
Government of Western Australia 
Department of Mines and Petroleum 

Geological Survey of 
Western Australia 



modified from Cassidy et al. 2006 



Government of Western Australia  Department of Mines and Petroleum Government of Western Australia  Department of Mines and Petroleum Government of Western Australia  Department of Mines and Petroleum 

Kalgoorlie 

Meekatharra 

Leonora 

Wiluna 
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Sm–Nd model age 

modified after Champion & Cassidy 2007 
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Primary use of Lu–Hf isotopic data on dated 
crystals is to distinguish grains formed in 
juvenile magmas from those generated during 
the melting of older continental crust or 
affected by substantial crustal contamination. 

Lu–Hf isotopes 
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Griffin et al. 2004 

Agnew 

Meekatharra 

Regional Lu–Hf 
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• Granite, gneiss, anorthosite, 
gabbro, ultramafics back to 
3730 Ma; high-grade 
metamorphism 

• Jack Hills, Mt Narryer >4 Ga 
detritals 

Narryer 

Mount Narryer Meeberrie Gneiss 
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Narryer Lu–Hf 

Very old crust with 
strong reworking 
 

Kemp et al. 2010 
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Oldest rocks 

Oldest (granite/gneiss) 
component (>3.3 Ga) 
confined to Narryer 
 Youanmi 

South West 

Kal 

Kur 

Burt 

Yam 

Narryer 

■ Kalgoorlie 

● ● ● 

● >3.3 Ga rocks 

Perth ■ 

Meeberrie Gneiss 
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Old basement? 

• >3 Ga xenocrysts/detritals: 
– Locally abundant in Youanmi 

Terrane 
– Locally abundant in Kalgoorlie 

Terrane 
– Rare in Kurnalpi Terrane 
– Not yet found in Burtville and 

Yamarna terranes 

Youanmi 

South West 

Kal 

Kur 

Burt 

Yam 

Narryer 

● 

● 

● 

● 
● 

● ● 

● 

● 

● >3.0 Ga x/d zircon 
● >3.3 Ga rocks 

● ■ Kalgoorlie 

● 

● ● 
● 

● Perth ■ 

W74 Jack Hills 
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Agnew 

142859 
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142859 

Nelson 1998 

Photo from John Bunting 
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YOUANMI TERRANE 
BURTVILLE TERRANE 
YAMARNA TERRANE 

Lu–Hf 



142859 

142859 

Where do the 
zircons come 
from? 

Agnew 

Agnew 

Youanmi Terrane 
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>2.9 Ga rocks 

>2.9 Ga supracrustals and 
granites 
 

Youanmi 

South West 

Kal 

Kur 

Burt 

Yam 

Narryer 

■ Kalgoorlie ● 

● 

● 
● 

● 

● 
● 

● ● 
● 

● 

● ● ● 

● 3.0-2.9 Ga rocks 
● >3.3 Ga rocks 

● 

Perth ■ 

Golden Grove 

Weld Range 
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2.8 Ga plume 

Youanmi 

South West 

Kal 

Kur 

Burt 

Yam 

Narryer 

■ Kalgoorlie 

● 

● ● 

● supracrustals 
● directly dated mafics 

● 

● 

● 

● 
● ● 

● 

● 
● 

Windimurra–Narndee 

● 
● 

Perth ■ 

Ivanic et al. 2010 
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Murchison 
stratigraphy 

NW Yilgarn 
• Early (pre-2.9 Ga) 

succession 
• Three cycles from 2.82 

to 2.71 Ga 

Van Kranendonk et al. 2012; Ivanic et al. 2012 
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2820– 2710 Ma  
• Dismembered 

greenstones 
• Large layered 

mafic–ultramafic 
igneous complexes 
and sills 

 

2785–2600 Ma 
• Evolving granite 

suites 
 

Murchison 

Ivanic et al. 2010, 2012 
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Murchison 

 Multiple episodes of 
recycling 

Ivanic et al. 2012 

Lu–Hf 

modified after Champion & Cassidy 2007 

Sm–Nd 
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• like Murchison with fewer felsic 
volcanics 

 

• quartzite low in succession 
 

• mafics dominantly tholeiitic 
 

• ultramafics most abundant in 
Sandstone belt 

 

• layered mafic–ultramafic bodies in 
most belts 
 

• felsics rare — typically <2750 Ma 
 

• clastic sediments in upper part 

25 km 

N Southern Cross 
stratigraphy 
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• Late brittle structures 
– faults and kinks 

• E–W shortening 
– regional shear zones 

• E–W shortening 
– upright folds and reverse 

faults 
• Early ?N–S shortening 

– early recumbent folds and 
thrusts 
 
 
  Chen et al. 2004 

N Southern Cross structure 

50 km 

Sandstone 
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Kalgoorlie Terrane 
stratigraphy 

Widely recognized Kalgoorlie Terrane stratigraphy 
 
Based on Kambalda stratigraphy 

However, some regional variation:  
e.g., may be a second komatiite formation 
below Kambalda Komatiite: Lawlers, 
Coolgardie 

Beresford et al. 2005 
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Eastern Goldfields 
stratigraphy 

Granite and gneiss 

Late basin 

c. 2690-2660 Ma Black Flag Group 

c. 2690-2682 Ma Gindalbie volcanics 

c. 2710-2690 Ma komatiite 

c. 2715-2705 Ma felsics 

Undivided greenstones 

10GA-YU2 

• Kalgoorlie 

• Leinster 

Asymmetric temporal and 
geochemical distribution of 
volcanics  
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Eastern 
Goldfields 

Czarnota et al. 2010 

Early extension 

Extensional doming 
Contraction 

Transpression 

Strike-slip 
(mostly brittle) 
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High-HFSE 
High-Ca 

Syenitic 
Low-Ca 

Mafic 
Greenstone 

Granite grouping 

after Cassidy et al. 2002 

Granite 

Kalgoorlie 

Cue 

Leinster 
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Yilgarn granite 

• Longer and more 
complex granite story in 
the west 
– reflects volcanic history 

 
• Low-Ca granites appear 

first in the east and peak 
later in the west 
– crustal melts 

2665 Ma 2750 Ma 

Eastern Goldfields 

Southern Cross 

Murchison 

Champion 
et al. 2002 
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27 

NW craton margin 

• Collisional Glenburgh Orogeny 
(2005–1950): Errabiddy Shear 
Zone 

 
• Yalgar Fault/Cargarah Shear 

Zone? 
 
• Repeated reactivation, e.g. 

Capricorn Orogeny (1820–
1770); granite magmatism 

Glenburgh 
   Terrane 

Narryer  
Terrane 

Errabiddy  
Shear Zone 

Jack Hills 
Youanmi 
Terrane 
 

modified from Spaggiari 2007 
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WARAKURNA LIP c. 1070 Ma 

Sandstone  
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