9044. The age data show considerable scatter, with 
many of the grains being discordant. Also, the V-contents of most analyses are >300 
ppm V, which for Archaean grains is often the upper limit above which discordance and 
Pb-mobility is observed. The spread in ages is undoubtedly due to Pb-Ioss which 
accompanied the radiation damage of the zircon structure caused by the high V -Th
contents. Therefore only the oldest grains are considered acceptable to decipher the history 
of the rock. There is one grain (#4) which gives an age of2810 Ma. This grain is not 
morphologically different to any of the other grains and it could be inferred that it best 
reflects the original age of the zircon population. If so, the age of 281 0±9 (10) Ma may be 
the minimum age of the rock, or alternatively the minimum age ofaxenocryst population. 
Given the post-tectonic timing of the granite, this grain (and possibly others) is 
undoubtedly a xenocryst. 

The SHRIMP zircon data for this sample do not allow its magmatic age to be reliably 
estimated. 
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Table z9796 9044: SHRIMP zircon data for the Mungari biotite monzogranite (UW A 
97-22A). 

grain- U Th 4/'206 2O'Pb· 2~8_p1>~ 20l'ipb" 207Ph· 201lpb· cone. 207Pb/206Pb 

spot (ppm) (ppm) (%) 206Pb· 2015Pb· "'u 2J5U 232Th (%) age (Ma) 

1-1 6698 2289 0.056 0.1327 ± 1 0.0991 ± 2 0.3683 6.737 0.1068 95 2134 ± 2 
2-1 5078 1440 0.033 0.1281 ± 1 0.0802 ± 2 0.3543 6.259 0.1002 94 2073 ± 2 
3-1 366 184 1.144 0.1767 ± 8 0.1479 ± 17 0.4858 11.832 0.1433 97 2622 ± 8 
4-1 83 36 0.032 0.1981 ± 10 0.1183 ±13 0.5643 15.411 0.1543 103 2810 ± 9 
5-1 9195 3807 0.031 0.1352 ± 1 0.1280 ± 2 0.4085 7.616 0.1263 102 2167 ± 1 
6-1 14376 7964 0.Ql8 0.1373 ± 1 0.1515 ± 1 0.4365 8.264 0.1194 106 2193 ± 1 
8-1 14124 8108 0.092 0.1523 ± 1 0.1560 ± 1 0.4630 9.724 0.1258 103 2372 ± 1 
9-1 11461 5723 0.004 0.1704 ± 1 0.1286 ± 1 0.5215 12.250 0.1343 106 2561 ± 
10-1 12024 6230 0.172 0.1274 ± 1 0.1418 ± 2 0.3923 6.889 . 0.1073 103 2062 ± 
11-1 317 845 30.317 0.1716'± 41 0.4523 ± 94 0.4568 10.807 0.0774 94 2573 ± 40 
12-1 11925 6045 0.004 0.1760 ± 1 0.1383 ± 1 0.5694 13.814 0.1554 III 2615 ± 
13-1 21825 7471 0.269 0.1618 ± 1 0.2371 ± 2 0.5971 13.321 0.4136 122 2475 ± 
14-1 8309 3055 0.092 0.1320 ± 1 0.1041 ± 2 0.3886 7.073 0.1100 100 2125 ± 
15-1 18030 12390 0.005 0.1749 ± 1 0.1815 ± 1 0.6151 14.832 0.1625 119 2605 ± 
16-1 15997 10078 0.142 0.1696 ± 1 0.1608 ± 1 0.5713 13.357 0.1458 114 2553 ± 
17-1 15981 10408 0.001 0.1739 ± 0.1698 ± 0.5751 13.789 0.1499 113 2596 ± 

Data from 1117197 and 1217/97. 
UlPb scatter (I (J) for cz3 standard = 1.77% (n=15) and 1.75% (n = 5). 
Spot 7-1 deleted because of data processing problems due to excessively high count rates. 
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Figure z9796 9044. Concordia plot of SHRIMP zircon data for the Mungari biotite 

monzogranite (UWA 97-22A). 
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97969063: biotite monzogranite, 8ulga Downs Granite 

1:250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description oj zircons 

Youanmi (SH5004) 
768036.5 mE, 6843150.1 mN 
This sample was taken from a very large blasted boulder located 
south ofthe Bulga Downs homestead. 
Southern Cross 
The sample is representative of the extremely good bouldery outcrop 
in the area. It is a sparsely feldspar porphyritic medium-grained 
biotite monzogranite that contains sparse, irregular biotite-rich 
enclaves and is weakly altered. 
Low-Ca group, Beetle association, Bulga Downs clan 
284001 
97-23B 

The zircon population in this sample consists of one morphologic type of variable grain 
size. Many grains have an aspect ratio >5 although they grade to more equant varieties. The 
appearance of the zircons is similar to those in sample 9796 9082A. Grains are typically 
euhedral in external morphology with the majority showing continuous euhedral internal 
zoning from core to rim. Some grains have structureless cores. Inclusions are rare and 
consist of opaque or rod-like to equant minerals. All inclusions occur throughout the grains 
and show no preference for core or rim regions. The grains are generally dark brown in 
colour. Some discordant alteration patches are visible on SEM images, particularly as a 
thin discontinuous outer rim and along some cracks in a minority of grains: these were 
avoided during analyses. 

Results and interpretation 

Twenty one analyses on 21 grains are presented in Table z9796 9063 and shown on a 
concordia diagram in Figure z9796 9063. The common Pb corrections were mostly high, 
although about a third had 4f206<1.0%. About three-quarters of the data are discordant. 
However, the eight or the nine oldest and most concordant analyses, including five 
concordant analyses, comprise a single age population (Fig. z9796 9063) with a pooled age 
of 2684±8 Ma. The age of the five concordant (±5%) analyses are indistinguishable from 
this, at 2687±10 Ma. No older ages are apparent and 2684±8 Ma is taken to be the 
emplacement age of the granitoid. The younger and more discordant analyses are 
considered to represent old and Recent Pb-loss from partly radiation-damaged zircon 
structure, due to the relatively high U-Th contents. 
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Table z9796 9063: SHRIMP zircon data for the biotite monzogranite, Bulga Downs (UW A 
mount 97-23B). 

grain- U Th 41"206 ~7.pJ>~ 208Pb· 206Pb· ~7_p~~ ~8_p~~ conc. 201PbP06Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb· 2J'U 2"U 2J'Th (%) age (Ma) 

5-1 117 133 2.313 0.1839 ± 19 0.3269 ± 42 0.4647 11.783 0.1329 92 2688 ± 17 
7-1 322 470 0.086 0.1839 ± 5 0.4007 ± 12 0.5188 13.158 0.1427 100 2689 ± 4 
14-1 98 62 0.033 0.1841 ± 12 0.1743 ± 21 0.5151 13.075 0.1405 100 2690 ± 11 
15-1 99 195 0.027 0.1830 ± 12 0.5466 ± 34 0.5094 12.856 0.1411 99 2681 ± 11 
17-1 109 246 1.450 0.1829 ± 21 0.4724 ± 50 0.4396 11.085 0.0921 88 2679 ± 19 
18-1 81 66 0.216 0.1831 ± 14 0.2205 ± 27 0.5182 13.085 0.1398 100 2681 ± 13 
20-1 85 97 0.053 0.1834 ± 14 0.3115 ± 29 0.5251 13.280 0.1427 101 2684 ± 12 
21-1 341 531 0.666 0.1816 ± 9 0.4114 ± 20 0.4928 12.335 0.1304 97 2667 ± 8 
Discordant (>15%). 
1-1 300 443 27.899 0.1828 ± 43 0.4309 ± 99 0.4009 10.104 0.1169 81 2678 ± 39 
2-1 1778 4311 51.804 0.1692 ± 52 0.9650 ±130 0.1530 3.569 0.0609 36 2550 ± 52 
3-1 176 545 11.862 0.1841 ± 36 0.4470 ± 84 0.3465 8.798 0.0502 71 2690 ± 32 
4-1 257 299 6.553 0.1809 ± 21 0.3231 ± 49 0.3515 8.764 0.0974 73 2661 ± 20 
6-1 121 72 6.302 0.1858 ± 32 0.2642 ± 73 0.3493 8.947 0.1552 71 2705 ± 29 
8-1 312 358 2.007 0.1843 ± 11 0.1176 ± 23 0.3968 10.084 0.0407 80 2692 ± 10 
9-1 197 341 2.029 0.1820 ± 14 0.3689 ± 31 0.4180 10.488 0.0892 84 2671 ± 12 
10-1 94 357 6.669 0.1800 ± 36 0.5994 ± 86 0.3525 8.749 0.0559 73 2653 ± 33 
11-1 955 898 2.187 0.1418 ± 8 0.4145 ± 19 0.2583 5.051 0.1138 66 2249 ± 9 
12-1 208 135 4.610 0.1645 ± 29 0.1996 ± 64 0.3699 8.390 0.1140 81 2503 ± 29 
13-1 228 351 17.153 0.1772 ± 46 0.5987 ±109 0.4041 9.870 0.1569 83 2626 ± 43 
19-1 278 325 12.811 0.1892 ± 81 0.6094 ±193 0.0847 2.210 0.0442 19 2735 ± 70 
Statistical outlier. 
16-1 414 194 0.459 0.1783 ± 7 0.1331 ± 12 0.4946 12.162 0.1404 98 2638 ± 6 

Data 13/8/97 and 1918/97. 
UlPb scatter (lu) for cz3 standard ~ 1.40% (n ~ 10) and 1.27% (n~l1). 
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Figure z9796 9063. Concordia plot of SHRIMP zircon data for the biotite monzogranite, 
Bulga Downs (UW A mount 97-23B). Note that three highly discordant points fall 
below the range of this figure. 

AMlRA P482IMERlW A M281 - Yilgam Gmnitoids. April, 200 I 



6.34 

9796 9082A: biotite monzogranite, The Spring Granite 

1:250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Y ouanmi (SH5004) 
766945.1 mE, 6821040.4 roN 
The sample was drilled from a large outcrop near Jan Bore 
Southern Cross 
This is a moderately to strongly feldspar-phyric fine-mediurn
grained biotite monzogranite that contains moderately common thin 
pegmatite veins and dykes. Titanite and ?hornblende occur as minor 
mineral phases. The granitoid also contains common amphibole 
lamprophyre enclaves and/or disrupted dykes 
High-Ca group, Diemals association, Diemals clan 
284006 
97-23A 

A feldspar-phyric hornblende-biotite granodiorite outcrops to the east of, and sub-parallel 
to the biotite monzogranite, and both exhibit similar textures and a sub-parallel, weak 
mineral alignment. No contact relations were established between the two granitoid phases. 

Description o/zircons 

The zircon popUlation in this sample consists of one morphologic type of variable grain 
size. Most grains have an aspect ratio of 4-6 and some are up to 500 ~m long, although 
morphologically indistinguishable grains also occur down to the 30 ~m size range. Grains 
are typically euhedral in external morphology with the majority showing continuous 
eubedral internal zoning from core to rim. Some grains have extremely faint eubedral 
zoning and are almost structure less. Inclusions are not common and consist of opaque or 
rod-like to equant minerals. All inclusions occur throughout the grains and show no 
preference for core or rim regions. The grains are generally dark brown in colour. Some 
discordant alteration patches are visible on SEM images, particularly as a thin 
discontinuous outer rim and along some cracks in a minority of grains: these were avoided 
during analyses. 

Results and interpretation 

Twenty six analyses on 26 grains are presented in Table z9796 9082A and shown on a 
concordia diagram in Figure z9796 9082A. The common Pb corrections were generally 
low, although about half the analyses had> 300 ppm U which is reflected in common Pb 
corrections of 4f206 = 1.00/0-2.5% for most of these. Almost all the data are discordant. 
However, the oldest and most concordant analyses comprise a single age population 
(Fig. z9796 9082A) with a pooled age of2682±5 Ma. No older ages are apparent and this 
is taken to be the emplacement age of the granitoid. The younger and more discordant 
analyses are considered to represent a combination of Archaean and Recent Pb-loss, the 
Archaean disturbance possibly being related to the extensive dyke networks in the rock. 

AMIRA P482IMERIW A M281 - Yilgam Granitoids. April, 2001 



6.35 

Table z9796 9082A: SHRIMP analytical data for the biotite monzogranite, Jan Bore 
(UW A mount 97-23A). 

grain- U Th 41"206 207Pb* 208Pb* 206Pb* 207Pb* 208Pb* cone. >"Pb/""Pb 

spot (ppm) (ppm) (%) ""Pb' 206Pb* 238U "'u 2J2Th (%) age (Ma) 

1-1 214 224 1.341 0.1821 %13 0.2980 % 29 0.4864 12.215 0.1387 96 2672 ± 12 
3-1 236 180 0.834 0.1822 % 11 0.2088 % 23 0.4764 11.971 0.1306 94 2673 ± 10 
4-1 283 301 0.183 0.1833 % 7 0.2596 ± 15 0.4841 12.234 0.1184 95 2683 ± 7 
5-1 287 359 0.221 0.1827 ± 8 0.3224 ± 17 0.4839 12.190 0.1248 95 2677 % 7 
6-1 286 153 0.013 0.1830 ± 7 0.1477 ± 10 0.4923 12.421 0.1358 96 2680 % 6 
8-1 446 868 1.163 0.1835 % 9 0.5687 ± 24 0.4521 11.441 0.1320 90 2685 % 8 
9-1 155 153 0.127 0.1833 % 10 0.2705 % 21 0.5001 12.640 0.1371 97 2683 % 9 
10-1 217 368 1.613 0.1842 % 15 0.4665 ± 36 0.4505 11.443 0.1240 89 2691 ± 13 
11-1 317 405 0.487 0.1829 ± 8 0.3476 ± 18 0.4921 12.409 0.1339 96 2679 ± 7 
12-1 166 314 2.727 0.1825 ± 19 0.5308 ± 47 0.4664 11.737 0.1310 92 2676 % 18 
14-1 211 297 2.502 0.1828 ± 17 0.3941 ± 39 0.4501 11.341 0.1261 89 2678 ± 15 
16-1 256 233 0.666 0.1839 ± 11 0.2717 ± 22 0.4453 11.291 0.1327 88 2689 ± 10 
17-1 175 255 2.589 0.1825 ± 19 0.4362 ± 45 0.4534 11.410 0.1355 90 2676 ± 17 
26-1 367 430 0.163 0.1838 ± 6 0.3144 ±13 0.4980 12.622 0.1336 97 2688 ± 6 

Discordant (> 12%) 
7-1 382 561 0.043 0.1825 ± 6 0.3964 ± 15 0.4230 10.641 0.1142 85 2675 ± 6 
24-1 1314 3017 0.571 0.1294 % 5 0.5928 ± 15 0.2837 5.064 0.0733 77 2090 ± 7 
25-1 446 259 1.018 0.1630 ± 9 0.2062 ± 19 0.3771 8.472 0.1341 83 2487 ± 9 

Statistical outliers (younger than main group). 
2-1 415 396 0.425 0.1788 ± 7 0.2563 ± 15 0.4631 11.414 0.1244 93 2641 ± 7 
13-1 652 723 0.324 0.1769 ± 6 0.3046 ± 12 0.4640 11.318 0.1273 94 2624 ± 5 
15-1 531 756 1.462 0.1732 ± 9 0.3854 ± 20 0.4550 10.863 0.1232 93 2589 ± 8 
18-1 342 246 1.381 0.1770 % 11 0.2111 ± 22 0.4545 11.093 0.1332 92 2625 ± 10 
19-1 194 257 1.969 0.1788 ± 16 0.3708 ± 36 0.5010 12.353 0.1406 99 2642 ± 15 
20-1 433 629 0.377 0.1754 % 7 0.3922 ± 16 0.4392 10.623 0.1187 90 2610 ± 6 
21-1 324 259 1.073 0.1775 ± 11 0.2876 ± 23 0.4299 10.523 0.1547 88 2630 ± 10 
22-1 449 518 1.792 0.1727 ± 11 0.3283 ± 24 0.4369 10.400 0.1242 90 2584 ± 10 
23-1 284 240 0.122 0.1791 ± 7 0.2269 ± 13 0.4924 12.163 0.1318 98 2645 ± 6 

Data 19/8/97. 
UlPb scatter (10) for cz3 standard ~ 1.27% (n~l1). 
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FigUre z9796 9082A. Concordia plot of SHRIMP analytical data for the biotite 
monzogranite, Jan Bore (UWA mount 97-23A). Note that two highly discordant 
points fall below the range of the figure. 
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979691028: gneissic porphyritic biotite monzogranite, McLeod Rock Granite 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description o/zircons 

Barlee (SH5008) 
752427.4 mE, 6786529.2 mN 
This sample was drilled from outcrop forming part of McLeod Rock 
Southern Cross 
The bulk of this outcrop comprises strongly banded to gneissic 
granitic rocks intruded by pegmatite veins and dykes. Sample 9796 
9102B is from a band of moderately to strongly feldspar-phyric to 
megacrystic medium-grained biotite monzogranite. It occurs as 
irregular bands in the banded/gneissic granitoid together with a 
seriate medium-grained biotite monzogranite (9796 9102A). The 
gneissic banding is cross-cut by dyke sample 9796 9104. 
High-Ca group, Diemals association, Mondie clan 
283905 
97-26A 

The zircon population in this sample consists of one morphologic type of grains of variable 
size. Grains are typically euhedral in external morphology with continuous euhedral 
internal zoning from core to rim. Some of the larger grains have visible cores, but these are 
euhedrally zoned and are coherent with the zoned rims of the grains. Inclusions are not 
common and consist of opaque or rod-like to equant minerals. All inclusions occur 
throughout the grains and show no preference for core or rim regions. The grains range 
from pale to dark brown in colour. 

Results and interpretation 

Thirty analyses on 30 grains are presented in Table z9796 9102B and shown on a 
concordia diagram in Figures z9796 9102Ba, b. The data show considerable scatter with 
most grains being significantly discordant. Also, the U-contents of most analyses are >300 
ppm U, and many analyses have a high common Pb correction. Of the six analyses with a 
low common Pb correction (i.e. 4f206<1.5%) and less than about 400 ppm U, one is dated 
at ca. 3010 Ma whereas the others are in the range 2714 -2724 Ma. The more discordant 
analyses are considered to represent old and Recent Pb-loss from radiation-damaged zircon 
structure, due to the relatively high U-Th-contents. When all near concordant analyses with 
low common Pb are pooled, the eight analyses form a population at 2737±7 Ma, although 
with a very high X2 value (Fig. z9796 91 02Bb). These analyses all come from the cores of 
larger grains; they may represent either older xenocrystic cores, or the earliest growth stage 
of the zircons before the U-content of the magma had built up due to fractionation. These 
alternative interpretations would see the 2737 Ma age being either a xenocryst age or the 
emplacement age of the granitoid. The distinction between these cannot be made 
unequivocally with the current data, but it is notable that the discordant data conform more 
closely to a 2700 Ma - -1200 Ma discordia trend than to a zero-age Pb-loss trend 
originating from any date <2740 Ma. 

It is not possible to unequivocally determine the age of the magmatic episode which 
formed the rock. However, the best estimate at this stage is that granitoid emplacement 
occurred at -2740 Ma, with two of the analysed grains being xenocrysts with ages 
-2790 Ma and -3010 Ma. 
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Table z9796 9102B: SHRIMP zircon data for the gneissic porphyritic biotite 
monzogranite, Mcleod Rock (UWA mount 97-26A). 

grain- U Th 41206 201pb* 2~8.p~~ 2~.pp~ ~7.pJ>~ ~8_pJ>~ cone. 207Pb/2Q6Pb 

spot (ppm) (ppm) (%) 206Pb* 206Pb* 2J8U 23'u 2J2Th (%) age (Ma) 

7·1 1808 143 0.678 0.1893 ± 3 0.0531 ± 6 0.5175 13.508 0.3485 98 2736 ± 3 
10·1 3496 164 0.000 0.1901 ± 2 0.0132 ± 1 0.5156 13.517 0.1448 98 2743 ± 1 
13·1 1895 165 0.628 0.1882 ± 3 0.0210 ± 5 0.4949 12.839 0.1191 95 2726 ± 3 
18·1 262 54 0.028 0.1880 ± 6 0.0564 ± 7 0.5063 13.122 0.1383 97 2724 ± 5 
22·1 2180 185 0.000 0.1894 ± 2 0.0228 ± 1 0.5197 13.570 0.1393 99 2737 ± 2 
24·1 344 65 0.688 0.1867 ± 7 0.0362 ±13 0.4890 12.590 0.0942 95 2714 ± 7 
26·1 2127 1367 0.086 0.1900 ± 2 0.1664 ± 3 0.5025 13.160 0.1300 96 2742 ± 2 
28·1 360 57 0.010 0.1870 ± 5 0.0429 ± 4 0.5107 13.166 0.1382 98 2716 ± 4 

Older grains 
4·1 46 117 1.029 0.2245 ± 23 0.7466 ± 64 0.5580 17.272 0.1618 95 3013 ± 17 
21·1 1049 1494 0.337 0.1954 ± 3 0.3381 ± 7 0.5762 15.523 0.1367 105 2788 ± 3 

Discordant (>5%) and/or high common Pb. 
1·1 824 528 1.623 0.1706 ± 6 0.1938 ± 14 0.4070 9.572 0.1231 86 2563 ± 6 
2·1 212 68 5.128 0.1932 ± 20 0.1118 ± 44 0.4681 12.471 0.1642 89 2770 ± 17 
3·1 713 48 0.735 0.1791 ± 5 0.0202 ± 9 0.4580 11.310 0.1378 92 2644 ± 5 
5·1 962 81 0.893 0.1722 ± 5 0.0787 ±1O 0.3975 9.435 0.3720 84 2579 ± 5 
6·1 1121 129 0.733 0.1466 ± 5 0.0562 ± 9 0.3105 6.275 0.1510 76 2306 ± 5 
8·1 1111 892 0.222 0.1489 ± 4 0.2355 ± 8 0.3273 6.720 0.0959 78 2334 ± 4 
9·1 593 85 1.268 0.1690 ± 7 0.0512 ± 14 0.3892 9.068 0.1385 83 2548 ± 7 
11-1 580 136 1.360 0.1696 ± 8 0.0923 ± 16 0.3579 8.367 0.1409 77 2554 ± 8 
12-1 406 256 0.797 0.1882 ± 7 0.1731 ± 14 0.4833 12.538 0.1328 93 2726 ± 6 
14-1 164 87 3.248 0.1894 ± 17 0.1711 ± 36 0.5442 14.210 0.1757 102 2737 ± 15 
15-1 892 629 1.445 0.1831 ± 6 0.2196 ± 12 0.4760 12.017 0.1481 94 2681 ± 5 
16·1 1103 441 1.935 0.1562 ± 7 0.1313 ± 14 0.3034 6.533 0.0996 71 2415 ± 7 
17-1 1258 193 1.539 0.1497 ± 6 0.0470 ±11 0.3391 7.000 0.1035 80 2343 ± 6 
19-1 143 184 1.340 0.1871 ± 14 0.3246 ± 32 0.4921 12.698 0.1243 95 2717 ± 13 
20-1 1564 412 1.519 0.1351 ± 5 0.0942 ± 10 0.2926 5.451 0.1046 76 2166 ± 6 
23-1 567 89 0.549 0.1789 ± 6 0.0516 ± 9 0.4605 11.359 0.1510 92 2643 ± 5 
25-1 445 273 0.952 0.1788 ± 8 0.1481 ± 16 0.4017 9.900 0.0969 82 2641 ± 7 
27-1 857 504 0.734 0.1699 ± 5 0.1341 ± 10 0.3503 8.206 0.0799 76 2557 ± 5 
29-1 1763 78 0.711 0.1861 ± 3 0.0136 ± 6 0.4758 12.207 0.1460 93 2708 ± 3 
30-1 1344 204 1.557 0.1558 ± 6 0.0417 ±11 0.3380 7.260 0.0928 78 2411 ± 6 

Data 11/11/97. 
UlPb scatter (lu) for cz3 standard ~ 1.45% (n~IO). 
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Figure z9796 91 02Ba. Concordia plot of all SHRIMP zircon data for the gneissic 
porphyritic biotite monzogranite, Mcleod Rock (UW A mount 97-26A). 
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Figure z9796 9102Bb. Concordia plot of the most concordant SHRIMP zircon data for the 
gneissic porphyritic biotite monzogranite, Mcleod Rock (UWA mount 97-26A). 
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97969104: biotite monzogranite dyke, Native Well Monzogranite 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description a/zircons 

Barlee (SH5008) 
745407.3 mE, 6783679.2 mN 
The sample was drilled from outcrop near Native Well 
Southern Cross 
The sample is from a foliated sparsely feldspar-phyric medium
grained biotite monzogranite dyke. This irregular foliated dyke 
cross-cuts the gneissic banding, but locally is incorporated 
suggesting a syn- to late-defonnation age. The age of the dyke 
should tie in with 9796 9102B, and give a minimum age for the 
gneIss 
High-Ca group, Diemals association, Diemals clan 
283908 
97-24A 

The zircon population in this sample consists of one morphologic type of variable grain 
size. Most grains are ofthe order of 50 x 100 J.lm in dimension, although morphologically 
indistinguishable grains also occur down to 20 x 30 J.lm. Grains are typically euhedral in 
external morphology with the majority showing continuous euhedral internal zoning from 
core to rim. Some grains have extremely faint euhedral zoning and are almost structure less. 
Inclusions are not common and consist of opaque or rod-like to equant minerals. All 
inclusions occur throughout the grains and show no preference for core or rim regions. The 
grains range from clear to dark brown in colour. Some grains have dark brown cores with 
clearer rims, but the cores are unsuitable for SHRIMP analysis and it is not known whether 
they are older than the rims. Rare discordant alteration patches are visible on SEM images 
as a very thin discontinuous rim and along some cracks in a minority of grains: these were 
avoided during analyses. 

Results and interpretation 

Twenty two analyses on 22 grains are presented in Table z9796 9104 and shown on a 
concordia diagram in Figure z9796 9104. With the exception of four analyses, the common 
Pb corrections were relatively low and all analyses had <330 ppm U. The data falls largely 
along an array from the origin of the concordia diagram to ca. 2.68 Ga, with one reverse 
discordant analysis (Fig. z9796 9104). Omitting all the discordant analyses, the population 
comprising the remaining 16 analyses in the concordant to near-concordant group (Fig. 
z9796 9104) has a X2<1.0, indicating that the analyses come from a single age population 
at 2682±6 Ma. No older ages are apparent and this is taken to be the emplacement age of 
the dyke. 
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Table z9796 9104: SHRIMP zircon data for the biotite monzogranite dyke, Native Well 
(UW A mount 97-24A). 

" 

grain- U Th 41206 207Pb· 268Pb· 206Pb· 207Pb· 208Pb· cone. 207Pb/206Pb 

spot (ppm) (ppm) (%) 206Pb" 206Pb· ,"U ,"u , 32Th (%) age (Ma) 

1-1 120 123 0.031 0.1827 ± 9 0.2763 ± 18 0.5101 12.847 0.1379 99 2677 ± 8 
2-1 36 30 0.024 0.1836 ± 21 0.2270 ± 41 0.4950 12.528 0.1351 97 2685 ± 19 
3-1 90 104 0.054 0.1827 ± 12 0.3377 ± 26 0.4815 12.125 0.1419 95 2677 ± 11 
4-1 80 80 0.014 0.1845 ±13 0.2736 ± 25 0.5107 12.993 0.1392 99 2694 ± 11 
6-1 76 88 0.034 0.1838 ± 12 0.3225 ± 26 0.5021 12.723 0.1397 98 2687 ± 11 
7-1 131 218 0.052 0.1851 ± 10 0.4578 ± 25 0.5009 12.786 0.1379 97 2700 ± 9 
8-1 36 38 0.003 0.1814 ± 22 0.2972 ± 46 0.5065 12.669 0.1396 99 2666 ± 20 
9-1 69 85 0.111 0.1833 ±13 0.3349 ± 28 0.5075 12.825 0.1382 99 2683 ± 11 
10-1 52 47 0.357 0.1846 ± 17 0.2527 ± 36 0.5082 12.936 0.1446 98 2695 ± 16 
12-1 109 168 0.054 0.1840 ± 10 0.4230 ± 24 0.5111 12.963 0.1401 99 2689 ± 9 
13-1 51 54 0.232 0.1809 ± 18 0.2933 ± 38 0.5038 12.563 0.1399 99 2661 ± 16 
13-2 102 121 0.110 0.1815 ±11 0.3395 ± 25 0.5046 12.626 0.1437 99 2666 ± 10 
14-1 97 74 0.154 0.1836 ± 12 0.2121 ± 22 0.5032 12.737 0.1406 98 2686 ± 10 
16-1 47 43 0.169 0.1806 ± 15 0.2474 ± 30 0.5130 12.776 0.1398 100 2659 ± 14 
20-1 139 184 0.019 0.1828 ± 8 0.3627 ±18 0.5322 13.416 0.1451 103 2679 ± 7 
22-1 220 263 0.240 0.1830 ± 7 0.3483 ±17 0.5113 12.904 0.1493 99 2680 ± 7 

Discordant (>5%) and/or high common Pb. 
5-1 39 43 0.042 0.1855 ± 24 0.2973 ± 52 0.4700 12.023 0.1283 92 2703 ± 22 
11-1 235 117 3.164 0.1820 ± 24 0.3611 ± 56 0.2437 6.116 0.1771 53 2671 ± 22 
15-1 105 31 1.295 0.1868 ± 32 0.2556 ± 70 0.1054 2.716 0.0924 24 2714 ± 28 
17-1 322 236 3.613 0.1721 ± 18 0.3090 ± 42 0.3809 9.040 0.1605 81 2579 ± 18 
18-1 125 78 0.179 0.1838 ± 10 0.1393 ± 17 0.4655 11.796 0.1049 92 2687 ± 9 
18-2 195 234 0.920 0.1840 ± 12 0.1775 ± 24 0.3684 9.347 0.0543 75 2689 ± 11 
19-1 310 348 1.120 0.1805 ±IO 0.3300 ± 22 0.4727 11.764 0.1389 94 2657 ± 9 
21-1 69 68 0.060 0.1826 ± 14 0.2675 ± 27 0.5670 14.278 0.1529 108 2677 ± 12 

Data 30/8/97 and 1219/97. 
UlPb scatter (1,,) for cz3 standard ~ 1.07% (n ~ 13) and 2.29% (n~14). 
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9796 9125: porphyritic biotite monzogranite, Warren-2 

1:250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description a/zircons 

Southern Cross (SH5016) 
658682.5 mE, 6562693.3 mN 
Warren Double Cunyan Hill; sample drilled from large outcrop. 
Southern Cross 
Moderate quartz-K-feldspar-porphyritic to seriate medium-coarse 
grained biotite monzogranite. This sample is from the main granite
type spread over Southern Cross, Kellerberrin and Bencubbin sheets. 
Close to 1200 Ma granitoid (9796 9126), and paler than other Low
Ca granitoids in area, suggesting that it may show a thermal 
overprint from the intrusion of the Proterozoic granitoid. 
Low-Ca group, Beetle association, Boodarockin clan 
263504 
97-40A 

Apart from one very large grain (>475 J.lm in length), most zircons from sample 9796-9125 
are less than 200 J.lm in length. Most grains are medium to dark brown in colour, euhedral 
or with slightly rounded terminations, and display visible internal structures and occasional 
inclusions. The SEM images reveal some very complex patterns in the internal structure of 
some grains, with irregular, patchy replacement and recrystallisation found in a large 
number of grains. Potential older cores were identified in several grains. Cracks and 
fractures are present in many grains. 

Results and interpretation 

Forty-four analyses on 44 grains are presented in Table z9796 9125 and shown on 
concordia diagrams in Figures z9796 9125a, b. Thirty of the analyses constitute a main 
group that is unusually coherent and concordant for zircons wi th such high U -contents. The 
high X2 is partly attributable to the high U (and consequently high Pb) contents. For 
measurements of samples with such abundant Pb, the ion count rates are sufficiently high 
that sources of systematic variability other than counting statistics become significant, but 
they have not been quantified and are not included in the estimates of internal precision. 
After omission of four statistical outliers, the main group gives an age of 2617.2±3.2 Ma, 
with a X2 of 6.0, and this is interpreted to be the age of granitoid emplacement, with the 
-2650 Ma grains being considered to be xenocrysts. 
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Table z9796 9125: SHRIMP zircon data for the porphyritic biotite monzogranite, Warren-2 
(UWA mount 97-40A). 

grain- U Th 41'206 207Pb• 208Pb· 206Pb· 207Pb· ~8_p~~ cone. 207Pb/206Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb· "'U 23SU 232Th (%) age (Ma) 

1-1 887 393 0.817 0.1768 ± 5 0.1051 ± 9 0.4874 11.885 0.1157 98 2623 ± 4 
3-1 548 218 0.250 0.1767 ± 5 0.0991 ± 8 0.4967 12.098 0.1237 99 2622 ± 5 
7-1 743 212 0.290 0.1763 ± 4 0.0794 ± 7 0.5043 12.258 0.1401 101 2618 ± 4 
8-1 616 229 0.277 0.1754 ± 4 0.0865 ± 7 0.4847 11.723 0.1125 98 2610 ± 4 
42-1 641 328 0.930 0.1761 ± 6 0.1349 ± 11 0.4956 12.034 0.1304 99 2617 ± 5 
43-1 1282 485 0.070 0.1757 ± 3 0.1029 ± 3 0.4860 11.775 0.1323 98 2613 ± 2 
44-1 819 416 0.019 0.1775 ± 3 0.1368 ± 5 0.4994 12.222 0.1344 99 2630 ± 3 
14-1 459 204 0.039 0.1775 ± 4 0.1206 ± 6 0.5051 12.365 0.1373 100 2630 ± 4 
15-1 512 168 0.500 0.1755 ± 6 0.0911 ± 10 0.4826 11.678 0.1338 97 2611 ± 5 
45-1 465 179 0.043 0.1758 ± 4 0.1037 ± 6 0.4982 12.077 0.1339 100 2614 ± 4 
16-1 945 377 0.337 0.1760 ± 4 0.1094 ± 6 0.4973 12.065 0.1365 100 2615 ± 3 
46-1 866 346 0.442 0.1755 ± 4 0.1095 ± 7 0.4752 11.499 0.1303 96 2611 ± 4 
47-1 223 12 0.120 0.1769 ± 7 0.0118 ± 9 0.4922 12.007 0.1080 98 2624 ± 7 
21-1 766 277 0.063 0.1760 ± 3 0.0969 ± 5 0.4952 12.019 0.1327 99 2616 ± 3 
22-1 718 358 0.038 0.1763 ± 3 0.1346 ± 5 0.5036 12.241 0.1362 100 2618 ± 3 
48-1 806 407 0.042 0.1771 ± 3 0.1365 ± 5 0.5013 12.237 0.1356 100 2625 ± 3 
49-1 555 205 0.152 0.1770 ± 4 0.1010 ± 6 0.4943 12.064 0.1351 99 2625 ± 4 
25-1 1096 417 0.257 0.1749 ± 3 0.1074 ± 5 0.4882 11.771 0.1377 98 2605 ± 3 
50-1 676 308 0.836 0.1772 ± 5 0.1291 ± 11 0.4982 12.170 0.1415 99 2626 ± 5 
51-1 472 156 0.221 0.1768 ± 5 0.0867 ± 7 0.4929 12.017 0.1295 98 2623 ± 5 
56-1 1014 463 0.196 0.1770 ± 3 0.1183 ± 5 0.4884 11.915 0.1264 98 2625 ± 3 
58-1 869 437 0.044 0.1744 ± 3 0.1352 ± 5 0.4835 11.628 0.1300 98 2601 ± 3 
60-1 1287 765 0.144 0.1766 ± 3 0.1583 ± 4 0.5173 12.596 0.1378 103 2621 ± 2 
61-1 815 326 0.431 0.1750 ± 4 0.1103 ± 7 0.4718 11.385 0.1302 96 2606 ± 4 
63-1 991 422 0.081 0.1753 ± 3 0.1164 ± 5 0.4928 11.914 0.1347 99 2609 ± 3 
64-1 1024 412 0.027 0.1775 ± 3 0.1097 ± 4 0.4947 12.109 0.1350 99 2630 ± 3 
65-1 813 408 0.043 0.1771 ± 3 0.1338 ± 5 0.4926 12.028 0.1315 98 2626 ± 3 
66-1 1199 619 0.370 0.1756 ± 3 0.1428 ± 6 0.4907 11.879 0.1358 99 2612 ± 3 
32-1 602 241 0.098 0.1765 ± 4 0.1057 ± 6 0.4973 12.103 0.1311 99 2620 ± 4 
67-1 1152 516 0.192 0.1750 ± 3 0.1243 ± 5 0.4762 11.491 0.1321 96 2606 ± 3 

>5% discordant or 4f206> 1 %. 
4-1 581 54 0.554 0.1792 ± 5 0.0256 ± 9 0.4580 11.315 0.1255 92 2645 ± 5 
5-1 471 139 0.057 0.1750 ± 5 0.0789 ± 6 0.5418 13.071 0.1451 107 2606 ± 5 
9-1 1810 103 0.065 0.1647 ± 2 0.0135 ± 2 0.4110 9.330 0.0979 89 2504 ± 2 
11-1 1735 543 0.474 0.1362 ± 4 0.0902 ± 7 0.2346 4.404 0.0676 62 2179 ± 5 
52-1 1342 467 0.220 0.1720 ± 3 0.0999 ± 5 0.4473 10.609 0.1285 92 2577 ± 3 
53-1 1287 459 0.140 0.1648 ± 3 0.0991 ± 5 0.4015 9.124 0.1116 87 2506 ± 3 
54-1 1123 426 0.453 0.1707 ± 4 0.0806 ± 7 0.4242 9.985 0.0902 89 2565 ± 4 
59-1 855 240 2.483 0.1752 ± 7 0.0892 ± 15 0.4858 11.734 0.1544 98 2608 ± 7 
62-1 910 290 0.345 0.1690 ± 4 0.0930 ± 6 0.4422 10.304 0.1293 93 2548 ± 4 
68-1 790 401 0.177 0.1742 ± 4 0.1409 ± 6 0.4561 10.951 0.1267 93 2598 ± 4 

Age outliers 
41-1 1141 446 0.057 0.1734 ± 3 0.1056 ± 4 0.4941 11.814 0.1337 100 2591 ± 3 
55-1 754 790 0.473 0.1792 ± 5 0.2894 ±IO 0.4868 12.028 0.1344 97 2645 ± 4 
57-1 215 174 0.422 0.1804 ± 8 0.2211 ± 16 0.4874 12.127 0.1338 96 2657 ± 8 
69-1 488 581 0.848 0.1789 ± 6 0.3203 ± 14 0.4909 12.109 0.1321 97 2643 ± 6 

Data 27/2/98. 
UlPb scatter (10) for cz3 standard ~ 1.00% (n~14 of 16). 
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Figure z9796 9125a: Concordia plot showing all SHRIMP zircon data for the biotite 
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1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description of zircons 

6.46 

9796 9126: diorite, Proterozoic dyke 

Southern Cross (SH50 16) 
658797.4 mE, 6562718.3 mN 
The sample was hammered from blasted in situ boulders 
Southern Cross 
This is a moderately altered biotite-pyroxene-amphibole diorite that 
occurs as a 60 m wide dyke or small intrusion. It is characterised by 
sericitic, chloritic and pyritic alteration and contains abundant Fe
oxides. The rock type also occurs as thin fine-grained dykes to the 
north of this outcrop. The surrounding granitoid (9796 9125) is a 
moderately quartz-feldpsar porphyritic to seriate medium-coarse
grained biotite monzogranite, which is common throughout the 
Southern Cross-Kellerberrin-Bencubbin region. 
Proterozoic mafic dyke 
none given 
97-26B 

The zircon population in this sample consists of two distinctively different morphologic 
types. The first group is fine grained, dark to light brown in colour and is similar to many 
of the other Archaean zircons described in this report. The other group, however, is 
distinctive in that they consist of essentially structureless, colourless to pale brown grains 
which have a euhedral external shape and an aspect ratio of about 3. Inclusions in both 
types are rare and consist of opaque or rod-like to equant minerals. All inclusions occur 
throughout the grains and show no preference for core or rim regions. 

Results and interpretation 

Fifty one analyses on 48 grains are presented in Table z9796 9126 and shown on concordia 
diagrams in Figures z9796 9126a, b .. The data show considerable scatter with many of the 
grains being discordant. They fall into two distinct age groups at - 2.6 Ga and -1.2 Ga. 

Considering only concordant to near-concordant data, the Archaean grains form a 
statistically coherent group with an age of 2629±4 Ma (Fig. z9796 9126a). There is one 
older analysis at - 2.65 Ga (the core of grain #8), but this grain has two rim analyses which 
form part of the 2629 Ma group and it is clearly an older xenocryst with a magmatic 
overgrowth at 2629 Ma. All of the other grains which yield Archean 207PbPo6Pb ages are 
discordant but are morphologically indistinguishable from the 2629 Ma group and are 
considered to be grains of this age which have lost Pb mostly in Recent times. The 
discordant nature of most of these grains is compatible with the high V-contents (Table 
z9796 9126), radiation damage of the zircon structure with time and modern Pb-Ioss from 
the damaged areas of the grains. 

The clear euhedral grains form a coherent data group (Fig. z9796 9126b), the most 
concordant of them giving indistinguishable ages which, when pooled, yield 120 I ± 7 Ma. 
Many analyses of these grains have high V-contents and are discordant due to Recent Pb
loss. The morphology of these zircons is magmatic and as this is the youngest magmatic 
popUlation in the rock, the emplacement age of the granitoid is taken to be 1201±7 Ma. 
The Archaean grains are therefore considered to be xenocrysts. 
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Table z9796 9126: SHRIMP zircon data for the diorite, Warrachupin Tank (UWA mount 
97-268). 

grain- U Th 41'206 207Pb• 208Pb· 206Pb· 2~)p~ 208Pb• cone. 207Pbi'06Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb· 233U "'u "'Th (%) age (Ma) 

Archaean, main group 
8-1 345 218 0.070 0.1770 ± 5 0.1755 ± 9 0.4664 11.381 0.1294 94 2625 ± 5 
8-3 952 495 0.028 0.1775 ± 3 0.1437 ± 4 0.4904 12.000 0.1355 98 2629 ± 3 
18-1 182 306 0.469 0.1776 ± 10 0.4948 ± 27 0.4699 11.506 0.1385 94 2630 ± 10 
21-1 454 670 0.053 0.1774 ± 4 0.4313 ± II 0.4743 11.599 0.1387 95 2629 ± 4 
28-1 92 166 0.071 0.1767 ±II 0.5010 ± 29 0.4973 12.115 0.1380 99 2622 ± 10 
45-1 152 235 0.001 0.1787 ± 8 0.4245 ± 20 0.4971 12.252 0.1367 98 2641 ± 7 
47-1 166 189 0.048 0.1780 ± 8 0.3180 ± 17 0.4863 11.938 0.1356 97 2635 ± 7 
48-1 190 382 0.067 0.1772 ± 7 0.5719 ± 21 0.4876 11.914 0.1386 97 2627 ± 7 

Proterozoic, main group 
2-1 517 467 0.050 0.0796 ± 5 0.2672 ±13 0.2045 2.244 0.0604 101 1186 ± II 
3-1 558 1281 0.064 0.0800 ± 4 0.6745 ± 20 0.1965 2.168 0.0578 97 1197 ± II 
14-1 368 271 0.035 0.0800 ± 6 0.2238 ± 17 0.2013 2.221 0.0612 99 1198 ± 16 
17-1 227 142 0.201 0.0793 ± 9 0.1857 ± 22 0.1965 2.150 0.0586 98 1181 ± 23 
19-1 242 68 0.010 0.0807 ± 8 0.0836 ± 15 0.2068 2.301 0.0611 100 1214 ± 19 
26-1 416 346 0.057 0.0801 ± 5 0.2452 ± 14 0.2040 2.253 0.0601 100 1199 ± 12 
30-1 1229 2197 0.022 0.0802 ± 3 0.5305 ± 12 0.2038 2.255 0.0605 99 1203 ± 6 
32-1 219 130 0.137 0.0789 ± 8 0.1721 ± 19 0.2046 2.226 0.0596 102 1171 ± 20 
32-2 395 373 0.189 0.0800 ± 6 0.2838 ± 17 0.2005 2.211 0.0602 98 1197 ± 15 
38-1 387 323 0.151 0.0804 ± 7 0.2358 ± 17 0.1999 2.217 0.0566 97 1207 ± 16 
46-1 888 1445 0.023 0.0803 ± 3 0.4747 ± 13 0.2028 2.244 0.0591 99 1204 ± 8 
49-1 784 1057 0.009 0.0799 ± 3 0.3913 ± 13 0.1951 2.151 0.0566 96 1195 ± 8 
50-1 644 221 0.000 0.0809 ± 3 0.1032 ± 6 0.2017 2.251 0.0607 97 1220 ± 8 

Archaean, discordant (>6%) 
I-I 1166 404 0.094 0.1747 ± 3 0.0905 ± 4 0.4005 9.648 0.1046 83 2603 ± 3 
4-1 507 106 0.767 0.1715 ± 25 0.2786 ± 55 0.0361 0.852 0.0480 9 2572 ± 24 
7-1 463 263 0.087 0.1768 ± 5 0.1665 ± 8 0.3458 8.430 0.1013 73 2623 ± 5 
10-1 1398 1041 0.179 0.1599 ± 3 0.3488 ± 7 0.2950 6.502 0.1382 68 2454 ± 3 
12-1 495 546 1.331 0.1775 ±II 0.6828 ± 31 0.1924 4.708 0.1193 43 2629 ± II 
15-1 428 246 0.331 0.1767 ± 6 0.1845 ± II 0.3534 8.608 0.1135 74 2622 ± 6 
16-1 1718 635 0.357 0.1655 ± 3 0.1225 ± 5 0.2909 6.638 0.0964 66 2512 ± 3 
23-1 151 144 0.270 0.1783 ± 10 0.3545 ± 24 0.3527 8.673 0.1314 74 2637 ± 10 
25-1 369 334 1.366 0.1779 ± 10 0.3320 ± 23 0.3330 8.170 0.1223 70 2634 ± 9 
33-1 324 169 0.176 0.1765 ± 7 0.2010 ± 13 0.2838 6.906 0.1092 61 2620 ± 6 
39-1 725 465 0.534 0.1770 ± 7 0.3725 ± 16 0.1797 4.387 0.1044 41 2625 ± 6 
40-1 487 183 0.594 0.1755 ± 12 0.2577 ± 25 0.1452 3.512 0.0998 33 2610 ± II 
42-1 768 344 0.361 0.1752 ± 6 0.2091 ± II 0.2795 6.751 0.1306 61 2608 ± 6 
51-1 695 277 0.878 0.1777 ± II 0.4178 ± 27 0.1106 2.710 0.1159 26 2631 ± II 

Proterozoic, discordant andlor Ph-loss 
5-1 249 210 0.202 0.0799 ± 8 0.0968 ± 17 0.1903 2.097 0.0218 94 1195 ± 19 
II-I 886 1717 O.oz5 0.0779 ± 3 0.5504 ± 15 0.1874 2.014 0.0532 97 1145 ± 8 
13-1 1414 1276 0.039 0.0787 ± 2 0.2676 ± 8 0.1862 2.020 0.0552 95 1164 ± 6 
20-1 832 1271 0.078 0.0794 ± 4 0.4557 ± 14 0.1814 1.986 0.0541 91 1182 ± 9 
22-1 2013 4820 0.066 0.0792 ± 2 0.7079 ± 12 0.1769 1.932 0.0523 89 1177 ± 6 
24-1 1683 4690 0.122 0.0745 ± 3 0.8201 ± 15 0.1654 1.698 0.0487 94 1054 ± 8 
27-1 688 1580 0.084 0.0788 ± 4 0.6733 ± 18 0.1880 2.043 0.0551 95 1168 ± 10 
29-1 1113 2289 0.438 0.0780 ± 4 0.6023 ± 16 0.1789 1.924 0.0524 92 1147 ± II 
31-1 269 196 0.172 0.0810 ± 8 0.2188 ± 20 0.1917 2.141 0.0576 93 1222 ± 20 
34-1 1970 5913 0.079 0.0770 ± 2 0.9110 ± 15 0.1821 1.934 0.0553 96 1122 ± 6 
35-1 635 964 0.083 0.0797 ± 4 0.4128 ± 15 0.1875 2.061 0.0510 93 1190±10 
36-1 1248 2672 0.420 0.0777 ± 5 0.6498 ± 19 0.1497 . 1.603 0.0454 79 1138 ± 13 
37-1 1151 2468 0.024 0.0778 ± 3 0.6337 ± 14 0.1772 1.902 0.0524 92 1142 ± 7 
44-1 925 1378 0.087 0.0801 ± 4 0.3954 ±13 0.1851 2.045 0.0491 91 1200 ± 9 

Archaean, statistical outliers 
8-2 533 927 0.027 0.1799 ± 4 0.5153 ± 10 0.5245 13.009 0.1553 103 2652 ± 3 
9-1 985 1311 0.081 0.1700 ± 3 0.3699 ± 7 0.4625 10.841 0.1285 96 2558 ± 3 

Data 20/10/97. 
UlPb scatter (10) for cz3 standard ~ 1.07% (n~17). 
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Figure z9796 9125a: Concordia plot of all SHRIMP zircon data for the Proterozoic diorite, 

Warrachupin Tank (UW A mount 97-26B). 
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Figure z9796 9125b: Concordia plot of the Proterozoic group of SHRIMP zircon data for 
the Proterozoic diorite, Warrachupin Tank (UWA mount 97-26B). 
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97969138: biotite monzogranite, Waddouring 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Description of zircons 

Bencubbin (SH50 11) 
582119.5 mE, 6575453.5 mN 
Sample was hammered from a blasted boulder on the road near a 
large quarry. 
Murchison 
Moderately quartz-K-feldspar-porphyritic medium-grained biotite 
monzogranite. This granitoid type is typical of granitoids in the 
district, although is not as porphyritic or as coarse as sample 9796 
9125. The outcrop contains minor pegmatite veins 
Low-Ca group, Goolthan association, Knungomen clan 
243614 
97-24B (zircon) and 97-48B(titanite) 

The zircon population in this sample consists of one morphologic type but with a wide 
range of grain sizes (i.e. 30 - 200 /Lm long). Grains are typically euhedral to subhedral in 
external morphology with faint continuous euhedral internal zoning from core to rim. 
Inclusions are not common and mostly consist of rod-like minerals with minor opaque or 
equant grains. All inclusions occur throughout the grains and show no preference for core 
or rim regions. The grains range from clear to pale brown, to dark brown in colour. 
Discordant alteration patches, which are visible on SEM images, overgrow the euhedral 
zoning in some grains and are preferentially concentrated along the outer zones of grains, 
along specific growth zones and as irregular patches within the grains, often in close 
association with fractures. These patches were avoided during data collection. 

Description of titanites 

All recovered titanites are fragments of grains, and grain morphologies cannot be 
determined. In addition, there are generally no internal growth structures visible either 
optically or by SEM imaging. Occasionally there are faint compositional boundaries visible 
by SEM (BSE) imaging, but these have no distinct mineralogical form. 

Some grains have regions which are spotted or clouded, presumably due to breakdown of 
crystal structure or the presence of sub-microscopic inclusions. These areas are avoided 
during analysis. 

Results and interpretation 

Zircon 

Twenty nine analyses on 25 grains are presented in Table z9796 9138 and shown on a 
concordia diagram in Figure z9796 9138a and b. With the exception of five analyses, the 
common Pb corrections were low, even though all but one analysis had >300 ppm U and 
the zircons would be expected to have suffered element mobility subsequent to formation. 
The data falls largely along an array from the origin of the concordia diagram to ca. 2.63 
Ga, with one reverse discordant analysis (Fig. z9796 9138a). Omitting all the discordant 
analyses, the population comprising the remaining 12 analyses in the concordant to near
concordant group (Fig. z9796 9138b) has a X2 of 1.8. This is interpreted as a single age 
population at 2628±3 Ma, although the larger than expected scatter in the data coupled 
with high U suggests this may be a minimum age. Nonetheless, if some of the data is 
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affected by non-Recent Pb-loss, the zircon formation ages are probably not significantly 
older than this. No older ages are apparent and 2628±3 Ma is taken to be the emplacement 
age of the granitoid. 

Titanite 

Twenty-seven analyses on 26 grains of titanite are presented in Table t9796 9138 and 
shown on a concordia diagram in Figure t9796 9138. The analyses are interpreted as a 
single population of titanite at 2626±4 Ma, with a 'l of 1.43. Two analyses (9-1 and 20-1) 
are slightly younger and older, respectively, than the other analyses but cannot be omitted 
from the main group. The titanite age of 2626±4 Ma is within error of the SHRIMP zircon 
age of 2628±3 Ma. 

Table t9796 9138: SHRIMP titanite data for the biotite monzogranite, Waddouring (UW A 
mount 97-48B). 

grain. U Th 41206 207pb* 208Pb• 206pb* 207Pb• 208Pb* cone. 207pb/206Pb 

spot (ppm) (ppm) (%) 2OClPb· 206Pb· "'u 2J'u 232Th (%) age (Ma) 

1-1 256 382 0.499 0.1756 ± 8 0.3950 ± 20 0.5114 12.381 0.1352 102 2612 ± 8 
1-2 270 226 0.476 0.1763 ± 9 0.2250 ± 17 0.5177 12.586 0.1394 103 2619 ± 8 
1-3 303 241 0.369 0.1774 ± 7 0.2155 ± 14 0.5123 12528 0.1388 101 2628 ± 7 
10-1 288 240 0.276 0.1769 ± 8 0.2229 ± 15 0.5249 12.807 0.1406 104 2624 ± 7 
11-1 261 213 0.386 0.1772 ± 9 0.2216 ± 17 0.5149 12.580 0.1398 102 2627 ± 8 
12-1 284 236 0.310 0.1775 ± 8 0.2224 ± 16 0.5152 12.605 0.1381 102 2629 ± 8 
13-1 351 284 0.354 0.1766 ± 8 0.2150 ± 15 0.5134 12.501 0.1363 102 2621 ± 7 
14-1 280 289 0.380 0.1761 ± 9 0.2754 ± 19 0.5172 12.558 0.1380 103 2616 ± 8 
15-1 282 230 0.325 0.1762 ± 8 0.2184 ± 16 0.5082 12.349 0.1361 101 2618 ± 8 
17-1 295 238 0.384 0.1787 ± 9 0.2178 ± 19 0.5059 12.467 0.1363 100 2641 ± 9 
18-1 274 226 0.326 0.1786 ± 8 0.2212 ± 16 . 0.5202 12.808 0.1397 102 2640 ± 8 
19-1 306 237 0.261 0.1772 ± 8 0.2050 ± 15 0.5288 12.918 0.1401 104 2627 ± 7 
2-1 304 233 0.444 0.1769 ± 8 0.2075 ± 16 0.5172 12.619 0.1399 102 2624 ± 8 
2-2 278 221 0.411 0.1773 ± 9 0.2116 ± 17 0.5226 12.773 0.1393 103 2627 ± 8 
20-1 109 157 0.622 0.1810 ± 19 0.3919 ± 43 0.5386 13.444 0.1465 104 2662 ± 17 
21-1 349 273 0.263 0.1781 ± 9 0.2083 ± 17 0.5078 12.467 0.1350 100 2635 ± 8 
23-1 . 338 286 0.250 0.1772 ± 7 0.2253 ±13 0.5412 13.222 0.1439 106 2627 ± 6 
24-1 204 398 0.257 0.1782 ± 9 0.5239 ± 25 0.5216 12.815 0.1402 103 2636 ± 9 
25-1 298 235 0.354 0.1771 ± 9 0.2116 ± 17 0.5274 12.879 0.1416 104 2626 ± 8 
26-1 286 255 0.271 0.1774 ± 8 0.2376 ± 15 0.5511 13.479 0.1474 108 2629 ± 7 
28-1 333 260 0.208 0.1781 ± 8 0.2089 ± 15 0.5193 12.749 0.1387 102 ·2635 ± 7 
29-1 300 '236 0.274 0.1783 ± 8 0.2086 ± 15 0.5197 12.778 0.1375 102 2637 ± 7 
3-1 297 237 0.455 0.1775 ± 8 0.2176 ± 16 0.5208 12.745 0.1420 103 2629 ± 8 
31-1 292 236 0.262 0.1774 ± 8 0.2180 ± 17 0.5401 13.214 0.1458 106 2629 ± 8 
7-1 267 221 0.829 0.1769 ± 10 0.2217 ± 21 0.5237 12.773 0.1401 103 2624 ± 10 
8-1 282 322 0.487 0.1757 ± 9 0.3060 ± 19 0.5283 12.796 0.1418 105 2612 ± 8 
9-1 284 229 0.526 0.1742 ± 9 0.2148 ± 18 0.5230 12.563 0.1394 104 2598 ± 8 

Data 29/6/98. 
UlPb scatter (10) for Khan standard ~ 2.04% (n~II). 
Common-Pb corrected using Cumming & Richards (1975) Model ill @ 2630 Ma. 
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Table z9796 9138: SHRIMP zircon data for the biotite monzogranite, Waddouring (UW A 
mount 97-48B). 

grain- U Th 41'206 Z01Pb'" 208Pb'" 206Pb'" 207pb'" 208Pb• cone. 2<J1Pb/""Pb 

spot (ppm) (ppm) (%) ""Pb- 206Pb· "'U 235U 232Th (%) age (Ma) 

7-1 120 146 0.000 0.1788 ± 9 0.3445 ± 21 0.5100 12.571 0.1449 101 2642 ± 9 
8-1 125 324 0.014 0.1781 ±IO 0.7066 ± 32 0.4843 11.889 0.1322 97 2635 ± 9 
10-1 130 108 0.000 0.1778 ± 8 0.2161 ± 14 0.4972 12.189 0.1301 99 2632 ± 8 
11-1 1016 227 0.010 0.1773 ± 3 0.0609 ± 3 0.5001 12.228 0.1364 99 2628 ± 3 
11-2 1396 191 0.094 0.1770 ± 3 0.0620 ± 3 0.4852 11.843 0.2200 97 2625 ± 3 
11-3 1150 406 0.224 0.1784 ± 3 0.1700 ± 6 0.5213 12.819 0.2507 103 2638 ± 3 
24-1 247 492 0.000 0.1777 ± 6 0.5385 ± 18 0.4948 12.120 0.1336 98 2631 ± 6 
32-1 1454 321 0.024 0.1772 ± 2 0.0603 ± 2 0.4982 12.170 0.1358 99 2627 ± 2 
34-1 995 310 0.014 0.1770 ± 3 0.0997 ± 4 0.4910 11.981 0.1571 98 2625 ± 3 
37-1 305 808 0.031 0.1768 ± 6 0.7276 ± 21 0.5038 12.282 0.1383 100 2623 ± 5 
39-1 363 545 0.141 0.1775 ± 6 0.4188 ± 14 0.5188 12.701 0.1448 102 2630 ± 5 
40-1 1141 494 0.014 0.1768 ± 3 0.1136 ± 3 0.5049 12.311 0.1327 100 2623 ± 3 

Statistical outlier 
4-1 749 430 0.147 0.1710 ± 4 0.2054 ± 7 0.5116 12.064 0.1833 104 2568 ± 4 

Discordant (>3%) and/or high common Pb. 
I-I 669 417 0.249 0.1770 ± 7 0.3071 ± 16 0.1662 4.054 0.0819 38 2625 ± 7 
2-1 1048 344 0.835 0.1751 ± 5 0.0878 ± 9 0.4067 9.817 0.1089 84 2607 ± 5 
3-1 1319 624 0.507 0.1767 ± 5 0.1995 ± 10 0.3313 8.070 0.1397 70 2622 ± 5 
3-2 3342 858 2.777 0.1561 ± 8 0.6173 ± 20 0.1346 2.899 0.3237 34 2414 ± 8 
5-1 421 227 0.225 0.1755 ± 8 0.2362 ± 17 0.2446 5.918 0.1070 54 2611 ± 8 
6-1 568 301 0.157 0.1738 ± 5 0.1610 ± 9 0.3852 9.230 0.1169 81 2594 ± 5 
9-1 1747 504 1.808 0.1754 ± 6 0.1257 ± 12 0.3131 7.574 0.1366 67 2610 ± 6 
12-1 494 248 6.943 0.1746 ± 26 0.3657 ± 59 0.1667 4.015 0.1215 38 2602 ± 25 
13-1 911 216 0.277 0.1718 ± 4 0.0814 ± 6 0.4559 10.797 0.1565 94 2575 ± 4 
14-1 1351 697 0.069 0.1755 ± 3 0.1523 ± 5 0.4605 11.145 0.1359 94 2611 ± 3 
15-1 734 1043 0.110 0.1774 ± 4 0.4300 ± 11 0.4331 10.593 0.1310 88 2629 ± 4 
16-1 2951 1015 9.524 0.1843 ± 11 0.4180 ± 26 0.1878 4.774 0.2282 41 2692 ± 10 
17-1 1284 554 0.867 0.1724 ± 5 0.1412 ±IO 0.3519 8.367 0.1152 75 2581 ± 5 
18-1 999 488 0.117 0.1716 ± 3 0.1360 ± 5 0.4323 10.230 0.1203 90 2573 ± 3 
18-2 1512 933 0.022 0.1616 ± 3 0.1679 ± 5 0.3921 8.738 0.1066 86 2473 ± 3 
19-1 866 229 0.096 0.1775 ± 4 0.1002 ± 6 0.2867 7.019 0.1085 62 2630 ± 4 
20-1 631 553 0.809 0.1766 ± 8 0.3781 ± 18 0.2787 6.784 0.1202 60 2621 ± 7 
21-1 416 203 0.791 0.1762 ± II 0.2305 ± 22 0.2160 5.247 0.1020 48 2617 ± 10 
22-1 752 580 4.524 0.1772 ± 12 0.2897 ± 26 0.3917 9.568 0.1471 81 2626 ± 11 
23-1 876 116 0.042 0.1773 ± 4 0.0408 ± 3 0.3967 9.697 0.1225 82 2628 ± 3 
25-1 554 236 0.219 0.1732 ± 6 0.1409 ± 10 0.3876 9.257 0.1280 82 2589 ± 5 
26-1 726 252 14.048 0.1792 ± 49 0.4559 ±115 0.0860 2.125 0.1130 20 2646 ± 46 
27-1 185 119 0.117 0.1780 ± 9 0.2064 ± 17 0.5881 14.431 0.1891 113 2634 ± 9 
28-1 475 396 6.296 0.1770 ± 17 0.3091 ± 38 0.3563 8.695 0.1320 75 2625 ± 16 
29-1 896 313 0.057 0.1778 ± 3 0.0917 ± 4 0.4690 11.495 0.1230 94 2632 ± 3 
30-1 246 162 2.996 0.1798 ± 26 0.4818 ± 61 0.1385 3.432 0.1014 32 2651 ± 24 
31-1 225 296 0.581 0.1786 ± 10 0.4502 ± 25 0.4132 10.176 0.1412 84 2640 ± 9 
33-1 156 194 0.497 0.1780 ± 10 0.3495 ± 24 0.4697 11.530 0.1317 94 2635 ± 10 
35-1 384 133 1.225 0.1791 ± 9 0.1138 ± 18 0.4195 10.359 0.1378 85 2644 ± 9 
36-1 222 129 0.077 0.1771 ± 8 0.1828 ± 14 0.4064 9.924 0.1280 84 2626 ± 7 
38-1 405 178 2.545 0.1765 ± 15 0.2307 ± 33 0.2250 5.474 0.1184 50 2620 ± 14 

Data 30/8/97. 
UlPb scatter (I 0) for cz3 standard = 1.07% (n = 13). 
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Figure z9796 9138a: Concordia plot of all SHRIMP zircon data from the biotite 

monzogranite, Waddouring (UWA mount 97-488). 
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Figure z9796 9138a: Concordia plot of the main group of SHRIMP zircon data from the 

biotite monzogranite, Waddouring (UW A mount 97 -488). 
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Figure t9796 9138: Concordia plot of all SHRIMP titanite data from the biotite 
monzogranite, Waddouring (UWA mount 97-488). 
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97969201: biotite monzogranite, Tank No. 28 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description of zircons 

Norseman (SI5102) 
383438.0 mE, 6393056.0 mN 
Tank No. 28 granite, south of Scotia. Sample hammered from 
outcrop on the western edge of Lake Dundas. 
Southern Cross 
Sparsely feldspar-porphyritic fine-grained biotite monzogranite that 
contains rare quartz xenocrysts and amphibole xenoliths. 
Low-Ca group, Beetle association, Nargalyerin clan 
323203 
98-12B 

A large number of zircon grains from sample 9796-9201 were recovered, covering a large 
range in size, from small, equant fragments with rounded edges, as small as approximately 
30 !lm, up to elongate, euhedral grains over 200 !lm long, to grains with characteristics 
between these two end-members. Colour and clarity also vary, from clear, pale yellow
white grains to pale brown and dark brown opaque grains. Most grains contain numerous 
inclusions although some grains are completely devoid. Apart from the inclusions, internal 
structures are generally not visible in the photos, although rare zoning and possible core
rim relationships may be present in some grains. 

Results and interpretation 

Thirty one analyses on 29 grains are presented in Table z9796 9201 and shown on a 
concordia diagram in Figure z9796 9201. Omitting all the discordant analyses, the 
population comprising the remaining 21 analyses in the concordant to near-concordant 
group has a X2 of 1.33. This is interpreted as a single population at 2623±7 Ma, although 
the larger than expected scatter in the data suggests that this may be a minimum age. 
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Table z9796 9201: SHRIMP zircon data for the biotite monzogranite, Tank No. 28, Lake 
Dundas (UWA mount 98-128). 

grain- V Th 4f206 207Pb· 208Pb· 2{l6Pb· zo7Pb· 208Pb· cone. 207PbP06Pb 

spot (ppm) (ppm) (%) 206Pb· 2O'Pb· n·v 23SU "'Th (%) age(Ma) 

3-1 102 111 0.189 0.1783 ± 14 0.3031 ± 29 0.4944 12.154 0.1375 98 2637 ± 13 
4-1 148 133 1.379 0.1751 ± 18 0.2456 ± 40 0.4916 11.871 0.1343 99 2607 ± 18 
7-1 62 106 0.882 0.1761 ± 25 0.4797 ± 62 0.4960 12.042 0.1382 99 2616 ± 23 
8-1 87 68 0.530 0.1736 ± 18 0.2042 ± 36 0.4915 11.766 0.1281 99 2593 ± 17 
10-1 140 191 0.229 0.1777 ±13 0.3655 ± 30 0.4968 12.170 0.1327 99 2631 ± 12 
11-1 62 88 0.828 0.1766 ± 19 0.3883 ± 45 0.5121 12.469 0.1407 102 2621 ± 18 
12-1 112 98 0.437 0.1741 ± 12 0.2309 ± 24 0.5150 12.359 0.1362 103 2597 ± 11 
13-2 113 116 0.321 0.1766 ±13 0.2865 ± 27 0.4970 12.103 0.1385 99 2621 ± 12 
14-1 110 97 0.062 0.1789 ± 10 0.2404 ± 18 0.5049 12.452 0.1370 100 2642 ± 9 
15-1 84 101 0.190 0.1747 ± 13 0.3296 ± 28 0.4928 11.869 0.1353 99 2603 ± 12 
17-1 76 92 0.176 0.1784 ± 12 0.3355 ± 27 0.4948 12.170 0.1362 98 2638 ± 11 
18-1 55 80 0.957 0.1786 ± 21 0.4090 ± 51 0.4982 12.269 0.1405 99 2640 ± 20 
19-1 154 226 0.225 0.1774 ± 9 0.4070 ± 22 0.4998 12.223 0.1387 99 2628 ± 9 
21-1 92 98 0.268 0.1774 ± 13 0.2961 ± 28 0.4927 12.054 0.1370 98 2629 ± 12 
23-1 92 91 0.811 0.1754 ± 17 0.2811 ± 36 0.4809 11.632 0.1367 97 2610 ± 16 
24-1 64 64 0.389 0.1736 ± 16 0.2654 ±33 0.5099 12.209 0.1359 102 2593 ± 15 
25-1 78 102 0.044 0.1779 ± 13 0.3627 ± 31 0.5081 12.465 0.1416 101 2634 ± 12 
26-1 115 133 0.019 0.1775 ± 10 0.3136 ± 21 0.5091 12.460 0.1388 101 2630 ± 9 
27-1 51 76 0.000 0.1760 ± 14 0.4083 ± 36 0.5131 12.450 0.1396 102 2615 ± 14 
29-1 80 83 0.253 0.1762 ± 14 0.2814 ± 29 0.5094 12.378 0.1372 101 2618 ± 13 
30-1 88 95 0.935 0.1767 ± 17 0.2932 ± 38 0.4848 11.810 0.1317 97 2622 ± 16 

Discordant >5%. 
1-1 280 455 7.731 0.1616 ± 30 0.4930 ± 70 0.3852 8.582 0.1171 85 2472 ± 31 
5-1 141 176 0.346 0.1762 ± 15 0.3773 ± 35 0.4478 10.876 0.1351 91 2617 ± 14 
9-1 200 123 4.754 0.1704 ± 30 0.1921 ± 67 0.4094 9.618 0.1278 86 2561 ± 30 

?Discordant 4-5%. 
2-1 101 121 1.126 0.1733 ± 22 0.3255 ± 49 0.4728 11.298 0.1287 96 2590 ± 21 
13-1 58 46 0.388 0.1744 ± 20 0.2286 ± 41 0.4749 11.419 0.1355 96 2600 ± 19 
16-1 176 83 0.534 0.1732 ± 10 0.1331 ± 20 0.4698 11.222 0.1329 96 2589 ± 10 
20-1 152 134 0.033 0.1775 ± 9 0.2453 ± 18 0.4789 11.719 0.1338 96 2629 ± 9 
22-1 123 124 0.043 0.1751 ± 11 0.2835 ± 23 0.4667 11.267 0.1316 95 2607 ± 10 
28-1 45 65 1.335 0.1748 ± 28 0.4180 ± 66 0.4730 11.403 0.1379 96 2605 ± 26 

?Young outlier 
18-2 64 79 0.647 0.1721 ± 19 0.3432 ± 43 0.4774 11.327 0.1344 98 2578 ± 18 

Data 18/6198 and 811199. 
VlPb scatter (1 0) for cz3 standard ~ 0.96% (n~8) and 1.08% (n~8). 
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Figure z9796 920 I: Concordia plot of all SHRIMP zircon data for the biotite 
monzogranite, Tank No. 28, Lake Dundas (UW A mount 98-128). Shaded data are 
excluded from the age determination. 
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9796 9202: biotite monzogranite, McPherson 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description o[zircons 

Norseman (SI5102) 
370377.1 mE, 6406909.6mN 
Three Mile Rock, southwest of Norseman; sample drilled from 
outcrop. 
Southern Cross 
Foliated equigranular medium-grained biotite leuco-granodiorite. 
This outcrop is one of several High-Ca granitoids on the boundary 
between the Southern Cross Province and Eastern Goldfields 
Province. 
High-Ca group, Diemals association, Woolgangie clan 
323304 
97-40C 

Sample 9796-9202 contains a large number of generally euhedral to slightly rounded 
zircon grains and fragments, ranging from light to dark brown in colour. Most grains are 
slightly opaque, containing visible internal structures, but some grains are more translucent 
and clear. Typical grain size is about 75-100 flm with an aspect ratio of2:1 (but ranging 
from 1: 1 to more rarely 3: 1). Some more irregular, anhedral fragments are also present in 
the population. Many grains are metarnict and have well defined zoning. More complex 
internal features such as recrystallisation and distinct cores are observed in some SEM 
images. Occasional inclusions are also noted. 

Results and interpretation 

Ten analyses on 10 grains are presented in Table z9796 9202 and shown on a concordia 
diagram in Figure z9796 9202. The five oldest and most concordant analyses comprise a 
single age population with a pooled age of2656±10 Ma, and a X2 of 0.47. This is 
interpreted as the emplacement age of the granitoid. 
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Table z9796 9202: SHRIMP zircon data for the McPherson biotite leuco-granodiorite, 
Three Mile Rock (UW A mount 97-40C). 

grain- U Th 41'206 ~7.pJ>~ 208Pb· 2~_pJ>~ ~)J>~ 
spot (ppm) (ppm) (%) 206pb* 206Pb* 2J8U "'u 

38-1 104 101 0.058 0.1810 ± 11 0.2635 ± 22 0.5034 12.559 
39-1 160 62 0.653 0.1803 ± 10 0.1035 ± 19 0.4945 12.291 
42-1 314 .275 0.315 0.1797 ± 6 0.2425 ± 12 0.5017 12.427 
45-1 178 93 0.175 0.1810 ± 9 0.1456 ± 15 0.4890 12.205 
46-1 100 106 0.004 0.1808 ± 11 0.2875 ± 23 0.5033 12.549 
Discordant or high common Ph 
37-1 154 194 2.097 0.1787 ± 16 0.3562 ± 36 0.4782 11.780 
40-1 217 92 0.959 0.1800 ± 11 0.1332 ± 21 0.4225 10.486 
41-1 181 151 3.779 0.1791 ± 22 0.3011 ± 49 0.3735 9.225 
43-1 202 101 4.160 0.1804 ± 19 0.1436 ± 41 0.4524 11.254 
44-1 135 130 3.950 0.1797 ± 22 0.2876 ± 50 0.4818 11.936 

Data 27/2/98. 
UlPb scatter (lu) for cz3 standard = 1.00% (n=14 of 16) .. 
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Figure z9796 9202: Concordia plot of SHRIMP zircon data for the McPherson biotite 
leuco-granodiorite, Three Mile Rock (UW A mount 97-40C). Shaded data are 
excluded from the age determination shown. 
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97969209: biotite monzogranite, Dundas Monzogranite 

1:250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description o/zircons 

Norseman (SI5\o2) 
383830.4 mE, 6415134.2 mN 
Dundas Rocks; sample drilled from old blast site 
Eastern Goldfields 
Equigranular to sparsely K-feldspar-porphyritic medium-coarse 
grained biotite monzogranite 
Low-Ca group, Mt Boreas association, Mungari clan 
323308 
97-43A 

Sample 9796-9209 contains relatively large zircons (90-175 Jlm in length) with rare very 
large (>300 Jlm) grains present. Most grains and fragments are euhedral, although some do 
show slight rounding of external edges, with an aspect ratio of 2: 1 to 3: 1 (and rarely 4: 1). 
Inclusions are present in some of the zircons. Many grains are pale to medium brown in 
colour although a lesser number of both lighter and darker coloured grains are also present. 
Both the transmitted and reflected light photos as well as the SEM images show the well 
zoned internal morphology of most grains. Some grains contain central regions of intense 
metamictisation, giving the appearance of a core-rim relationship, although the "core" may 
not necessarily represent an older xenocryst. 

Results and interpretation 

Thirteen analyses on 13 grains are presented in Table z9796 9209 and shown on a 
concordia diagram in Figure z9796 9209. The analyses show a wide scatter with major 
discordance. An approximate minimum age of -2620 Ma can be estimated from the data. 
Further data and interpretation are unlikely to provide a reliable age estimate. 
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Table z9796 9209: SHRIMP zircon data for the biotite monzogranite, Dundas Rocks 
(UWA mount 97-43A). 

grain- U Th 41'206 ~7_pJ>~ 208Pb• 206Pb· ~)J>~ 208Pb· cone. 2<l7Pb/20'Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb• 238U 235U 232Th (%) age (Ma) 

1-1 1706 863 0.000 0.1680 ± 2 0.1616 ± 4 0.4133 9.574 0.1321 88 2538 ± 2 
4-1 624 198 0.018 0.1684 ± 9 0.0957 ± 19 0.4517 10.489 0.1363 95 2542 ± 9 
5-1 1260 55 0.004 0.1188 ± 6 0.0168 ± 9 0.1700 2.785 0.0660 52 1939 ± 8 
6-1 1000 642 0.007 0.1384 ± 7 0.1929 ± 15 0.2455 4.684 0.0738 64 2207 ± 9 
7-1 97 100 0.133 0.1762 ± 46 0.2937 ±104 0.7547 18.333 0.2153 139 2617 ± 43 
8-1 861 556 0.009 0.1321 ± 9 0.1921 ± 19 0.2089 3.804 0.0621 58 2126 ± 12 
9-1 2512 334 0.019 0.1154 ± 6 0.1040 ± 13 0.2907 4.626 0.2273 87 1886 ± 9 
10-1 7268 1775 0.024 0.1234 ± 4 0.0935 ± 8 0.3079 5.239 0.1178 86 2006 ± 6 
II-I 480 260 0.000 0.1778 ± 5 0.1504 ± 8 0.4956 12.150 0.1379 99 2632 ± 5 
12-1 1092 505 0.056 0.1403 ± 15 0.1619 ± 33 0.2996 5.797 0.1048 76 2231 ± 18 
13-1 1369 617 0.026 0.1018 ± 12 0.1545 ± 28 0.1435 2.014 0.0492 52 1657 ± 22 
14-1 1106 230 0.022 0.0773 ± 14 0.0851 ± 31 0.1102 1.175 0.0452 60 1130 ± 36 
15-1 1104 73 0.002 0.1611 ± 5 0.0227 ± 7 0.3364 7.474 0.1155 76 2468 ± 5 

Data 27/8/98. 
UlPb scatter (10) for cz3 standard ~ 1.78% (n~14). 
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Figure z9796 9209: Concordia plot of all SHRIMP zircon data for the biotite 

monzogranite, Dundas Rocks (UWA mount 97-43A). 
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9796 9212: amphibole-bearing granitic gneiss, Lake Kirk 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmounts: 

Description of zircon.. 

Norseman (SI51 02) 
378143.2 mE, 6419277.5 mN 
Goodia Siding; sample drilled from recently blasted boulder. 
Eastern Goldfields 
Foliated recrystallised fine-medium grained amphibole-bearing 
granitic gneiss. The granitoid displays strongly recrystallised texture 
and a moderate foliation. 
High-Ca group, Menangina association, Burra clan 
323303 
97-44B (zircon) and 98-72C (titanite) 

The majority of zircons from sample 9796 9212 are pale yellow in colour and are relatively 
clear, translucent grains and fragments. They are generally subhedral with a slightly 
rounded external form - no thin, elongate needles are present and only rare elongate stubby 
grains. Some darker brownish coloured grains are present but they do not make up a 
significant population. Inclusions are visible in a number of grains. Grain size varies from 
as little as 50 ~m to over 180 ~m. Internal features such as zoning and possible core-rim 
relationships are visible in the photos and confirmed in the SEM images. A significant 
amount of metamictisation and recrystall isation has occurred in many grains, as is reflected 
in the intense bright zones visible in some of the SEM images. 

Description of titanites 

The titanites from this sample are all 40-120 ~m fragments of larger grains. Only rarely do 
grains show growth surfaces; most surfaces are fractures. The grains are dark brown to pale 
brown in colour. Some grains are almost black and have evenly distributed dense and very 
fine inclusion populations. Isolated inclusions are small and rare. Areas of SHRIMP 
analysis were in clean parts of the grains, avoiding inclusions and fractures. 

Results and interpretation 

Zircon 

Twenty analyses on 20 grains are presented in Table z9796 9212 and shown on a concordia 
diagram in Figure z9796 9212. The analyses show a wide scatter with major discordance. 
A minimum age of -2685 Ma can be estimated from these data. Further data and 
interpretation may improve the age estimate, but a definitive age probably cannot be 
determined from these zircons. 

Titanite 

24 analyses were obtained from 24 grains. The V-contents of average -100 ppm and 
corrections for common Pb are generally small. The data form a relatively tight group, with 
almost all grains being concordant. Three analyses with 4£206>3% are omitted, as is one 
which is significantly discordant (shaded analyses in Figure (97969212). The remaining 24 
analyses have a X2 

= 0.94 and are considered to be a single age population at 2631 ± Ma. 
The titanite records a significant event which is not seen at all in the zircon data. It is 
therefore most likely recording a metamorphic event, and is interpreted to be the time of 

AMIRA P482IMERIW A M28l - Yilgarn Gmnitoids. April, 2001 



6.62 

gneiss formation from a granitic protolith whose minimum magmatic age is -2685 Ma, as 
recorded by the zircons. 

Table z9796 9212: SHRIMP zircon data for the amphibole-bearing granitic gneiss, Lake 
Kirk (UW A mount 97-44B). 

grain- U TIt 41206 207Pb• 208Pb'" 2ooPb'" 207pb'" 2osPb* cone. 2O'Pb/"·Pb 

spot (ppm) (ppm) (%) 206Pb'" 206Pb· 238U 2JSU 232Th (%) age (Ma) 

2-1 448 235 0.009 0.1831 ± 4 0.1395 ± 6 0.5032 12.704 0.1340 98 2681 ± 4 
8-1 348 393 5.687 0.1820 ± 17 0.1318 ± 37 0.3725 9.346 0.0435 76 2671 ± 16 
10-1 353 228 1.879 0.1753 ± 10 0.1276 ± 21 0.3388 8.191 0.0667 72 2609 ± 10 
16-1 692 1098 11.108 0.1448 ± 31 0.2027 ± 71 0.1456 2.909 0.0186 38 2286 ± 37 
18-1 262 316 1.890 0.1798 ± 14 0.1230 ± 29 0.4165 10.326 0.0424 85 2651 ± 13 
19-1 408 120 1.306 0.1649 ± 9 0.0613 ± 18 0.3382 7.692 0.0706 75 2507 ± 10 
22-1 582 476 13.600 0.1722 ± 30 0.1152 ± 67 0.2055 4.878 0.0289 47 2579 ± 29 
23-1 859 1781 6.716 0.1505 ± 20 0.3467 ± 47 0.1473 3.057 0.0246 38 2352 ± 23 
26-1 405 1044 3.327 0.1784 ± 14 0.1206 ± 29 0.2983 7.337 0.0139 64 . 2638 ± 13 
27-1 420 638 13.102 0.1810 ± 26 0.1618 ± 59 0.3187 7.953 0.0340 67 2662 ± 24 
28-1 379 381 1.244 0.1803 ± 10 0.1110 ± 20 0.3573 8.882 0.0394 74 2655 ± 9 
29-1 656 514 2.446 0.1571 ± 11 0.0878 ± 22 0.2925 6.334 0.0328 68 2424 ± 11 
30-1 353 312 1.595 0.1843 ± 9 0.1376 ± 19 0.4267 10.844 0.0663 85 2692 ± 8 
31-1 310 95 0.023 0.1837 ± 5 0.0794 ± 6 0.5145 13.027 0.1327 100 2686 ± 4 
33-1 352 166 1.707 0.1833 ± 10 0.1158 ± 21 0.4563 11.531 0.1121 90 2683 ± 9 
34-1 697 2710 11.144 0.1756 ± 27 0.2806 ± 62 0.1731 4.191 0.0125 39 2612 ± 26 
37-1 569 963 3.008 0.1652 ± 14 0.1428 ± 29 0.2381 5.422 0.0201 55 2509 ± 14 
38-1 439 626 3.053 0.1834 ± 12 0.1880 ± 25 0.3718 9.401 0.0490 76 2684 ± 11 
39-1 531 1156 4.399 0.1600 ± 15 0.1489 ± 33 0.2290 5.051 0.0157 54 2455 ± 16 
40-1 445 710 7.105 0.1761 ± 24 0.1528 ± 53 0.2548 6.188 0.0244 56 2617 ± 23 

Data 2/3/98. 
UlPb scatter (10) for cz3 standard = 1.70% (n=l1 of 12). 
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Table t9796 9212: SHRIMP titanite data for the amphibole-bearing granitic gneiss, Lake 
Kirk (UW A mount 98-72C). 

grain- U Th 41'206 ~'_pp~ 208Pb_ 206Pb· 207Pb+ 208Pb+ cone. 207Pb/lO'Pb 

spot (ppm) (ppm) (%) 206Pb+ 206Pb· 2J'U 2J5U 2J2Th (%) age (Ma) 

Main group. 
2-1 46 6 1.743 0.1752 ± 28 0.0256 ± 57 0.5157 12.461 103 2608 ± 27 
3-1 67 13 0.678 0.1776 ± 19 0.0573 ± 36 0.5203 12.745 0.1552 103 2631 ± 17 
4-1 146 71 0.538 0.1787 ± 11 0.1358 ± 22 0.5061 12.469 0.1410 100 2641 ± 10 
5-1 139 96 0.468 0.1784 ± 11 0.1962 ± 24 0.5098 12.544 0.1452 101 2639 ± 10 
6-1 162 22 0.386 0.1777 ± 10 0.0396 ± 17 0.5052 12.376 0.1441 100 2631 ± 9 
7-1 35 2 2.126 0.1777 ±37 0.0090 ± 77 0.5231 12.814 103 2631 ± 35 
8-1 150 <2 0.467 0.1775 ± 10 0.0022 ± 16 0.5097 12.478 101 2630 ± 10 
10-1 128 18 0.358 0.1789 ± 11 0.0403 ± 17 0.5125 12.640 0.1483 101 2643 ± 10 
11-1 81 11 0.744 0.1792 ± 16 0.0425 ± 30 0.5098 12.596 100 2645 ± 15 
12-1 68 11 2.169 0.1778 ± 27 0.0336 ± 55 0.4884 11.972 97 2632 ± 25 
13-1 182 39 0.503 0.1772 ± 10 0.0611 ± 18 0.5056 12.353 0.1441 100 2627 ± 9 
14-1 217 99 0.288 0.1760 ± 8 0.1222 ± 15 0.5167 12.537 0.1386 103 2615 ± 7 
15-1 50 4 0.721 0.1818 ± 22 0.0238 ± 40 0.5045 12.646 99 2669 ± 20 
16-1 14 <2 2.545 0.1828 ± 65 0.0299 ±137 0.5463 13.773 105 2679 ± 59 
17-1 121 39 1.829 0.1761 ± 19 0.1069 ± 40 0.5259 12.771 0.1756 104 2617 ± 18 
19-1 40 3 0.988 0.1815 ± 26 0.0248 ± 49 0.5158 12.912 101 2667 ± 24 
20-1 101 28 0.511 0.1771 ±13 0.0695 ± 25 0.5116 12.491 0.1269 101 2626 ± 12 
21-1 27 5 2.052 0.1717 ± 39 0.0314 ± 80 0.5176 12.250 104 2574 ± 38 
23-1 147 23 0.884 0.1775 ± 12 0.0445 ± 23 0.5151 12.607 0.1451 102 2630 ± 11 
24-1 93 18 0.586 0.1776 ± 16 0.0546 ± 30 0.5038 12.340 0.1435 100 2631 ± 15 
41'206>3% and highly discordant PbrrhlU. 
1-1 35 32 3.628 0.1777 ± 48 0.0531 ±104 0.4912 12.036 0.0293 98 2632 ± 45 
18-1 63 25 4.351 0.1793 ± 35 0.1581 ±77 0.5492 13.574 0.2199 107 2646 ± 32 
22-1 17 7 3.928 0.1712 ± 68 0.0278 ±147 0.5148 12.153 104 2570 ± 67 
Young outlier. 
9-1 63 53 1.435 0.1722 ± 23 0.2311 ± 53 0.5136 12.196 0.1412 104 2579 ± 22 

Data 05/06/99 and 07/06/99. 
UlPb scatter (1 u) for Khan standard = 0.64% (n = 6) and 1.75% (n = 7). 
Common-Pb corrected using Cumming & Richards (1975) Model ill@2640Ma. 
Th-related data are considered unreliable for Th <-10 ppm. 
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Figure z9796 9212: Concordia plot of all SHRIMP zircon data for the amphibole-bearing 
granitic gneiss, Lake Kirk (UW A mount 97-448). 
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Figure t9796 9212: Concordia plot of SHRIMP titanite data for the amphibole-bearing 
granitic gneiss, Lake Kirk (UW A mount 98-72C). 
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97969223: biotite-hornblende granodiorite, Ruldania 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description of titanite 

Norseman (SI5102) 
408976.0 mE, 6449993.0 mN 
Buldania Granite; sample drilled from blasted rocks on side of road. 
Eastern Goldfields 
Sparsely to moderately amphibole-K-feldspar porphyritic medium 
grained biotite-amphibole granodiorite. 
High-Ca group, Menangina association, Burra clan 
333301 
98-72B 

All recovered titanites are fragments of grains, and grain morphologies cannot be 
determined. In addition, there are generally no internal growth structures visible either 
optically or by SEM imaging. Occasionally there are faint compositional boundaries visible 
by SEM (BSE) imaging, but these have no distinct mineralogical form. 

Some grains have regions which are spotted or clouded, presumably due to breakdown of 
crystal structure or the presence of sub-microscopic inclusions. These areas are avoided 
during analysis. 

Results and interpretation 

Twenty-three analyses on 23 grains are presented in Table t9796 9223 and shown on a 
concordia diagram in Figure t9796 9223. Omitting three discordant analyses, the 
population comprising the remaining 20 analyses in the concordant to near-concordant 
group has a X2 of 0.69. This is interpreted as a single age population at 2660±9 Ma. This 
age is taken to be the emplacement age of the granitoid. 
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Figure t9796 9223: Concordia plot of SHRIMP titanite data for the biotite-hornblende 
granodiorite, Buldania Rocks (UW A mount 98-72B). 
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1:250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 
Chemical group: 
Pluton No: 
UWAmount: 

Description o/zircons 

6.67 

97969237: biotite monzogranite, Boojerbeenyer 

Norseman (815102) 
391208.0 mE, 6421101.1 mN 
Boojerbeenyer Rock; sample drilled from old blast site. 
Eastern Goldfields 
Equigranular medium grained biotite monzogranite. 
Low-Ca group, Mt Boreas association, Mungari clan 
323310 
97-44C 

Only a relatively small number of zircons were recovered from sample 9796-9237. Two 
main morphologies are present: small (60-110 ).1m), euhedral, stubby prisms (aspect ratio-
2: 1) and similar sized, slightly rounded, grains. Both populations range from translucent 
and pale yellow in colour to cloudy, darker grains with visible internal structures. Most 
grains are fractured and many contain zones of intense complex metamictisation and 
recrystallisation. Inclusions are present in some of the zircons. 

Results and interpretation 

Eight analyses on z9796 9237 grains are presented in Table 10 and shown on a concordia 
diagram in Figure z9796 9237. The analyses show a wide scatter with major discordance. 
The data suggest a minimum age of -2625 Ma, with one possible inherited grain at 
>2800 Ma. It is unlikely that additional analyses would generate a reliable age. 
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Table z9796 9237: SHRIMP analytical data for the biotite monzogranite, Boojerbeenyer 
Rock (UWA mount 97-44C). 

grain. U Th 41206 ~7_pJ>~ 208Pb* 2~_P_b~ 207pb* ~8_P_b~ cone. '''Pb/206Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb* "'u 23'u 2J2Th (%) ase (Ma) 

I-I 965 1597 22.810 0.1771 ± 16 0.3937 ± 38 0.6042 14.751 0.1438 116 2626 ± 15 
2-1 9668 11998 0.313 0.1075 ± I 0.1725 ± 3 0.2732 4.050 0.0380 89 1758 ± 2 
3-1 456 399 29.499 0.1570 ± 42 0.2006 ± 95 0.3507 7.591 0.0804 80 2423 ± 45 
4-1 248 266 0.070 0.1768 ± 6 0.2897 ± 12 0.5038 12.284 0.1358 100 2623 ± 5 
8-1 466 235 5.423 0.1767 ± 12 0.1641 ± 26 0.5520 13.452 0.1798 108 2622 ± II 
12-1 14852 5676 0.011 0.1736 ± I 0.1101 ± I 0.5747 13.753 0.1655 113 2592 ± I 
14-1 201 189 2.431 0.2001 ± 20 0.2455 ± 43 0.3273 9.029 0.0856 65 2827 ± 16 
17-1 195 207 1.246 0.1784 ± 13 0.3065 ± 28 0.4375 10.763 0.1262 89 2638 ± 12 

Data 213/98. 
UlPb scatter (1(1) for cz3 standard ~ 1.70% (n~1I of 12). 
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Figure z9796 9237: Concordia plot showing all SHRIMP analytical data for the biotite 

monzogranite, Boojerbeenyer Rock (UWA mount 97-44C). Data with 4f206> 10% . 
are not plotted. 

AMIRA P482IMERIW A M281 - Yilgam Gmnitoids. April, 200 I 



1:250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 
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97969243: hornblende granodiorite, Buldania-2 

Norseman (SIS \02) 
399309.0 mE, 6435488.0 mN 
Buldania Rocks; sample drilled from old blast site. 
Eastern Goldfields 
Foliated sparsely hornblende-K-feldspar porphyritic medium grained 
hornblende granodiorite. 
High-Ca group, Menangina association, Burra clan 
323311 
98-72A 

Description of titanites 

All recovered titanites are fragments of grains, and grain morphologies cannot be 
determined. In addition, there are generally no internal growth structures visible either 
optically or by SEM imaging. Occasionally there are faint compositional boundaries visible 
by SEM (BSE) imaging, but these have no distinct mineralogical form. 

Some grains have regions which are spotted or clouded, presumably due to breakdown of 
crystal structure or the presence of sub-microscopic inclusions. These areas are avoided 
during analysis. 

Results and interpretation 

Twenty-two analyses on 22 fragments are presented in Table t9796 9243 and shown on a 
concordia diagram in Figure t9796 9243. Omitting two discordant analyses and a statistical 
outlier, the population comprising the remaining 19 concordant analyses has a X2 of 0.97. 
This is interpreted as a single age population at 2655 ± 6 Ma. This age is taken to be the 
emplacement age of the granitoid. 

This titanite is within error of the SHRIMP titanite age of 2660±9 Ma obtained on another 
sample of the Buldania granodiorite (9796 9223). 
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Table t9796 9243: SHRIMP titanite data for the hornblende granodiorite, Buldania Rocks 
(UW A mount 98-72A). 

grain. U Tb 41206 ~7.p~~ 2OsPb'" 206Pb'" ~1_p~~ ~s_P~~ cone. 

spot (ppm) (ppm) (%) 206Pb'" 206Pbo 2J8U 2JSU 232Tb (%) 

1·1 152 393 1.738 0.1805 ± 12 0.7524 ± 34 0.5061 12.599 0.1471 99 
2·1 170 373 0.674 0.1796 ± 8 0.5997 ± 23 0.5061 12.531 0.1387 100 
4·1 89 666 1.415 0.1782 ± 16 2.1096 ± 81 0.4877 11.986 0.1370 97 
5-1 116 565 0.809 0.1816 ± 11 1.3404 ± 46 0.5000 12.519 0.1372 98 
6-1 90 25 1.137 0.1814 ± 15 0.0805 ± 28 0.5069 12.678 0.1464 99 
8-1 92 465 1.161 0.1777 ± 14 1.3738 ± 55 0.4909 12.030 0.1332 98 
9-1 80 435 1.573 0.1804 ± 17 1.5106 ± 66 0.4964 12.350 0.1386 98 
10-1 70 443 1.571 0.1778 ± 18 1.7045 ± 75 0.4967 12.179 0.1330 99 
11-1 119 476 0.938 0.1804 ± 12 1.0894 ± 42 0.5003 12.442 0.1365 98 
12-1 58 415 1.420 0.1829 ± 18 1.9720 ± 87 0.4994 12.591 0.1374 97 
13-1 69 503 1.402 0.1805 ± 17 2.0001 ± 81 0.5008 12.464 0.1378 98 
14-1 106 477 0.836 0.1809 ± 12 1.2190 ± 45 0.4999 12.467 0.1360 98 
15-1 56 397 1.846 0.1807 ± 22 1.8754 ± 93 0.5074 12.646 0.1335 99 
16-1 172 393 0.680 0.1806 ± 9 0.6309 ± 25 0.5115 12.739 0.1415 100 
17-1 45 355 1.777 0.1810 ± 25 2.1340 ±114 0.4910 12.251 0.1320 97 
18-1 144 387 0.726 0.1796 ± 10 0.7340 ± 31 0.5100 12.628 0.1393 100 
19-1 56 399 2.245 0.1801 ± 24 1.8653 ± 99 0.5125 12.728 0.1353 100 
20-1 71 447 1.233 0.1832 ± 17 1.7171 ± 76 0.4959 12.528 0.1355 97 
22-1 72 646 1.887 0.1765 ± 22 2.4004 ±lIS 0.4979 12.119 0.1335 99 
Discordant 
3-1 133 567 1.859 0.1840 ± 15 1.2672 ± 52 0.4647 11.792 0.1380 91 
7-1 146 629 0.954 0.1797 ±13 1.1563 ± 46 0.4523 11.203 0.1211 91 
Statistical outlier. 
21-1 57 43 1.692 0.1752 ± 22 0.2009 ± 46 0.4922 11.890 0.1320 99 

Data 1111/98. 
UlPb scatter (1<7) for Khan standard = 1.13% (n=12 of 13). 
Common-Pb corrected using Cumming & Richards (1975) Model ill@2650Ma. 
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Figure t9796 9243: Concordia plot of SHRIMP titanite data for the hornblende 

granodiorite, Buldania Rocks (UW A mount 98-72A). 

207Pb/""Pb 

age(Ma) 

2658 ± 11 
2649 ± 8 
2637 ± 15 
2668 ± 10 
2666 ± 13 
2632 ± 13 
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2662 ± 23 
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2654 ± 22 
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2690 ± 14 
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2608 ± 20 
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1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 
Chemical group: 
Pluton No: 
UWA mount: 

Description of zircons 

6.71 

97969245: monzogranite, Tramways South 

Widgiemooltha (SH5114) 
421724.0 mE, 6465163.0 mN 
Drilled from outcrop 
Eastern Goldfields 
Biotite monzogranite 
Low-Ca group, Mt Boreas association, Mungari clan 
333414 
97-49B 

The zircon population in this sample consists of one morphologic type of finely zoned 
euhedral grains, with most grains being 40-120 microns long, with a range of aspect ratios 
from -2: I to -3-4: 1. Grains are typically euhedral in external morphology with continuous 
euhedral internal zoning from core to rim. Inclusions are rare. The grains range from light 
brown to dark brown to nearly opaque in colour. Strong euhedral zoning observed on both 
optical and SEM images suggest high U-Th-contents and radiation damage. Discordant 
alteration patches are visible on SEM images of most grains, and overgrow the euhedral 
zoning. Some grains have more homogeneous core regions but there is no break in the 
euhedral growth from core to rim and they are not considered to be xenocrysts. Most grains 
have fracture networks typical ofhigh-U grains, which have significant metamictisation. 
The alteration patches and fractures, and dark grains were avoided during data collection, 
leaving few grains and areas available for analysis. 

Results and interpretation 

. Nine analyses on nine grains are presented in Table z9796 9245 and shown on a concordia 
diagram in Figure z9796 9245. The analyses show a wide scatter with major discordance, 
almost certainly reflecting both ancient and Recent Pb-loss. These zircons are considered 
undatable. 
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Table z9796 9245: SHRIMP zircon data for the monzogranite, Tramways South (UW A 97-
498). 

grain- U Th 41'206 207Pb• ~8.PJl~ 2~.P.b~ ~7_p~~ ~1I?1>~ cone. 2')7Pb/""'Pb 

spot (ppm) (ppm) (%) ""'Pb" 206Pb· 2J8U 23'U 232Th (%) age (Mal 

I-I 2357 1356 0.024 0.1718 ± 2 0.1416 ± 3 0.4839 11.465 0.1191 99 2576 ± 2 
2-1 2732 1413 1.176 0.1394 ± 4 0.1285 ± 9 0.3581 6.883 0.0890 .89 2220 ± 5 
3-1 1783 818 0.947 0.1247 ± 6 0.1412 ± 12 0.2428 4.176 0.0748 69 2025 ± 8 
4-1 199 170 3.764 0.1751 ± 23 0.1305 ± 49 0.4594 11.089 0.0700 93 2607 ± 21 
5-1 237 251 6.444 0.1780 ± 29 0.1967 ± 64 0.3792 9.307 0.0706 79 2634 ± 27 
6-1 1518 466 0.818 0.1350 ± 5 0.0917 ± II 0.2881 5.362 0.0862 75 2164 ± 7 
7-1 114 103 0.932 0.1872 ± 19 0.2658 ± 40 0.4890 12.620 0.1438 94 2718 ± 16 
8-1 2153 1519 2.297 0.1013 ± 9 0.2109 ± 20 0.1829 2.554 0.0546 66 1648 ± 16 
9-1 1934 1346 1.115 0.1060 ± 6 0.1740 ± 14 0.2282 3.336 0.0571 76 1733 ± 10 

Data 11/2/98. 
UlPb scatter (10) for cz3 standard ~ 1.10% (n~lO of 11). 
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Figure z9796 9245: Concordia plot of SHRIMP analytical zircon for the monzogranite, 

Tramways South (UW A mount 97-498). 
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9796 9248: hornblende-biotite monzogranite, Toil and Trouble 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Description oJzircons 

Widgiemooltha (SH5114) 
419738.0 mE, 6472063.1 mN 
Sample drilled from a large outcrop in regionally extensive granitoid 
south of Lake Cowan. 
Eastern Goldfields 
Sparsely quartz-feldspar porphyritic medium grained homblende
biotite monzogranite. 
High-Ca group, Menangina association, Parker Hills clan 
33415 
98-12A (zircon) and 98-720 (titanite) 

Grains and fragments ranging from approximately 70 to 250 !-lm in length are present in 
sample 97969248, with external morphologies ranging from elongate needles to stubby 
blocks and somewhat rounded equant fragments. Both very clear, transparent, pale yellow 
grains and much darker brown opaque grains are present in all morphologies. The 
transmitted and reflected light photos clearly show that zoning and core-rim relationships 
are present in a number of grains, as well as occasional inclusions and cracks/fractures. 

Description oj titanites 

All recovered titanites are fragments of grains, and grain morphologies cannot be 
determined. In addition, there are generally no internal growth structures visible either 
optically or by SEM imaging. Occasionally there are faint compositional boundaries visible 
by SEM (BSE) imaging, but these have no distinct mineralogical form. Some grains have 
regions which are spotted or clouded, presumably due to breakdown of crystal structure or 
the presence of sub-microscopic inclusions. These areas are avoided during analysis. 

Result~ and interpretation 

Zircons 
Nineteen analyses on 17 zircon grains are presented in Table z9796 9248 and shown on a 
concordia diagram in Figure z9796 9248. The data show a wide scatter from concordant 
and near-concordant analyses to major discordance. Omitting discordant analyses and 
zircons with high common-Pb, the population comprising the remaining 10 analyses in the 
concordant group has a X2 of 0.90. This is interpreted as a single age population at 
2648 ± 11 Ma. 

Titanites 
Twenty analyses on 20 titanite fragments are presented in Table t9796 9248 and shown on 
a concordia diagram in Figure t9796 9248. The data are all concordant to near-concordant. 
Omitting titanites with high common-Pb and one discordant grain (6-1), the remaining 17 
analyses in the concordant group has a X2 of 0.93. This is interpreted as a single age 
population at 2652± 14 Ma. 

The zircon and titanite ages of 2648± 11 and 2652± 14 Ma are within error and give a 
weighted mean, interpreted as the emplacement age, of 2649 ± 9 Ma. 
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Table z9796 9248: SHRIMP analytical data for zircons from the Toil and Trouble 
hornblende-biotite monzogranite (UW A mount 98-12A). 

grain- U Th 41'206 207Pb• ~8.P_b~ 2~_P_b~ 2Q7Pb'" ~s_~~ cone. '''Pb/'''Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb· "'U 235U 232Th (%) age (Ma) 

I-I 22 n.d. 0.120 0.1813 ± 36 0.0033 ± 64 0.5263 13.156 n.d. 102 2665 ± 32 
3-1 123 94 2.562 0.1801 ± 22 0.2130 ± 47 0.5163 12.823 O. \430 101 . 2654 ± 20 
5-1 97 64 3.682 0.1749 ± 28 0.1736 ± 62 0.5113 12.332 0.1342 102 2605 ± 27 
8-1 128 187 3.884 0.1826 ± 29 0.4165 ± 66 0.4998 12.583 0.1430 98 2676 ± 26 
9-1 72 41 1.763 0.1827 ± 25 0.1454 ± 52 0.5070 12.769 0.1286 99 2677 ± 23 
10-1 294 18 0.658 0.1781 ± 10 0.0303 ± 17 0.4992 12.262 0.2406 99 2636 ± 9 
12-1 79 83 0.323 0.1808 ± 16 0.2841 ± 33 0.4995 12.447 0.1350 98 2660 ± 14 
15-1 113 118 2.322 0.1789 ± 23 0.2803 ± 51 0.5176 12.764 0.1388 102 2642 ± 21 
15-2 154 132 0.172 0.1794 ±IO 0.2342 ± 19 0.5235 12.952 0.1433 103 2648 ± 9 
16-1 81 79 0.686 0.1810 ± 20 0.2658 ± 42 0.5053 12.608 0.1369 99 2662 ± 18 
Discordant 
2-1 636 269 0.582 0.1751 ± 6 0.1138 ±II 0.4297 10.373 0.1156 88 2607 ± 6 
4-1 85 45 1.642 0.1813 ± 40 0.1449 ± 84 0.4072 10.180 0.1109 83 2665 ± 37 
6-1 675 157 2.859 0.1608 ± 12 0.0661 ± 26 0.3595 7.971 0.1020 80 2464 ± 13 
7-1 8393 3766 0.084 0.1808 ± I 0.1214 ± 2 0.5705 14.220 0.1543 109 2660 ± I 
7-2 2979 976 0.094 0.1862 ± 2 0.0844 ± 3 0.5967 15.322 0.1538 III 2709 ± 2 
II-I 954 264 0.446 0.1334 ± 5 0.1026 ± 10 0.2897 5.328 0.1074 77 2143 ± 7 
13-1 1083 196 0.877 0.1711 ± 5 0.0552 ± 10 0.4328 10.208 0.1318 90 2568 ± 5 
14-1 203 131 16.963 0.1812 ± 49 0.1984 ±1I1. 0.4386 10.955 0.1348 88 2664 ± 45 
High common Pb 
17-1 139 97 8.801 0.1800 ± 40 0.1999 ± 90 0.5052 12.540 0.1446 99 2653 ± 37 

Data 18/6/98. 
UlPb scatter (la) for cz3 standard = 0.96% (n=8 of9). 

Table t9796 9248: SHRIMP titanite data for zircons from the Toil and Trouble homblende-
biotite monzogranite (UW A mount 98-72D). 

grain- U Th 41'206 2~7_PJl~ ~8_PJl~ 2~_pj)~ ~7_PJl~ ~8_PJl~ cone. 207Pb/206Pb 

spot (ppm) (ppm) (%) 206Pb• 206Pb* 23'U 2J5U 232Th (%) age (Ma) 

I-I 39 98 3.146 0.1793 ± 29 0.6878 ± 74 0.5151 12.737 0.1404 101 2647 ± 27 
2-1 26 32 3.039 0.1802 ± 38 0.3278 ± 84 0.5026 12.488 0.1341 99 2655 ± 35 
3-1 37 81 3.339 0.1804 ± 33 0.5990 ± 81 0.5073 12.615 0.1389 100 2656 ± 31 
4-1 43 103 2.717 0.1806 ± 26 0.6398 ± 66 0.5114 12.735 0.1381 100 2658 ± 24 
5-1 36 10 2.410 0.1807 ± 29 0.0878 ± 59 0.4993 12.442 0.1554 98 2660 ± 26 
7-1 35 90 2.792 0.1791 ± 31 0.6793 ± 78 0.5181 12.790 0.1360 102 2644 ± 28 
9-1 39 85 2.809 0.1812 ± 29 0.5912 ± 70 0.5301 13.245 0.1432 103 2664 ± 26 
10-1 37 84 3.251 0.1749 ± 31 0.6028 ± 75 0.5224 12.594 0.1380 104 2605 ± 29 
11-1 55 117 2.371 0.1809 ± 22 0.5793 ± 55 0.5213 12.999 0.1412 102 2661 ± 20 
12-1 37 92 2.215 0.1841 ± 26 0.6804 ± 67 0.5283 13.412 0.1435 102 2690 ± 23 
13-1 25 81 3.097 0.1779 ± 35 0.8676 ± 96 0.5044 12.369 0.1376 100 2633 ± 33 
15-1 38 55 3.001 0.1827 ± 31 0.4029 ± 71 0.5032 12.675 0.1388 98 2678 ± 28 
16-1 41 109 2.815 0.1767 ± 28 0.7369 ±72 0.5133 12.508 0.1412 102 2623 ± 26 
17-1 44 129 2.489 0.1803 ± 25 0.7886 ± 67 0.5108 12.697 0.1391 100 2655 ± 23 
18-1 41 95 3.095 0.1717 ± 35 0.5497 ± 85 0.5531 13.093 0.1314 110 2574 ± 34 
19-1 37 31 2.426 0.1834 ± 29 0.2336 ± 63 0.4954 12.527 0.1399 97 2684 ± 26 
20-1 37 92 2.966 0.1787 ± 29 0.6490 ± 73 0.5212 12.840 0.1379 102 2640 ± 27 
High Common Ph 
6-1 35 89 13.302 0.1686 ± 63 0.6346 ±149 0.5215 12.120 0.1312 106 2543 ± 63 
8-1 46 35 6.824 0.1800 ± 50 0.2262 ±1I0 0.5057 12.550 0.1537 99 2653 ± 46 
14-1 145 436 33.793 0.3556 ±104 1.1329 ±250 0.5255 25.769 0.1975 73 3731 ± 45 

Data 20/11/98. 
UlPh scatter (la) for Khan standard = 1.90% (n=8). 
Common-Pb corrected using Cumming & Richards (1975) Model ill@2650 Ma. 
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Figure z9796 9248: Concordia plot of all SHRIMP zircon data for zircons from the Toil 
and Trouble hornblende-biotite monzogranite (UW A mount 98-12A). 
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Figure z9796 9248: Concordia plot of SHRIMP titanite data for zircons from the Toil and 
Trouble hornblende-biotite monzogranite (UW A mount 98-12A). Note that one high
common-Pb analysis falls far to the right of the figure. 
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1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Description o/zircons 

6.76 

9796 9249: biotite monzogranite, Sinclair 

Widgiemooltha (SH5114) 
422751.0 mE, 6478254.0 mN 
Tramway Track granites; sample drilled from outcrop in regionally 
extensive granitoid south of Lake Cowan 
Eastern Goldfields 
Xenolithic equigranular to very sparsely porphyritic feldspar fine
medium grained biotite monzogranite 
High-Ca group, Menangina association, Parker Hills clan 
333409 
97-438 (zircon) and 98-76D (titanite) 

The majority of zircons from sample 9796-9249 are euhedral grains and fragments up to 
200 /lm in length (most are smaller than this), having an aspect ratio of 2: 1 and are 
medium to dark brown in colour. Some anhedral fragments are also present, as well as 
grains that are paler brown in colour. Internal zoning is visible in most grains, both in the 
photos and on the SEM images. Complex metamictisation and recrystallisation has 
affected a number of grains. Some zircons contain inclusions. 

Description of titanites 

The titanites from this sample are all 40-120 micron fragments of larger grains. Only rarely 
do grains show growth surfaces; most surfaces are fractures. Internal morphology is 
detectable from SEM images in some grains, with faint growth zones visible. The grains 
are dark brown to pale brown in colour. Some grains are almost black and have evenly 
distributed dense and very fine inclusion populations. Areas of SHRIMP analysis were in 
clean parts of the grains, avoiding inclusions and fractures. 

Results and interpretation 

Zircon 

Twelve analyses on 12 grains are presented in z9796 9249 and shown on a concordia 
diagram in Figure z9796 9249. The analyses show a wide scatter with major discordance, 
but there is no evidence for mUltiple Archaean ages. A minimum age of -2675 Ma can be 
estimated on the basis of these data, and there is one concordant date of -2725 Ma. It is 
unlikely that a reliable age can be obtained for these zircons. 

Titanite 

Twenty six analyses on 20 titanite fragments are presented in Table t9796 9249 and shown 
on a concordia diagram in Figure t9796 9249. Most data are concordant to near
concordant, though PbIU is unreliable for three of them. The 4f206 values for concordant 
analyses are in the range 30/0-6%, which corresponds to substantial correction in 
207PbPo6Pb. The good clustering of 207PbPo6Pb amongst the corrected data is taken as 
confirmation that the common-Pb composition used for corrections is appropriate, 
Omitting four analyses with 4f206>6% or >6% discordant, the remaining 22 analyses have 
a l of 0.80. This is interpreted as a single age population at 2655 ± 20 Ma. 
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It is not clear from these data whether the zircons and titanites are dating the same event, 
though one of the zircons clearly pre-dates the titanite. The simplest, but not definitive, 
interpretation is that the zircons are predominantly xenocrysts, and the titanite records a 
magmatic age. 

Table z9796 9249: SHRIMP zircon data for the biotite monzogranite, Tramway Track 
granite (UW A mount 97-438). 

grain- U Th 41'206 2O'Ph* 2~8.p_b~ 2~_P_b~ 2O'Pb* 208Pb* cone. 207PbP06Pb 

spot (ppm) (ppm) (%) 206Pb* 206pb* 2"U 23SU 2J2Th (%) age (Ma) 

1-1 452 223 16.153 0.1822 ± 51 0.2225 ±115 0.1852 4.652 0.0837 41 2673 ± 46 
2-1 392 67 4.974 0.1756 ± 24 0.0398 ± 51 0.2872 6.954 0.0669 62 2612 ± 22 
3-1 147 98 1.035 0.1828 ± 16 0.1242 ± 32 0.4877 12.292 0.0914 96 2678 ± 15 
4-1 643 194 10.281 0.1710 ± 31 0.0772 ± 68 0.2110 4.974 0.0539 48 2567 ± 30 
5-1 133 241 7.666 0.1662 ± 59 0.0455 ±130 0.1613 3.695 0.0040 38 2519 ± 60 
7-1 993 276 10.261 0.1788 ± 23 0.1430 ± 52 0.2333 5.751 0.1202 51 2641 ± 22 
8-1 516 96 9.819 0.1782 ± 33 0.0673 ±72 0.2390 5.872 0.0868 52 2636 ± 30 
10-1 192 87 6.577 0.1755 ± 35 0.1463 ± 77 0.3461 8.375 0.1113 73 2611±33 
12-1 227 142 6.371 0.1809 ± 35 0.1126 ± 76 0.2812 7.012 0.0506 60 2661 ± 32 
13-1 693 187 12.051 0.1745 ± 33 0.0823 ± 74 0.2146 5.164 0.0654 48 2601 ± 32 
14-1 228 122 6.107 0.1800 ± 30 0.1533 ± 65 0.3942 9.786 0.1129 81 2653 ± 27 
18-1 183 91 0.037 0.1881 ± 9 0.1382 ± 13 0.5307 13.760 0.1468 101 2725 ± 8 

Data 27/8/98. 
UlPb scatter (10) for cz3 standard = 1.78% (n=14). 
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Table t9796 9249: SHRIMP titanite data for the biotite monzogranite, Tramway Track 
granite (UWA mount 98-76D). 

gram- U Th# 41206 207Pb· 208Pb· 2~~pp~ 2~7_p.b~ 2~8_pJ>~ cone. '07Pb/206Pb 

spot (ppm) (ppm) (%) 20C5Pb· 2DClPb_ 'J8U "'u 232Th# (%) ase (Ma) 

Main group. 
I-I 25 46 4.064 0.1790 ± 48 0.5453 ±121 0.5050 12.460 100 2643 ± 44 
4-1 26 45 4.696 0.1762 ± 48 0.4838 ±119 0.5138 12.481 102 2617 ± 45 
5-1 33 10 2.579 0.1858 ± 32 0.0948 ± 68 0.5195 13.308 100 2705 ± 28 
3-1 41 96 3.900 0.1775 ± 48 0.7423 ±133 0.5251 12.851 0.1644 103 2630 ± 45 
27-1 33 108 3.151 0.1755 ± 50 1.0243 ±157 0.5180 12.532 0.1605 103 2611 ± 48 
10-1 26 66 5.169 0.1755 ± 64 0.6879 ±165 0.5274 12.765 0.1413 105 2611 ± 60 
12-1 39 14 3.147 0.1791 ± 44 0.0923 ± 95 0.4939 12.199 0.1312 98 2645 ± 41 
13-1 26 69 5.Q20 0.1807 ± 64 0.7200 ±169 0.4820 12.009 0.1286 95 2659 ± 58 
14-1 31 56 3.467 0.1810 ± 50 0.4779 ±125 0.5112 12.760 0.1367 100 2662 ± 46 
15-1 32 74 3.015 0.1849 ± 43 0.6021 ±115 0.4972 12.677 0.1309 96 2698 ± 39 
16-1 29 63 4.627 0.1835 ± 60 0.6037 ±152 0.4776 12.087 0.1312 94 2685 ± 54 
17-1 29 62 3.911 0.1857 ± 55 0.5672 ±141 0.4986 12.764 0.1336 96 2704 ± 49 
18-1 20 21 4.309 0.1835 ± 73 0.2842 ±168 0.4832 12.226 0.1293 95 2685 ± 66 
20-1 31 67 4.508 0.1806 ± 57 0.6078 ±14~ 0.5088 12.667 0.1407 100 2658 ± 52 
22-1 27 47 3.523 0.1828 ± 51 0.4779 ±126 0.5119 12.903 0.1435 99 2679 ± 46 
23-1 27 52 4.609 0.1683 ± 60 0.5037 ±150 0.4934 11.452 0.1284 102 2541 ± 60 
28-1 27 51 5.935 0.1716 ± 66 0.4735 ±162 0.5160 12.207 0.1305 104 2573 ± 65 
29-1 32 4 4.102 0.1821 ± 55 0.0388 ±118 0.5071 12.730 0.1652 99 2672 ± 50 
30-1 42 84 3.192 0.1743 ± 40 0.5485 ±103 0.5278 12.687 0.1438 105 2600 ± 38 
7-1 33 50 2.956 0.1841 ± 43 0.3851 ±106 0.5116 12.989 0.1296 99 2690 ± 39 
8-1 29 60 3.813 0.1829 ± 56 0.5783 ±143 0.5383 13.575 0.1506 104 2679 ± 50 
9-1 31 II 2.899 0.1791 ± 49 0.0907 ±106 0.5135 12.682 0.1340 101 2645 ± 46 
>6% discordant or 4£206 >6%. 
2-1 46 58 3.252 0.1822 ± 50 0.4923 ±127 0.4330 10.881 0.1685 87 2673 ± 46 
11-1 16 3 11.804 0.1807 ±127 0.0616 ±282 0.4956 12.345 0.1459 98 2659 ±117 
19-1 51 90 4.927 0.1812 ± 54 0.6634 ±141 0.3948 9.863 0.1485 81 2664 ± 49 
31-1 21 6 8.265 0.1754 ±112 0.0604 ±247 0.4006 9.690 0.0852 83 2610 ±106 

Data 11/05199 (n ~ 3),14/05/99 (n - 3) and 07/06/99 (n - 20). 
UlPb scatter (I 0) for Khan standard ~ 2.58% (n ~ 15). -I % (n ~ 2) and 3.86% (n ~ 7). 
Common-Pb corrected using Cumming & Richards (1975) Model m@2640Ma. 
# Analyses on 11105199 used NO,' primary ion beam. 

PbIU calibration might be slightly disturbed. 
Th!U calibration is not rellable; Th abWldances are indicative only, and Pbffh are not reported. 
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Figure z9796 9249: Concordia plot of all SHRIMP zircon data for the biotite 

monzogranite, Tramway Track granite (UWA mount 97-438). 
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9796 92568: granodiorite, End of Day xenolith 

1:250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 
Chemical group: 
Pluton No: 
UWA mounts: 

Description o/zircons 

Widgiemooltha (SH5114) 
444041.0 mE, 6460881.0 mN 
Drilled from large outcrop 
Eastern Goldfields 
Foliated K-feldspar-porphyritic biotite granodiorite 
Mafic group, Xenolith association, Cement clan 
333413 
98-05A (zircon) and 98-84A (titanite) 

The zircon population in this sample consists of one morphologic type of finely zoned 
euhedral grains, with most grains being 60-120 flm long, with a range of aspect ratios from 
-2: 1 for the majority to -3-4: 1, particularly for smaller grains. Grains are typically 
euhedral to subhedral in external morphology with continuous euhedral internal zoning 
from core to rim. Inclusions are rare. The grains range from pale brown to dark brown to 
nearly opaque in colour. Strong euhedral zoning observed on both optical and SEM images 
suggest high U-Th-contents and radiation damage. Discordant alteration patches are visible 
on SEM images of some grains, and overgrow the euhedral zoning. Many grains have more 
homogeneous core regions but there is no break in the euhedral growth from core to rim 
and they are not considered to be xenocrysts. Many grains have fracture networks typical of 
high-U grains, which have significant metamictisation. The alteration patches and 
fractures, and dark grains were avoided during data collection. 

Description o/titanites 

The titanites from this sample are all 60-200 flm fragments of larger grains. Only rarely do 
grains show growth surfaces; most surfaces are fractures. Little internal morphology is 
detectable from SE)'vl images, with faint growth zones just visible in a minority of grains. 
The grains are dark brown to honey brown in colour. Some grains are almost black and 
have evenly distributed dense and very fine inclusion populations. Isolated inclusions are 
small and rare, and tend to be within or in close association with fractures. Areas of 
SHRIMP analysis were in clean parts of the grains, avoiding inclusions and fractures. 

Results and interpretation 

Zircon 

Thirty one analyses on 30 zircon are presented in Table z9796 92568 and shown in 
Figure z9796 92568, b. Although U contents are not particularly high, most of the data are 
discordant and show a large range in their 207PbP06Pb ~es. There is a broad cluster of data 
close to concordia, which has considerable spread in 20 PbP06Pb as well as 206PbP38U. It is 
likely that many of the analyses represent minimum ages for the analysed grains due to old 
Pb-loss. 8y selecting analyses with U<200 ppm, 4f206<2.5% and <5% discordant, a fairly 
coherent group of nine can be identified. One of these (13-1) is a statistical outlier and is 
omitted from the pooled age, though this omission is questionable. The remaining eight 
analyses give a pooled age of 2663 ± II Ma. The statistical value of ± II Ma almost 
certainly underestimates the true uncertainty. 
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Titanite 

Twenty one analyses were obtained from 20 fragments. The U abundances average 

-50 ppm and the common Pb corrections are all significant, being >2.5%. The lack of 

correlation between 4f206 and corrected 207P bPo6Pb is taken as evidence that the common 

Pb composition used in making the corrections is appropriate. The grouping data in both 

206f207 and 206PbP38U is taken as confirmation that all samples are concordant. Omitting 

analyses with 4f206 >5% 12 that form a single age population with ·i = 0.28. The 

corresponding age of is 2658 ± 20 Ma. 

Neither the zircon nor titanite date could be used without substantial reservations. However 

the close correspondence of the two results implies that both are probably reliable; 

combining the two gives 2660 ± 15 Ma. 

Table t9796 92568 SHRIMP titanite data for the granodiorite xenolith, End of Day (UW A 

mount 98-84A). 

grain- U TIl 41'206 ~7_pp~ ~8_P_b~ 2~_p)J~ ~))J~ 
, 

cone. 207pb/206Pb 

spot (ppm) (ppm) (%) 206Pb· 20tipb· "'U 23SU (%) age (Ma) 

10-1 120 90 2.555 0.1812 ± 17 0.2327 ± 37 0.4895 12.232 96 2664 ± 16 
11-1 27 51 4.513 0.1825 ± 61 0.5905 ±148 0.5029 12.652 98 2675 ± 56 
12-1 28 190 4.980 0.1819 ± 55 2.1023 ±204 0.4908 12.310 96 2670 ± 50 
13-1 53 351 4.258 0.1778 ± 38 2.0733 ±147 0.4656 11.416 94 2633 ± 35 
14-1 52 333 3.596 0.1798 ± 32 2.0341 ±126 0.4895 12.132 97 2651 ± 30 
17-1 51 250 4.990 0.1844 ± 46 1.5550 ±146 0.4747 12.068 93 2693 ± 41 
18-1 48 123 3.971 0.1770 ± 36 0.7834 ± 92 0.4981 12.157 99 2625 ± 34 
18-2 37 124 3.680 0.1834 ± 40 1.0298 ±112 0.4918 12.439 96 2684 ± 36 
21-1 35 219 4.296 0.1802 ± 42 1.9715 ±157 0.4715 11.714 94 2655 ± 39 
5-1 40 217 4.782 0.1789 ± 47 1.6977 ±157 0.4654 11.481 93 2643 ± 43 
7-1 34 201 4.721 0.1793 ± 44 1.8651 ±156 0.4860 12.016 96 2646 ± 41 
8-1 53 296 4.761 0.1807 ± 40 1.7526 ±137 0.4650 11.585 93 2659 ± 37 
41'206>5% 
15-1 48 195 11.507 0.1801 ± 61 1.4633 ±175 0.4840 12.020 96 2654 ± 57 
16-1 32 286 6.834 0.1737 ± 58 2.8461 ±250 0.4745 11.363 97 2593 ± 56 
19-1 41 232 11.548 0.1864 ± 63 1.8164 ±196 0.4705 12.095 92 2711 ± 56 
2-1 44 208 8.057 0.1720 ± 50 1.5054 ±150 0.4748 11.259 97 2577 ± 49 
20-1 59 262 15.661 0.1867 ± 75 1.5262 ±212 0.4856 12.499 94 2713 ± 66 
22-1 43 278 9.694 0.1832 ± 64 2.0922 ±215 0.4641 11.723 92 2682 ± 57 
23-1 49 274 5.722 0.1806 ± 42 1.8271 ±144 0.4937 12.291 97 2658 ± 39 
4-1 39 274 9.650 0.1895 ± 71 2.1948 ±248 0.4710 12.302 91 2737 ± 62 
9-1 36 170 19.569 0.1807 ± 94 1.6539 ±269 0.4510 11.233 90 2659 ± 86 

Data 05105199. 
UlPb scatter (la) for Khan standard = 2.53% (n = 14). 
Common-Pb corrected using Cumming & Richards (1975) Model ill@2650Ma. 
# Analysed using N02- primary ion bearn. 

PblU calibration might be slighdy disturbed. 
TI1IU calibration is not reliabJe; Th abundances are indicative only, and PblTh are not reported. 
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Table z9796 9256B SHRIMP zircon data for the granodiorite xenolith, End of Day (UW A 
mount 98-05A). 

grain- U Th 4f206 207Pb· 208Pb• 206Pb· 207Pb· ~8.p~~ cone. '07Pbl""Pb 

spot (ppm) (ppm) (%) '''Pb· ""Pb· "'U 235U 232Th (%) age (Ma) 

Possible magmatic group. 
6-1 90 40 0.426 0.1817 ±13 0.1120 ± 23 0.4883 12.232 0.1245 96 2668 ± 12 
7-1 102 35 0.238 0.1818 ± 11 0.0867 ± 18 0.5006 12.547 0.1283 98 2669 ± 10 
8-1 120 <2 0.253 0.1805 ± 10 0.5071 12.616 100 2657 ± 9 
9-1 26 <2 0.674 0.1800 ± 25 0.5057 12.549 99 2653 ± 23 
11-1 148 III 2.405 0.1800 ± 17 0.2022 ± 37 0.4919 12.210 0.1330 97 2653 ± 16 
13-1 22 <2 0.252 0.1868 ± 39 0.4989 12.847 96 2714 ± 34 
16-1 115 8 0.061 0.1815 ± 10 0.0162 ± 12 0.5160 12.910 0.1189 101 2666 ± 9 
30-1 45 3 0.720 0.1781 ± 23 0.0062 ± 43 0.4938 12.130 0.0464 98 2636 ± 22 
Young outlier. 
25-1 180 59 0.200 0.1780 ± 8 0.0890 ±13 0.4992 12.253 0.1365 99 2634 ± 8 
>5% discordant or 4f206>3%. 
1-1 384 477 57.422 0.1550 ± 87 0.2663 ±199 0.2788 5.957 0.0598 66 2402 ± 95 
2-1 87 38 1.556 0.1795 ± 20 0.1245 ± 41 0.4606 11.398 0.1306 92 2648 ± 18 
5-1 208 112 6.037 0.1874 ± 21 0.1539 ± 46 0.5099 13.174 0.1453 98 2719 ± 18 
10-1 185 10 0.882 0.1799 ± 11 0.0070 ± 20 0.4581 11.361 0.0603 92 2652 ± 10 
12-1 419 439 53.454 0.1521 ± 79 0.2353 ±181 0.2639 5.535 0.0593 64 2370 ± 89 
14-1 234 276 20.080 0.1784 ± 41 0.1470 ± 93 0.4173 10.265 0.0520 85 2638 ± 39 
15-1 68 32 1.555 0.1877 ± 23 0.1310 ± 47 0.4820 12.474 0.1337 93 2722 ± 20 
16-2 279 229 8.815 0.1773 ± 25 0.1428 ± 56 0.4665 11.402 0.0811 94 2627 ± 24 
17-1 248 127 7.831 0.1812 ± 28 0.1541 ± 61 0.4842 12.101 0.1455 96 2664 ± 25 
18-1 204 154 9.506 0.1837 ± 33 0.1982 ±73 0.4226 10.701 0.1109 85 2686 ± 30 
19-1 138 41 2.309 0.1799 ± 20 0.0763 ± 42 0.4213 10.452 0.1069 85 2652 ± 19 
20-1 60 27 2.985 0.1860 ± 31 0.1068 ± 66 0.4792 12.291 0.1152 93 2707 ± 27 
21-1 77 42 7.964 0.1770 ± 46 0.1110 ±101 0.3538 8.637 0.0725 74 2625 ± 43 
22-1 132 3 3.987 0.1793 ± 23 0.0055 ± 48 0.4670 11.548 0.1050 93 2647 ± 21 
23-1 220 267 26.852 0.1694 ± 59 0.1500 ±132 0.3502 8.181 0.0432 76 2552 ± 58 
24-1 213 III 9.041 0.1814 ± 27 0.1549 ± 59 0.4742 11.863 0.1413 94 2666 ± 24 
26-1 63 39 26.764 0.1965 ±143 0.1794 ±320 0.2688 7.281 0.0788 55 2797 ±119 
28-1 140 66 4.876 0.1771 ± 26 0.1209 ± 58 0.4595 11.220 0.1182 93 2626 ± 25 
29-1 130 73 1.829 0.1864 ± 18 0.1390 ± 37 0.4833 12.419 0.1193 94 2710 ± 16 
Others with >200 ppm U. 
3-1 250 105 2.347 0.1761 ±13 0.1137 ± 28 0.4571 11.097 0.1240 93 2616 ± 13 
4-1 355 182 1.316 0.1764 ± 11 0.1401 ± 22 0.4845 11.784 0.1323 97 2619 ± 10 
27-1 216 258 0.702 0.1765 ± 9 0.3187 ± 21 0.4980 12.118 0.1330 99 2620 ± 9 

Data 15/06/98. 
UlPb scatter (10) for cz3 standard = 1.24% (n = 10). 
Th-re1ated data not repotted for Th <2ppm. 
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Figure z9796 9256B Concordia plot of SHRIMP zircon data for the granodiorite xenolith, 
End of Day (UW A mount 98-05A). 
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Figure t9796 92568 Concordia plot of SHRIMP titanite data for the granodiorite xenolith, 
End of Day (UW A mount 98-84A). High-4f206 data are not all plotted. 
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98967008: biotite-clinopyroxene-amphibole granodiorite, Erayinia Complex 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description o/zircons 

Kurnalpi (SH511 0) 
461788.0 mE, 6571833.0 mN 
Sample drilled from old blast site north of Erayinia Hill 
Eastern Goldfields 
Seriate to moderately porphyritic medium-grained biotite
clinopyroxene-amphibole quartz-monzonite 
Syenite group, Gilgarna association, Erayinia clan 
343613 
98-51C 

Most zircons recovered from sample 9896-7008 are euhedral crystals and a lesser number 
of fragments, with only rare irregular shaped fragments. Both elongate needles and more 
squat, equant grains are present. Grain size varies significantly from less. than 40 Ilm to 
over 300 Ilm. Most grains are slightly opaque and dark brown or medium brown in colour, 
although a number oflighter coloured (pale brown-yellow to white) transparent grains are 
also present. Minor inclusions are observed in some grains. Cracks and fractures are 
absent in some zircons, however most contain minor to pervasive fractures. A large 
number of grains appear to have internal features such as zoning and possible cores as seen 
in the photos. Some grains also show clearly metamict core regions with radial fractures 
propagating from core to rim. SEM images confirm this observation for a number of grains 
and highlight the extent of metamictisation and recrystallisation in a number of grains. 

Results and interpretation 

Thirteen analyses on 12 grains are presented in Table z9896 7008 and shown on a 
concordia diagram in Figure z9896 7008. Omitting discordant analyses, the population 
comprising the remaining 9 analyses in the concordant to near-concordant group (Figure 
18) has a X2 of 0.40. This is interpreted as a single age popUlation at 2660±5 Ma, and is 
interpreted as the emplacement age of the granitoid. 
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Table z9896 7008: SHRIMP zircon data for the biotite-clinopyroxene-amphibole quartz 
monzonite, Erayinia Hill (UW A mount 98-51 C). 

grain- U Th 41206 ~7_p~~ ~8_p~~ 2~_pp~ 

spot (ppm) (ppm) (%) 206Pb· 206Pb• 238U 

1-1 229 226 0.163 0.1809 ± 7 0.2688 ± 14 0.4968 
2-1 86 95 0.137 0.1797 ± 11 0.2972 ± 23 0.4995 
4-1 399 512 0.012 0.1812 ± 5 0.3475 ± 11 0.4999 
6-1 198 143 0.714 0.1804 ± 10 0.1943 ± 20 0.4737 
7-1 153 226 0.042 0.1804 ± 8 0.4044 ± 20 0.5019 
8-1 185 116 0.047 0.1813 ± 7 0.1689 ± 12 0.5069 
9-1 121 103 O.oI5 0.1801 ± 9 0.2360 ± 16 0.5040 
10-1 100 111 0.000 0.1809 ± 9 0.2987 ± 19 0.5036 
12-1 130 119 0.622 0.1800 ± 12 0.2580 ± 26 0.4762 
Discordant 
1-2 832 422 37.499 0.1631 ± 63 0.2818 ±143 0.1322 
5-1 748 1515 41.345 0.1458 ± 68 0.4585 ±159 0.1598 
11-1 171 195 1.416 0.1793 ± 14 0.3777 ± 33 0.3925 
15-1 239 221 1.250 0.1794 ± 12 0.2848 ± 26 0.4390 

Data 5/10/98. 
UlPb scatter (lu) for cz3 standard ~ 1.99% (n~5). 
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Figure z9896 7008: Concordia plot of SHRIMP zircon data for the biotite-c1inopyroxene

amphibole quartz monzonite, Erayinia Hill (UW A mount 98-51 C). 
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9896 7100A: biotite monzogranite, Boorabbin 

1:250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description o/zircons 

Boorabbin (SH5113) 
241851.0 mE, 6544566.0 mN 
Boorabbin rock quarry north of main highway. Drilled and 
hammered from blasted rock face. 
Southern Cross 
Seriate to moderately K-feldspar porphyritic medium-grained biotite 
monzogranite. Granitoid contains sub-parallel, sub-horizontal zones 
of biotite-rich oikocrysts; zones possibly sub-parallel to igneous 
layering. Contains minor biotite-rich clots and schlieren and it cut by 
rare thin pegmatite veins and dykes. 
Low-Ca group, Beetle association, Boorabbin clan 
293504 
99-08B 

The zircon population in this sample consists of one morphologic type of finely zoned 
subhedral to euhedral grains, with most grains being 80-200 /lm long, with the longer 
grains tending to higher aspect ratios of 4-5: 1 compared to -2: 1 for the smaller grains. 
Grains are typically euhedral to subhedral in external morphology with continuous 
euhedral internal zoning from core to rim. Inclusions are relatively common and consist of 
opaque or rod-like to equant minerals. All inclusions occur throughout the grains and show 
no preference for core or rim regions. The grains range from pale brown to dark brown in 
colour. Strong euhedral zoning observed on both optical and SEM images suggest high U
Th-contents and radiation damage. Discordant alteration patches are visible on SEM 
images of some grains, and overgrow the euhedral zoning. Most grains have fracture 
networks typical ofhigh-U grains, which have significant metamictisation. The alteration 
patches and fractures were avoided during data collection. 

Results and interpretation 

Twenty analyses on 20 grains are presented in Table z9896 7100A and shown on a 
concordia diagram in Figure z9896 71 OOA. The analyses show a wide scatter with major 
discordance. U contents and common-Pb contamination are highly variable, but there is no 
apparent coherence amongst the "better" data. No sample age can be estimated from these 
data; additional data and interpretation are unlikely to provide a reliable age estimate. 
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Table z9896 7100A: SHRIMP zircon data for the Boorabbin monzogranite (UWA mount 
99-08B). 

grain- U Th 41206 ~7.pJ>~ ~8.pJ.l~ 2~_pJ>~ 2~7_pJ>~ ~8_pJ>~ cone. 2O'Pb/206Pb 

spot (ppm) (ppm) (%) 2Q6Pb• 206Pb· 238U "'u "'Th (%) age(Ma) 

28-1 101 56 1.208 0.1773 ± 28 0.2187 ± 60 0.4387 10.721 0.1725 89 2627 ± 26 
29-1 764 530 0.001 0.1803 ± 5 0.1817 ± 8 0.5086 12.642 0.1332 100 2655 ± 5 
23-1 1176 96 0.035 0.1836 ± 5 0.0219 ± 4 0.5104 12.922 0.1370 99 2686 ± 4 
24-1 309 1046 4.954 0.1793 ± 30 0.4925 ±72 0.4453 11.007 0.0648 90 2646 ± 28 
30-1 918 211 0.033 0.1818 ± 5 0.0311 ± 6 0.4483 11.239 0.0606 89 2670 ± 5 
25-1 1132 106 0.016 0.1807 ± 5 0.0247 ± 4 0.5102 12.715 0.1343 100 2660 ± 4 
27-1 985 90 0.028 0.1828 ± 5 0.0248 ± 4 0.5057 12.746 0.1372 98 2678 ± 4 
22-1 1034 89 0.087 0.1904 ± 5 0.2041 ± 8 0.5746 15.087 1.3583 107 2746 ± 4 
19-1 1043 655 0.089 0.1762 ± 5 0.1661 ± 7 0.5072 12.325 0.1341 101 2618 ± 4 
21-1 68 92 0.136 0.1857 ± 23 0.3675 ± 54 0.5143 13.169 0.1402 99 2705 ± 21 
16-1 318 287 0.038 0.1792 ± 9 0.2455 ± 18 0.4900 12.107 0.1330 97 2645 ± 9 
17-1 1253 158 0.030 0.1812 ± 4 0.0452 ± 4 0.5192 12.971 0.1860 101 2664 ± 4 
18-1 97 138 0.138 0.1844 ± 17 0.3482 ± 37 0.5246 13.341 0.1280 101 2693 ± 15 
6-1 487 315 0.009 0.1820 ± 8 0.1769 ± 12 0.4815 12.083 0.1319 95 2671 ± 7 
5-1 450 376 0.306 0.1719 ± 9 0.1824 ± 17 0.4433 10.508 0.0966 92 2576 ± 9 
8-1 1741 657 0.250 0.1703 ± 4 0.1050 ± 7 0.5532 12.991 0.1540 111 2561 ± 4 
9-1 530 442 0.139 0.1784 ± 8 0.2419 ± 16 0.4975 12.240 0.1442 99 2638 ± 8 
I-I 958 782 0.576 0.1815 ± 7 0.2622 ± 14 0.5033 12.597 0.1617 99 2667 ± 6 
2-1 227 148 0.563 0.1578 ± 15 0.2098 ± 30 0.4404 9.581 0.1421 97 2432 ± 16 
4-1 708 83 0.001 0.1817 ± 6 0.0326 ± 5 0.4943 12.384 0.1377 97 2669 ± 5 

Data 08/08/99. 
UlPb scatter (I 0) for czl standard ~ 0.76% (n ~ 9). 
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Figure z9896 71 OOA: Concordia plot of all SHRIMP zircon data for the Boorabbin 

monzogranite (UW A mount 99-08B). 

16 

AMIRA P482!MERIW A M28l - Yilgarn Granitoids. April, 200 I 



6.88 

9896 7102E: biotite granodiorite xenolith, Koolyanobbing 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description o/zircons 

Jackson (SH50 12) 
721331.0 mE, 6608767.0 mN 
Koolyanobbing Shear Zone; Drill and hammer on outcrop along 
small inlet on north side of Lake Deborah East 
Southern Cross 
Sample is an intensely sheared and recrystallised fine- to medium
grained biotite granodiorite/tonalite lens that is intensely deformed 
and strung out over >25 m, and is probably a xenolith. It forms part 
of a complex series of deformed to gneissic granitoids and cross
cutting dykes and pegmatites that constitute the Koolyanobbing 
Shear Zone over several kilometres. All granitoids strongly 
deformed with foliation trending 330-340°; proto- to ultra-mylonites 
common. 
Mafic group? 
None given 
99-14C 

The zircon population in this sample consists of one morphologic type of anhedral grains, 
with most grains being -100 Jlm long, with a consistent aspect ratio of 2-3: I. Grains 
typically have no visible internal zoning in optical or SEM images. Inclusions are not 
common and consist of opaque or rod-like to equant minerals. All inclusions occur 
throughout the grains and show no preference for core or rim regions. The grains range 
from pale brown to dark brown in colour. Discordant alteration patches are visible on SEM 
images of some grains. Most grains have fracture networks typical ofhigh-U grains, which 
have significant metamictisation. However, the fractures are not radial as is typical of 
metamictisation, but more anastomose and tending to parallel in some cases. The corroded 
anhedral nature and lack of igneous zoning suggests these zircons may be recrystallised. 
The alteration patches and fractures were avoided during data collection. 

Results and interpretation 

Twenty one analyses were obtained from 21 grains. The corrections for common Pb are 
low and the U-contents of all analyses are <300 ppm but many show ancient andlor Recent 
strong Pb-loss. Omitting discordant analyses and three (young) statistical outliers leaves a 
coherent group of 12 with X2 

= 1.22. The corresponding age of 2699 ± 10 Ma is considered 
to be the emplacement age of the granitoid from which the xenolith was removed. Younger 
concordant dates for several grains might record ?partial resetting of their U-Pb when the 
xenolith was entrained in a younger magma, but this age is not well defined. 
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Table z9896 7102E: SHRIMP zircon data for the granodiorite xenolith, Koolyanobbing 
(UW A mount 99-l4C). 

grain- U Th 4f206 207Ph· 208Pb_ 206Pb· 207Pb• 

spot (ppm) (ppm) (%) ""Pb- 206Pb· "'u 235U 

Main group. 
17-1 118 22 0.045 0.1855 ± 15 0.0521 ± 19 0.5109 13.066 
18-1 67 21 0.175 0.1844 ± 22 0.0801 ± 35 0.5184 13.180 
27-1 31 18 0.423 0.1864 ± 41 0.1606 ± 82 0.5117 13.\53 
28-1 81 22 0.000 0.1870 ± 16 0.0752 ± 15 0.5167 13.321 
29-1 145 156 0.000 0.1847 ± 11 0.2927 ± 23 0.5121 13.043 
30-1 255 222 0.061 0.1859 ± 10 0.2335 ± 18 0.4971 12.738 
31-1 159 182 0.000 0.1826 ± 12 0.3047 ± 25 0.5232 13.172 
32-1 115 24 0.151 0.1837 ± 19 0.0547 ± 25 0.4909 12.435 
33-1 99 24 0.081 0.1869 ± 17 0.0546 ± 24 0.5116 13.\86 
34-1 112 29 0.000 0.1844 ± 15 0.0595 ± 12 0.5050 12.842 
35-1 135 40 0.000 0.1877 ± 13 0.0827 ± 13 0.5100 13.200 
36-1 92 20 0.051 0.1827 ± 17 0.0546 ± 24 0.5254 13.235 
>5% discordant or Pbffh discordant. 
16-1 259 242 0.098 0.1829 ± 12 0.2705 ± 25 0.4342 10.950 
19-1 131 183 1.289 0.1750 ± 29 0.3121 ± 65 0.2613 6.308 
21-1 49 38 0.734 0.1805 ± 35 0.1206 ± 66 0.4001 9.957 
22-1 279 61 0.144 0.1850 ± 11 0.0633 ± 15 0.4641 11.836 
25-1 130 38 0.011 0.1860 ± 16 0.0768 ± 24 0.4625 11.864 
26-1 66 32 0.405 0.1820 ± 27 0.0792 ± 49 0.4966 12.460 
Age outliers. 
20-1 89 23 0.316 0.1804 ± 21 0.0660 ± 35 0.5016 12.473 
23-1 78 20 0.487 0.1742 ± 32 0.0424 ± 55 0.4840 11.627 
24-1 200 44 0.100 0.1811 ± 12 0.0571 ± 15 0.5105 12.750 

Data 08/08/99. 
UlPb scatter (1 oj for cz3 staodard ~ 1.48% (n ~ 9). 
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Figure z9896 71 02E: Concordia plot of SHRIMP zircon data for the granodiorite xenolith, 
Koolyanobbing (UW A mount 99-14C). 
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1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description o/zircons 

6.90 

98968104: tonalite, Courlbarloo 

Youanmi (SH5004) 
685008 mE, 6837743 mN 
Drilled from outcrop 
Southern Cross 
Equigranular, medium-grained hornblende tonalite containing 
amphibole-rich xenoliths up to 4 cm. 
Mafic group, Courlbarloo association, Courlbarloo clan 
264001 
A-15A 

The zircon population in this sample consists of one morphologic type of finely zoned 
euhedral to subhedral grains, with most grains being 30-100)lm long, with a range of 
aspect ratios from -2: I for the majority to -4: I. Grains are typically euhedral to subhedral 
in external morphology with continuous euhedral internal zoning from core to rim. 
Inclusions are not common and consist of opaque or rod-like to equant minerals. All 
inclusions occur throughout the grains and show no preference for core or rim regions. The 
grains range from very pale brown to darker brown in colour. Strong euhedral zoning 
observed on both optical and SEM images suggest high U-Th-contents and radiation 
damage. Discordant alteration patches are visible on SEM images of some grains, and 
overgrow the euhedral zoning. Some grains have more homogeneous core regions but there 
is no break in the euhedral growth from core to rim and they are not considered to be 
xenocrysts. Many grains have fracture networks typical ofhigh-U grains, which have 
significant metamictisation. The alteration patches and fractures, and dark grains were 
avoided during data collection. 

Results and interpretation 

Twenty six analyses on 26 grains are presented in Table z9896 8104 and shown on a 
concordia diagram in Figure z9896 8104. The U contents are all <250 ppm and the 
common-Pb corrections small. Only four analyses show significant discordance. Omitting 
these and one statistical outlier leaves a highly coherent group of 21 analyses with a pooled 
age of 2813 ± 5 Ma, and a X2 of 0.94. This is interpreted as the emplacement age ofthe 
granitoid. 
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Table z9896 8104: SHRIMP zircon data for the Courlbarloo tonalite (UW A mount 
A-15A). 

grain- U TIt 41"206 2~7.p.b~ ~s.P.b~ 2~_pp~ ~7_p~~ 2~3.pJ>~ cone. 

spot (ppm) (ppm) (%) 206Pb* 206Pb· 238U "'u 232Th (%) 

2-1 135 100 0.087 0.1988 ± 14 0.1963 ± 23 0.5367 14.713 0.1417 98 
15-1 140 107 0.038 0.1957 ± 14 0.2016 ± 23 0.5432 14.655 0.1430 100 
16-1 209 181 0.097 0.1989 ± 11 0.2260 ± 20 0.5341 14.647 0.1395 98 
17-1 103 70. 0.105 0.1979 ± 16 0.1769 ± 27 0.5407 14.758 0.1419 99 
8-1 53 28 0.000 0.1987 ± 19 0.1431 ± 24 0.5412 14.829 0.1457 99 
18-1 201 128 0.036 0.1974 ± 11 0.1804 ± 18 0.5065 13.787 0.1432 94 
7-1 234 239 0.064 0.1985 ± 10 0.2651 ± 19 0.5320 14.559 0.1383 98 
14-1 209 167 0.051 0.1982 ± 11 0.2094 ± 18 0.5362 14.653 0.1405 98 
19-1 84 51 0.245 0.1963 ± 19 0.1560 ± 31 0.5589 15.129 0.1437 102 
20-1 145 146 0.036 0.1968 ±13 0.2732 ± 26 0.5432 14.741 0.1473 100 
21-1 184 186 0.080 0.1993 ±11 0.2702 ± 21 0.5461 15.002 0.1457 100 
6-1 120 91 0.000 0.1991 ± 14 0.2003 ± 21 0.5319 14.602 0.1405 98 
9-1 175 211 0.071 0.1966 ±11 0.3105 ± 22 0.5415 14.681 0.1392 100 
23-1 135 103 0.076 0.1999 ±13 0.2027 ± 23 0.5439 14.991 0.1446 99 
13-1 111 82 0.000 0.2002 ±13 0.2011 ± 20 0.5394 14.887 0.1464 98 
24-1 64 32 0.165 0.1978 ± 22 0.1300 ± 37 0.5552 15.141 0.1442 101 
25-1 81 52 0.000 0.2007 ± 17 0.1739 ± 23 0.5245 14.514 0.1411 96 
26-1 238 306 0.004 0.1999 ±IO 0.3409 ± 22 0.5404 14.891 0.1433 99 
10-1 109 79 0.004 0.1968 ± 17 0.1907 ± 30 0.5471 14.844 0.1442 100 
29-1 158 188 0.083 0.1988 ± 14 0.2125 ± 25 0.5260 14.415 0.0939 97 
30-1 165 133 0.000 0.1974 ±11 0.1937 ± 16 0.5324 14.490 0.1283 98 
5-1 76 48 0.236 0.1976 ± 21 0.1644 ± 38 0.5301 14.445 0.1376 98 
Discordant 
22-1 276 323 0.024 0.1968 ± 10 0.3303 ± 20 0.4970 13.484 0.1404 93 
27-1 133 102 0.051 0.1991 ± 15 0.1706 ± 24 0.4897 13.443 0.1087 91 
31-1 156 176 0.185 0.1955 ± 14 0.2191 ± 25 0.4977 13.415 0.0966 93 
Young outlier 
28-1 116 60 0.183 0.1945 ± 15 0.1281 ± 24 0.5244 14.065 0.1306 98 

Data 12/06/00. 
UlPb scatter (10) for cz3 standard = 0.78% (n = 7). 
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Figure z9896 8104: Concordia plot showing all SHRIMP analytical data for the 

Courlbarloo tonalite (UW A mount A-15A). 
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98969003: K-feldspar porphyritic biotite granodiorite, Fitzgerald Lagoon 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description of zircons 

Widgiemooltha (SH5114) 
485973.0 mE, 6526778.0 mN 
Fitzgerald Lagoon area; sample drilled from outcrop. 
Eastern Goldfields 
Moderately to strongly quartz-feldspar porphyritic medium grained 
biotite monzogranite. 
High-Ca group, Menangina association, Parker Hills clan 
343501 
98-46C 

Sample 9896-9003 contains a variety of zircon grain morphologies. Grains and fragments 
are generally euhedral and range from elongate (aspect ratio of 4: 1) to stubby (3: 1 to 2: 1) to 
equant (l: 1) in shape. Maximum grain length is approximately 250 Ilm. The grains also 
range in colour from completely clear, pale yellow-white to dark brown. The colour and 
morphology do not show any consistent correlation. Inclusions are present in some grains, 
but the majority are inclusion-free. Most grains contain visible zoning (both in photos and 
SEM images) with the zonation in some grains appearing as very pronounced darker zones 
as seen in the reflected light photos arid as bright metamict zones as seen on the charge 
contrast SEM images. Cracks and fractures are present in most grains. Distinct truncated 
cores with overgrowing rims are rare, but present. The clearest, light coloured grains do not 
have any visible internal structures. 

Results and interpretation 

Thirty one analyses on 29 grains are presented in Table z9896 9003 and shown on a 
concordia diagram in Figure z9896 9003. Omitting discordant analyses, young outliers and 
an ?inherited grain, the population comprising the remaining 14 analyses in the concordant 
to near-concordant group has a X2 of !.O!. This is interpreted as a single age population at 
2657±9 Ma, and is interpreted as the emplacement age of the granitoid. 
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Table z9896 9003: SHRIMP analytical data for the K-feldspar porphyritic biotite 
monzogranite, Fitzgerald Lagoon (UW A mount 98-46C). 

grain- U Th 41206 ~7_p~~ 208Pb· 206pb* 207Pb· ~g.P_b~ cone. '.I7Pb/200Pb 

spot (ppm) (ppm) (%) ""Pb- 206Pb* "'U 23SU 232Th (%) age (Ma) 

Main group. 
1-1 185 48 0.728 0.1822 ± 16 0.0735 ± 30 0.4823 12.117 0.1356 95 2673 ± 15 
3-1 207 63 0.108 0.1817 ± 11 0.0840 ± 15 0.5037 12.616 0.1382 99 2668 ± 10 
8-1 179 91 0.150 0.1810 ± 12 0.1349 ± 20 0.5025 12.539 0.1338 99 2662 ± 11 
9-1 164 71 0.972 0.1796 ± 19 0.1239 ± 37 0.4977 12.326 0.1426 98 2649 ± 17 
11-1 131 35 0.128 0.1797 ±13 0.0708 ± 18 0.5084 12.598 0.1362 100 2650 ± 12 
15-1 138 79 0.584 0.1791 ± 19 0.1573 ± 39 0.5033 12.429 0.1384 99 2644 ± 18 
17-1 174 78 0.111 0.1803 ± 11 0.1229 ± 17 0.5125 12.739 0.1400 100 2655 ± 10 
22-1 121 45 1.743 0.1784 ± 29 0.0982 ± 60 0.4765 11.719 0.1255 95 2638 ± 27 
32-1 127 32 0.599 0.1766 ± 18 0.0557 ± 31 0.4900 11.933 0.1092 98 2622 ± 17 
11-2 133 33 0.897 0.1784 ± 19 0.0545 ± 36 0.4945 12.162 0.1096 98 2638 ± 18 
36-1 183 96 0.664 0.1833 ± 16 0.1481 ± 31 0.4840 12.234 0.1369 95 2683 ± 15 
37-1 89 57 0.345 0.1789 ± 20 0.1660 ± 39 0.4968 12.253 0.1287 98 2643 ± 19 
20-1 114 88 0.347 0.1810 ± 19 0.2046 ± 37 0.4972 12.411 0.1313 98 2662 ± 17 
39-1 90 93 0.191 0.1801 ± 18 0.2678 ± 37 0.5231 12.992 0.1365 102 2654 ± 16 

>5% discordant or 4f206>2%. 
10-1 179 58 2.508 0.1774 ± 26 0.0909 ± 56 0.4674 11.434 0.1314 94 2629 ± 25 
31-1 22 12 9.889 0.1461 ±153 0.0951 ±344 0.3905 7.868 0.0678 92 2301 ±181 
12-1 486 301 0.062 0.1616 ± 7 0.1458 ± 12 0.4107 9.151 0.0966 90 2473 ± 7 
16-1 414 147 2.316 0.1508 ± 19 0.1120 ± 41 0.3459 7.190 0.1089 81 2355 ± 21 
14-1 125 41 11.663 0.1846 ± 74 0.2067 ±167 0.3618 9.210 0.2298 74 2695 ± 66 
18-1 267 222 1.294 0.1711 ± 17 0.2266 ± 37 0.4286 10.113 0.1169 90 2569 ± 17 
21-1 229 105 3.784 0.1747 ± 29 0.1109 ± 63 0.4479 10.787 0.1082 92 2603 ± 28 
33-1 375 348 0.798 0.1707 ± 11 0.2306 ± 23 0.4462 10.501 0.1109 93 2564 ± 11 
34-1 116 61 1.007 0.1777 ± 22 0.1351 ± 43 0.4658 11.411 0.1189 94 2631 ± 20 
35-1 233 166 2.336 0.1725 ± 21 0.1954 ± 46 0.4490 10.682 0.1230 93 2583 ± 21 
40-1 135 105 2.076 0.1795 ± 25 0.2106 ± 54 0.4876 12.065 0.1320 97 2648 ± 23 

Young outliers. 
6-1 182 149 1.003 0.1688 ± 18 0.2007 ± 38 0.4610 10.729 0.1132 96 2546 ± 18 
3-2 208 67 0.189 0.1756 ± 11 0.0844 ± 18 0.4688 11.352 0.1237 95 2612 ± 11 
19-1 148 60 0.126 0.1382 ± 14 0.1118 ± 25 0.4039 7.698 0.1104 99 2205 ± 17 
19-2 204 131 0.090 0.1395 ± 12 0.1797 ± 24 0.4033 7.755 0.1134 98 2220 ± 14 
38-1 250 195 0.728 0.1715 ± 15 0.2080 ± 31 0.4656 11.011 0.1241 96 2573 ± 15 

Old outlier. 
4-1 195 130 0.290 OJ860 ± 12 0.1756 ± 23 0.5075 13.013 0.1333 98 2707 ± 11 

Data 25/01/99 and 15/01/00. 
UlPb scatter (1 0) for cz3 standard ~ 1.86% (n ~ 8) and 1.10% (n ~ 9). 
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Figure z9896 9003: Concordia plot of SHRIMP analytical data for the K-feldspar 
porphyritic biotite monzogranite, Fitzgerald Lagoon (UW A mount 98-46C). 
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98969019: monzogranite, Bluff Point Granite 

1:250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description o/zircons 

Sandstone (SG5016) 
769888.0 mE, 6993390.0 mN 
Drilled from outcrop 
Southern Cross 
Sparsely to moderately quartz-feldspar porphyritic, medium-grained 
biotite monzogranite. 
Low-Ca group, Beetle association, Yeelirrie clan 
284301 
98-46A 

The zircon population in this sample consists of one morphologic type with highly variable 
grain size and shape. Grains range from 20-200 J.lm long with aspect ratios of2:1 to 5:1. 
Grains are typically euhedral in external morphology with continuous euhedral internal 
zoning from core to rim. Most grains show patchy annealed areas, which overprint the 
internal euhedral zoning, and pervasive fracture networks, which tend to indicate high U
contents and metamictisation. Many grains have more homogeneous core regions but there 
is no break in the euhedral growth from core to rim and they are not considered to be 
xenocrysts. Inclusions are rare. The grains range from pale brown to dark brown to black in 
colour. Strong relict euhedral zoning observed on both optical and SEM images again 
suggest high U-Th-contents and radiation damage. The fracture networks and annealed 
patches were avoided during data collection. 

Results and interpretation 

Thirteen analyses on 13 grains are presented in Table z9896 9019 and shown on a 
concordia diagram in Figure z9896 9019. The analyses show high and variable U contents 
and common-Pb contamination, and the data scatter widely, with major discordance. There 
are inherited grains with minimum ages of 3106 ± 17 Ma and 3585 ± 7 Ma. It is not 
possible to determine an age for this sample from these zircons. 
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Table z9896 9019: SHRIMP zircon data for the monzogranite, Bluff Point (UWA mount 
98-46A). 

grain- u Th 41206 ~7_pJ>~ ~s_PJ>~ 2~.P_b~ ~_PJl~ ~8.pJ;l~ conc. 207 Pb/20'Pb 

spot (ppm) (ppm) (%) ""Pb- 206Pb· 2J8u "'u "'Th (%) age (Ma) 

2-1 1425 2479 56.340 0.1430 ± 71 1.4256 ±194 0.2519 4.968 0.2064 64 2264 ± 86 
1-1 653 1307 23.387 0.1627 ± 49 0.3816 ±113 0.3100 6.953 0.0591 70 2483 ± 51 
31-1 1265 691 6.094 0.1227 ± 16 0.2565 ± 36 0.2772 4.689 0.1302 79 1996 ± 23 
32-1 2757 2847 1.385 0.1481 ± 5 0.2801 ± 11 0.4296 8.774 0.1165 99 2324 ± 5 
33-1 137 252 1.128 0.1769 ± 20 0.4331 ± 49 0.4929 12.022 0.1163 98 2624 ± 19 
7-1 138 292 0.919 0.1814 ± 17 0.5756 ± 46 0.5202 13.009 0.1420 101 2666 ± 16 
10-1 433 850 2.224 0.1688 ± 14 0.5550 ± 34 0.4779 11.124 0.1350 99 2546 ± 14 
19-1 274 260 5.426 0.2379 ± 26 0.2954 ± 57 0.5040 16.532 0.1569 85 3106 ± 17 
24-1 209 138 0.968 0.3232 ± 15 0.1729 ± 25 0.7155 31.884 0.1877 97 3585 ± 7 
34-1 322 483 6.213 0.1765 ± 27 0.3294 ± 61 0.4392 10.690 0.0964 90 2621 ± 25 
29-1 346 317 1.832 0.1751 ± 16 0.2589 ± 34 0.4667 11.269 0.1322 95 2607 ± 15 
28-1 420 678 4.313 0.1716 ± 20 0.4610 ± 48 0.4591 10.861 0.1313 95 2573 ± 20 
30-1 337 585 2.947 0.1775 ± 18 0.4941 ± 43 0.4713 11.532 0.1343 95 2629 ± 17 

Data 15/01100. 
UlPb scatter (10) for cz3 standard ~ 1.10% (n ~ 9). 
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Figure z9896 9019: Concordia plot showing all SHRIMP zircon data for the monzogranite, 

Bluff Point (UW A mount 98-46A). 
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98969025: granodiorite, Buttercup Bore Granite 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description o/zircons 

Sandstone (SG5016) 
730512.1 mE, 6998495.1 mN 
Drilled from outcrop 
Southern Cross 
Sparsely feldspar-porphyritic to equigranular medium to coarse
grained biotite granodiorite. Contains rare biotite-rich xenoliths and 
minor pegrnatites. 
Low-Ca group, Beetle association, Yeelirrie clan 
274302 
98-46B 

The zircon population in this sample consists of one morphologic type. Grains range from 
30-150 !lm long with aspect ratios of 2: 1 to 4: 1. Grains are typically euhedral in external 
morphology with continuous euhedral internal zoning from core to rim. Most grains have 
more homogeneous core regions but there is no break in the euhedral growth from core to 
rim and they are not considered to be xenocrysts. Some grains show patchy annealed areas, 
particularly in the euhedrally zoned rim regions, which overprint the internal euhedral 
zoning. Pervasive fracture networks, which tend to indicate high V-contents and 
metamictisation, are rare and restricted to rim regions. Inclusions are rare. The grains are 
mostly pale brown in colour, with some grading to dark brown. The rare fracture networks 
and annealed patches were avoided during data collection. 

Results and interpretation 

Twenty one analyses on 21 grains are presented in Table z9896 9025 and shown on a 
concordia diagram in Figure z9896 9025. All analyses have U<250 ppm and most are less 
than JOO ppm. Omitting analyses that are >5% discordant leaves a population comprising 
14 analyses which has a X2 of 0.86. The corresponding age is 2661 ± 7 Ma; this is 
interpreted as the emplacement age of the granitoid. 
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Table z9896 9025: SHRIMP zircon data for the granodiorite, Buttercup Bore (UWA mount 
98-46B). 

grain- U TIl 41206 207Pb· 208Pb· Z06Pb• 201Pb· 

spot (ppm) (ppm) (%) ""Ph_ ""Ph_ 238U 23SU 

Main group. 
31-1 134 137 0.036 0.1827 ± 9 0.2788 ± 18 0.5023 12.654 
4-1 99 141 0.592 0.1805 ± 15 0.4065 ± 35 0.4824 12.005 
5-1 106 96 0.071 0.1803 ± 11 0.2403 ± 21 0.4994 12.416 
33-1 122 93 0.027 0.1814 ± 10 0.2049 ± 18 0.4789 11.975 
7-1 53 49 0.055 0.1819 ± 18 0.2490 ± 36 0.5124 12.851 
34-1 67 56 0.496 0.1783 ± 18 0.2220 ± 37 0.4939 12.140 
35-1 106 88 0.013 0.1809 ± 11 0.2232 ± 21 0.4924 12.282 
36-1 46 41 0.277 0.1792 ± 21 0.2437 ± 42 0.4904 12.116 
37-1 130 164 0.168 0.181\ ± 10 0.3416 ± 23 0.5029 12.558 
38-1 96 87 0.633 0.1792 ± 15 0.2577 ± 33 0.4782 11.816 
14-1 63 81 0.000 0.1817 ± 15 0.3529 ± 34 0.4869 12.199 
39-1 92 76 0.082 0.1803 ± 12 0.2290 ± 23 0.5048 12.547 
41-1 184 137 0.637 0.1795 ±I\ 0.2053 ± 22 0.4872 12.059 
43-1 139 148 0.449 0.1820 ± 12 0.2869 ± 25 0.4879 12.245 
>5% discordant. 
2-1 198 231 2.881 0.1795 ± 19 0.1883 ± 41 0.3876 9.594 
3-1 131 148 0.308 0.1807 ± 1\ 0.2259 ± 22 0.4683 11.668 
32-1 69 67 1.434 0.1763 ± 23 0.2880 ± 52 0.4215 10.244 
40-1 106 54 11.244 0.1746 ± 54 0.2395 ±123 0.3524 8.485 
19-1 99 74 0.367 0.1833 ± 18 0.3346 ± 39 0.3395 8.579 
42-1 84 71 1.903 0.1816 ± 24 0.2594 ± 53 0.4559 11.416 
22-1 39 51 1.656 0.1820 ± 41 0.2861 ± 91 0.3885 9.752 

Data 14/4/99. 
UlPh scatter (la) for cz3 standard = 1.57% (n = 9). 
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Figure z9896 9025: Concordia plot of all SHRIMP zircon data for the granodiorite, 
Buttercup Bore (UW A mount 98-46B) .. 
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98969033: granitic gneiss, Tom Bore Granite 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description o/zircons 

Sandstone (SG5016) 
710560.0 mE, 6974220.0 mN 
Drilled from outcrop 
Southern Cross 
Banded to gneissic moderately to locally strongly feldspar 
porphyritic mdeium-grained biotite granite, with incipient biotite
rich banding. Cut by moderately abundant thin discordant 
pegmatites. 
High-Ca group, Diemals association, Diemals clan 
274304 
98-61C 

The zircon population in this sample consists of one morphologic type of euhedral to 
subhedral grains, with most grains being 80-300 11m long, with a relatively consistent 
aspect ratio of -3-4: 1. Grains are typically euhedral to subhedral in external morphology 
with evidence of continuous euhedral internal zoning from core to rim. A distinctive 
feature from SEM images of many grains is a thick homogeneous rim zone which appears 
to have recrystallised, preserving only occasional relicts ofthe former euhedral zoning. In 
some grains, this recrystallisation has engulfed the whole grain. In other grains, the 
outermost rim zone has failed to recrystallise. Where this occurs, the outermost rim zone is 
<10 11m wide and distinctly euhedral. Inclusions are rare. The grains are generally pale 
brown to light brown in colour, grading to darker brown, particularly in the cores of some 
grains which correspond to the unrecrystallised areas. Strong euhedral zoning observed on 
both optical and SEM images suggest high U-Th-contents and radiation damage in the 
unrecrystallised areas of some grains. Many grains have fracture networks typical of high
U grains, which have significant metamictisation. However, this is far more obvious in the 
unrecrystallised areas. Fractures often terminate where they enter the recrystallised areas. 
The fractures and dark areas were avoided during data collection such that all data 
collected was for the recrystallised areas. 

Results and interpretation 

Twenty three analyses on 19 grains are presented in Table z9896 9033 and shown on a 
concordia diagram in Figure z9896 9033. The data all have U<250 ppm and very low 
common-Pb contamination. Omitting one analysis that is >5% discordant and one 
statistical outlier leaves a population comprising 21 analyses which has a X2 of 0.91. The 
corresponding age is 2671 ± 3 Ma; this is interpreted as the emplacement age of the 
granitoid. 
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Table z9896 9033: SHRIMP zircon data for the granitic gneiss, Tom Bore. (UW A mount 
98-61C). 

grain- U Th 4f206 ~7.~~ ZOllpb· 206Pb• 2~7_p~~ ~8_pj)~ cone. 207Pb/206Pb 

spot (ppm) (ppm) (%) 206Pb· 2O'Pb· 

Main group. 
I-I 167 177 0.121 0.1819 ± 7 0.3016 ± 16 
1-2 193 155 0.003 0.1833 ± 6 0.2209 ± 12 
2-1 209 183 0.038 0.1818 ± 6 0.2388 ± 10 
3-1 176 180 0.000 0.1814 ± 6 0.2755 ± 12 
4-1 178 136 0.055 0.1816 ± 7 0.1998 ± 12 
5-1 206 227 0.080 0.1814 ± 6 0.3078 ± 14 
6-1 212 183 0.148 0.1817 ± 6 0.2384 ±11 
6-2 233 161 0.068 0.1820 ± 6 0.1935 ± 9 
7-1 206 120 0.033 0.1822 ± 6 0.1590 ± 9 
8-1 242 196 0.009 0.1831 ± 6 0.2234 ± 10 
9-1 201 162 0.061 0.1824 ± 6 0.2236 ± 12 
11-1 196 246 0.025 0.1815 ± 6 0.3408 ± 14 
11-2 195 154 0.034 0.1819 ± 6 0.2145 ± 11 
12-1 209 181 0.000 0.1817 ± 6 0.2377 ± 10 
13-1 205 198 0.000 0.1831 ± 6 0.2700 ± 12 
14-1 196 191 0.000 0.1822 ± 6 0.2652 ± 11 
18-1 186 233 0.000 0.1821 ± 6 0.3411 ±\3 
19-1 195 240 0.027 0.1821 ± 6 0.3365 ± 14 
22-1 145 \33 0.014 0.1807 ± 7 0.2531 ± 14 
23-1 139 150 0.000 0.1818 ± 7 0.2950 ± 14 
26-1 204 223 0.007 0.1820 ± 6 0.2975 ±\3 
>5% discordant. 
21-1 221 195 0.285 0.1827 ± 8 0.2468 ± 15 
Possible young outlier. 
2-2 279 178 0.113 0.1803 ± 6 0.1737 ± 9 

Data 13/02/00. 
UlPb scatter (10) for cz3 standard = 1.87% (n = 12). 
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Figure z9896 9033: Concordia plot showing all SHRIMP zircon data for the granitic 
gneiss, Tom Bore (UWA mount 98-61C). 
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98969042: quartz monzonite granophyre, Barlanga Well Granite 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description o/zircons 

Sandstone (SG50 16) 
682020.0 mE, 6992125.0 mN 
Drilled from outcrop 
Southern Cross 
Fine to medium-grained, quartz monzonite granophyre. Granophyric 
textures, including intergrowths of quartz and feldspar, suggests 
granitoid emplaced at a high level. Granitoid intrudes Yarrabubba 
granite (9896 9043/9044). 
Low-Ca group, Beetle association, Barlangi Rock clan 
264305 
98-61A 

The zircon population in this sample consists of one morphologic type of subhedral to 
anhedral grains, with most grains being 40-80 11m long, with a few grains up to -120 11m 
long. The aspect ratios of the smaller grains are -1-2: I, and grade to -3: 1 for larger grains. 
On the basis of internal morphology, the grains may be divided into two groups. The first 
has no internal structure to very faint euhedral zoning and few fractures, whereas the other 
has strongly developed continuous euhedral zoning from core to rim, discordant alteration 
patches and generally pervasive fracturing. Some of the latter type have structureless areas 
which suggests the two are related. Inclusions are relatively rare. The grains range from 
pale brown to dark brown to nearly opaque in colour. Strong euhedral zoning observed on 
both optical and SEM images suggest high U-Th-contents and radiation damage. The 
grains have fracture networks also suggest high-U contents and significant 
metamictisation. The alteration patches and fractures, and dark grains were avoided during 
data collection, which limited data collection to the largely structureless grains. 

Results and interpretation 

Twenty analyses on 20 zircons are presented in Table z9896 9042 and shown in 
Figure z9896 9042. The U abundances are mostly <250 ppm and the common Pb 
corrections were low, but about half the data are strongly discordant and there is a large 
range in 207PbPo6Pb ages, even amongst the more concordant data. Omitting data which 
have 4f206>5%, and four statistical outliers from the remainder, leaves a reasonably 
coherent group of seven analyses at -2715 Ma. Although this could be taken as the 
minimum emplacement age of the granitoid, it is considered more likely that it represents 
the age of a dominant source of xenocrysts. This interpretation is consistent with the 
intrusive relationship of this rock with 9896 9044. There are two other grains that are 
almost certainly xenocrysts, with 207PbP06Pb ages - 2820 Ma. The existence of concordant 
dates <2600 Ma makes interpretation of the 2600-2700 Ma dates particularly difficult. 
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Table z9896 9042: SHRIMP zircon data for the quartz monzonite granophyre, Barlanga 
Well. (UW A mount 98-61A). 

grain- ·u Th 41206 207pb* 208.p!>~ 206Pb* 207PbJfl 208Pb· conc. lO'Pb/lO'Pb 

spot (ppm) (ppm) (%) 2o(iPb* 206pb* "'U 235U 232Th (%) age(Ma) 

Main group. 
24-1 64 20 0.000 0.1883 ± 18 0.0802 ± 17 0.5370 13.945 0.1405 102 2728 ± 15 
19-1 197 158 0.108 0.1890 ± 11 0.1987 ± 19 0.5144 13.408 0.1280 98 2734 ± 10 
23-1 115 89 0.139 0.1857 ± 16 0.2055 ± 29 0.5204 13.325 0.1373 100 2704 ± 14 
29-1 65 35 0.557 0.1906 ± 27 0.1323 ± 51 0.5328 14.000 0.1290 100 2747 ± 23 
30-1 132 113 0.145 0.1845 ± 16 0.2249 ± 31 0.4966 12.630 0.1312 96 2694 ± 15 
31-1 78 79 0.210 0.1888 ± 20 0.2653 ± 39 0.5199 13.531 0.1365 99 2731 ± 17 
10-1 257 164 0.017 0.1849 ± 10 0.1727 ± 16 0.5095 12.988 0.1378 98 2697 ± 9 
>5% discordant or 4f.206>1%. 
3-1 30 22 1.287 0.1696 ± 46 0.1668 ± 96 0.4841 11.321 0.1117 100 2554 ± 46 
25-1 226 401 0.268 0.1910 ± 13 0.1663 ± 23 0.4291 11.302 0.0402 84 2751 ± 11 
26-1 232 437 0.359 0.1898 ± 13 0.1632 ± 24 0.4148 10.853 0.0359 82 2740 ± 12 
17-1 15 21 0.000 0.1819 ± 43 0.3917 ±104 0.4558 11.434 0.1259 91 2671 ± 39 
27-1 147 96 0.092 0.1991 ± 15 0.0794 ± 21 0.4978 13.667 0.0602 92 2819 ± 12 
28-1 459 781 0.693 0.1723 ± 13 0.0788 ± 25 0.3079 7.314 0.0142 67 2580 ± 13 
15-1 173 215 2.495 0.1828 ± 27 0.3395 ± 60 0.4721 11.897 0.1288 93 2678 ± 24 
32-1 47 39 1.135 0.1783 ± 40 0.1183 ± 80 0.4333 10.653 0.0614 88 2637 ± 37 
11-1 167 248 0.232 0.1811 ± 16 0.1805 ± 28 0.4241 10.588 0.0513 86 2663 ± 14 
Age outliers. 
1-1 136 106 0.000 0.1405 ±11 0.2041 ± 21 0.4161 8.062 0.1090 100 2234 ± 14 
5-1 105 104 0.062 0.1821 ± 15 0.2648 ± 28 0.5022 12.609 0.1339 98 2672 ± 13 
6-1 58 23 0.000 0.1997 ± 19 0.1063 ± 20 0.5559 15.307 0.1479 101 2824 ± 16 
7-1 151 97 0.000 0.1769 ± 13 0.1796 ± 19 0.4905 11.962 0.1363 98 2624 ± 12 

Data 15101100. 
UlPb scatter (la) for cz3 standard = 1.72% (n = 9). 
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Figure z9896 9042: Concordia plot showing all SHRIMP zircon data for the quartz 
monzonite granophyre, Barlanga Well (UWA mount 98-61A). 
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1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description o/zircons 

6.103 

98969044: granite, Yarrabubba Granite 

Sandstone (S05016) . 
679987 mE, 6995316 mN 
Drilled from outcrop 
Southern Cross 
Weakly altered, seriate medium- to coarse-grained biotite granite 
containing hematised 'red-spots' throughout rock and local 'brick
red' alteration; minor pegmatite. 
Low-Ca group, Beetle association, Yarrabubba clan 
264304 
A-15B 

The zircon population in this sample consists of one morphologic type of finely zoned 
euhedral to subhedral grains, with most grains being 30-100 ~m long, with a range of 
aspect ratios from -2-3:1 for the majority, to -4: 1. Grains are typically euhedral to 
subhedral in external morphology with continuous euhedral internal zoning from core to 
rim. Inclusions are rare. The grains range from pale brown to dark brown to nearly opaque 
in colour. Strong euhedral zoning observed on both optical and SEM images suggest high 
U-Th-contents and radiation damage. Discordant alteration patches are visible on SEM 
images of some grains, and overgrow the euhedral zoning. Some grains have more 
homogeneous core regions but there is no break in the euhedral growth from core to rim 
and they are not considered to be xenocrysts. Most grains have pervasive fracture networks 
typical ofhigh-U grains, which have significant metamictisation. The alteration patches 
and fractures, and dark grains were avoided during data collection. 

Results and interpretation 

Seventeen analyses on 17 grains are presented in Table z9896 9044 and shown on a 
concordia diagram in Figure z9896 9044. The analyses show a wide scatter with major 
discordance, as expected for U abundance ranging -200 ppm - -750 ppm, but common-Pb 
corrections are generally not severe. Omitting all data that are >5% discordant and one 
statistical outlier (younger; >600 ppm U), leaves a reasonably coherent group of six point 
which gives an age of -2650 Ma, with X2 = 1.41. The Pb-loss trend is predominantly 
towards the origin, suggesting there was no Archaean resetting of these zircons, and the 
2650 ± 10 Ma age is interpreted to be the emplacement age of the granitoid. There is one 
apparent xenocryst with an age -2750 Ma. 

AMIRA P482IMERIW A M281 - Yilgam Granitoids. April, 200 I 



6.104 

Table z9896 9044: SHRIMP zircon data for the granite, Yarrabubba. (UW A mount 
A-I5B). 

grain- U Th 4006 207Pb• 208Pb· 206Pb· 207Pb· 208Pb• cone. 207Pbi"'Pb 

spot (ppm) (ppm) (%) 206Pb· 2OI'ipb· 238U "'u "'Th (%) age (Ma) 

12-1 288 66 0.019 0.1800 ± 6 0.0606 ± 7 0.5038 12.505 0.1334 99 2653 ± 6 
13-1 460 256 0.374 0.1802 ± 7 0.1501 ± 12 0.4766 11.846 0.1287 95 2655 ± 6 
24-1 209 91 0.112 0.1779 ± 8 0.0925 ± 12 0.4724 11.588 0.1001 95 2634 ± 8 
26-1 293 249 0.012 0.1801 ± 7 0.2383 ± 12 0.4911 12.196 0.1376 97 2654 ± 6 
28-1 394 97 0.010 0.1801 ± 6 0.0655 ± 6 0.4932 12.245 0.1317 97 2654 ± 5 
30-1 176 289 0.057 0.1786 ± 9 0.4223 ± 22 0.4959 12.210 0.1277 98 2640 ± 8 
>5% discordant 
19-1 307 509 0.216 0.1787 ± 10 0.3036 ± 21 0.3257 8.024 0.0596 69 2641 ± 9 
18-1 179 313 0.357 0.1772 ± II 0.3776 ± 25 0.4429 10.819 0.0955 90 2627 ± 10 
21-1 517 552 0.288 0.1746 ± 6 0.2283 ± 12 0.4310 10.376 0.0922 89 2602 ± 6 
22-1 152 193 0.326 0.1797 ±13 0.2980 ± 28 0.4015 9.948 0.0939 82 2650 ± 12 
23-1 166 279 0.892 0.1730 ± 16 0.4511 ± 40 0.3707 8.840 0.0998 79 2586 ± 16 
25-1 284 281 0.706 0.1774 ± 10 0.3756 ± 23 0.4112 10.058 0.1563 84 2629 ± 9 
27-1 574 1616 0.191 0.1705 ± 6 0.3633 ± 14 0.4454 10.468 0.0575 93 2562 ± 6 
3-1 735 583 0.255 0.1679 ± 5 0.1890 ± 9 0.4423 10.239 0.1054 93 2537 ± 5 
29-1 286 164 0.265 0.1915 ± 9 0.1432 ± 14 0.4041 10.667 0.1011 79 2755 ± 7 
31-1 318 135 0.212 0.1787 ± 7 0.0867 ± II 0.4655 11.467 0.0947 93 2641 ± 7 
Young outlier 
20-1 611 114 0.203 0.1755 ± 5 0.0510 ± 7 0.4759 11.519 0.1300 96 2611 ± 5 

Data 10/6/00. 
UlPb scatter (I 0) for cz3 standard ~ 0.86% (0 ~ 7). 
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Figure z9896 9044: Concordia plot of SHRIMP zircon data for the granite, Yarrabubba 

(UW A mount A-15B). 
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9896 9045: monzogranite, Monty Bore Granite 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description o/zircons 

Sandstone (SGSO 16) 
696805.0 mE, 6993109.9 mN 
Drilled from outcrop 
Southern Cross 
Foliated seriate medium-grained biotite monzogranite. Granite 
contains a moderate foliation with strong alignment of biotite, 
recrystallised quartz and pegmatite dykes to 20 cm. 
High-Ca group, Diemals association, Y oothapinna clan 
264314 
98-6JD 

The zircon population in this sample consists of one morphologic type of strongly zoned 
euhedral grains, with most grains being 60-120 fJ.m long, with a range of aspect ratios from 
-2-3: I for the majority, to -4: I. Grains are typically euhedral in exterrial morphology with 
continuous euhedral internal zoning from core to rim. Inclusions are rare. In a few grains, 
10-20 fJ.m inclusions of apatite(?) occur in both core and rim areas. The grains range from 
pale brown to dark brown in colour. Strong euhedral zoning observed on both optical and 
SEM images suggest high V-Th-contents and radiation damage. Discordant alteration 
patches are common on SEM images, and overgrow the euhedral zoning. Some grains have 
more homogeneous core regions but there is no break in the euhedral growth from core to 
rim and they are not considered to be xenocrysts. Two grains are essentially homogeneous 
and structureless in their internal morphology, although one has a thin rim of euhedrally 
zoned growth. Most of the euhedrally zoned grains have fracture networks typical of high
V grains, which have significant metamictisation. The alteration patches and fractures 
could not be avoided during data collection. However, the only consistent age data has 
come from the two largely structureless grains (#25, 26). 

Results and interpretation 

Nine analyses on nine grains are presented in Table z9896 9045 and shown on a concordia 
diagram in Figure z9896 9045. Analyses of many other grains were aborted when high 
204Pb signals were observed. Analyses with >200 ppm V tend to discordance and younger 
dates. Omitting all data with >5% discordance or> I % 4t206, and one anomalously young 
discordant point, leaves a concordant group of four analyses which comprise a single age 
popUlation with a pooled age of 2700 ± 15 Ma, and a 'i of 0.38. This could be interpreted 
as the emplacement age of the granitoid, but since the data are all from only two grains, 
this could well be a xenocryst age. Additional data would improve this age determination, 
but finding grains with well-preserved V-Pb systems is very difficult and slow. 
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Table z9896 9045: SHRIMP zircon data for the monzogranite, Monty Bore (UW A mount 
98-610). 

grain- U Th 41206 207Pb* 208Pb· 206Pb· 207Pb· 208Pb· cone. 2<"Pb/200Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb· 23·U "'u "'Th (%) "se (Ma) 

Possible magmatic group 
25-1 84 106 0.277 0.1837 ± 13 0.3593 ± 29 0.5039 12.762 0.1435 98 2686 ± 11 
25-2 67 73 0.016 0.1853 ± 12 0.2972 ± 25 0.5372 13.722 0.1464 103 2701 ± 11 
26-1 112 41 0.000 0.1849 ± 8 0.0993 ± 8 0.5340 13.616 0.1442 102 2698 ± 7 
26-2 132 71 0.000 0.1853 ± 7 0.1462 ± 9 0.5321 13.592 0.1440 102 2700 ± 6 

>5% discordant or 4f206> 1 % 
2-1 397 179 0.458 0.1766 ± 6 0.1218 ±11 0.4597 11.193 0.1239 93 2621 ± 6 
29-1 236 275 7.862 0.1798 ± 24 0.1285 ± 52 0.4066 10.081 0.0449 83 2651 ± 22 
30.1 185 132 5.408 0.1783 ± 21 0.1067 ± 45 0.4729 11.625 0.0710 95 2637 ± 19 
31-1 203 51 1.207 0.1802 ±1O 0.0638 ± 20 0.4792 11.903 0.1225 95 2654 ± 9 

Young outlier 
28-1 233 230 0.004 0.1083 ± 5 0.2821 ±13 0.3146 4.698 0.0900 100 1771 ± 8 

Data 13/02100. 
UlPb scatter (Is) for cz3 standard ~ 1.87% (n ~ 12). 
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Figure z9896 9045: Concordia plot of SHRIMP zircon data for the monzogranite, Monty 
Bore (UW A mount 98-610). 
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98969055: monzogranite, Woodley Bluff Granite 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description of zircons 

Sandstone (SG5016) 
736455.0 mE, 6946410.0 rnN 
Cork Screw Well granitic gneiss complex; sample drilled from 
outcrop 
Southern Cross 
Foliated medium-grained biotite monzogranite gneiss. Moderate to 
strongly foliated with large elongated enclaves/pendants to I-10m 
of medium-coarse-grained amphibolite. Discordant pegmatite dykes. 
Fine- to medium-grained granite dykes are foliated but locally 
discordant. 
High-Ca group, Diemals association, Yoothapinna clan 
274205 
98-518 

A large amount (compared to other samples) of the zircon in sample 9896-9055 was 
recovered as irregular shaped fragments, although most of the grains are more typical 
euhedral crystals and fragments. Grain size varies from approximately 50 to up to 200 ~m 
long. Clear, transparent, colourless grains, as well as darker (pale brown to dark brown) 
grains are present. Most grains contain some cracks and fractures. Some grains are totally 
devoid of internal structures or only contain weak zoning, whereas other grains are more 
pervasively zoned or contain zones of intense metamictisation. Inclusions are evident in 
some grains. These features are seen both in the SEM images and on the photos. 

Results and interpretation 

Twenty-three analyses on 22 grains are presented in Table z9896 9055 and shown on a 
concordia diagram in Figure z9896 9055. Omitting discordant analyses, zircons with high 
common-Pb and one ?inherited grain, the population comprising the remaining 13 analyses 
has a X2 of 0.87. The corresponding age is 2712 ± 6 Ma, and this is interpreted as the 
emplacement age of the granite. 
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Table z9896 9055: SHRIMP analytical data for the biotite granitic gneiss, Cork Screw 
Well complex, Woodley Bluff (UW A mount 98-51 B). 

grain- U Th 41'206 207Pb" 208Pb· 206Pb'" 2~I7_p?~ zosPb· cone. 2("Pb/20'Pb 

spot (ppm) (ppm) (%) ""Pb* '"'Pb- "'U 2JSU "'Th (%) age (Ma) 

1-1 56 32 0.032 0.1866 ± 15 0.1537 ± 26 0.5278 13.577 0.1428 101 2712 ± 13 
2-1 113 114 0.085 0.1862 ± 10 0.2749 ± 19 0.5099 13.092 0.1388 98 2709 ± 8 
3-1 146 III 0.096 0.1863 ± 8 0.2067 ± 15 0.5155 13.240 0.1401 99 2710 ± 7 
8-1 143 156 0.740 0.1877 ± 11 0.3013 ± 25 0.5147 13.321 0.1421 98 2722 ± 10 
26-1 159 84 1.655 0.1868 ± 14 0.1556 ± 29 0.5180 13.340 0.1532 99 2714 ± 12 
22-1 177 168 0.399 0.1873 ± 9 0.2554 ± 18 0.5201 13.433 0.1399 99 2719 ± 8 
20-1 214 126 0.105 0.1848 ± 7 0.1645 ± 12 0.5130 13.072 0.1431 99 2697 ± 6 
20-2 171 108 0.201 0.1868 ± 8 0.1751 ± 14 0.5168 13.313 0.1438 99 2714 ± 7 
18-1 68 54 0.741 0.1896 ± 17 0.1873 ± 34 0.5097 13.324 0.1216 97 2739 ± 15 
17-1 44 21 0.148 0.1869 ± 18 0.1393 ± 31 0.4904 12.639 0.1395 95 2715 ± 16 
12-1 97 107 0.142 0.1864 ± 11 0.3006 ± 22 0.5178 13.305 0.1415 99 2710 ± 10 
29-1 84 85 0.056 0.1870 ± 11 0.2783 ± 22 0.5244 13.519 0.1446 100 2716 ± 10 
30-1 53 55 0.141 0.1868 ± 14 0.2857 ± 27 0.5224 13.454 0.1429 100 2714 ± 12 
Discordant 
6-1 900 1130 0.557 0.1074 ± 5 0.3373 ± 14 0.2114 3.130 0.0568 70 1755 ± 9 
21-1 1089 118 4.911 0.1301 ±ll 0.0479 ± 24 0.2878 5.164 0.1269 78 2100 ± 14 
16-1 218 103 8.976 0.1601 ± 30 0.1782 ± 68 0.3647 8.051 0.1373 82 2457 ± 32 
High common Ph 
4-1 77 89 5.863 0.1884 ± 34 0.3383 ± 78 0.5191 13.482 0.1525 99 2728 ± 30 
9-1 132 69 5.846 0.1878 ± 26 0.1241 ± 57 0.5215 13.505 0.1241 99 2723 ± 23 
25-1 48 32 18.741 0.1701 ± 81 0.2076 ±184· 0.5171 12.128 0.1640 105 2559 ± 80 
27-1 88 135 10.555 0.1827 ± 42 0.2496 ± 94 0.5436 13.692 0.0890 105 2677 ± 38 
24-1 234 249 32.386 0.1873 ± 51 0.4578 ±119 0.5165 13.340 0.2222 99 2719 ± 45 
28-1 41 30 5.045 0.1853 ± 46 0.1623 ±101 0.5206 13.303 0.1150 100 2701 ± 41 
?Inherited 
10-1 260 220 1.854 0.2262 ±ll 0.2038 ± 22 0.5850 18.245 0.1410 98 3025 ± 8 

Data 3/10/98. 
UlPb scatter (10) for cz3 staodard ~ 0.96% (n~15). 
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Figure z9896 9055: Concordia plot SHRIMP zircon data for the biotite granitic gneiss, 

Cork Screw Well complex, Woodley Bluff(UWA mount 98-51B). 
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9996 4003: biotite monzogranite, Goolthan Goolthan 

Acknowledgement: These data were obtained as part of the 1999 BSc Honours (UW A) 
project of Bill Oliver, and were made available to AMIRA P482 at no 
cost. 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 
Chemical group: 
Pluton No: 
UWA mounts: 

Description of zircons 

Yalgoo (SH5002) 
474539.6 mE, 6890074.4 mN 
Hammered from boulders from Goolthan Goolthan Rock, that forms 
the major outcrop of the Goolthan Goolthan regional monzogranite. 
Murchison 
Sparsely feldspar porphyritic medium-grained biotite monzogranite 
Low-Ca group, Goolthan association, Goolthan clan 
224112 
99-73E (zircon) and 99-71 B (titanite) 

The zircon population in this sample consists of one morphologic type of zoned euhedral to 
subhedral grains, with most grains being 40-120 11m long, with a range of aspect ratios 
from -2: I to -4: I. Grains are typically euhedral to subhedral in external morphology with 
continuous euhedral internal zoning from core to rim. Inclusions are rare. The grains range 
from pale brown to mauve to dark brown in colour. Strong euhedral zoning observed in the 
darker grains suggest high U-Th-contents and radiation damage. Some grains have fracture 
networks typical ofhigh-U grains, which have significant metamictisation. The dark grains 
and fractures were avoided during data collection. 

Description of titanites 

The titanites from this sample are all 50-200 11m fragments of larger grains. Only rarely do 
grains show growth surfaces; most surfaces are fractures. The grains are dark brown to pale 
brown in colour. Some grains are almost black and have evenly distributed dense and very 
fine inclusion populations. Areas of SHRIMP analysis were in clean parts of the grains, 
avoiding inclusions and fractures. 

Results and in terpretation 

Zircon 

Twenty analyses on 20 grains are presented in Table z9996 4003 and shown on a concordia 
diagram in Figure z9996 4003. Despite having U contents up to -500 ppm the data are 
almost all concordant and have very low common-Pb contamination. Omitting one analysis 
that is >5% discordant and one (marginal) statistical outlier leaves a population comprising 
18 analyses which has a X2 of O. 70. The corresponding age is 2626 ± 6Ma; this is 
interpreted as the emplacement age of the granitoid. 

Titanite 

Fifteen analyses on IS fragments are presented in Table t9996 4003 and shown on a 
concordia diagram in Figure t9996 4003. The data all fall in a single cluster, with X2 of 
1.22 for 207PbPo6Pb. Although this indicates scatter beyond systematic limits, there are no 
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compelling grounds for omitting any particular data points. The data set is interpreted as a 
single age population at 2630 ± 5 Ma, taken to be the emplacement age of the granitoid. 

Combining the zircon and titanite results give an age of 2628 ± 4 Ma for the monzogranite. 

Table z9996 4003: SHRIMP zircon data for the monzogranite, Goolthan Goolthan (UW A 
mount 99-73E). 

grain- U Th 41206 ~7_pp~ ~8_pJ>~ 2~_pp~ 207pb'" 208Pb'" cone. 207pb/20'Pb 

spot (ppm) (ppm) (%) 206Pb· ""'Pb· 23·U '
35

U "'Th (%) age (Ma) 

1-1 259 72 0.063 0.1764 ± 8 0.0750 ± 7 0.5007 12.179 0.1342 100 2620 ± 8 
4-1 109 76 0.141 0.1787 ±11 0.1947 ± 19 0.5\05 12.576 0.1415 101 2640 ± \0 
5-1 138 95 0.057 0.1783 ± 10 0.1930 ± 18 0.4868 11.968 0.1355 97 2637 ± 9 
6-1 73 64 0.117 0.1745 ± 15 0.2342 ± 29 0.5025 12.091 0.1329 101 2601 ± 14 
7-1 125 142 0.068 0.1761 ± 9 0.3056 ± 20 0.4991 12.115 0.1343 100 2616 ± 9 
8-1 219 188 0.029 0.1770 ± 12 0.2306 ± 22 0.4834 11.796 0.1302 97 2625 ± II 
9-1 140 133 0.038 0.1779 ± 10 0.2585 ± 19 0.5071 12.436 0.1375 100 2633 ± 9 
\0-1 93 69 0.179 0.1767 ± 13 0.2005 ± 26 0.4865 11.855 0.1315 97 2623 ± 13 
11-1 100 63 0.196 0.1761 ± 20 0.1741 ± 25 0.4856 11.790 0.1351 98 2617 ± 19 
12-1 43 33 0.246 0.1765 ± 23 0.2031 ± 47 0.5068 12.337 0.1360 101 2621 ± 21 
13-1 581 3\0 0.074 0.1779 ± 8 0.1465 ± 9 0.5015 12.300 0.1375 100 2633 ± 8 
14-1 99 80 0.215 0.1768 ± 18 0.2143 ± 27 0.4884 11.902 0.1307 98 2623 ± 17 
15-1 134 119 0.185 0.1759 ± 13 0.2501 ± 22 0.4782 11.597 0.1348 96 2614 ± 12 
16-1 58 48 0.120 0.1782 ± 15 0.2202 ± 28 0.4950 12.163 0.1332 98 2636 ± 14 
17-1 156 143 0.085 0.1771 ± 11 0.2517 ± 21 0.5223 12.754 0.1436 103 2626 ± 11 
18-1 88 78 0.284 0.1770 ± 15 0.2343 ± 31 0.5132 12.527 0.1365 102 2625 ± 14 
19-1 \08 \09 0.136 0.1763 ± 11 0.2743 ± 22 0.5045 12.261 0.1367 101 2618 ± 10 
20-1 299 178 0.050 0.1775 ± 9 0.1629 ±II 0.5181 12.680 0.1413 102 2630 ± 9 
>5% discordant. 
3-1 234 155 0.087 0.1730 ± 18 0.1920 ± 23 0.4336 10.343 0.1258 90 2587 ± 17 
Possible yOWlS outlier. 
2-1 141 116 0.016 0.1742 ± 12 0.2275 ± 20 0.4957 11.9 \0 0.1374 100 2599 ± 12 

Data 15/5/00. 
UlPb scatter (la) for cz3 standard = 1.18% (n=7). 

Table 19996 4003: SHRIMP analytical data for the monzogranite, Goolthan Goolthan 
(UWA mount 99-718). 

grain- U Th 41206 267Pb· ~8_pp~ 2~_pp~ ::'7_pJ:l~ 2~8_pp~ cone. 207Pb/206Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb• 23·U 23SU 232Th (%) age (Ma) 

1-2 292 201 0.660 0.1778 ± 7 0.1887 ± 15 0.5218 12.792 0.1427 \03 2633 ± 6 
2-2 205 140 0.911 0.1769 ± 9 0.1822 ± 20 0.5112 12.469 0.1365 101 2624 ± 8 
3-2 297 216 0.482 0.1774 ± 6 0.1955 ±13 0.5190 12.695 0.1398 \03 2629 ± 6 
4-2 210 150 0.625 0.1763 ± 8 0.1945 ± 17 0.5148 12.516 0.1402 102 2619 ± 7 
5-1 104 47 0.875 0.1752 ± 12 0.1249 ± 26 0.5139 12.4\0 0.1413 103 2608 ± 12 
6-1 285 204 0.411 0.1782 ± 6 0.1918 ±13 0.5237 12.868 0.1404 \03 2636 ± 5 
7-1 248 193 0.427 0.1788 ± 6 0.2044 ± 14 0.5229 12.888 0.1373 103 2641 ± 6 
8-1 104 24 2.486 0.1760 ± 18 0.0597 ± 37 0.5227 12.684 0.\360 104 2616 ± 17 
9-1 227 117 0.629 0.1767 ± 8 0.1379 ± 16 0.5108 12.449 0.1368 101 2623 ± 7 
10-1 295 204 0.815 0.1770 ± 7 0.1851 ± 16 0.5310 12.956 0,\418 105 2625 ± 7 
11-1 235 194 0.560 0.1765 ± 7 0.2240 ± 17 0.5163 12.566 0.1401 102 2621 ± 7 
12-1 236 165 1.950 0.1779 ± 11 0.1889 ± 24 0.5324 13.056 0.1440 104 2633 ± \0 
13-1 245 166 0.468 0.1778 ± 7 0.1815 ± 15 0.5201 12.749 0.1394 \03 2632 ± 6 
14-1 300 239 0.574 0.1784 ± 6 0.2161 ± 15 0.5232 12.867 0.1417 103 2638 ± 6 
15-1 215 158 0.543 0.1774 ± 8 0.1974 ± 17 0.5170 12.642 0.1392 102 2628 ± 7 

Data 25/02/00. 
UlPb scatter (la) for Khan standard = 1.14% (n = 7). 
Common-Pb corrected using Cumming & Richards (1975) Model III@2620Ma. 
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Figure z9996 4003 Concordia plot of all SHRIMP zircon data for the monzogranite, 
Goolthan Goolthan (UW A mount 99-73E). 
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Figure t9996 4003 Concordia plot of SHRIMP titanite data for the monzogranite, Goolthan 
Goolthan (UWA mount 99-718). 
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9996 4016C: biotite syenogranite, Mount Mulgine 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description oJzircons 

Perenjori (SH5006) 
497944.0 mE, 6771112.1 mN 
Mt Mulgine syenogranite, internal to Yalgoo-Singleton greenstone 
belt; sample from Mt Mulgine deposit drillhole DDM-2, depth 
interval \08.00-\09.00 m 
Murchison 
Weakly foliated sparsely K-feldspar porphyritic medium-grained 
biotite syenogranite. The Mt Mulgine granitoid is extensively altered 
and contains both quartz and pegmatite veins. Alteration consists of 
retrogression and fluid-related alteration dominated by muscovite. 
The sample is ofthe 'least-altered' main phase ofMt Mulgine 
granitoid with alteration restricted to minor sericite and chlorite. 
High-Ca group, Mainland association, Eily Eily clan 
223916 
99-438 

The zircon population in this sample consists of one morphologic type of finely zoned 
euhedral to subhedral grains, with most grains being 40-120 ~m long and a few up to 400 
~m long. The grains show a range of aspect ratios from -2-3: I for the majority to -3-4: 1. 
Grains are typically euhedral to subhedral in external morphology with continuous 
euhedral internal zoning from core to rim. Inclusions are rare. The grains range from pale 
brown to dark brown to nearly opaque in colour. Strong euhedral zoning observed on both 
optical and SEM images suggest high U-Th-contents and radiation damage, particularly in 
the more strongly zoned rim regions. Discordant alteration patches are visible on SEM 
images of some grains, and overgrow the euhedral zoning. Many grains have more 
homogeneous core regions but there is no break in the euhedral growth from core to rim 
and they are not considered to be xenocrysts. Most grains have fracture networks typical of 
high-U grains, which have significant metarnictisation. The alteration patches and 
fractures, and dark grains were avoided during data collection. Many grains were too 
fractured to obtain useful age data. 

Results and interpretation 

Fifteen analyses on IS grains are presented in Table z9996 4016C and shown on a 
concordia diagram in Figure z9996 4016C. The analyses show considerable scatter, 
reflecting both ancient and Recent radiogenic Pb loss. Many analyses are discordant, as 
expected for U abundance ranging up to -1300 ppm, but common-Pb corrections are 
generally not severe. Omitting all data that are >5% discordant and one statistical outlier 
(younger; > 1300 ppm U), leaves a reasonably coherent group of five points which gives an 
age of -2756 ± 20 Ma, with X2 = 4.4. This is interpreted to be the emplacement age of the 
granitoid. Additional data could improve the age determination, by low-U grains are a 
minority and acquiring sufficient data would be quite slow. 
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Table z9996 4016C: SHRIMP zircon data for the granite, Mount Mulgine (UWA mount 
99-43B). 

grain- U Th 41206 2O'Pb· ~8_pJ>~ 206Pb· 207Pb· 208Pb• cone. 207pbP06Pb 

spot (ppm) (ppm) (%) 2Oflpb· ""Pb" "'u "'u 232Th (%) ase (Ma) 

34-1 268 203 0.269 0.1893 ± 7 0.1999 ± 13 0.5248 13.700 0.1385 99 2736 ± 6 
35-1 377 303 0.068 0.1926 ± 7 0.2204 ± 12 0.5264 13.980 0.1446 99 2765 ± 6 
38-1 293 240 0.501 0.1939 ± 8 0.2456 ± 16 0.5154 13.779 0.1545 97 2775 ± 7 
6-1 159 82 0.316 0.1915 ± 11 0.1368 ± 19 0.5156 13.613 0.1370 97 2755 ± 10 
43-1 257 165 0.782 0.1901 ± 11 0.1869 ± 21 0.5490 14.392 0.1595 103 2743 ± 9 

>5% discordant 
20b-l 381 216 0.432 0.1889 ± 7 0.1718 ± 14 0.4029 10.495 0.1220 80 2733 ± 7 
36-1 342 300 0.380 0.1873 ± 7 0.1724 ± 13 0.4843 12.504 0.0952 94 2718 ± 6 
37-1 563 456 0.399 0.1800 ± 7 0.2204 ± 13 0.4545 11.280 0.1238 91 2653 ± 6 
39-1 952 1068 0.332 0.1692 ± 4 0.3110 ± 10 0.3931 9.170 0.1090 84 2550 ± 4 
40-1 373 194 0.356 0.1800 ± 7 0.1440 ± 12 0.4323 10.727 0.1199 87 2652 ± 6 
41-1 1018 429 0.433 0.1717 ± 4 0.1150 ± 8 0.4161 9.854 0.1137 87 2575 ± 4 
42-1 874 532 0.201 0.1752 ± 5 0.2220 ± 10 0.3090 7.464 0.1126 67 2608 ± 5 
44-1 1243 690 0.185 0.1871 ± 3 0.1497 ± 6 0.4777 12.322 0.1288 93 2717 ± 3 
28-1 390 326 0.552 0.1888 ± 22 0.2090 ± 43 0.4782 12.446 0.1195 92 2732 ± 19 

Young outlier 
20a-l 1335 686 0.154 0.1845 ± 3 0.1373 ± 5 0.4881 12.418 0.1305 95 2694 ± 3 

Data 119/99 
UlPb scatter (1 a) for cz3 standard ~ 3.32% (n ~ 12) 
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Figure z9996 4016C: Concordia plot of SHRIMP zircon data for the granite, Mount 
Mulgine (UW A mount 99-43B). 
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1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description o/zircons 

6.114 

9996 4100: biotite monzogranite, Basin 

Yalgoo (SH5002) 
474807.0 mE, 6886266.0 mN 
Blasted from bouldery outcrop near the edge of the Basin 
monzogranite, an internal granitoid at the north end of the Yalgoo
Singleton greenstone belt. 
Murchison 
Weakly to moderately foliated recrystallised sparsely quartz-feldspar 
porphyritic fine-grained biotite monzogranite. Foliation is defined by 
biotite and titanite and dips to the west at 30-40°. Titanite is 
probably of metamorphic origin. Cut by minor quartz and biotite
chlorite-epidote veins. 
High-Ca group, Mainland association, Wheel of Fortune clan 
224107 
99-43A (zircon) and 99-36C (titanite) 

The zircon population in this sample consists of one morphologic type of euhedral to 
subhedral grains, with most grains being 30-120 11m long, with a range of aspect ratios 
from -2-3: I for the majority, to -5: I. In their internal morphology, grains range from 
continuous euhedral internal zoning from core to rim, to partially recrystallised. 
Recrystallisation is often minor. There is a gradation between these two end members with 
progressive recrystallisation overprinting the euhedral zoning, particularly in the more 
strongly zoned rims areas. Inclusions are rare. The grains range from pale brown to dark 
brown in colour. Strong euhedral zoning observed towards the rims of some grains in both 
optical and SEM images suggest high U-Th-contents and radiation damage. Fracture 
networks indicative of high U-Th and radiation damage are common. Recrystallisation 
areas have less fractures. Due the small grain size and fracturing, there were limited areas 
for analysis. Both euhedrally zoned and recrystallised areas yielded indistinguishable ages. 

Description 0/ titanites 

The titanites from this sample are all 60-200 micron fragments of larger grains. Only rarely 
do grains show growth surfaces; most surfaces are fractures. The grains are dark brown to 
light brown in colour. Some grains are almost black and have evenly distributed dense and 
very fine inclusion populations. Isolated inclusions are small and rare. Areas of SHRIMP 
analysis were in clean parts of the grains, avoiding inclusions and fractures. 

Results and interpretation 

Zircon 

Nineteen analyses on 19 grains are presented in Table z9996 4100 and shown on a 
concordia diagram in Figure z9996 4100. The analyses show a significant discordance, 
though not as much as generally as expected for U abundance ranging up to -750 ppm. 
Omitting four data points that are >5% discordant and leaves a coherent group of IS which 
gives an age of -2743 ± 4 Ma, with X2 

= 1.69. This is interpreted to be the emplacement 
age of the granitoid. 

Titanite 

AMIRA P482IMERIW A M281 - Yilgam Granitoids. April, 200 I 



6.115 

Nineteen analyses on 19 fragments are presented in Table t9996 4100 and shown on a 
concordia diagram in Figure t9996 4100. The data form a single age population, with 
X2 = 0.88. The age of 2632 ± 8 Ma is interpreted to be a metamorphic age for the granitoid. 

Table z9996 4100: SHRIMP zircon data for the Basin granite (UW A mount 99-43A). 

grain- U Th 41'206 ~7_PJl~ ~8.p~~ 2~_P_b~ ~7_P.b~ 2~8_pp~ cone. 2117PbI'Il6Pb 

spot (ppm) (ppm) (%) ""Pb- 206Pb· "SU "'u 232Th (%) age(Ma) 

2-1 342 72 0.228 0.1906 ± 6 0.0581 ± 9 0.5385 14.151 0.1479 101 2747 ± 6 
6-1 409 72 0.137 0.1899 ± 6 0.0477 ± 7 0.5369 14.061 0.1460 101 2742 ± 5 
14·1 483 234 0.339 0.1897 ± 6 0.0920 ± 9 0.4978 13.023 0.0945 95 2740 ± 5 
40·1 370 92 0.498 0.1913 ± 7 0.0568 ± 12 0.5295 13.963 0.1204 100 2753 ± 6 
26-1 64 64 0.063 0.1921 ± 15 0.2729 ± 29 0.5290 14.015 0.1453 99 2761 ± 12 
41-1 462 99 0.182 0.1904 ± 5 0.0567 ± 7 0.5252 13.786 0.1388 99 2745 ± 5 
42-1 407 88 0.119 0.1916 ± 5 0.0585 ± 7 0.5321 14.059 0.1442 100 2756 ± 5 
32-1 408 154 0.622 0.1890 ± 9 0.1087 ± 16 0.4988 12.995 0.1436 95 2733 ± 8 
31-1 136 142 0.102 0.1899 ± 10 0.2855 ± 20 0.5222 13.671 0.1429 99 2741 ± 9 
33-1 882 255 0.154 0.1892 ± 4 0.0750 ± 5 0.5111 13.334 0.1324 97 2735 ± 3 
35-1 443 147 0.279 0.1906 ± 6 0.0719 ± 9 0.5261 13.829 0.1144 99 2748 ± 5 
44-1 67 59 0.201 0.1908 ± 15 0.2491 ± 30 0.5330 14.021 0.1491 100 2749 ± 13 
45-1 101 69 0.321 0.1898 ±13 0.1749 ± 23 0.5144 13.462 0.1321 98 2740 ± 11 
46-1 515 146 0.290 0.1902 ± 5 0.0659 ± 8 0.5205 13.649 0.1212 98 2744 ± 5 
1-1 692 195 0.370 0.1896 ± 5 0.0756 ± 9 0.5436 14.214 0.1454 102 2739 ± 5 

>5% discordant 
7-1 368 92 0.433 0.1830 ± 8 0.0603 ± 13 0.4758 12.006 0.1154 94 2680 ± 7 
3-1 749 486 0.155 0.1854 ± 5 0.1787 ± 9 0.4370 11.172 0.1204 86 2702 ± 5 
39-1 151 143 4.518 0.1829 ± 34 0.2457 ± 76 0.4313 10.876 0.1113 86 2679 ± 31 
47-1 338 83 1.573 0.1891 ± 12 0.0529 ± 23 0.4696 12.246 0.1006 91 2735 ± 10 

Data 1/9/99 
UlPb scatter (la) for cz3 standard ~ 3.32% (n ~ 12) 

Table t9996 4100: SHRIMP titanite data for the Basin granite (UWA mount 99-36C). 

grain- U Th 41'206 ~7l9~ ~8_pJ>~ 2~_P_b~ ~7_P_b~ ~8_pJ>~ cone. 207PbP06Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb· "SU "'u 232Th (%) age (Ma) 

1-1 94 57 0.558 0.1792 ± 16 0.1734 ± 34 0.5160 12.753 0.1469 101 2646 ± 15 
2-1 98 38 0.611 0.1797 ± 15 0.1056 ± 30 0.5047 12.503 0.1379 99 2650 ± 14 
3-1 85 31 0.745 0.1778 ± 17 0.0992 ± 35 0.5081 12.455 0.1392 101 2632 ± 16 
4-1 105 29 0.537 0.1776 ± 15 0.0771 ± 28 0.5132 12.567 0.1412 101 2631 ± 14 
5-1 91 29 0.627 0.1777 ± 16 0.0871 ± 31 0.5257 12.880 0.1460 103 2631 ± 15 
6-1 120 52 0.507 0.1792 ±13 0.1222 ± 27 0.5061 12.502 0.1426 100 2645 ± 12 
7-1 114 55 0.578 0.1764 ± 14 0.1368 ± 29 0.5236 12.738 0.1469 104 2620 ± 13 
8-1 89 53 0.745 0.1771 ± 17 0.1638 ± 37 0.5201 12.702 0.1432 103 2626 ± 16 
9-1 76 23 1.238 0.1755 ± 29 0.0764 ± 58 0.4856 11.748 0.1214 98 2610 ± 27 
10-1 131 58 0.828 0.1753 ± 15 0.1223 ± 31 0.5249 12.685 0.1446 104 2609 ± 14 
11-1 189 7 0.243 0.1788 ± 9 0.0124 ± 12 0.5174 12.758 0.1670 102 2642 ± 9 
12-1 96 30 0.771 0.1781 ± 16 0.0889 ± 32 0.5209 12.793 0.1469 103 2635 ± 15 
13-1 114 74 0.697 0.1754 ± 17 0.1831 ± 37 0.4900 11.851 0.1378 98 2610 ± 16 
14-1 100 26 0.622 0.1790 ± 16 0.0730 ± 30 0.5248 12.952 0.1455 103 2644 ± 15 
15-1 67 27 0.901 0.1748 ± 21 0.1058 ± 44 0.5219 12.580 0.1356 104 2604 ± 20 
16-1 72 26 1.540 0.1775 ± 25 0.1060 ± 52 0.5108 12.500 0.1514 101 2630 ± 23 
17-1 65 24 0.722 0.1791 ± 20 0.1082 ± 40 0.5237 12.930 0.1534 103 2644 ± 18 
18-1 149 133 0.532 0.1759 ±13 0.2419 ± 30 0.4975 12.063 0.1350 100 2614 ± 12 
19-1 53 9 0.880 0.1790 ± 23 0.0515 ± 43 0.5210 12.856 0.1522 102 2643 ± 21 

Data 29/8/99. 
UlPb scatter (1 a) for Khan standard ~ 1.73% (n ~ 14 of 15). 
Common-Pb corrected using Cumming & Richards (1975) Model ill@ 2630 Ma. 
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Figure z9996 4100 : Concordia plot of SHRIMP zircon data for the Basin granite (UW A 
mount 99-43A). 
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Figure t9996 4100 : Concordia plot of SHRIMP titanite data for the Basin granite (UW A 
mount 99-36C). 
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9996 7049A: Foliated K-feldspar-porphyritic biotite granite, Goddard Quarry 

1:250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description oj zircons 

Kellerberrin (SH50 15) 
509600.0 mE, 6559250.0 mN 
Drilled and hammered from blasted rock in a rock quarry, near 
Goddard railway siding. 
Murchison 
Seven phases present in quarry. 9996 7049A is a foliated seriate to 
sparsely feldspar porphyritic medium-grained biotite monzogranite 
that forms the main nebuliticlbanded granite gneiss phase in the 
quarry. It contains some amphibolite enclaves and is intruded by 4 
granitoid phases (pegrnatitic granite, schlieren-rich feldspar 
porphyry, mafic granite dykes and microgranite) and late dolerite 
dykes. 
High-Ca group, Mainland association, Goddard nebulitic gniess clan 
233501 
99-33C 

The zircon population in this sample consists of one morphologic type of finely zoned 
subhedral grains, with most grains being 60-250 !lm long, with distinctively high aspect 
ratios of> 3: I for the majority of grains, up to -10: I. Grains are typically euhedral to 
subhedral in external morphology with continuous euhedral internal zoning from core to 
rim. Inclusions are relatively rare. The grains range from pale brown to dark brown in 
colour. Strong euhedral zoning observed in the grains in both optical and SEM images 
suggest high U-Th-contents and radiation damage. Discordant alteration patches are visible 
on SEM images of many grains, and overgrow the euhedral zoning. Some grains have 
more homogeneous core regions but there is no break in the euhedral growth from core to 
rim and they are not considered to be xenocrysts. Fracture networks indicative of high U
Th and radiation damage are common. The fractures and darker grains were avoided during 
data collection. 

Results and interpretation 

Twenty three analyses on 21 grains are presented in Table z9996 7049A and shown on a 
concordia diagram in Figure z9996 7049A. The overall pattern of discordance is not as 
extensive as expected for U abundance ranging up to -1000 ppm, and common-Pb 
corrections are generally not severe. Omitting all data that are >5% discordant, two 
apparent xenocrysts (-2840 Ma and -2890 Ma) and one (younger) statistical outlier leaves 
a coherent group of 15 points which gives an age of -2787 ± 4 Ma, with X2 

= 1.27. This 
age is interpreted to be the emplacement age of the granitoid. 
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Table z9996 7049A: SHRIMP zircon data for the biotite monzogranite, Goddard Quarry 
(UW A mount 99-33C). 

grain- U Th 41'206 207Pb* 208Pb* 2~.P.b~ 207Pb• 2OsPb* cone. 

spot (ppm) (ppm) (%) 206Pb* 206Pb* 238U "'u 2l2Th (%) 

Main group. 
65-2 91 36 0.019 0.1962 ± 19 0.1025 ± 20 0.5233 14.157 0.1371 97 
67-1 721 297 0.294 0.1959 ± 7 0.1125 ± 8 0.5386 14.544 0.1471 99 
72-1 713 418 0.150 0.1970 ± 7 0.1515 ± 8 0.5492 14.922 0.1418 101 
76-1 221 104 0.212 0.1950 ± 12 0.1280 ± 14 0.5537 14.884 0.1506 102 
87-1 811 189 1.220 0.1937 ± 9 0.0601 ± 14 0.5460 14.580 0.1408 101 
82-1 511 336 1.452 0.1959 ±11 0.1913 ± 20 0.5340 14.424 0.1554 99 
83-1 726 397 0.559 0.1945 ± 6 0.1408 ± 11 0.5327 14.284 0.1372 99 
89-1 183 103 0.000 0.1956 ± 9 0.1516 ± 11 0.5286 14.254 0.1424 98 
90-1 218 129 0.298 0.1944 ± 10 0.1539 ± 19 0.5144 13.787 0.1340 96 
77-1 902 508 0.166 0.1944 ± 4 0.1491 ± 7 0.5410 14.503 0.1432 100 
91-1 337 204 0.515 0.1955 ± 9 0.1678 ± 17 0.5156 13.901 0.1430 96 
69-1 248 94 0.152 0.1959 ± 8 0.1019 ± 12 0.5475 14.788 0.1474 101 
69-2 478 310 0.016 0.1955 ± 5 0.1749 ± 8 0.5266 14.197 0.1418 98 
92-1 620 92 0.054 0.1954 ± 5 0.0391 ± 5 0.5374 14.479 0.1421 99 
70-1 186 68 0.151 0.1953 ± 10 0.1013 ± 14 0.5381 14.491 0.1487 100 
>5% discordant. 
64-1 450 211 5.558 0.1881 ± 20 0.1961 ± 40 0.4854 12.589 0.2033 94 
88-1 861 276 0.111 0.1915 ± 6 0.0748 ± 5 0.4975 13.136 0.1160 94 
75-1 457 237 1.648 0.1947 ± 12 0.1330 ± 22 0.5028 13.501 0.1286 94 
84-1 608 367 1.228 0.1919 ± 9 0.1697 ± 19 0.4838 12.800 0.1360 92 
87-2 1061 415 0.143 0.1828 ± 5 0.1127 ± 8 0.4531 11.418 0.1306 90 
Young outlier. 
74-1 563 333 0.482 0.1924 ± 7 0.1721 ± 12 0.5024 13.329 0.1464 95 
Old outliers. 
63-1 420 284 9.793 0.2074 ± 30 0.2919 ± 65 0.5294 15.142 0.2284 95 
65-1 212 108 0.154 0.2017 ± 13 0.1333 ± 14 0.5281 14.683 0.1374 96 

Data 25/08/99 and 28/10/99. 
UlPb scalier (1 a) for cz3 standard; 2.10% (n; 11) and 1.77% (n; 5). 
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Figure z9996 7049 A: Concordia plot showing all SHRIMP analytical data for the biotite 
monzogranite, Goddard Quarry (UW A mount 99-33C). 
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1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description of zircons 

6.119 

9996 7055: biotite monzogranite, Fox Lair 

Bencubbin (SH5011) 
538400.0 mE, 6611000.0 mN 
Hammered from large pile of blasted rock on west side of road. 
Murchison 
Massive, homogeneous equigranular medium-grained fluorite-rich 
biotite monzogranite intrusive into porphyritic biotite monzogranite 
(sample 9996 7054A). Cut by rare thin pegmatite dykes. 
Low-Ca group, Goolthan association, Knungomen clan 
2336023 
99-34A 

The zircon population in this sample consists of one morphologic type of finely zoned 
euhedral grains, with most grains being 80-200 !lm long, with a range of aspect ratios from 
-2: 1 for the majority to -5: I, particularly for longer grains. Grains are typically euhedral to 
subhedral in external morphology with continuous euhedral internal zoning from core to 
rim. Inclusions are rare. The grains range from pale brown to dark brown to nearly opaque 
in colour, with the majority being dark. Strong euhedral zoning observed on both optical 
and SEM images suggest high U-Th-contents and radiation damage. Discordant alteration 
patches are visible on SEM images of most grains, and overgrow the euhedral zoning. 
Some grains have more homogeneous core regions but there is no break in the euhedral 
growth from core to rim and they are not considered to be xenocrysts. Some grains have 
fracture networks typical ofhigh-U grains, which have significant metamictisation. The 
fractures and dark grains were avoided during data collection. Analyses were taken from 
both euhedrally zoned regions and alteration patches, and yielded indistinguishable ages. 

Results and interpretation 

Twenty analyses on 16 grains are presented in Table z9996 7055 and shown on a concordia 
diagram in Figure z9996 7055. Despite having U contents up to -700 ppm the data are 
almost all concordant and have very low common-Ph contamination. The data all fall in a 
single concordant cluster, but three are omitted from the age determination on the grounds 
of marginal discordance and common-Pb corrections. The remaining group of 17 analyses 
has a X2 of 0.98. The corresponding age is 2641 ± 5 Ma; this is interpreted as the 
emplacement age of the granitoid. 
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Table z9996 7055: SHRIMP zircon data for the biotite monzogranite, Fox Lair (UWA 
mount 99-34A). 

grain- U Th 41206 207Pb• 208Pb• 206Pb· 207Pb• 208Ph' cone. 2'''Pb/20'Pb 

spot (ppm) (ppm) (%) Z06Pb· 206Pb' "'U 235U 232Th (%) age (Ma) 

Main group. 
35-1 505 410 0.095 0.1787 ± 6 0.2185 ± II 0.5093 12.549 0.1369 100 2641 ± 6 
56-1 34 45 1.087 0.1756 ± 43 0.3410 ± 98 0.5156 12.484. 0.1357 103 2612 ± 41 
58-1 697 278 0.171 0.1785 ± 5 0.1056 ± 8 0.5289 13.020 0.1399 104 2639 ± 5 
57-1 181 237 0.470 0.1774 ± 14 0.3536 ± 32 . 0.4983 12.190 0.1348 99 2629 ± 13 
60-1 179 232 0.381 0.1773 ± 13 0.3573 ± 29 0.5270 12.881 0.1454 104 2628 ± 12 
43-1 103 134 0.176 0.1772 ± 17 0.3446 ± 39 0.4959 12.118 0.1322 99 2627 ± 16 
46-1 131 146 0.120 0.1790 ± 12 0.3084 ± 25 0.5015 12.381 0.1382 99 2644 ± II 
46-2 95 95 0.000 0.1799 ± II 0.2811 ± 22 0.5068 12.567 0.1424 100 2652 ± 10 
44-1 170 201 0.084 0.1801 ± 10 0.3393 ± 23 0.4852 12.052 0.1395 96 2654 ± 9 
43-2 96 121 0.047 0.1790 ± 14 0.3481 ± 32 0.5064 12.501 0.1394 100 2644 ± 13 
42-1 114 242 0.000 0.1789 ± 10 0.5709 ± 31 0.5048 12.453 0.1362 100 2643 ± 9 
40-1 78 92 0.121 0.1789 ± 16 0.3242 ± 35 0.5080 12532 0.1399 100 2643 ± 15 
36-2 76 98 0.168 0.1779 ± 16 0.3557 ± 37 0.5014 12.296 0.1384 99 2633 ± 15 
50-1 297 313 0.060 0.1778 ± 7 0.2916 ± 15 0.5029 12.327 0.1394 100 2632 ± 7 
60-2 452 343 0.072 0.1798 ± 6 0.2119 ± 10 0.5013 12.424 0.1398 99 2651 ± 5 
61-1 102 161 0.247 0.1764 ± 14 0.4282 ± 34 0.5115 12.438 0.1392 102 2619 ± 13 
62-1 135 222 0.070 0.1802 ± 12. 0.4652 ± 31 0.4989 12.396 0.1410 98 2655 ± II 
>5% discordant. PblTh discordant or 4f206>2%. 
40-1 479 254 0.254 0.1779 ± 7 0.1249 ± 12 0.4987 12.234 0.1175 99 2634 ± 7 
39-1 92 98 0.242 0.1809 ± 20 0.2896 ± 43 0.4764 11.884 0.1300 94 2661 ± 18 
49-1 204 353 2581 0.1791 ± 22 0.4030 ± 50 0.4936 12.193 0.1149 98 2645 ± 20 

Data 27/09/99 and 25/10199. 
UlPb scatter (I 0) for cz3 standard ~ 251 % (n ~ 5) and 2.36% (n ~ 9). 
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Figure z9996 7055: Concordia plot of all SHRIMP zircon data for the biotite 
monzogranite, Fox Lair (UW A mount 99-34A). 
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9996 7066: K-feldspar-porphyritic biotite monzogranite, Namban 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Description of zircons 

Moora (SH501O) 
411940.0 mE, 6644575.0 mN 
A small quarry, south of road, in the Namban Granite; hammered 
from blasted rock. 
Murchison 
Least-altered, strongly K-feldspar porphyritic coarse-grained biotite 
monzogranite. Contains minor granitoid xenoliths and cut by brittle 
faults and fractures with associated minor wallrock alteration. Cut 
by late dolerite dykes. 
Low-Ca group, Goolthan association, Namban clan 
213701 
99-28C (zircon) and 99-24E (titanite) 

The zircon population in this sample consists of one morphologic type of euhedral to 
subhedral grains, with most grains being 60-200 )lm long, with a range of aspect ratios 
from -2: I for the majority to -5: I. In their internal morphology, grains typically have faint 
continuous euhedral internal zoning from core to rim, with the rims showing stronger 
zoning. Inclusions are relati vely rare. The majority of grains are pale brown to mauve in 
colour with a minority grading to darker brown. The lack of strong euhedral zoning in both 
optical and SEM images and pale colour of the majority of grains suggest low U-Th
contents and little radiation damage. 

Description of titanites 

The titanites from this sample are all 50-200 )lm fragments of larger grains. Only rarely do 
grains show growth surfaces; most surfaces are fractures. The grains are pale brown to 
honey brown to dark brown in colour. Some grains or parts of grains are almost black and 
have evenly distributed dense and very fine inclusion populations. Areas of SHRIMP 
analysis were in clean parts of the grains, avoiding inclusions and fractures. 

Results and interpretation 

Zircon 

Twenty two analyses on 12 grains are presented in Table z9996 7066 and shown on a 
concordia diagram in Figure z9996 7066. Omitting two statistical outliers, the population 
comprising the remaining 20 concordant analyses has a X2 of 1.14. This is interpreted as a 
single age population at 2646 ± 5 Ma. 

Titanite 

Thirty two analyses were obtained from 16 fragments. The U abundances are all -100 ppm 
and the common Pb corrections are all small. The data show a tight grouping in both 
207PbPo6Pb and PblU, which is taken as evidence that these data are concordant. All 32 
analyses form a single age population with X2 = 0.68. The corresponding age of 
2638 ±7 Ma. 
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The zircon and titanite ages agree, within analytical uncertainty, and the 2643 ± 4 Ma age 
from the combined 207PbFo6Pb data is interpreted to be the emplacement age of the granite. 

Table z9996 7066: SHRIMP zircon data for the K-feldspar-phyric biotite granite, Namban 
(UW A mount 99-28C). 

grain- u Th 41'206 2O'Pb· 208Pb· 2{l6Pb· 207Pb· 208Pb· cone. 207PbP06Pb 

spot (ppm) (ppm) (%) 2015Pb· 206Pb· '''u 235U 232Th (%) age (Ma) 

Main group. 
25-1 196 149 0.059 0.1789 ± 9 0.2026 ± 16 0.4940 12.186 0.1316 98 2643 ± 8 
25-2 127 119 0.000 0.1816 ± 10 0.2500 ± 19 0.5042 12.623 0.1341 99 2667 ± 10 
19-1 209 223 0.068 0.1785 ± 8 0.2860 ± 17 0.4941 12.162 0.1325 98 2639 ± 8 
19-2 105 165 0.105 0.1792 ± 15 0.4110 ± 36 0.4926 12.174 0.1291 98 2646 ± 14 
20-1 104 135 0.023 0.1798 ± 12 0.3439 ± 26 0.5023 12.454 0.1330 99 2651 ± 11 
21-1 85 93 0.000 0.1800 ± 12 0.2895 ± 25 0.4859 12.059 0.1294 96 2653 ± 11 
17-1 41 62 0.126 0.1831 ± 26 0.3919 ± 61 0.4862 12.271 0.1258 95 2681 ± 24 
17-2 70 127 0.053 0.1802 ± 18 0.4934 ± 48 0.4916 12.215 0.1334 97 2655 ± 17 
18-1 76 141 0.119 0.1799 ± 16 0.4985 ± 43 0.4893 12.133 0.1317 97 2652 ± 15 
13-1 67 85 0.000 0.1786 ± 14 0.3396 ± 32 0.4745 11.689 0.1275 95 2640 ± 13 
13-2 111 153 0.000 0.1781 ± 11 0.3643 ± 25 0.4938 12.127 0.1303 98 2636 ± 10 
14-1 253 79 0.044 0.1787 ± 8 0.0819 ±IO 0.4917 12.114 0.1284 98 2641 ± 7 
14-2 229 203 0.014 0.1788 ± 9 0.2388 ± 17 0.4936 12.172 0.1330 98 2642 ± 8 
11-1 59 49 0.079 0.1789 ± 16 0.2228 ± 31 0.4940 12.188 0.1331 98 2643 ± 15 
11-2 43 75 0.000 0.1812 ± 15 0.4671 ± 41 0.5013 12.522 0.1358 98 2663 ± 14 
12-1 130 130 0.091 0.1804 ± 10 0.2610 ± 19 0.4943 12.294 0.1292 97 2656 ± 9 
12-2 202 299 0.030 0.1783 ± 7 0.3985 ± 18 0.5021 12.345 0.1354 99 2637 ± 7 
27-1 296 248 0.000 0.1801 ± 6 0.2294 ± 10 0.4995 12.404 0.1367 98 2654 ± 5 
27-2 97 135 0.088 0.1783 ± 12 0.3709 ± 28 0.5151 12.661 0.1381 102 2637 ± 11 
28-2 104 146 0.058 0.1770 ±11 0.3847 ± 26 0.4790 11.689 0.1309 96 2625 ± 10 
Young outliers. 
21-2 109 114 0.053 0.1758 ± 12 0.2749 ± 25 0.4888 11.850 0.1284 98 2614 ± 12 
28-1 212 192 0.073 0.1764 ± 8 0.2373 ± 15 0.4957 12.059 0.1296 99 2620 ± 7 

Data 15108199 and 17108199. 
UfPb scaner (10) for cz3 standard ~ 1.47% (n ~ 6) and 1.41% (n ~ 15). 
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Figure z9996 7066: Concordia plot of all SHRIMP zircon data for the K-feldspar-phyric 

biotite granite, Namban (UW A mount 99-28C). 
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Table t9996 7066: SHRIMP titanite data for the K-feldspar-phyric biotite granite, Namban 
(UW A mount 99-24E). 

grain- U Th' 41206 2O'Pb* 208Pb* "'Pb* 207Pb* # 2O'Pb/206Pb cone. 

spot (ppm) (ppm) (%) 206Pb* '"'Pb* "'U 23SU (%) age (Ma) 

1-4 214 162 0.480 0.1803 ± 11 0.2330 ± 22 0.5092 12.656 100 2655 ± 10 
2-4 101 63 0.751 0.1790 ± 18 0.1985 ± 37 0.4979 12.287 99 2643 ± 17 
3-2 87 863 1.907 0.1738 ± 29 3.0160 ±174 0.5146 12.333 103 2595 ± 28 
4-2 114 554 0.950 0.1799 ± 18 1.5052 ± 76 0.5128 12.716 101 2652 ± 16 
5-1 83 97 0.789 0.1779 ± 23 0.3652 ± 52 0.5277 12.941 104 2633 ± 21 
5-2 104 440 0.828 0.1764 ± 20 1.2980 ± 76 0.5130 12.480 102 2620 ± 19 
5-3 106 63 0.805 0.1785 ± 19 0.1799 ±37 0.5493 13.520 107 2639 ± 17 
5-4 111 446 0.639 0.1800 ± 20 1.2448 ± 75 0.5324 13.211 104 2652 ± 18 
6-1 78 693 1.229 0.1770 ± 27 2.7033 ±160 0.5290 12.913 104 2625 ± 26 
6-2 80 748 1.455 0.1793 ± 28 2.8489 ±169 0.5209 12.873 102 2646 ± 26 
7-1 103 469 0.869 0.1777 ± 20 1.3836 ± 82 0.5286 12.953 104 2632 ± 19 
7-2 103 394 1.269 0.1766 ± 22 1.1609 ± 75 0.5188 12.632 103 2621 ± 20 
8-1 171 266 0.539 0.1770 ± 14 0.4691 ± 36 0.5166 12.605 102 2625 ± 13 
8-2 118 350 0.741 0.1774 ± 18 0.9415 ± 60 0.5069 12.402 101 2629 ± 17 
9-1 113 419 1.254 0.1761 ± 21 1.1383 ± 71 0.5341 12.97\ 105 2617 ± 19 
9-2 82 778 1.300 0.1806 ± 31 2.8567 ±179 0.5098 12.692 100 2658 ± 28 
10-1 146 226 0.411 0.1794 ±13 0.4717 ± 33 0.5251 12.988 103 2647 ± 12 
10-2 118 363 0.837 0.1790 ± 18 0.9469 ± 61 0.4993 12.320 99 2643 ± 17 
10-3 117 408 0.756 0.1806 ± 20 1.0761 ± 70 0.5117 12.740 100 2658 ± 18 
11-1 93 554 1.097 0.1772 ± 23 1.7996 ±105 0.5353 13.079 105 2627 ± 21 
11-2 80 694 1.090 0.1816 ± 27 2.7034 ±161 0.5217 13.067 101 2668 ± 25 
12-1 150 317 2.054 0.1789 ± 23 0.6672 ± 59 0.5368 13.243 105 2643 ± 21 
12-2 99 553 1.151 0.1801 ± 24 1.7999 ±108 0.5284 13.125 103 2654 ± 22 
12-3 113 435 1.404 0.1758 ± 24 1.1978 ± 84 0.5038 12.2\0 \01 2613 ± 23 
13-1 125 177 0.777 0.1772 ± 19 0.4311 ± 45 0.5012 12.245 100 2627 ± 17 
13-2 132 136 0.776 0.1778 ± 17 0.3145 ± 37 0.5121 12.555 101 2633 ± 16 
13-3 130 190 0.685 0.1785 ± 17 0.4508 ± 41 0.5274 12.982 103 2639 ± 16 
14-1 117 568 1.262 0.1747 ± 26 1.4585 ±102 0.4945 11.913 99 2603 ± 24 
15-1 224 233 0.317 0.1784 ± 12 0.3169 ± 26 0.5294 13.024 104 2638 ± 11 
15-2 113 353 2.069 0.1812 ± 27 0.9589 ± 79 0.5109 12.765 100 2664 ± 25 
15-3 83 563 1.462 0.1764 ± 27 2.0577 ±129 0.5208 12.669 103 2620 ± 26 
16-1 90 587 0.952 0.1796 ± 24 2.0057 ±120 0.5126 12.691 101 2649 ± 23 

Data 11112199 (4 spots), and 18/01100. 
UlPb scatter (1 0) for Khan standard ~ 1.36% (n ~ 13) and 2.50% (n ~ 15). 
Common-Pb corrected using Cumming & Richards (1975) Model ill@ 2640 Ma. 
# Analysed using N02- primary ion beam. 

PblU calibration might be slightly disturbed. 
TIVU calibration is not reliable; Th abundances are indicative only, and Pb/Th are not reported. 

AMIRA P4821MERIW A M281 - Yilgam Granitoids. April, 200 1 



6.125 

0.60 ,.---"T"""----r-----,---.,----,------r-----, 

0.55 

206 Pb 
238 U 

0.50 

99.,24E; 99967066 
titanite 

t = 2638 ± 7 Ma 
n = 32 
X2 = 0.68 

0.45 1..-__ ....L.. __ ---' ___ ...1.... __ ---L ___ .L..-__ ....L.. __ --.J 

11 12 13 14 

207 Pb /235 U 
Figure t9996 7066: Concordia plot of SHRIMP titanite data for the K-feldspar-phyric 

biotite granite, Namban (UW A mount 99-24E). 
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Figure c9996 7066: Concordia plot of titanite (light shaded) and zircon SHRIMP data for 
the K-feldspar-phyric biotite granite, Namban. 
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9996 7082C: augen gneiss xenolith, Dookaling 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Description of zircons 

Moora (SH5010) 
448285.0 mE, 6629400.0 mN 
Drilled and hammered from blasted rock south of road. 
Murchison 
Sample is from a large xenolith of strongly feldspar porphyroblastic 
medium-grained biotite augen gneiss within a relatively 
homogeneous fine-grained biotite granite. Other xenoliths of banded 
granitic gneiss. Biotite granite also contains biotite-rich clots and 
schlieren. All rocks cut by minor pegmatites and rare quartz veins 
High-Ca group, Mainland association, Cootaning clan 
213722 
99-28B (zircon) and 99-240 (titanite) 

The zircon population in this sample consists of one morphologic type. However, the 
grains are distinctive by ranging from euhedral to subhedral to anhedral and are considered 
unlikely to be of one generation. Most grains are 60-120 vm long, with a range of aspect 
ratios from -1-2: 1 for the majority to -5: I. Some grains are distinctly corroded. In their 
internal morphology, grains range from faint continuous euhedral internal zoning from core 
to rim to partially recrystallised. The former dominate. There is a gradation between these 
two end members with progressive recrystallisation overprinting the euhedral zoning, 
particularly in the more strongly zoned rims areas. Inclusions are rare. The grains range 
from pale brown to dark brown in colour. Strong euhedral zoning observed towards the 
rims of some grains in both optical and SEM images suggest high U-Th-contents and 
radiation damage. Fracture networks indicative of radiation damage from high U-Th 
contents are common. Some grains have more homogeneous core regions but there is no 
break in the euhedral growth from core to rim and they are not considered to be xenocrysts. 
The different age populations in the sample could not be identified on morphological 
grounds. 

Description of titanites 

The titanites from this sample are all 50-200 vm fragments of larger grains. Only rarely do 
grains show growth surfaces; most surfaces are fractures. The grains are pale brown to dark 
brown in colour. Some grains or parts of grains are almost black and have evenly 
distributed dense and very fine inclusion popUlations. Areas of SHRIMP analysis were in 
clean parts of the grains, avoiding inclusions and fractures. 

Results and interpretation 

Zircon 

Twenty three analyses were obtained from 22 grains. The data are all concordant and have 
very low common-Pb contamination. The data fall into three distinct groups: a cluster of 16 
at -2940 Ma, several at -2900 Ma and a group off our at -2750 Ma. All of these groups 
show scatter in excess of experimental uncertainties. 

Titanite 
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Twenty one analyses were obtained from 21 fragments. The U abundances are -100 ppm 
and the common Pb corrections are all small. The data show a tight grouping in both 
207PbPo6Pb and Pb/U, which is taken as evidence that these data are concordant. Omitting 
four statistical (old) outliers leaves a single age population of 17 analyses with 'l = 0.45. 
The corresponding age of 2619 ±8 Ma. 

The titanite date is distinct from all the zircon data groups. The 2940 ± 5 Ma zircon age is 
probably the magmatic age if the granitoid from which the xenolith was derived and the 
titanite age of 2619 ± 8 Ma is considered to be the age of the granitoid in which it now sits. 
It is not clear whether the intermediate zircon dates represent discrete events experienced 
by the xenolith; they could represent partial'resetting of 2940 Ma zircons at 2619 Ma, 
although the clustering suggests discrete events. 
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Table z9996 7082C: SHRIMP zircon data for the augen gneiss xenolith, Dookaling (UW A 
mount 99-28B). 

grain- U Tb 41206 ~7.PJl~ ~8.P.b~ 2~.p»~ ~7_pp~ 2OsPb· conc. '(>7pb/lO'Pb 

spot (ppm) (ppm) (%) 206Pb' 206Pb' 

Old group. 
53-1 214 140 0.097 0.2141 ± 8 0.1716 ± 12 
64-1 127 III 0.020 0.2122 ± 10 0.2270 ± 16 
63-1 173 113 0.000 0.2125 ± 8 0.1744 ±II 
67-1 804 339 0.021 0.2145 ± 4 0.1105 ± 4 
68-1 662 141 0.006 0.2165 ± 4 0.0554 ± 3 
62-1 255 92 Om5 0.2133 ± 7 0.0937 ± 8 
61-1 149 III 0.097 0.2141 ±II 0.1914 ± 18 
69-1 357 163 0.004 0.2164 ± 6 0.1203 ± 7 
70-1 651 104 0.026 0.2135 ± 4 0.0414 ± 3 
60-1 262 184 0.139 0.2137 ± 7 0.1837 ±II 
71-1 598 142 0.095 0.2149 ± 5 0.0633 ± 5 
72-1 270 101 0.105 0.2132 ± 7 0.0971 ± 9 
73-1 342 115 0.069 0.2143 ± 6 0.0883 ± 7 
74-1 190 93 0.089 0.2161 ± 8 0.1304 ± 11 
79-1 186 123 0.179 0.2130 ± 9 0.1769 ± 15 
63-2 308 199 0.051 0.2136 ± 6 0.1687 ± 9 
Young group. 
65-1 607 105 0.064 0.1913 ± 4 0.0464 ± 4 
56-1 444 63 0.018 0.1892 ± 5 0.0395 ± 4 
77-1 934 95 0.032 0.1908 ± 3 0.0243 ± 3 
78-1 867 63 0.026 0.1906 ± 3 0.0194 ± 2 
?mixed ages. 
66-1 379 180 0.099 0.2095 ± 6 0.1236 ± 8 
75-1 629 87 0.013 0.2094 ± 4 0.0365 ± 3 
76-1 234 82 0.080 0.2109 ± 8 0.0908 ± 9 

Data 17/08/99. 
UlPb scatter (1 0) for cz3 standard = 1.41 % (n = 15). 
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Figure z9996 7082C: Concordia plot of all SHRIMP :zircon data for the augen gneiss 
xenolith, Dookaling (UW A mount 99-28B). 
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Table t9996 7082C: SHRIMP titanite data for the augen gneiss xenolith, Oookaling 
(UW A mount 99-240). 

grain- u Th' 41'206 207Pb* 203Pb* 206Pb* 207Pb* # 
cone. 

spot (ppm) (ppm) (%) 206Pb* 206Pb· 23'U 2JSU (%) 

Main group. 
1-1 110 49 0.602 0.1757 ± 17 0.1333 ± 31 0.4833 11.710 97 
2-1 102 37 0.458 0.1770 ± 15 0.1024 ± 27 0.4799 11.710 96 
3-1 45 20 0.870 0.1752 ± 27 0.1377 ± 54 0.4629 11.184 94 
5-1 143 35 0.474 0.1752 ± 13 0.0707 ± 23 0.4990 12.053 100 
6-1 140 97 0.498 0.1767 ± 12 0.2064 ± 24 0.4706 11.464 95 
8-1 94 82 0.543 0.1746 ± 18 0.2738 ± 38 0.4671 11.245 95 
9-1 147 71 0.652 0.1763 ± 14 0.1442 ± 26 0.4975 12.093 99 
10-1 107 34 0.409 0.1767 ± 14 0.0947 ± 24 0.4938 12.031 99 
12-1 104 25 0.337 0.1770 ± 16 0.0758 ± 26 0.4757 11.611 96 
13-1 102 11 0.470 0.1783 ± 18 0.0352 ± 30 0.4641 11.411 93 
14-1 115 54 0.414 0.1773 ± 14 0.1442 ± 26 0.4755 11.622 95 
15-1 139 13 0.524 0.1745 ± 14 0.0246 ± 23 0.4797 11.539 97 
16-1 96 57 0.474 0.1776 ± 15 0.1821 ± 30 0.4923 12.057 98 
17-1 94 24 0.481 0.1753 ± 16 0.0753 ± 29 0.4950 11.964 99 
18-1 138 52 0.490 0.1760 ± 15 0.1131 ± 27 0.4936 11.976 99 
19-1 137 43 0.688 0.1765 ± 14 0.0931 ± 25 0.4852 11.809 97 
20-1 135 44 0.382 0.1771 ± 15 0.0981 ± 26 0.5002 12.212 100 
Old outliers. 
4-1 89 9 0.198 0.1815 ± 16 0.0366 ± 25 0.4733 11.847 94 
7-1 180 76 0.150 0.1798 ± 10 0.1332 ± 17 0.5157 12.787 101 
11-1 122 24 0.217 0.1798 ± 14 0.0641 ± 23 0.4865 12.061 96 
21-1 86 39 0.219 0.1790 ± 19 0.1459 ± 34 0.5251 12.961 103 

Data 11112/99. 
UlPb scatter (10) for Khan standard = 1.36% (n = 13). 
Common-Pb corrected using Cumming & Richards (1975) Model ill@2620Ma. 
# Analysed using N~- primary ion beam. 

PbIU calibration might be slightly disturbed. 
Th/U calibration is not reliable; Th abundances are indicative only, and Pb/Th are not reported. 
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Figure t9996 7082C: Concordia plot of SHRIMP titanite data for the augen gneiss xenolith, 

Oookaling (UW A mount 99-240). 
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Figure c9996 7082C: Concordia plot of titanite and zircon SHRIMP data for the augen 
gneiss xenolith, Dookaling. 
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99967114: biotite granodiorite, Telegootherra 

1:250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description a/zircons 

Cue (SG5015) 
544607.6 mE, 6998801.7 mN 
Drilled and hammered from outcrop of Telegootherra granite, south 
of Solomon open pit emerald mine, Poona greenstone belt. Also 
close to greisen-related tin mineralisation. 
Murchison 
Small pluton of sparsely feldspar-porphyritic fine-grained biotite 
granodiorite. Rare to minor thin quartz veins and pegmatites cut the 
granitoid. 
Low-Ca group, Goolthan association, Goolthan clan 
244301 
99-84B 

The zircon population in this sample consists of one morphologic type of zoned euhedral to 
subhedral grains, with most grains being 60-1 00 ~m long, with a restricted range of aspect 
ratios from -1-3: I. Grains are typically euhedral to subhedral in external morphology with 
continuous euhedral internal zoning from core to rim. Inclusions are relatively common 
and occur throughout grains. The grains range from pale brown to dark brown to nearly 
opaque in colour with most being dark. Strong euhedral zoning observed on both optical 
and SEM images suggest high V-Th-contents and radiation damage. Discordant alteration 
patches are visible on SEM images of most grains, and overgrow the euhedral zoning. A 
minority of grains, which tend to be subhedral or fragments, are lighter coloured and have 
faint zoning. Most grains have fracture networks typical of high-V grains, which have 
significant metamictisation. The alteration patches and fractures, and dark grains were 
avoided during data collection. 

Results and interpretation 

This sample gives zircon SHRIMP data similar to that from other highly radiogenic 
samples analyses in this project. In this case analyses were discontinued after only six 
completed analyses when it became apparent that there were few, if any, zircons that had 
tolerable V contents and preserved V-Pb systems. 

Titanite was sought in this sample, but none was found. 
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Table z9996 7114: SHRIMP zircon data for the biotite granodiorite, Telegootherra (UWA 
mount 99-848). 

grain- U Tb 41'206 ~'.p~~ ~8.p~~ 2~_P.b~ ~7.pp~ 2~3_pp~ cone. 2()7Pb/206Pb 

spot (ppm) (ppm) (%) ""Ph" 206Pb· 2J8U "'u "'Tb (%) age (Ma) 

1-1 1267 1874 3.077 0.1578 ± 7 0.3917 ± 18 0.3694 8.035 0.0979 83 2432 ± 8 
2-1 1105 980 7.104 0.1585 ± 12 0.2994 ± 27 0.3568 7.799 0.1204 81 2440 ± 13 
3-1 70 154 0.084 0.1775 ±13 0.6029 ± 38 0.4936 12.080 0.1350 98 2630 ± 12 
4-1 1549 2248 71.001 0.1388 ± 75 1.8638 ±223 0.2658 5.088 0.3413 69 2213 ± 94 
5-1 1158 1602 4.416 0.1558 ± 10 0.4055 ± 23 0.3413 7.331 0.1000 79 2411 ± 11 
6-1 73 72 0.023 0.1836 ± 14 0.2641 ± 29 0.5125 12.971 0.1370 99 2685 ± 13 

Data 14/3/00 
UlPb scatter (1,,) for cz3 standard ~ 0.84% (n ~ 7). 
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Figure z9996 7114: Concordia plot of SHRIMP zircon data for the biotite granodiorite, 
Telegootherra (UWA mount 99-848). 
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99967141: granophyric biotite-amphibole granodiorite, Keygo 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description of zircons 

Cue (SG5015) 
533337.6 mE, 6928726.7 mN 
Blasted from outcrop of Keygo granodiorite on south side of road 
Murchison 
Granophyric-textured fine-medium-grained biotite-amphibole 
granodiorite. Quartz occurs as partly resorbed bipyramidal and/or 
fractured phenocrysts, and as granophyric intergrowths with 
plagioclase. Small lath-shaped phenocrysts of plagioclase. 'Skeletal' 
aggregates of amphibole and secondary biotite. Textures are 
interpreted to indicate high-level emplacement that has been affected 
by later alteration/metamorphism. 
High-HFSE group, Damperwah association, Nannine clan 
234208 
A-15C 

The zircon population in this sample consists of one morphologic type of finely zoned 
euhedral to subhedral grains, with most grains being -30-40 11m long, with a restricted 
range of aspect ratios from -1-2: I. Grains are typically euhedral to subhedral in external 
morphology with continuous euhedral internal zoning from core to rim. Inclusions are rare. 
The grains range from pale brown to darker brown in colour. Strong euhedral zoning 
observed on both optical and SEM images suggest high U-Th-contents and radiation 
damage. Discordant alteration patches are visible on SEM images of all grains, and 
overgrow the euhedral zoning. A few grains have more homogeneous core regions but 
there is no break in the euhedral growth from core to rim and they are not considered to be 
xenocrysts. Many grains have pervasive fracture networks typical ofhigh-U grains, which 
have significant metamictisation. Due to the small grain size relative to the size of the 
SHRIMP spot, the alteration patches and fractures could not be avoided during data 
collection, which limited data quality. 

Results and interpretation 

Although the U contents of these zircons are not high, they give SHRIMP data similar to 
that from some of the more highly radiogenic samples analyses in this project. Most grains 
have high common Pb and give highly discordant data; many analyses were aborted. 
Analyses were discontinued after only six completed analyses when it became apparent· 
that few of these zircons had well-preserved U-Ph systems. There is no evidence for 
multiple age groups or Archaean resetting of these samples. The data suggest an age 
-2745 Ma. 
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Table z9996 7141 SHRIMP zircon data for the granodiorite, Keygo (UWA mount A-1SC). 

grain- U Th 41206 ~7_pJ>~ ~s.PJ>~ 2~.P_b~ ~7_pJ>~ ~_p!>~ cone. 2<l7Pbt'(IOPb 

spot (ppm) (ppm) (%) 206Pb· 206Pb· "'u 23'1; "'Th (%) age (Ma) 

10-1 389 182 0.121 0.1902 ± 6 0.1498 ± 10 0.4656 12.211 0.1493 90 2744 ± 5 
11-1 330 164 0.066 0.1902 ± 6 0.1385 ± 9 0.5136 13.473 0.1436 97 2744 ± 5 
12-1 676 293 0.877 0.1904 ± 8 0.2310 ± 16 0.3712 9.746 0.1977 74 2746 ± 7 
13-1 393 209 0.041 0.1902 ± 6 0.1419 ± 8 0.5207 13.652 0.1386 98 2743 ± 5 
14-1 407 187 0.262 0.1898 ± 7 0.1624 ± 12 0.4533 11.864 0.1606 88 2741 ± 6 
15-1 343 413 0.324 0.1909 ± 7 0.3084 ± 15 0.5191 13.667 0.1333 98 2750 ± 6 

Data 10/6/00. 
UlPb scatter (1 0) for cz3 standard = 0.86% (0 = 7). 
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Figure z9996 7141: Concordia plot of SHRIMP zircon data for the granodiorite, Keygo 
(UWAmount A-1SC). 
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1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description o/zircons 

6.135 

9996 7170A: biotite diorite, BuUsbead 

Leonora (SH5\o1) 
319920.8 mE, 6862804 mN 
Celtic Prospect drillhole CRDD2, depth interval 174.10-175.60 m; 
Prospect is in the Teutonic Bore district 
Eastern Goldfields 
'Least-altered' seriate fme- to medium-grained biotite diorite dyke 
or pluton. Diorite dykes and small plutons are complexly 
interfmgered with deformed supracrustal sequence and/or 
supracrustal xenoliths. Hydrothermal alteration comprises hematite 
staining with chlorite and carbonate. 
High-HFSE group, Kookynie association, Bullshead clan 
314126 
99-84C 

The small zircon population in this sample consists of one morphologic type of zoned 
subhedral grains, with most grains being 60-120 /lm long, with a range of aspect ratios 
from -1: 1 to -3-4: 1. Grains are typically subhedral or fragments in external morphology 
with continuous euhedral internal zoning from core to rim. Inclusions are rare. The grains 
range from pale brown to dark brown to nearly opaque in colour, with the latter dominant. 
Strong euhedral zoning observed on both optical and SEM images suggest high U-Th
contents and radiation damage. Discordant alteration patches are visible on SEM images of 
most grains, and overgrow the euhedral zoning. In many grains, the euhedral zoning has 
been completely overprinted. Some grains have more homogeneous core regions but there 
is no break in the euhedral growth from core to rim and they are not considered to be 
xenocrysts. Almost all grains have fracture networks typical of high-U grains, which have 
significant metarnictisation. Almost all the grains are unsuitable for analysis. 

Results and interpretation 

Preliminary SHRIMP examination of this sample showed data characteristics similar to 
9996 7114 and 9996 7141, and analyses were discontinued. 
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9996 7174A: Flow-aligned strongly K-feldspar-phyric syenite, WaUaby 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 

Laverton (SH51 02) 
432489.9 mE, 6808160 mN 
Wallaby prospect drillhole WBAD 081, depth interval 227.55-
229.20 m 
Eastern Goldfields 
'Least-altered',. Hydrothermal alteration minerals include biotite, 
hematite and minor sericite and pyrite. 
Syenite group, Gilgarna association, Wallaby clan 
334022 

No zircons or titanites were recovered from this sample 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 

99967176: Carbonatite, Wallaby 

Laverton (SH5I02) 
432489.9 mE, 6808160 mN 
Wallaby prospect drillhole WBAD 066; depth interval 173.45-
175.80 m 

Eastern Goldfields 
Pyroxene-bearing carbonatite. Pyroxene altered to purple alkali
amphibole. 
Carbonatite group 
334023 

No zircons or titanites were recovered from this sample 
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999671778: K-feldspar-phyric carhonatitic syenite, Wallaby 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Laverton (SH5102) 
432489.9 mE, 6808160 mN 
Wallaby prospect drillhole WBAD 101, depth interval 219.00-
220.25 m 
Eastern Goldfields 
Weakly altered, K-feldspar-phyric carbonatitic syenite. Syenite 
contains large euhedral titanite grains. Alteration minerals include 
carbonate, hematite, sericite and pyrite. 
Syenite group, Gilgarna association, Wallaby clan 
334022 
99-90B 

Description of titanites 

The titanites from this sample are all 50-200 J.lm fragments of larger grains. Only rarely do 
grains show growth surfaces; most surfaces are fractures. The grains are pale brown to dark 
brown in colour. Some grains or parts of grains are almost black and have evenly 
distributed dense and very fine inclusion populations. Areas of SHRIMP analysis were in 
clean parts of the grains, avoiding inclusions and fractures. 

Results and interpretation . 
Twenty four analyses on 14 fragments are presented in Table t9996 7177B and shown on a 
concordia diagram in Figure t9996 7177B. The U contents are low, ranging from -10 ppm 
to -50 ppm, and consequently the common-Pb corrections range up to -4.3%. The lack of 
any correlation between 4f206 and corrected 207pbP06Pb is taken as confirmation that the 
common-Pb composition used for corrections was appropriate. The data fall in a single 
concordant cluster, with X2 = 0.89. Omitting the analyses with higher 4f206 values has no 
significant effect on X2 or on the group age. The age of 2657 ± 15 Ma, determined from the 
entire data set, is taken to be the emplacement age of the granitoid. 
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Table t9996 71778: SHRIMP titanite data for the carbonatitic syenite dyke, Wallaby 
syenite (UW A mount 99-908). 

grain- U Th 4f206 2O'Pb+ 2{)8 Pb· 206Pb+ Z07Pb· ~8'pp~ cone. 

spot (ppm) (ppm) ('!o) 206Pb· 206Pb· 2J8U "'u 2J2Th ('!o) 

1-1 9 54 3.560 0.1789 ±77 1.7409 ±289 0.5059 12.483 0.1394 100 
2-1 14 54 3.626 0.1720 ± 56 0.9966 ±170 0.5133 12.178 0.1359 104 
3-1 18 51 2.022 0.1795 ± 43 0.7762 ±125 0.5298 13.113 0.1447 103 
4-1 13 63 2.961 0.1817 ± 54 1.3126 ±189 0.5137 12.871 0.1333 100 
5-1 26 89 2.186 0.1793 ±33 0.9118 ±104 0.5171 12.784 0.1394 102 
5-2 16 52 3.525 0.1836 ± 54 0.8552 ±156 0.4990 12.630 0.1342 97 
6-1 21 62 4.042 0.1758 ± 48 0.8060 ±135 0.5192 12.584 0.1407 103 
7-1 16 61 2.419 0.1798 ± 45 1.0680 ±149 0.5191 12.871 0.1436 102 
8-1. 15 65 3.273 0.1795 % 53 1.1865 %172 0.5380 13.318 0.1493 105 
8-2 12 55 2.874 0.1913 ± 61 1.2956 ±204 0.5148 13.575 0.1421 97 
8-3 10 61 3.819 0.1855 ± 66 1.5942 ±240 0.5183 13.257 0.1402 100 
9-1 11 69 4.005 0.1845 ± 70 1.8241 ±265 0.5134 13.060 0.1468 99 
10-1 56 122 1.295 0.1795 ± 19 0.5788 ± 56 0.5150 12.744 0.1353 101 
10-2 9 47 4.149 0.1843 ± 76 1.4651 ±259 0.5024 12.769 0.1424 97 
11-1 14 37 2.318 0.1854 ± 49 0.7481 ±139. 0.5136 13.126 0.1473 99 
12-1 22 88 1.480 0.1847 ± 34 1.0782 ±120 0.5211 13.274 0.1407 100 
12-2 26 57 2.051 0.1832 ± 35 0.5850 ± 96 0.5166 13.051 0.1376 100 
12-3 11 60 4.297 0.1716 ± 68 1.4581 ±236 0.5132 12.141 0.1388 104 
13-1 31 90 1.228 0.1848 ± 25 0.7661 ± 80 0.5259 13.403 0.1388 101 
13-2 31 94 1.937 0.1776 ± 32 0.8017 ± 96 0.5119 12.535 0.1362 101 
13-3 42 104 1.780 0.1782 ± 27 0.6733 ± 78 0.4987 12.250 0.1348 99 
13-4 29 92 2.390 0.1742 ±34 0.8461 ±104 0.5006 12.024 0.1341 101 
13-5 23 81 3.172 0.1810 ± 45 0.9742 ±136 0.5227 13.047 0.1451 102 
14-1 21 79 2.302 0.1811 ± 39 0.9917 ±128 0.5070 12.661 0.1344 99 

Data 21103100 
UlPb scatter (1 a) for Khan standard ~ 2.02% (n ~ 9). 
Common-Pb corrected using Cumming & Richards (1975) Model ill@ 2640 Ma. 
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Figure t9996 71778: Concordia plot of SHRIMP titanite data for the carbonatitic syenite 
dyke, Wallaby syenite (UW A mount 99-908). 
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99969049: feldspar porphyritic hornblende-biotite granite dyke, Coolamen 

1 :250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description oj zircons 

Bencubbin (SH5011) 
606301.0 mE, 6580040.0 mN 
Drilled and hammered from outcrop just west of road. 
Murchison 
Strongly feldspar porphyritic fine-grained biotite-hornblende granite. 
Probably a dyke; similar to other dykes and pods in area. Very minor 
pegmatite veins. 
Low-HFSE group, Damperwah Association, Coolamen clan 
253621 
99-33A 

The zircon population in this sample consists of one morphologic type of finely zoned 
euhedral to subhedral grains, with most grains being 60-200 !lm long, with a range'of 
aspect ratios from -2-3: 1 for the majority, to ~5: 1. Grains are typically euhedral to 
subhedral in external morphology with continuous euhedral internal zoning from core to 
rim. Inclusions are rare. The grains range from very pale brown to darker brown in colour. 
Strong euhedral zoning observed in some of the darker grains in both optical and SEM 
images suggest high U-Th-contents and radiation damage. Discordant alteration patches 
are visible on SEM images of a few grains, and overgrow the euhedral zoning. Some grains 
have more homogeneous core regions but there is no break in the euhedral growth from 
core to rim and they are not considered to be xenocrysts. The fractures and darker grains 
were avoided during data collection. 

Results and interpretation 

Twenty seven analyses on 27 grains are presented in Table z9996 9049 and shown on a 
concordia diagram in Figure z9996 9049. The data all have U<220 ppm and low common
Pb contamination. Omitting two analyses, one that is >5% discordant and one with high 
4f206, leaves a population comprising 25 analyses which has a 'l of 0.81. The 
corresponding age of 2640 ± 5 Ma is interpreted as the emplacement age of the granitoid. 
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Table z9996 9049: SHRIMP zircon data for the hornblende-biotite monzogranite, 
Coolamen-dyke (UWA mount 99-33A). 

grain- U Th 41'206 2o'Pb· 208pb_ 
2~'p_b~ 207Pb• 208

pb
_ 

cone. '
07Pb/"'Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb· "'U 2J5U 
'
32Th (%) age (Ma) 

Main group. 
3-1 48 69 0.000 0.1781 ± .16 0.3910 ± 39 0.4844 11.895 0.1316 97 2635 ± 15 
4-1 109 113 0.074 0.1787 ±13 0.2783 ± 26 0.4974 12.252 0.1337 99 2641 ± 12 
2-1 86 79 0.208 0.1784 ± 17 0.2459 ± 34 0.5001 12.301 0.1340 99 2638 ± 16 
33-1 185 133 0.026 0.1783 ± 9 0.1936 ± 15 0.5005 12.305 0.1346 99 2637 ± 8 
12-1 60 72 0.065 0.1808 ± 19 0.3174 ± 42 0.5016 12.503 0.1319 99 2660 ± 18 
13-1 70 60 0.156 0.1789 ± 19 0.2233 ± 37 0.4942 12.188 0.1285 98 2642 ± 17 
11-1 214 191 0.134 0.1772 ± 9 0.2380 ± 17 0.5024 12.278 0.1342 100 2627 ± 8 
20-1 110 73 0.160 0.1775 ± 14 0.1765 ± 25 0.5030 12.314 0.1337 100 2630 ± 13 
23-1 109 93 0.000 0.1796 ± 11 0.2316 ± 19 0.5051 12.510 0.1368 99 2649 ± 10 
16-1 94 71 0.095 0.1782 ± 13 0.2013 ± 24 0.4869 11.961 0.1287 97 2636 ± 13 
17-1 164 165 0.000 0.1789 ± 9 0.2768 ± 17 0.5072 12.512 0.1391 100 2643 ± 8 
28-1 167 133 0.006 0.1800 ± 11 0.2194 ± 20 0.4887 12.133 0.1347 97 2653 ± 10 
30-1 192 142 0.020 0.1789 ± 10 0.1965 ± 18 0.5089 12.552 0.1355 100 2643 ± 9 
31-1 99 77 0.161 0.1768 ± 14 0.2092 ± 28 0.4985 12.150 0.1344 99 2623 ± 14 
35-1 72 84 0.000 0.1775 ±13 0.3143 ± 28 0.5170 12.651 0.1399 102 2629 ± 12 
27-1 71 49 0.048 0.1793 ± 18 0.1846 ± 32 0.5109 12.635 0.1373 101 2647 ± 16 
25-1 131 164 0.082 0.1810 ± 12 0.3371 ± 27 0.5117 12.766 0.1378 100 2662 ± 11 
26-1 156 176 0.152 0.1784 ± 11 0.3042 ± 23 0.4818 11.850 0.1300 96 2638 ± 10 
36-1 52 49 0.094 0.1770 ± 22 0.2487 ± 44 0.5345 13.042 0.1413 105 2625 ± 20 
37-1 96 58 om5 0.1772 ± 17 0.1652 ± 32 0.4884 11.934 0.1329 98 2627 ± 16 
5-1 150 119 0.118 0.1792 ± 11 0.2127 ± 21 0.5059 12.497 0.1361 100 2645 ± 10 
6-1 109 89 0.000 0.1776 ± 11 0.2217 ± 18 0.5146 12.604 0.1402 102 2631 ± 10 
9-1 104 134 0.074 0.1774 ± 15 0.3515 ± 33 0.4963 12.141 0.1347 99 2629 ± 14 
39-1 86 85 0.000 0.1808 ± 12 0.2685 ± 24 0.5024 12.527 0.1358 99 2661 ± 11 
40-1 147 145 0.029 0.1786 ± 12 0.2684 ± 24 0.4976 12.252 0.1354 99 2640 ± 11 

>5% discordant or high 41'206. 
34-1 53 32 0.186 0.1790 ± 23 0.1587 ± 43 0.4727 11.670 0.1262 94 2644 ± 21 
38-1 74 71 3.197 0.1843 ± 43 0.2902 ± 96 0.5024 12.766 0.1528 97 2692 ± 38 

Data 26/11199. 
UlPb scatter (10) for cz3 standard ~ 1.34% (n ~ 12). 
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Figure z9996 9049: Concordia plot showing all SHRIMP zircon data for the hornblende
biotite monzogranite, Coolamen-dyke (UW A mount 99-33A). 
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99969063: aUanite-titanite-biotite granite dyke, Barrambie 

1:250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description oJzircons 

Moora (SH50 10) 
477928.0 mE, 6610048.0 mN 
Drilled and hammered from bouldery and pavement outcrop -50 m 
west offence. 
Murchison 
Equigranular fine- to medium-grained allanite-titanite-biotite 
granite. Probably a dyke, as it forms a -60m wide ridge. Thin veins 
of aplite. 
Low-Ca group, Goolthan association, Wubin clan 
223622 
99-338 

The zircon population in this sample consists of one morphologic type of euhedral to 
subhedral grains, with most grains being 60-200 11m long, with a range of aspect ratios 
from -2-4: I for the majority, to >5: 1 for several grains. Grains are typically euhedral to 
subhedral in external morphology with faint continuous euhedral internal zoning from core 
to rim in some grains. However, most grains show a homogeneous internal structure 
grading to euhedral zoning towards the rim. Inclusions are relati vely rare. The grains range 
from pale brown to dark brown in colour. The lack of strong euhedral zoning observed on 
both optical and SEM images suggest low U-Th-contents and radiation damage. However, 
many grains have fracture networks typical ofhigh-U grains, which have significant 
metamictisation. Therefore, the homogeneous internal structure of most of the grains may 
represent recrystallisation within largely high-U grains. Fractures and darker grains were 
avoided during data collection. 

Results and interpretation 

Twenty analyses on 19 grains are presented in Table z9996 9063 and shown on a concordia 
diagram in Figure z9996 9063. Despite having U contents up to -700 ppm the data are 
almost all concordant and have low common-Pb contamination. Omitting one statistical 
(old) outlier leaves a popUlation with a X2 of 1.47. The corresponding age is 2630 ± 6 Ma; 
this is interpreted as the emplacement age of the granitoid. 
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Table z9996 9063: SHRIMP zircon data for the allanite-titanite-biotite granite dyke, 
Barrambie (UW A mount 99-33B). 

grain- u Th 41206 201pb* 208Pb· 2~.p~~ 2o'Pb* 208Pb• 

spot (ppm) (ppm) (%) 206Pb* 2Q(iPb· "'u "'u 232Th 

Main group. 
46-1 349 376 0.079 0.1760 ± 11 0.2899 ± 15 0.5164 12.529 0.1390 
33-1 681 288 0.012 0.1784 ± 8 0.1119 ± 7 0.4947 12.172 0.1311 
34-1 460 122 0.059 0.1777 ± 10 0.0686 ± 8 0.5052 12.374 0.1302 
36-1 663 420 0.037 0.1786 ± 8 0.1717 ± 9 0.4937 12.160 0.1340 
37-1 534 145 0.059 0.1773 ± 9 0.0737 ± 9 0.5003 12.232 0.1361 
38-1 124 127 0.116 0.1777 ± 21 0.2845 ± 33 0.4904 12.013 0.1360 
39-1 689 413 0.041 0.1778 ± 8 0.1611 ± 9 0.5122 12.553 0.1377 
40-1 710 367 0.049 0.1762 ± 8 0.1382 ± 8 0.5012 12.177 0.1342 
41-1 633 256 0.058 0.1805 ± 9 0.1074 ± 9 0.5062 12.596 0.1343 
42-1 626 299 0.186 0.1777 ± 10 0.1323 ± 12 0.4923 12.064 0.1365 
43-1 593 321 0.060 0.1775 ± 9 0.1391 ± 10 0.5121 12.535 0.1317 
43-2 190 178 0.072 0.1773 ± 17 0.2514 ± 23 0.4936 12.066 0.1324 
44-1 331 251 0.197 0.1771 ± 13 0.2056 ± 17 0.4917 12.003 0.1330 
61-1 622 309 0.086 0.1775 ± 9 0.1317 ± 10 0.5144 12.592 0.1363 
47-1 519 285 0.102 0.1752 ± 11 0.1416 ± 12 0.4955 11.972 0.1279 
59-1 353 499 0.111 0.1749 ±13 0.3763 ± 21 0.4839 11.669 0.1289 
58-1 426 237 0.156 0.1783 ±13 0.1482 ± 15 0.4855 11.933 0.1293 
57-1 155 184 0.176 0.1770 ± 22 0.3095 ± 36 0.5110 12.475 0.1333 
54-1 374 272 0.254 0.1768 ± 14 0.1914 ± 19 0.4933 12.024 0.1295 
Old outlier. 
35-1 628 332 0.032 0.1817 ± 8 0.1424 ± 8 0.5289 13.254 0.1424 

Data 25/08/99. 
UlPb scatter (la) for cz3 standard = 2.10% (n = 11). 
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Figure z9996 9063: Concordia plot showing all SHRIMP zircon data for the allanite
titanite-biotite granite dyke, Barrambie (UWA mount 99-33B). 

AMIRA P482IMERIW A M281 - Yilgam Gmnitoids. April. 2001 



6.144 

99969066: foliated feldspar porphyritic biotite granite, Donga WeU 

1:250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description o/zircons 

Moora (SH50 10) 
451118.0 mE, 6609103.1 mN 
Hammered from outcrop just south of road. 
Murchison 
Foliated moderately feldspar porphyritic medium-grained biotite 
granite. Contains minor biotite-rich bands or schlieren. Mapped as 
gneiss 1 :250k geological maps. 
High-Ca group, Mainland association, BOlUlie Rock clan 
213601 
99-34B 

The zircon population in this sample consists of a number of morphologic types that vary 
in internal morphology and grain size. Most grains are euhedral to subhedral with fine 
euhedral internal zoning typical of magmatic growth. A significant proportion of the grains 
are perfectly euhedral in external form. This type may have either continuous zoning from 
core to rim, or homogeneous core regions but with no obvious break in the euhedral 
growth from core to rim. These grains have variable size, 60-300 flm long, and aspect 
ratios from -2-3: I for the majority to -5: I. They are of variable colour from pale brown to 
mauve grading to black. 

Another group of zircons appear to be completely altered with discordant patches 
completely overprinting fine euhedral zoning. These may be altered versions of the first 
group. Many of these grains have fracture networks typical ofhigh-U grains, which have 
significant metamictisation. Grains from this group are otherwise similar to the first. 
Another group of zircons are anhedral to subhedral with no internal structure and appear to 
be completely recrystallised or xenocrysts. These grains are -100-200 flm long with an 
aspect ratio of -2: I. 

There is no correlation between the age data and the morphological type and it is probable 
that all grains are xenocrysts that were trapped in other minerals such that they did not have 
contact with the zircon undersaturated magma. 

Results and interpretation 

Fourteen analyses were obtained from 14 grains. The U contents of these zircons are 
reasonably high, and the samples <2800 Ma fall on a discordance array similar to that some 
of the more highly radiogenic samples analysed in this project .. Analyses were 
discontinued when it became apparent that few of these zircons had well-preserved U-Pb 
systems. There are inherited grains with ages -2780 Ma, -3100Ma and -3200 Ma and 
3300 Ma. The younger grains might include a magmatic population, but their age cannot be 
determined. 
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Table z9996 9066: SHRIMP analytical data for the foliated feldspar porphyritic biotite 
granite, Donga Well (UWA mount 99-348). 

grain- U Th 41'206 ~7_pj)~ 208Pb* 206Pb· ~7.p~~ ~8_p~~ cone. 207Pb/206Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb· 2J8U "'u "'Th (%) age (Ma) 

10-1 288 151 0.057 0.2479 ± 8 0.1405 ± 9 0.6165 21.072 0.1651 98 3171 ± 5 
31-1 708 360 0.011 0.1828 ± 5 0.1359 ± 7 0.5017 12.646 0.1342 98 2678 ± 5 
32-1 100 23 0.194 0.1955 ± 14 0.0623 ± 19 0.5221 14.073 0.1434 97 2789 ± 12 
8-1 361 123 0.039 0.1936 ± 6 0.0905 ± 7 0.5322 14.204 0.1416 99 2773 ± 5 
33-1 100 67 0.000 0.2688 ± 13 0.1780 ± 15 0.6617 24.520 0.1768 99 3299 ± 8 
34-1 524 139 0.032 0.1826 ± 6 0.0727 ± 6 0.4892 12.316 0.1342 96 2677 ± 5 
19-1 348 153 0.021 0.2516 ± 7 0.1215 ± 8 0.6294 21.835 0.1737 99 3195 ± 4 
35-1 223 66 0.033 0.1955 ± 8 0.0804 ± 9 0.5346 14.408 0.1448 99 2789 ± 7 
12-1 277 137 0.040 0.1872 ± 7 0.1347 ± 10 0.5070 13.087 0.1381 97 2718 ± 6 
36-1 72 118 0.197 0.2378 ± 16 0.4280 ± 34 0.6176 20.253 0.1624 100 3106 ± 11 
13-1 878 241 0.295 0.1766 ± 6 0.0735 ± 9 0.4600 11.198 0.1230 93 2621 ± 5 
14-1 664 324 0.000 0.1829 ± 5 0.1352 ± 7 0.5035 12.699 0.1394 98 2680 ± 5 
15-1 788 402 0.041 0.1810 ± 5 0.1372 ± 7 0.4697 11.723 0.1261 93 2662 ± 5 
37-1 178 31 0.143 0.1870 ± 10 0.0396 ± 11 0.4896 12.622 0.1120 95 2716 ± 8 

Data 06109/99. 
UlPb scatter (1 0) for cz3 standard = 0.34% (n = 6). 
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Figure z9996 9066: Concordia plot of SHRIMP zircon data for the foliated feldspar 

porphyritic biotite granite, Donga Well (UW A mount 99-348). 
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999690938: granodiorite gneiss, Coolangatta 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mounts: 

Description o/zircons 

Moora (SH501O) 
475938.0 mE, 6663138.0 mN 
Drilled and hammered from small facing stone quarry in middle of 
wheat paddock 
Murchison 
Nebulitic to banded medium-grained biotite granodiorite gneiss. 
Bands of biotite-rich and more felsic granitic gneiss as well as other 
bands of more mafic (ex-amphibolite?) material (originally dykes?). 
Several generations of pegmatites, including some that are folded, as 
well as minor aplites. 
High-Ca group, Mainland association, Coolangatta clan 
223703 
99-28A (zircon) and 99-24C (titanite) 

The zircon population in this sample consists of one morphologic type of subhedral to 
anhedral grains, with most grains being 60-120 )lm long, with a range of aspect ratios from 
-2-3:1 for the majority to -5:1. Some grains are distinctly corroded. In their internal 
morphology, grains range from continuous euhedral internal zoning from core to rim to 
partially recrystallised. There is a gradation between these two end members with 
progressive recrystallisation overprinting the euhedral zoning, particularly in the more 
strongly zoned rims areas. Inclusions are rare. The grains range from pale brown to dark 
brown in colour. Strong euhedral zoning observed towards the rims of some grains in both 
Opti9al and SEM images suggest high U-Th-contents and radiation damage. Some grains 
have more homogeneous core regions but there is no break in the euhedral growth from 
core to rim and they are not considered to be xenocrysts. There appears to be no difference 
in the age of euhedrally zoned and recrystallised areas of grains, suggesting that 
recrystallisation was due to magmatism. The corroded nature of the grains suggest they 
may be xenocrysts in their host rock. 

Description 0/ titanites 

The titanites from this sample are all 40-200 )lm fragments of larger grains. Only rarely do 
grains show growth surfaces; most surfaces are fractures. The grains are pale brown to 
darker brown in colour. Rare parts of grains are almost black and have evenly distributed 
dense and very fine inclusion populations. Areas of SHRIMP analysis were in clean parts 
of the grains, avoiding inclusions and fractures. 

Results and interpretation 

Zircon 

Nineteen analyses on 19 grains are presented in Table z9996 9093B and shown on a 
concordia diagram in Figure z9996 9093B. The analyses show some scatter and 
discordance, but less than expected for U abundance ranging -300 ppm - -1400 ppm; the 
common-Pb corrections are generally quite minor. Omitting four data that are >5% 
discordant and six statistical (younger) outliers leaves a coherent group of nine points 
which gives an age of -3007 ± 3 Ma, with X2 

= 0.96. The scattered Ph-loss trend suggests 
both Archaean and Recent radiogenic Pb loss. 
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Titanite 

Twenty three analyses were obtained from 23 fragments. The U abundances are mostly in 
the range 100 ppm-IOO ppm and the common Pb corrections are all small (4f206 <1.0%). 
The apparent discordance of all data is attributed to the use of a NOz' primary ion beam, 
and the tight data clustering is taken as confirmation that the samples are concordant. Two 
data points which are significantly more discordant have been omitted from the age 
calculation. The remaining 21 analyses form a single age population with XZ 

= 0.85. The 
corresponding age is 2632 ± 6 Ma. 

Considered together, the zircon and titanite data (Figure c9996 90938) imply a magmatic 
age of 3007 ± 3 Ma for the protolith of the gneiss, and a major metamorphic event, 
probably the gneiss-forming event, at 2632 ± 6 Ma. 
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Table z9996 90938: SHRIMP zircon data for the granodiorite gneiss, Coolangatta (UW A 
mount 99-28A). 

grain- U Th 41'206 207Pb· 208Pb· 2~P_b~ 

spot (ppm) (ppm) (%) 205Pb· 206Pb' "'U 

Main group. 
39-1 450 182 0.036 0.2238 ± 5 0.1078 ± 6 0.5867 
47-1 447 180 0.085 0.2239 ± 5 0.1112 ± 6 0.5958 
55-1 425 164 0.000 0.2234 ± 5 0.1025 ± 5 0.5902 
38-1 272 84 0.041 0.2239 ± 7 0.0795 ± 8 0.5869 
57-1 363 169 0.001 0.2230 ± 5 0.1216 ± 6 0.5948 
58-1 424 196 0.091 0.2232 ± 7 0.1201 ± 8 0.5807 
51-1 527 161 0.018 0.2236 ± 5 0.08\2 ± 5 0.5771 
49-1 654 155 0.054 0.2232 ± 4 0.0640 ± 4 0.5973 
41-1 669 286 0.026 0.2233 ± 4 0.1095 ± 4 0.5857 
>5% discordant or PbfTh discordant. 
48-1 1419 642 0.026 0.2028 ± 3 0.1210 ± 4 0.4826 
52-1 454 204 0,0\8 0.2248 ± 5 0.0797 ± 5 0.5874 
53-1 370 291 0.070 0.2209 ± 6 0.1278 ± 8 0.5851 
Young outliers. 
33-1 1391 737 0.011 0.2172 ± 3 0.1401 ± 4 0.5577 
54-1 287 85 0.175 0.2191 ± 7 0.0771 ± 9 0.5497 
46-1 1100 344 0.010 0.2140 ± 3 0.0827 ± 3 0.5386 
56-1 491 220 0.112 0.2211 ± 5 0.1257 ± 7 0.5860 
59-1 581 162 0.278 0.2210 ± 5 0.0964 ± 7 0.5616 
60-1 639 114 0.105 0.2209 ± 5 0.0416 ± 5 0.5760 
61-1 936 327 0.021 0.2218 ± 4 0.0900 ± 4 0.5849 

Data 17/08/99. 
UlPb scatter (la) for cz3 standard ~ 1.41% (n ~ 15). 
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Figure z9996 90938: Concordia plot of SHRIMP zircon data for the granodiorite gneiss, 
Coolangatta (UW A mount 99-28A). 
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Table t9996 9093B: SHRIMP titanite data for the granodiorite gneiss, Coolangatta (UWA 
mount 99-24C). 

grain- U lb' 4/206 207Pb· 2OsPb+ 206Pb+ 207Ph· # cone. 2O'Pb/206Pb 

spot (ppm) (ppm) (%) 206Pb+ 206Pb_ 2J8U 235U (%) age (Ma) 

Main group. 
1-1 212 98 0.442 0.1770 ± 11 0.1641 ± 20 0.4703 11.474 95 2625 ± 10 
10-1 128 36 0.391 0.1775 ± 14 0.0936 ± 25 0.4274 10.460 87 2630 ± 13 
11-1 104 107 0.556 0.1780 ± 16 0.3192 ± 34 0.4597 11.283 93 2634 ± 15 
12-1 129 53 0.345 0.1790 ± 12 0.1291 ± 22 0.4568 11.272 92 2643 ± 12 
13-1 138 18 0.470 0.1752 ± 13 0.0365 ± 21 0.4668 11.276 95 2608 ± 12 
14-1 168 86 0.239 0.1792 ± 10 0.1555 ± 18 0.4588 11.335 92 2645 ± 9 
15-1 149 79 0.251 0.1776 ± 12 0.1592 ± 22 0.4365 10.691 89 2631 ± 11 
16-1 125 50 0.333 0.1791 ± 13 0.1207 ± 23 0.4250 10.496 86 2645 ± 12 
17-1 160 74 0.344 0.1787 ± 11 0.1390 ± 20 0.4698 11.576 94 2641 ± 10 
18-1 151 75 0.940 0.1769 ± 17 0.1539 ± 33 0.4541 11.077 92 2624 ± 16 
2-1 88 17 0.666 0.1799 ± 21 0.0598 ± 37 0.4451 11.044 89 2652 ± 19 
20-1 199 54 0.376 0.1755 ± 11 0.0824 ± 18 0.4655 11.263 94 2611 ± 10 
21-1 140 52 0.217 0.1774 ± 13 0.1110 ± 22 0.4385 10.725 89 2629 ± 12 
23-1 117 37 0.507 0.1778 ± 15 0.0987 ± 27 0.4437 10.875 90 2632 ± 14 
3-1 82 40 0.514 0.1778 ± 19 0.1480 ± 36 0.4616 11.316 93 2633 ± 17 
4-1 107 72 0.598 0.1792 ± 17 0.2039 ± 33 0.4598 11.361 92 2645 ± 15 
5-1 163 30 0.274 0.1777 ± 11 0.0572 ± 16 0.4451 10.905 90 2631 ± 10 
6-1 123 29 0.413 0.1789 ± 13 0.0689 ± 22 0.4661 11.499 93 2643 ± 12 
7-1 156 47 0.321 0.1777 ± 11 0.0889 ± 18 0.4590 11.248 93 2632 ± 10 
8-1 174 37 0.306 0.1771 ± 11 0.0654 ± 17 0.4494 10.974 91 2626 ± 10 
9-1 102 21 0.411 0.1789 ± 15 0.0625 ± 26 0.4576 11.289 92 2643 ± 14 

Most discordant#. 
19-1 94 51 0.612 0.1763 ± 18 0.1645 ± 34 0.3958 9.619 82 2618 ± 17 
22-1 87 111 0.489 0.1771 ± 18 0.3987 ± 42 0.3976 9.707 82 2625 ± 17 

Data 11112199. 
UlPb scatter (10) for Khan standard ~ 1.36% (n ~ 13). 
Common-Ph corrected using Cumming & Richards (1975) Model ill@ 2620 Ma. 
# Analysed using N~' primary ion beam. 

PbJU calibration might be slightly disturbed. 
ThIU calibration is not reliable; Th abundances are indicative only, and PblTh are not reported. 
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Figure t9996 90938: Concordia plot of SHRIMP titanite data for the granodiorite gneiss, 
Coolangatta (UW A mount 99-24C). 
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Figure c9996 90938: Concordia plot of zircon (dark shaded) and titanite SHRIMP data for 
the granodiorite gneiss, Coolangatta. Note that the discordance of the titanite data is 
considered to be an artefact of the SHRIMP operating condition on the day of 
analysis) 
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9996 9096: hornblende-biotite granodiorite, Wubin 

1:250,000 sheet: 
AMG: 
Location: 
Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description of zircons 

Moora (SH501O) 
468868.0 mE, 6674858.0 mN 
Hammered from a large pushed-up slab on north side of road 
Murchison 
Moderately quartz-feldspar porphyritic medium-grained hornblende
biotite granodiorite. 
Low-Ca group, Goolthan association, Wubin clan 
223701 
99-34C 

The zircon population in this sample consists of one morphologic type of subhedral to 
anhedral grains, with most grains being 60-120 ).Lm long, with a range of aspect ratios from 
-2-3: I for the majority to -5: 1. Some grains are distinctly corroded. In their internal 
morphology, grains range from continuous euhedral internal zoning from core to rim to 
structureless. There is a gradation between these two end members with progressive 
recrystallisation overprinting the euhedral zoning. Inclusions are relatively common and 
consist of opaque or rod-like to equant minerals. All inclusions occur throughout the grains 
and show no preference for core or rim regions. The grains range from very pale brown to 
dark brown in colour. Strong euhedral zoning observed towards the rims of some grains in 
both optical and SEM images suggest high U-Th-contents and radiation damage. Some 
grains have more homogeneous core regions but there is no break in the euhedral growth 
from core to rim and they are not considered to be xenocrysts. There appears to be no 
difference in the age of euhedrally zoned and recrystallised areas of grains, suggesting that 
recrystallisation was due to magmatism. 

Results and interpretation 

Nineteen analyses on 19 grains are presented in Table z9996 9096 and shown on a 
concordia diagram in Figure z9996 9096. Omitting two (reversely) discordant analyses, the 
population comprising the remaining 17 concordant analyses has a X2 of 0.90. This is 
interpreted as a single age population at 2639 ± 6 Ma. This age is taken to be the 
emplacement age of the granitoid. 
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Table z9996 9096: SHRIMP zircon data for the hornblende-biotite granodiorite, Wubin 
(UW A mount 99-34C). 

grain- U Th 4£'206 2o'Pb· 2OsPb· 206Pb· 2O'Pb· ~8.p!>~ cone. 2O'Pb/""'Pb 

spot (ppm) (ppm) (%) "'Pb' ""Pb' "'u "'u 2J2Th (%) age (Ma) 

Main group. 
61-1 121 160 0.271 0.1796 ±13 0.3635 ± 31 0.5062 12.536 0.1393 100 2649 ± 12 
62-1 92 87 0.171 0.1774 ± 16 0.2533 ± 33 0.5107 12.488 0.1376 101 2628 ± 15 
64-1 69 121 0.374 0.1786 ± 20 0.4857 ± 50 0.4914 12.101 0.1358 98 2640 ± 18 
63-1 113 201 0.335 0.1766 ± 13 0.4983 ± 36 0.4986 12.141 0.1394 99 2621 ± 13 
60-1 84 106 0.272 0.1763 ± 17 0.3279 ± 38 0.5044 12.264 0.1320 101 2619 ± 16 
67-1 209 238 0.213 0.1801 ± 10 0.2974 ± 20 0.5128 12.732 0.1339 101 2654 ± 9 
80a-1 79 133 0.485 0.1776 ± 19 0.4553 ± 46 0.5108 12.505 0.1384 101 2630 ± 17 
80b-1 49 86 0.506 0.1785 ± 26 0.4794 ± 65 0.4858 11.957 0.1330 97 2639 ± 24 
79-1 228 128 0.206 0.1775 ± 9 0.1527 ± 16 0.5013 12.269 0.1359 100 2630 ± 8 
59-1 88 193 0.124 0.1781 ± 15 0.5834 ± 43 0.5095 12.509 0.1350 101 2635 ± 14 
78-1 76 110 0.459 0.1797 ± 21 0.3988 ± 49 0.4955 12.278 0.1360 98 2650 ± 19 
77-1 250 97 0.053 0.1787 ± 8 0.1037 ± 12 0.5073 12.502 0.1351 100 2641 ± 7 
83-1 60 65 0.358 0.1802 ± 21 0.2896 ± 45 0.5161 12.824 0.1378 101 2655 ± 19 
85-1 61 53 0.004 0.1790 ± 19 0.2430 ± 38 0.5219 12.880 0.1450 102 2644 ± 17 
87-1 389 115 0.100 0.1789 ± 6 0.0809 ± 8 0.5106 12.596 0.1401 101 2643 ± 6 
90-1 66 110 0.922 0.1734 ± 24 0.4591 ± 59 0.5132 12.271 0.1398 103 2591 ± 23 
58-1 49 57 0.436 0.1777 ± 30 0.3138 ± 66 0.4919 12.052 0.1329 98 2631 ± 28 
>5% discordant. 
81-1 37 58 0.656 0.1769 ± 36 0.4320 ± 86 0.5435 13.257 0.1483 107 2624 ± 34 
84-1 51 82 0.331 0.1782 ± 26 0.4183 ± 63 0.5418 13.316 0.1409 106 2637 ± 25 

Data 27/09/99. 
UlPb scatter (1,,) for cz3 standard ~ 2.36% (0 ~ 9). 
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Figure z9996 9096: Concordia plot showing all SHRIMP zircon data for the hornblende

biotite granodiorite, Wubin (UWA mount 99-34C). 
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99969142: biotite-hornblende quartz monzonite, Triangle 

1 :250,000 sheet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWA mount: 

Description of zircons 

Yalgoo (SH5002) 
436576.6 mE, 6830651.4 mN 
Triangle quartz-monzonite on the north-west margin of the Gullewa 
greenstone belt; hammered from good bouldery outcrop south of 
Bamong homestead. 
Murchison 
Moderately to strongly feldspar porphyritic medium-grained titanite
biotite-hornblende quartz monzonite. Granitoid contains relatively 
common mafic enclaves both of cognate and accidental (greenstone) 
origin, mafic clots from <1 cm and epidote-quartz-filled fractures., 
Mafic group, Gem of Cue association, Britania clan 
214006 
A-14D 

The zircon population in this sample consists of one morphologic type of zoned euhedral 
grains, with most grains being 60-120 ).lm long, with restricted aspect ratios from -1-2: 1. 
Grains are typically euhedral in external morphology with continuous euhedral internal 
zoning from core to rim. Inclusions are rare. The grains range from pale brown to mauve to 
dark brown in colour. Many grains have more homogeneous core regions but there is no 
break in the euhedral growth from core to rim and they are not considered to be xenocrysts. 
Few grains have fracture networks typical ofhigh-U grains, which have significant 
metamictisation. Data collection avoided fractures, and included both core and rim regions. 

Results and interpretation 

Twenty three analyses on 23 grains are presented in Table z9996 9142 and shown on a 
concordia diagram in Figure z9996 9142. The data are almost all concordant and have low 
common-Pb contamination. Omitting two analysis that are >5% discordant and one 
statistical outlier leaves a population comprising 20 analyses which has a X2 of 0.65. The 
corresponding age is 2747 ± 3 Ma; this is interpreted as the emplacement age of the 
granitoid. 
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Table z9996 9142: SHRIMP zircon data for the biotite-hornblende quartz monzonite, 
Triangle (UW A mount A-14D). 

grain- U Th 41'206 201Pb· 2OsPb· 206Pb· ~'.pp~ ~s.pP~ cone. 2O'Pbl"16Pb 

spot (ppm) (ppm) (%) 206Pb· 206Pb· 2J1U "'u "'Th (%) age (Ma) 

1-1 164 181 0.325 0.1906 ± 9 0.2533 ± 18 0.5397 14.181 0.1238 101 2747 ± 8 
2-1 259 294 0.322 0.1907 ± 7 0.2968 ± 15 0.5323 13.998 0.1392 100 2748 ± 6 
3-1 293 396 0.277 0.1904 ± 6 0.3092 ± 14 0.5299 13.915 0.1213 100 2746 ± 6 
5-1 258 292 0.048 0.1900 ± 6 0.2966 ± 12 0.5491 14.381 0.1436 103 2742 ± 5 
6-1 289 351 0.144 0.1902 ± 6 0.3140 ± 13 0.5445 14.277 0.1409 102 2744 ± 5 
7-1 283 358 0.901 0.1903 ± 9 0.2954 ± 19 0.5167 13.559 0.1205 98 2745 ± 8 
8-1 240 272 0.030 0.1909 ± 6 0.3027 ± 12 0.5350 14.082 0.1426 100 2750 ± 5 
9-1 217 215 0.028 0.1915 ± 6 0.2599 ± 12 0.5460 14.418 0.1434 102 2755 ± 6 
10-1 135 125 0.106 0.1906 ± 8 0.2442 ± 16 0.5421 14.242 0.1427 102 2747 ± 7 
11-1 126 105 0.000 0.1911 ± 8 0.2190 ± 13 0.5375 14.164 0.1421 101 2752 ± 7 
12-1 287 341 0.075 0.1911 ± 6 0.3001 ± 12 0.5283 13.921 0.1332 99 2752 ± 5 
14-1 280 272 0.041 0.1902 ± 6 0.2560 ± 10 0.5460 14.323 0.1437 102 2744 ± 5 
15-1 348 401 0.070 0.1907 ± 5 0.3029 ± 11 0.5455 14.341 0.1432 102 2748 ± 5 
16-1 154 164 0.022 0.1902 ± 9 0.2804 ± 17 0.5079 13.322 0.1336 96 2744 ± 8 
17-1 376 447 0.025 0.1908 ± 5 0.3159 ± 10 0.5412 14.242 0.1438 101 2749 ± 4 
18-1 216 259 0.029 0.1917 ± 7 0.3164 ± 14 0.5473 14.464 0.1445 102 2757 ± 6 
19-1 326 378 0.043 0.1909 ± 5 0.3086 ±11 0.5509 14.504 0.1464 103 2750 ± 4 
22-1 276 438 0.120 0.1900 ± 6 0.3896 ± 14 0.5438 14.248 0.1335 102 2742 ± 5 
23-1 270 295 0.343 0.1897 ± 7 0.2783 ± 14 0.5362 14.024 0.1365 101 2739 ± 6 
24-1 203 270 0.381 0.1898 ± 8 0.2777 ± 17 0.5276 13.805 0.1103 100 2740 ± 7 
>5% discordant 
13-1 307 591 3.920 0.1834 ± 28 0.2690 ± 63 0.4485 11.341 0.0626 89 2684 ± 25 
20-1 157 215 0.000 0.1879 ±iO 0.3578 ± 22 0.4884 12.651 0.1276 94 2724 ± 9 
Old outlier 
21-1 164 164 0.031 0.1956 ± 9 0.2654 ± 17 0.5130 13.835 0.1359 96 2790 ± 7. 

Data 10/04/00. 
UlPb scatter (10) for cz3 standard = 2.28% (n = 6 of 7). 
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Figure z9996 9142: Concordia plot of SHRIMP zircon data for the biotite-hornblende 
quartz monzonite, Triangle (UW A mount A-14D). 
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9996 9164A: foliated biotite granite, Courin BiU Complex 

1:250,000 sbeet: 
AMG: 
Location: 

Province: 
Description: 

Chemical group: 
Pluton No: 
UWAmount: 

Description a/zircons 

Yalgoo (SH5002) 
443691.6 mE, 6878981.4 mN 
Courin Hill complex, north of fenceline on Gabyon station; blasted 
and hammered from granitoid pavement. 
Murchison 
The Courin Hill complex forms a 5 by 10 km outcrop along the 
western margin of the northern arm ofthe Gullewa greenstone belt. 
The complex consists of a dominant unit of foliated, variably
feldspar porphyritic biotite monzogranite (9996 91 64A). This unit 
contains common bands of lithologically variable granite, granite 
dykes and pegmatitic veins. This banding has been folded and cross
cut by later? Pegmatitic dykes, granite dykes and thin shear zones. 
High-Ca group, Mainland association, Eily Eily clan? 
214114 
A-14C 

The zircon population in this sample consists of one morphologic type of zoned euhedral to 
subhedral grains, with most grains being 40-200 11m long, with a range of aspect ratios 
from -2: I to >5: I. Grains are typically euhedral to subhedral in external morphology with 
continuous euhedral internal zoning from core to rim. Inclusions are rare. The grains range 
from pale brown to dark brown to nearly opaque in colour. Strong euhedral zoning 
observed on both optical and SEM images suggest high U-Th-contents and radiation 
damage. Discordant alteration patches are common on SEM images, and overgrow the 
euhedral zoning. Many grains have more homogeneous core regions but there is no break 
in the euhedral growth from core to rim and they are not considered to be xenocrysts. Many 
grains have fracture networks typical ofhigh-U grains, which have significant 
metamictisation. The alteration patches and fractures, and dark grains were avoided during 
data collection. 

Results and interpretation 

Eighteen analyses on 18 grains are presented in Table z9996 9164A and shown on a 
concordia diagram in Figure z9996 9164A. Two analyses are highly discordant, as 
expected for these high U abundances, but several grains with U> 1000 ppm are 
concordant, and common-Pb corrections are generally low. Omitting four data points that 
are >5% discordant and four statistical outliers leaves a reasonably coherent group of 10 
points which gives an age of 2742 ± 7 Ma, with X2 = 1.87. This is interpreted to be the 
emplacement age of the granitoid. 
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Table z9996 9164A: SHRIMP zircon data for the foliated biotite granite, Courin Hill 
(UWA mount A-14C). 

grain- U Th 41'206 207Pb• ~8.p?~ 
spot (ppm) (ppm) (%) 206Pb• 206pb* 

5-1 339 740 0.087 0.1899 ± 10 0.5852 ± 28 
6-1 1034 68 0.597 0.1891 ± 7 0.0172 ± 12 
7-1 855 120 0.057 0.1909 ± 6 0.0369 ± 5 
8-1 1459 1482 0.498 0.1891 ± 6 0.2693 ± 12 
11-1 1097 203 0.528 0.1916 ± 7 0.0543 ±11 
12-1 789 811 0.413 0.1910 ± 8 0.2719 ± 15 
14-1 756 97 0.115 0.1897 ± 7 0.0339 ± 7 
15-1 1103 840 0.216 0.1889 ± 6 0.2038 ± 10 
17-1 261 495 0.223 0.1894 ± 12 0.4979 ± 31 
18-1 289 324 0.493 0.1889 ± 13 0.3045 ± 29 
Discordant 
9-1 771 399 1.113 0.1908 ± 10 0.1482 ± 20 
13-1 2222 116 0.014 0.1940 ± 3 0.0136 ± 2 
19-1 343 441 2.507 0.1893 ± 21 0.3542 ± 47 
22-1 3131 2181 0.398 0.1506 ± 4 0.2059 ± 9 
Young outliers 
10-1 267 176 2.495 0.1852 ± 23 0.1733 ± 50 
16-1 588 431 0.231 0.1857 ± 8 0.2120 ± 15 
20-1 741 372 1.775 0.1865 ± 12 0.0553 ± 25 
21-1 2115 851 0.400 0.1748 ± 4 0.1087 ± 7 

Data 12104/00. 
UlPb scatter (I a) for cz3 standard ~ 1.62% (n ~ 10). 
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Figure z9996 9164A: Concordia plot showing all SHRIMP zircon data for the foliated 
biotite granite, Courin Hill (UW A mount A-14C). Note that analysis 22-1 falls below 
the range of this figure. 
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Sm-Nd and PblPb isotope geochemistry or Yilgam granitoids 

Ian R. Fletcher and Neal 1. McNaughton 

Summary 

All samples selected for SHRIMP geochronological studies, most of them collected during the 
I 997ii 1999 field seasons as part of this project, were subjected to Sm-Nd and PblPb isotopic 
analysis. Several additional samples of known age, or with previously determined Sm-Nd 
(Champion and Sheraton, 1997) were also analysed 

The Sm-Nd model ages (TOM) of all moderately- to highly fractionated samples 
C47 Sml144Nd <0.14) have been determined, and SHRIMP ages have been used with the Sm-Nd 
data to determine initial (magmatic) Nd isotopic compositions for all dated samples. The initial 
compositions are reported as ENd' the deviation in 143NdJ'44Nd from a chondritic reference value, 
in partsllO'. The PblPb data for K -feldspars provide a direct measure of initial Pb isotopic 
composition for the rocks. Although this may be slightly offset due to minor ingrowth of • 
radiogenic Pb from trace U in the feldspars, a time-integrated UlPb (traditionally denoted by 
11=238 UI'04Pb) for the sources of each sample can still be reliably determined Together, ~d and 11 
give more powerful2-dimensional isotopic fingerprints for the petrogenesis of the samples. For 
completeness, whole-rock PblPb data were also obtained for all samples. 

It is important to note that both TOM and 11 are model dependent; numerical values have no 
absolute significance. What can be significant are patterns, coincidences or differences amongst 
groups of data. Additional details of the models used are given below. 

Data 

Tables I and 2 summarise the SmiiNd and PblPb isotopic data, respectively. 

Figure I shows the TOM differences between the Provinces of the Yilgam Craton. In general, 
these data confirm the broad regional differences previously recognised (e.g. Fletcher et aI., 
1994). 

A plot of ENd vs 11 for all the data from Tables I and 2 (Figure 2a), or the Nd data alone, clearly 
shows there is a fundamental difference in the isotopic nature of the source regions for granitoids 
in the Murchison and Southem Cross Provinces compared to the Eastern Goldfields Province. 
Many of the Murchison and Southern Cross granitoids have strongly negative ENd' indicative of a 
long crustal prehistory, whereas the Eastem Goldfields granitoids have more primitive and 
younger sources, with ENd dispersed around zero. The two-element plot enhances some of the 
distinctions seen in the Nd data. 

When the data are coded by chemical grouping (Figure 2b), no strong distinctions are apparent 
for the entire craton, though there is a partial separation between the high-Ca and low-Ca groups. 
When the data are considered on a province-by-province basis (Fig. 3a, c, e) this distinction 
becomes quite clear. It is defined predominantly by differences in ENd' This regional comparison 
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can be continued to smaller scales where sufficient data are available: strong distinctions between 
the sources of granitoids in different parts of the Eastern Goldfields Province have been 
demonstrated in previous reports. Additional distinctions have also been shown when the sample 
classification is extended down to 'clan' level. 

With points distinguished by granitoid age, the plot for the craton (Fig. 2c) shows that the 
youngest granitoids (<2645 Ma) have the lowest ENd' reflecting the highest degree of 
incorporation of older crust. However, it is the next age grouping (2645 - 2675 Ma) that has the 
most primitive overall Nd isotopic signature, not the oldest samples. These distinctions are also 
seen, to differing extents and with varying confidence due to the numbers of samples, in the 
province-by-province plots (Figs. 3b, d, I). 

WaUaby PblPb isocbron 

The four PblPb analyses from the Wallaby syenite-crubonatite complex form a highly linear array 
(MSWD = 1.6) on a PblPb isochron plot (Figure 4), the slope corresponding to an age of 
2658 ± 16 Ma This data array supports the contention that the three rocks have a common 
source, and the intelJlretation of the SHRIMP titanite date for 9996 7177B (2657 ± 15 Ma) as 
their magmatic age. 
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Table 1: Sm-Nd data. 

AGSO Pluton Unit Rock Chemical Sm Nd tOM Magmatic Initial 
Number Number Name Type Grouping (ppm) (ppm) I4'Sml 14"Nd ·''Ndl14''Nd (Ma) age (Ma) INd 

Murchison Province 
97969138 243614 Waddouring monzogranite Low-Ca 7.48 44.9 0.1008 0.510816 ± 11 3034 2627 ± 3 -3.40 ± 0.22 
99964003# 224112 Goolth.n Gooltban monzogranite Low-Cn 11.90 79.2 0.0908 0.510507 ± 10 3180 2745 ± 10 -4.55 ± 0.24 
99964016C 223916 Mount Mulgine granite High-C. 2.07 13.4 0.0932 0.510700 ± 11 2986 2756 ± 20 -1.34 ± 0.34 
99964100 224107 Basin granite High-C. 2.78 19.8 0.0850 0.510578 ± 12 2945 2743 ± 4 -1.12 ± 0.24 
99967049A . 233501 Goddard nebulitic gneiss bl granitic gneiss High-C. 6.43 33.2 0.1168 0.511122 ± 22 3058 2787 ± 4 -1.17 ± 0.45 
99967055 233623 Fox Lair bt monzogranite Low-ea 11.46 76.3 0.0908 0.510626 ± 10 3020 2641 ± 5 -3.54 ± 0.22 
99967066 213701 Namban Kfs-phyric btt granite Low-ea 8.46 60.2 0.0849 0.510499 ± 17 3031 2645 ± 5 -3.94 ± 0.34 
99967082C 213722 Dookaling xenolith augen gneiss High-Ca 5.28 35.8 0.0891 0.510487 ± 13 3154 2940 ± 25 -1.50 ± 0.40 
99967114 244301 Telegootherra granodiorite Low-C. 9.67 65.6 0.0890 0.510611 ± 18 2994 2630 ± 50 -3.37 ± 0.69 
99967141 234208 Keygo granodiorite High-HFSE 5.94 25.4 0.1413 0.511458 ± 30 2745 ± 25 -3.71 ± 0.76 
99969049 253621 Coolamen-dyke hb-bt monzogranite High-HFSE? 3.26 18.8 0.1047 0.510841 ±1O 3112 2640± 5 -4.09 ± 0.22 
99969063 223622 Barrnmbie-dyke monzogranite Low-ea 16.66 85.3 0.1180 0.511103 ± 14 3129 2630± 6 -3.58 ± 0.30 
99969066 213601 Donga Well foliated monzogranite High-C. 2.10 13.1 0.0967 0.5 10702 ± 11 3077 2730 ± 75 -2.90 ± 0.98 
99969093B 223703 Coolangatta granodiorite gneiss High-C. 1.57 14.1 0.0670 0.510082 ± 15 3093 3OO7± 3 0.14 ± 0.31 
99969096 223701 Wubin h b-bt granodiorite Low-Ca 13.19 81.0 0.0984 0.510713 ± 10 3110 2639± 6 -4.46 ± 0.22 
99969142 214006 Triangle granodiorite Mafic 8.11 48.4 0.1012 0.510836 ± 15 3017 2747 ± 3 -1.65 ± 0.31 
99969164A 214114 Coorin Hill granite High-C. 2.81 22.6 0.0750 0.510492 ± 16 2816 2742 ± 7 0.86 ± 0.32 

Southern Cross Province 
92964658 294101 Wallaby Knob monzogranite Low-Ca from Champion and Sheraton (1997) -4.5 
96969012 293914 Walling Rock monzogranite Low-en 8.87 58.7 0.0913 0.510605 ± 15 3060 2633 ± 2 -4.23 ± 0.30 
97%9023 293713 Turturdine monzogranite Low-Ca 3.81 20.6 0.1118 0.511048 ± 10 3015 2640 ± 25 -2.44 ± 0.42 
97969034# 303505 Yerdanie monzogranite Low-Ca 5.12 43.2 0.0717 0.510436 ± 10 2805 2640 ± 25 -0.72 ± 0.30 
97969063# 284001 Bulga Downs monzogranite Low-C. 3.06 23.2 0.07% 0.510399 ± 10 3025 2684 ± 8 -3.46 ± 0.20 
97969082A 284006 The Spring granodiorite High-Ca 4.73 27.6 0.1038 0.510793 ± 10 3153 2682 ± 5 -4.20 ± 0.22 
97969090 283608 Koolyanobbing Quarry monzogranite High-Ca 2.65 17.4 0.0922 0.510768 ± 10 2874 2656 ± 25 -1.03 ± 0.37 
97969102B 283905 McLeod Rock granitic gneiss High-Ca 1.83 13.5 0.0818 0.510539 ± 11 2911 2737 ± 25 -0.73 ± 0.35 
97969104 283908 Native Wen monzogranite High-C. 2.26 14.1 0.0972 0.510690 ± 11 3105 2682 ± 6 -3.92 ± 0.23 
97%9125 263504 Warren-2 monzogranite Low-C. 4.30 25.9 0.1005 0.510850 ± 11· 2978 2617 ± 3 -2.75 ± 0.22 
97%9126 0 Proterozoic dyke diorite Prot. dyke 4.25 15.7 0.1634 0.512624 ± 12 1299 1201 ± 7 4.62 ± 0.28 

cont. 
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Table I (cont.) 

AGSO Pluton Unit Rock Chemical Sm Nd tOM . Magmatic Initial 
Number Number Name Type Grouping (ppm) (ppm) 1"SID'I4'Nd 143N dJ14'Nd (Ma) age (Ma) 1I<d 

Southern Cross Province (cont.) 
97969201 323203 Tank No. 28 monzogranite Low-Ca 18.51 117.8 0.0950 0.510710 ± 10 3021 2623 ± 7 -3.57 ± 0.22 
97969202 323304 McPherson monzogranite High-Ca 1.97 14.4 0.0827 0.510629 ± 10 2824 2656 ± 10 -0.48 ± 0.23 
98967100A 293504 Boorabbin mo~ogranite Low-C. 5.86 39.4 0.0900 0.510632 ± 22 2993 2630 ± 25 -3.30 ± 0.52 
98967102E 0 Koolyanobbing xenolith granodiorite Mafic? 13.70 49.7 0.1666 0.511978 ± 15 2699 ± 10 -2.70 ± 0.39 
98968104 264001 Courlbarloo tonalite Mafic 11.52 45.7 0.1524 0.512026 ± 16 2813 ± 5 3.88 ± 0.35 
98969019 284301 BlulTPoint monzogranite Low-Ca 5.16 27.8 0.1122 0.511045 ± 15 3032 2640 ± 50 -2.63 ± 0.79 
98969025 274302 Buttercup Bore granodiorite Low-Ca 3.51 26.8 0.0792 0.510479 ± 15 2922 2661 ± 7 -2.14 ± 0.31 
98969033 274304 Tom Bore granitic gneiss High-C. 2.23 19.6 0.0688 0.510197 ± 15 3010 2671 ± 3 -3.93 ± 0.30 
98969042 264305 Barlanga Well quartz monzonite Low-Ca 2.24 13.7 0.0985 0.510804 ± 11 2987 2630 ± 50 -2.82 ± 0.68 
98969044 264304 Yarrabubb. granite Low-Ca 2.40 14.9 0.0976 0.510933 ± 18 2789 2650 ± 10 0.28 ± 0.37 
98969045 264314 Monty Bore monzogranite High-C. 1.36 7.9 0.1043 0.511 043 ± 13 2808 2700 ± 25 0.75 ± 0.43 
98969055 274205 Woodley Bluff monzogranite High-Ca 0.88 4.9 0.1093 0.510942 ± 14 3100 2712 ± 6 -2.84 ± 0.29 

Eastern Goldfields Province 
92969015 323906 D.iry monzogranite High-HFSE from Champion and Sheraton (1997) 1.1 
93964145 344012 HannsCarnp foliated syenite Syenite ?from Champion and Sheraton (1997) ?? 
94962258A 304315 Anomaly 45 granodiorite Mafic 3.65 23.9 0.0924 0.510878 ± 15 2736 2667 ± 3 1.22 ± 0.31 
96969044 314327 Kujelan Creek foliated granite High-Ca 4.19 26.9 0.0942 0.510949 ± 18 2687 2665 ± 3 1.95 ± 0.37 
96969046 324319 Red Bore foliated granite Low-Ca 4.42 33.6 0.0794 0.510674 ± 16 2700 2647± 3 1.41 ± 0.32 
96969076 314102 Kent complex monzogranite High-HFSE 8.11 36.5 0.1345 0.511646 ± 21 2719 2686 ± 7 1.92 ± 0.44 
96969080A 344105 Durang foliated grWlite High-Ca 3.22 19.6 0.0995 0.510924 ± 17 2847 2671 ± 2 -0.25 ± 0.33 
96969087 323901 Redcastle monzogranite High-Ca 3.34 22.5 0.0899 0.510836 ± 19 2732 2660 ± 5 1.17± 0.38 
97967038G# 313726 Golden Cities granodiorite Mafic 5.65 34.7 0.0983 0.510985 ± IO 2736 2656 ± 3 1.13 ± 0.20 
97967069A 314308 Sundowner dyke porphryry Mafic 4.31 26.2 0.0994 0.510999 ± 15 2744 2660 ± 25 1.09 ± 0.44 
97967069B 304301 Gemchapps monzogranite High-HFSE 2.02 12.6 0.0968 0.510866 ± 13 2857 2680 ± 50 -0.34 ± 0.68 
97967150 343401 Yardilla granodiorite Syenite 6.20 35.3 0.1062 0.511137 ± 10 2720 2660 ± 25 1.48 ± 0.41 
97967152 343401 Yardill. granodiorite Syenite 4.43 26.5 0.1010 0.511048 ± 10 2715 2660 ± 25 1.51 ± 0.39 
97967153# 333419 Talbot monzogranite Low·Ca 4.18 23.4 0.1081 0.511131 ± 10 2781 2630 ± 25 0.34 ± 0.30 
97969044 313605 Mungari monzogranite Low-ea 4.47 25.1 0.1076 0.511046 ± 10 2894 2640 ± 25 -1.05 ± 0.41 

cont. 

i 
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Table I (cont.) 

AGSO PJuton Unit Rock Chemical Sm Nd tOM Magmatic 
Number Number Name Type Grouping (ppm) (ppm) "7Sm' "'Nd "'Nd/"'Nd (Ma) age (Ma) 

Eastern Goldfields Province(cont.) 
97969209 323308 Dundas monzogranite Low-Ca 6.91 31.8 0.1314 0.511460 ± 10 2973 2620 ± 25 
97969212 323303 Lake Kirlc granitic gneiss High-Ca 2.74 14.4 0.1153 0.511226 ± 10 2839 2685 ± 25 
97969223 333301 Buldania granodiorite High-Ca 2.71 17.6 0.0930 0.510857 ± 12 2776 2660 ± 9 
97969237 323310 Boojerbeenyer monzogranite Low-Ca 4.85 27.2 0.1079 0.511079 ± 10 2854 2625 ± 25 
97969243 323311 Buldania-2 granodiorite Higb-Ca 7.55 51.1 0.0893 0.510804 ±1O 2759 2655 ± 6 
97969245 333414 Tramways South monzogranite Low-Ca 4.46 28.2 0.0958 0.510906 ± 10 2781 2640 ± 25 
97969248 333415 Toil and Trouble monzogranite High-Ca 3.89 22.8 0.1031 0.511 067 ± 10 2741 2650 ± 9 
97969249 333409 Sinclair monzogranite Higb-Ca 2.85 18.9 0.0910 0.510984 ± 10 2570 2655 ± 10 
97969256B 333413 End or Day xenolith granodiorite Malic 12.45 83.2 0.0904 0.510841 ± 10 2738 2650 ± 25 
98967008 343613 Erayinia Complex granodiorite Syenite 7.70 49.2 0.0946 0.510912 ± 18 2743 2660± 5 
98969003 343501 Fitzgerald Lagoon granodiorite High-Ca 1.87 11.8 0.0956 0.510884 ± 11 2804 2659 ± 11 
99967170A 314126 Bl~lshead diorite High-HFSE 8.32 34.8 0.1445 0.511821 ± 18 2680 ± 50 
99967174A 334023 Wallaby syenite syenite syenite 19.86 138.0 0.0870 0.510825 ± 19 2681 2657 ± 25 
99967176 334023 Wallaby syenite carbonatite syenite 85.18 574.3 0.0896 0.510838 ± 19 2724 2657 ± 25 
99967177B 334023 Wallaby syenite carhonatitic syenite syenite requires reprocessing (chemistry) 2657 ± 15 

La Jolla Nd standard (n = 37) 0.511878 ± 2 (20",) 
Caltech NdP. from spike calibration checks (n = 4) 0.511920 ± 4 (20", ) 

# Data from W. Oliver, BSc(Hons) 1999. 
Nd data normalised to '<6Ndr'''"'Nd = 0.7219. 
8m and Nd abundances are ± ...... SO/O. due to weighing and spike evaporation limitatlons. 
'
41Snv' 14'Nd is assigned an overaJi uncertainty of 0.2%, including spike calibration, data precision and calculation. 

Uncertainties in 14lNd,44Nd refer to the last digits listed and are the larger of internal precision (95% c.i.) or 0.000010, an approx.imate 2 (J reproducibility from standards. 
tDM. an estimate of mantle derivation age, is calculated from the progressively-depleting mantle model of DePaolo (1981). Considered unreliable for I 47Sml1"4Nd > 0.14. 
Magmatic ages with uncertainties <25tMa are directly measured (this project or other sources); others are estimated from structural relationships or other associations. 
For notes onfNdsee main text. 

Initial 

il<d 

-1.22 ± 0.48 
0.35 ± 0.43 
0.53 ± 0.27 

-0.69 ± 0.41 
0.67 ± 0.22 
0.23 ± 0.38 
1.04 ± 0.24 
3.62 ± 0.24 
0.95 ± 0.36 
1.05 ± 0.36 
0.13 ± 0.27 
1.83 ± 1.02 
1.91 ± 0.47 
1.24 ± 0.48 
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Table 2: Pb isotopic data for K-feldspars and whole-rocks. 

K-feldspor Whole-rock 

AGSO Pluton Unit Rock Chemical 
Number Number Name Type Grouping 206Pb/""Pb 207Pb/""Fb ""Pb/"''pb 2O'pb/'''pb 207Pb/""Pb 2O'pb/2"pb 

Murchison Province 
97969138 243614 Woddouring monzogranite Low-en 13.909 14.915 33.725 27.371 17.323 43.807 
99964003# 224112 Goolthan Goolthan monzogranite Low-C. not analysed 21.899 16.302 38.910 
99964016C 223916 Mount Mulgine granite High-C. 13.589 14.707 33.188 18.975 15.736 36.981 
99964100 224107 Basin granite High-C. 14.693 14.922 34.009 17.051 15.362 36.409 
99967049A 233501 Goddard nebulitic gneiss ht granitic gneiss High-Ca 13.n7 14.878 33.749 15.137 15.141 41.421 
99967055 233623 Fox Lair bt monzogranite Low-ea 14.500 15.070 35.115 23.409 16.573 56.682 
99967066 213701 Namban Kfs-phyric bti granite Low-ea 13.682 14.802 33587 16.660 15.348 40.394 
99967082C 213722 Dookaling xenolith augen gneiss High-C. 14.218 15.006 34.111 22.033 16.424 42.729 
99967114 244301 Telegootherra granodiorite Low-ea 13.397 15.037 34.361 19.246 15.807 43.903 
99967141 234208 Keygo granodiorite High-HFSE no K-feldspar 74.124 26.402 88.736 
99969049 253621 Coolamen-dyke h b-bt monzogranite High-HFSE? 13.910 14.891 33.844 15.751 15.203 35.833 
99969063 223622 Bamunbie-dyke monzogranite Low-ea 14.529 15.003 35.746 26.085 17.051 67.475 
99969066 213601 Donga Well foliated monzogranite High-Co \3.869 14.835 33.933 14.740 15.001 35.471 
99969093B 223703 Coolangatta granodiorite gneiss High-Co no K-feldspar 19.425 16.120 49.340 
99969096 223701 Wubin hb-bt granodiorite Low-Ca 13.676 14.833 33.589 14.743 15.ot8 37.020 
99969142 214006 Triangle granodiorite Mafic 14.344 14.924 34248 19.460 15.818 39.800 
99969164A 214114 Courin Hill granite High-C. 14.nl 15.060 34.209 17.369 15.439 39.207 

Southern Cross Province 
92964658 294101 Wallaby Knob monzogranite Low-Co 13.954 14.999 34.090 Whole-rock sample unavailable 
96969012 293914 Wolling Rock monzogranite Low-Ca 14.111 14.991 34229 20.439 16.108 44.084 
97969023 293713 Turturdine monzogranite Low-Co 14.951 15.122 34.343 25.010 16.882 40.574 
97969034 303505 Yerdanie monzogranite Low-Ca 14.822 15.151 34.858 26.303 17.265 49.160 
97969063 284001 Bulga Downs monzogranite Low-Ca 14.735 15.083 34.736 18.591 15.793 39.224 
97969082A 284006 The Spring granodiorite High-Co 13.796 14.955 33.786 18279 15.753 40.957 
97969090 283608 Koolyanobbing Quarry monzogranite High-Co? 13.792 14.865 33.554 21.116 16.192 38.9n 
97969102B 283905 McLeod Rock granitic gneiss High-Co 13.612 14.828 33.534 15.642 15.203 38.266 
97969104 283908 Native Well monzogranite High-C. 14.220 14.965 34256 17.939 15.674 38.948 
97969125 263504 Warren-2 monzogranite Low-Co 16.040 15.381 35.195 21.285 16.174 39.483 
97969126 0 Proterozoic dyke diorite Prot. dyke no K-feJdspar 22.306 16.145 42.685 

cont. 
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Table 2 (cont.) 

K-feldspar Whole-rock 
AGSO Pluton Unit Rock Chemical 
Number Number Name Type Grouping '06Pb/2lJ'Pb 207pb/20'pb 2IJ'Pb/2<J'pb 2·'pbt''''Pb 2·'Pbr"Pb 2O'Pb/''''Pb 

Southern Cross Province (cont.) 
97969201 323203 Tank No. 28 monzogranite Low-Ca 13.992 14.982 33.826 18.748 15.808 39.383 
97969202 323304 McPherson monzogranite High-Ca 14.041 15.060 33.779 15.262 15.254 35.444 
98967100A 293504 Boorabbin monzogranite Low-Cn failed mass spectrometry 16.628 15.464 43.360 
98967I02E 0 Koolyanobbing xenolith granodiorite Mafic? no K-feldspar 21.204 16.210 43.534 
98968104 264001 Courlbarloo tonalite Mafic? not enough K-feldspar 54.186 22.585 78.697 
98969019 284301 Bluff Point monzogranite Low-Ca 14.476 15.047 34.493 18.628 15.823 42.182 
98969025 274302 Buttercup Bore granodiorite Low-Cn 14.349 15.133 34.696 18.792 15.868 39.131 
98969033 274304 Tom Bore granitic gneiss High-Ca 13.899 15.017 34.053 14.771 15.174 41.618 
98969042 264305 Barlanga Wen quartz monzonite Low-Ca K-feldspar heavily altered 125.887 26.330 116.630 
98969044 264304 Yarrabubba granite Low-C. 14.285 14.928 33.956 17.526 15.296 37.422 
98969045 264314 Monty Bore monzogranite High-C. 14.368 14.954 33.811 20.274 15.972 36.303 
98969055 274205 Woodley Bluff monzogranite High-C. 13.829 14.918 33.550 17.472 15.620 36.691 

Eastern Goldfields Province 
92969015 323906 Dairy monzogranite High-HFSE 14.382 14.883 34.244 Whole-rocksample unavailable 
93964145 344012 HannsCamp fo1iated syenite Syenite 14.012 14.924 33.750 Whole-rock sample unavailable 
94962258A 304315 Anomaly 45 granodiorite Mafic no K-feJdspar 21.868 16.247 43.002 
96969044 314327 Kujelan Creek foliated granite High-C. 13.677 14.718 33.395 20.840 16.014 39.132 
96969046 324319 Red Bore foHated granite Low-Ca 13.852 14.764 33.743 21.543 16.149 46.471 
96969076 314102 Kent complex monzogranite High-HFSE 14.221 14.717 33.956 25.444 16.784 46.796 
96969080A 344105 Durang foliated granite High-C. 14.121 14.994 34.249 16.317 15.332 44.601 
96969087 323901 Redcastle monzogranite High-C. 13.663 14.716 33.411 17.089 15.331 36.094 
97967038G 313726 Golden Cities granodiorite Mafic 13.665 14.780 33.450 16.745 15.322 37.044 
97967069A 314308 Sundowner dyke porphryry Mafic no K-feJdspar 16.689 15.378 36.562 
97967069B 304301 Gemch.pps monzogranite High-HFSE 14.200 14.997 33.758 20.605 16.236 39.542 
97967150 343401 Yardill. granodiorite Syenite 13.857 14.814 33.869 15.294 15.059 36.331 
97967152 343401 Yardilla granodiorite Syenite 13.716 14.757 33.462 16.650 15.286 36.250 
97967153 333419 Talbot monzogranite Low-Ca 13.941 14.852 33.743 21.715 16.225 39.356 
97969044 313605 Mungari monzogranite Low-Ca 15.292 15.113 34.483 23.885 16.604 40.642 

cont. 
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Table 2 (cont.) 

K-feldspar 
AGSO Pluton Unit Rock Chemical 
Number Number Name Type Grouping 206Pb/20"pb 2o'Pb/""J>b 2o'PbJ'""J>b 

Eastern Goldfields Province (cont.) 
97969209 323308 Dundas monzo granite Low-Ca 14.447 15.164 33.831 
97969212 323303 Lake Kirk granitic gneiss High-Ca 14.346 15.113 33.830 
97969223 333301 Buldania granodiorite High-Ca 13.399 15.000 33.663 
97969237 323310 Boojerbeenyer monzogranite Low-Ca 14.651 15.120 33.897 
97969243 323311 Bu1dania-2 granodiorite High-Ca 14.008 15.006 33.674 
97969245 333414 Tramways South monzogranite Low-Cn 13.896 14.847 33.777 
97969248 333415 Toil and Trouble monzogranite High-Ca 13.774 14.817 33502 
97969249 333409 Sinclair monzogranite High-Ca 13.681 14.771 33.430 
97969256B 333413 End of Day xenolith granodiorite Mafic 15.033 15.147 34.570 
98967008 343613 Erayinia Complex granodiorite Syenite 13.811 14.782 33596 
98969003 343501 Fitzgerald Lagoon granodiorite High-Ca 13.934 14.898 33560 
99967170A 314126 Bullshead diorite High-HFSE no K-feLdspar 
99967174A 334023 Wallaby syenite syenite syenite 14.199 14.926 33562 
99967176 334023 Wallaby syenite carbonatite syenite no K-feldspar 
99967177B 334023 Wallaby syenite carbonatitic syenite syenite no K-feldspar 

# Data from W. Oliver, BSc(Hons) 1999. 
All data are normalised on the basis of concurrent analyses ofNBS-981, to correct for mass fractionation during evaporation from the filament. 
Uncertainties in aU cases are dominated by variability in mass fractionation and are assessed to be 0.15% (95% c.l.). 

Whole-rock 

2"'PbJ'""J>b 207Pb/204Pb 2O'pb/2""J>b 

31.462 18.174 39.424 
21.446 16.368 39.130 

failed mass spectrometry 
30.158 17.893 42.302 
18363 15.766 38.675 
18289 15.591 40.016 
16264 15.241 35.096 
15.642 15.103 34.528 
16.952 15.380 36.701 
17.223 15.395 38.685 
16.447 15.348 35.520 
19.925 15.751 39.338 
24234 16.729 38.081 
16.926 15.395 49.116 
27.132 17.254 79.151 
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Figure I: Cumulative frequency plots for the tOM data in Table I, for the three Provinces of the 
Yilgarn Craton. For plotting purposes, all ages have been assigned an uncertainty of 25 
Ma. (Note that \oM is an estimate of mantle derivation age, mt granitoid emplacement 
age.) 
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Figure 2: Nd-Pb isotopic correlations for samples from all provinces of the Yilgam Craton, with 
points classified by (a) province within the craton, (b) chemical grouping, and (c) 
emplacement age. Data from Tables 1 and 2. 
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. points classified by (8, c, e) chemical grouping and (b, d, f) emplacement age. Data fran 

Tables 1 and 2. 
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Figure 4: PblPb isochron for the Wallaby syenite. Data from Table 2. Analytical uncertainties are 
smaller than the plotting symbols, and are highly correlated 
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Analytical Procedures 

Samples were prepared in an integrated procedure that included separation of zircons for 
SHRIMP dating; the procedure is described in the SHRIMP section of this report. 

About ISO mg of each sample was weighed out, and rock samples were spiked with the 
147 Sm+ISoNd spike prior to digestion. All samples were digested by HF+HN03 at 190°C in 
steel-jacketed teflon vessels. Afler conversion of the dissolved sample to bromide form, Pb was 
separated on Bio -Rad" AG-I anion exchange columns. For rock samples, the 'waste' eluate 
from the Pb columns was converted to nitrate form, and the REEs isolated using Eichrotrl" TRU" 
Spec resin (Pin et aI., 1994). Samarium and Nd were then separated using Eichrom® In'" Spec 
resin in HCI, following procedures modified from Richard et aI. (1976). 

All isotopic analyses were performed on the Micromass® VG354 mass spectrometer housed at 
Curtin University. The Sm-Nd analyses followed the replacement of all nine Faraday collectors in 
the mass spectrometer. Procedures for Nd are based on those previously recorded (e.g. Fletcher 
et aI., 1991) except that the improvement in the collectors justified a modification in the collector 
spacings, to take ISoNd data in a static-collector configuration during stepped multicollector 
acquisition of data for the lower-mass isotopes. Sm was also analysed in static multicollector 
mode. Data for the La Jolla Nd standard are listed above with the sample data, as are data for 
Cal tech J3 recovered from spike calibration checks, using the Caltech mixed Sm+Nd standard 
(Wasserburg et aI., 1981). Procedures for Pb were as described by McNaughton and Bickle 
(1987) and Ho et al. (1994), modified where necessary to utilise the multicollector facility of the 
VG354. 

Concurrent processing blanks for Sm, Nd and Pb were, respectively, <0.2 ng, <1.0 ng and <3 
ng. The decay constants used are An. = 1.55125xlo-IO a· l , 1..,,, = 9.8485 xl 0-10 a·1 and 1..147 = 
6.54 xl o- I2a·l• 

Sm-Nd data normalisation 

The fractionation-corrected 143Nd~44 Nd data recorded for standards during this project are 
higher than previously reported from this laboratory, and -0.000020 higher than reference values. 
This change appears to be entirely due to replacement of the Faraday collectors. To compensate 
for this offset, ENd and TDM are calculated relative to a present CHUR 143N~44Nd of 0.512655, 
equivalent to renorma\ising the 143N~44Nd data by -O.IE. 

Model parameters T DM and 11 

For this interim report, T DM values have been calculated using the progressively-depleting mantle 
model of de Paolo (1982). Although the choice of model is irrelevant for any comparisons made 
within this data set, the final report for this project might present data recalculated to a 2-stage 
model in order to facilitate comparisons with data from existing AGSO databases. The 11 are also 
based on a continuously-evolving earth model (il(0) of Cumming and Richards, 1975). Although 
using evolving models in bot cases has some philosophical appeal, is is not a necessary condition 
for the validity of the parameters, given the large degree of decoupling between the Sm-Nd and 
U-Pb isotopic systems. The main reservation in using the Cumming and Richards model is that is 
was based on data from major Pb-Zn ore deposits, not granitic crustal rocks. Despite this, it 
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provides a valid means of comparing the time-integrated UlPb of the sources of the samples 
analysed 
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Chapter 8. 
Overview ofthe Yilgarn Craton magmatism: 

Implications for crustal development 

D Champion, K Cassidy & A. Budd 

Introduction 
Previous chapters (2, 3, 4, 5) have described in detail the granite groups, and the clans 
within these groups, and presented summary chronological histories for the 3 provinces, 
especially the northern halves (see summaries in Tables 3, 4,5). Each of these chapters 
also included a brief discussion on granite petrogenesis and implications for tectonics 
within that province. This chapter expands on those discussions, to present an integrated 
tectonothermal model for the Yilgarn Craton, in particular for the three provinces 
(Murchison, Southern Cross and Eastern Goldfields) that were the subject of the P482 
AMIRA project. This approach in undertaken in five parts. The first section summarises 
the results of the granite classification, in particular comparing and contrasting the granite 
groups and sub-groups present within each province. The second part looks at the 
geochronological data, both from this project and public data, to provide a Yilgarn-wide 
chronology. This chronology is augmented in the third section with a discussion on the 
implications of the granite isotopic data (chiefly Sm-Nd). The fourth part looks at the 
implications of the granite types for tectonic environment. The results of the latter are 
combined with those from the first three sections to provide a preliminary tectonothermal 
framework for the craton, based on the currently available data. We have suggested a 
preliminary tectonothermal framework, as it should be noted that constraints on crustal 
growth and tectonic models for the Yilgarn craton, and cratons in general, are based on a 
variety of data, that range from mostly fact to mostly model-dependent; such data 
constraints include the following, in order of decreasing veracity: 

1) ages of the granites, granite groups (and greenstones), 
2) inherited zircon data in both granites (and greenstones), 
3) granite isotopic data, especially Sm-Nd, and Pb-Pb, 

, 
4) petrogenetic and tectonic models for mafic and ultramafic igneous rocks, 
5) petrogenetic and tectonic models for granites and granite groups, 
6) petrogenetic and tectonic models for other felsic igneous rocks, e.g., felsic volcanics, 
7) basin formation models, and 
8) structural deformation models and relative timing. 

Of these data/data models, 1),2),3) and 5) were the direct focus of the P482 AMIRA 
study, involving not only collection of new data but collation of, and combination with, 
existing public-domain data. Constraints 4), 6), 7), and 8), were not part of this project and, 
accordingly, are not discussed in any detail, though consideration of 4) is built into the 
tectonothermal model. It is noted that 8) is still poorly understood for much of the Yilgarn 
and remains an area needing much more focus and data. 
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Granite groups and chemical sub-groups within the Murchison, Southern Cross and 
Eastern Goldfields Provinces: a comparison 
Granite Groups 
The Granite groups and clans within those groups have been described and discussed in 
detail for the Murchison, Southern Cross and Eastern Goldfields Provinces within the 
relevant chapters (see Chaps 2, 3, 4, 5). Groups recognised within each province are listed 
in Table I, from which it is obvious that, with perhaps the exception of the Syenitic group, 
members of all groups are found within each province. Notably, the High-Ca group is 
most dominant in all provinces, comprising from 50% to >60% of recognised granites. 
Notably there are no significant chemical differences between the High-Ca groups between 
the 3 provinces, with the possible exception of the Eily Eily clan (Murchison Province). 
The latter differs in two main aspects: first, the clan trends to relatively high LILE and 
HFSE contents, in part overlapping with the Low-Ca group; and second, the clan is 
characterised by its generally Sr-depleted nature (i.e., minor to significant negative Eu 
anomalies). The Union Jack clan of the High-Ca group, Eastern Goldfields Province, does 
share some characteristics with the Eily Eily clan, but does not reach the more extreme 
compositions shown in the latter. 

The second most voluminous magmatism belongs to the Low-Ca group which appears to 
vary from 10-20%, in the Eastern Goldfields Province, to locally significantly higher in the 
other two provinces, especially the Southern Cross Province .. Within the Eastern 
Goldfields Province it is further evident that members of the Low-Ca group are more 
common within the northern half of the province. Like the High-Ca group there is little 
difference chemically in the Low-Ca group across the 3 provinces. Together the High-Ca 
and Low-Ca groups comprise 80% or more of the total granites within each province. 

Group MP SCP EGP 

Higb-Ca Mainland Diemals Menangina 

Low-Ca Goolthan Beetle Mt Boreas 

Higb-HFSE Damperwah Mania Kookyoie 

Mali. Gem of Cue Westonia Granny Smith 

Syeniti. Udagalia Fitzgerald Peaks? Gilgarna 

Table I. Comparison of granite groups and their associations found within the Murchison, Southern Cross 
and Eastern Goldfields Provinces. Granite groups listed in order of abundance, with the High-Ca and Low
Ca groups together comprising 80% or more of the total granites. 

The minor groups, Mafic, Syenitic and High-HFSE are best expressed within the Eastern 
Goldfields Province, where each comprises 5-10% of the total granites. The great majority 
of these are localised within or marginal to the greenstone belts. The Mafic and High
HFSE groups are also well represented within the Murchison Province, again largely 
marginal to or within the greenstone belts. Members of these two groups appear to form 
only a very minor component of the Southern Cross Province. It is not known whether this 
difference is indeed real or simply an artefact of sampling bias. Members of the Syenitic 
group are different in that it is strongly evident that they are largely absent from the 
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Murchison and Southern Cross provinces, forming only a very minor component (1-4 
units) in each province. This contrasts greatly with the Eastern Goldfields Province where 
Syenitic rocks form a significant component. Notably, the late Syenitic rocks within the 
Eastern Goldfields Province «2650 Ma) are replaced by similarly young High-HFSE 
rocks within the Murchison Province (see below). 

Geochemical subgroups 
Within each province it has become clear that many of the granite groups can be 
subdivided into a number of subgroups (e.g., clans or groups of clans). The most obvious 
sub-groups are those based on LILE contents, i.e., high-LILE and low-LILE, with the 
variation most evident in the High-Ca and Mafic group granites, but also present within the 
High-HFSE and Low-Ca groups (Table 2). Although in reality the spread in LILE 
contents between granites supersuites is, in part, continuous, these two subgroups have 
been established as they can be used as end-members. The relevance of such an approach 
is well illustrated by a number of results: 
• the available evidence indicates that the high-LILE High-Ca subgroup granites are 

younger or the same age as low-LILE High-Ca granites, within the Eastern Goldfields 
Province, and probably within the Southern Cross Province also. 

• Similarly, the high-LILE Mafic group granites are younger than or the same age as 
their low-LILE counterpart, within the Eastern Goldfields Province. More importantly, it 
is evident that the high-LILE Mafic group granites (Granny Smith clan) are almost 
universally ca 2665 Ma in age. 

• Within the Murchison Province it is evident that the high-LILE High-HFSE subgroup 
is significantly younger than its low-LILE counterpart. 

. Groul! MP SCP EGP 

ffigb-Ca 
Low LILE Mainland Hong Kong Beasley 
High LILE Eily Eily Barr Smith Union Jack 

Low-Ca 
Low LILE Nakedah Mugs Bore Meredith 
high LILE Goolthan Yeelirrie Grant Duff 

ffigb-HFSE 
Low LILE Nannine Marda Satisfaction 
high LILE DampelWah Kookynie 

Mafic 
Low LILE Gem of Cue Westonia Kanowna Belle 
high LILE Britania Granny Smith 
highMg Norie 
tholeiite (CourlbarJoo?) Kathleen Valley 

Table 2. Comparison of within-group geochemical variation for granites groups ofthe Murchison, Southern 
Cross and Eastern Goldfields Provinces, showing representative clans of each subgroup. 
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Such trends of younging with increasing LILE contents are consistent with the notion of 
increasing maturity of the continental crust with time, and mirrors the overall trend from 
High-Ca to Low-Ca magmatism seen within all 3 provinces. It is notable that there is no 
apparent differences in age between the high-LILE and low-LILE subgroups within the 
High-Ca and Mafic groups of the Murchison Province; though this may more be a result of 
this changeover occurring earlier in this province, i.e., pre 2800 Ma. Unfortunately, the 
general lack of unequivocally older granites makes this hard to verify or refute. 

Other chemical subgroups are recognisable within the granites of the Yilgarn, most notably 
within the Mafic group. One of the most important is the recognition of the High-Mg clan 
(Norie clan) in the northern Murchison Province (see Champion & Cassidy, this volume). 
These rocks are characterised by high MgO, Ni, Cr and mg*, features consistent with a 
mantle origin, but also have moderate LILE contents. Such rocks are generally interpreted 
to indicate derivation within a region that is actively undergoing subduction or recently 
experienced such (see Smithies & Champion, 2000). The presence of such rocks (at ca. 
2755 Ma) within the northern Murchison is the strongest evidence yet for subduction 
within the Yilgarn at or before this time. 

The other Mafic subgroup are those with tholeiitic characteristics, notably the Kathleen 
Valley and Sweet Nell clans in the Eastern Goldfields Province, and, perhaps the 
Courlbarloo clan in the Southern Cross Province. Such rocks are invariably related to 
fractionation of a mafic (basaltic) precursor and mostly taken as indicative of a rifted 

. tectonic origin (see below). 

Geochronology: Ages of the granites, granite groups and greenstones, and inherited 
zircon data 

The general ages and temporal sequences of the granites, and greenstones, of the Yilgarn 
craton have previously been summarised for each province (see relevant chapters within 
this report volume); these are reproduced below (Tables 3,4, 5) and summarised in Table 
6. All available zircon data, including inherited ages, for the 3 provinces, are listed with 
references in the relevant chapters (this volume). Plots for each province are shown in 
Figures 1,2,3. 

Inspection of Figures 1, 2, 3 and the available data, reveal a number of points, detailed 
below under their relevant headings: 
Granites 
• The Eastern Goldfields Province shows only a limited granite age range, relative to the 

other 2 provinces (Fig. 1). The vast majority of granites in the Eastern Goldfields are 
younger than 2720 Ma (Figs 2, 3), though there is some evidence for older (to 2760 Ma) 
granites (AGSO, unpublished data). This contrasts with the Murchison and Southern 
Cross Provinces, where there is good evidence for older granites of the following ages: 
2720-2760 Ma, 2780-2820 Ma, 2920-3020 Ma, and older (closer to the Western Gneiss 
Terrane; Fig. 1). 

• Contrary to perceived wisdom, the available data indicate that the peak of granitic 
magmatism in the Eastern Goldfields Province spanned some 20 Ma from 2680 Ma to 
younger than 2660. In detail, the High-Ca distribution suggests two overlapping peaks, 
at ca. 2675 Ma and 2665 Ma (Fig. 2). The Mafic group strongly overlaps with the 
younger of these peaks, i.e., 2665 Ma; similarly there is increasing evidence for a 
Syenitic event at this age. 
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• The major peak in granite magmatism in the Eastern Goldfields Province (2680-2660 
Ma) is clearly a more magmatically quiet time in the other two provinces (Fig. 2). In the 
Southern Cross Province the main peaks of granite magmatism occur at 2700-2680 Ma 
and 2640-2630 Ma (Fig. I). The Murchison Province data shows a significant number of 
peaks, including 3010-3000 Ma, 2960-2920 Ma, 2820-2800 Ma, 2765-2735 Ma, 2710-
2670 Ma, and 2650-2630 Ma. The 2800 Ma and older magmatic peaks in the Murchison 
Province are also present within the Southern Cross Province but are largely poorly 
recorded in the latter. Further dating may resol ve this. 

• The 2765-2735 magmatic event, well represented in the Murchison Province, appears 
to be largely absent within the Southern Cross Province. 

• All three provinces show a strong change around ca. 2655-2650 Ma from older 
dominantly High-Ca magmatism to younger dominantly Low-Ca magmatism. This 
change is most evident in the Murchison and Southern Cross provinces, largely due to 
the already mentioned dearth of magmatism in the 2680-2660 Ma period (Figs 2, 3), but 
also due to the apparently more voluminous Low-Ca magmatism in these regions. The 
less obvious changeover within the Eastern Goldfields Province data (Fig. 2), reflects the 
strong 2660-2680 Ma High-Ca peak, the less voluminous Low-Ca magmatism, and the 
more limited dating of Low-Ca granites in this province. The change in the 3 provinces 
reflects not just a change in the source of magmatism but a change in the depth of 
melting from high (High-Ca) to lower pressures (Low-Ca). As discussed by Champion 
& Cassidy (this volume), this change must reflect some fundamental change in the 
tectonic regime around this time. 

• All parts of the Yilgarn Craton, including the Western and South-West gneiss terranes 
(Figs I, 3), experienced the post 2650 Ma Low-Ca magmatism. This relatively 
voluminous and widespread magmatism also overlaps both with granulite metamorphism 
in the south-west Yilgarn (Nemchin et aI., 1994), and the Yilgarn-wide 2640-2630 Ma 
gold event. 

Greenstones 
• Greenstones in the Eastern Goldfields Province mostly fall between 2720 and 2670 Ma 

(Fig. 2). Krapez et al. (2000) recognised a number of greenstone sequences in the 
southern Eastern Goldfields Province, with ages from 2715 Ma and earlier, to 2670 Ma, 
with younger, (2665 Ma or younger) basins (Yilgangi, Kurrawang, Merougil, Penny 
Dam, Jones Creek). There is increasing evidence for, at least isolated remnants, of older 
greenstone and granites, between 2730 and 2765 Ma. These may either represent 
basement to the younger greenstones, or may indicate greenstone development started 
earlier than thought in the Eastern Goldfields Province. One possibility is that such older 
greenstones are equivalent to the younger sequences in the Southern Cross and 
Murchison Provinces. 

• Notably, the great majority of granitic magmatism occurs after greenstone 
development, especially after felsic volcanism. The differences in the ages, is 
interesting, especially given that there are granites clearly related to spatially associated 
volcanics, e.g., High-HFSE group. The available data suggests that magmatism appears 
to have changed around ca. 2675 Ma from both intrusive and extrusive, to almost totally 
intrusive. This may, in part, reflect either lack of preservation, or lack of recognition. 
For example, Krapez et al. (2000) report ca. 2665 detrital ages from the upper part of the 
Black Flag Formation, and numerous ca. 2665 Ma detrital ages from the Kurrawang, 
Merougil, and Jones Creek sequences, though all these zircon populations, especially for 
the latter 3 sequences, may have been derived from exposed intrusive felsic magmatism. 

• Greenstone ages in the Murchison Province are largely similar to those ofthe granites, 
though are confined to 2700 Ma and older (Table 3). As noted by Schiotte & Campbell 
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(1996), the available data indicate good evidence. for three periods of greenstone 
formation, i.e., 2700-2760 Ma (Mt Farmer group), ca. 2780-2820 Ma (upper part of Luke 
Creek group), and 2930-3010 Ma (Luke Creek Group) (Table 4), not the two periods 
envisaged by Watkins & Hickman (1990). The data also suggest the possibility that the 
2930-3010 Ma period may be actually comprised of 2 discrete periods, 2930-2965 Ma 
and 3000-3010 Ma. 

• Ages of greenstones in the Southern Cross Province appear to be broadly similar to 
those in the Murchison Province, with evidence for 3020-2900 Ma, ca 2820 Ma 
(including the layered mafic complexes) and ca. 2740-2700 Ma (see Table 2, and data in 
Budd & Champion, this volume). 

Inherited and detrital zircons 
• Inherited zircons within the granites (and greenstones) of the Murchison and Southern 

Cross provinces overlap mostly with known ages for older granites and greenstone 
sequences (Fig. 1). There is little evidence for significant old inherited zircon (i.e., older 
than 3.05 Ga), though some inheritance of this age is present, most notably within the 
Southern Cross Province (see Budd & Champion, this volume). 

• Inherited zircon data for the granites of the Eastern Goldfields Province fall into a 
number of discreet periods - 2670-2710, 2720-2760, 2790-2810, 2880-2910, and 2950-
2970 Ma. Importantly, the inherited zircon data from the greenstones very closely match 
the inherited zircons within the granites. More importantly, the identified older 
inheritance groups (post 2720 Ma), closely mirror identified granite-greenstone ages in 
the Murchison Province and Southern Cross Province, with the possible exception of the 
2880-2910 Ma group. Notably, all inherited zircons >2800 Ma are in those granites close 
to or internal to greenstones, suggesting the possibility that these older ages may be 
xenocrystic and perhaps inherited from the greenstones. Importantly, Cassidy et al. 
(1997 Annual report, AMlRA P482), have shown, however, that the nearly all the older 
inheritance is confined to granitoids in the western half of the EGP, approximately 
corresponding to west of the Celia lineament, suggesting that the older crust does exist 
beneath the western Eastern Goldfields Province, and, further that the Celia Lineament 
may mark actually approximate an important crustal boundary in this province. 

• Inherited zircon ages within the Murchison Province also closely follow granite and 
greenstone ages as may be expected. Most notably, however, there appears to be no 
evidence for old inherited zircon (>3100 Ma) that may be expected if Western Gneiss 
Terrane-type crust was being reactivated (Fig. I), consistent with the Sm-Nd isotopic 
data (Fletcher & McNaughton, this volume). 

Province comparisons 
• There is a pronounced younging of available zircon ages from west from east, from the 

Western Gneiss Terrane through the Murchison Province, Southern Cross Province and 
to the Eastern Goldfields Province (Fig. I). The apparent differences between the 
Murchison Province and Southern Cross Province may simply reflect the smaller number 
of ages for the latter, in particular, the lack of greenstone ages. A similar argument may 
hold for the South-West Gneiss Terrane, which on available evidence appears to lack any 
rocks older than ca. 2700 Ma. 

• The Western Gneiss Terrane clearly contains the oldest dated rocks in the Yilgarn 
Craton (3300-3650 Ma), with similar old ages evident in inheritance patterns. Notably, 
however, old inherited zircons are not strongly represented in the Murchison, Southern 
Cross or Eastern Goldfields provinces, with the strong implication that such rocks are not 
present within these provinces. 
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• There is, however, abundant evidence for younger events «3100 Ma), within the 
WGT, that match those seen within the Murchison and Southern Cross Provinces, 
especially less than 2750 Ma (Figs 1,2). There are a couple of 2800 Ma ages (inherited) 
that may also correspond with a similar events within the Murchison and Southern Cross 
Provinces. The commonality of age data are, perhaps, best interpreted to indicate 
collision between the Murchison Province and Western Gneiss Terrane at sometime 
between 2750 & 2810 Ma. Notably, Nutman et al. (1993) reached similar conclusions. 
They further suggested, however, that the pre-3300 Ma rocks of the Narryer complex 
were confined to the eastern part of the gneiss complex, and that these older gneisses 
formed an allochthonous terrane overthrust onto pre-existing 3000-2920 Ma gneisses 
(and also greenstone age), at ca. 2750 Ma. 

• Notably there also appears to be a dearth of older ages within the Southwest Gneiss 
terrane, with almost all ages (magmatic and inherited), 2800 Ma or younger (Fig. 1). The 
presence of 2800 Ma inherited zircons may suggest docking had occurred before this 
time. The lack of ages between 2680 and 2800 Ma, however, may suggest commonality 
wasn't achieved until around 2680 or before. The Southwest Gneiss terrane certainly 
lacks the 2680-2750 Ma ages evident in both the Murchison Province and the Western 
Gneiss Terrane (and also in the Southern Cross and Eastern Goldfields provinces), 
though this could reflect resetting of zircon core ages as suggested by Nemchin & 
Pidgeon (1997). Qui et al. (1997) suggested collision occurred sometime between 2690 
and 2650 Ma; the inherited zircon data would tend to suggest such collision occurred 
before 2680 though. 

• Although, the data for the Southern Cross Province is biased to younger data 
(especially through lack of ages on older greenstone sequences), it is evident that both the 
Southern Cross Province and the Murchison Province share very similar histories, i.e., 
ca. 2920-3030 Ma, 2780-2820 Ma and 2750-2700 Ma greenstone-granite events, with 
abundant 2740-2620 Ma magmatism. Some differences are apparent, however; these 
include, the apparently more voluminous magmatism at 2740-2760 Ma in the Murchison 
Province, such that in the latter the main period of magmatism ranges from 2655 to 2760 
Ma, compared with 2650-2740 Ma in the Southern Cross Province. 

The chronology of the Yilgarn craton, coupled with the granite group data is presented in 
Table 6. 
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Ca. 2760 Ma Trump granodiorite, Raeside mass; High Ca group 

2740-2730 Ma Kathleen Valley gabbro (Mafic group), and Satisfaction Complex (High-HFSE group), 
both probably dating greenstone fonnation ages 

2720-2670 Ma Greenstone, basaltic and felsic volcanism, sedimentation 

ca. 2705 Ma Komatiitic magmatism 

2720-2680 Ma increasing High-Ca magmatism with decreasing age; also Mafic (Iow-LILE) and High
HFSE magmatism (& felsic volcanism) throughout this range. 

2680-2655 Ma Voluminous High-Ca magmatism, also Mafic, Syenitic, and minor High-HFSE group 
magmatism. Peak of magmatism in the Eastern Goldfields Province. Apparently only 
minor magmatism at this time in the Southern Cross Province. 

2665 & younger? Formation ofYilgangi, Kurrawang, Merougil, Penny Dam, Jones Creek basins 

2655-2630 Ma Widespread Low- Ca magmatism, across the Eastern Goldfields Province, and the 
Yilgarn. in the Eastern Goldfields Province accompanied by syenitic (and carnonatitic) 
magmatism. Some High-Ca, and Mafic? magmatism to 2650 Ma and slightly younger. 

Table 3. Tectonothermal history for the northern Eastern Goldfields region, including the eastern part of the 
Southern Cross Province. Data and data sources given in Chapter 2. 

ca. 3670 Ma inheritance, Munroes Wen granite in Gum Creek greenstone belt 

3120-2900 Ma inheritance, Buttercup Bore & Munroes Wen granites in Gum Creek greenstone belt, 
McLeod Rock granite 

>3020-2920? Ma greenstone fonnation, including komatiite 

3020 Ma Deception Hills porphyry 

ca. 2820-2800 Ma Tholeiite intrusions (eg Windimurra, Youanmi, Atley layered intrusions) on the 
Murchison·Southem Cross provinces boundary; also felsic volcanism. 

2815 Ma Courlbarloo plagiogranite (High-HFSE group?) 

>2735-2700 Ma greenstone fonnation, including felsic volcanism Marda & Koolyanobbing 

2735-2700 Ma High-Ca magmatism 

2700-2670 Ma dominantly High-Ca group, some Low-Ca (Bulga Downs Clan). 

2660-2620 Ma dominantly Low-Ca group, some High-Ca group 

Table 4. Tectonothennal history for the northern Southern Cross Province. Data and data sources detailed in 
Chapter 4. 

AMlRA P482IMERIWA M281 - Yilgarn Granitoids. 2001 



3800 - 4100 Ma 

3600-3730 Ma 

3440-3500 Ma 

3380-3350 Ma 

3290-3315 Ma 

3119? Ma 

ca. 3010-3000 Ma 
t 
I 

continuous? 
l 

2965-2920 Ma 

>2810-2750 Ma 

2815-2780 Ma 

2760-2745 Ma 

2750-2700 Ma 

2745-2725 Ma 

2725-2710 Ma 

2700-2665 Ma 

2655-2620 Ma 

2650-2640 Ma 
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inherited zircons - Narryer Gneiss Terrane 

Narryer Gneiss Terrane, e.g., Meeberrie gneiss 

Narryer Gneiss Terrane, e.g., Eumda gneiss 

Narryer Gneiss Terrane, e.g., Dugel gneiss 

Narryer Gneiss Tenane, e.g., unnamed gneisses 
Pendants of gneiss, e.g., Murgoo gneiss, within the western Murchison Province
related to Narryer Gneiss Terrane? 

Narryer Gneiss Terrane, e.g., unnamed gneisses 

greenstones (and komatiite?), of Luke Creek group, 
High-Ca group, Mafic and High-HFSE groups? 

Western & NarryerGneiss Terrane - magmatism of this age appears to be absent 

greenstones (and komatiite?), of Luke Creek group, 
High-Ca group granites and gneisses, Mafic and High-HFSE groups? 

Narryer Gneiss Terrane overthrust over Murchison Province? 

greenstones (upper part of Luke Creek group), High-Ca group, Mafic and High
HFSE groups?, rift-related? layered mafic intmsive complexes along Southern Cross 
ProvincelMurchison Province boundary 

High-HFSE (Nannine clan), Mafic and High-Ca groups 

greenstones, including komatiite, of the Mount F.rmer group 

High-C. group 

High-C. and Mafic (Gem of Cue, Britania clans) groups 

common High~Ca magmatism, very minor Low-Ca group magmatism? 

Low Ca and High-HFSE (Damperwah clan) group magmatism. 

Granulite metamorphism - Southwest Gneiss Terrane 

Table S. Tectonothermal history for the northern Murchison Province (and western Southern Cross 
Province), and for the Western Gneiss (including the Narryer), and the Southwest Gneiss terranes. Data and 
sources detailed in Chap. 5 (this volume). 
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3800 - 4100 Ma 

3600-3730 Ma 

3440-3500 Ma 

3380-3350 Ma 

3290-3315 Ma 

3119? Ma 

-3020-3000 Ma 
t 
I 
I 
I 
I 

continuous? 
I 

2965-2920 Ma 

>2810-2750 Ma 

ca. 2820-2800 Ma 

2820-2780 Ma 

-2760-2745 Ma 

-2745-2720 Ma 

2720-2700 Ma 
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inherited zircons - NarryerGneiss Terrane 

Narryer Gneiss Terrane, e.g., Meeberrie gneiss 

Narryer Gneiss Terrane, e.g., Eumda gneiss 

Narryer Gneiss Termne, e.g., Dugel gneiss 

Narryer Gneiss Terrane, e.g., unnamed gneisses 
Pendants of gneiss, e.g., Murgoo gneiss, within the western Murchison Province
related to Narryer Gneiss Terrane? 

Narryer Gneiss Terrane, e.g., unnamed gneisses 

Murchison 
High-Ca 
Mafic 
High-HFSE? 
greenstone 
komatiite? 

Soutbern Cross 
High-Ca? 
Mafic 
High-HFSE?? 
greenstone 
komattiite 

Eastern Goldfields 

Western & Narryer Gneiss Termne - magmatism of this age appears to be absent 

High-Ca 
Mafic 
High-HFSE? 
greenstone 

High-Ca? 
Mafic? 
High-HFSE?? 
greenstone? 

zircon inheritance 

Nanyer Gneiss Terrane thrust over Murchison Province? 

Tholeiite intrusions <eg Windimurm, Youaruni, Atley layered intrusions) on the 
Murchison-Southern Cross provinces boundary; also felsic volcanism. 

Mafic 
High-Ca 
greenstone 

Mafic 
High-HFSE 
High-Ca? 
greenstone 

High-Ca 
greenstone 

High-Ca 
Mafic 
greenstone 

Mafic 
High-Ca 
greenstone 

? 

High-Ca 
greenstone 

High-Ca 
Mafic? 
greenstone 

zi reOD inheritance 

High-Ca? 
Mafic 

High-HFSE? 
Mafic? 
greenstone? 

High-Ca 
Mafic 
High-HFSE 
greenstone 
komatiite 

Table 6a. Tempoml and magmatic history for the Murchison, Southern Cross and Eastern Goldfields 
Provinces, pre-2700 Ma. Events in Southwest and Western gneiss terranes shown in italics. 
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2700-2670 Ma 

pre-2680 Ma? 

2670-2655 Ma 

2655-2600 Ma 

2650-2640 Ma 

High-Ca 
Low-C.? 
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High-C. 
Low-Ca? 

High-C. 
Mafic 
High-HFSE 
greenstone 

Docking of Southwest Gneiss Terrane. Actual age of collision poorly constrained. 

minor magmatism 
(High-Ca) 
(Low-Ca) 

Low-Ca 
High-HFSE 
High-Ca? 

Low-Ca 
High-Ca? 

High-Ca 
High-HFSE 
Mafic 
Syenitic 
Low-Ca 
conglomeratic sediments 

Low-Ca 
Syenite 
Mafic? 

Granulite metamorphism - Southwest Gneiss Terrane 

Table 6b. Temporal and magmatic history for the Murchison, Southern Cross and Eastern Goldfields 
Provinces, post-2700 Ma. Events in Southwest and Western gneiss terranes shown in italics. 

Isotopic data - evidence from Sm-Nd and Pb-Pb data. 
Isotopic data for the Yilgarn Craton has been the subject of a number of studies (e.g., 
Watkins & Hickman, 1990; Fletcher et aI., 1994, Champion & Sheraton, 1997; Nutman et 
aI., 1993), and also has been collected as part of the current AMlRA work (Fletcher & 
McNaughton, this volume). Fletcher and McNaughton (this volume) drew a number of 
conclusions from the AMIRA isotopic data (Fig. 4), expanded on below: 
• there is a fundamental difference in the isotopic signatures of the Yilgarn provinces, 

with the granites of the Eastern Goldfields Province being characterised by more 
primitive ENd values (and younger depleted mantle model ages; Fig. 4), relative to the 
Southern Cross Province and Murchison Province. This can be best interpreted to 
indicate that the granite source regions for the Eastern Goldfields Province are in general 
younger than the other provinces. This result is consistent with the earlier interpretations 
of Fletcher et al. (1994) and Champion & Sheraton (1997). This distinction extends to 
all granite groups, such that members of the High-Ca, Low-Ca and High-HFSE groups in 
general have more evolved ENd in the Murchison and Southern Cross provinces, than in 
the Eastern Goldfields Province. 

• it is also evident that there is a large number of similarities between the Murchison and 
Southern Cross provinces, in particular, the main peaks in the Nd depleted mantle model 
ages (Fig. 4). This result strongly supports the conclusions made from the previous 
sections, i.e., the Murchison and Southern Cross provinces are quite similar and most 
probably have been acting as one entity for a long while. 

• there is a clear distinction between ENd isotopic signatures of the High-Ca and Low-Ca 
groups on the province scale, with the Low-Ca granites having more evolved isotopic 
signatures, suggesting they had older source rocks. This distinction is only partly evident 
on the craton scale, for a variety of reasons, e.g., the Eastern Goldfields Province being 
isotopically more primitive than the Southern Cross Province and Murchison Province. 

• finally, there appears to be broad distinctions between the ENd isotopic signature of the 
granites, on the basis of age, with the youngest «2645 Ma) granites being the most 
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evolved, and the 2645-2675 Ma age group being the most primitive (see Figures in 
Fletcher & McNaughton, this volume). Given the age distribution of granites within the 
three provinces, these age group observations largely relate to 2 factors: the majority of 
2675-2645 granites belong to the Eastern Goldfields Province (the most isotopically 
primitive province), and the majority of post-2645 Ma granites belong to the Low-Ca and 
High-HFSE groups, 2 of the most isotopically evolved granite groups. 

Other conclusions can be drawn from the combination of the AMIRA data and the 
publicly-available data (Watkins & Hickman, 1990; Fletcher et aI., 1994, Champion & 
Sheraton, 1997; Nutman et aI., 1993), as follows: 
• Champion & Sheraton (1997) showed that the ENd values for the Low-Ca group 

granites in the Eastern Goldfields Province became progressively more primitive toward 
the north-east, and that this trend continues across the Ida Lineament into the Southern 
Cross Province. This data is best interpreted to show that the average age of the Low-Ca 
crustal source rocks youngs to the north-east, suggesting this has been the direction of 
crustal growth in the Eastern Goldfields. The large jump in ENd across the Ida lineament 
seen in these rocks indicates some fundamental difference between the provinces - a 
difference also seen in the Yilgarn-wide data which indicates the Eastern Goldfields 
Province is isotopically more primitive. 

• it is clear within the Eastern Goldfields Province that members of both the Low-Ca and 
High-HFSE groups are mostly more isotopically evolved than members of the Mafic, 
High-Ca and Syenitic groups (Champion & Sheraton, 1997). This can be best interpreted 
to indicate that the source rocks for the Low-Ca and High-HFSE groups are, on average, 
significantly older, than those for the Mafic, High-Ca and Syenitic groups. This isotopic 
difference between groups would also appear to hold for the Murchison Province. The 
data is more equivocal for the Southern Cross Province, where although the majority of . 
the High-Ca granites have more primitive ENd than the majority of the Low-Ca granites, 
the total range in ENd for the two groups completely overlap. 

• Nutman et al. (1993) showed that the ENd values for the younger granites within the 
Narryer Gneiss Terrane were too primitive to have been derived from the old (3300 Ma 
and older) gneisses of that terrane, and more consistent with derivation from crust of 
similar age to the Murchison Province. Nutman et al. (1993) interpreted this to indicate 
that the Narryer Gneiss Terrane was actually thrust over the Murchison Province. 

Petrogenetic and tectonic models for granites and granite groups 
An understanding of petrogenetic and possible tectonic models for the generation of 
granites from each of the granite groups can be used, in conjunction with the 
geochronological and isotopic data, to provide a tectonothermal history for the Yilgarn. 

Tectonics of granites. 
Given the complexities of granite petrogenesis, in particular the relative roles of crustal 
versus mantle input into any granite it is difficult at best to make any unequivocal 
statements regarding a granite and the tectonic environment it may have formed in. 
Despite these problems many workers have attempted to classify granite-types and their 
respective tectonic environments on the basis of empirical observations with regards to 
both certain chemical parameters (such as Y, Nb, Rb contents, e.g., Pearce et aI., 1984), 
and to actual dominant granite type (on the basis of M-, I-tonalite, I-granodiorite, A-type, 
e.g., Pitcher, 1993). 
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Chemical parameters 
A number of workers, most notably Pearce and co-workers (e.g., Pearce et al., 1984) have 
used certain chemical parameters (trace elements), to empirically constrain tectonic 
environment. Although such diagrams have not been widely accepted, they are still used, 
in particular for Palaeozoic and younger granites. Whether such diagrams are applicable 
for Archaean granites is debateable, and depends largely on the role of modem tectonics in 
the Archaean. Another feature of the diagrams developed by Pearce et al. (1984), is their 
inability to discriminate post-orogenic granites, from volcanic-arc and syn-collisional 
granites. Such a result is not unexpected given that many (probably most) granites in these 
environments have a dominantly crustal component. Despite the problems with such 
diagrams there use was investigated for this study (Figs 5, 6). 

Examination of Figures 5 and 6 shows that on such tectonic discrimination diagrams, the 
High-Ca granites of the northern Eastern Goldfields and northern Murchison Province 
clearly fall into the volcanic arc (VAG) and syn-collisional (Syn-COLG) fields. Such an 
interpretation is consistent with the one used by us, i.e., these granites represent high
pressure derivation consistent with either melting of thickened crust andlor the subducting 
slab (see below). Similarly, the Mafic rocks, with the exception of the tholeiitic clans 
(Kathleen valley and Sweet Nell) also occupy the VAG and Syn-COLG fields. A VAG 
environment is certainly consistent with our interpretation for the Norie clan in the 
northern Murchison Province (see Chap 5 this volume). The two tholeiitic clans (and 
probably Courlbarloo in the Southern Cross Province) are examples of fractionated 
tholeiitic series granites, often known as plagiogranites. Such rocks are typically found in 
ocean-ridge settings, be they back-arc or oceanic ridges, hence their plotting in the ORG 
(ocean-ridge granite) field (Fig. 5). Whilst such a setting is possible for these rocks in the 
Eastern Goldfields Province, it is most likely that they simply represent in-situ 
fractionation of moderate-sized gabbro bodies, i.e. layered mafic complexes. This well 
illustrates one of the problems with such tectonic diagrams, in that solutions can be non
unique. 

The Low-Ca granites of the northern Murchison and northern Eastern Goldfields straddle 
the VAG, Syn-COLG and within-plate (WPG) fields (Figs 5, 6), making their 
interpretation difficult. One possible way around this is to take into account trends in the 
elements, i.e., whether they increase or decrease with increasing silica, using only the 
lower silica end-member values to ascertain what field they plot in. Unfortunately this also 
produces ambiguous results, for example both Y and Nb actually decrease with increasing 
silica in a number of clans, meaning such clans start in the WPG field and move into the 
VAG or Syn-COLG fields, while other clans start in the latter fields. One important point 
to note, is that these tectonic diagrams were developed and based on, and, hence are most 
applicable, for Palaeozoic and younger granites. In particular, it has been well documented 
that Archaean granites are much lower in Y than most post-Archaean granites. What 
effects these differences have on the tectonic diagrams is not clear, though one effect for 
the Low-Ca group, at least, would be to move the WPG field to the left, i.e., a higher 
percentage of Low-Ca granites would fall within the WPG field, though notably not all. 
The other possible interpretation is that the Low-Ca granites belong to the post
orogenic/post-collisional class, a class not discriminated on such diagrams (Pearce et aI., 
1984). Such a classification is consistent with our own interpretation (see below). 

The Syenitic group appears to suffer from similar problems as the Low-Ca group, also 
straddling most of the fields (Figs 5, 6). Modem examples of such rocks indicate they are 
not generated within a VAG environment, and rarely in a Syn-COLG setting (e.g., Eby, 
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1990; see below); clearly the discrimination diagrams are not valid for Archaean alkaline 
rocks, and, perhaps other WPG magmatism. 

The final group, the High-HFSE group also shows a similar spread as the Low-Ca and 
Syenitic groups (Figs 5, 6). Notably, however, the Damperwah clan (northern Murchison 
Province, Fig. 6) falls entirely within the WPG field, consistent with our interpretation for 
this clan. 

Granite types and other petrogenetic considerations 
The use of broad granite types and groups as an indicator, also based on empirical 
observations, appear to have some success in delineating tectonic environments, but like all 
approaches becomes more difficult the older the rocks. Of all the Yilgarn granites, the 
Syenitic group is the most diagnostic. As discussed earlier, the bulk ofthe Syenitic group 
rocks are confined to the Eastern Goldfields Province, with two apparent age groups: ca. 
2665 Ma, and 2650-2640 Ma (see discussion in Champion & Cassidy, this volume). Such 
rocks, and related sub-alkaline to alkaline granites, often grouped under the A-type granite 
nomenclature (e.g., Eby, 1990; Figs 7, 8), are typically found in modem environments in 
either extensional/rift or anorogenic settings - the latter more correctly thought of as 
regions undergoing tension/attenuation, such as post-orogenic, and/or post-collisional 
relaxation, or regions above mantle 'hot-spots'. Further, such rocks are associated with the 
presence of thick crust and high-heat flow, consistent with extension (Pitcher, 1993). If 
such tectonic and genetic models are adopted for the late Archaean, and more specifically 
the Eastern Goldfields Province, then it suggests that the periods ca. 2665 Ma and 2650-
2640 Ma, the age of the syenites, must have experienced one of the above tectonic settings. 
The 2650-2640 Ma period has already been proposed to have been in some form of 
extensional or tensional setting by Smithies & Champion (1999), who suggested crustal 
delamination as the driving force. The widespread Low-Ca granites of this age are also 
consistent with such an environment (see below). 

The newly documented 2665 Ma Syenitic group magmatism is somewhat more 
problematical, but would best appear to fit with some form of extensional ridge running up 
the eastern half of the Norseman-Wiluna belt, where the members of this age appear to be 
confined. There are a number of features that are unique to these older Syenitic rocks, 
including: 
• the presence of moderate to large intrusions of more felsic and calcic monzonitic to 

quartz monzonitic rocks (identified by greater abundances of plagioclase, amphibole 
and quartz), e.g., Erayinia and Panakin clans; 

• the temporal association with Mafic group granites, in particular the high-LILE 
subgroup (the Granny Smith Clan) which is common and largely restricted to ca. 2665 
Ma; 

• the temporal association with much of the High-Ca group, although the greatest peak in 
the latter magmatism would appear on present data to have been slightly earlier (Fig. 
3). 

The temporal association with the High-LILE Mafic subgroup (the Granny Smith clan), is 
considered particularly important as Champion & Cassidy (Chap. 2, this volume) 
suggested that the high-LILE component required for this clan may have been supplied by 
the Syenites or related to the process that produced such Syenitic rocks, e.g., some type of 
metasomatised mantle input. Such 'mixing' of magmas or, perhaps more probably sources, 
may also explain why the 2665 Ma syenites, in particular the Panakin and Erayinia clans 
are more calcic. The origin of the syenites and indeed the fluids required to produce the 
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postulated metasomatised mantle is problematic (see discussion by Smithies & Champion, 
1999). Regardless, it is evident from the Sm-Nd isotopic signatures that the LILE 
enrichment required for these rocks, be it in the mantle or at the base of the crust must have 
occurred not long before generation of the 2665 Ma syenites and high-LILE Mafic group 
rocks. 

If we assume that the 2665 Ma syenites and high-LILE Mafic group rocks were indeed 
formed in some form of extensional environment, then it raises the question of how do the 
High-Ca granites, which on the basis of the present evidence also commonly straddle the 
2665 Ma age, fit into such an environment? Given that the High-Ca granites were derived 
at high pressures, from either thickened crust or from a subducting slab, would suggest that 
the postulated rift environment was localised, partly consistent with the distribution of the 
2665 Ma syenites. Notably, however, within the limits of the dating (errors of. 3-8+ Ma), 
it is impossible to tell if the 2665 Ma syenites and High-Ca granites were indeed 
contemporaneous. One thing would appear certain though, and that is the requirement for 
a relatively extensive (and thick) continental crust at this time (ca. 2665 Ma). It is noted 
that the Yilgangi conglomerates which occur reasonably close to the postulated 2665 Ma 
extensional zone have an age (pre-2662 ± 5 Ma; Nelson, 1996), not inconsistent with such a 
tectonic interpretation. 

As suggested in Chapter 2 (this volume), the chemical and petrological features of the 
Low-Ca granites are consistent with high temperature melting, from relatively dry source 
rocks. This is confirmed in Figures 7 and 8, which clearly show the A-type affinities of the 
Low-Ca granite group, particularly when it is noted that granites of this group trend from 
right to left on the Zr+Nb+Ce+Y plots (with increasing silica). As stated above, granites 
with such affinities, are typically generated in regions undergoing extension or 
tension/attenuation, (e.g., post-orogenic), or regions above mantle 'hot-spots' (Eby, 1990; 
Pitcher, 1993). The widespread nature of the Low-Ca magmatism, across the Yilgarn 
craton, at 2650-2630 Ma, suggests the whole craton was undergoing extension or post
orogenic attenuation at this time, possibly related to the end of the major D2 compression 
within the Eastern Goldfields Province (as suggested by Smithies & Champion, 1999). 
This overall environment is consistent with the tectonic interpretation for the younger 
Syenitic group granites (Eastern Goldfields Province), and also the younger High-HFSE 
granites in the Murchison Province. 

The High-HFSE group granites are also shown on the A-type discrimination diagrams 
(Figs 7, 8), from which it is clear that the Damperwah clan of the Murchison Province has 
strong A-type affinities. The other High-HFSE clans are, however, less obviously A-type, 
though their overall characteristics of elevated FeO·, Ti02, Zr, Y for given silica content 
(higher than the Low-Ca granites), are consistent with A-type granites elsewhere (see 
Whalen et ai., 1987; Eby, 1990), suggesting some affinity. It was noted in Chapter 2 that 
members of the High-HFSE group share a number of similarities (elevated FeO, Zr, Y) 
with the tholeiitic subgroup (e.g., Kathleen Valley clan) of the Mafic group, raising the 
possibility of some involvement of such tholeiitic rocks in the genesis of the High-HFSE 
granites. This notion was more strongly supported by the discovery, during the current 
project, of the more mafic High-HFSE clan (Bullshead) in the Eastern Goldfields Province. 
The currently available data is best interpreted to indicate that mafic tholeiitic magmas, or 
fractionates of such, have contributed to at least some of the High-HFSE granites, possibly 
via mixing and subsequent fractionation. In this regard it is not surprising, therefore, that 
many of these granites are spatially and temporally associated with chemically-similar 
felsic volcanics which form part of a bimodal basalt-rhyolite association (e.g., Hallberg et 
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aI., 1993). The obvious conclusion is that both the volcanics and the High-HFSE granites 
fonned in a similar manner in a similar extensional or basin-fonning environment, 
commonly at much the same time. 

The latter conclusion, however, probably does not hold for the post-greenstone aged 
Damperwah clan of the Murchison Province. These younger granites (ca. 2640-2600 Ma) 
have chemistry clearly more akin to both true A-type granites (Fig. 8) and to within-plate 
granites (Fig. 6), and, accordingly are best interpreted as high temperatures melts emplaced 
in a tensional or extensional environment. This is entirely consistent with their temporal 
association with the Yilgam-wide Low-Ca magmatism, and the younger Syenitic 
magmatism of the Eastern Goldfields Province, and the reported ca. 2640 Ma granulite 
metamorphic age from the south-west Yilgarn (Nemchin et aI., 1994). 

The final granite group, the High-Ca group, comprised ofI-type trondhjemites, 
granodiorites and true granites, is difficult to assign to an unequivocal tectonic 
environment. As has been discussed in earlier chapters, the general characteristics of the 
High-Ca granites (low LILEs, sodic, Sr-undepleted), indicate derivation, at high pressures 
(> 1 0 kbar), from a mostly mafic (broadly basaltic/amphibolitic), LlLE-poor source. The 
high pressure origins for the majority of the High-Ca granites indicate derivation either 
deep within a thickened crust (>35-50 km) or, perhaps, from melting of a subducting slab 
(see Champion & Sheraton, 1997). Importantly, the range in the LlLE and HFSE (between 
clans), however, indicates a more complex model, i.e., the involvement of at least two
components, either as a heterogeneous source (basaltic to quartz dioritic), or by some other 
process (assimilation of pre-existing crust, magma-mixing etc). The available evidence, 
e.g., presence of inherited zircons (especially good ca 2.8 Ma inherited ages in the Eastern· 
Goldfields Province High-Ca granites), the Sm-Nd isotopic data (old model ages which 
suggest significant involvement of older crust), tend to favour a thickened crust as the 
source. This would particularly appear to be the case for the northern Murchison Province 
where a range of pressures can be deduced from the chemistry, ranging from the Sr
depleted chemistry of the widespread Eily Eily clan (lower pressure with residual 
plagioclase in the source), to the flat HREE patterns and lack of negative Eu anomalies in 
many of the High-Ca granites (no residual plagioclase but residual amphibole instead of 
garnet), to the Sr-undepleted Y -depleted end-members (no residual plagioclase but residual 
garnet). 

Regardless, of whether a thickened crustal or subducting slab origin is invoked (and 
possibly both were operative at different times), both hypothesis appear to require the 
operation of some fonn of convergent tectonics, to either produce the thickened crust or 
the subduction environment. Given the range in ages of the High-Ca group, especially 
within the Murchison Province, it is evident that such an environment must have been 
operative, at least intennittently, from ca 3.0 Ga to ca 2.66 Ga. This conclusion raises a 
number of important points. Firstly it is apparent that while voluminous High-Ca 
magmatism was being produced in such a tectonic environment in the Eastern Goldfields 
Province at 2680-2660 Ma, this voluminous magmatism did not extend to the Murchison 
and Southern Cross provinces (Fig 3) where the majority of High-Ca magmatism appears 
to have occurred earlier (>2700 to 2680 Ma). These differences mayreflect a number of 
possible scenarios: I) the Murchison and Southern Cross provinces were separate from the 
Eastern Goldfields Province before and/or during this period; 2) the thennal regime at this 
time was such that granite production was largely confined to the Eastern Goldfields 
Province, such as in a typical modern-day convergent environment; or, 3) the change 
across the two provinces is actually diachronous, as in a migrating arc-environment. 
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Clearly further geochronology is needed, particularly along the eastern margin of the 
Southern Cross Province. 

Secondly, the change over at ca 2655 Ma from dominantly High-Ca to craton-wide 
dominantly Low-Ca magmatism must reflect a fundamental change from convergent 
tectonics, at least in the Eastern Goldfields Province, to craton-wide extension or 
tension/relaxation (see earlier). The exact nature of this tectonic transition is largely 
dependent on the origin of the High-Ca granites. If the High-Ca granites were generated in 
thickened crust, then melting shifted to higher crustal-levels (the site of Low-Ca 
generation), with the thickened lower crust (High-Ca source) either somehow insulated 
from further melting or removed. The latter is favoured given the apparently higher 
thermal gradient required for the Low-Ca granites. In this regard, Smithies & Champion 
(1999) suggested that this post 2655 Ma thermal event may have resulted from lower
crustal delamination following the D2 shortening deformation in the Eastern Goldfields 
Province, heralding an additional tectonothermal event in the Yilgarn Craton, 
contemporaneous with lower-middle crustal high-grade metamorphism and regional Au 
mineralisation. If, however, the High-Ca granites were largely generated by slab-melting, 
then the change over to Low-Ca (and syenitic) magmatism may simply reflect some form 
of wide-scale extension, perhaps not unlike that presently operating in the Basin and Range 
province in the western United States, although with some differences. 

Finally, the large volume of High-Ca granites across the Yilgarn craton require a 
correspondingly larger source (3 or more times volumetrically larger), implying, if indeed 
the High-Ca granites were largely crustal in origin, a very significant volume of pre
existing crust of basaltic to andesitic composition. More importantly, the Sm-Nd isotopic 
data shows that the High-Ca source rocks are, on average, younger than the sources of the 
Low-Ca magmatism. This coupled with the modelled depths of formation which indicate 
the High-Ca source was at a deeper crustal level (pressure) than the Low-Ca source, 
indicates that not only was the High-Ca source younger, but it was also underlying the 
older Low-Ca source rocks. If the High-Ca granites were indeed derived within thickened 
crust then the geometry of sources requires that the High-Ca source must have been 
underplated onto, or perhaps underthrust beneath, the existing older crust (comprising the 
Low-Ca and High-HFSE source rocks); further the isotopic data indicates that this process 
must have happened at different times in the Murchison Province versus the Eastern 
Goldfields Province. Both of these hypothesised scenarios (underplating/underthrusting) 
are broadly consistent with the preferred source composition for the High-Ca granites, i.e., 
largely basaltic. For example, Smithies & Champion (2000), amongst others, have 
suggested that much of the Archaean was characterised by flat subduction or tectonic 
underplating rather than modern-day subduction. Such a scenario would produce a 
younger, deep, mafic layer beneath older crust. This model also has the advantage of 
making the 2 options for genesis of the High-Ca granites (thickened crust or subducting 
slab) essentially the same mechanism. 
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3800 - 4100 Ma Inherited zircons - NanyerGneiss Terrane 

3730-3300 Ma Nanyer Gneiss Terrane, e.g., Meeberrie gneiss 
Pendants of gneiss, e.g., Murgoo gneiss, within the western Murchison Province
related to Nanyer Gneiss Terrane? 

-3020-2920 Ma Greenstone formation in the Murchison and Southern Cross provinces, including plume
related? komatiitic magmatism. Possibly two periods of greenstone formation with a 
break ca. 2980-2960 Ma. 

-3020-2920 Ma High-Ca and Mafic? group magmatism in the Murchison and Southern Cross provinces 
indicate convergent tectonics, while possible High-HFSE gmup magmatism is related to 
felsic volcanism within the greenstone belts. 
Magmatism of this age appears to be absent in the Western Gneiss Terrane. 

>2810-2750 Ma Isotopic and inherited zircon evidence suggest Nanyer Gneiss Terrane thrust over 
Murchison Province some time during this period. 

ca. 2820-2800 Ma Tholeiitic intrusions (eg Windimurra, Youanmi, Atley layered intn.sions) emplaced 
along a broad zone approximating the Murchison-Southern Cross provinces boundary; 
also felsic volcanism. The presence of these mafic complexes suggest that the 
Murchison and Southern Cross provinces were already one entity at this time. 

2820-2780 Ma Minor? greenstone formation in the Murchison and Southern Cross provinces during 
this period. 
High-Ca and Mafic? group magmatism in the Murchison and Southern Cross provinces 
indicate convergent tectonics. 

-2760-2745 Ma Greenstone formation in the Murchison province during this period, consistent with 
High-HFSE magmatism. 
High-Mg Mafic magmatism (Norie clan) indicates subduction environment at or 
preceding this period in the north-west Murchison. Also consistent with High-Ca 
magmatism. 

-2760-2750? Ma Greenstone formation, of unknown extent, of this age or older, in the Duketon region of 
the Eastern Goldfields Province. 

-2745-2720 Ma 

2740-2730 Ma 

2720-2700 Ma 

High-Ca group magmatism indicate convergent tectonics, at least in west-central 
Eastern Goldfields Province, while tholeiitic Mafic magmatism (Duketon greenstone 
belt) indicate some extension. 

Significant greenstone formation in the Murchison and Southern Cross provinces 
High-Ca group magmatism indicate convergent tectonics 

Tholeiitic Mafic group and apparent High-HFSE magmatism of this age in the Eastern 
Goldfields Province, suggests some greenstone formation at this time in the region. 

Greenstone formation in all 3 provinces, though end of greenstone in Murchison and 
Southern Cross provinces, first phase of major greenstone formation in Eastern 
Goldfields Province (especially Kalgoorlie terrane). Widespread 2.705 Ma komatiitic 
(plume-related) magmatism in the Eastern Goldfields Province. 
High-Ca and Mafic group magmatism in all 3 provinces indicate convergent tectonics, 
in at least parts of those provinces. 

Table 7 A. Interpreted tectonothermal history for the Murchison, Southern Cross and 
Eastern Goldfields Provinces, pre-2700 Ma. 
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2670-2655 Ma 

2655-2600 Ma 

2650-2640 Ma 

2640-2630 Ma 
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High-Ca magmatism in the Murchison and Southern Cross provinces suggest some 
convergent tectonics. Presence of some Low-Ca granites oflhis age, though., appears to 
indicate extension in parts of the provinces. 

Significant greenstone fonnationin the Eastern Goldfields Province, accompanied by 
High-HFSE group magmatism. 
High-Ca and Mafic group magmatism indicate convergent tectonics. 

Docking of Southwest Gneiss Terrane. Actual age of collision poorly constrained. 

Voluminous High-Ca group magmatism, accompanied by significant Mafic group 
magmatism, indicate convergent tectonics within the Eastern Goldfields Province. 
Syenitic (and High-HFSE?) group magmatism at ca. 2665 Ma, indicate the presence of 
a broad? zone of NNE-SSW extension in the eastern half of the Eastern Goldfields 
Province, roughly corresponding to the Celia lineament. 
Conglomeratic sediments (e.g., Yilgangi, Kurrawang, Merougil, Penny Dam), probably 
deposited within this period. 

Minor High-Ca and Low-Ca group magmatism in the Murchison and Southern Cross 
provinces. Compared to the Eastern Goldfields Province, this is a period of relative (but 
not total) magmatic quiescence. 

Widespread Low-Ca magmatism (especially 2655-2630 Ma) across the craton, 
including the gneiss terranes. Tectonic environment either extensional or tensional 
(post-collision or post-orogenic). This interpretation supported by the widely 
distributed, but minor, Syenitic group magmatism in the Eastern Goldfields Province, 
and the high-LILE High-HFSE magmatism in the Murchison Province. 

Granulite metamorphism. Southwest Yilgam region 

Widespread gold mineralisation. 

Table 7b. Interpreted tectonothermal history for the Murchison, Southern Cross and 
Eastern Goldfields Provinces, post-2700 Ma. 

Conclusions 
A summary tectonothermal history for the Murchison, Southern Cross and Eastern 
Goldfields provinces is given in Table 7, with speculative tectonic environments listed. A 
number of overall conclusions can be drawn, as follows: 
• The Murchison and Southern Cross provinces have shared a generally common long 

history from around 3000 Ma. Certainly, the two provinces were largely one entity by 
ca. 2820 Ma when the large layered mafic complexes were emplaced, presumably in 
some type of extensional environment. Post-2800 Ma magmatism in the two provinces 
has largely reworked pre-existing crust. The one apparent difference between the 2 
provinces, the presence of 2760-2740 Ma magmatism in the northern Murchison, appears 
to be related to a subduction environment in that north-west Murchison region at the 
time. It can be speculated that the docking of the Western Gneiss terrane (including the 
Narryer) may be related to such an environment. 

• The Eastern Goldfields Province, on the other hand appears to be generally younger 
than the other 2 provinces, with good evidence for some fundamental change 
approximately corresponding to the position of the Ida Lineament. The isotopic and 
inherited zircon evidence suggests that while there may be older crust (pre-2800 Ma) 
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beneath the western half of the Eastern Goldfields Province, it certainly doesn't appear to 
be underlying the eastern half. The evidence also appears to suggest that the Eastern 
Goldfields Province grew by lateral accretion from west to east. 

• The peak of granite magmatism in the Eastern Goldfields Province corresponds to a 
period of relative magmatic quiescence in the Murchison and Southern Cross provinces. 
It may be speculated that this may indicate that collision of the former with the 2 latter 
provinces occurred around this time (possibly 02 in the former), but the evidence is 
equivocal. 

• Some fundamental change appears to have occurred across the craton around 2660-
2655 Ma, where magmatism changed from dominantly High-Ca to dominantly Low-Ca, 
the latter generated in some form of extensional or tensional environment, possibly post
collisional, as suggested in the previous point, but almost certainly post-02 (in the 
Eastern Goldfields Province). This widespread post-orogenic? Low-Ca group 
magmatism extended to 2630 Ma (and younger?), a period that overlaps with the 
accepted age of major gold mineralisation (2640-2630 Ma) and with granulite-facies 
metamorphism in the southwest Yilgarn (Nemchin et aI., 1994). 

Finally, it is noted that a number of conclusions can be made 'about the general study and 
approach used: 
• this study has demonstrated the validity of the granite group approach (Champion & 

Sheraton, 1997), but also clearly shown that there are many important sub-groups present 
within the granites, 

• the study has introduced the 'Clan' nomenclature. In a perfect world such an extra layer 
of classification would not be needed, but the approach was deemed necessary given the 
lack of outcrop and age control on many of the granites (i.e., correct suite and supersuite 
classification requires identification of individual plutons - this is not possible for many 
of the external granites in the Yilgam), 

• the current amount of available geochronology has identified the general magmatic 
patterns -in the granites. Further work is needed to confirm or refute these patterns, and to 
provide greater within province detail, 

• finally, it is becoming very obvious that a temporally-constrained structural history is 
urgently required. 
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Figure I A. Frequency plots showing ages of granite magmatism, inherited zircons 
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and greenstone ages (magmatic, xenocrystic or detrital), in the period 2600-2800 
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tie-lines denote 2665 and 2750 Ma respectively. 
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Figure 6. Tectonic discrimination diagrams for the clans of the High
Ca (black), Low-Ca (magenta), High-HFSE (green), Mafic (blue), and 
Syenitic (red) groups of the northern Murchison Province. Tectonic 
discrimination fields from Pearce et al. (1984). WPG = within-plate 
granite; Syn-COLG = syn-collisional granite; VAG = volcanic arc 
granite, and ORG = ocean ridge granite. 
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Chapter 9 

Granitoids of the Yilgarn Craton: Links to mineralisation 

Kevin F. Cassidy & David C. Champion 

Summary 

The metallogenic signi ficance of granitoids of the Yilgarn Craton, with specific reference to 
orogenic gold mineralising systems, can be summarised by the following observations. 

1. Given the major orogenic gold mineralising event in the Yilgarn Craton was at 2.64-2.63 
Ga, then only two granite groups are contemporaneous with this event, namely the Low
Ca and Syenitic groups. The Low-Ca group is the second most dominant group (>20 
percent by area) within the Yilgarn Craton. Low-Ca granitoids are more common within 
the 'external' granitoid regions of all Provinces, and the abundance of these granitoids 
with greenstones at high metamorphic grades within the Southern Cross Province, strongly 
suggests that this granite type underlies a significant part of the greenstones within the 
Eastern Goldfields Province. 

2. Low-Ca granitoids are examples of the felsic, moderately to strongly oxidised, 
fractionated class of granites - a group that includes granitoids elsewhere associated with 
Au mineralisation, e.g. Telfer. Notably, however, there appear to be no examples of gold 
mineralisation within these granites in the YiJgarn, although this is also the case at Telfer, 
Pine Creek, etc., where Au mineralisation is not in the granitoids but is adjacent/distal to 
granitoids. A possibly similar scenario may exist for the Yilgarn; however, this does not 
imply that the granitoids are the actual source of Au (i.e., fluids may be magmatic but gold 
is scavenged from greenstones). 

3. Selected Low-Ca group granitoids within the Southern Cross (e.g., Boorabbin suite, Beetle 
Association) and Murchison (Dutakajin suite, Goolthan Association) provinces contain a 
variety of fluid release structures and miarolitic-like cavities (this study; also J. Ridley, 
written communication, 2000). The fluid release structures have the appearance of rootless 
pegmatoid zones infilled by euhedral feldspar and quartz. Sub-parallel biotite-rich 
'oikocrystic' zones are present in the Boorabbin granitoid (plutno 293504) in the Southern 
Cross Province. The 'oikocrysts' enclose euhedral quartz and feldspar crystals. Quartz 
from some of the rootless pegmatoid zones and the 'oikocrysts' contain a range oflow 
salinity, aqueous-carbonic (H20-C02) fluid inclusions. The compositions of the fluid 
inclusions are very similar to fluids present in the majority of orogenic gold deposits. The 
late timing of the Beetle Association granitoids (and Low-Ca group granitoids in general) 
and the presence of abundant fluid inclusions of ?late-magmatic origin suggests that the 
Low-Ca granitoids may have provided some fluid into the greenstone belts as they 
crystallised at mid-crustal depths (>5-15 km). 

4. Orogenic gold mineralisation appears to be spatially associated with members of all the 
granitoid groups, i.e., High-Ca, Low-Ca, Mafic, High-HFSE and Syenitic groups; although 
members of the 'high-LILE' clans of the Mafic host the most significant mineralisation 
present in granitoids. Significant mineralisation is also present in isolated units of the 
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Syenitic group and some mafic members of the High-Ca group. The mafic compositions 
appear to be an important factor given that the Mafic group, in particular, appears to be a 
strongly favoured host. With the exception of granitoids belonging to the Syenitic and 
Low-Ca group, granitoids hosting orogenic gold mineralisation in the Yilgarn Craton were 
emplaced prior to 2.65 Ga. The structural control on the localisation of the gold deposits 
and the diversity in regard to the degree to which granitoids are mineralised or not within 
deposits, (e.g., Granny Smith, Wallaby, Sunrise in the Laverton tectonic zone), suggests a 
largely structural and/or competency contrast role by the granitoids. This does not, 
however, explain the preferential favouring as hosts for orogenic gold mineralisation of 
'high-L1LE' and subordinate 'low-LILE' Mafic group granitoids. One possible 
explanation is that the distribution of the members of the Mafic (as well as the Syenitic) 
granitoid groups is largely controlled by the same crustal structures that were utilised by 
the mineralising fluids. It should be noted that other suggestions are possible, e.g., 
favourable rheologies, favourable reactive chemistry, earlier gold events? One important 
factor is the presence within a number of orogenic gold deposits (e.g., Granny Smith, 
Porphyry, ?Wallaby) of early magnetite ± biotite ± hematite (oxidising) alteration (and 
anomalous mineralisation?) that is overprinted by later (age difference unknown), typical 
carbonate-sericite alteration and economic mineralisation. This may indicate some degree 
of host granitoid magmatic input, at least for some granitoid-hosted orogenic gold 
mineralisation. 

5. Finally, given that exploration is now largely concentrating on areas under cover, it is 
worth noting that it is not easy to discern granitoid groups (or even their ages) undercover 
(or under greenstones) from either geological or geophysical data alone. The syenites, 
however, do tend towards stronger magnetic responses, although in some cases this strong 
magnetic response may be due to early magnetite-rich alteration rather than syenite 
signature (possibly case at Wallaby, also Tin Dog and Jupiter). In this regard the 
identification of individual granitoids areas under cover as well as within or under the 
supracrustal package would appear to be the first priority, followed by the determination 
of the granitoids role and relationship to the structural evolution within the region. A 
recommendation for future research includes determining ways of , seeing' granitoids at 
depth as well as improving the understanding of the topology of the granite-greenstone 
interface. 

Introduction 

Recent advances in the understanding of orogenic lode-gold deposits are summarised by 
Groves et al. (2000), Hagemann & Cassidy (2000), Kerrich et al. (2000) and Ridley & 
Diamond (2000). A shortened version of Hagemann & Cassidy with emphasis on the key 
features of orogenic gold mineralising systems is included as Appendix 1. This includes 
discussion on the source of hydrothermal fluids in such systems. The general consensus is that 
the ore fluid in orogenic lode-gold mineralising systems is a low-salinity mixed aqueous
carbonic fluid that have broad similarities in terms of major molecular components, isotope 
ratios and ore geochemistry. Ridley & Diamond (2000) succinctly demonstrate that, given the 
present geological and geochemical understanding of the mineralising systems, either a 
granitic magmatic or a metamorphic devolatilisation model for the fluid source is allowable. 
The data, however, indicate that whatever the ultimate source of the ore fluids, long travel 
paths are required for the hydrothermal fluids. The importance of this latter finding implies 
that the potential relationships between the various granitoids groups of the Yilgarn Craton 
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and orogenic gold mineralising systems cannot be restricted to those suites that are spatially 
associated with orogenic gold mineralisation. 

Metallogenic indicators 

A number of researchers have suggested that specific chemical parameters, i.e., oxygen 
fugacity, degree of fractionation, may be more important with regard to mineralisation 
potential than simply using geochemistry (e.g., Blevin & Chappell, 1992; Candela, 1992; 
Champion & Heinemann, 1994). In this regard it is important to investigate such parameters, 
specifically between members of the various granitoid groups present in the Yilgarn Craton. 
We have followed the approach of Champion & Heinemann (1994) who utilised the 
following: 
• Igneous rock type, i.e. 1-, S-, or A-type 
• Potassium content and alkalinity 
• Oxidation state 
• Degree of fractionation 
• Heat production. 

Igneous type 

Igneous rocks, in general, can be classified, based largely on source-rock characteristics, into 
one of a number of classes which include 1-, S-, and A-types (e.g., Chappell & White, 1984, 
1992; Collins et aI., 1982). The great majority of granitoids in the Yilgam Craton are I-type 
(i.e., derived by melting of an igneous precursor), including those in the Mafic and High-Ca 
groups. Only the Syenitic group appears to be different, being A-type (Smithies & Champion, 
1999). Recent work has suggested that the Aluminium Saturation Index which measures the 
ratio of Al to total Ca, Na and K, i.e., the degree of deficient or excess AI, is more important 
than igneous type for interpreting mineralisation potential. For example, changing the ASI 
can have a dramatic effect on mineral solubilities and also oxidation state (Dickenson & Hess, 
1986), most significantly when the AS! changes from metaluminous «1.0) to peraluminous 
(>1.0) or vice versa. Figure 9.10 shows the various Yilgarn Craton granitoid groups. Two 
features are evident: firstly, most High-Ca and Low-Ca group suites are metaluminous to 
peraluminous (reflecting their I-type nature); and secondly, most Mafic group suites are 
metaluminous (Table 9.1). 

Potassium content 
Champion & Heinemann (1994) used KzO levels (low-, medium- or high-K; see Fig. 9.1C) to 
discriminate between potential mineralisation-associated granites, based largely on the notion 
that some Au deposits are associated with K-rich or shoshonitic granitoids, (Muller & Groves, 
1993; also in the Lachlan Fold Belt, e.g., Wyborn, 1997). As discussed earlier, however, all 
granitoid groups, with the exception of the Syenitic group, vary from suites with low LILE 
contents, to those with high LILE. This is evident on Fig. 9.1C that shows a range from low
to high-K (see Table 9.1). Notably, very few granitoid group suites are truly low-K, with the 
great majority of High-Ca and Mafic group suites intermediate- to high-K and the majority of 
Low-Ca group suites high-K in potassium content. 

Province 
Eastern Goldfields 

Association 
Menangina 

Redox 
(R)O(S) 

Fract 
U(F) 

Silica range 
>10 

K level 
MH 

ASI 
(M)P 
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Mt Boreas 0 F <10 H(U) P 
Granny Smith (R)O(S) U <7 (L)M(H) M 
Kookynie RO U(F) >10 LH MP 
Gilgarna O(S) U 15+ HU M 

Southern Cross Diemals (R)O(S) U(F) <10 MH (M)P 
Beetle 0 F >10 H(U) P 
Westonia R U <7 (L)M M 
Mania RO U <5 MH MP 

Murchison Mainland (R)O(S) U(F) <10 MH (M)P 
Goolthan 0 F >10 H(U) P 
Gem of Cue 0 U 15+ M M 
Damperwah RO U(F) >10 MH MP 
Udaglia 0 U <5 H M 

Table 9.1. Metanogenic indicators for granitoid associations in the Yllgarn Craton. Abbreviations: 0 -
oxidised; R - reduced; S - strongly oxidised; U - unfractionated; F - fractionated; L - low-K; M - medium-
K; H - high-K; U - ultra-high-K; ASI- Aluminium Saturation Index; M - metaluminous: ASI<I.0; P-
mlldly peraluminous: 1.0<ASI<I.I; S - strongly peraluminous: ASI>I.I. Also refer to Figure 9.1. 

Oxidation state 
The oxidation state of a magma is clearly important with respect to mineralisation potential, 
e.g., behaviour of multivalent metals (Blevin & Chappell, 1992; Candela, 1992; Barton, 
1996). Within unaltered granitoids the chief indicators of oxidation state are the opaque 
minerals, e.g., ilmenite and/or magnetite, although other minerals can also be diagnostic, e.g., 
titanite in strongly oxidised granitoids. The presence (oxidised) or absence (reduced) of 
magnetite is easly measured, e.g., magnetic susceptibility. Such measurements, however, are 
not available for all samples. Further, the affects of weathering and alteration are not well 
quantified. To overcome these obstacles, Champion & Heinemann (\994) developed an 
elementary, but surprisingly robust, chemical classification of oxidation state based on the 
work of Ishihara et al. (1979) who first suggested that whole-rock chemistry could be used to 
identify magnetite- or ilmenite-bearing granites. Individual granitoid units of the various 
Associations in the Yilgarn Craton are shown on a modified redox plot (Fig. 9.1 E) and listed 
in Table 9.1. It is readily apparent that the great majority of Yilgarn Craton granitoids are/were 
magnetite-bearing, i.e., oxidised. The scatter into both the reduced- and strongly-oxidised 
fields may reflect metamorphism or alteration effects. 

Degree offractionation 
Like oxidation state, the degree of fractionation can be critical in controlling the metal budget 
of the residual magmas (and related exsolved fluids). For example, Blevin & Chappell (1992) 
and Blevin et al. (\ 996) have shown that granitoids associated with Cu and Au in eastern 
Australia have generally undergone little or no fractionation, presumably due to the propensity 
for these elements to partition into early crystallising phases. It is also evident that the effects 
of fractionation typically operate in tandem with the oxidation state (Candela, 1992; Blevin et 
aI., 1996), e.g., Sn will only concentrate in reduced, fractionated magmas (see Champion & 
Mackenzie, 1994). As shown by Champion & Heinemann (1994) the degree of fractionation 
in intermediate to felsic igneous rocks is best determined using the Rb-Ba-Sr ternary plot of El 
Bouseily & El Sokkary (1975). This is shown in Figure 9.2 from which it is readily apparent 
that all the Mafic group suites plot within the unfractionated fields, whereas all the Low-Ca 
group suites are fractionated. High-Ca group suites range from unfractionated to fractionated. 
As would be expected the Mafic group overlaps with the unfractionated half of the High-Ca 
group. 
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Another potential indicator of degree of fractionation is the observed silica range within suites 
(Table 9.1). Most of the Mafic group granitoid suites have small ranges «5%, partly 
reflecting small sample populations), but there are a number of suites that exhibit moderate 
ranges of 10 to 15%. Although this range reflects alteration to some extent, e.g., Cassidy 
(1988) documents changes in silica content up to 10% due to alteration in the Lawlers 
tonalite, it is also due, in some cases, to in-situ fractionation. The latter is readily 
demonstrated in the Granny Smith granodiorite which is zoned from diorite to granodiorite 
(Ojala & Hunt, 1993). 

Heat production 
The capacity for a granitoid to produce heat, principally from the decay of radiogenic isotopes, 
can also be critical in the ability of a pluton or granitoid suite to develop and drive a 
hydrothermal system. The heat producing capacity of individual plutons of the various 
granitoid groups in the Yilgam Craton is shown in Figure 9.1 g. It is evident that the low-Ca 
granitoids as well as fractionated members of the High-Ca group have the largest capacity for 
heat production and may potentially develop and drive hydrothermal as well as late-magmatic 
fluid circulation during emplacement of these granitoid groups. The temporal association of 
the Low-Ca group granitoids with orogenic gold mineralising system development may 
indicate that this granitoid group provided, at least, heat to the mineralising systems. 

Summary of spatial and temporal relationships between granitoids and orogenic gold 
mineralisation 

Potential relationships between granitoids groups of the Yilgam Craton and orogenic gold 
mineralising systems can be summarised: 
• Temporal association: 

• Genetic relationship between specific granitoid suites or groups and hydrothermal 
fluids and/or components 

• Thermal relationship between specific granitoid suites or groups and development of 
hydrothermal mineralising system 

• Mineralisation related to independent processes but at the same time 
• Spatial association: 

• Specific granitoid group/clan and ore fluids exploit the same structures (indicators of 
favourable pathways) 

• Preferred sites of mineralisation in specific granitoid group/clan (physical and/or 
chemical trap) 

• Predictable spatial relationship to specific granitoid group/clan 

Once either a spatial and/or temporal association has been determined between a particular 
granitoid group and orogenic gold mineralisation, the potential genetic relationship can be 
discussed. These include: 

• Specific granitoid group/clan to provide fluids and/or components (either proximal or 
distal to ore deposit location) 

• Specific granitoid group/clan to provide heat engine to drive hydrothermal circulation 
during granitoid emplacement (granitoids are either proximal or distal to ore deposit 
location) 

• Specific granitoid group/clan to provide heat engine through radiogenic heat build-up 
and driving hydrothermal systems long after granitoid emplacement (granitoids are 
either proximal or distal to ore deposit location). 
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Alternatively, there may be no relationship between any granitoid group and orogenic gold 
mineralising systems and any spatial and/or temporal association is fortuitous. 

Temporal association 
Constraining the timing of gold mineralization improves our ability to discriminate between 
magmatic, thennal or structural events with which mineralization may be genetically related. 
The temporal relationship between orogenic gold mineralising systems and specific granitoid 
groups and sub-groups hinges totally on the absolute timing of orogenic gold mineralisation. 
A summary ofthe timing of orogenic gold mineralisation and defonnation is presented in 
Appendix 1 and not discussed further here. It is noteworthy, however, that the majority of 
orogenic gold mineralisation across the Yilgam Craton took place at 2650-2630 Ma. This is 
based on a series of robust (i.e., U-Pb, Re-Os) geochronological ages of alteration and ore 
minerals from several deposits that are geographically widespread across the granitoid
greenstone terranes of the craton, as well as minimum ages of mineralisation derived from the 
emplacement ages of cross-cutting igneous rocks. 

The best-documented age constraints are for the Chalice gold deposit in the southern 
Kalgoorlie Terrane. Main stage gold mineralization (95% of resource) comprises foliation
parallel quartz-albite-diopside-titanite-garnet-gold veins and wallrock replacement of mafic 
amphibolite host rocks. Secnd stage mineralization is temporally associated with a second
generation granitoid dyke that cross-cuts the main stage. Uranium-Pb zircon and titanite 
studies and Re-Os dating of molybdenum identified two discrete gold events at 2644±8 Ma 
and 2621±10 Ma (Bucci et aI., 2000). 

In several deposits (Golden Mile, Chalice, Lawlers, Mt Gibson, Granny Smith) there is 
geological and geochronological evidence for more than one stage of mineralisation. Some of 
these deposits (Mt Gibson, Boddington, ?Golden Mile) show features of more than one 
mineralization style (e.g., overprinting of one deposit type by another), or have some features 
that can be interpreted as being of more than one mineralization type. In some of these 
deposits, primary mineralization has been remobilized during extensive defonnation and 
metamorphism and/or overprinted by later orogenic lode-gold mineralization. However, 
careful documentation of the relati ve timing, ore fluid character and metal association of these 
deposits clearly necessitates assigning these deposits to other deposit classes. 

At Kalgoorlie, early Fimiston-style gold-telluride mineralization is crosscut by Mt Charlotte
style gold-pyrite±pyrrhotite mineralization (Clout et aI., 1990). At Wiluna, strike-slip faults 
that control gold-pyrite-arsenopyrite mineralization offset gold-pyrite-chalcopyrite-galena
bearing quartz reefs by up to 800m (Hagemann et aI., 1992). However, in the majority of these 
cases, the multiple gold mineralizing events are either different types of mineral system (e.g., 
early VHMS followed by later orogenic lode-gold: Mt Gibson) or reflect different stages of 
mineralization within a progressive orogenic lode-gold mineralizing system (e.g., Wiluna). 
Even in these latter cases, the relative timing of the orogenic lode-gold mineralizing events is 
structurally late. 

The giant Boddington gold deposit has been recently debated as a 'porphyry-style' Cu-Mo-Au 
deposit with distinct orogenic lode-gold overprint (± gold remobilization). Boddington 
mineralization has some features (metal association, fluid inclusion populations) more typical 
of 'porphyry-style' mineralising systems as well as some features (structural timing) more 
aligned with 'orogenic lode-gold' mineralizing systems. Further work is required for the 
Boddington deposit. 
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At the terrane-scale, Archean orogenic lode-gold mineralization is late relative to the overall 
tectonomagmatic evolution of a host terrane (Groves et al., 1989, 1995; Kerrich and Cassidy, 
1994; Ridley et al., 1995; Knight et aI., 2000). The timing of orogenic gold mineralisation is 
also constrained by relative timing techniques to syn- to post-D3 (e.g., deposits in the St Ives 
gold camp: Clark et aI., 1989; Nyugen et al., 1998). The absolute timing of deformation has 
been poorly constrained in many parts of the Yilgarn Craton and should be the focus of future 
research. 

At the camp- and deposit-scale, deposits in subgreenschist- to greenschist-facies metamorphic 
environments typically postdate and are retrograde with respect to the peak regional 
metamorphic conditions (e.g., Clark et aI., 1989; Hodgson, 1993; McCuaig and Kerrich, 
1998), whereas deposits in amphibolite-facies metamorphic environments are essentially 
synchronous with regional metamorphism (e.g., Knight et al., 1993, 2000; Ridley et aI., 1995, 
2000; Cassidy and Hagemann, 1999). Mineral fabrics in deposits formed at high temperature 
and pressures generally show large degrees of dynamic recovery and, in some cases, it 
becomes difficult to distinguish between deposits that formed at these P-T temperatures (e.g., 
Mueller and Groves, 1991; Knight et aI., 1993; McCuaig et aI., 1993; Ridley et al., 2000) and 
those formed at lower temperatures and were subsequently metamorphosed (e.g., Big Bell: 
Phillips and de Nooy, 1988). Several gold camps (e.g., Coolgardie and Norseman regions, 
Yilgarn Craton: Witt, 1993; Knight et aI., 1993; 2000; McCuaig et al., 1993) show transitions 
in the metamorphic grade of deposits and corresponding transitions in the metamorphic-grade 
of alteration assemblages. In the Coolgardie district, temperature zonation is spatially related 
to distance from a regional granitoid intrusion (Knight et al., 2000). There is also evidence in 
high-temperature deposits that the mineralizing event occurred under pressure-temperature 
conditions close to those of peak regional metamorphism. 

There are several localities where deformed granitoids or cross-cutting igneous rocks have 
been dated and can constrain the absolute timing of the late stages of deformation. These 
include where deformation has been dated by the age of titanite growth in deformed and 
metamorphosed granitic gneisses: 
• Lake Kirk gneiss (Plutno - 323303), near Norseman, at the boundary between the Eastern 

Goldfields and Southern Cross Provinces: metamorphic titanite defining foliation dated at 
-2631 Ma 

• Basin granitoid (Plutno - 224107), near Noongal, in the Yalgoo greenstone belt, 
Murchison Province: alteration titanite defining foliation dated at -2632 Ma 

• Sundowner granitoid (Plutno - 314308), north of Bronzewing, Vandal greenstone belt, 
Eastern Goldfields Province: alteration titanite defining foliation dated at -2644 Ma. 

The age of late deformation is also constrained by the age of late granitoids that are deformed 
by late structural fabrics (03, 04). These include: 
• Deformed granitoids: 

• McAuliffe Well (Syenitic grouping; Plutno 323907) - 2651±5 Ma 
• Woorana Soak (Syenitic grouping; Plutno 314301) - 2644±13 Ma 
• Liberty (Mafic grouping; Plutno 313713) - 2648±6 Ma 
• Sundowner (Mafic grouping; Plutno 314308) - 2644±6 Ma 
• Wildara gneiss (High-Ca grouping; Plutno 304117) - 2648±5 Ma 

• Undeformed granitoids cutting structural fabrics: 
• Clark Well (Low-Ca grouping; Plutno 303803) - 2640±8 Ma 
• Nevoria, Westonia, Scotia and other places (Low-Ca grouping pegmatites) - ca. 2640 

Ma (see Kent et aI., 1996). 
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The timing of late defonnation and orogenic gold mineralisation in the Yilgarn Craton, 
therefore, is constrained to ca. 2650-2630 Ma. If these ages record the primary orogenic gold 
mineralisation events, rather than some other event, then they strongly suggest that there are 
no temporal, genetic and most likely no thennal relationships between the majority of 
granitoids in the Yilgarn Craton and orogenic gold mineralisation. The temporal relationship 
between the various granitoid groups and orogenic gold mineralising systems is summarised 
as follows: 
• High-Ca group: mineralisation post-dates emplacement in all cases 
• Low-Ca group: strong temporal association with emplacement of the majority of Low-Ca 

clans in all provinces 
• Mafic group: mineralisation post-dates emplacement in all cases 
• Syenitic group: temporal association with ca. 2.645 Ga Syenitic clans (e.g., Gilgarna in 

EGP) 
This is clearly indicated by compilations of the emplacement age of granitoids in the Yilgarn 
Craton and illustrated by Fig 9.3. This is consistent with timing relationships between 
metamorphism and alteration, particularly in the majority of granitoid-hosted deposits where 
alteration also affects greenstones and overprints metamorphism (e.g., Cassidy et aI., 1998). 
Similar conclusions have been reached for other Archaean granite-hosted orogenic gold 
deposits provinces elsewhere (e.g., Abitibi, Colvine et aI., 1988; Burrows & Spooner, 1989; 
Hodgson, 1990), i.e., the granite-hosted Au deposits are not orthomagmatic. 

Spatial association 
The spatial relationships between orogenic gold deposits and specific granitoid groups/clans is 
summarised as follows: 
• Mafic granitoids host numerous deposits throughout the Eastern Goldfields Province, as 

well as in the Murchison and Southern Cross Province. 
• Most Mafic granitoids hosting orogenic gold mineralisation belong to 'High-LILE' clans 

(e.g., Granny Smith in the EGP; Gem of Cue in the MP). An important exception is the 
Kanowna-Belle deposit that is hosted in 'Low-LILE' clan porphyry dykes. 

• There is a minor association with some granitoids ofthe High-Ca group (e.g., Tannoola in 
EGP; Lady Lydia in MP). 

• There is a minor association with some granitoids of the Syenitic group (e.g., Wallaby, 
Jupiter, Tin Dog in EGP). There is a spatial relationship of major deposits with major 
defonnation zones (e.g., Boulder-Lefroy, Laverton Tectonic Zone: Perring et aI., 1989) 
and the syenitic granitoids are also spatially related to the major defonnation zones (see 
Smithies & Champion, 1999). 

• There is a rare to null association with High-HFSE group granitoids. An exception is the 
Cosmopolitan deposit near Kookynie that is spatially restricted to a Mafic granitoid pod 
within the High-HFSE group granitoid. 

• Low-Ca granitoids and pegmatites cross-cut orogenic gold mineralisation at a number of 
localities in the Eastern Goldfields, Southern Cross and Murchison Provinces, including 
Marvel Loch, Nevoria, Westonia and others in the Southern Cross Province. 

• Low-Ca granitoids are co-eval with Stage 2 mineralisation at Chalice (Bucci et aI., 2000). 

On the basis of the above features, it is clear that the Mafic granitoids show the strongest 
spatial association with orogenic gold mineralisation. The Mafic granitoids, however, do not 
show any temporal association with orogenic gold mineralisation and, therefore, other factors 
must be considered to determine if there is any genetic relationship between Mafic granitoids 
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and orogenic gold mineralisation. The other granitoids groups show, at best, a moderate 
spatial association with orogenic gold mineralisation. 

Potential genetic relationships 

On the basis of the contrasting temporal and/or spatial relationships of the various granitoids 
groups in the Yilgam Craton to orogenic gold mineralisation, it is important to discuss the 
potential genetic relationships of orogenic gold to two of the granitoids groups, i.e., Mafic and 
Low-Ca granitoid groups. The other three granitoid groups, i.e., High-Ca, High-HFSE and 
Syenitic show neither a specific spatial nor strong temporal relationship to orogenic gold 
mineralisation in the Yilgarn Craton. 

Mafic granitoids 
As noted earlier many of the granitoids associated with orogenic gold mineralisation belong to 
the Mafic group. Those associated with orogenic gold deposits encompass the full range of 
geochemistry present within the Mafic group, e.g., Granny Smith (high-LILE) and KB (low
LILE). Importantly, it is also evident that there appears little to geochemically differentiate 
those Mafic group members associated with orogenic gold deposits from those not, i.e., there 
is no apparent geochemical reason why any specific intrusion is mineralised. 

The available evidence suggests that Yilgam granitoid-hosted deposits (Cassidy et aI., 1998), 
are not ortho-magmatic. Why then do the granitoids of the Mafic group appear to be favoured 
hosts for granitoid-associated gold mineralisation in the Yilgarn Craton? As summarised by 
Hagemann & Cassidy (2000), gold deposits typically form due to a combination of a number 
of critical chemical and physical processes, which at their simplest are: channelling of ore 
fluids, focussing of ore fluids, and deposition of gold. Studies of Archaean orogenic gold 
deposits from around the world have illustrated a number of common features, including 
proximity to large-scale fault zones (Colvine et aI., 1988; Eisen10hr et aI., 1989), strong 
structural control at the deposit-scale, in particular, enhanced structural permeability (Col vine 
et aI., 1988; Hodgson, 1989; Hronsky et aI., 1990; Groves et aI., 1997), and the importance of 
wall-rock interaction, sulphidation and Fe-rich hosts for gold deposition (Phillips, 1986; 
Colvine et aI., 1988; Mikucki & Groves, 1990; Ridley et aI., 1996). Given these features of 
orogenic gold deposits, a number of possible reasons may be advanced to explain why the 
Mafic granitoids are favourable host rocks. These include: 
1) physical characteristics for structural relationship 
• favourable competency, for ground preparation or competency contrast 
• favourable size and/or shape 
• depth of emplacement 
2) chemical trap; 
3) indicators of favourable pathways; 
4) fortuitous. 

It should be noted that the discussion here is concerned with why the Mafic granites are more 
favourable hosts to economic mineralisation, rather than mineralisation per se. This is an 
important distinction because the processes discussed only need to be able to account for more 
efficient localisation of mineralisation (and alteration), regarding size and grade, in a 
mineralising system. 

Physical characteristics: Given the obvious structural control on gold mineralisation in the 
Yilgarn Craton it is possible that the Mafic granitoids possess some favourable physical 
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attribute, such as size, shape, competency (mineral composition), that makes them a favoured 
host. With regard to size and shape it is readily apparent that Mafic granitoids associated with 
mineral deposits include a range of sizes and shapes, e.g., compare Granny Smith, Porphyry or 
Golden Cities plutons with porphyry dyke swarms at Kanowna-Belle, New Celebration or 
Victory-Defiance. Further, many of the non-Mafic granitoids are of similar sizes and shapes to 
the Mafic granitoids, e.g., Syenitic bodies are generally of similar to smaller sizes while the 
High-Ca granites are generally similar to larger in size. 

A number of workers have documented contrasting deformation in granitoids, in particular 
Vernon & Flood (1988) show that foliation versus fracture development in granitoids is 
largely dependant on the ratio of ductile minerals (mica and quartz) to stronger, more brittle 
minerals such as feldspars and amphibole. Given this, it is difficult to envisage any significant 
competency differences between the Mafic granitoids and other Yilgam Craton granitoid 
groups, in particular mafic end-members of the High-Ca group and some of the Syenitic 
granitoids, all of which are dominated by feldspar and amphibole. It is noted, however, that 
such a mechanism may partly explain the lack of mineralisation in more siliceous granitoids, 
although it is evident that a significant silica range (> 10%) exists in Mafic granitoids that are 
mineralised. Finally, it is noted that the more important aspects with regards to structural 
permeability are lithological heterogeneity and competency contrasts between differing rock 
types (e.g., Colvine et aI., 1988; Hronsky et aI., 1990; Groves et aI., 1995, 2000); in this regard 
it is considered that there would be little difference between the different granite groups of the 
Eastern Goldfields. A similar result would also appear to be the case if fluid flow, and hence 
mineralisation, are controlled by zones of lower mean rock stress (Ridley, 1993; Groves et aI., 
1995,2000). 

Chemical trap: A number of workers (e.g., Phillips, 1986; Mikucki & Groves, 1990; Ridleyet 
aI., 1996) have emphasised the importance of relatively Fe-rich host rocks (both high Fe and 
high Fe/Mg) with regards to gold deposition, i.e., wall-rock interaction and sulphidation 
(although other processes are also invoked, e.g., phase separation, see Appendix 1). In this 
regard, the Mafic granitoids with their high total FeO contents are partly distinct from other 
granitoids in the Yilgarn Craton. Total FeO contents in the Mafic granites range from high 
(>5% total FeO, such as at Granny Smith and Lawlers) to low «2% total FeO, e.g., 
Tarmoola). However, as with other parameters, there is a significant overlap between the 
Mafic group and mafic end-members of the Syenitic and High-Ca groups. Additionally, the 
Syenitic granitoids typically have lower MgO and hence higher FelMg ratios than the Mafic 
granites at similar levels of total FeO, perhaps making them a better chemical trap. 

Favourable pathways: Many workers (e.g., Col vine et aI., 1988; Eisenlohr et aI., 1989; 
Hodgson, 1993; Groves et a!., 1995) have indicated the importance oflarge craton- or 
greenstone belt-scale fault zones and pointed out that there is an apparent relationship between 
the occurrence of these faults and the more gold-productive greenstone belts. Regardless of 
whether these large scale faults have acted as fluid conduits or are merely a controlling feature 
in producing greenstone belts with the right geometry relative to the far-field stress regime 
(e.g., Groves et a!., 1995), it is pertinent to ascertain whether or not Mafic granitoids are 
favourably disposed along these structures. Perring et a!. (1989) demonstrated that for the 
Eastern Goldfields there is a good spatial association between minor intrusions such as calc
alkaline porphyries, lamprophyres, syenites, and some mineralisation/alteration and the larger 
faults. Wyman & Kerrich (1988) have indicated a similar relationship for lamprophyres in the 
Superior Province. Clearly, some granitoids are utilising these structural zones as favourable 
pathways, not just those with deep-seated or mantle origins, e.g. Mafic, High-Ca and Syenitic 
group granitoids, but also, as pointed out by Perring et a!. (I 989), porphyry dyke swarms 
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related to nearby granitoids. Based on present knowledge it is difficult to quantifY the relative 
proportions of granitoid types that may be associated with these structures. It is readily 
apparent that Mafic granitoids are not the sole granitoid type, for example, syenites have long 
been recognised to be associated with these large fault zones (e.g. Smithies & Champion, 
1999). Additionally, given the geochemical similarity of most porphyry dykes to spatially
associated granitoids, and the distribution of granitoid groups, it is unlikely that the porphyries 
along these fault zones are predominantly from the Mafic group. For example, the porphyries 
documented by Witt (1993) in the Bardoc-Kalgoorlie area and pre-mineralisation porphyries 
in the Norseman region (Perring et aI., 1989) clearly include members of both the Mafic and 
High-Ca groups. Therefore, like the other parameters discussed above, there appears to be no 
particularly compelling reason why the Mafic group granitoids are favoured hosts for 
granitoid-hosted orogenic gold deposits. 

Low-Ca granitoids 
Low-Ca granitoids show the best temporal association with orogenic gold mineralisation in 
the Yilgarn Craton. However, where they show a spatial association, it is where Low-Ca 
pegmatite and granitoid dykes cross-cut gold mineralisation. There are few, if any, examples 
of Low-Ca granitoids hosting orogenic gold mineralisation. The strong temporal association 
does suggest that there is some relationship between their emplacement and the development 
ofhydrothennal mineralising systems. This relationship can be in the fonn of the following: 

• Specific granitoid group/clan to provide fluids and/or components (either proximal or 
distal to ore deposit location) 

• Specific granitoid group/clan to provide heat engine to drive hydrothennal circulation 
during granitoid emplacement (granitoids are either proximal or distal to ore deposit 
location) 

• Specific granitoid group/clan to provide heat engine through radiogenic heat build-up 
and driving hydrothennal systems long after granitoid emplacement (granitoids are 
either proximal or distal to ore deposit location). 

One line of evidence that may be important in detennining any genetic relationship is the 
discovery of 'fluid-escape' structures in the some Low-Ca granitoids. These include biotite
rich 'oikocryst' zones (e.g., Boorabbin granitoid, plutno 293504, Southern Cross Province), 
miarolitic cavities and pipes (e.g, Dutakajin granitoid, plutno 233719, Murchison Province: 
this study; De-eranning Hill in the central Southern Cross Province: J. Ridley pers. comm. 
2000) and pegmatites (Figure 9.4). Many of the Low-Ca granitoids in the southern Murchison 
and southern to central Southern Cross Provinces contain these structures that indicate late 
?magmatic fluid movement, possibly during crystallisation of the granitoid body. 

Many of these structures contain quartz that contains primary and pseudosecondary fluid 
inclusions. Laboratory studies (fluid inclusion and Raman spectroscopic) on selected material 
indicate that the fluids are mixed low-salinity aqueous-carbonic fluids (Table 9.2; Figure 9.4). 
No other gaseous phases were detected using the Raman. In the biotite-rich 'oikocrysts', the 
inclusions are pseudo-secondary, and the exact timing of trapping is ambiguous; it is possible 
that the fluids were trapped after quartz growth had ceased but prior to cessation of growth of 
the biotite oikocrysts. Low-salinity aqueous-carbonic fluids are similar to those found in 
orogenic gold deposits from all crustal levels and may indicate a genetic association. 

On the basis of the temporal association of Low-Ca granitoids and orogenic gold mineralising 
systems, as well as the presence of similar fluids, the following are worth noting: 
• Emplacement of the Low-Ca granitoids may have provided heat to help drive the 

hydrothennal systems responsible for orogenic gold 
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• Late ?magmatic fluids trapped in the miarolitic cavities may suggest that either the Low
Ca granitoids were a source of the fluids or 'saw' the same fluids responsible for orogenic 
gold 

• Low-Ca granitoids provided both heat and fluids to the orogenic gold mineralising 
systems. 

The lack of a close spatial association between Low-Ca granitoids and orogenic gold 
mineralisation can be alleviated by the assertion that the orogenic gold fluids must be distal 
from their source and were sourced from, or at least interacted with, granitoids along fluid 
conduits (see Ridley & Diamond, 2000). 

Summary and Discussion 

The previous sections can be summarised as follows: 
• most, but not all, granitoid-hosted orogenic gold mineralisation is related to Mafic group 

granitoids, other hosts include High-Ca and Syenitic granitoids (e.g., Cassidy, 1997); 
• there is no evidence that the granitoid-hosted orogenic gold deposits are orthomagmatic, 

gold mineralisation appears to post-date granitoid intrusion in all cases; 
• the host granitoids do not appear to possess any unique physical characteristics such as 

size, shape or degree of competency; 
• there are no obvious petrogenetic reasons why the Mafic granitoids, as against the High-Ca 

or Syenitic granitoids, should be favoured hosts for orogenic gold mineralisation; 
• the Mafic group granitoids span a considerable range in chemistry, i.e., the High- to Low

LlLE subgroups, this geochemistry (Low-LILE subgroup) overlaps with the High-Ca 
group, and also to some extent (High-LlLE) with the Syenitic group; 

• the mineralised Mafic granitoids include units covering the range of compositions seen 
within the Mafic group; 

• there appears to be no geochemical distinction between unmineralised and mineralised 
Mafic granitoids; 

• metallogenic indicators for the Mafic group indicate mafic, oxidised, not-strongly 
fractionated granites consistent with characteristics found in eastern Australian granjtoids 
associated with gold mineralisation, many of these metallogenic indicators are also shared 
by other Yilgam Craton granitoid groups (e.g., High-Ca); 

• although some Mafic granitoids do have high Fe contents (and hence better possible 
chemical traps) there is a broad overlap with mafic members of the High-Ca and Syenitic 
groups; 

• there is a possibility that Mafic granitoids, and lamprophyres, may be more favourably 
located along major fault zones. It is evident, however, that other granitoid types, e.g. 
syenites, are also similarly distributed. 

The above points can be further summarised to indicate that: 
• the granitoid-hosted orogenic gold deposits are not orthomagmatic; 
• there appears to be no one obvious temporal, physical or chemical reason for the Mafic 

granitoids being favoured hosts; 
• similarly, there appears to be no reasons why some of the mafic High-Ca granitoids and 

Syenites, based on their similarities to Low- and High-LILE mafic granitoids, should also 
not be favourably mineralised; 

• Low-Ca and Syenitic granitoids are temporally associated with orogenic gold mineralising 
systems but rarely are spatially associated with them; 

• Only Low-Ca granitoids are present in all Provinces at the same time as orogenic gold 
mineralisation 
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• Low-Ca granitoids contain ?Iate-magmatic fluids similar to those present in orogenic gold 
mineralising systems; 

• Low-Ca and Syenitic granitoids are probably the result of extensional tectonics late in the 
development of the Yilgarn Craton; 

• The relationship between Low-Ca granitoids and orogenic gold mineralising systems 
reflects either: 
• That they are both the product of the same tectono-magmatic event 
• That Low-Ca granitoids provide heat and possibly some fluids to the orogenic gold 

mineralising systems. 

A tectonomagmatic model invoking orogenic collapse and slab detachment has been proposed 
to explain the late Cenozoic mineralization in the European Alpine belt (de Boorder et aI., 
1998) and may provide a possible model for orogenic gold mineralisation in the Yilgam 
Craton. 

Some exploration parameters 
Some salient points for exploration models can be summarised from this and previous 
chapters, these include: 
• most, but not all, granitoid-hosted gold mineralisation is related to Mafic group granitoids, 

other hosts include High-Ca and Syenitic granitoids; 
• there appears to be no geochemical distinction between unmineralised and mineralised 

Mafic granitoids; 
• there is no evidence that the granitoid-hosted orogenic gold deposits are orthomagmatic, 

gold mineralisation appears to post-date granitoid intrusion; 
• the Mafic granitoids do not appear to possess any unique physical characteristics such as 

size, shape or degree of competency; 
• although some Mafic granitoids do have high Fe contents (and hence better possible 

chemical traps) there is a broad overlap with mafic members of the High-Ca and Syenitic 
groups; 

• there is a possibility that Mafic granitoids, and lamprophyres, may be more favourably 
located along major fault zones. It is evident, however, that other granitoid types, e.g. 
syenites, are also similarly distributed; 

• there are no obvious petrogenetic reasons why the Mafic granitoids, as against the High-Ca 
or Syenitic granitoids, should be favoured hosts for orogenic gold mineralisation, i.e., there 
appears to be no reasons why some of the mafic High-Ca granitoids and Syenites, based on 
their similarities to Low- and High-LILE mafic granitoids, should not also be favourably 
mineralised; 

Regardless of the ultimate Au source it is clear that the Mafic granitoids are a favoured host, 
relative to other granitoids. The Mafic granitoids are generally petrographically and 
geochemically distinctive; the presence of common amphibole and abundant ferromagesian 
minerals (biotite, amphibole and pyroxene) are distinctive characteristics. There is, as noted 
above, however, some geochemical and petrographic similarities between the Mafic granitoids 
and members of the Syenitic and High-Ca groups. Accordingly, there is no reason why some 
members of these groups could not also be favourable hosts for mineralisation, and indeed 
some examples are known (e.g., Syenitic group - Wallaby; High-Ca - Tarrnoola). Probably 
the most distincti ve characteristic of those granitoids hosting deposits is the presence of 
amphibole and this must, accordingly, be considered an important indicator of favourable 
hosts. Their appears to be no unique geophysical characteristics to identify Mafic granitoids 
from other Yilgam Craton granites. 
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Many authors have noted the importance of structural controls for Archaean Au deposits, 
including: 
• proximity to large-scale fault zones (Col vine et aI., 1988; Eisenlohr et aI., 1989); 
• strong structural control at the deposit-scale, in particular, enhanced structural 

permeability, e.g., lithological heterogeneity and competency contrasts (Col vine et a!., 
1988; Hronsky et aI., I 990;Groves et aI., 1995); 

• the importance of wall-rock interaction, sulphidation and Fe-rich hosts for Au deposition 
(Phillips, 1986; Colvine et aI., 1988; Mikucki & Groves, 1990; Ridley et aI., 1996). 

With consideration to the above points, in particular the first two, in combination with the 
recognition of Mafic granitoids, then the following extra points can be raised: 

• regions or zones with greater numbers (not simply volume) of Mafic and to a lesser extent 
Syenitic group granitoids would be more favourable, providing more opportunities for 
enhanced structural permeability; 

• structures are important, especially interaction between larger-scale structures and both 
granitoids and smaller-scale structures, e.g., Mafic granitoids in areas of disrupted geology 
proximal to larger-scale structures such as at Victory-Defiance or New Celebration, or 
within structural corridors such as the Laverton tectonic zone. 
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Table 9.1 Fluid inclusion data for samples of the Boorabbin Low·Ca granitoid, Southern Cross Province (plutno 293504). 

'£l>. ... ,...II.~ 

Len2th Tn. Thto Th (L-Y) CO2 C02MV XCH4 Equlv C02 neD EqulvC02MV 
~OOD 1. 12 -56.6 0.5 L 30.9 0 .. 

9896~ 1. 8 -56.6 0.5 L 30.9 0 .. .1 
98967. 1.3 10 -56.6 0.5 L 30.97 0.' .1 

9896~ 1. 12 -56.6 0.5 L 30.9 0.52 85.12 
989671 D 1. 10 -56.6 0.5 L 30.9 0.52 85.12 

9896~ 6 6 -56.6 0.5 L 30.9 0.52 85.12 
98967: D 10 L -72.4 0.799 0.562 38.53 
98967 1 OOD 7 L -72.3 0.799 0.562 38.53 

9896~ _3 6 L -72.4 0.799 0.562 38.53 
98967 D 4 _1 ·56.6 0.6 V 30.8 0.40 109.75 

9896~ 4_2 10 -56.6 0.5 V 30.97 0.45 98.86 
98967: D 5_2 4 -56.6 0.9 V 29.7 0.34 131.25 

~:~~~ 
4_1 12 -56.7 0.05 L 28.8 0.63 69.39 0.004 0.44 99.71 
4_2 10 -56.6 0.5 L 28.8 0.63 69.39 

::::~ 
4_3 6 ·56.6 0.5 L 30.7 0.55 80.57 0.002 0.44 99.9 
4_4 6 -56.7 0.5 L 28.6 0.64 68.79 0.004 0.442 99.34 

H20-C02-CH4-NaCI fluid inelusions 

H2O-C02-CH4-NaCI (conI) 
Sample Fl Wt%NaCI X(NaCl) CarbDen CarbMV CarbXC02 Carb XCH4 BulkXH20 BulkXC02 BulkXNaCl BulkXCH4 Bulk Den BulkMV 
98967100D 3 1 0.0206 0.000064 0.544 80.837 1 0 0 1 0 0 0.544 80.837 
98967 1 OOD 3 2 0.0206 0.000064 0.532 82.719 1 0 0.914 0.086 0 0 0.852 23.77 
98967 1 OOD 5 4 0.0206 0.000064 0.604 72.873 1 0 0 1 0 0 0.604 72.873 
98967IOOD 3 1 0.0206 0.000064 0.544 80.837 1 0 0 1 0 0 0.544 80.837 
98967100D 3 2 0.0206 0.000064 0.532 82.719 1 0 0.914 0.086 0 0 0.852 23.77 
98967 IOOD 5 4 0.0206 0.000064 0.604 72.873 1 0 0 1 0 0 0.604 72.873 
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,no. IKUI 
F1 LeD2lb Tmlce :Vau TbL-V Tblo Te Molal NaCI WI%NaCI Bulk Den Rnlk l\1V 

9896~ 5_1 5 -2.3 0.15 327.1 L 0.67 3.76 0.012 409 308 0.69 26.84 
98967 5_3 4 -2.4 0.5 333.1 L 0.70 3.92 0.012 410 312 0.68 27.27 
98967 I OOE I 2 20 -1.9 0.5 356.1 L 0.55 3.12 0.010 403 292 0.61 30.35 
98967 I OOE 1_3 10 -1.3 0.15 231.5 L 0.38 2.14 0.007 394 267 0.84 21.73 

I 4 5 -1.6 0.15 227.2 L 0.46 2.63 0.008 398 280 0.85 21.50 
1_5 25 -1.3 0.15 233.9 L 0.38 2.14 0.007 394 267 0.84 21.82 
1 6 25 -1.3 0.4 347.9 L 0.38 2.14 0.007 394 267 0.61 30.06 
L7 8 -1.4 0.5 220 L 0.40 2.31 0.007 395 271 0.86 21.28 
1_8 8 -1.3 0.3 ~} L 0.38 2.14 0.007 394 267 0.82 22.34 
2_1 15 -1.4 0.6 441.5 ( -13.5 0.40 2.31 0.007 0.31 58.35 
2_2 3 -10.6 0.05 129.4 L -13.4 2.92 14.57 0.050 508 579 1.03 19.53 

3 3 -10.8 0.05 169.4 I -n.8 2.97 14.78 0.051 510 585 1.00 20.09 
3 4 -11 0.05 235.1 I -I: 1.5 3.01 14.98 0.052 512 590 0.95 21.21 
_5 2 -10.7 0.1 23~.8 I -I: 1.5 2.94 14.67 0.050 509 582 0.95 21.13 

3_1 4 -1.7 0.05 242.7 L 0.49 2.79 0.009 400 284 0.83 22.08 
3_2 5 -1.6 0.05 251.9 L 0.46 2.63 0.008 398 280 0.82 22.47 

~'~O/IUU" 3_3 5 .-10.3 0.3 366.4 L 2.85 14.26 0.049 505 572 0.79 25.47 
L4 5 -1.6 0.9 422.1 V 0.46 2.63 0.008 0.39 46.52 
3 5 5 -1.7 0.05 169.4 L 0.49 2.79 0.009 400 284 0.92 19.94 
3_6 15 -1.5 0.9 424.7 V 0.43 2.47 0.008 0.38 48.21 

98967100E 3_7 20 -1.4 0.9 303.6 L 0.40 2.31 0.007 395 271 0.72 25.54 
98967100E 3_8 5 -0.6 0.05 346.8 L 0.17 0.99 0.003 383 240 0.59 30.83 
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Figure 9.1 Binary plots for the various granitoid groups in the Yilgam Craton. Each point 
represents the average values for each pluton in the Craton. 

A. TAS plot of total Na,O+K,O (wt%) versus SiO, (wt%) ofLe Maitre et al. (\989) 
illustrating the felsic nature of the majority of granitoids in the Yilgarn Craton. 

B. Alkalinity plot of total Na,O+K,O (wt%) versus SiO, (wt%) using the alkaline and 
subalkaline fields of Irvine & Baragar (\971). The plot illustrates the subalkaline 
nature of granitoids in the Yilgarn Craton, with the exception of granitoids belonging 
to the Syenitic group. 

C. Subdivision of sub alkaline rocks using the K,O (wt%) versus SiG, (wt%) plot of 
Peccerillo & Taylor (\ 976). Note that the majority of Mafic group granitoids plot in the 
low- and intermediate-K calc-alkaline fields, whereas the Low-Ca group granitods plot 
in the high-K field. 

D. Degree of Aluminium Saturation (ASI, molecular AI/[Ca+Na+K]) versus SiO, (wt%) 
plot illustrating the largely metaluminous (M) and peraluminous (P) character of vast 
majority ofYilgarn granitoids. 

E. Redox ([Fe,OfFeO]/[0.5-0.03*FeO]) versus SiO, (wt%) plot illustrating the oxidised 
(> 1.0) to strongly oxidised (>5.0) character of the majority of Yilgarn Craton 
granitoids. 

F. mg· ([100*MgO/40.32]/[Fe0I71.85+Fe203179.85+MgO/40.32]) versus Si02 (wt%) 
plot illustrating the higher mg· character ofthe Mafic group granitoids. 

G. HGU (Average Heat Production for Unit/density 
=O.317·[0.718*U{ppm}+0.193*Th{ppm}+0.262*0.8301*K,O{wt%}]) versus SiO, 
(wt%) plot illustrating the high heat producing character of all Low-Ca group 
granitoids in the Yilgam Craton. 

H. Rb (ppm) versus SiO, (wt%) plot illustrating the fractionated nature of the Low-Ca 
group granitoids in the Yilgarn Craton. 

Granitoid associations of the Yilgarn Craton. High-Ca- black; Low-Ca - magenta; Mafic -
blue; High-HFSE - green; Syenitic - red. 
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Figure 9.2 Ternary Rb (ppm) - Sa (ppm) - Sr (ppm) plot ofEI Bouseily & El Sokkary (1975) 
for granitoid groups in the south-eastern Yilgarn Craton. 

A. High-Ca and Low-Ca granitoid clans of the southern Eastern Goldfields Province and 
south-eastern Southern Cross Province, Yilgarn Craton. 'High-LILE' High-Ca clans 
green; 'low-LILE' High-Ca clans - red; Low-Ca - magenta. 
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B. Mafic, Syenitic and High-HFSE granitoid clans of the southern Eastern Goldfields 
Province, Yilgarn Craton. 'High-LILE' Mafic clans - blue; 'low-LILE' Mafic clans 
red, Syenitic - black; High-HFSE - green. 
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B. Summary histogram of ages of Low-Ca granitoids in the Eastern Goldfields and 
Southern CrosslMurchison Provinces. 
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Figure 9.4 Photo(micro)graphs illustrating 'fluid-escape' structures and enclosed fluid inclusions in 
some Low·Ca granitoid suites, Yilgarn Craton. 

A. Biotite-rich 'oikocryst' zones in Boorabbin Low-Ca granitoid (plutno 293504), southeastern 
Southern Cross Province. 'Oikocrysts' occupy discrete zones sub.parallel to inferred plutong 
margin and may indicate zones oflate magmatic fluid build-up during crystallisation. The 
biotite-rich 'oikocrysts' enclose euhedral to subhedral quartz and feldspar grains that enclose 
primary and pseudo-secondary mixed low-salinity aqueous-carbonic fluid inclusions. 

B. Miarolitic pipe in Dutakajin Low-Ca granitoid (plutno 233719), southern Murchison 
Province. The miarolitic cavities and pipes contain euhedral to subhedral quartz-feldspar 
intergrowths that enclose primary and pseudo-secondary mixed low-salinity aqueous
carbonic fluid inclusions. 

C. Trial of pseudosecondary mixed vapour-poor low-salinity H,O-CO,-CH.,-NaCI fluid 
inclusions in quartz within biotite-rich 'oikocrysts' in the Boorabbin Low-Ca granitoid, 
southeastern Southern Cross Province. 

D. Trial of pseudo secondary mixed vapour-rich and vapour-poor low-salinity H,O-CO,-CH.
NaCI fluid inclusions in quartz within biotite-rich 'oikocrysts' in the Boorabbin Low-Ca 
granitoid, southeastern Southern Cross Province. 
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Archean orogenic lode-gold mineralising systems: A synthesis offeatures 

Kevin F. Cassidy & Steffen G. Hagemann 

Note: This is a modified version of a paper by S.G. Hagemann & K.F. Cassidy, 2000, Archean 
orogenic lode-gold deposits, Reviews in Economic Geology, vol. 13, p.9-68. 

Summary 

Archean orogenic lode-gold deposits are the end-result ofiarge, complex mineralizing 
systems developed within many Archean terrains. Mineralizing systems are defined to include 
all geological factors that control the generation and preservation of mineral deposits and 
emphasize the processes responsible for deposit formation at a variety of scales. Deposits 
belonging to Archean orogenic lode-gold mineralizing systems comprise epigenetic 
mineralization that formed as a result of focussed fluid flow late during active deformation 
and metamorphism of volcano-plutonic terranes. They can occur in any lithology and formed 
at a range of paleo-crustal levels through site-specific and local physical and chemical 
processes. All Archean orogenic lode-gold deposits formed through broadly similar geological 
processes, with the unique character of individual deposits resulting mainly from variations at 
the depositional site. The key feature of Archean orogenic lode-gold systems is a broadly 
uniform low-moderate salinity, mixed aqueous-carbonic fluid capable of carrying Au, but 
having limited capacity to transport base metals. 

Models for development of orogenic lode-gold mineralizing systems are generally poorly 
constrained, although geological and geochemical characteristics are consistent with terrane
or larger-scale processes. Archean terranes containing orogenic lode-gold systems include 
accretionary and collisional settings. Mineralization is generally late in the tectonic evolution 
of the host terranes, is typically syn- to post-peak metamorphism, becoming increasingly post
peak at higher paleo-crustal levels, is indicative of clockwise metamorphic PT paths and 
implicating processes involving 'deeper later' -type metamorphism. There are few robust 
absolute ages on mineralization although, in most terranes, available ages indicate 
mineralization follows major volcanic, sedimentary and plutonic episodes. In many terranes, 
mineralization is coincident with mid-crustal felsic magmatism. Young absolute ages recorded 
in some deposits probably reflect resetting and/or new mineral growth during post-gold 
mineralization hydrothermal activity andlor slow cooling of host terranes. The source(s) of 
fluids and metals in orogenic lode-gold systems is poorly understood; however, mineral 
equilibria and isotope tracers implicate sources deeper than presently exposed greenstones. 
Isotope tracers and mineral equilibria are also consistent with derivation from and/or 
equilibration of the ore fluid with felsic rocks during transport of hydrothermal fluids to 
depositional sites. Stable and radiogenic isotope tracers alone do not distinguish between fluid 
derivation through metamorphic devolatilization and magmatic fluid evolution. Some deposits 
formed at high paleo-crustal levels, however, and record the influx of surface waters. 

Transport oflarge volumes of broadly uniform hydrothermal fluids over relatively long 
distances is implicated and requires channelized fluid flow with minor modification of major 
molecular components en route from source to depositional sites. Selected major deformation 
zones that are truly 'crustal-scale', as demonstrated by deep seismic profiling, provide ideal 
fluid pathways for deeply-sourced hydrothermal fluids. The largest gold provinces show 
spatial proximity of world-class lode-gold deposits to 'crustal-scale' deformation zones (e.g., 
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Boulder-Lefroy, Destor-Porcupine). Linking of active faults is important for fluid focussing 
and effective transport of hydrothermal fluids. The hydrothermal fluids transport gold along 
the pathways as one or more neutral and reduced sulfide species. Chemical modelling 
demonstrates that the inferred hydrothermal fluids can effectively transport gold over long 
distances and over a significant crustal-depth range. Provided the fluids remain effectively 
channelized during transport to higher crustal levels, camp- and deposit-scale structural 
focussing and associated local gold precipitation mechanisms are required to ensure 
development of economic gold mineralization at the trap site. 

Archean orogenic lode-gold mineralizing systems have distinctive depositional site 
characteristics at both the camp- and deposit-scale. Camp-scale features include geochemical 
signatures related to regional alteration surrounding major deformation zones, large-scale 
structural inhomogeneities (e.g., bends in major deformation zones, district-scale granitoid
greenstone contacts), and the presence or absence of overlying rock successions that can act as 
barriers (e.g., seals, aquicludes) to fluid movement. Deposit-scale variables include the local 
host rocks, structural traps (fault intersections, contacts between contrasting lithologies) 
typically in zones oflow mean stress, and the pressure-temperature conditions in the host 
sequence. Resulting alteration assemblages primarily reflect interaction of host lithologies 
with the hydrothermal fluid at a particular pressure and temperature. Alteration assemblages 
generally show enrichment in K, C~ and S in deposits irrespective of paleo-crustal level. A 
metal association of Au, Ag +/- As, B, Hi, Sb, Te and W is displayed by most deposits. Fluid 
inclusion-derived data at individual deposits show a range in compositions, although salinity 
is generally low to moderate, with mixed aqueous-carbonic compositions. Variations in C~, 
Cf4, N2, salinity and redox-state may reflect district- to local-scale processes andlor specific 
host rocks rather than differences in fluid source. Deposition at the trap site is likely to reflect 
catastrophic effects in response to physical changes (e.g., large pressure fluctuations, seismic 
events), with resultant chemical changes due to local fluid-wallrock interaction, phase 
separation andlor fluid mixing. 

The extreme diversity of Archean orogenic lode-gold deposits reflects the complex interplay 
of physical and chemical processes at a trap (depositional) site localized at various crustal 
levels ranging from sub-greenschist to upper-amphibolite facies metamorphic environments, 
with gold precipitation occurring over a correspondingly wide range of pressures and 
temperatures. The variability in deposit characteristics largely reflects the pressure
temperature conditions, variability in host rock and local changes in ore fluid composition. 

Introduction 

Archean orogenic lode-gold deposits are widespread in most Archean granitoid-greenstone 
terrains (Fig. AI), and account for almost 20 percent of cumulative world gold production 
(Roberts, 1988). Excluding the 'supergiant' (>2500 tonne Au) Witwatersrand deposits of 
South Africa, Archean cratons contain some of the world's largest gold deposits, including the 
giant Golden Mile (>2000 t) deposit near Kalgoorlie, eastern Yilgarn Craton (Fig. A2) and the 
Hollinger-McIntyre (>1000 t) deposit near Timmins, Superior Province (Fig.A3). The Yilgarn 
Craton in Western Australia hosts over 160 gold deposits containing more than I t Au, with 
more than IS world-class single deposit and deposit clusters ('mining camps'; Fig. A4). The 
Archean Superior and Slave Cratons in Canada host in excess of 220 known gold deposits 
containing more than 1 t Au (Robert and Poulsen, 1997). Fourteen deposits contain more than 
100 t of gold and are regarded as 'world-class', whereas the majority of deposits contain 
between 0.4 and 10 Mt of ore at grades between 4 and 12 glt Au, corresponding to 3-100 t of 
contained gold (Fig. A4). Other Archean cratons, such as the Dharwar Craton of southern 
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India, the Sao Francisco Craton of South America and the Kaapvaal, Zimbabwe and Tanzania 
Cratons of southern Africa also contain significant orogenic lode-gold deposits, including the 
'giant' Kolar deposit in southern India. Archean cratons in Finland and Russia (Karelian 
Craton), Greenland and China also contain gold deposits, although exploration in these 
terrains has not yet revealed the existence of world-class Archean gold deposits. 

Archean orogenic lode-gold deposits tend to occur in clusters within mining camps, defined as 
areas of about 100 kIn2

• Camps show a characteristic variation in size (Hodgson, 1993) with 
most of the production coming from world-class (> 100 t Au) and a few giant (>500 tAu) 
deposits. Based on available resource data, Hodgson (1993) estimated that the 28 deposits 
containing >60 t Au in the Archean provinces of Canada, Zimbabwe and Australia constituted 
10 percent of the population of 271 deposits containing >3 t Au, and accounted for two thirds 
of total production plus reserves in these provinces. 

The Archean orogenic lode-gold deposit class is generally defined as structurally-controlled 
wallrock and/or vein-hosted mineralization that occurs in all rock types of Archean granite
greenstone terrains and is considered to be epigenetic with respect to host rock formation 
(Groves et aI., 1998). These deposits are formed from broadly uniform hydrothermal fluids 
transporting Au and several other metals. Based on a range of structural, hydrothermal 
alteration and ore fluid characteristics, these deposits are interpreted to have formed over a 
range of paleo-crustal levels from shallow «5 kIn) to deep (20 kIn) as a result of focussed 
fluid flow late during active deformation and metamorphism in volcano-plutonic terranes. 
Hydrothermal fluids are potentially derived from a variety of fluid sources including 
metamorphic devolatilization, fluid release from felsic intrusive rocks and mantle sources. 

It is recognised that there are several other gold deposit classes in the Archean. These include 
the Witwatersrand deposits in South Africa that historically have been described as modified 
'paleoplacers' (although Phillips and Law (2000) suggest that they have affinities with 
orogenic lode-gold systems), and the Home and Bousquet deposits in Canada that are world
class Au-rich VHMS deposits (e.g., Huston, 2000). Some of these deposits (Bousquet, HernIo, 
Boddington) show features of more than one mineralization style (e.g., overprinting of one 
deposit type by another), or have some features that can be interpreted as being of more than 
one mineralization type. In some of these deposits, primary mineralization has been 
remobilized during extensive deformation and metamorphism and/or overprinted by later 
orogenic lode-gold mineralization. However, careful documentation of the relative timing, ore 
fluid character and metal association of these deposits clearly necessitates assigning these 
deposits to other deposit classes. 

The giant HernIo deposit in Canada has been interpreted as potentially belonging to various 
deposit classes, including the orogenic lode-gold class. Detailed structural and textural studies 
suggest an early introduction of gold and subsequent remobilization during later deformation 
(e.g., Michibayashi, 1995; Powell and Pattison, 1997), indicating that the deposit cannot be 
classified as 'orogenic lode-gold'. 

The giant Boddington gold deposit has been recently debated as a 'porphyry-style' Cu-Mo-Au 
deposit with distinct orogenic lode-gold overprint (± gold remobilization). Boddington 
mineralization has some features (metal association, fluid inclusion populations) more typical 
of 'porphyry-style' mineralising systems as well as some features (structural timing) more 
aligned with 'orogenic lode-gold' mineralizing systems. Further work is required for the 
Boddington deposit. 

Archean orogenic lode-gold mineral systems 
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The Mineral Systems concept 

The mineral systems concept is based largely on the petroleum systems concept (e.g., Magoon 
and Dow, 1991), that has been employed with great success by the petroleum industry. The 
success of the petroleum systems concept lies in the predictive ability to assess the petroleum 
potential of individual basins. The strength of the petroleum systems approach is attributed to 
its strong genetic character that permits the model to adapt to a wide variety of geologic 
settings. Petroleum system models combine geological characteristics at a variety of scales 
(basin to local trap) with analysis of the characteristics of sedimentary basins to generate a 
methodology for selection of individual targets. Petroleum systems generally are applicable to 
scales, intermediate between regional- (i.e., basin) and local- (i.e., trap site) scale. This 
approach can provide very useful targeting criteria for exploration and a statistical basis for 
assessment that identifies favorable areas even before on-site examinations (Barton, 1993). 

This concept can also be applied to mineral deposits, although mineral systems are both more 
diverse and more complex. Wyborn et al. (1994) defined the mineral system to be 'all 
geological factors that control the generation and preservation of mineral deposits, and stress 
the processes that are involved in mobilizing ore components from a source, transporting and 
accumulating them in more concentrated form'. Important geological factors defining the 
characteristics of any mineralizing system (as depicted in Fig. AS) include: 
• Source(s} of energy (e.g., far-field geodynamic setting, sources of heat and thermal 

gradients, etc.) driving the system at the terrane- or regional-scale. 
• Source(s) of mineralizing fluids, transporting ligands and metals and other ore 

components. 
o Pathways whereby mineralizing fluids migrate to the 'trap' site, including information on 

the architecture of the pathways and timing of fluid flow. 
• Mechanical and structural focussing mechanisms at the 'trap', or depositional, site (camp

and deposit-scale including structural traps, favorable host lithologies, impermeable 
'seals' to fluid flow, etc.). 

• Chemical andlor physical processes leading to mineral precipitation at the 'trap' site 
(camp- to micro-scale). 

These geological factors provide a framework for integrating observations at the regional- to 
deposit-scale which can be used to classify mineral deposits, as well as key criteria for 
developing predictive exploration models relevant to area selection. In this way, the variability 
of mineral deposit features in anyone mineral system can be incorporated into a larger-scale 
genetic model. In fact, within a single mineral system, there is the possibility of multiple 
mineral deposit types. This is best exemplified by the high-level intrusion-related 'porphyry' 
system that can generate porphyry-Cu-Mo, epithermal and other mineral deposit types within 
a single system (cf., Barton, 1993; Poulsen et aI., 2000). However, the lack of one or more 
essential ingredients within a particular mineral system may preclude the formation of mineral 
deposits. The mineral systems approach has been used with increasing success to describe the 
ore forming systems responsible for VHMS deposits (Huston, 1997), as well as Proterozoic 
granite-related Au andlor base metal deposits (Wyborn et aI., 1994). 

The scale of a mineralizing system can vary widely and depends primarily on its type. For 
instance, the size of a complete intrusion-related 'porphyry' andlor VHMS mineral system 
may be the size of an individual district, whereas MVT and other sedimentary-hosted mineral 
systems are potentially the size of the whole basin. The emerging models for some syngenetic 
sedimentary deposits are increasingly mature and robust because the deposit can be viewed as 
merely a special facies of the host, and the geology of a geographically extensive host package 
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can provide a dependable targeting tool. However the biggest problem in developing such 
models, particularly for epigenetic deposits, is to distinguish essential ingredients from 
incidental geological factors (e.g., Barton, 1993). Nevertheless, the combination of recent 
advances in understanding lode-gold deposits at the 'trap' site as well as the regional 
geological framework of host terranes allow the first attempt to be made to define the 
orogenic lode-gold mineralizing system in Archean terranes. 

Archean orogenic lode-gold mineral systems 

The key to characterizing a mineral system, by analogy with the petroleum system, is the 
transport of a fluid of a particular composition from its source(s) to potential trap sites. There 
is a general consensus that the vast majority of Archean lode-gold deposits record a broadly 
uniform fluid (e.g., Groves et aI., 1992; Ridleyet aI., 1996; McCuaig and Kerrich, 1998; 
Ridley and Diamond, 2000). This fluid is a low-moderate salinity, mixed aqueous-carbonic 
fluid capable of carrying Au, Ag and several other metals in solution. Although fluid-rock 
interaction is interpreted to have modified certain molecular components and isotopic 
compositions en route from the source(s) to potential trap sites, the fluid remained broadly 
uniform as it migrated over relatively long distances to the trap site (Ridley et aI., 1996; 
Ridley and Diamond, 2000). The uniform ore fluid is a key feature of Archean orogenic lode
gold mineral systems. 

The other components of the Archean orogenic lode-gold mineral system (source of energy, 
source of fluids, trap sites, etc.) can be identified in part based on the observations that there is 
a common fluid. On this basis, deposits belonging to an Archean orogenic lode-gold system 
comprise primary epigenetic mineralization that formed as a result offocussed fluid flow late 
during active deformation and metamorphism of a volcano-plutonic terrane, in any lithology 
and at a range of paleocrustallevels, through site-specific and local physical and chemical 
processes. In all Archean orogenic lode-gold deposits these similar broad geological processes 
are responsible for deposit formation, but the final character of each deposit results ultimately 
from variations at the depositional site. 

The extreme diversity of Archean orogenic lode-gold deposits reflects the complex interplay 
of various physical (e.g., fluid pathway architecture, host rock rheology, pressure and 
temperature) and chemical (e.g., fluid and rock compositions, metal carrying potential of 
hydrothermal fluids, redox state, acidity, etc.) processes at the trap-site (camp- to micro-scale). 
The trap-site may be localized at various crustal levels ranging from sub-greenschist to upper
amphibolite facies metamorphic environments, and gold precipitation may occur over a 
corresponding wide range of pressure and temperature conditions through fluid-wallrock 
interaction, fluid mixing and/or phase separation (e.g., Groves et aI., 1992, 1998; Ridley et aI., 
2000). The variability in the deposit mineralogical and chemical characteristics largely reflects 
the pressure-temperature conditions, the variability in host rock and local changes in ore fluid 
composition (e.g., Colvine et aI., 1988; Groves et al., 1992, 1998; Ridleyet aI., 1995,2000; 
Cassidy et aI., 1998; McCuaig and Kerrich, 1998). 

Use of the mineral system concept clearly demonstrates that the broad deposit-scale variation 
evident in many Archean orogenic lode-gold deposits is a reflection oflocal, trap-site 
variations and not the result of different mineral systems operating within a single terrane. 
Recognition of the essential features of an orogenic lode-gold mineralizing system within a 
particular terrane is more important than determining the exact conditions of mineralization at 
any single trap-site within the system and is paramount to the success of a regional exploration 
program. Ideally, the explorer would like to rank terranes based on the likelihood of the 
presence of one or more mineral forming systems. Given that it is likely that different mineral 
systems may operate at different times during the evolution of a terrane, it is important to 
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consider the relative timing of the mineral system and the effects ofJater deformation and 
metamorphism. For instance, orogenic lode-gold systems generally occur during collisional or 
accretionary tectonics and late in the evolution of a specific terrane (e.g., Barley and Groves, 
1992; Kerrich and Cassidy, 1994; Groves et al., 1998). In contrast, shallow intrusion-related 
systems produce a range of deposit types typically during the constructional phase of the 
terrane (e.g., Sillitoe, 1991), and potentially could be remobilized and/or overprinted during 
later fluid-flow and mineralization. 

Synthesis of Archean orogenic lode-gold system characteristics 

Various detailed studies of numerous deposits (e.g., Clark et aI., 1989; Witt, 1993, Ridley et 
aI., 1996; Cassidy et aI., 1998; Knight et aI., 2000) demonstrate the diversity of characteristics 
at the depositional site in Archean orogenic lode-gold mineral systems. Through the above 
studies, the main controlling parameters of each part of the Archean orogenic lode-gold 
mineral system may be constrained. The overwhelming majority of available geological 
information is related to the trap site and the reader is referred to several excellent review 
papers for more detailed syntheses (Colvine et aI., 1988; Groves et aI., 1989, 1992, 1995; Ho 
et al., 1990b; McCuaig and Kerrich, 1998). 

Prior to synthesising the key features of Archean orogenic lode-gold mineralizing systems, it 
is important to constrain the absolute and relative timing of Archean orogenic lode-gold 
mineralization in the Yilgarn Craton. This is followed by a synthesis of the key features of the 
essential ingredients of Archean orogenic lode-gold mineralizing systems (Fig. A6), namely: 
(i) the source(s) of energy that drive the system, (ii) the source(s) of fluids and metals, (iii) the 
migration of fluids along pathways, and (iv) the physical and/or chemical processes leading to 
ore formation at the depositional site (camp- and deposit-scale). Emphasis is on the Yilgarn 
Craton, but information for other Archean gold provinces is discussed where applicable. 

Timing of mineralization in relation to metamorphism, magmatism and deformation
Yilgarn Craton 

Constraining the timing of gold mineralization improves our ability to discriminate between 
magmatic, thermal or structuraJ events with which mineralization may be genetically related. 
At the terrane-scale, Archean orogenic lode-gold mineralization is late relative to the overall 
tectonomagmatic evolution of a host terrane (Groves et aI., 1989, 1995; Kerrich and Cassidy, 
1994; Ridley et al., 1995; Knight et aI., 2000). At the camp- and deposit-scale, deposits in 
subgreenschist- to greenschist-facies metamorphic environments typically postdate and are 
retrograde with respect to the peak regional metamorphic conditions (e.g., Clark et al., 1989; 
Hodgson, 1993; McCuaig and Kerrich, 1998), whereas deposits in amphibolite-facies 
metamorphic environments are essentially synchronous with regional metamorphism (e.g., 
Knight et aI., 1993,2000; Ridley et aI., 1995,2000; Cassidy and Hagemann, 1999). Mineral 
fabrics in deposits formed at high temperature and pressures generally show large degrees of 
dynamic recovery and, in some cases, it becomes difficult to distinguish between deposits that 
formed at these poT temperatures (e.g., Mueller and Groves, 1991; Knight et aI., 1993; 
McCuaig et al., 1993; Ridley et aI., 2000) and those formed at lower temperatures and were 
subsequently metamorphosed (e.g., Big Bell: Phillips and de Nooy, 1988). Several gold camps 
(e.g., Coolgardie and Norseman regions, Yilgarn Craton: Witt, 1993; Knight et al., 1993; 
2000; McCuaig et ai., 1993) show transitions in the metamorphic grade of deposits and 
corresponding transitions in the metamorphic-grade of alteration assemblages. In the 
Coolgardie district, temperature zonation is spatially related to distance from a regional 
granitoid intrusion (Knight et al., 2000). There is also evidence in high-temperature deposits 
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that the mineralizing event occurred under pressure-temperature conditions close to those of 
peak regional metamorphism. 

Recent detailed structural and metamorphic studies on a number of orogenic lode-gold 
deposits in amphibolite facies metamorphic environments in Western Australia have shown 
that mineralization was broadly contemporaneous with peak metamorphism using the 
following lines of evidence (Fig. A 7): 
• Equilibrium textural relationships between native gold and high-temperature silicate and 

sulfide gangue minerals in ore and proximal alteration zones (e.g., Coolgardie camp: 
Knight et aI., 1993,2000; Norseman deposits: McCuaig et aI., 1993; Southern Cross 
greenstone belt: Ridleyet aI., 1995, 2000; Westonia: Cassidy and Hagemann, 1999) 

• Sub-microscopic gold in the earliest recognizable sulfarsenide phases in the ore 
paragenesis (Neumayr et al. 1993; McCuaig et aI., 1993; Hagemann et aI., 1998) 

• Mono- and bi-mineralic alteration assemblages indicative off ormation within an open 
hydrothermal system (e.g., Ridley, 1990; Barnicoat et aI., 1991) 

• Association of gold deposits with peak metamorphic structures coupled with the absence 
of known gold mineralization in earlier structures (e.g., Coolgardie camp: Knight et al., 
2000) 

• Preservation of gold-bearing veins in various states of strain (McCuaig et a!., 1993; Ridley 
et aI., 1995), and 

• Overprinting of peak metamorphic fabrics by gold-bearing quartz veins and/or gold
associated sulfides (e.g, Coolgardie camp: Knight et aI., 2000; Westonia: Cassidy and 
Hagemann, 1999). 

A significant retrograde timing for gold deposition at these deposits appears unlikely, given 
the correspondence between peak-metamorphic temperatures and equilibration temperatures 
of silicates and sulfide gangue assemblages associated with gold ores. However, some 
hypozonal deposits (e.g., Big Bell: Wilkins, 1993; Mueller et aI., 1996) contain low
temperature retrograde assemblages that indicate re-equilibration at lower temperatures rather 
than primary mineralizing conditions. 

Some mining camps in the Yilgarn Craton show evidence for more than one episode of gold 
mineralization. At Kalgoorlie, early Fimiston-style gold-telluride mineralization is crosscut by 
Mt Charlotte-style gold-pyrite±pyrrhotite mineralization (Clout et aI., 1990). At Wiluna, 
strike-slip faults that control gold-pyrite-arsenopyrite mineralization offset gold-pyrite
chalcopyrite-galena-bearing quartz reefs by up to 800m (Hagemann et aI., 1992). However, in 
the majority of these cases, the multiple gold mineralizing events are either different types of 
mineral system (e.g., early VHMS followed by later orogenic lode-gold: Mt Gibson) or reflect 
different stages of mineralization within a progressive orogenic lode-gold mineralizing system 
(e.g., Wiluna). Even in these latter cases, the relative timing of the orogenic lode-gold 
mineralizing events is structurally late. 

Archean terranes hosting orogenic lode-gold mineralization generally reflect a clockwise peak 
and retrograde PTt path (Bickle et a!., 1985; Dalstra et aI., 1997; Ridley et aI., 1997). 
Mineralization is inferred to accompany uplift and exhumation of the greenstone packages 
(e.g., Barley and Groves, 1992). The short time lag of<40 m.y. between peak metamorphism 
in orogenic gold host terranes and gold mineralization has been accounted for by thermal 
rebound during and following collisional tectonism (e.g., Powell et aI., 1991; Stuwe et aI., 
1993; Stuwe, 1998). In particular, during certain types of collision, peak temperatures are 
attained at progressively later times at increasing crustal levels during thermal reequilibration 
(e.g., Stuwe et aI., 1993). Similar models are invoked to explain the contemporaneity of gold 
mineralization with high-grade metamorphism in deeper crustal levels in the Yilgarn Craton 
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(e.g., Groves et aI., 1995). An alternative view emphasizing differential uplift of hot deep 
crust resulting in horizontal thermal gradients at higher crustal levels, contemporaneous with 
gold deposit formation, has been proposed for the southern Norseman-Wiluna belt, Yilgam 
Craton (Witt et al., 1997). In this model, felsic intrusions serve to delay retrograde cooling in 
the uplifted blocks. Dalstra et al. (1997) also invoke a mixed 'magmatic heat - deformation' 
model to explain variations in the relative timing of deformation and the metamorphic peak 
and observed metamorphic gradients in the higher-grade, marginal zones of individual 
greenstone belts in higher temperature terranes in the Yilgam Craton. 

Absolute age of gold mineralization - Yilgarn Craton 

Sufficient geochronological data is available to provide constraints on the absolute age of gold 
mineralization in the Yilgam Craton. Precise age determinations of gold mineralization 
derived from robust dating techniques (e.g., U-Pb zircon and titanite, Pb-Pb and Sm-Nd 
mineral isochrons) show that mineralization formed dominantly, but not exclusively, at -2.64-
2.63 Ga across the Yilgam Craton (Kerrich and Cassidy, 1994; Kent et aI., 1996; Yeats et aI., 
1999; Bucci et aI., 2000; Fig. A8). 

The best documented age constraints are for the Chalice gold deposit in the southern 
Kalgoorlie Terrane. Main stage gold mineralization (95% of resource) comprises foliation
parallel quartz-albite-diopside-titanite-gamet-gold veins and wallrock replacement of mafic 
amphibolite host rocks. Secnd stage mineralization is temporally associated with a second
generation granitoid dyke that cross-cuts the main stage. Uranium-Pb zircon and titanite 
studies and Re-Os dating of molybdenum identified two discrete gold events at 2644±8 Ma 
and 2621±1O Ma (Bucci et al., 2000). 

Two stages K-feldspar and titanite Pb-Pb mineral isochrons for the South Emu deposit at 
Reedys and the Griffms Find deposit yield ages of 2637±4 Ma (Wang et aI., 1993) and 
2636±3 Ma (Bamicoat et aI., 1991), respectively. Hydrothermal zircons associated with lode
gold mineralization at the Hornet deposit at Mount Gibson yield an U-Pb SHRIMP age of 
2627±13 Ma and, importantly, there is evidence that the gold mineralizing event was 
superimposed on pre-existing -2.95 Ga VHMS mineralization (Yeats et aI., 1996). 

Less robust dating techniques, including 40 Ar _39 Ar plateau ages, yield a range of ages from ca. 
2.64 Ga to younger than 2.0 Ga for alteration minerals from a number of deposits in the 
Yilgam Craton (e.g., Napier, 1993; Kent and McDougall, 1995; Kent and Hagemann, 1996; 
Mueller et aI., 1996; Kent and McCuaig, 1997; Napier et aI., 1998). The non-robustness of the 
40 Ar _39 Ar dating technique is demonstrated by the Scotia deposit, south of Norseman, with 
ages of hydrothermal amphibole and biotite up to 1000 m.y. younger than the minimum age of 
a cross-cutting pegmatite dike (Kent and McCuaig, 1997). These authors invoke resetting 
during the Proterozoic by mineral-fluid interaction during movement of a retrograde fluid 
along mineralized lode structures. Kerrich and Cassidy (1994) suggest similar retrograde 
resetting to explain aberrantly young 'ages' for mineralization for a number of deposits in the 
Yilgam Craton as well as for deposits in the Superior Province of Canada. Napier (1993) and 
Napier et al. (1998), however, suggest that young 4OAr}9 Ar ages of hydrothermal amphibole 
and biotite from gold deposits in the Coolgardie and Southern Cross districts, Yilgam Craton, 
reflect complex cooling paths involving long periods at elevated temperatures followed by 
exhumation of the host terranes. 

Evidence for isotopic resetting is detailed in Kerrich and Cassidy (1994) and Kent and 
McCuaig (1997) and includes: (i) field and structural evidence indicating reactivation of 
Archean structures during the Proterozoic; (ii) Proterozoic remobilization of gold and other 
elements in Archean gold deposits (e.g., Perring and McNaughton, 1990); (iii) reversed 
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blocking temperature sequences in deposits, such that typically more robust systems yield 
younger ages than more sensitive systems such as Rb-Sr or 40 Ar )9 Ar (Kerrich and Cassidy, 
1994), and (iv) concurrent disturbance of radiogenic and stable isotopes of some Archean gold 
deposits (e.g., Perring and McNaughton, 1990). Models for gold mineralization based on the 
young ages are also not consistent with the fundamental field relationships whereby the 
deposits form in broadly rheological and thermal equilibrium with their host terranes, not 50-
>200 m.y. later (e.g., Groves, 1993; Kerrich and Cassidy, 1994; McCuaig and Kerrich, 1998). 
An important implication is that if hydrothermal minerals have experienced isotopic 
disturbance after gold mineralization, isotopic ages must be carefully considered before they 
can be interpreted to record the actual age of hydrothermal mineralization. 

Constraints on the absolute timing of gold mineralization are also obtained from the ages of 
pre- and post-gold intrusions in host terranes. In the Yilgarn Craton, there are few deposits 
that contain cross-cutting post-gold intrusions. Cross-cutting pegmatite and microgranite dikes 
from several high-temperature deposits in the Southern Cross Province and the Norseman 
district yield V-Pb zircon and Sm-Nd mineral isochron ages of -2640-2620 Ma and are 
interpreted to have intruded broadly contemporaneously with gold mineralization (e.g., Bloem 
et al., 1995; Kent et aI., 1996). Ages of felsic intrusions that also host orogenic lode-gold 
mineralization generally have V-Pb zircon ages of2.68-2.65 Oa, with the youngest intrusion 
having an age of2648±6 Ma (Kent, 1994; Cassidy et al., 1998). However, in the Yandal 
greenstone belt in the northeastern Yilgarn Craton, recent geochronology of felsic porphyry 
dykes that cross-cut gold mineralization have V-Pb zircon ages of ca. 2.66 Oa (Yeats et aI., 
1999). These ages suggest that mineralization was possibly diachronous over a period of 30 
m.y. from northeast to southwest in the Yilgarn Craton. The interpretation of the U-Pb zircon 
ages for some of the felsic porphyry dykes has recently come under scrutiny with some 
researchers suggesting that the ages represent inheritance (e.g., N. Vielriecher et aI., pers. 
comm., 2000). 

Source(s) of Energy - The Driving Force of orogenic lode-gold systems 

Analysis of the geodynamic evolution of a host terrane is essential to determine the possible 
source(s) of energy that drive individual mineral systems. Mineral systems develop in 
response to 'far-field' forces such as plate interaction, plume tectonics, or combinations of 
both. At the terrane- and district-scale, these may manifest themselves as discrete 
tectonomagmatic events that drive hydrothermal fluids derived from metamorphic 
devolatilization, magmatic fluid evolution, or surficial fluid circulation. It is. therefore, 
important to determine spatial and/or temporal links with potential heat or thermal sources 
that may drive individual mineral systems. 

Geodynamic setting of host terranes: In this section, we do not attempt to discuss all the 
geodynamic models that have been invoked for Archean terranes and may result in the 
formation of orogenic lode-gold mineralizing systems. Instead, the reader is referred Fyon et 
al. (1989). Kerrich (1989a), Perrlng et al. (1989), Kerrich and Wyman (1990), Barley and 
Groves (1992), Kerrich and Cassidy (1994), Barley et al. (1998) and Kerrich et al. (2000). 
However. it is important to highlight a number of constraints that can be placed on the 
geodynamic models. The Abitibi subprovince and Norseman-Wiluna Belt contain a major 
proportion of the resource of orogenic lode-gold deposits of the cratons (-9000 t contained 
Au: Spooner and Barrie, 1993), as well as major VHMS Cu-Zn and/or komatiite-hosted Ni 
mineralization. In contrast, the similar age late-Archean Wabigoon subprovince of the 
Superior Province lacks major gold deposits. Geodynamic models favoring development of 
orogenic lode-gold mineralizing systems, therefore, must be able to demonstrate why some 
Archean cratons, and some terranes or subprovinces, are more prospective. 
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Although different in detail, the tectonic and metallogenic histories of many Archean cratons 
have broadly similar magmatic, thermal and deformational histories. In the highly mineralized 
Yilgam Craton and Superior Province, deformation, emplacement of granitoid batholiths and 
orogenic lode-gold mineralization followed within 50 m.y. of volcanism and sedimentation 
during the Late Archean. 

Granitoid-greenstone terranes of the Yilgam Craton largely consist of metavolcanic and 
metasedimentary rocks and granitoids that formed between -3.0 and 2.62 Oa (e.g., Swager, 
1997; Barley et aI., 1998). Data from the western Yilgam Craton indicate greenstone 
sequences and granitoids were emplaced during the mid-Archean (-3.0-2.9 Oa), followed by 
intermediate to felsic volcanism and sedimentation from -2.78 to 2.74 Oa (e.g., Barley et aI., 
1998). Compiled ages indicate that the granitoid-greenstone terranes in the eastern Yilgam 
developed dominantly between 2.74 and 2.63 Oa, with several lines of evidence indicating 
that the terranes developed on substantial pre-existing crust (e.g., Nelson, 1997; Barley et aI., 
1998). Lode-gold mineralization in the southern Abitibi subprovince has been dated at 
between 2.71 and 2.67 Oa (e.g., Kerrich and Cassidy, 1994), whereas that in the Norseman
Wiluna Belt is younger and largely dated at -2.64-2.63 Oa (Groves et aI., 1995; Kent and 
McDougall, 1995; Kent et al., 1996). 

The Superior Province is interpreted to comprise a collage of allochthonous 
tectonostratigraphic terranes, including metasedimentary, metaplutonic and metagreenstone
granitoid-dominated terranes. The various terranes formed in different places over distinct 
time periods and record diverse magmatic, metamorphic and tectonic histories, primarily from 
>2.9 to -2.67 Oa (see reviews by Card, 1990; Thurston et aI., 1991). In the late Archean, the 
various subprovinces underwent transpressive accretionary tectonic assembly that was 
diachronous from -2.78 Oa in the north to ca. 2.67 Oa in the southern Abitibi subprovince. 

In the Slave Craton, northern Canada, early granitoid emplacement (from -3.9 Oa) and 
greenstone magmatism was followed by Late Archean greenstone volcanism and plutonism 
from -2.8 to 2.67 Oa. Subsequent sedimentation, granitoid plutonism, metamorphism and 
gold mineralization is constrained to between 2.67 and 2.60 Oa (Isachsen and Bowring, 1994; 
Abraham and Spooner, 1995). The Zimbabwe Craton has a similar long history of granitoid 
emplacement and greenstone belt development. Limited geochronology indicates a 
progression of mafic and felsic volcanism and sedimentation, followed by deformation, 
granitoid emplacement and lode-gold mineralization (Wilson et aI., 1995), with gold 
mineralization restricted to a period of deformation between 2.66 and 2.60 Oa. A similar 
progression is also evident in other Archean terranes (e.g., Karelian Craton: SOIjonen-Ward, 
1993; Dharwar Craton: Krogstad et aI., 1989; Jayananda et aI., 2000) with orogenic lode-gold 
mineralization dominantly developed late during the evolution of the terrane. In the Pilbara 
and Kaapvaal Cratons, however, there is evidence for gold mineralization that is earlier than 
the last, craton-wide igneous and deformation event. In the poorly endowed Pilbara Craton, 
discrete episodes oflode-gold mineralization closely follow periods of mafic and felsic 
volcanism, sedimentation, granitoid plutonism, metamorphism and deformation (Blewett and 
Huston, 1999). Many of the gneiss-dominated Archean terranes, including parts of Oreenland, 
the Superior Province (i.e., Card et aI., 1989) and Yilgam Craton (i.e., Narryer Terrane), do 
not contain economic concentrations of lode gold. 

Several models have been suggested to explain the extensive period of mineralization (i.e., 
2.75-2.52 Oa) during the late Archean that generated not only large quantities of orogenic 
lode-gold mineralization, but also world-class metallogenic provinces ofVHMS Cu-Zn and/or 
komatiite-hosted Ni mineralization in many Archean cratons. Archean orogenic lode gold 
deposits generally occupy a consistent spatial and temporal position having formed late during 
compressional to transpressional deformation in accretionary and collisional orogens (e.g., 
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Barley et aI., 1989; 1998; Kerrich and Wyman, 1990; Barley and Groves, 1992). This 
association is the primary reason Groves et al. (1998) invoke the term 'orogenic gold deposits' 
to encapsulate this class of mineral system for deposits of any age from Archean to Recent. 

Many researchers invoke settings involving subduction-related accretion for orogenic lode 
gold deposits irrespective of whether they are hosted in Archean granite-greenstone terranes or 
Phanerozoic sedimentary rock-dominated sequences (e.g., Kerrich and Wyman, 1990; Barley 
and Groves, 1992; Goldfarb et aI., 1998; Kerrich et ai., 2000). Models for Phanerozoic 
terranes reflect the better understood tectonic histories and invoke specific processes (e.g., 
ridge subduction, subduction roll-back, changing plate motions, etc.) occurring during 
accretion/subduction to explain the generation and migration of deeply sourced fluids, vein 
formation and gold precipitation (e.g., Goldfarb et aI., 1991, 1998). Other models for orogenic 
lode gold mineralization in the Phanerozoic emphasize the role of collisional tectonics 
involving lithospheric delamination (e.g., Keppie and Dallmeyer, 1995; de Boorder et aI., 
1998). 

Clearly there is strong support for models invoking development of large-scale hydrothermal 
systems as a result of accretion/collision, at least during the post-Archean, and similar models 
have been proposed to explain the Archean orogenic lode gold mineralization as well. For 
instance, Barleyet aI. (1998) suggest that the interaction of plume-breakout periods with 
extremely long-lived convergent margin sectors of external oceans may be responsible for the 
highly mineralized character of many of the late Archean terranes. Hodgson and Hamilton 
(1989) suggest that gold mineralization in the Abitibi subprovince was the end-stage result of 
late Archean collisional tectonics with generation of hydrothermal fluids linked to lower
crust/mantle processes. Wyman et al. (1999) suggest that gold mineralization in the Abitibi 
subprovince may be related to a geodynamic setting that facilitated asthenospheric upwelling 
through dislocation and/or delamination of a subducted slab after step-back of earlier 
subduction zones due to accretion of ocean plateaus. Qiu and Groves (1999) invoke a model 
of late Archean collision and lithospheric delamination in the southwest Yilgarn Craton as the 
driving force for orogenic lode-gold mineralization throughout the Yilgarn Craton. Similarly, 
van Reenen et al. (1987) suggested that collisional tectonics was important in the generation 
of lode-gold mineralization in the Limpopo belt, southern Africa. In contrast, there are 
researchers who invoke non-uniformitarian geodynamic models to explain the Archean (e.g., 
Hamilton, 1998). In summary, although there is currently no generally accepted geodynamic 
model for Archean host terranes, accretionary and/or collisional settings are favored. 

Models for generation of orogenic lode-gold mineralizing fluids: Many recent models for 
the generation of orogenic lode-gold mineralizing fluids invoke mechanisms whereby the 
development of the mineralizing fluids is an integral component of specific geodynamic 
settings. These include the accretion/collision models (e.g., Barley et ai., 1998, Wyman et ai., 
1999, Qiu and Groves, 1999) discussed above. The tectonic processes produce major thermal 
anomalies and involve liberation of fluids over large areas. These models recognise that lode
gold mineralization is a result of similar processes occurring over a range of crustal levels and 
over a restricted temporal interval contemporaneously with late accretion/collision tectonics 
(e.g., Groves et aI., 1992, 1998; Groves, 1993). All these models generally invoke 
mechanisms such as magmatic underplating and/or lithospheric delamination coupled with 
crustal plutonism, lower crustal granulitization and upper mantle partial melting to generate 
large volumes of hydrothermal fluids with gold mineralization a by-product of, and integral 
component of, these processes. Some researchers suggest models for the generation of 
hydrothermal fluids that do not specify the geodynamic setting of host terranes and involve 
'granulitization' (e.g., Cameron, 1988; Card et ai., 1989; Fyon et ai., 1989) and/or 
'cratonization' (e.g., Colvine, 1989; Kent et aI., 1996). Alternatively, the generation of 
synmetamorphic hydrothermal systems with up-temperature, lateral fluid flow is inferred to be 
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related to differential uplift, juxtaposition of uplifted blocks and intrusion of granitoids (Witt 
et aI., 1997). Other researchers link fluid generation with smaller-scale processes such as 
magmatic fluid evolution of specific plutonic associations (e.g., ITG complexes: Burrows and 
Spooner, 1989; oxidized felsic intrusions: Cameron and Hattori, 1987). 

Source(s) of Fluids and Metals 

Numerous models have been proposed for the origin of the hydrothermal fluids that transport 
gold from source to depositional site. Some models invoke terrane-scale processes whereas 
others invoke district and even smaller-scale processes. These include: 
• Metamorphic devolatilization during prograde, regional metamorphism of greenstone belts 

(Kerrich and Fyfe, 1981; Phillips and Groves, 1983; Powell et aI., 1991); 
• Devolatilization of the lower and/or middle crust with or without input from the mantle 

(e.g., Cameron, 1988; Colvine, 1989; Fyon et al., 1989); 
• Magmatic fluid originating from extensive regional batholiths and/or specific granitic 

associations (e.g., Cameron and Hattori, 1987; Burrows and Spooner, 1989; Mueller et al., 
1991a; Qiu and McNaughton, 1999); 

• Fluid release during crystallization of gold-rich lamprophyric magmas (Rock et al., 1989); 
and 

• Deep circulation of meteoric waters to depths in the crust (Nesbitt, 1988). 

Ridley and Diamond (2000) review available data from orogenic lode-gold deposits of all ages 
and conclude that the metamorphic devolatilization and felsic magma devolatilization models 
for the fluid source are allowable. The models make predictions regarding the source of gold 
and other metals and the timing of mineralization and these predictions can be tested with 
fluid geochemistry, stable and radiogenic isotope tracer and mineral equilibria studies. 
A key feature of orogenic lode-gold deposits is that they contain a broadly uniform 
hydrothermal fluid in terms of major molecular components (e.g., CO2, K, S: Ridley and 
Diamond, 2000). This is taken to indicate that the fluid was neither significantly modified via 
fluid-rock interaction en route from the source(s) to potential trap sites nor modified by 
mixing with fluid from other sources (see Ridley et aI., 1996; Ridley and Diamond, 2000). 
Ridleyet ai. (1996) suggest that the fluid flow was strongly channelized with travel distances 
from source to depositional site of the order of kilometers. Note, however, that local fluid 
mixing is invoked as a potential gold precipitation mechanism at the trap-site. For the 
orogenic lode-gold mineral system, the broadly uniform fluid is a low-moderate salinity, 
mixed aqueous-carbonic fluid capable of carrying Au, Ag, As, Sb but with a limited capacity 
to transport base metals. 

Constraints on the source of the fluid are mainly from stable and radiogenic isotope tracer 
studies as well as the chemical composition of the fluid. Ridley and Diamond (2000) provide 
an extensive review of the chemical and isotopic composition of the gold transporting fluid 
and only salient points are summarized here. Information is provided that constrains the 
source of ore fluid components and/or demonstrates that a particular component is modified 
during transport to the depositional site and thus does not add to our understanding of fluid 
source. 

Chemical compositional constraints.: Constraints on the source of the fluid are mainly from 
studies at the depositional site and include direct analysis of fluid inclusions and calculated 
fluid compositions based on chemical and isotopic analysis of gold-related hydrothermal 
minerals. The major molecular components are broadly uniform for the vast majority of 
deposits and do not constrain the fluid source. Components, such as Cf4 and N2, are present 
in variable amounts in many deposits reflecting source and trap (camp- or deposit-scale) 
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processes. For instance, presence of graphite-bearing metasedimentary lithologies in some 
deposits is consistent with local processes (e.g., Lancefield: Hronsky, 1993). A wide range of 
XCOz values of the mixed aqueous-carbonic fluid inclusions have been reported, with most 
ranging from 0.10 to 0.25 XCOz (e.g., Mikucki and Ridley, 1993; Mikucki, 1998; Ridley and 
Diamond, 2000). However, as discussed by Ridley and Diamond (2000), the presence ofCOz 
does not discriminate between fluids derived via metamorphic devolatilization or magmatic 
fluid evolution, with similar fluids able to be derived from both sources. Likewise, the narrow 
range of salinities and pH recorded from lode-gold deposits reflects equilibrium with a wide 
range of lithologies and does not further constrain the fluid source. The subtle gradient in 
sulfide activity in deposits from shallow to deep paleocrustallevels is also interpreted to 
indicate the fluid composition remained relatively constant along fluid flow paths (Ridley et 
aI., 1996). 

Lithophile element ratios, such as KlRb, KlBa, have been used by Kerrich (1989b) to 
constrain the fluid source. However, ratios from all deposits from a range of paleocrustal 
levels plot within the range determined for normal crustal lithologies and are, therefore, not 
diagnostic ofa particular source. Ridley (1990) suggests that the fluid was oversaturated with 
respect to potassic phases and inferred that this reflects derivation from or equilibrium with a 
granitic source. Furthermore, Ridley et al. (1996) suggest that quartz precipitation in veins or 
as pervasive silicification in the vast majority of deposits indicates that the hydrothermal 
fluids were also quartz saturated. Overall, there are few constraints on the source of the fluid 
based on the chemical composition of the fluid and further work should be directed to 
determine if there are certain element ratios or chemical components that can distinguish 
between the potential fluid sources. 

Stable isotope tracers: Carbon, oxygen, hydrogen and nitrogen isotopic compositions of 
hydrothermal minerals (e.g., quartz, carbonate, sericite, biotite, amphibole, pyroxene and 
garnet) have been used to constrain fluid sources in Archean orogenic lode-gold deposits 
(Kerrich and Fryer, 1979; Kerrich, 1987; Golding et aI., 1989, de Ronde et aI., 1992; 
McNaughton et aI., 1992; Jia and Kerrich, 1999; Knight et aI., 2000). In mesozonal and 
hypozonallode-gold deposits, calculated OD-OI80 compositions of hydrothermal fluids plot in 
a relatively small field (ODfluids -30 to -80 %0; OISOfluids +6 to + II %0) that overlaps the 
metamorphic and magmatic fields of Taylor (1974), and are not diagnostic of fluid source (cf. 
McCuiag and Kerrich, 1998). Carbon isotopes of carbonates in orogenic lode-gold deposits, 
from all paleocrustallevels and from several Archean provinces, range from -II to +2 per mil 
(Golding et aI., 1989; Kerrich, 1987, 1989b, 1990; McNaughton et aI., 1992) and are also not 
uniquely diagnostic ofa specific carbon source (cf. McCuaig and Kerrich, 1998). However, 
the isotopic shifts associated with wallrock alteration and vein formation in any single deposit 
clearly imply high water-rock ratios. Note that many stable isotope studies have been 
conducted with limited field constraints, i.e., the timing of different quartz vein types, their 
relationship to metamorphism, magmatism and gold mineralization is often not described. In 
addition, they are conventional isotope analyses that do not account for intragrain 
heterogeneities. 

In epizonallode-gold deposits of the Yilgarn Craton, however, oD and 0180 values of quartz, 
chlorite and sericite reveal oD and 0 ISO fluid compositions from +5 to -60 per mil and -2 to 
+5 per mil, respectively. These are interpreted to reflect incursion of surface waters into a 
dominantly deep-sourced hydrothermal system, or advection of a deep-sourced hydrothermal 
fluid into rocks that have partially equilibrated or mixed with surface-derived waters 
(Hagemann et aI., 1994). Note that the surface water influx does not indicate that gold was 
contained in the surface water or was leached from the host rocks that equilibrated with the 
surface waters. The influx of surface waters likely suggests fluid mixing with ascending deep 
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fluids, and, as such, potentially represent an efficient mechanism to precipitate gold and other 
metals. 

Sulfur isotope compositions of sulfides and sulfates in Archean orogenic lode-gold deposits 
are largely restricted from 0 to 9 per mil/j34S (Kerrich, 1987, 1989; Golding et aI., 1990b; de 
Ronde et aI., 1992). This indicates that the sulfur source was isotopically uniform and derived 
directly from the mantle, from magmas or indirectly by dissolution and/or desulfidation of 
primary sulfide minerals or average crustal sulfur. Some epizonal and mesozonal deposits are 
systematically depleted in /j34S (Canadian Arrow: Cameron and Hattori 1987; Wiluna: 
Hagemann et aI., 1993; Golden Mile: Phillips et aI., 1986; Clout, 1989; Kanowna-Belle: Ren 
and Hethersay, 1998; Victory: Xu and Palin, 1998) a feature that has been attributed to: (i) 
significant oxidation of the ore fluids via interaction of hydrothermal fluids with magnetite 
(Phillips et aI., 1986), (ii) oxidized magmatic fluids (Cameron and Hattori, 1987), or (iii) 
phase immiscibility. The Golden Mile contains locally appreciable amounts of anhydrite that 
Clout (1989) interpreted as evidence for seawater influx into upper portions of the 
hydrothermal system. However, Hagemann et ai. (1999) show that texturally different pyrites 
from proximal alteration zones of Fimiston- and Oroya-style lodes have a far greater range in 
/j34S (-10 to + 18%0) than determined in previous studies. The sulfur isotopic zonation of 
individual pyrites (up to 6 %0), individual lodes, and different mineralization styles all point to 
a complex interplay of different sulfur sources, i.e., magmatic, syn-sedimentary and seawater, 
and depositional processes (i.e., phase immiscibility, fluid mixing, and equilibration). 

Recently, Jia and Kerrich (1999) report the first analyses Of/jl~ in hydrothermal micas 
associated with gold mineralization in several lode-gold deposits from the Superior Province 
and Yilgarn Craton. The results show a range of /jlSj.j from 10 to 24 per mil that overlaps with 
metamorphic and some plutonic rocks but extends to more l~ enriched values. The authors 
suggest that while the data are limited, they are more consistent with the regional 
metamorphic field. However, the range of l~ extends beyond all known compositions 
suggesting that this interpretation may be premature. 

In summary, in meso- and hypozonallode-gold deposits oxygen, hydrogen, carbon and 
nitrogen isotope values are non-diagnostic in terms of fluid sources. In epizonallode gold 
deposits, however, the isotopic values indicate locally substantial influx of surface waters. 
Sulfur isotopes are mostly restricted to 0 to +9 per mil and are, again, non-diagnostic in terms 
of fluid source. A few, largely epi- mesozonal deposits display either depleted or enriched 
values when compared to the main population of data which might suggest multiple sulfur 
sources and/or different depositional processes. 

Radiogenic isotope tracers: Isotopes ofNd, Os, Pb and Sr have been used to determine the 
source(s) of ore fluid components in orogenic lode-gold systems. Osmium isotopes have been 
applied to three Archean lode gold districts - Kambalda (Lambert et aI., 1998), Kolar (Walker 
et al., 1989) and Zimbabwe (Frei et al., 1998). All three studies indicate variable levels of 
interaction with host rocks and underlying older crustal material. Lambert et al. (1998) report 
radiogenic initial Os isotopic compositions for the Revenge gold deposit at Kambalda, Yilgarn 
Craton, and interpret this to indicate interaction and/or derivation of the ore fluid component 
from older, lower crustal sources. In contrast, the initial Os isotopic composition of samples of 
quartz lodes from the Kolar schist belt, Dharwar Craton, is consistent with derivation from 
fluids or melts with near-chondritic Os isotopic compositions. Clearly further studies are 
required to determine the veracity of this technique. 

Likewise, Nd isotopes have been used to determine the source(s) of ore fluids in several 
Archean orogenic lode gold deposits. Kent et al. (1995) and Ghaderi et ai. (1996) obtained 
epsilon Nd values for hydrothermal scheelite from deposits in the Kalgoorlie-Norseman 
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region of the Yilgam Craton, and inferred that the ore fluid composition was controlled by 
interaction with a specific lithology. Highly enriched epsilon Nd values from the Mount 
Charlotte deposit are interpreted to indicate that most of the Nd in the scheelite is derived 
from komatiites (Kent et al., 1995; Ghaderi et al., 1996). However, other studies suggest that 
the epsilon Nd values are indistinguishable from those of immediate hostrocks and not 
diagnostic of interaction with a specific lithology (e.g., Siva Siddaiah and Rajamani, 1989; 
Frei et a!., 1998). 

Lead and Sr isotope studies indicate that the Pb and Sr in most Archean lode-gold deposits 
consists of mixtures of radiogenic Pb and Sr derived from older felsic crust and less 
radiogenic Pb and Sr derived from mafic rocks within greenstone belts (e.g., Kerrich et a!., 
1987; Kerrich, 1989b; Mueller et al., 1991a; McNaughton et a!., 1992, 1993; Knight, 1994; 
Qiu and McNaughton, 1999). At the deposit-scale, Pb and Sr isotope compositions are 
generally less radiogenic than the most radiogenic source in the area at the time of 
mineralization but are also more radiogenic than mantle-derived lithologies. Some deposits in 
amphibolite facies terranes, however, do have Pb isotope compositions that closely match 
adjacent granitoids (e.g., Qiu and McNaughton, 1999). In the eastern Yilgam Craton, 
McNaughton et a!. (1992, 1993) demonstrate a regional variation in Pb isotope composition 
with more radiogenic Pb compositions correlating with increasing proximity to regional 
granitoid-gneiss terrain. Mueller et a!. (1991) also document a correlation between the Sr 
isotope composition of gold-related scheelite and the inferred depth of gold mineralization 
and interpret this to reflect derviation of the mineralizing fluids from within older felsic lower 
crust and progressive mixing of this Sr with greenstone-derived Sr during ascent to higher 
crustal levels. Deposits that formed at deeper paleocrustallevels tend to have the most 
radiogenic Pb and Sr, are typically from narrow greenstone belts, and an alternative 
interpretation is that the radiogenic Pb and Sr is derived from adjacent granitoids during 
hydrothermal circulation (cf. Witt et a!., 1997). Lead and Sr isotope data cannot distinguish 
between a mixed signature and a regionally homogenized signature, but effectively rule out 
models for lode-gold deposit formation that invoke ore-forming hydrothermal Systems that are 
solely confined to individual greenstone belts. 

Lead isotope data from several deposits in the Yilgam Craton and Superior Province plot 
along secondary isochrons that are the subject of several possible interpretations. In the 
Norseman area and at the Lady Bountiful deposit near Kalgoorlie, the secondary isochrons are 
interpreted to reflect later disturbance and new galena growth from radiogenic Pb (e.g., 
Perring and McNaughton, 1990; Cassidy, 1992; McNaughton et a!., 1992). 

Overall, the radiogenic isotope tracers do not unequivocally indicate the source of ore fluids. 
Transport of fluids along pathways such as regional deformation zones would allow exchange 
with radiogenic crust and non-radiogenic greenstone sequences. The lithological diversity 
along individual pathways may explain the complexity of the radiogenic isotope systematics, 
as well as regional and inter-camp variations (e.g., McNaughton et a!., 1992; McCuaig and 
Kerrich, 1998). 

In summary, the stable- and radiogenic-isotope tracer studies do not unequivocally distinguish 
one proposed source over another and may reflect the relative ability of the isotope to be 
modified through fluid-rock interaction en route from the source to the depositional site. 
Many of the currently used tracers show local- and district-scale modification and cannot be 
used to constrain the primary fluid source (Ridley and Diamond, 2000). Further studies on 
deposits from a variety of crustalleve1s and application of micro-analytical techniques should 
improve the understanding of these isotopic systems in Archean orogenic gold deposits. 
Ridley and Diamond (2000) suggest that analysis of halogen elements may potentially provide 
better constraints on the source of the hydrothermal fluids. 
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Migration of Fluids and Fluid pathways 

An important component of orogenic lode-gold mineralizing systems is the transport over 
relatively long distances oflarge volumes of broadly uniform fluid. Information regarding the 
architecture of the fluid pathways as well as the medium used to transport gold in solution 
along the pathways is vital to determine the overall characteristics of a mineralizing system. 

Fluid conduits: At a greenstone belt-scale, Archean gold camps are generally spatially related 
to large-scale (> 1 00 km in length), transcrustal deformation zones. They occur within or along 
the edges of the greenstone belts, and they commonly mark the boundary between volcano
plutonic and metasedimentary subprovinces or terrains. Economically significant, gold
associated fault zones in the Abitibi greenstone belt of the Superior Province include the 
Destor-Porcupine and Larder Lake-Cadillac fault zones that are spatially close to the world
class Timmins and Val d'Or camps, respectively. In the Yilgarn Craton the most significant 
large fault zone system is the Boulder-Lefroy that lies close to the Golden Mile and Victory
Defiance gold deposits (Fig. A9). On a camp-scale, however, most gold deposits are hosted in 
second- and third-order structures which are considered to be more favorable dilational sites 
for gold deposition (Kerrich, 1989a; Eisenlohr et al. 1989; Groves et al. 1989; Robert 1990). 

In most transcrustal fault zones, significant (> 100 t) gold mineralization is scarce, or is 
extremely localized. Based on the above empirical observations, transcrustal fault zones are 
considered to be the main conduits for gold-bearing, hydrothermal fluids that are subsequently 
channelled into the second- and third-order faults (Eisenlohr et aI., 1989). This interpretation 
is mostly based on the close spatial relationship between first-, second-, and third-order fault 
zones, a documented structural link between second- and third-order structures (e.g., Sigma 
mine), and similar hydrothermal alteration within the camp (e.g., Val d'Or gold camp: Robert, 
1990, 1991). Direct evidence of the structural and hydraulic connectivity of fust-order 
structures, such as identical fluid chemistry, is currently being investigated for the Cadillac 
Tectonic Zone in the Val d'Or camp (Neumayr et aI., 2001; Neumayr and Hagemann, 2001). 
Neumayr and Hagemann (2001) record a progressive evolution of the hydrothermal fluids 
within the Cadillac Tectonic Zone. Earliest mixed, low to moderate saline H20-C02-C~
NaCI fluid inclusions, which predate gold mineralization, are superseded by gold-associated, 
dominantly carbonic COrC~±H20±NaCI fluid inclusions. The latest fluids in the system are 
aqueous brines that most likely relate to late fracture infills or Canadian Shield brines (e.g., 
Guha and Kanwar, 1987). The current preliminary qualitative fluid model involves both 
modification of the hydrothermal fluid by different hydrothermal processes and reactions with 
different wallrocks along the fluid path. The elevated salinity in the C~-H20-NaCI fluids and 
the C02 dominance in the younger fluids within the Cadillac Tectonic Zone is best explained 
by progressive phase separation, with preferential vapour loss (COrC~) into the upper parts 
of the fault system. This devolatilization process requires that the fault was permeable for the 
vapor phase during an extended period of time. 

Vearncombe (1998) recognized a regional network oflate-Archean, high angle, mid- to upper 
crustal cross faults in the Yandal greenstone belt, northeastern Yilgarn Craton, based on 
interpretation of high-resolution aeromagnetic data. Rather than the craton-scale trans crustal 
faults being part of a linked system (e.g., Eisenlohr et aI., 1989; Robert, 1990; Neurnayr et aI., 
in press) and as potential pathways for gold-mineralizing fluids, Vearncombe (1998) proposes 
that gold mineralizing fluids were focused by the network of conjugate cross faults. Fluid flow 
and gold mineralization was preferentially sited in zones oflow mean stress, determined by 
the orientation of lithological units and pre-existing shear zones relative to the late-Archean 
stress direction. However, the exact timing relationships, hydrothermal alteration 
characteristics and physico-chemical conditions of the hydrothermal fluids in the cross faults 
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are, at present, poorly known. In addition, there are many areas in the Yilgarn Craton with 
world-class orogenic lode-gold deposits (e.g., Wiluna), where there is an absence of a 
conjugate cross fault system. This model is, therefore, probably only of local significance. 

According to Cox (1999) localization of fluid flow along relatively limited linked networks of 
active faults and shear zones is a fundamental aspect in the development of the crustal-scale 
hydrothermal systems that produce mesozonal Archean lode-gold deposits. Networks of shear 
zones at deeper crustal levels effectively scavenge fluids and metals that are transferred to 
higher crustal levels along a restricted flow backbone (first-order structures). Shear systems 
with very high connectivities generate more dispersed flow in which case individual structures 
may not have high enough fluid fluxes to generate economic gold deposits. According to 
percolation theory (Sahimi, 1994) the smaller and most intensely mineralized structures are 
interpreted as "dangling" elements that have drawn fluid from the backbone in the 
downstream or discharge part of hydrothermal systems. As downstream dangling structures 
are sites oflocalized fluid discharge, they are sites that generate the greatest potential for gold 
deposition as this involves processes such as phase immiscibility, fluid mixing and fluid-rock 
interaction. 

Sibson et al. (1988) and Sibson and Scott (1998) consider the lower portion of the brittle 
carapace (transition between a hydrostatically pressured near-surface fluid regime and the near 
lithostatic fluid pressures) that overlays a prograde metamorphic belt as a low permeability 
barrier which hosts mesozonal gold-quartz veins systems (Fig. AI0a). These are controlled by 
fault-fracture meshes that comprise low-displacement shear zones interlinked with hydraulic 
extension fractures. These 'self-generated' mesh structures are generated by the infiltration of 
overpressured fluids at pressures locally exceeding the least principal compressive stress (i.e., 
Pf> 0"3), and form high permeability conduits for episodic large-volume fluid discharge (Fig. 
AlO). Fluids are most easily trapped beneath the carapace in compressional-transpressional 
regimes where the highest levels of overpressuring may be attained. According to Sibson and 
Scott (1998) the attainment of extreme overpressures and the formation of high permeability 
meshes in any given stress regime (Fig. AlOb), therefore, requires either intact crust, or crust 
where faults have become severely misoriented. Containment of overpressured fluids is 
affected by the stress state and fault structures within the carapace which acts as a containing 
lid impeding fluid loss from the mid-crust. 

Hall (1998) proposed a generic fluid flow model ('Y -front' model) for the Kalgoorlie area of 
Western Australia based on a -200 km long, east-west seismic reflection profile across the 
western part of the Norseman-Wiluna Belt, about 50 km north of Kalgoorlie (Drummond and 
Goleby, 1993), and regional scale numerical modelling of fluid flow by Ord et al. (1998). 
Fundamental to the • Y -front' model are transcrustal fault zones that penetrate and link entire 
crustal sections. Interpretation of the seismic profile indicates that the east-dipping Ida fault 
zone intersects the west-dipping Bardoc shear zone in the mid-crust in a Y-like fashion. 
Thermal and fluid flow modelling for the 55 km section between the two faults suggest an 
early convection system involving the entire crust, possibly mobilizing metals from the lower 
crust to the mantle. Cooling and gradual cessation of the convection cell resulted in restricted 
convection limited to the upper crust, particularly the shallow «10 km depth) greenstone belts 
which consequently led to concentration of auriferous hydrothermal fluids into the east
dipping Bardoc shear zone. Thermal modelling suggests both downward fluid flow in the 
upper crustal section and upward flow in the lower crustal section of the Ida fault zone. 
Upward flow is indicated along the Bardoc shear zone from its intersection with the Ida fault 
below the greenstone bel! (Fig. All). This convection cell has the potential to mix mantle 
fluids and a myriad of metamorphic, magmatic (from "blind" stocks) and meteoric fluids, and 
to direct this "mixed" fluid along the Bardoc shear zone that acts as a focused discharge zone. 
The temperature distribution leads to greenschist facies metamorphism in the east progressing 
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to granulite facies in the west and extensive alteration within the greenstone belt sequence 
near the Bardoc shear zone (Fig. A 12a). Metamorphic grade distribution is interpreted by Hall 
(1998) as the most powerful expression of the existence of a regional, hydrothermal cell. 
Supporting this Y -model is the spatial association of significant gold deposits adjacent to 
areas oflow metamorphic grade, relative to the average metamorphic gradient of the 
greenstone belt (Fig. AI2b). The Kalgoorlie system covers an area typically 100 km x 100km 
to a crustal depth of +30 km. 

Even though the 'Y-front model' is one of the first models that attempts to interpret regional 
3D fluid flow it has several shortcomings. Firstly, the proposed fluid flow is only realistic if 
all fault segments are present and active during the same time period. Secondly, the model 
fails to reconcile the fact that the dips of the surface structures are not compatible with the 
seismic interpretation of shallow dipping faults. Thirdly, potentially steep-dipping structures 
are not shown in the seismic interpretation, as they are notoriously difficult to interpret in 
seismic reflection data. Despite these problems the Y -front model represents the first attempt 
of modelling large-scale (100km) hydrothennal cells that explain the extraordinary 
endowment of gold (3000 tonnes) in the Menzies-Kambalda area. 

Ridley (1993) in an innovative analyses of mean rock stress and fluid flow in the crust pointed 
out that fluid focusing in gold deposits occurs where there are lateral gradients in hydraulic 
head at any depth, generally fluid flow will be dominated by upward flow (Etheridge et aI., 
1983). The main cause for lateral gradients in hydraulic head is the variation in mean rock 
stress as a consequence of tectonic stresses acting on an inhomogeneous rock sequence. 
Analysis of stress fields shows a wide variety of potential sites of low mean stress, dependent 
on the geometry of rock units and on patterns of faults, fractures or shear zones (Ridley, 
1993). Holyland (1990) used these principles to develop stress mapping, a numerical 
modelling technique to target sites of dilation or low minimum principal stress (03). 
Successful application of stress mapping depends on critical input parameters, including an 
accurate geological map, rock properties, knowledge of magnitude and orientation of the far
field stress field, rock deformation properties such as strength and moduli, fault deformation 
properties, including friction angles and stiffness. The most severe limiting assumption of 
two-dimensional stress mapping is that the plane of a map does not accurately reflect the 
stress pattern in an area with complex three-dimensional geometry. Furthennore, stress 
mapping can only be applied if fluid flow in structures was late in the tectonic history and the 
structural pattern in the area of modelling has not been affected by subsequent structural 
events. 

Holyland et ai. (1993), Hall (1998) and Groves et ai. (2000) successfully applied stress 
mapping to the Kalgoorlie area and showed that sites of low minimum principal stress (0 3) 
defme all of the major goldfields in the area (Fig. A13) and are located adjacent to first order 
faults. Groves et ai. (2000) show that low stress anomalies in the Kaigoorlie area constitute 
less than 10 percent of the map area, and that they relate largely to changes in strike of first
order faults and to intersections of two or more first-order faults or offrrst- and second-order 
faults. Hall (1998) proposes that the areas oflow mean stress in the Kalgoorlie area, when 
favorably linked to the outflow zones, become major gold deposits. 

Transport of gold in solution: The chemistry of transporting gold in solution over long 
distances is extremely complex and has been reviewed by various researchers (e.g., Seward, 
1973,1991; Shenberger and Barnes, 1989; Mikucki and Ridley, 1993; Ridley et al., 1996; 
Mikucki, 1998). Thermodynamic data on gold-complexing ligands are available for an 
increasing range of pressures and temperatures (e.g., Seward, 1991; Zotov et aI., 1991; 
Benning and Seward, 1996; Gibert et at., 1998; Loucks and Mavrogenes, 1999), broadly 
corresponding to the P-T conditions of lode-gold forming hydrothermal systems. Three gold 
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bisulfide complexes, Au(HS)O, HAu(HSho and AU(HS)2-, are potentially important in 
transporting gold under hydrothermal conditions (e.g., Seward, 1973; Shenberger and Barnes, 
1989; Mikucki, 1998), although Loucks and Mavrogenes (1999) suggest that AuHS(H2S)3° 
may be important at high temperatures and pressures. In addition, AuCli may be important at 
high temperatures (Mikucki, 1998). A range of other complexes, including thioarsenide, 
carbonyl, carbonyl-chloride, and carbonyl-sulfide complexes, may be significant carriers of 
gold in some cases (e.g., Kerrich and Fyfe, 1981). 

At low water-rock ratios and high temperatures (>400°C), calculated solubility of gold is high 
enough (e;g., > 1 000 ppb) to completely scavenge gold from a range of magmatic host rocks. 
Calculations indicate that high-temperature Archean hydrothermal fluids were probably 
undersaturated in gold in their source region (e.g., Mikucki, 1998; Bastrakov et aI., 2000). 
Bastrakov et al. (2000) modelled the effects of pervasive fluid-flow in a rock-dominated 
system to determine the potential effect on gold solubility along fluid pathways. The results of 
modelling imply different efficiency of gold mobilization and precipitation at different crustal 
levels and suggest that gold-undersaturation of rock-buffered fluids would permit gold 
transport over long distances, preventing gold precipitation during pervasive fluid flow in 
high-temperature deeper crustal levels (Mikucki, 1998; Bastrakov et aI., 2000). Inefficient 
gold and sulfur precipitation mechanisms are also implied over a significant crustal depth 
range based on S:Au ratios (Ridley et aI., 1996). The transportation of large volumes of gold
bearing fluid over a significant crustal depth range may, therefore, account for the relatively 
low gold production from amphibolite-facies terranes (Groves, 1990; Ridley et aI., 1995). 
Provided fluids remained effectively channelled during their transport to higher crustal levels, 
camp- and deposit-scale structura1 focussing and associated local gold precipitation 
mechanisms are required to ensure development of economic gold mineralization at the trap 
site. 

Depositional Site Characteristics: Camp-scale 

Camp-scale traps include first-order fault zones and associated hydrothermal alteration zones, 
and large-scale structural inhomogeneities such as anticlines, synclines, and bends along strike 
in major structures (cf. Phillips et aI., 1996). In many Archean terrains (e.g., Yilgarn Craton), 
they are poorly exposed with limited information available from diamond drilling. 

Regional alteration: Hydrothermal alteration zones associated with orogenic lode-gold 
mineralization are manifested on both camp- and deposit-scales. The former is often 
expressed as regional carbonation or chloritization and can extend up to one kilometer away 
from the deposit. Well-documented regional alteration zones are the carbonate and chlorite 
zones of the Golden Mile deposit (Clout, 1989). Other zones of regional alteration with 
uncertain genetic relationships to gold mineralization are spatially related to first-order 
transcrustal fault zones that exert a large-scale structural control on gold mineralization (see 
above). These regional alteration zones are generally restricted to, or centered on, first-order 
trans crustal fault zones and characterized by intense carbonatization of the host rocks. 

Regionally extensive, locally elongate, zones of carbonate alteration in gold camps in the 
Yilgarn Craton and Superior Province occur around major, first-order fault systems (as 
defined in the fluid conduits within the transport-migration part of the system) that mayor 
may not be restricted to individual camps. They are well expressed in komatiitic sequences 
within greenstone belts; magnesite and dolomite are dominant in these rocks, whereas calcite 
and lesser ankerite or dolomite typify altered mafic and felsic rocks (Barley and Groves, 1989; 
Hodgson, 1990). The spatial extent of carbonation in gold camps in the Yilgarn Craton is 
several orders larger than in individual gold lodes (Barley and Groves, 1987). 
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In the Timmins camp, Smith and Kesler (1985) demonstrated, with chromatographic analyses 
of gases released by decrepitation of fluid inclusions trapped in quartz veins, a distinct 
gradient of increasing XC02 towards the major gold deposits (Fig. AI4). Detailed regional 
mapping around the Hollinger-McIntyre deposit (Wood et a\., 1986a) shows a widespread 
progressive carbonation alteration in the dominantly basalt-hosted system, thus supporting a 
regional CO2 gradient (Fig. AI4). 

In mafic rocks of the Kalgoorlie area regionally extensive albite-actinolite±epidote greenschist 
facies metamorphic assemblages are replaced by chlorite+magnetite+muscovite+calcite± 
pyrite±siderite alteration assemblage (Bartram and McCall, 1971; Phillips, 1986; Clout, 
1989). This 'regional' alteration is present as an irregular 0.2 to 1.0 km wide zone around the 
Golden Mile fault system, spatially encompassing the distinct lode-gold alteration zonation 
(described above). Gold values are typically 20-100 ppb (Clout, 1989). This zone is then 
gradationally replaced by ankerite-siderite±quartz±sericite± leucoxene±rutile±bematite, 
irregularly along fault zones and/or preferentially in Paringa Basalt. 

Golding et al. (1987) conducted a systematic carbon isotope analysis of the Karnbalda camp 
and concluded that carbon isotope values in talc-carbonate altered komatiites form a discrete 
population, with /i13C values between -5.0 and -6.0 per mil. The /i13C values close to -5 per 
mil are consistent with either a mantle or magmatic source for this carbon. In the Norseman
Wiluna belt, Barley and Groves (1987) interpret the association of regional talc-carbonate 
alteration with major fault zones, and the general absence of an obvious widespread magmatic 
source that is spatially associated with the fault zones, as indication for a mantle origin of the 
carbon. The exact timing of this alteration is not precisely known, but it appears to be largely 
post-volcanism and could have continued until or during peak metamorphism and gold related 
hydrothermal alteration; alternatively it may represent more than one alteration event. 

Large-scale structural inhomogeneities: Phillips et aL (1996) compare the Kalgoorlie and 
Timmins camps and conclude that both contain a high density of first-order craton- to 
regional-scale deformation zones that were oriented at a high angle to the far-field stress at the 
time of gold mineralization. These camp-scale structural heterogeneities include changes in 
the orientation and mismatches of lithostratigraphic successions across them. As pointed out 
by Phillips et al. (1996), the geometry of both the Kalgoorlie and Timmins camps is controlled 
by refolded thrusted sequences in which units of competent rocks (Golden Mile Dolerite and 
tholeiitic basalt at Kalgoorlie and Timmins, respectively) are almost totally enclosed by less
competent successions, dominated by sedimentary rocks. These larger-scale structural 
inhomogeneities thus appear to be a camp-scale trap for, in this case, the world's two largest 
Archean orogenic lode-gold systems (> 1 000 Au). 

Allen (1998) applied stress mapping to the regional Three Mile Hill gabbro unit in the 
Coolgardie camp, Yilgam Craton, and showed a good correlation between stress anomalies 
and known ore deposits in this unit. In addition, stress anomalies are closely related to 'weak' 
contacts and stronger rheologies develop a greater differential stress within them as their low 
tensile strength restricts their ability to accommodate strain. Some lithological units can 
accommodate greater amounts of strain than others and can act as a buffer to the regional 
stress, if the unit is thick enough. 

Depositional Site Characteristics: Deposit-scale 

Host rocks: As summarized by Hodgson (1993), gold mineralization may occur in any rock 
type, however, not all rocks within a greenstone belt with gold mineralization are equally 
mineralized, and some rocks are more common in proximity to gold deposits than they are in 
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the host sequence as a whole. The importance of specific host rocks as traps for gold 
mineralization lies in their strong influence on the structural form and geometry and, through 
fluid-rock interaction, on the hydrothermal alteration mineralogy, zoning and geochemistry of 
gold deposits (cf. Hodgson, 1993). It is not unusual, for example, for a single deposit with 
several different ore bodies to be hosted by vastly different lithologies. At Kalgoorlie, ore is 
hosted predominantly in Unit 8 of the Golden Mile Dolerite, but the Paringa Basalt and 
associated sedimentary rocks also host significant, high-grade ore bodies. In the Dome mine 
within the Timmins camp, ore is hosted in a variety of rock types including intrusion breccia, 
felsic porphyry, Timmiskaming sedimentary rocks, fault zone rocks on the Timmiskaming 
sedimentary rock-volcanic contact, and volcanic rocks (Hodgson, 1993). 

In the Abitibi subprovince, Hodgson and Troop (1988) show that felsic intrusions and highly 
carbonated rocks are more common in gold deposits than in equivalent-sized unmineralized 
areas. Forty percent of deposits contain one or more of the rock types syenite, syenite 
porphyry and feldspar porphyry; an additional 14 percent of deposits contain quartz or quartz
feldspar porphyry. Groves (1990) and Watkins and Hickman (1990) show that the distribution 
of deposits among the variety of rock types present varies greatly in the four major provinces 
within the Yilgam Craton (Fig. A15a). For example, in the Murchison Province, BlF and 
chert, ultramafic and felsic porphyry rocks are much more common as mine-scale host rocks 
than they are in the greenstone belt succession as a whole. In contrast, in the Norseman
Wiluna Belt almost all production is from deposits hosted in mafic volcanic rocks and 
intrusions, despite the fact that a significant part of the belt consists of ultramafic, felsic 
volcanic and sedimentary rocks. However, these statistics may need revising as newly 
discovered world-class deposits (e.g., Kanowna Belle and Wallaby; Fig. A2) are located in 
conglomerates and other non-mafic rocks, thus demonstrating that gold mineralization can 
occur in any rock type in the Yilgam Craton (cf. Hodgson, 1993). Ridley et al. (1995) show 
that one quarter of greenstone belt outcrop in the Yilgam Craton has been metamorphosed to 
the amphibolite facies or higher grades (Fig. A15b). Furthermore, about 13 percent of gold in 
the Yilgarn Craton is from amphibolite facies terrains (Fig. A15c). 

Structural traps: Archean lode-gold deposits are characterized by a wide variety of structural 
traps at scales ranging from mining camp to individual deposit and oreshoot.Structures and 
structural control on the deposit-scale include fault-, shear-, thrust- andlor vein-systems, and 
orebody-scale structures such as fault intersections and bends, stockworks, and linear bodies 
parallel to local stretching lineations. Deposit-scale structures are controlled by a 
combinations of: (i) crustal depth, (ii) regional strain state, (iii) lithology of hosting 
successions, (iv) contrasts in rock competency, (v) shape of granite-greenstone contacts, and 
(vi) lateral fluid pressure gradients and variations in mean rock stress as a consequence of 
regional deviatoric stress. Furthermore, at all depths fluid flow can either be dominantly in 
fault or shear zones or within a subvertical zone of fractured rock within a single lithological 
unit (cf. Groves et aI., 1995). Hodgson (1989) provides an excellent summary of structures of 
shear related, vein-type gold deposits. Hronsky et al. (1990) describe ore-controlling structures 
and analyze deposit- and mine-scale structural controls of Archean lode-gold deposits in the 
Yilgarn Craton. 

Deposit-scale structures assert a major influence on the mineralization style, which is defined 
as a characteristic association of the shape and form of a mineralized zone (Hronsky et aI., 
1990). Most Archean lode-gold deposits are spatially associated with brittle-ductile shear 
zones that range from well-defined individual shear zones to large shear zone systems. They 
range in shape from tabular to linear, and in form including disseminated, breccia, stockwork, 
sheeted quartz vein sets and single shear veins. They can be brittle, brittle-ductile to ductile in 
nature. Typically, they record a complex history of mineral deposition that overlaps, and is 
genetically related to, the deformation that generated the host structural zones. 
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Many Archean lode gold deposits display a geometrical pattern of mineralization that is to a 
large part controlled by veins or vein arrays from cm- to m-scale. They are an integral part of 
the mineralization architecture and display a variety of characteristic textures (Dowling and 
Morrison, 1989). Many mesozonal gold deposits contain complex networks of veins that are 
localized along high-angle reverse or reverse-oblique brittle-ductile shear zones. Many of 
these vein systems are of considerable vertical extent (>2 kIn; Kolar deposit is over 3 kIn) and 
include steeply dipping, lenticular fault veins subparallel to the shear zone schistosity, and 
locally associated, and apparently cross-cutting, subhorizontally extensional veins (the so
called 'flats'). Sibson et al. (1988) used field relationships and textures of both steep and flat 
vein sets at the Sigma mine (Robert and Brown, 1986a, b), and friction theory (Sibson, 1981; 
1983) to suggest that the high-angle reverse faults at Sigma acted as valves, promoting cyclic 
fluctuations in fluid pressure from supralithostatic to hydrostatic values. Due to their 
misorientation in the prevailing stress field, reactivation of the steep faults can only occur 
when fluid pressure exceeds the lithostatic pressure. Seismogenic fault failure then creates 
fracture permeability within the fault zone and allows sudden draining of the overpressured 
fluid reservoir at depth. Boullier and Robert (1992) and Robert et al. (1995) in detailed 
textural and fluid inclusion studies on the steep and flat veins of the Sigma mine refined a 
multistage model for vein formation (Fig. AI6). Incremental opening of flats is attributed to 
the preseismic stage of supralithostatic fluid pressures followed by seismic rupture whereas 
the deposition within fault veins is attributed to the immediate postrupture discharge phase. 
Hydrothermal fault-sealing leads to reaccumulation of fluid pressure and a repetition of the 
cycle. This model adequately explains the apparent cross-cutting relationships between steep 
and flat veins as a natural consequence of the cyclicity of the process. 

Holyland and Ojala (1997) used 3-dimensional stress modelling to model stress fields around 
the eastern margin of the Granny Smith Granodiorite under east-west compression at the 
Granny Smith mine near Laverton in Western Australia. At a deposit scale, the patterns of the 
simulated minimum principal-stress indicate maximum dilatancy and fluid flow and correlate 
well with known areas of gold mineralization (Fig. A17) near the contact between the Granny 
Smith Granodiorite and sedimentary rocks. 

Table Al summarizes the mineralization and structural styles of Archean lode-gold deposits at 
epi- meso- and hypozonal crustal levels. Groves et al. (1995) show for the Yilgam Craton that 
lode-gold deposits follow a broad correlation between structural style and depth level of 
emplacement. Epizonal deposits, hosted in subgreenschist facies rocks, are controlled by 
dominantly brittle styles of deformation such as cataclasites, tensional quartz veins and 
breccias (e.g., Wiluna, Ross; Table 2). In contrast, in hypozonal deposits, hosted in 
amphibolite facies rocks, the style of deformation changes largely to ductile shear zones with 
laminated veins, diffuse quartz veins and veinlets (e.g., Norseman deposits, Transvaal, Renco; 
Table AI). Locally, however, massive quartz reefs are present in some hypozonal deposits, 
such as Westonia (Cassidy and Hagemann, 1999). Note also that mineralization styles may be 
transitional and that multiple deformation styles may exist within single deposits. Colvine et 
al. (1988) report that mineralization in the Campbell-Red Lake and Dickenson mines, Red 
Lake, exhibit vertical and lateral transitions from brittle-ductile to more brittle deformation 
with decreasing metamorphic grade, and decreasing paleo-crustal depth. In addition, in the 
Duport deposit at Lake of the Woods, a change from brittle-ductile to brittle vein systems 
reflects a decrease in ambient temperature (Colvine et al., 1988). 

As with deposit-scale structures the geometry of oreshoots is influenced by a variety of factors 
including geological complexity, rock rheology and paleo-crustal depth of formation (Table 
AI). Lithologically complex environments are generally favorable horizons for gold 
mineralization. The interaction of mechanical heterogeneities imposed during the mineralizing 
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event with those of the protolith, generally results in mineralized zones that are wider and 
geometrically more complex and variable, but not necessarily with a higher gold tenor. For 
example, weak anisotropic interflow sedimentary rocks may be the loci of ductile shear zones 
that have dilated (e.g., parts of the Oroya shoot in the Golden Mile: Scantlebury, 1983; many 
of the large veins in the Hollinger Mine: Mason and Melnik, 1986). In contrast, rheologically 
strong flow units of differentiated dolerites may be preferentially fractured (e.g., Three Mile 
Hill gabbro unit, Coolgardie: Knight et al., 1996; 2000; Allen, 1998). Ore shoots may be 
localized where a mineralized shear zone is in a chemically and/or mechanically favorable 
horizon. For example, the BIF-formation at Mt Morgans (Vielreicher et aI., 1994) or the iron
rich sill and BIF in the Camflo Mine (Sauve and Malika, 1990). Granitoid hosted ore bodies 
generally have narrow and straight, locally conjugate, quartz vein sets, as there is little initial 
mechanical anisotropy in the host rock. Exceptions occur where there are anisotropic 
complexities such as mafic dikes and granite-greenstone contacts. Examples include conjugate 
quartz vein sets at Tarmoola (Duuring and Hagemann, in press) and Granny Smith (Ojala et 
aI., 1993), quartz vein sets at Lady Bountiful (Cassidy and Bennett, 1993) and massive quartz 
reefs at Westonia (Cassidy and Hagemann, 1999) in the Yilgarn Craton and at Renabie 
(Callan and Spooner, 1998) in the Superior Province. Strong mechanical anisotropy of 
previously weakly anisotropic rocks is locally also caused by (early) hydrothermal and/or 
magmatic processes which result in a marked change in the rheology of the host rock. 

Individual oreshoots or orebodies may also be controlled by complexities in deposit-scale 
structures. The main controlling factors on the geometry of oreshoots are: (i) the line of 
intersections (plunge or pitch) of different structures such as shear zones or faults, (ii) the line 
of intersections (plunge or pitch) of structures and dip of rock units, (iii) bends and jogs in . 
planar structures such as faults and shear zones (iv) folds and associated binge lines and vein 
types. 

In summary, structural control of Archean lode-gold deposits occurs on scales from deposits 
to individual oreshoots. Deposit scale mineralization styles are strongly influenced by the 
deformation inventory and can be summarized in eight major different styles (see Table AI) 
with the geometry of single oreshoots being controlled by a combination of inhomogeneities 
of the structures, rheology and anisotropies in surrounding rocks. 

Hydrothermal alteration: Factors that control the extent and mineralogy of hydrothermal 
alteration associated with Archean lode gold mineralization include: (1) the structural regime 
and far-field stress field in which the deposit is formed, (2) chemical composition of the 
lithostratigraphic units that interact with hydrothermal fluids, (3) chemical composition of the 
hydrothermal fluids, including gases, cations, anions and metals, and (4) physical conditions 
including pressure, temperature, and oxygen and sulfur fugacity. The interplay of these factors 
influence properties such as rock rheology and permeability, fluid pressure, deformation 
mechanism, fluid to rock ratios and metasomatic reaction paths and flux rates. 

Zonation of hydrothermal alteration is present: (i) with increasing distance orthogonally to the 
fluid conduit, (ii) increasing depth within the same fluid conduit, (iii) between host lithologies 
of differing bulk compositions, and (iv) with increases of temperature and pressure, i.e., the 
crustal level of emplacement. Pronounced changes in alteration mineralogy occur dominantly 
perpendicular to the fluid conduit and are generally defined by distinct diagnostic mineral 
assemblages. Proximal alteration zones are in areas of greatest fluid flux within shear zones, 
adjacent to veins or breccias and hence are fluid dominated metasomatic zones. Distal 
alteration zones are marked by progressive infiltration of hydrothermal fluid into the wallrock 
and simultaneous decrease in fluid:rock ratios as well as chemical gradients. Boundaries 
between individual alteration zones can be both knife-sharp and diffuse; commonly distal 
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alteration zones display gradational boundaries, this is especially true where distal alteration 
zones grade into least metasomatized regional metamorphic rocks. 

At the deposit-scale, the main controlling factors of diagnostic alteration minerals and mineral 
assemblages include the type of host rocks and the crustal level of emplacement, i.e., epi-, 
meso-, or hypozonal depth. The most typical silicate, oxide and sulfide assemblages within the 
four dominant host lithologies of late orogenic Archean lode-gold deposits, mafic, ultramafic, 
granitoid and BIF rocks, are shown in Table A2. For example, proximal wallrock assemblages 
in mafic/ultramafic rocks show progressive variations from ankerite/dolomite-white mica
chlorite at epizonal crustal levels, through ankerite/dolomite-white mica-biotite (phlogopite)
chlorite±albite at mesozonallevels to amphibole-biotite-plagioclase and diopside-biotite
garnet±K-feldspar assemblages at hypozonal crustal levels. The sulfide mineral assemblages 
show also a sympathetic relationship from S-rich pyrite-arsenopyrite, to pyrite-arsenopyrite
pyrrhotite and pyrrhotite-arsenopyrite, to pyrrhotite-arsenopyrite-Ioellingite with increasing 
paleocrustal depth. Low temperature tellurides, sulfosalts, tetrahedrite are more common at 
shallow crustal levels, whereas molybdenite and chalcopyrite are locally more abundant at 
deeper paleo-crustal levels. 

Despite the systematic variations in alteration mineralogy at different crustal levels there 
appears to be generally little evidence for systematic vertical zoning on the scale of a single 
deposit (Kerrich, 1987; Groves et aI., 1988; Hodgson, 1993). Exceptions are the antithetic 
relationship between tourmaline and chlorite-biotite in vein and alteration haloes at Sigma 
(Robert and Brown, 1986b) where chlorite-muscovite-tourmaline alteration gives way to 
biotite-chlorite-muscovite at depths greater than 1300 m. Other changes with increasing depth 
include the presence of amphibole in the unaltered rock and outer alteration zones, and 
pyrrhotite and chalcopyrite abundance in all veins. These changes in alteration mineralogy 
apparently parallel changes in regional metamorphic grade with depth. Hodgson (1993) 
reports that at depth in the Hollinger-Mcintyre mine: (1) the quartz-carbonate veins are more 
widely spaced, (2) the zones of ankerite alteration along the margins of veins are narrower, (3) 
ratios of gold and of sulfides to gold in veins and to sulfides in vein envelopes increases, (4) 
pyrrhotite appears as a vein mineral, and (5) albite and tourmaline are more abundant than 
they are at the surface. Vertical metal zonation has also been reported from Mt Charlotte 
(Clark, 1980) where over a vertical interval of 800 m a progressive change from pyrite to 
pyrite-pyrrhotite assemblages is observed. At Wiluna stibnite is only observed in the 
preserved top 200 m of some of the deposits (Hagemann, et al., 1993). 

Major oxides and trace element signatures: Most gold deposits record a major- and trace
element dispersion halo that surrounds orebodies. These patterns are highly dependent on the 
original protolith and mineral stability relationships within alteration zones. In epi- and 
mesozonal deposits, besides Au, massive additions of C02, H20, K and S are recorded. In 
some deposits Ag, As, Sb, W, Mo, B, Li, Ba and Rb are also enriched. In distal alteration 
zones chemical additions are restricted to C~ and H20. In proximal alteration zones, 
however, metasomatic effects on element distribution become more pronounced and volume 
additions of up to 70 percent, due to vein formation, have been recorded in some of the lodes 
in the Golden Mile (Ramos et aI., 1987). In the wallrocks, chemical changes are strongly 
influenced by the host rocks with ultramafic rocks commonly showing chemical changes that 
include the addition of Ca, Mg, K and C02 to the wallrocks whereas H20 is lost. In mafic host 
rocks, K, S, C02, Rb and Ba are generally added. Silica is only added in zones ofvery intense 
alteration. Epi- and mesozonal deposits may show Na enrichment in addition to, or instead of, 
K. Several hypozonal deposits are characterized by substantial additions of Ca to inner 
alteration zones and depletion ofNa (e.g., Westonia: Cassidy, 1992; Scotia: McCuaig et aI., 
1993; Coolgardie district: Knight, 1994; Knight et aI., 2000). Generally orogenic lode-gold 
deposits are characterized by a metal inventory that consists of Au, Ag, As, Sb, Te ±Se, ±W, 
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±Mo and ±Bi, Au! Ag ratios averaging 5 and low Cu, Zn and Pb contents. Several hypozonal 
deposits have greater Ag, W, Cu and Pb abundances than epi- and mesozonal deposits. 

Alteration indices, such as CO2/(Fe+Mg+Ca) or (3K+Na)/Al, reflect the C02 and alkali 
enrichment or depletion of hydrothermal alteration zones. Detailed studies at the Kerr 
Addison (Kishida and Kerrich, 1987) and Wiluna (Fig. A18; Hagemann et ai., in revision) 
deposits, hosted in predominantly ultramafic and mafic rocks, respectively, show that distal 
alteration zones are characterized by moderate COi(Fe+Mg+Ca) and low (3K +Na)/Al ratios 
due to the moderate carbonatization and abundant chlorite. In contrast, proximal alteration 
zones are characterized by abundant carbonate and white mica and low chlorite contents 
reflected in elevated COi(Fe+Mg+Ca) and (3K+Na)/Ai ratios. The correlation of3K1Al and 
NatAl indices with gold in the Wiluna deposits show that in the core of the highly mineralized 
zone NatAl increases dramatically and exceeds 3K1Al, this crossover in 3K1Al and NatAl 
indices marks the contact between the carbonate-quartz-muscovite and albite-quartz-carbonate 
subzones and correlates with peak Au content (Fig. AI8). 

Physico-chemical conditions: The physico-chemical conditions of mineralization can be 
constrained by fluid and mineral equilibria from fluid inclusion and ore and alteration 
mineralogy studies, respectively. Parameters such as Pressure-Temperature-Density
Composition (including salinity, XC02, XCf4) are determined by fluid inclusion 
investigations, whereas 102, IS2, XC02, mineral stabilities and pH are generally constrained 
by mineral equilibria studies. Excellent comprehensive summaries of ore fluid conditions and 
particularly phase equilibria results for epi- to hypozonal gold deposits are provided in 
Colvine et ai. (1988), Ho et ai. (1992), Mikucki and Ridley (1993), and Mikucki (1998). The 
most important requirement in applying fluid and mineral equilibria is that the fluid inclusion 
and mineral phases used are representative of the ore-fluid conditions at the time of 
mineralization, i.e., that the observed fluid inclusion, alteration and vein assemblages largely 
reflect equilibrium with the ore-forming fluids at the conditions at which mineralization took 
place. 

Fluid equilibria: There are numerous comprehensive fluid inclusion studies on Archean 
orogenic epi- and mesozonal gold deposits including deposits hosted in the Barberton 
greenstone belt in southern Africa (de Ronde et ai., 1992); Hollinger-McIntyre (Smith et al. 
1984; Wood et al., 1986a, b), Pamour (Walsh et ai., 1988), Henderson II (Guha et ai., 1983) 
and Sigma (Robert and Kelly, 1987) in Canada; and Mt. Charlotte (Ho et ai., 1990a), Hunt 
(Ho et ai., 1990a), Lady Bountiful (Cassidy and Bennett, 1993), Wiluna and Racetrack 
(Hagemann et ai., 1994), Golden Kilometre (Gebre-Mariam et ai., 1997) and Bronzewing 
(Dugdale and Hagemann, 200 I) in Australia. 

Numerous fluid inclusion studies (see above), and constraints based on proximal alteration 
assemblages, are consistent with neutral to weakly alkaline ore fluids oflow to moderate 
salinity (typically <6 wt percent NaCI equiv) and H20-C02±Cf4 inclusions with a typically 
high CO2 (±Cf4) content of 5 to 25 mole percent C02. The COiCf4 molar ratios are variable 
from 0.25 to >2 with the Cf4 content likely reflecting the 102 of the ore fluid. The saline 
phase consists ofNa>Ca>K>Mg, and daughter minerals are rare. The P-T conditions typically 
range from 200° to 350°C and 1-3 kbar, and fluid trapping generally occurred at or near the 
solvus, i.e., trapped during fluid immiscibility (e.g. Pamour: Walsh et ai., 1988; Sigma: 
Robert and Kelly, 1987; Au quartz vein deposits in the Barberton greenstone belt: de Ronde et 
ai., 1992), or from unmixed fluids (parts of McIntyre-Hollinger: Smith et ai., 1984). In 
shallow deposits fluid mixing of two different fluid sources (surface waters arid deep 
magmatic and/or metamorphic fluids) has also been proposed (e.g., Golden Kilometre: Gebre
Mariam et ai., 1997). 

AMIRA P4821MERIW A M281 - Yilgam Granitoids. April, 2001 



A26 

A innovative approach by Channer and Spooner (1994) and Channer et al. (1999) used 
combined gas and ion chromatographic analysis of well characterized samples from the 
Hollinger-McIntyre and Kerr Addison deposits to constrain bulk fluid compositions of 80-90 
mole percent H20, 2-15 mole percent CO2, 1-3 mole percent cr, 2-4 mole percentNa+, and 
trace species « 1 mole percent) of hydrocarbons. Characteristic trace gas depletion (as shown 
in a COv'1 00-CR!-N2 ternary diagram, Channer and Spooner, 1994), suggests that wa1lrock 
sulfidation reactions have been more important than phase separation for gold deposition at 
Hollinger-McIntyre, whereas volatiles in green carbonate ore from Kerr Addison show 
evidence for significant phase separation which was likely the main gold depositional process. 
De Ronde et al. (1992) used gas-chromatographic analysis to show that shear zone related 
gold quartz vein deposits in the Barberton greenstone belt in South Africa show dominant 
H20 (-90 mole percent) and C02 (-10 mole percent) with minor CR! (-0.06 mole percent) 
and N2 (-0.04 mole percent) and traces of COS, C2H6, C3lIs, and other hydrocarbons. A 
combined H20-C02-NaCI "average" fluid for the Barberton gold deposits has -88.5 mole 
percent H20, -9.8 mole percent C~, and -1.7 mole percent NaCI equiv (de Ronde et al., 
1992). Hagemann et al. (1996) in a preliminary study on the Wiluna lode-gold deposits 
showed that there are locally differences in volatile contents (e.g., C02, CR!) between fluid 
inclusions trapped in equilibrium quartz and sulfides (e.g., stibnite) which might indicate that 
fluid inclusions in quartz and sulfides are not trapped simultaneously and/or were 
preferentially effected by post-entrapment processes. 

Guha et al. (1991) used solid probe mass spectrometry to show that during hydrothermal 
alteration associated with gold mineralization in the Tadd prospect in Chibougamau all 
generations of inclusions at all sites contained C02 and H20, but that a decrease in XC02 
could be mapped outward from the mineralized zone. In the case of the vein-hosted Sigma 
mine a nearly complete segregation into CO2 and H20 end members was observed which was 
interpreted as the result of extreme fluid pressure fluctuations causing free gold deposition in 
veins. 

Many fluid inclusion studies (e.g. Sigma, Wiluna, Bronzewing) report relatively low 
homogenization temperatures for the co-genetically trapped aqueous inclusions compared to 
temperatures for the mixed aqueous-carbonic inclusions (by about 100°C). This phenomena 
has been interpreted to be the result of C02 effervescence from a C02-saturated aqueous fluid 
due to pressure fluctuations (cf. Robert and Kelly, 1987). Entrapment of different fluids 
generated by multiple unmixing events over large vertical extents within a fault system may 
also lead to discrepancies between homogenization temperatures of aqueous and mixed 
aqueous-carbonic inclusions (ct:, Ho et al., 1992). 

Saline aqueous fluids (>10 to 35 wt percent NaCI equiv) are observed in many Archean lode
gold deposits but their origin remains at most equivocal. In many cases they are clearly related 
to post-mineralization circulation of basinal brines (Guha and Kanwar, 1987; Boullier et al., 
1998; Ho et al., 1990c, 1992). In epi- and mesozonallode-gold deposits, however, aqueous 
inclusions with salinities of up to 21 wt percent NaCI equiv can be explained by fractionation 
of salt into the aqueous, liquid-rich phase during phase immiscibility (Robert and Kelly, 1987; 
Dugdale and Hagemann, in press). In the hypozonal Zakanaka lode gold deposit, located in 
the Pilbara Craton, Neurnayr (1993) showed that phase immiscibility at 550°C resulted in 
cogenetic aqueous-carbonic inclusions with 0.25 XC02 and aqueous inclusions that contain 
up to 45 wt percent NaCI equiv. High salinity inclusions (>21 wt percent NaCI equiv) can also 
form as a result of mixing of descending evolved saline brines with an ascending aqueous
carbonic phase as indicated for the Golden Kilometre deposits north ofKa1goorlie (Gebre
Mariam et aI., 1997). 
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Pure methane inclusions have been reported from several Archean lode gold deposits 
including Lancefield (Hronsky, 1993), Wiluna (Hagemann et ai., 1996), Golden Kilometre 
(Gebre-Mariam et ai., 1997). In many cases these inclusions were explained by reaction of the 
hydrothermal fluids with graphite-bearing rocks or devolatilization of the latter (Ho, 1987; 
Naden and Shepherd, 1989; Gebre-Mariam et ai., 1997). Alternative processes that potentially 
can explain methane-rich inclusions include post-entrapment hydrogen diffusion (Hall and 
Bodnar, 1990; and see below) or fluid unmixing (Naden and Shepherd, 1989). 

Despite petrographical evidence of cogenetically trapped aqueous and aqueous-carbonic 
inclusion assemblages, significant ranges of pressure and temperature are recorded (Robert 
and Kelly, 1987; Ho et ai., 1992; Hronsky, 1993; Gebre-Mariam et ai., 1997; Dugdale and 
Hagemann, in press). In combination with structural and vein textural constraints these P-T 
ranges are interpreted as transient fluid pressures fluctuations during seismic fault activity, 
i.e., catastrophic pressure drops from sublithostatic to supralithostatic fluid pressures, and 
mineral deposition. Detailed analyses on the structural control of fluid inclusion planes and 
fluid inclusions in the Sigma mine by Boullier and Robert (1992) indicated that successive 
cycles of opening and collapse in subhorizontal extension veins correlated with opening and 
slip on high-angle shear veins. They interpret the observations as recording fluid pressure 
fluctuations in successive coseismic-interseismic cycles. 

Fluid inclusion studies on hypozonallode-gold deposits are rare with Santosh (1986) and 
Mishra and Panigrahi (1999) reporting apparently contradicting fluid inclusion results from 
the Champion reefs in Kolar, South India. Mernagh and Witt (1995) report fluid inclusion 
data from the Missouri and Sand King deposits in the Eastern Goldfields Province whereas 
Ridley and Hagemann (1999) report results from the Three Mile Hill, Marvel Loch and 
Griffins Find deposits, and Hagemann and Cassidy (1999) for the Westonia deposit in 
Western Australia. 

Ridley and Hagemann (1999) demonstrate that inclusion densities for the Three Mile Hill, 
Marvel Loch and Griffins Find deposits are consistent with a range of P-T conditions of 
entrapment, and are in general not consistent with the conditions of vein formation indicated 
by vein assemblages (Fig. AI9). Diffusional addition ofH2 into inclusions, diffusional loss of 
H20, and reduction of inclusion volume are possible during cooling and uplift along the 
inferred P-T path. The mixed carbonic-aqueous and carbonic inclusion populations could have 
been derived from an originally uniform population of!ow-salinity, aqueous dominated H20-
C02 inclusions by a combination of these processes. Inclusion modification as the cause of the 
complex inclusion populations is supported by relations of molar volume to composition, and, 
to an extent, by variations in fluid salinity. If inclusion re-equilibration is the cause of 
inclusion variability, it was of variable intensity within a single vein system, and within 
individual clusters of inclusions in some samples, and is suggested to have been a function of 
the local petrological and textural environment. The Westonia deposit, however, contains 
primary, mixed (H20-C02-C~-NaCI) inclusions that are likely unaffected by post
entrapment modification, despite the estimated temperatures of mineralization around 600°C 
(Hagemann and Cassidy, 1999). As shown in Fig. Al9 mean oxygen fugacities obtained from 
fluid and mineral equilibria overlap, and in combination with similar mean fluid inclusion and 
mineral equilibria pressures of 4±2 kbar, suggest that these inclusions have not been affected 
by post-entrapment modification, thus representing pristine ore fluids. Fluid inclusion data 
from the Champion reef (Santosh, 1986; Mishra and Panigrahi, 1999) also show significant 
discrepancies between fluid and mineral equilibria, indicating that they may also be affected 
by post-entrapment modification, or alternatively represent fluids unrelated to hydrothermal 
alteration and associated gold mineralization (cf Santosh, 1986). 
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Hagemann and Brown (1996) show that calculated fluid pressures of epi- to hypozonal 
deposits display a continuum of formation pressures from <0.5 to 7.0 kbar thereby confirming 
a continuum of depths for the formation of the late-orogenic, epigenetic lode-gold deposits 
proposed by Groves et al. (1989). Three major depth levels were identified: (1) epizonallevels 
(at <1.5 kbar corresponding to <6 km e.g., Wiluna and Racetrack), mesozonallevels (at> 1.5 
to 3.0 kbar corresponding to >6 to <12 km, e.g., Hollinger-McIntyre, Pamour, Mt Charlotte) 
and hypozonal deposits (at> 3.0 kbar corresponding to> 12 km; e.g., Westonia, Sand 
KinglMissouri). 

Straub et a1. (1996) describe a wide compositional range of fluid inclusions (aqueous to 
carbonic and mixtures thereof) from the base-metal-rich Mt Gibson gold-silver deposits, 
Murchison Province. Textural evidence suggest that early, synvolcanic polymetallic volcanic 
hosted massive sulfide (VHMS) related fluid inclusions were likely modified or destroyed by 
the later orogenic lode-gold style mineralization. However, in contrast to epi- and mesozonal, 
and partly also to hypozonal orogenic lode-gold deposits, the aqueous inclusions display very 
high salinities (ave. 47 wt percent NaCI equiv) with up to five solid (salt) inclusions and 
dissolution temperatures of many daughter crystals >600°C. These inclusions were interpreted 
as evidence for the involvement of at least a major component of magmatic fluids in the ore 
forming process. 

Mineral equilibria: Phase equilibria studies have been recently used to decipher the nature 
and composition of auriferous ore fluids (e.g., Neall and Phillips, 1987; Dube et aI., 1987; 
Mikucki and Groves, 1990; Mikucki and Ridley, 1993; Mikucki, 1998). The following is a 
summary of the results of mineral equilibria studies on epi-, meso- and hypozonal deposits. 
Vein and vein selvedge assemblages in gold deposits hosted at different paleo-crustal levels 
are consistent with formation in equilibrium with a fluid of similar XC02 but at contrasting 
pressures and temperatures (Fig. A20). The pH of the ore fluid is approximately near neutral 
(5.2) to slightly alkaline (between 5.2 and 6.8) and buffered by albite-sericite±paragonite, 
biotite-ankerite and plagioclase-amphibole±diopside mineral assemblages at epi-, meso-, and 
hypozonallevels, respectively (Table A2). Therefore, calculated pH values are about constant 
for lode-gold fluids, irrespective of the P-T range of ore formation. Oxygen fugacity (J02) and 
total sulfur content (mS), i.e., redox conditions, are fundamental in controlling the capacity 
and mechanism of the hydrothermal fluid to transport and precipitate gold. Most deposits in 
the epi-, meso-, and hypozonal environment are characterized by assemblages of pyrite::!: 
arsenopyrite::!:stibnite, pyrite±arsenopyrite::!: pyrrhotite and loellingite+arsenopyrite± 
magnetite::!: ilmenite±pyrrhotite, respectively. These sulfide-oxide assemblages are consistent 
with oxidation states of the ore fluids remaining relatively constant with respect to major 
aqueous redox buffers (J02 about 0 to 3 log units above the COrC~ buffer; Fig. A21), 
although hypozonal deposits generally formed under higher 102 conditions then epi- and 
mesozonal deposits. 

There is, however, a group of deposits that formed from relatively oxidized fluids and are 
characterized by magnetite-pyrite±V -muscovite±sulfate (anhydrite and/or barite)±hematite in 
epizonal deposits (e.g., Fimiston-style mineralization in the Golden Mile deposit) and 
pyrrhotite-pyrite::!:chalcopyrite±ilmenite ±Spinel (e.g., Westonia) in hypozonal deposits. These 
epi- to mesozonal deposits show 102 conditions close to the pn!te-hematite-magnetite triple 
point near the total S04-H2S buffer, consistent with depleted ~ 4S values (e.g., some of the 
Fimiston-style gold lodes: Phillips et aI., 1986). The total sulfur content of the ore fluid (aH2S) 
varied from 100 to 10-4 with a correlation between lower aH2S and decreasing temperatures of 
the ore fluids (Mikucki 1998). Ore fluid conditions at all paleo-crustal levels broadly parallel 
the aqueous sulfide-sulfate and C02-C~ redox buffers. The 102 values of the ore fluids, 
therefore, are consistent with oxidized and reduced equilibria of aqueous carbon and sulfur 
species controlling the oxidation state at different crustal levels. As Mikucki and Ridley 
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(1993) pointed out the oxidation state of the ore fluid (Le., sulfide-sulfate versus carbonate
methane buffer) will depend on: (1) initial oxidation state of the fluid, (2) relative abundances 
of sulfur and carbon species, and, at low temperatures (3) kinetic factors. Ore fluids in 
hypozonal deposits and redox conditions near the C~-C~ buffer and low initial aH2S 
display 102 values buffered by C02-C~, and contain relatively reduced ore assemblages. Ore 
fluids with slightly higher 102 and aH2S values are buffered by the SOrH2S equilibria and 
contain oxidized assemblages. The range of oxidation states in hypozonal deposits suggests 
that the fluid oxidation state is not a critical parameter in deciphering potential fluid sources 
for hypozonallode gold deposits. However, at shallow crustal levels under low lithostatic or 
hydrostatic pressures oxidized ore fluids are compatible with the influx of oxidized meteoric 
and/or seawater. At deeper crustal levels the occurrence of oxidized assemblages, such as 
those observed at Westonia (Cassidy and Hagemann, 1999), remain unexplained. 

Deposition of gold from solution: At the depositional site, gold is precipitated from the 
hydrothermal fluids in response to changes in the physico-chemical conditions of the fluid 
(e.g., Mikucki and Ridley, 1993). Based on available data, changes in ore-fluid chemistry can 
result from a number of processes, including: (i) large-scale temperature and pressure 
gradients along the fluid pathways, (ii) phase separation in response to pressure fluctuations at 
the camp- or deposit-scale, (iii) reaction of the fluid with wallrocks surrounding the fluid 
conduit generally at the deposit- or lode-scale, and (iv) mixing of two or more fluids at camp
to ore shoot-scale. All of the above processes have been invoked as important gold 
precipitation mechanisms of Archean orogenic lode-gold deposits. Mikucki and Ridley 
(1993), Ridley et a1. (1996) and Mikucki (1998) provide detailed discussions of these main 
depositional mechanisms and only salient points are presented here. 

Broad pressure and temperature gradients are unlikely to cause major gold precipitation in 
lode-gold mineralizing systems. This is mainly due to the relative inefficiency of gold 
precipitation as the fluid migrates from source to depositional trap site (e.g., Ridley et aI., 
1996; Bastrakov et al., 2000). However, such pressure-temperature gradients may be 
important at the terrane-scale through providing a depositional pressure-temperature 'window' 
(e.g., Phillips and Powell, 1993; Mikucki, 1998). It has been inferred that such gradients may 
explain the localization of the majority of world-class lode-gold deposits in greenschist facies 
environments (Ridleyet ai., 1996; Mikucki, 1998; Bastrakov et ai., 2000). At this crustal 
level, local geological environments are within the brittle-ductile transition, thereby enhancing 
structural focussing mechanisms at the camp- and deposit-scale (cf., McCuaig and Kerrich, 
1998). 

Fluid-rock interaction is invoked as a depositional mechanism for a substantial proportion of 
orogenic lode-gold deposits in sub-amphibolite and amphibolite-facies environments. In 
particular, it is favored when gold is sited in wallrock alteration haloes surrounding fluid 
conduits or in replacement bodies (e.g., Groves and Phillips, 1987; Ridley et ai., 1995). 
Sulfidation of Fe-rich wallrocks has been demonstrated as an efficient depositional 
mechanism for large orebodies in a variety of mafic lithologies and BIF (e.g., Mt Charlotte, 
Kambalda: Phillips and Groves, 1983; Clark et ai., 1986; Neall and Phillips, 1987). It has also 
been used to account for the close association between wallrock Fe-sulfides and gold and the 
importance of mafic host rocks with high FelMg (e.g., Groves and Phillips, 1987; Groves et 
ai., 1989). Other metasomatic processes during fluid-rock interaction are also effective gold 
depositional mechanisms. For instance, intense Ca and C~ metasomatism, whereby H2 is 
released into the hydrothermal fluid resulting in a decrease in pH and potential gold 
precipitation, is invoked for ultramafic-hosted gold mineralization at Kerr-Addison deposit, 
Superior Province (Kishida and Kerrich, 1987). However, significant decreases in ore fluid 
pH during fluid-rock interaction are unlikely to be an effective depositional mechanism in 
other lithologies (Mikucki, 1998). Reduction of the hydrothermal fluid due to reaction with 
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graphitic metasedimentary lithologies is also invoked as a potential depositional mechanism 
(McCuaig and Kerrich, 1998). 

Phase separation has been suggested as an important mechanism for deposition of free gold in 
quartz veins and breccias, and the formation of high-grade ore-shoots within individual 
deposits. Several studies have proposed phase separation for a variety of lode-gold deposits 
that are predominantly localized in sub-greenschist to greenschist-facies environments (e.g., 
Robert and Kelly, 1987; Guha et aI., 1991; Cassidy and Bennett, 1993). Phase separation in 
ore fluids may arise from transient pressure fluctuations during fault-valve mechanisms or 
expansion of the ore fluid solvus through incorporation of C14- or N2-rich fluids, and results 
in an increase in ore fluid pH and oxygen fugacity in the aqueous phase and a decrease in total 
sulfur content (e.g., Mikucki and Ridley, 1993; Mikucki, 1998). These have competing effects 
on gold solubility, and precipitation will depend on the initial redox and pH conditions of the 
fluid and relative magnitude of the oxygen fugacity and pH changes. This may explain why in 
some deposits gold is hosted primarily in wallrock alteration envelopes even though evidence 
for phase separation is reported from fluid inclusion studies (e.g., Victory-Defiance: Clark et 
aI., 1989). 

Fluid mixing is also invoked as a gold depositional mechanism for several Archean lode-gold 
deposits. For example, mixing of deeply sourced fluids with surface waters is invoked for 
some sub-greenschist facies deposits (e.g., Wiluna: Hagemann et aI., 1994; Golden Kilometre: 
Gebre-Mariam et aI., 1997). Fluid mixing has also been proposed for the Golden Mile deposit 
(Walshe et aI., 1998) on the basis of variations in the composition of sulfur isotopes 
suggesting the presence of oxidized and reduced fluids. However, the variation in sulfur 
isotope compositions is alternatively interpreted to reflect complex local processes 
(Hagemann et aI., 1999). Fluid mixing can also occur through the mixing of internally derived 
end-member fluids and may explain the location of large gold concentrations within quartz 
veins where there is little gold in the surrounding wallrock alteration haloes (McCuaig and 
Kerrich, 1998). 

A variety of gold depositional mechanisms have been discussed and indicate the importance 
of the interplay of structural focussing of ore fluids into favorable trap-sites in conjunction 
with the various physical and chemical processes that can enhance precipitation. Without the 
structural focussing or without a suitable precipitation mechanism, the hydrothermal fluids 
may pass through the potential trap site without gold accumulation. 

Zones ofOuttlow and Discharge 

In many instances, orogenic lode-gold mineralizing fluids do not encounter the necessary 
structural focussing and trap-site processes that produce a gold deposit and the fluid continues 
to flow up-temperature through discharge or outflow zones. Even when fluids have combined 
with suitable physical and chemical processes to allow formation of a large deposit there is 
discharge of the 'spent' fluids through outflow zones. Evidence for outflow zones may 
indicate presence of a mineralized system within a terrane and potentially may be mapped on 
the surface. Outflow zones have yet to be documented in Archean orogenic lode-gold systems, 
largely due to the fact that they occur naturally on top of the mineralizing system and, 
therefore, are the first to be eroded during the dynamic evolution of the Earth. In the 
Kalgoorlie Terrane of the Yilgam Craton, Hall (1998) suggests that primary outflow zones 
may include major crustal fault systems such as the Bardoc shear zone (Fig. AI2). A spatial 
link is postulated between primary outflow zones and occurrence of significant gold deposits. 

In the Kalgoorlie camp area, stratigraphic seals to the Golden Mile deposit may include the 
Black Flag sedimentary rocks. Clout (1989) interpreted these as the cap of the Golden Mile 
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mineralizing system. Hall (1998) also suggests that regressive sedimentary sequences that 
overlie the greenstone packages in the Kalgoorlie Terrane potentially acted as regional seals. 
Systematic analyses of all structural-hydrothermal events at the Wiluna lode-gold deposits 
show that widespread hydrothermal alteration associated with Stage I gold-arsenopyrite-pyrite 
and Stage II gold-stibnite mineralization is actually followed by silica-only fluid flow along 
the major principal displacement faults. This fluid is characterized by low temperature 
(l80°C) aqueous inclusions of medium salinity (5 to IS wt percent NaCI equiv) and light 
al80fluid values (-4 to +2 %0), thus indicating influx of substantial amount ofsurface waters. 

The influx of surface waters might have promoted the precipitation of quartz, and thus 
indirectly sealed the fault system. Late-stage hydrothermal activity along fault systems has 
also been reported by Gebre-Mariam et a1. (1997) at the Racetrack and Golden Kilometre 
deposits. Further studies on outflow zones and regional or local seals may allow recognition 
of mappable criteria to determine if such zones are present in other terranes. 
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Figure and Table Capdons 

Fig. AI: Distribution of world -class (> 100 t) Archean gold deposits. 

Fig. A2: Simplified geological map of the eastern Yilgam Craton showing the distribution of major fault zones and 

world-class (> 100 t; solid circles) and selected other deposits «100 t; open circles). 

Fig. A3: Simplified geological map of the southern Abitibi subprovince (modified after Poulsen et aI. (2000) showing 

the distribution of major fault zones and world-class (> I 00 t; solid circles) and selected other deposits «100 t; open 

circles). 

Fig. A4: Grade-tonnage diagram representing gold deposits in the (A) Superior and Slave Province (redrawn after 

Poulsen et aI., 2000), and (B) the Yilgam Craton. Open circles denote gold deposits containing <100 t of gold, solid 

circles denote world class deposits (>100 t). Note that the tonnage and grade diagram for the Yilgam Craton is based 

on resource estimates compiled from the Australian Geological Survey Organization OZMIN database of Australian 

mineral deposits with additional data from unpublished company reports. The Agnew deposits include the Reedemer 

and Crusader deposits and several small satellite deposits. 

Fig. AS: The mineral system concept of hydrothermal ore body formation. 

Fig. A6: The mineral system concept as applied to Archean orogenic lode-gold deposits. 

Fig. A9: The Boulder-Lefroy fault zone system, Yilgam Craton, Western Australia. Modified after Hodgson (1993). 

Fig. AIO: A. Fluid pressure regimes and associated strength profile for the carapace to a region undergoing prograde 

regional metamorphism; B. Fluid pressure profile across an impenneable sealing horizon of tensile strength, Ts, 

illustrating the control on the vertical extent of hydro fracture development and mesh activation. After Sibson and 

Scott (1998). 

Fig. All: Fluid flow modeling of the interpreted profile for the Eastern Goldfields deep seismic transect, Yilgam 

Craton. The arrows represent fluid flow direction, their length representing the volume of fluid flow. The 'V-front' 

model predicts increased fluid flow within the greenstone package along several major structures. Modified after 

Goleby et aI. (1997). 

Fig. A12: A. Simplified metamorphic map of the Kalgoorlie area, Yilgam Craton, showing the inferred hydrothermal 

cell footprint and large gold deposits; B. Approximate gold accumulation ofthe Kalgoorlie area inferred hydrothermal 



cell footprint and large gold deposits. Redrawn after Hall (1998), Hall (unpublished company report) and 

http://www.agcrc.csiro.auiprojects/3067CO/inde ... html. 
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Fig. A13: A. Simplified geological map of the Kalgoorlie area, Yilgarn Craton, showing major gold deposits and gold 

occurrences. B. Numerical low mean'stress model of the Kalgoorlie area using stress Mapping Technology (Terra 

Sancta) and showing areas of high minimum principal stress. Redrawn after Hall (unpublished company report) and 

http://www.agcrc.csiro.auiprojects/3067CO/inde ... html. 

Fig. A14: A. Distribution of alteration assemblages on the surface area surrounding the Hollinger and McIntyre 

mines, Superior Province. Each dot represents a sample location. The stippled areas are the porphyries, the black 

lines represent quartz veins. The alteration assemblages are as follows: Assemblage 1. Quartz-albite-chlorite-epidote

actinolite-(calcite); Assemblage 2: quartz-albite-chlorite-calcite-epidote; Assemblage 3: Quartz-ankerite-sericite

(chlorite-calcite); Assemblage 4. Quartz-albite-ankerite-sericite. B. Contours of CO, content in mole percent for fluid 

inclusions in surface vein samples. Each dot represents a sample location. The stippled areas are the porphyries, the 

black lines represent quartz veins. Redrawn after Smith and Kesler (1985). 

Fig. A15: A. Relative gold resource (production plus reserves) and nature of host rocks to gold mineralization in the 

Archean greenstone belts of the Yilgarn Craton (Groves, 1990). B. Estimated proportions of greenstone belt outcrop 

in the Yilgarn Craton by metamorphic grade. C. Proportions of total gold production and known resources from 

terranes of different metamorphic grade. D. Proportions of current gold production (year 1988-90) by host-rock 

metamorphic grade. Redrawn from Ridley et aI., 1995). 

Fig. A16: Diagram illustrating the main stages of vein development and selected microstructures in relation to the 

earthquake stress cycle. After Robert et a!. (1995). 

Fig. A17: A. Contours of 63 (shaded) and gold grade thickness illustrating the good correlation of the simulated low

stress areas and gold mineralization, Granny Smith deposit. Pit outlines show the broad extent of economic 

mineralization. B. Section through the northern part of the Windich open pit, Granny Smith deposit, showing the gold 

mineralization and low 6 3. Note the widening of the gold mineralization and the low 63 area within the granitoid 

where the dip of the contact steepens. The low 63 anomalies deeper in the section are the result of a curve on the 

modeled surface caused by interpolation beyond drillhole intersections. Redrawn after Holyland and Ojala (1997). 

Fig. A18: Variations of CO, and alkali metal saturation indices across the northern part of the East Lode orebody, 

WHuna camp, relative to the major host rocks. Also shown are the concentrations of gold and arsenic and the down

depth lithostratigraphic rock units in the diamond hole. Modified after Hagemann et a!. (in revision). 
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Fig. A19: Temperature-oxygen fugacity constraints on mineralization (shaded fields) and aqueous-earbonic 

inclusions (unshaded boxes) at four orogenic lode-gold deposits, Yilgarn Craton. Thick solid lines are sulfide and 

oxide equilibria. Thick dashed lines are CO,-CH. ratios of mixed aqueous-earbonic fluids with XcAIFO.2. These lines 

will not significantly shift for O.lshift for 0.1 < XcAR<0.9. Redrawn after Ridley and Hagemann (1999). 

Fig. A20: T -x co, phase diagram showing isobaric equilibrium curves for mineral assemblages at specific deposits in 

the Yilgarn Cr.ton, Western Australi •. La - Lancefield, NR, CM and SC - North Royal, Crown-Mararo. and Scoti., 

respectively, ML - Marvel Loch, Vi - Victory, We - Westoni., Wi - Wiluna. Reactions for the Victory mine are: (I) 

Ms+Dol = Bt+ChI+Cal; (2) Bt+ChI+Dol = Tr+Ms; (3) Bt+ChI+Dol = Act+Ms. Abbreviations: Act - actinolite, An

anorthite, Bt - biotite, Cal- calcite, Di - diopside, Fo - forsterite, 11m - ilmenite, Kfs - K-feldspar, Phl- phlogopite, Rt 

- rutile, Sid- siderite, Spl- spinel, Tr- tremolite, Wo- wollastonite. Modified after Mikucki and Ridley (1993) and 

McCuaig and Kerrich (1998). 

Fig. A21: A. Estimated compositions of gold bearing hydrothermal fluids with respect to fluid oxidation state (aH') 

and sulfide content (aH2s), based on the conunon vein and proximal alteration assemblages ofpyrite±arsenopyrite, 

pyrite-pyrrhotite or pyrite-chalcopyrite-anhydrite at mesozonal conditions (vertical and diagonal lined fields). Note 

that at these conditions reduced (near CO,-CH. buffer) and oxidized (near sulfide-sulfate buffer) types of gold 

deposits are observed. Pyrite-pyrrhotite, pyrrhotite or pyrrhotite-Ioellingite±ilmenite are the conunon vein and 

proximal alteration assemblages at hypozonal conditions (darker stippled field). For further discussion of the 

assemblages and data source see Mikucki and Ridley (1993), and Ridley et al. (1996). Redrawn from Ridley et al. 

(1996). 

B. Oxidation states for Archean lode-gold deposits relative to that of the CO,-CH. redox buffer as a function of 

temperature. log /0' measures the displacement in log /0' from the CO,-CH. buffer. Heavy black bars represent 

estimated ore-fluid conditions for the deposits considered based on combined fluid inclusion and mineral 

assemblages and mineral chemistry data for proximal alteration zones. Arrows represent deposits for which only 

maximum/02 constraints are available. Important redox buffers at P = 2 kbar (solid curves) are shown for reference. (a) 

Racetrack, (b) North Kalgurli, (c) Lady Bountiful (stages I and II), (d) Wiluna (stage I), (e) Mt Charlotte, (I) Hunt, (g) 

Norseman, (h) Main Hill, (i) Zakanaka, (j) Nevoria, (m) Griffms Find. Abbreviations: As- arsenic metal, Aspy

arsenopyrite, Fay - fayalite, Hem - hematite, Lo - loellingite, Mt - magnetite, Po - pyrrhotite, Py - pyrite, Qtz -

quartz, (S, As);q - S- and As-rich melt. Redrawn from Mikucki (1998) where complete data sources are listed. 
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Table 2: Mineralization and structural styles of Australian and Canadian Archean orogenic lode-gold deposits. 

Table 3: SWWIlllI)' table of silicate, sulfide and oxide hydrothermal alteration assemblages from proximal alteration 

zones from the four dominant host lithologies of Archean orogenic lode-gold deposits in the Yilgam Craton. 
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Figure A7 Textural evidence supporting orogenic lode-gold mineralization broadly 
contemporaneous with peak metamorphism in the Yilgarn Craton, Western Australia. 
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Figure A8 Diagram illustrating the available geochronological constraints on orogenic lode-gold deposits in the Yilgarn Craton, Western Australia. 
Ages are shown as ±20 (modified after Groves el al, 2000). 
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