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'Bardoc style' gold mineralization: a simple reducing 
environment for orogenic gold in the Eastern Goldfields 
Province, Western Australia

Anthony Morey, Roberto Weinberg & Frank Bierlein

The ~100km-long Bardoc Tectonic Zone (BTZ, Fig. 1) is a 
wide (<7 km) corridor of highly deformed supracrustal 
rocks and to date, is only known to host moderate-sized 
orogen ic  go ld  depos i ts  (<  40  t  Au) .  Based on  f i ve  
representat ive s i tes wi th in the BTZ, hydrothermal  
assemblages and stable isotope data (δ34S) are found to 
be remarkably uniform along its entire length, as opposed 
to the variable characteristics of world-class shear zone-
hosted gold deposi ts  wi th in the same terrane (c . f .  
Hagemann and Cassidy 2001). This study helps advance 
our understanding between world-class and smaller gold 
depos i ts .  Def in ing features  o f  'Bardoc s ty le '  go ld  
mineralization are:

- Gold deposits are hosted directly within a wide (< 7 km) 
corridor of deformed supracrustal rocks (Fig. 1), however 
the individual mafic host units are relatively narrow (< 100 
m in thickness, Fig. 2)
 

- Gold mineralization is associated with mafic-hosted, 
epigenetic quartz-carbonate veins of various styles (Fig. 3), 
which formed during major ENE-WSW shortening and 
associated dip-slip deformation 

- Carbonate + quartz + muscovite + chlorite ± biotite + 
sulphide + oxide + gold wall rock alteration assemblages 
(Fig. 3, 4) 

- A three-stage alteration history defined by sulfide, oxide 
and visible gold grains, with minerals indicating reduced 
hydrothermal conditions (i.e. pyrrhotite & ilmenite, Fig. 5)

- Arsenopyrite as the dominant sulfide (e.g., Fig. 3a) 

- In-situ δ34 sulfur compositions of pre- to syn-gold iron 
sulfides ranging between 1 to 9‰ (Fig. 6), suggestive of 
reduced hydrothermal conditions

- Lack of al terat ion minerals indicat ive of oxidising 
conditions, such as hematite and sulfates, and

- A lack of  te l lur ides associated with the al terat ion 
assemblage

These characteristics do not vary even though the style of 
veining (brittle to ductile, Fig. 2) and metamorphic grade of 
the mafic host units changes from greenschist to lower-
amphibolite facies, indicating that 'Bardoc style' gold 
mineralisation is insensitive to these variables. Importantly,  
'Bardoc style' gold mineralisation differs from the more 
variable characteristics of the world-class (>100 t Au) gold 
deposits along the connecting Boulder-Lefroy Shear Zone 
(BLSZ, Fig. 1). The major differences include: a) gold 
deposits are cited on higher-order faults that splay off the 
BLSZ, which are associated with dip- and strike-slip 
deformation; b) alteration assemblages (hematite, sulfates) 
indicate oxidizing conditions; c) more variable δ34 sulfur 
values (-10 to +10‰); and d) pyrite as the dominant sulfide 
and the presence of tellurides. Comparisons based on 
Phillips et al. (1986); Hagemann and Cassidy (2001); 
Weinberg et al. (2005).
These differences potentially explain why these two 
connect ing shear systems have such variable gold 
endowments, and could be used to help dist inguish 
between world-class and smaller orogenic gold deposits.
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Figure 1: Geology map of part of the Eastern Goldfields Province showing the 
Bardoc Tectonic Zone (red) and part of the Boulder-Lefroy Shear Zone (blue). 
Inset: Map location relative to Western Australia
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Figure 2: South Talbot open pit 
deposit, looking NNW. Westerly-
dipping gabbro unit (G) flanked by less 
competent interbedded shales and 
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Figure 3: Examples of vein styles from the 
Bardoc Tectonic Zone (a) Talbout South, 
showing brecciated mafic wall rock 
fragments infilled with quartz- (Qtz) 
carbonate (Carb) minerals and arsenopyrite 
(Apy) and pyrite (Py) within the wall rock (b) 
boudinaged quartz-carbonate vein from the 
Yunndaga gold mine. Wall rock alteration is 
characterized by quartz, carbonate, biotite 
and lesser chlorite.   
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Figure 4: Examples of 
alteration assemblage 
(a) PPL photomicrograph 
from New Boddington, 
showing arsenopyrite 
(opaque, Apy) 
associated with quartz 
(Qtz), carbonate (Carb), 
biotite (Bt), muscovite 
(Ms) and Chlorite (Chl) 
alteration assemblages

(b) SEM 
secondary 
electron image of 
fractured, stage 2 
arsenopyrite that 
is infilled with 
pyrite (Py) + 
native gold. Inset: 
Contrast adjusted 
to image the gold.
Paddington gold 
mine.
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Locality Overprinting relationships of opaque phases

Stage 1 Stage 2 Stage 3

Po Apy + Au Po + Py + Sp + Au ± Ccp

Apy + Py + Au Po + Ccp + Ilm + Au

Po Apy + Au Py + Ilm + Au

Po Apy + Au Py + Ccp + Rt + Au

Po Apy + Au Py + Ccp + Gn + Rt + Au

Po Figure 5: Diagram showing the 
paragenesis of sulfide, oxide and gold 
(Au) from five sites within the Bardoc 
Tectonic Zone. Note the similar 
overprinting relationships regardless of 
the distance between each locality. Po = 
pyrrhotite, Apy = arsenopyrite, Py = 
pyrite, Sp = sphalerite, Ccp = 
chalcopyrite, Ilm = ilmenite, Rt = rutile, 
Gn = galena
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Figure 6: Frequency diagram showing the 
relatively constrained distrbution of stable 
sulfur isotope values from arsenopyrite 
(stage 2), and pyrite and pyrrhotite (stage 
3, refer to Fig. 5), from the Bardoc 
Tectonic Zone. 
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