


















































































































































































































































































A workshop to explore the controversial 
aspects of the Kalgoorlie Geology 

P.C.C. Sauter 

Kalgoorlie Consolidated Gdd Mines Pty Ltd 
PMB 27 
Kalgoorlie, WA 6430 

A t the centenary celebration of the 
discovery of the Kalgoorlie Gold Field, there are 
still many controversies regarding the nature and 
genesis of the various Kalgoorlie gold deposits. 
Generations of geologists, working at the mines or 
coming from a wide variety of research institutions, 
have tried to unravel the intricacies of differentiated 
dolerites, a variety of deformation phases and styles, 
alteration patterns and gold-telluride mineralogy. 
Credit must be given for the vast amount of internal 
and external publications which have been pro- 
duced. Due to the historically fragmented owner- 
ship of the mine leases, and the large size of the ore- 
bodies, the research was in most cases restricted to 
only parts of the mineralised system. Now, for the 
first time in 100 years, the whole of the Kalgoorlie 
field is under the same ownership. This provides a 
unique opportunity for geoscientists to conduct a 
comprehensive overview of the total mineralising 
system at Kalgoorlie. 

Reflecting the enonnous size and com- 
plexity of the Kalgoorlie deposits, a range of differ- 
ent opinions on the nature and genesis of the miner- 
alisation has arisen from research over the past dec- 
ades. This workshop will address the critical prob- 
lems in current interpretations of the geology at Kal- 
goorlie. Attention will be paid to the controversies 
highlighted in the following paper, by discussing the 
following specific questions: 

1. Stratigraphy 

The recognition of the Aberdare and 
Eureka dolerites as  separate intrusive bodies 
changes the interpretation of the south plunging 
Kalgoorlie Anticline. What are the stratigraphic re- 
lationships of the various doleritic bodies? What are 
the structural implications of a revised stratigraphy? 

2. Structure 
What was the tectonic setting (thrust, 

wrench, etc.)? What was the deformation style dur- 
ing mineralisation: brittle, brittleductile or ductile? 
What are the relationships between major structures 
and mineralised zones? How do each of the specific 
structural elements (cleavage, faults, etc.) link into 
the structural evolution history of the Kalgoorlie 
Gold Field? 

3. Alteration 
What is the alteration zonation, timing 

and relationship to structural elements or lithology? 
What is the significance of the Green Leader? What 
is the influence of the sediments? 

4. Source of fluid/deposition of 
gold/geological setting 

What was the source of the mineralis- 
ing fluid(s): metamorphic, meteoric, igneous, etc? 
Was gold deposition by sulphidation or phase sepa- 
ration? What were the P-T conditions of mineralisa- 
tion? What was the overall geologic setting? What 
were the unique conditions that controlled the for- 
mation of these world-class gold deposits? 

5. The future of geological research at 
Kalgoorlie 

How can these critical issues be best 
addressed? By whom? What are the priorities? Are 
there additional issues? How should it be funded? 

The programme of the workshop con- 
sists of short seminars and discussions, and visits to 
the Fimiston Open Pits, the Mount Charlotte Under- 
ground operations, and the KCGM core yard. Due to 
the rapid changes in the open pit and underground 
exposures and access, it will not be possible to final- 
ise an exact programme until immediately before 
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the workshop. Detailed handouts will be made be extensions of the Golden Mile Dolerite, were 
available at the start of the Workshop. identified as being separate intrusions, the Aberdare 

and Eureka Dolerites Fig.1). This interpretation has 

Geology of the Kalgoorlie gold 
deposits: a summary 

important implicatio& for h e  s t rucd  geology of 
the Golden Mile area. 

The Kalgoorlie gold deposits have pro- Structure 
duced a total of 1300 t (43 Moz) of gold, out of 150 The structure at the Kalgoorlie Gold 
Mt of ore, since their discovery in 1893. This Field ir dominated by tight, northWest-trending, Up- 

to a ~ ~ m x i m l e l ~  the toW gold right folds, strike-parallel faults and late, north- 
production. The majority of this production has trending, oblique faults (Fig.l), 
come from the lodes of the Golden Mile, historically The Kalgoorlie Syncline and Anticline 
mined by uoderground and the are the cadi&, (hager, 1989) sm- r w -  
site of a largescale open pit operation. Other sig- nized. The Kalgoorlie Syncline is an asymmetrical 
nificant proddon from the Mt structure, with a very steep westerly IM, and a and Hannans North underground mines and the Mt 
Percy open pit mine. Current resources are in excess moderately dipping easterly limb (Fig.2). A core of 

of 18 Moz. Black Flag Beds is bound on the eastern side by the 
Golden Mile Fault. It has been interpreted as a nor- 

Regional geology 
The Kalgoorlie gold deposits are lo- 

cated within the Kalgoorlie Terrane (Swager & oth- 
ers, 1990) of the Norseman-W11una greenstone belt. 
This terrane consists of a series of komatiites, ba- 
salts and sediments, intruded by several mafic sills 
and granitoid bodies. Early thrusting, upright fold- 
ing and strike-slip faulting have resulted in a strong 
regional north-northwest structural trend. Metamor- 
phic grade in the Kalgoorlie area varies from lower 
to upper greenschist facies. 

Stratigraphy 
At Kalgoorlie, the stratigraphic se- 

quence has been well established since Woodall 
(1965) (Fig.1). It consists of a series of komatiitic to 
high-magnesian to tholeiitic volcanics (Hannans 
Lake Serpentinite, Devon Consols Basalt and Par- 
inga Basalt), intercalated with thin sedimentary ho- 
rizons, including the sulphidic black shales and 
cherts of the Kapai Slate. This sequence is overlain 
by the volcani~~edimentary series of the Black Flag 
Beds. 

Several differentiated, concordant 
doleritic sills are found concordantly within or be- 
tween the stratigraphic units. The economically 
most important of these is the Golden Mile Dolerite. 
It has been subdivided into ten units (Ravis & oth- 
ers, 1971), showing a tholeiitic differentiation trend. 
Clark (1980) showed that the sequence was the re- 
sult of an in situ differentiation in a gabbroic sill. 

Recent work (Clout & others, 1990) 
has resulted in a reinterpretation of the Golden Mile 
Dolerite geology, immediately to the south and east 
of the Golden Mile. Dolerites, previously thought to 

mal fault with a west-block up movement of about 3 
km (Woodall, 1965), or as a D l  thrust fault, later 
refolded by the regional D2 deformation (Swager, 
1989). 

This folded and faulted Kalgoorlie se- 
quence has been refolded around the northerly 
plunging D3 Boomerang Anticline, which itself has 
been truncated by the regional north-northwest 
striking Boulder Fault. 

Late (D4), north-trending, predomi- 
nantly oblique dextral strike-slip faults crosscut and 
appear to offset all structures. The main faults are 
(from south to north): Adelaide, Golden Pike, Mari- 
tana, Reward, Charlotte, Mystery and Lamington 
Faults. Net strikeslips of up to 2 km have been ob- 
served, but are typically in the order of hundreds of 
metres. The relationship between the Boulder Fault 
and the oblique faults is unclear. Most interpreta- 
tions (e.g. Keats, 1987, Mueller & others, 1988, 
Swager, 1989) argue that the Boulder Fault is part of 
the Boulder-Lefroy fad t system, showing early sin- 
istral movement, and possibly later dextral reactiva- 
tions. The oblique faults horsetail off, or are cut off 
by, the Boulder Fault. Clout (1989), based on slip 
directions and cross-cutting oblique faults, sug- 
gested an early (Dl) age for the Boulder Fault, simi- 
lar to the Golden Mile Fault. 

Structural controls on mineralisation 
The Golden Mile mineralisation con- 

sists of a complex array of shear zones within the 
Golden Mile Dolerite and Paringa Basalt, between 
the oblique Golden Pike and Adelaide Faults (Figs. 
2 & 3). The mineralised lodes, consisting of a high- 
grade lode shear zone and a low-grade alteration 
halo, form a subset of these shear zones. The lodes 
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140 Excursion 5 

Fig. 4. Surface plan of the Mt Charlotte area, showing locations of Maritana, Reward, Charlotte, Pharlap and 
Reservoir Stockworks, in relation to Golden Mile Dolerite Unit 8 and obllquefauts. From Bischoff & Morley, in 
press. 

may have dimensions of up to 1800 m in length, 
1200 m in depth, and several metres wide. Histori- 
cally, several lode orientations have been recog- 
nised: 

steep-dipping lodes of the Main Lode-style, in 
several orientations (Main, Caunter, No.2, Cross 
lodes); and 

flat-dipping and Oroya-style, mainly at the Gold- 
en Mile Dolerite and Paringa Basalt contact. 

The nature and origin of the shear zone 
system is still under debate. The more recent inter- 
pretations are: 

The lodes are in ductile shear zones, and have 
been developed during the formation of the Dl  
Kalgoorlie syncline (BouIter & others, 1987); 

the lodes were formed in a typical Riedel system 
during wrench fault tectonics, during initial sinis- 
tral movement of the Boulder and Parkeston 
Faults (Mueller & others, 1988, Swager, 1989), 
and as a result of late-D3 regional northeast-south- 
west shortening (Swager, 1989); 
the lodes are brittle shear zones, formed during 
east-northeast shortening, by cyclic behaviour of 
the shear zone system during earthquake rupture 
on the Golden Pike and Adelaide master faults 
(Clout, 1989). 

The Mt Charlotte-style of mineralisa- 
tion (Clout & others, 1990, Bischoff & Morley, in 
press), consists of a quartz-stockwork, mainly con- 
fined to the granophyric Unit 8 of the Golden Mile 
Dolerite. The best example of this mineralisation 
style is the Mt Charlotte orebody (Figs. 4 & 5). 
Mineralisation has developed as a result of brittle 
fracturing, bounded by a series of steep, westerly- 
dipping dextral faults. Veins are usually between 5 
and 100 rnrn wide, with two preferred orientations, 
with steep northerly and flat northerly dips. The 
mineralised alteration halos are up to Im wide. 

Locally, the quartz stockwork over- 
prints the lode-style of mineralisation. The stock- 
works are considered to have developed during the 
D4 formation of the oblique faults (Swager, 1989), 
or during late dextral reactivation of the same faults 
(Clout & others, 1990). 

At Mt Percy, mineralisation has devel- 
oped in stockworks and shears, in the Devon Con- 
sols Basalt, and in porphyries intruded into the Han- 
nans Lake Serpentinite. Mineralisation appears to 
have been mainly controlled by the Reward, Char- 
lotte and Mystery Faults and their splays. 

At the Hannans North Mine, minerali- 
sation is mainly concentrated in a single lode shear 
structure, approximately lOOOm long, and mined to 
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a depth of about 500m. The structure, within Golden 
Mile Dolerite Units 6 and 7, is truncated by the D4 
Mystery Fault. 

Alteration and mineralisation 
The regional metamorphic upper- 

greenschist assemblage of albite-epidote-actinolite- 
quartz-lmenite/sphene, has been overprinted, on a 
Kalgoorliewide scale, by a chloritecalcite altera- 
tion assemblage. At the Golden Mile, this assem- 
blage has been locally replaced by a palecoloured 
ankeritesiderite assemblage, accompanied by the 
replacement of ilmenite by leucoxene (Clout & oth- 
ers, 1990). 

At the Golden Mile lodescale, a con- 
sistent alteration zonation pattern has been docu- 
mented by Clout (1989) and Clout & others (1990). 
Major alteration types are an outer, low grade, ank- 
erite-dolomite zone, a sericite zone, with sericite- 
pyrite-telluride assemblages, probably accounting 
for 50% of the total gold mined, and a central dila- 
tional bredation zone with a quartz-hematite core. 
hcally, anhydrite and albite zones are developed, 
while ephesite (brittle mica) and V-sericite zones 
(also known as "green leader") occur at the top of 
the lodes. The vanadiurn-bearing minerals and tellu- 
rides indicate very high gold tenors. Gold at the 
Golden Mile occurs as free gold or as gold and silver 
tellurides, often intimately associated with pyrite. 
The ore is refractory. 

The proposed position of some of the 
alteration zones would indicate, for the first time, a 
vertical zonation for the lodes (Clout, 1989). The in- 
terpretation that green leader ores are part of the al- 
teration zonation is in contrast with findings from 
other workers who argue that green leader, includ- 
ing the high-grade Oroya shoot, is a separate, possi- 
bly later, ore type, mainly formed close to the Gold- 
en Mile Dolerite-Paringa Basalt contact, in associa- 
tion with sediments (compare Phillips, 1986, 
Wager, 1989). 

At Hannans North, only a narrow chlo- 
rite alteration zone adjoins the lode (Bartram, 1969, 
Roberts, 1993). Although having the appearance of 
a Golden Mile-style lode, the ore mineralogy is 
similar to the other deposits at the northern end of 
Kalgoorlie, consisting of free milling gold in asso- 
ciation with pyrite. 

At Mount Charlotte, the semi-regional 
chlorite-calcite alteration is replaced by chlorite- 
ankerite-(sulphide) and ankerite-sericite-sulphide in 
alteration haloes around the quartz veins (Clark, 
1980, Clout & others 1990). Pyrite and pynhotite 
are the dominant sulphide species, pyrrhotite be- 

coming more abundant with depth. Gold is present 
as 5 to 15 m grains in fractures of pyrite or as blebs 
at pyrite grain boundaries. Minor tellurides are pre- 
sent. The ore is free milling. 

At Mt Percy, porphyries and basalts 
show a widespread sericite-cabonate-pyrite altera- 
tion. At the contacts with the mineralised porphy- 
ries, the ultramafics show a characteristic fuchsite 
alteration. Gold is associated with pyrite, although 
rare tellurides have been found (Sund & others, 
1984). 

Source of fluids, deposition of gold 
and geological setting 

Light stable isotope studies on Kal- 
goorlie samples have generated a range of views on 
the possible fluid source. Early studies, such as by 
Golding (1982), favoured a metamorphic derivation 
of the ore fluids, but recent work by Clout (1989) 
has proposed a more mixed source. Greenschist fa- 
cies metamorphism appears to be related to sea- 
floor alteration, while the chlorite-calcite and lode 
alteration were invoked by varying proportions of 
magmatic and seawater or meteoric waters. The in- 
volvement of fluids other than that of metamorphic 
origin in the ore-forming processes has been sup- 
ported by Sr isotope studies (Mueller & others, 
1991). 

Sulphur isotopes of the Golden Mile 
mineralisation reflect the rare, for Archaean gold 
deposits, oxidised nature of the ore fluids. Addi- 
tional evidence for oxidised ore fluids is the pres- 
ence of hematite, vanadium oxides and sulphates. 
The presence of oxidised fluids has been explained 
as the result of fluid-wall rock interaction (Phillips 
& others, 1986), or as a result of phase separation 
and/or mixin with surface fluids (Clout, 1989). The 
depletion in 'S in the sulphides is caused by iso- 
topic fractionation between pyrite and sulphates 
(Clout, 1989). 

Fluid inclusions have provided some 
further constraints on the nature of the ore fluids, as 
well as on the temperature and pressures of deposi- 
tion. Again, results of the various studies have been 
quite variable. Representative sampling in the large 
and complex lode system of the Golden Mile ap- 
pears to be a major problem in achieving consistent 
results. Results reported by Ho & others (1990), 
mainly from late-stage Golden Mile mineralisation, 
display values typical for Archaean gold deposits: 
low to moderate salinities, 24)-40 wt% C02, Tt of 
195-355°C and Pt of 150 to 400 MPa. In contrast, 
Clout (1989) suggests much lower pressures, maxi- 
mum 26 MPa, for the ore fluids, with gold being de- 
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