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ABSTRACT 
 

In this contribution, surface and underground mapping combined with geochemistry 
and compilation of previous work has led to an improved understanding of the structural 
framework of the Golden Mile deposit. The relative timing of multiple hydrothermal events, 
including the Fimiston gold + telluride mineralisation event, is constrained relative to 
deformation events and the intrusion of multiple sets of dykes.    
 

Abrupt changes in thickness, composition and in the internal magmatic layering of the 
Golden Mile Dolerite and the Paringa Basalt indicate the presence of early syn-volcanic 
faults, which have an important control on the architecture of the Golden Mile deposit. The 
upright Kalgoorlie anticlinal axis overprints a major synvolcanic growth fault, which formed 
the original eastern margin of the Golden Mile Dolerite.   
 

Geochemistry confirms the equivalence of the Golden Mile and Aberdare dolerites 
across the late stage Adelaide Fault, and establishes the regional continuity of the NNW 
trending, upright, and shallow south plunging Kalgoorlie syncline-anticline pair, which 
dominates the structural architecture of the Golden Mile. The Lake View syncline, occurring 
in the southern part of the Golden Mile, and in continuity with the Kalgoorlie anticline is 
truncated by the Golden Mile Fault indicating that the initiation of the GMF postdates the 
development of the Kalgoorlie syncline-anticline pair. The presence of the Lake View South 
syncline east of the GMF does not support the interpretation of the GMF as a thrust and the 
Kalgoorlie anticline as an overturned hangingwall anticline. A regional steeply west dipping 
NNW foliation overprints the Kalgoorlie syncline-anticline pair. This fabric is axial planar to 
the Boomerang anticline which folds the GMF and Kalgoorlie syncline-anticline pair.  
 

A swarm of feldspar porphyry dykes transects both limbs of the Kalgoorlie fold pair and 
are in turn overprinted by the regional NNW trending foliation. The feldspar porphyry dykes 
are also overprinted by Fimiston style gold mineralisation consisting of narrow, vertically and 
laterally extensive lodes (>1200m vertical and > 1000m along strike) of carbonate-quartz-
pyrite breccias, quartz veins and carbonate-quartz-pyrite disseminations. The feldspar 
porphyry dykes and the Fimiston lodes are spatially associated and share common 
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orientations (Main N140ο/80οW, Caunter N115ο/65οW and Cross Lode N050ο/85ο N-S). 
Hornblende porphyry dykes, also sharing the same orientations, cross cut the feldspar 
porphyry dykes and the Fimiston lodes and are also overprinted by the regional NNW 
trending foliation. This NW regional foliation is preferentially developed within weak layers 
such as mudstone beds and strongly sericite-rich Fimiston lode selvedges. The constant 
orientation of the NW-trending foliation in lode selvedges across a wide range of lode 
orientations, including the NE-trending Cross Lodes and the shallow-dipping Caunter lodes, 
provides clear evidence that the foliation overprints the lode selvedges rather than being 
related to shearing synchronous with lode formation. The NW regional foliation is associated 
with localised small-scale folds and faults of Fimiston veins, which is consistent with NE-SW 
shortening.  

 
Some steeply east dipping NNW trending faults occurring in the footwall of the GMF 

display pre-lode reverse slip and post-lode dextral slip as indicated by the larger offset on the 
stratigraphy than on the Fimiston lodes. In addition, some feldspar porphyry dykes are 
emplaced within these faults. A conjugate network of shallow dipping, reverse faults, 
generally post-dates these steep faults. Quartz-carbonate veins and breccias are locally 
associated with the late steeply dipping, and shallow dipping fault sets. Where these veins 
cut the Fimiston lodes, they contain fragments of Fimiston lodes showing random orientation 
of the foliation in alteration selvedges. This implies that these veins and some of the shallow 
dipping reverse faults and steeply east dipping reverse-dextral faults postdate the regional 
NNW trending foliation. 
 

This Study establishes the Fimiston stage gold mineralisation as an upright array of 
narrow lodes that funnels upwards within the Golden Mile Dolerite and overprint both limbs of 
the early upright Kalgoorlie fold pair. The lodes are in turn, transected by hornblende 
porphyry dykes, overprinted by the regional trending NNW steeply dipping regional foliation 
and dissected by steep reverse and dextral faults. Mt-Charlotte-type coarse-grained quartz 
carbonate and scheelite veins cross cut Fimiston lodes and are associated with a late set of 
fractures post dating the regional NW trending foliation. 
 

INTRODUCTION 
 

The Golden Mile gold deposit is located within the southern portion of the Norseman 
Wiluna Greenstone belt, within the eastern portion of the late Archean Yilgarn craton in 
Western Australia (c. 2.72 – 2.6 Ga; fig. 1). The Golden Mile deposit has been in near 
continuous production for 110 years, having produced over 50 million ounces of gold and still 
hosting over 12 million ounces of reserves.  
 

Although, the Golden Mile deposit has been the object of numerous previous high 
quality studies over the last 100 years, several basic aspects of the deposit relating to its 
genesis, structural setting and the relative and absolute timing of the Golden Mile gold 
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mineralisation remain contentious. Several different interpretations of the relative timing of 
the Fimiston gold mineralisation event (the main ore stage at the Golden Mile deposit) have 
been proposed, influenced by diverging interpretations of the basic structural architecture of 
the deposit.  
 

The interpretations of the relative timing for Fimiston Gold mineralisation can be 
synthesised in two groups. The first argues for a late tectonic timing for the Fimiston gold 
mineralisation in association with dominantly reverse or strike slip fault arrays (Boulter et al., 
1987, Mueller et al., 1987, Swager 1989). These studies recognise the structural complexity 
of the Golden Mile deposit but argue for a progressive compressional or transpressional 
deformation regime to explain the deformation overprint on the Fimiston lodes and the clearly 
later cross cutting Mt-Charlotte style quartz-carbonate vein gold mineralisation. 
 

The second group advocates an early timing for Fimiston gold mineralisation. This 
group emphasises that several sets of faults and a penetrative foliation dissect and overprint 
the Fimiston Lodes (Clout, 1989, Bateman et al. 2001).   
 

Previous studies also document a wide range of diverging interpretations of the 
relative chronology of structural elements present at the Golden Mile deposit (Boulter et al. 
1987, Mueller et al. 1987, Swager et al. 1989, Clout et al., 1990, Bateman et al. 2001). The 
structural framework of the Golden Mile deposit is generally well constrained in terms of the 
location of the main structural features and their geometric relationships (Stillwell, 1929, 
Gustafson and Miller, 1937, Finucane, 1948, Campbell, 1953, Woodall, 1965). However, key 
interpretations of fault kinematics are still poorly defined. There is also disagreement on the 
interpretation of some of the main structures a the Golden Mile deposit, which include the 
Golden Mile fault, the Kalgoorlie syncline-anticline fold pair and the smaller scale Lake View 
and Brownhill synclines (Gustafson and Miller, 1937, Campbell, 1953, Woodall, 1965, 
Swager et al. 1989, Clout, 1989). 
 

The relatively recent recognition that the Golden Mile Dolerite, the main host of the 
Golden Mile deposit, is a layered mafic tholeiitic sill, with ten distinctive magmatic units 
allowed a much better control on the measurement of fault offsets within the deposit (Travis 
et al. 1971). Although the host stratigraphy of the Golden Mile is well documented, there is 
still controversy on the nature and correlation of mafic sills, particularly across the major 
Kalgoorlie syncline-anticline (Travis et al. 1971, Clout et al., 1990, Bateman et al. 2001). An 
extensive geochemical database accumulated over the last ten years in widely spaced deep 
drill holes allows a much better definition of the stratigraphy of mafic to ultramafic flows and 
the correlation of these mafic sills (Swe, 1994, Bateman et al. 2001). The correlation of these 
mafic sills and of other stratigraphic markers across major folds and faults has important 
implications for the interpretation of the local structural framework.  
 

The major and trace element geochemistry has allowed the definition of important 
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new marker units within the Paringa Basalt sequence not otherwise identifiable. It has also 
highlighted a wider compositional range in the Paringa Basalt than previously recognised 
(Bateman et al, 2001, Redman and Keays, 1985). The internal layering of the Golden Mile 
Dolerite is geochemically distinctive as documented by Travis et. al. (1971). In addition, this 
study outlines that within individual magmatic layers consistent fractionation trends are 
defined by variations in trace and major elements content. The lateral geochemical 
variations, and variation in the geometry of the Golden Mile Dolerite documented by Travis et 
al. (1971), are also better constrained in terms of spatial distribution and relationships with 
structural elements. The spatial relationship between the Golden Mile Dolerite and other 
mafic sills is also better documented.   
 

This integrated study is based on detailed underground and open pit mapping 
focussed on key locations throughout the Golden Mile deposit, complemented by core 
relogging, compilation of previous mapping, and the interpretation of an extensive 
geochemical database. The focus of this work is unravelling the relative timing of structural 
events at the Golden Mile deposit and thereby better constraining the relative timing of the 
Fimiston gold mineralisation event. Furthermore, some absolute timing constraints were 
established from this work. A better definition of the chronology of structural events at the 
Golden Mile generates an improved definition of the structural architecture and controlling 
structures for Fimiston stage gold mineralisation.  
 

The first part of this paper documents important advances in the understanding of the 
Golden Mile volcanic stratigraphy and of the associated mafic sills. Furthermore, an outline of 
important textural aspects of later sets of cross cutting dykes is also documented. These 
advances lead to the refinement of the structural framework of the Golden Mile deposit. In 
addition, an improved documentation of the Fimiston gold mineralisation paragenesis is 
presented and sets the scene for a more integrated geological framework. The second part 
of the paper documents the structural framework of the deposit with emphasis on the 
documentation of field relationships, which constrain the relative chronology of the Fimiston 
gold mineralisation event. An interpretation of the main structural elements including 
kinematics of major structures is also presented. Finally, the geological setting of the main 
structural, magmatic and hydrothermal events characterising the Golden Mile deposit are 
integrated in a coherent temporal framework.   
 

STRATIGRAPHY 
 
Geological setting 
 

The Golden Mile gold deposit occurs in the Kalgoorlie Terrane, within the southern 
portion of the, Norseman-Wiluna Greenstone Belt, at the greenschist metamorphic grade 
(Fig. 1). The stratigraphy of the Kalgoorlie Terrane consists of a lower basalt, a thick 
komatiitic flow sequence overlain by basalt and a thick sequence of intermediate to felsic 
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volcaniclastic rocks (Swager, 1997). This stratigraphic sequence was later intruded by mafic 
tholeiitic and komatiitic sills (Witt, 1995). This stratigraphic succession summarised in Table 
1, is well established and has been previously described by several authors (Campbell, 
1953, Travis et al. 1971, Clout, 1989, Bateman et al. 2001). This stratigraphic sequence was 
broadly deposited between 2708 +/- 7Ma and 2681 +/- 5 Ma (Nelson, 1997). Younger 
sedimentary bassins, occurring along major faults or synclines, unconformably overly the 
greenstone sequence. These are characterised by conglomerates and coarse sandstones 
(Swager, 1997, Krapez et al. 2001).  
 

The Greenstone belt is folded by tight upright north-northwest trending folds and 
dissected by northwest to north-northwest reverse and strike slip faults. Granitic intrusions 
occurring within the Greenstone belt are divided through field relationships in two categories, 
pre-folding and post folding (Witt, 1997). The post folding intrusions are further sub-divided 
as syn-tectonic and late tectonic.     
 

The Golden Mile deposit is dominantly hosted by the Golden Mile Dolerite, a mafic 
tholeiitic layered sill approximately 600 to 750m in thickness. The Golden Mile Dolerite was 
emplaced at a major lithological contact between the Black Flag Group sequence consisting 
dominantly of fine grained clastic sediments and intermediate volcanics and an underlying 
sequence of mafic to ultramafic volcanic flows and co-magmatic sub volcanic sills (Table 1). 
Thin interflow sediments consisting of finely bedded mudstone and siltstone occur in 
association with major break in volcanism throughout the sequence of volcanic flows and 
form important marker units.    
 
Paringa Basalt 
 

The Paringa Basalt sequence consists of a 400 to 700m thick accumulation of 
basaltic flows grading from a high magnesium basalt (>10wt% MgO, anhydrous basis) with 
ubiquitous variolitic and local spinifex textures at the base, to a gradually more fractionated 
tholeiitic basalt (3 to 10wt% MgO; Bateman et al. 2001). The upper portion of the Paringa 
Basalt is characterised by pillow and flow breccia textures with a general increase of interflow 
sedimentary rocks consisting of finely bedded black shale. Redman and Keays (1985) 
discriminated the Paringa Basalt as part of a siliceous high magnesium series basalt, based 
on relatively high SiO2 and incompatible element contents.     
 

The Paringa Basalt displays a gradual fractionation trend with increasingly more 
evolved compositions towards the stratigraphic top, characterised by an increase in 
incompatible elements such as, zirconium, titanium, aluminum, vanadium and iron and a 
decrease in compatible element content such as magnesium, nickel and chrome (Fig. 2).  
 

The top 50 to 300m section of the Paringa Basalt sequence consists of a high iron 
tholeiite, in sharp contact with the underlying tholeiitic basalt. The contact is commonly 
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marked by a finely bedded black shale horizon, generally 1 to 5 m in thickness. In the 
Brownhill syncline area this stratigraphic marker was historically referred to as the lower slate 
unit (Tomich, 1974). The high iron tholeiite is characterised by a high content of TiO2 (1.5 to 
1.8wt%), Fe2O3 (14 to 16 wt%), Zr (100 to 130 ppm), P2O5 (0.2 to 0.25 wt%) and low MgO 
(3 to 5wt%). The high iron tholeiite also displays a normal fractionation trend (Fig. 2).  
 

In the Eastern Lode Domain, where the upper part of the Paringa Basalt sequence is 
well documented, the thickness of the high iron tholeiite varies markedly from the southern 
portion, where it is approximately 300m in thickness, compared with the northern portion, 
which is approximately 50m in thickness. The thicker section of high iron tholeiite in the south 
includes the co-magmatic Eureka Dolerite sill of approximately 100m in thickness. The 
change in thickness of the high iron tholeiite is sharp and occurs between sections 47330mN 
and 48170mn (fig. 3). The high iron tholeiite and associated Eureka Dolerite sill also occur on 
the western limb of the Kalgoorlie syncline where their combined thickness is approximately 
100 to 200 m.  
 

In the Eastern Lode Domain, the 50m thick high iron tholeiite, underlying the Golden 
Mile Dolerite, hosts the bulk of the economic Fimiston lodes, occurring within the Paringa 
Basalt (Travis et al. 1971).  
 

Two recently drilled deep holes within the Eastern Lode Domain, intersected a wide 
section of high magnesium basalt in the lower portion of the Paringa Basalt, directly overlying 
the Williamstown dolerite (10 to 16wt% MgO). This is in contrast to other drill holes 
intersecting the lower part of the Paringa Basalt stratigraphy in contact with the Williamstown 
Dolerite, further north, which were typically characterised by basalts with up to approximately 
8wt% MgO.  
 

The high magnesium basalts and the more evolved overlying tholeiitic basalts form a 
continuous fractionation trend on geochemical variation diagrams implying that they are co-
magmatic (Fig. 2). The change in slope on the MgO vs Al2O3 diagram suggests a change in 
fractionation phases at this point, between the high magnesium basalt and the tholeiitic 
basalt, possibly olivine to pyroxenes. 
 

The gradual fractionation trend of the Paringa Basalt, documented by several 
generally immobile elements such as zirconium, vanadium and titanium, constitutes a good 
indicator of the younging direction of the Paringa Basalt sequence. This allows to precisely 
locate the axis of the Kalgoorlie anticline in several deep drill holes drilled from SW to NE 
through the Kalgoorlie anticline (Fig. 4). In these deep drill holes, the anticlinal axis is marked 
by an inflection in the gradual fractionation trends along down hole geochemical diagrams 
(Fig. 5).  
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Golden Mile Dolerite 
 

The Golden Mile Dolerite is a differentiated layered tholeiitic mafic sill of 
approximately 650 to 750m in thickness (Travis et al. 1971, Witt 1995). The intrusion extends 
for approximately 25km along strike, it is emplaced along the contact between the Paringa 
Basalt and Black Flag Group (Fig. 6). The emplacement of the Golden Mile Dolerite along a 
major lithological discontinuity is a typical feature for large mafic sills (Petraske et al. 1978). 
The Golden Mile Dolerite presents a differentiation pattern, including the development of 
magmatic phase layering, typical of layered mafic intrusions of initial bulk tholeiitic basaltic 
composition (McBirney, 1984). The magmatic phase layering of the Golden Mile Dolerite is 
broadly comparable to the Skaergard intrusion for instance, although the Golden Mile 
Dolerite is significantly thinner (McBirney et al., 1979). 
 

The Golden Mile Dolerite has well-developed chill margins of 10 to 20m thickness 
along both the upper and lower contacts, in the Golden Mile deposit area (Travis et al. 1971). 
This is evidence that the Golden Mile Dolerite is emplaced along the Black Flag Group, 
Paringa Basalt contact and that the Black Flag Group does not uncomformably overly the 
Golden Mile Dolerite.  
 

The Golden Mile Dolerite presents a pattern of crystallisation progressing from the 
roof (Unit 9) and floor (Unit 2 to 7) towards the more fractionated granophyric unit occurring 
towards the centre of the intrusion (Unit 8). It presents a pattern of iron and incompatible 
element enrichment, including silica, as the magma becomes progressively more 
fractionated, typical of mafic tholeiitic layered intrusions (McBirney, 1984).     
 

The Golden Mile intrusion was subdivided in 10 units based on petrographic and 
geochemical characteristics (Travis et al, 1971). The Golden Mile Dolerite units are 
distinctive geochemically and can be recognised very well using selected immobile major 
and trace elements (Travis et al, 1971). In addition, consistent fractionation trends within 
units 6, 7, 8 and 9 make these units particularly good stratigraphic markers and useful 
indicators of younging direction. 
 
Geochemical Characteristics of the Golden Mile Dolerite Units 
 

Travis et al. (1971) have documented the major and trace element variation in the 
various magmatic layers of the Golden Mile Dolerite. However this documentation was from 
a section 5km south from the Golden Mile deposit, where the Golden Mile Dolerite is thinner 
and less well differentiated. Furthermore, the internal geochemical variations within individual 
magmatic layers of the Golden Mile Dolerite has not been well documented in the past.   
 

The characteristic geochemical composition and fractionation trends of the Golden 
Mile Dolerite units, is illustrated graphically using a composite down hole geochemical profile 
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of some of the less mobile major and trace elements, in association with Fimiston gold 
mineralisation (Golding and Wilson, 1983). Hole CTGD008, and JUGD010 display a 
complete section through the Western Lode Domain of the Golden Mile Dolerite and are 
used to illustrate the characteristics of the various units (Fig. 7). The major element 
concentration is presented on a volatile free basis. Some of the selected elements such as 
vanadium and chrome display strong enrichment in association with the immediate 
selvedges of the Fimiston lodes. However, they are largely immobile in the more distal 
alteration zones from which they were sampled in these drill holes (Clout, 1989, Golding and 
Wilson, 1983).   
 

The petrographic characteristics of the individual units of the Golden Mile Dolerite 
have been well documented in the past and are only briefly reviewed in the following 
description of the Golden Mile Units (Travis et al. 1971, Swe, 1994, Bateman et al. 2001).   
 
The lower units, 2 and 3, are olivine and pyroxene cumulates, characterised by high nickel 
and chrome content (Cr 200 – 400 ppm, Ni 50 – 150 ppm). They also have low zirconium, 
titanium and vanadium concentrations (Fig. 7). Unit 2 has a higher olivine concentration, 
whereas unit 3 is dominantly pyroxene bearing. However, these two units grade into one 
another. Because these units and the chill margin at the base of the Golden Mile Dolerite 
(unit 1) are fairly narrow and given the spacing of the geochemical sampling (10 to 20 m) 
they have been treated as one unit in the geochemical profile (Fig. 7).  
 
Units 4 and 5 are pyroxene phyric to leuco-gabbros dominated by pyroxenes and 
plagioclase. These units are characterised by flat geochemical profiles with low titanium, 
zirconium and vanadium content (Fig. 7). Chrome and nickel display enrichment towards the 
base of unit 4. These two units are geochemically similar and do not have a clear contact 
between them.  
 
Unit 6 marks the onset of magnetite crystallisation and displays a very sharp contact with 
unit 5. It is fine grained sub-ophitic to weakly granophyric in texture and is characterised by 
the presence of 10 to 15% fine-grained magnetite (Swe, 1994). Unit 6 is characterised by a 
very high vanadium content, typically forming a flat plateau (V 600 to 1200 ppm). Nickel and 
chrome typically display a small peak at the base of this unit and decrease to very low levels 
towards the top of the unit (Ni 50 – 5 ppm, Cr 50 – 5 ppm). Titanium displays a gradual 
enrichment trend towards the top of the unit, which mimics the trend for iron (Fig. 7). Copper 
also displays a strong enrichment coinciding with the lower contact of this unit. Copper 
displays overall a very similar pattern to Vanadium (Cu 200 – 300ppm in Unit 6 vs 20 to 
50ppm in unit 5). The strong vanadium and copper enrichment in this unit is independent of 
secondary hydrothermal alteration as these enrichment patterns occur consistently within 
and outside of the Golden Mile deposit area within Unit 6, and this enrichment is interpreted 
as a magmatic feature. Furthermore, copper does not display significant enrichment within 
the Fimiston lodes or associated alteration selvedges (Golding and Wilson, 1983).  
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Unit 7 is characterised by a fine grained sub-ophitic texture. It contains coarse pegmatitic 
bands, generally a few meters in thickness, compositionally similar to unit 8. This unit is 
characterised by a trend of decreasing vanadium and increasing titanium towards the top of 
the unit (Fig. 7). Nickel, chrome and copper are very low and zirconium increases gradually 
towards the top of the unit.  
 
Unit 8 is a coarse grained granophyric unit, very rich in magnetite (10-15wt%). This unit is 
characterised by a high content of incompatible elements such as zirconium, phosphorous, 
and titanium and low, vanadium, chrome, nickel and copper (Fig. 7). Unit 8 was further 
subdivided in two sub-units, Unit 8a and Unit 8b (Travis et al. 1971). U8a occurring at the 
top, is more siliceous, less iron and titanium rich than U8b and of more restricted distribution. 
Unit 8a occurs sporadically within the western limb of the Kalgoorlie syncline and is the host 
of the Mt-Charlotte quartz-vein stockwork gold deposit. This unit also hosts several other 
smaller quartz-stockwork style occurrences along a roughly 12km strike length (Travis et al. 
1971). Unit 8a has not been documented within the eastern limb of the Kalgoorlie syncline. 
 
Unit 9 is medium to coarse grained near the contact with U8, it is mostly sub-ophitic in 
texture to locally granophyric where it grades into unit 8. Unit 9 displays a gradual enrichment 
in zirconium, titanium and vanadium towards unit 8 (Fig. 7). This unit has relatively elevated 
chrome and nickel at the top, in association with the upper chill margin (unit 10). These 
elements display a gradual depletion trend towards the bottom of unit 9. Unit 9 has 
consistently higher vanadium, zirconium and titanium content than units 4 and 5 (Fig. 7). 
Vanadium typically displays a strong enrichment in Unit 9 near the contact with Unit 8.   
 
Unit 10 is the fine grained chill margin at the top of the Golden Mile dolerite. This unit is 
geochemically similar to the top of unit 9 but with higher nickel and chrome values. 
 
Synthesis 
 

This study confirms that the internal units of the Golden Mile Dolerite are 
geochemically distinct and display a normal differentiation trend consistent with the gradual 
cooling of a thick mafic tholeiitic sill (Swe, 1994). The more fractionated granophyric unit 8 
occurs towards the centre of the intrusion whereas more primitive cumulates occur at the 
base (unit 2 and 3). Unit 9, displays a gradual fractionation trend grading from the more 
primitive roof of the intrusion towards the more fractionated unit 8 at the core of the intrusion. 
The basal units display the same fractionation trend grading from primitive units at the floor 
of the intrusion towards unit 8. However, the basal units are also characterised by magmatic 
layering. 
 

The middle units of the Golden Mile dolerite (U6, 7 and 8) display a marked 
enrichment in iron resulting in the crystallisation of abundant magnetite. The initial 
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crystallisation of magnetite, occurring in unit 6, concentrates elements with a strong partition 
coefficient with magnetite (Rollinson, 1993). The elements concentrated include vanadium, 
nickel and chrome. The same phenomenon occurs, to a lesser extent, at the base of unit 9 
resulting also in a strong vanadium enrichment. These elements concentrated in unit 6, 
display a strong depletion in units 7 and 8, which are the last to crystallise (Fig. 7). The trend 
of strong vanadium enrichment associated with the onset of magnetite crystallisation and the 
subsequent vanadium depletion in the magmatic layers crystallised later is typical in mafic 
tholeiitic layered intrusions (Jang et al. 2001). Units 7 and 8 have the highest abundance of 
magnetite and titanium bearing oxides as documented by the titanium profile.  
 
Eureka Dolerite 
 

The Eureka Dolerite is a 100 to 200 m thick sill occurring towards the top of the 
Paringa Basalt sequence (Fig. 4). This sill is characterised by a fine to medium grained 
ophitic texture with chlorite clots (after pyroxene) mantled by carbonates (Bateman et al. 
2001). In addition, thin granophyric layers with quartz crystals occur towards the top of the 
thicker part of this sill. This intrusion occurs within, and is geochemically similar, to the high 
iron tholeiite unit of the Paringa Basalt (Fig 8). The spatial association and geochemical 
similarity with the high iron tholeiite unit of the Paringa Basalt suggests that the Eureka 
Dolerite is a sub-volcanic sill, co-magmatic with the Paringa Basalt. This implies that the 
emplacement of the Eureka Dolerite pre-dates the emplacement of the Golden Mile Dolerite. 
The Eureka Dolerite displays a normal gradual fractionation trend with the top being more 
fractionated and relatively more enriched in incompatible elements such as: zirconium, 
titanium, vanadium and phosphorous. The Eureka Dolerite is also geochemically distinct 
from the Golden Mile Dolerite as it generally has a higher content of incompatible elements 
(Fig. 9). 
 
Spatial distribution 
 

The Eureka Dolerite occurs in the western limb of the Kalgoorlie syncline where it has 
been previously identified as the Federal Dolerite (Fig. 4; Clout et al. 1990). However, it is the 
equivalent to the Eureka Dolerite having a similar stratigraphic position, geochemical 
composition and magmatic textures (Swe, 1994, Bateman et al. 2001). The Eureka Dolerite 
also occurs in the eastern limb of the Kalgoorlie anticline, where it forms the contact between 
the Paringa Basalt and Black Flag Beds (Fig, 10). The Eureka Dolerite also occurs towards 
the top of the Paringa Basalt, in the southern part of the Golden Mile deposit, in the western 
limb of the Kalgoorlie anticline (Fig 10). In all three locations the Eureka Dolerite is 
geochemically similar and varies in thickness from 100 to 200m (Fig. 8).  
 

The 200m thick dolerite intrusion in the eastern limb of the Kalgoorlie anticline 
occurring between the Paringa Basalt and Black Flag Beds is the Eureka Dolerite (Clout, 
1989). This dolerite sill is structurally juxtaposed with the thicker Golden Mile Dolerite 
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occurring on the western limb of the Kalgoorlie anticline (Fig. 4 and 10). The Fractionation 
trend of the Eureka Dolerite in this location indicates an eastward younging direction, which 
is consistent with a position in the eastern limb of the Kalgoorlie anticline. In that location, 
The Eureka Dolerite overlies the tholeiitic portion of the Paringa Basalt without the 
occurrence of high iron tholeiites. The stratigraphy of the eastern limb of the Kalgoorlie 
anticline implies that the Golden Mile Dolerite terminates in association with the Kalgoorlie 
anticline axis, implying that it overprints an early fault.   
 
Golden Mile Dolerite and Paringa Basalt, lateral variations 
 
Golden Mile Dolerite West limb vs East limb of the Kalgoorlie syncline 
 

The Golden Mile Dolerite is a large differentiated mafic intrusion with important lateral 
variations in terms of thickness, internal magmatic layering and geochemistry (Travis et al. 
1971). The Golden Mile Dolerite in the western and eastern limb of the Kalgoorlie syncline, 
within the Golden Mile deposit area, present significant differences in the thickness of 
magmatic layers (Fig. 3). In both limbs the overall thickness of the Golden Mile Dolerite is 
roughly the same (650 - 750m). The thickness of the granophyric unit 8 and the magnetite-
rich Unit 6 and 7 are also approximately the same (U8=100-150m, U6 and 7=150m). In 
addition, the mineralogy and geochemical composition of individual magmatic layers are also 
broadly the same in both limbs of the syncline. However, in the eastern limb of the syncline 
the roof section of the Golden Mile Dolerite (Unit 9) is significantly thicker (350 m) than the 
floor section (U6-7=150m, Unit 1 to 5= 100m). Whereas, in the western limb of the syncline 
the roof section (U9=250m) is significantly thinner than the floor section (U1 to 5=250m, U6 
and 7=150 m). In addition, has noted above the occurrence of unit 8a is restricted to the 
western limb of the Kalgoorlie syncline and has not been documented in the eastern limb.   
 
Lateral variation north vs south end of the Eastern Lode Domain 
 

The Golden Mile Dolerite, in the eastern limb of the Kalgoorlie syncline, displays a 
moderate thinning from 750m at the northern end of the Eastern Lode Domain to 
approximately 650m at the southern end. This decrease in thickness of the Golden Mile 
Dolerite affects mostly the middle units 6 and 7, which decrease in aggregate thickness from 
150m to 50m. This thinning of the Golden Mile Dolerite occurs roughly between sections 
47600mN and 48170 mN, which is significantly north of the Adelaide fault and obviously not 
associated. This change in thickness of the Golden Mile Dolerite occurs roughly at the same 
location than the abrupt change in thickness of the high iron tholeiite within the upper Paringa 
Basalt (Fig. 3). In addition these abrupt changes in thickness of these units occur in 
association with the northern termination of the Lake View syncline (Fig. 4).  
 

The abrupt changes in thickness of the Golden Mile Dolerite and of the underlying 
Paringa Basalt are quite possibly controlled by an early syn-volcanic structure. This structure, 
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although poorly constrained in terms of location, may have had an important control in the 
location and geometry of the Lake View syncline as well.  
 
Lateral variation east-west in the Eastern Lode Domain - Kalgoorlie anticline 
 

Within the eastern Lode Domain the Golden Mile Dolerite also displays a gradual 
thinning and a gradual lensing out of magmatic layers eastward, towards the Kalgoorlie 
anticlinal hinge. Within close proximity to the Kalgoorlie anticlinal hinge, the Golden Mile 
Dolerite consists of unit 9 in direct contact with units 2 to 5, without the magnetite–rich middle 
units (U6, 7 and 8). These lateral variations within the Eastern Lode Domain Golden Mile 
Dolerite are observable in the southern portion of the Golden Mile deposit where the Golden 
Mile Dolerite occurs in continuity with the Eureka Dolerite in the Kalgoorlie anticlinal hinge 
(Fig. 4). Further north this same position is above the current erosional level.  
 

The Kalgoorlie anticline is interpreted to be formed at the location of a major normal 
growth fault representing the eastern edge of the Golden Mile Dolerite, based on the 
following evidence:  
(1) the absence of the Golden Mile Dolerite in the eastern limb of the Kalgoorlie anticline,  
(2) the gradual thinning and lensing out of the internal units of the Golden Mile Dolerite close 

to the Kalgoorlie anticline hinge and,  
(3) the thicker roof section in the Golden Mile Dolerite of the Eastern Lode Domain.  
The geometry of the eastern margin of the Golden Mile Dolerite and the associated lateral 
variations in the magmatic layering are broadly comparable to the margins of the Skaergaard 
intrusion, which were recently interpreted to be structurally controlled (Nielsen, 2004).   
 

The lateral variations within the Golden Mile Dolerite in the Eastern Lode Domain 
have led recent workers to separate the Golden Mile Dolerite in two distinct intrusions, the 
Golden Mile Dolerite, and the Aberdare Dolerite to the south (Clout, 1989, Swe, 1994). The 
two distinct dolerites were interpreted to be tectonically juxtaposed by the Adelaide fault 
(Clout, 1989; Swe, 1994). This interpretation had important implications in terms of the 
interpretation of the structural architecture of the Golden Mile deposit (Bateman et. al., 2001). 
This study reveals instead a gradual southward attenuation of the fractionation and resulting 
magmatic layering of the Golden Mile Dolerite unrelated to the Adelaide fault. Drill holes 
north and south of the Adelaide fault, display similar telescoped and poorly developed 
internal units 6 to 8. Furthermore, the internal layering of the Golden Mile Dolerite is 
consistent across the Adelaide fault as documented in several drill holes (Fig. 10). This 
illustrates that the variation in the fractionation of the Golden Mile Dolerite is gradual from 
north to south and there is no clear contact between the well-differentiated Golden Mile 
Dolerite in the north and the less well fractionated Golden Mile Dolerite in the south. This 
confirms the continuity of the Golden Mile Dolerite south of the Adelaide fault and into the 
“Aberdare Dolerite” domain as previously interpreted by Travis et al. (1971).  
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Black Flag Group  
 

The Black Flag Group constitutes a thick sequence of intermediate to felsic volcanics 
with associated volcaniclastics, interbedded with quartzo-feldspathic siltstone and sandstone 
(Swager et al., 1992). Although the Black Flag Group is in excess of 1 km thick, this 
sequence is regionally not well documented as it is poorly exposed and is characterised by a 
low endowment of gold and base metals. 
 

The Black Flag Group has been recently separated in at least two separate 
sequences separated by a major unconformity (Krapez, 2001). The older sequence is 
characterised by fine-grained clastic sediments and intermediate volcanics, which were 
dated at approximately 2681Ma (Nelson 1997). This sequence is unconformably overlain by 
conglomerates and sandstones with a minimum age of 2656Ma based on detrital zircons 
(Krapez et al. 2001). These conglomerates contain well-rounded clasts of feldspar porphyry 
and are also cut by feldspar porphyry dykes (Ong, 1994).    
 

In the Golden Mile deposit area, the base of the Black Flag Group consists of Black 
Mudstone inter-bedded with siltstone and sandstone beds (Ong, 1994). These deep water 
clastic sediments are similar to the interflow black mudstones, which are inter-bedded with 
the upper part of the Paringa Basalt and associated sub-volcanic sills. These interflow 
sediments are increasingly abundant and thicker towards the top of the Paringa Basalt in 
association with the waning stages of the mafic volcanism. Therefore, this contact between 
the Black Flag Group and the underlying Paringa Basalt, at the Golden Mile deposit, is 
transitional rather than unconformity related (Krapez et al. 2001). East of the Golden Mile 
deposit, a fine to medium grained greywacke, possibly volcaniclastic in nature, of at least 
200m true thickness overlies the basal mudstone unit of the Black Flag Group (Fig. 11).  
 

To the south of the Golden Mile deposit the geology of the Black Flag Group 
sequence is complex. A 100 to 400m thick, composite feldspar porphyry dyke occurs roughly 
along the trace of the Kalgoorlie syncline (Fig. 6). This steeply west dipping feldspar porphyry 
intrusion cuts through the folded mafic volcanic, Golden Mile Dolerite and overlying Black 
Flag Group sequence (Fig. 12). This large feldspar porphyry dyke is composite in nature and 
contains several high level textures which have led previous workers to interpret this 
discordant intrusion as a felsic volcanic unit (Morris and Witt, 1997, Ong, 1994). Wide zones 
of intrusive breccias, occur mainly along the margins of the large feldspar porphyry intrusion. 
Furthermore, smaller associated feldspar porphyry dykes commonly display peperitic 
textures along the contacts with the black shale (Ong, 1994). These zones of intrusive 
brecciation within the lower Black Flag Group have been documented as extrusive and/or 
sedimentary in nature in the past (Ong, 1994, Golding, 1985).  
 

Further to the south along the trace of the Kalgoorlie syncline and spatially associated 
with feldspar porphyry intrusions, unconformity-related conglomerates and associated coarse 
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grained sandstones have been mapped (Fig. 6). These younger conglomerates contain 
clasts of Golden Mile Dolerite and of feldspar porphyry dykes.  
 

Golden Mile dykes 
 

Dykes form a volumetrically minor component of the Golden Mile deposit host 
lithologies. However, their close spatial relationship with the Fimiston gold bearing lodes has 
long been recognised (Stillwell, 1929). These dykes provide important relative and absolute 
timing constrain for the multiple structural and hydrothermal events at the Golden Mile (e.g. 
Mueller at al. 1987). In addition, they are important structural markers to unravel the motion 
of major faults.  Four main types of dykes are recognised at the Golden Mile deposit, they 
are in chronological order:  
 
(1) Fine-grained mafic dykes, occurring in Black Flag Group, (2) feldspar porphyry dykes, the 
most volumetrically important category, (3) Hornblende porphyry dykes and, (4) 
lamprophyres.   
 
Fine-grained Mafic dykes 
 

Mafic dykes are fine grained, chloritic and commonly contain vesicular chill margins. 
They have been documented within the lower black shale portion of the Black Flag Group 
sediments. The contact between these dykes and sediments is very irregular and commonly 
peperitic in nature (Fig 13a). These dykes are commonly strongly sericite + ankerite altered, 
within the Golden Mile deposit, which tends to give them a more siliceous aspect. They have 
been previously described within the feldspar porphyry dyke category. However clear cross 
cutting relationships indicate that the feldspar porphyry dykes cross-cut these early fine-
grained mafic dykes (Fig. 14). 
 

The common peperitic contact of these mafic dykes with the Black Flag sediments 
suggests a relatively high level of emplacement within wet and poorly consolidated 
sediments. These dykes are documented in core only and their geometry is poorly 
constrained. At this stage, these fine grained mafic dykes have been only documented within 
the Black Flag Group sediments and not within the later Golden Mile Dolerite sill. This fact 
combined with the common peperitic contacts of the dykes, suggest a possible syn-volcanic 
timing of emplacement and association with the waning stages of the Paringa Basalt 
volcanism.       
 
Feldspar porphyry dykes   
 

The feldspar porphyry dykes contain generally 10 to 40% plagioclase phenocrysts 2 
to 10 mm in size and 1 to 10% small rounded quartz phenocrysts within a fine grained 
quartzo-feldspathic groundmass. These dykes also contain trace to 10% hornblende 
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phenocrysts. The plagioclase phenocryst content is highly variable and glomeroporphyritic 
textures are locally developed. The feldspar porphyry dykes typically contain 1 to 10% fine-
grained chloritic xenoliths ranging in size from a few millimeters to greater than 50mm. The 
xenoliths are particularly abundant at the margins of the dykes and in some feldspar 
porphyry dykes a gradual gradation is observed into intrusive breccia facies, consisting of 
wall rock fragments within a feldspar porphyry matrix (Fig. 13c). The feldspar porphyry dykes 
within the Golden Mile deposit are pervasively sericite + carbonate altered and variably 
hematitic. Small intrusive breccias commonly occur in close proximity to the feldspar 
porphyry dyke contacts. The contacts of the feldspar porphyry dykes are commonly irregular 
and peperitic where intruding into mudstone of the Black Flag Group or interflow sediments 
in the Paringa Basalt (Fig. 14; Ong, 1994). The feldspar porphyry dykes are intermediate to 
felsic, calc-alkaline in composition. 
 

The feldspar porphyry dykes are particularly abundant within the Black Flag Group 
sediment wedge separating the Eastern and Western lode Domain (Fig. 4). There is also two 
main large feldspar porphyry dykes occurring within the Eastern Lode Domain, which are 
continuous along strike for at least 2km, and down dip for at least 1.5km. These two dykes 
vary in thickness from 5 to 20m and are dissected by numerous late faults. Another large 
feldspar porphyry dyke, 100 to 200m in thickness occurs south of the Golden Mile Deposit 
(Fig. 6). In addition, numerous smaller feldspar porphyry dykes occur in the Eastern and 
Western Lode Domains.     
 

The feldspar porphyry dykes present several textures, which suggest that they were 
intruded at high levels, these include: 
 
1- Porphyritic texture. 
2- Peperitic textures and local fluidal breccias, where intruded within mudstones.  
3- Common intrusive breccia facies. 
4- Ubiquitous presence of 1 to 10% xenoliths.  
 
Intrusive breccia facies 
 

The intrusive breccias occur typically at the margin of large feldspar porphyry dykes, 
or as small individual breccias commonly occurring close to a larger coherent feldspar 
porphyry dyke. These breccias occur within all the host rocks present at the Golden Mile and 
typically grade from angular jig saw fit of feldspar porphyry clasts within the host rock matrix 
to more heterolithic and matrix supported breccias. Some exotic fragments documented 
within these breccias have traveled up to 600m away from their source.   
 

A 100 to 200m thick feldspar porphyry intrusion occurring south of the Golden Mile 
deposit provides a good example of intrusive breccia facies, which commonly occur at the 
margin of the feldspar porphyry dykes. This feldspar porphyry intrusion displays a gradual 
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increase in xenolith content towards its margins, grading into a 10 to 20 m thick intrusive 
breccia at the contacts with the Golden Mile Dolerite (Fig. 12). The xenoliths also increase 
gradually in size towards the contacts and consist dominantly of angular strongly chloritised 
and epidotised Golden Mile Dolerite clasts. The intrusive breccia is characterised by angular 
fragments of feldspar porphyry and host Golden Mile Dolerite intermixed (fig. 13c). The 
feldspar porphyry breccia also contains exotic fragments.   
 

The relative timing of the intrusive porphyry breccias as contemporaneous with the 
feldspar porphyry dyke emplacement is supported by the occurrence of such a breccia on 
the Perseverance level 20, along the margin of a large feldspar porphyry dyke, east of the 
dyke lode (Fig. 15). The feldspar porphyry dyke occurs within the Paringa Basalt and an 
intrusive breccia is developed within a 1m thick bed of interflow black shale along the margin 
of the feldspar porphyry dyke. The intrusive breccia displays a clear evolution from a jig saw 
puzzle fit of clasts at its margin to a matrix-supported breccia with angular fragments of 
Feldspar porphyry within fine-grained wall-rock matrix (Fig. 16a). This intrusive breccia is 
itself cross cut by a later feldspar porphyry dyke, texturally and mineralogically similar to the 
larger feldspar porphyry dyke (Fig. 16b). The close timing relationship between the intrusive 
breccia and the emplacement of the later cross cutting feldspar porphyry dyke supports the 
interpretation of this breccia being intrusive in nature rather than tectonic.  
 

A porphyry dyke breccia, cross cutting the Paringa Basalt, occurs within a few meters 
of a thick feldspar porphyry dyke. This breccia consists of 80% feldspar porphyry dyke 
fragments, which themselves contain 10% coarse-grained plagioclase phenocrysts, within a 
chloritic matrix. The fragments vary in shape from well rounded to angular with a jigsaw fit of 
clasts with adjacent fragments (Fig. 16c). The breccia also contains a few exotic fragments. 
These consist dominantly of fine grained chloritic basalt but also include, pyrrhotite rich high 
magnesium basalt clasts, similar to the lower portion of the Paringa Basalt sequence and 
very strongly sericitised felsic clasts strongly flattened in the foliation plane (Fig. 16c). The 
strain-state of the breccia is moderate, there is a good foliation within the chloritic 
groundmass and the feldspar porphyry fragments display weak flattening and alignment 
along the foliation plane. The exotic clasts suggest that some sericitic alteration and pyrhotite 
mineralisation within the Paringa Basalt pre-dates the emplacement of the feldspar porphyry 
dykes and by extension the Fimiston Gold event.  
 
Magmatic breccia vs cataclasite 
 

The intrusive breccias, common at the margin of the feldspar porphyry dykes, were 
interpreted as cataclasites by Clout (1989). The following evidence indicates that the 
porphyry breccias are magmatic in nature and document a shallow level of emplacement:  
 
1) The breccias display weak to moderate strain state, flattening of clasts is common but 

generally without evidence of clast rotation and the weak strain state of the surrounding 
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wall rock is also inconsistent with a tectonic breccia.  
2) The brecciation is temporally closely associated with the emplacement of the feldspar 

porphyry dykes as documented by mutually cross cutting relationships. 
3) The intrusive breccias at the margins of large dykes commonly display a gradation from 

feldspar porphyry, rich in xenoliths to intrusive breccia at the margin of the dykes. 
4) The common occurrence of exotic fragments within the breccia, with in some cases 

fragments having traveled at least 600m upward is consistent with the interpretation of a 
magmatic breccia.  

 
Magmatic breccia vs extrusive facies in the Black Flag Beds 
 

The large Feldspar porphyry intrusion occurring to the south of the Golden Mile 
deposit has a particularly wide breccia facies associated with its contacts (10-20m). In drill 
holes where this intrusion cross cuts the Black Flag Beds and the top part of the Golden Mile 
Dolerite previous workers have interpreted these breccia facies as extrusive in nature 
(Golding, 1979, 1985; Ong, 1994). However, more recent drilling clearly document this 
intrusion as a steep west dipping dyke cross cutting the Golden Mile Dolerite (Fig. 12). In 
addition, the presence of peperitic brecciation at the margin of some feldspar porphyry dykes 
intruding the Black Flag Group mudstones was also used as evidence of these being 
extrusive in nature (Ong, 94). However, a feldspar porphyry dyke with peperitic margins, 
documented undergroud within the Black Flag Group sediments, is clearly discordant to 
bedding planes and of similar orientation to other feldspar porphyry dykes (Fig. 14).  
 
Hornblende porphyry dykes  
 

The hornblende porphyry dykes are generally 1 to 5 m in thickness and are less 
abundant than the feldspar porphyry dykes (Stillwell, 1929). The Hornblende Porphyry Dykes 
generally contain 10 to 40% hornblende phenocrysts 2 to 10 mm in size, commonly aligned 
along the NW penetrative foliation planes. The dykes also contain 5 to10% plagioclase 
phenocrysts and 1 to 10% round quartz phenocrysts. Within the Golden Mile deposit, these 
dykes are ubiquitously altered to an assemblage of carbonate and sericite. The hornblende 
phenocrysts are completely replaced by carbonate + chlorite + oxides. The hornblende 
porphyry dykes have an alkaline affinity as indicated by their enrichment in incompatible 
elements such as P2O5, Zr and Y (Fig. 17). This is evidence that these dykes were formed 
by a distinct magmatic event from the earlier feldspar porphyry dykes of calk-alkaline affinity.   
 

FIMISTON GOLD MINERALISATION 
 

A good understanding of the nature of the Fimiston-style gold mineralisation is 
important to correctly determine the timing of the gold mineralisation relative to the various 
structural elements. The Fimiston-style mineralisation is characterised by a complex 
paragenetic evolution and also by mineralogical and textural zonations within individual lodes 
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(Clout, 1989). The Golden Mile ore-system is very large, consisting of many hundreds of 
individual lodes, and has been exploited over an extended period of time. Therefore, 
unravelling the complexity of this ore-system is not a simple task. In addition to the complex 
paragenesis of the Fimiston gold event itself, other temporally distinct hydrothermal events 
clearly pre-date and post-date the Fimiston gold event and are also documented within the 
Golden Mile deposit. For instance, the late stage Mt-Charlotte style quartz-carbonate vein 
stockwork, itself a major gold mineralisation event, clearly post dates the Fimiston gold 
mineralisation event (Clout et al., 1990, Bateman et. al. 2001). In the Golden Mile deposit 
itself, the Drysdale and Golden Pike quartz-carbonate vein stockworks, are Mt-Charlotte type 
quartz-carbonate vein stockworks which clearly cross cut the Fimiston lodes (Clout, 1989). 
This highlights that each mineralisation event has to be well characterised in order to avoid 
confusion in assessing the relative chronology of their respective emplacement. 
 
Fimiston Lode geometric characteristics 
 

The Fimiston lodes form narrow, generally less than 2m thick, vertically and laterally 
extensive lodes (up to 1200m vertical and >1000m along strike). The vertical continuity of 
currently uneconomic lode extensions has been documented down to 1.8km vertical depth. 
These Fimiston lodes occur in three principal orientations: Main N140°/80°W, Caunter 
N115°/55° to 80°W and Cross Lodes N050°/90° to 80° N-S, both in the Western and Eastern 
Lode domains (Finucane, 1948). The Main and Caunter lodes are the dominant sets both in 
the Western and Eastern Lode Domains. The lodes in the Western Lode Domain display 
good lateral and vertical continuity whereas lodes in the Eastern Lode Domain are 
segmented by numerous steep reverse faults. The lodes in the Western and Eastern Lode 
Domains form a funnel shaped array, which is sub-vertical in the Western Lode Domain and 
steeply west dipping in the Eastern Lode Domain (Fig. 18). 
 

In the Western Lode Domain, the Fimiston lodes form a sub-vertical network 1.6 km 
in strike length and up to 1.1 km in vertical extent. The lodes occur mainly within the steeply 
west dipping Unit 9 of the Golden Mile Dolerite, bounded by the Black Flag Group on the 
Eastern side and Unit 8 on the Western side (Fig. 4). The core of the Western Lode Domain 
is spatially associated with a bend in the Golden Mile Fault, from a strike of 135°N in the 
northern part of the Western Lode Domain to 120°N in the southern part (Fig. 4). The Lodes 
themselves occur within a roughly 135°N striking envelope. Furthermore, in sections the 
lodes are also associated with a jog in the Golden Mile fault from sub-vertically dipping near 
surface, to 80° west dipping at deeper levels. The lodes themselves display the same jog in 
their dip from sub-vertical near surface to 80° west dipping at deeper levels (Fig 18).  
 

The main lodes of the Western Lode Domain occur in close proximity and partly 
within the Black Flag Group mudstone, the lodes being gradually smaller and lower grade 
away from the Black Flag Group (Larcombe, 1912). The high grade portion of the giant Great 
Boulder #4 Lode displays a clear spatial relationship with the contact between Unit 9 and the 
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Black Flag Group (Fig. 19, Larcombe, 1912). The lodes of the Western Lode Domain display 
a clear vertical zonation in gold grade. This is well illustrated by Lode #4, where the gold 
grades decrease markedly from the bonanza grades at the top 400m of the system to sub-
economic gold grades below the 1100m level (Larcombe, 1912, Clout, 1989; Fig. 19). As the 
Western Lodes consist of a sub-vertical array of lodes within a sub-vertical host rock 
sequence, this vertical zonation in gold grades is unlikely to be lithologically controlled.  
 

In the Eastern Lode Domain, the lodes form a steeply west dipping network extending 
for 3km along strike. The alteration and gold mineralisation associated with the Eastern 
Lodes extends for a further 10 km to the NNW where it comprises several smaller gold 
deposits such as the Croesus Mine and Mt Percy deposit. The lode array within the Eastern 
Lode Domain has a pronounced funnel shape, which is controlled by the shallow western dip 
of the Golden Mile Dolerite (Fig. 18). The Fimiston lodes and the associated proximal 
alteration forms a mineralisation envelope approximately 200 to 300m wide in the Paringa 
Basalt, under the Golden Mile Dolerite, and blows out to a 500-600m wide zone of 
mineralisation within the overlying Golden Mile Dolerite (Fig. 11). The lodes themselves are 
steeply west dipping and the economic portion is generally limited to the Golden Mile Dolerite 
and extends rarely more than 50 to 100m below, in the Paringa Basalt (Woodall, 1965). In 
the Eastern Lode Domain the lodes are strongly discordant to the shallow dipping 
stratigraphy and stratigraphic contacts have a clear influence on the location of high grade 
ore shoots within lodes.   
 
Fimiston lode paragenesis 
 
STAGE 1, Early iron-carbonate + magnetite + haematite + quartz veins and breccias 
 

The earliest stage of the Fimiston paragenesis consists of widespread carbonate-rich 
breccias and veins. This early carbonate-rich alteration event does not host significant gold 
grades and pre-dates the introduction of the main gold bearing stages of the Fimiston 
paragenesis (Bartram, 1969). The carbonate breccias are particularly well developed within 
the more competent units of the Golden Mile Dolerite, the granophyric Unit 8 and Unit 7. The 
carbonate breccias and veins display a clear spatial association with the later stage Fimiston 
lodes. However the zones of carbonate brecciation form broad envelopes, several tens of 
meters wide, which are cross cut by the narrow Fimiston lodes. Clear cross-cutting 
relationships indicate that the Fimiston lodes post-date the carbonate brecciation and are not 
synchronous (Fig. 20a). The carbonate breccias have jig saw puzzle style textures typical of 
hydrothermal breccias. The mineralogy of the breccia-fill material ranges from iron-carbonate 
dominant in wide zones of hydrothermal brecciation to narrower zones of ankerite + quartz + 
magnetite + haematite breccias and veins with locally well-developed infill textures (Fig. 20b). 
The magnetite content is variable and locally massive magnetite bands up to a few 
centimeters in thickness occur within these breccias. These early carbonate breccias grade 
locally into black heamatite-rich breccias with the same textural characteristics and temporal 
relationships (Fig. 20c). Magnetite and quartz + magnetite veins, which are part of this 



20 

paragenetic stage, display a spatial relationship with the feldspar porphyry dykes. These 
veins also display mutually cross cutting relationships with the feldspar porphyry dykes and 
associated magmatic breccias indicating a contemporaneous development (Fig. 20d and 
20e). 
 
Fimiston lode stages  
 

The Fimiston lode paragenetic stages display close spatial and temporal relationships 
and are part of a complex evolving system (Clout, 1989). As such they tend to overlap and 
form complex mutually cross-cutting relationships. In addition, mineralogical zonations 
associated with alteration and mineralisation within the Fimiston lodes are also complex 
(Clout, 1989). The aggregate or in some cases only one of the following Fimiston 
paragenetic stage is referred to as a “Fimiston Lode”.  
 

High gold grades and abundant tellurides are associated with these three stages of 
the Fimiston paragenesis.    
 
Stage 2 - Disseminated pyrite + sericite + quartz + carbonate + tourmaline  
 

The early stage of the Fimiston lode paragenesis consists of finely disseminated 
pyrite + quartz + sericite + carbonate and locally pyrite veinlets. The pyrite forms 
concentration of 10 to 20wt% generally, but locally up to 50wt% and occurs as broadly 
disseminated zones or concentrated in narrow veinlets forming stockworks. These zones of 
pyrite-rich disseminations are also commonly concentrated in pillow rims and flow breccia 
matrix within the Paringa Basalt (Fig. 20f). Zones of pyrite-rich disseminations dominate the 
Fimiston lodes within the Paringa Basalt and to a lesser extent within Unit 8 of the Golden 
Mile Dolerite where they form relatively broad zones in association with Fimiston lodes. 
These zones of pyrite dissemination have typically gold grades ranging from 1 to 10 g/t, 
although locally high gold grades are associated with pyrite + tourmaline veinlets. This gold 
mineralisation stage is characterised by a high silver to gold ratio (commonly Ag>Au), which 
contrasts with the last two stages of the Fimiston paragenesis, which have high gold to silver 
ratios (Fig. 20f).    
 

Tourmaline is commonly associated with the pyrite-rich veins and zones of 
disseminations (Fig. 20g). The pyrite-rich disseminations generally grade outward into zones 
of sericite + iron carbonate alteration with lower concentrations of pyrite (1-5wt%). Magnetite 
is commonly associated with the margins of these zones of pyrite dissemination. The 
margins of these zones of pyrite-rich disseminations are similar in mineralogy and mode of 
occurrence to the selvedges formed along the later stage quartz veinlets and laminated 
quartz-carbonate veins. However, they form a distinct ore occurrence group and field 
relationships indicate that they pre-date the former.  
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Stage 2a, Green leader style (roescoelite alteration)   
 

The green leader-type ore consists of disseminated pyrite + gold + tellurides within 
roscoelite-rich alteration zones (Stillwell, 1929; Scantelburry, 1984). Tourmaline is also 
commonly associated with this mineralisation style. This stage of Fimiston mineralisation 
represents a sub-set of the disseminated pyrite stage (Clout, 1989). This ore-type forms ore 
shoots of bonanza gold grades, the Oroya lode (2.1 Moz gold at average grade of 31 g/t 
gold) and the Duck Pond ore shoot (Ave grade of 1245 g/t gold) being the most famous. 
These ore shoots formed in association and towards the top of typical Fimiston type lodes 
(Clout, 1989). Both the Oroya and Duck Pond ore-shoots formed flat lying cigar-shaped 
lenses, which are controlled by the intersection between a steeply west dipping Fimiston lode 
and shallow dipping lithological contacts. In both cases these ore shoots underly black 
shales. The Duck Pond ore shoot is clearly a part and forms a zonation within the giant Lake 
View lode (Clout, 1989). It is spatially associated with the infold of Black Flag Beds in the 
Lake View syncline, although not formed directly in contact with the black shales (Clout, 
1989).  
 

For the Oroya lode, a local fault jog associated with shallow west dipping thrust faults 
has been advocated as an important control (Stillwell, 1929). However, this shallow dipping 
thrust fault set is ubiquitously late-stage throughout the Golden Mile and invariably offsets 
Fimiston lodes elsewhere (e.g. Wells, 1969). This relationship has led Bateman et al. (2001) 
to propose a later timing for the formation of the Oroya lode compared to the Fimiston 
mineralisation event. 
 
Stage 3 - Quartz (+/-carbonate) veinlets and breccias 
 

Arrays of Quartz veinlets, generally 5mm to 20mm in thickness form stockworks 
within Fimiston lodes. These veinlets locally grade into thicker breccias, commonly 
containing mineralised wall rock fragments (Fig. 20h). These veinlets and breccias display 
narrow pyrite + sericite + iron carbonate alteration selvedges grading outward to sericite + 
iron carbonate. These veinlets and breccias host high grades of gold with associated 
tellurides, and they generally form the high grade portion of lodes. The quartz veinlets have 
well-developed comb textures and the quartz breccias display a range of infill textures. The 
veinlets are dominated by quartz but also contain carbonate occurring as discreet bands 
within the veins and breccias. Anhydrite has also been reported as a locally important infill 
component of these veinlets and breccias (Clout, 1989). The quartz veinlets clearly cross cut 
pyrite-rich zones establishing a clear paragenetic sequence (Fig. 20g and 23a).    
 
Stage 4 - Banded quartz-carbonate veins 
 

Banded quartz-carbonate veins, generally 2 to 10cm in thickness form the latest part 
of the Fimiston paragenesis. These veins are commonly oriented in orientations close to the 
typical cross lode orientations (Ave 238°/65°W and 22°/59°E) and also in Caunter lode 
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orientations (Ave 108°/77°W; Fig. 21). These banded veins cross cut the two previous stages 
of the Fimiston lode paragenetic sequence. The veins display fine alternating bands of quartz 
and carbonates with locally pyrite concentrated along individual bands. These veins display 
variably well-developed selvedges of pyrite + sericite + carbonates, and gold grades 
correlate well with the amount of pyrite associated with these veins. The gold grade in these 
veins is highly variable and these veins are commonly barren at the periphery of the deposit.   
 
Controls on the mineralisation styles 
 

The Fimiston lodes consist predominantly of zones of replacement characterised by 
brecciation and fracture filling rather than being part of ductile shear zones, as previously 
described (Boulter, 1987). There is typically little or no displacement associated with the 
lodes, unless transposed by later shear zones (Fig. 22). Furthermore, the lodes commonly 
occur in zones of low strain. Within the Paringa Basalt, pillows and flow breccia textures are 
commonly well preserved within lodes and form strain markers indicative of low strain state 
(fig. 23a and 23b). The nature and distribution of the various Fimiston paragenetic stages 
and the associated gold grade is strongly controlled by the nature of the host lithology. In 
addition, lithological contacts form an important locus of mineralisation.   
 

Within the Paringa Basalt the Fimiston gold mineralisation consists predominantly of 
the stage 2, disseminated pyrite with quartz and carbonate grading to pyrite + quartz + 
carbonate breccias, associated with carbonate + sericite alteration selvedges. The 
mineralisation is commonly concentrated in pillow rims and flow breccia matrix (Fig. 20f). In 
contrast, in the Golden Mile Dolerite, quartz veinlets and quartz breccia stockworks occur 
widely throughout the Fimiston lodes and host the bulk of the high grade gold mineralisation 
(Fig. 20 h and 20i). As a result of the host rock control on the distribution of the paragenetic 
stages, gold mineralisation in the Paringa Basalt tends to have a high silver to gold ratio 
(Ag>Au), whereas gold mineralisation in the Golden Mile Dolerite has dominantly a high gold 
to silver ratio (Fig. 24). Furthermore, the gold mineralisation in the Paringa Basalt tends to be 
sub-economic and the bulk of the economic gold mineralisation is hosted in the Golden Mile 
Dolerite (Woodall, 1965).  
 

In the black mudstone of the Black Flag Group the Fimiston lodes consist dominantly 
of wide zones of quartz veins and breccias hosting generally low gold grades (Fig. 25 and b). 
Within the feldspar porphyry dykes Fimiston lode mineralisation consists dominantly of 
disseminated pyrite with sericite + quartz + carbonate alteration and also with generally low 
gold grades. 
 

High grade ore shoots within Fimiston lodes commonly occur along the intersection of 
lodes with lithological contacts. These ore shoots are steeply south plunging where west 
dipping Fimiston lodes oriented west-northwest to northwest intersect steeply west dipping 
lithological contacts. This is the case in the Western Lode Domain where steeply south 
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plunging high grade ore shoots occur along the contact between the Golden Mile Dolerite 
and Black Flag Group (Fig. 19). In the Eastern Lode Domain steeply south plunging high 
grade ore shoots occur at the intersection of Fimiston lodes with the contacts between the 
Golden Mile Dolerite and feldspar porphyry dykes (Larcombe, 1927). Shallow south plunging 
ore shoots occur in the Eastern Lode Domain at the intersection of steeply southwest dipping 
lodes and shallow west dipping stratigraphic contacts. This is the case of the spectacular 
Duck Pond and Oroya ore shoots as outlined above. The Federal lode also provides a good 
example of a sub-horizontal ore shoot formed at the contact between Paringa Basalt and 
overlying black shale in the Brownhill syncline area (Fig. 22). This sub-horizontal ore shoot 
occurs where the steeply southwest dipping Federal lodes blow out in a large ore shoot 
below a black shale horizon within the Paringa Basalt.  
 
Post Fimiston hydrothermal events – Syn to post northwest foliation 
 

The various sets of late veins which cross cut the Fimiston lodes are also separated 
from the Fimiston lodes by a NE-SW directed bulk shortening event with an associated 
northwest trending steeply west dipping foliation, which overprints the Fimiston mineralisation 
stage. 
 
Coarse Carbonate veins   
 

Sub-vertical barren coarse-grained carbonate veins are ubiquitous throughout the 
Golden Mile deposit area and are also a widely distributed regional feature. These veins are 
associated with the steep reverse faults and clearly cross cut Fimiston Lodes (Fig. 26).  
 
Mt-Charlotte type quartz-carbonate veins 
 

Mt-Charlotte type Quartz-carbonate veins occur in the Golden Mile deposit mostly 
within the most competent Unit 8 of the Golden Mile Dolerite and also within feldspar 
porphyry dykes. Two concentrations of these veins forming stockworks oriented dominantly 
north-south, steeply west dipping and sub-horizontal to shallow west dipping, occur along the 
Golden Pike fault within Unit 8 in the Western Lode Domain, the Golden Pike and Drysdale 
stockwork (Clout et al., 1990). These Mt-Charlotte type veins consist of coarse quartz + 
carbonate + sheelite with pyrite + sericite + iron carbonate selvedges (Ridley and Mengler, 
2000).  

 
STRUCTURAL ARCHITECTURE 

 
The relative chronology of folding and shearing at the Golden Mile was unravelled 

based on field relationships. The Golden Mile is characterised by two main phases of 
compressive deformation, the first one, referred regionally as D2, is responsible for regional 
scale, upright NNE to NE trending folds (Swager, 1997). The second one, D3 is responsible 
for bulk northeast-southwest shortening associated with a penetrative steeply west dipping 
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cleavage, folding and sinistral and reverse shear zones. The last deformation event, D4 is 
responsible for dextral transcurrent faulting. This framework is broadly consistent with the 
regional scale structural documentations of Swager, (1997).  
 

However, at the mine scale a wide variety of interpretations on the nature and relative 
chronology of individual structures present at the Golden Mile deposit have been proposed 
(Bateman and Haggeman, 2004; Swager, 1989, Clout, 1989, Boulter et. al., 1987). The 
relative chronology of the Golden Mile structures, as documented by this study, is 
summarised in Table 3. The field evidence for overprinting relationships and for the shear 
zone kinematics is discussed systematically for each set of structures in this section.   
 
REGIONAL SCALE, FOLDS - Kalgoorlie syncline anticline fold pair 
 

Major and trace element geochemistry, presented in the first part of this paper, has 
established the equivalence of the Golden Mile and Aberdare Dolerites across the late stage 
Adelaide Fault. On the basis of the gradational geochemical variations in the Golden Mile 
Dolerite sill across the fault, the regional continuity of the Golden Mile dolerite is established 
(Travis et al. 1971). In turn, this establishes the regional continuity of the north-northwest 
trending, upright and shallow south-plunging Kalgoorlie syncline-anticline pair (Fig. 6), which 
dominates the structural architecture of the Golden Mile (Woodall 1965, Travis et al. 1971). 
The Kalgoorlie syncline is an asymmetric fold the western limb is overturned being 80° west 
dipping, whereas the eastern limb is approximately 30° west dipping, after removing the 
offset of the late reverse faults. The Kalgoorlie anticline is a doubly plunging fold, plunging 
approximately 20° south in the Golden Mile deposit area, which results in progressively older 
units exposed along its axis towards the north-northwest. However, further to the north the 
fold plunges northward (Fig. 6). The axial plane of the Kalgoorlie anticline dips approximately 
80° west in the Golden Mile deposit area and also further to the north (Fig. 11).  
 

The Golden Mile deposit is spatially associated with a bend in the strike of the axial 
trace of the Kalgoorlie syncline-anticline pair from north-northwest striking to the south of the 
Golden Mile deposit to northwest striking at the Golden Mile deposit and further northward 
(Fig. 6). The dip of the western limb of the Kalgoorlie syncline is approximately 75° east 
dipping, within the north-northwest trending portion of the syncline and, 80° west dipping at 
the Golden Mile deposit and northward (Fig. 6).  
 

In the Golden Mile deposit area and northward, the hinge of the Kalgoorlie syncline is 
offset by the Golden Mile fault (Woodall, 1965). However, the hinge of the Kalgoorlie syncline 
is preserved approximately 2 km south of the Golden Mile deposit, and was intersected by 
drilling as documented by Travis et al. (1971). In that section, the synclinal hinge consists of 
a 12m interval of Black Flag Group consisting of finely bedded black shales and sandstones. 
The Black Flag Group is in contact with Unit 10 of the Golden Mile Dolerite (Chill margin) on 
both contacts. The other units of the Golden Mile Dolerite have a distribution into 



25 

progressively lower units of the Golden Mile Dolerite on either side of the fold hinge, 
consistent with a syncline (Travis et al. 1971). The strain-state of the Black Flag Group is 
weak, even at the eastern contact of the Black Flag Group sediments with the Golden Mile 
Dolerite, which is the typical position of the Golden Mile Fault. Along the contact the Black 
Flag Group, consists of Black shale, massive and weakly strained (Fig. 27). A conglomeratic 
sandstone bed occurring 50cm from the Eastern contact of the Black Flag Group with the 
Golden Mile Dolerite displays clasts slightly stretched into the foliation planes but these do 
not display rotation that would be indicative of non-coaxial strain (Fig. 27). Furthermore, 
delicate clasts of black shale are stretched but are still coherent and more resistant 
sandstone clasts have aspect ratios of approximately 2 to 1 which indicates only a weak to 
moderate strain-state. 
 

Smaller scale folds occur on the western limb of the Kalgoorlie Anticline within the 
Eastern Lode Domain of the Golden Mile Deposit area (Fig. 28). The Paringa Anticline and 
the Brownhill Syncline occur at the northern end of the Eastern Lode Domain and the Lake 
View Syncline at the southern end (Gustafson & Miller 1937). These folds form a set of 
conical en echelon synclines, with their axial trace parallel to the Kalgoorlie anticlinal axis 
(Campbell, 1958; Fig. 28). The Lake View syncline axial trace plunges steeply southward, 
whereas the axial trace of the Brownhill syncline plunges gently southward. The location of 
the termination and relay of these two right hand, en echelon synclines corresponds with the 
core of the Eastern Lode Domain (Gustafson & Miller 1937, Campbell, 1958; Fig. 37). 
Furthermore, the Lake View and the Oroya Lodes, two of the most prolific lodes of the 
Eastern Lode Domain, each having gold endowment exceeding 2 million ounces of gold, 
occur in close association with the axial trace of the Lake View and Brown Hill synclines 
respectively. Therefore, the en-echelon fold geometry of the Eastern Lode Domain is an 
important local control on the location of the Fimiston Lodes  (Gustafson & Miller 1937).   
   

These second order folds are spatially associated with the bend in the axial trace of 
the first order Kalgoorlie syncline-anticline fold pair (Fig. 6). The presence of these second 
order en-echelon synclines, combined with the change in dip of the western limb of the 
Kalgoorlie syncline in association with the bend of the folds axis trace, suggests that this 
bend is an early feature, which may have controlled the geometry of the folds. 
 

The Lake View syncline, exposed in the southern part of Super-pit, is defined by the 
occurrence of Black Flag Group sediments consisting of interbedded mudstone and 
siltstones defining a tight syncline within the Golden Mile Dolerite (Fig. 29). Individual beds 
within the Black Flag Group may be traced continuously across the hinge of the syncline. 
Furthermore, the upper chill margin of the Golden Mile Dolerite, Unit 10, underlies the Black 
Flag Group. The syncline is also well documented within the underlying Golden Mile Dolerite 
(Fig. 10). The reversal of the younging direction within Unit 9 of the Golden Mile Dolerite, 
from the western to the eastern hinge of the fold, is indicated by a reversal of the 
geochemical fractionation. In addition, Unit 8 occurs along the Golden Mile Fault and 
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displays a continuous section from Unit 8 to Unit 10, as confirmed by major and trace 
element geochemistry, indicating an eastern younging sequence consistent with the 
presence of the geometry of the Lake View syncline (Fig. 10).  
 

In the pit wall exposure of the Lake View syncline, the regional penetrative steeply 
west dipping  northwest foliation cuts both limbs of the fold with the same anti-clockwise 
discordant relationship, indicating that the fabric post-dates the fold (Fig. 29). This 
establishes that this fold is early and likely synchronous with the Kalgoorlie syncline-anticline 
given that they have sub-parallel fold axis.  
  
BOOMERANG ANTICLINE 
 

The Boomerang anticline is a regional scale fold occurring approximately 10 km 
north-northwest of the Golden Mile deposit (Fig. 6). The Boomerang anticline refolds the 
Kalgoorlie anticline-syncline pair and the Golden Mile Fault. The axial trace of the 
Boomerang anticline is parallel to the steeply west dipping penetrative northwest foliation 
which overprints the earlier folds at the Golden Mile.  
 
Faults   
 

The geometry and location of the various fault sets occurring at the Golden Mile 
deposit is generally well established (Gustafson and Miller, 1937, Finucane, 1941, Woodall, 
1965, Clout, 1989, Bateman et al. 2001). Emphasis is given in this study on the relative 
chronology of the main fault sets and their kinematics. The fault movements were measured, 
where possible, by resolving the offset of at least two planar surfaces of different 
orientations. These planar surfaces consist of stratigraphic contacts, other fault planes, 
dykes or lodes.  
 
Golden Mile fault - relationship to Kalgoorlie anticline-syncline pair 
 

In the Golden Mile deposit area and further north-northeast, the Golden Mile Fault, a 
steeply west dipping fault with a substantial normal displacement, offsets the hinge of the 
Kalgoorlie syncline (Fig. 4; Woodall 1965). In the Golden Mile deposit area, the Golden Mile 
Fault forms the eastern contact of a narrow band of Black Flag Group sediments consisting 
of finely bedded mudstone and sandstones, dipping 85W, with the Golden Mile Dolerite, 
dipping 30W and younging westward (Figs 4 and 10). The Golden Mile Fault itself, is an early 
fault as it is folded by the Boomerang anticline.  The narrow wedge of Back Flag Group 
sediments, occurring in the core of the Kalgoorlie syncline, is a weak lithological layer, 
wedged between two competent blocks of Golden Mile Dolerite on either sides (Figs 10 and 
11). As such it is a favourable site for the development of multiple generations of faults which 
record a complex kinematic history (Clout, 1989).  
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Within the Black Flag Group sediments well preserved younging indicators such as 
graded bedding, flames and load casts, near the western contact with the Golden Mile 
Dolerite indicate east younging direction, consistent with a position on the western limb of the 
Kalgoorlie syncline. Furthermore, within the Black Flag Group sediments small-scale upright 
folds with subvertical axial planes were mapped (Fig. 30). These folds are overprinted by the 
steeply west dipping northwest cleavage, which is clearly discordant to the axial plane of the 
folds, establishing that they are early folds. The western contact of the Black Flag Group 
sediments with the Golden Mile Dolerite is an intrusive contact as indicated by the wide and 
consistent chill margin occurring within the Golden Mile Dolerite (Travis et al. 1972). The 
narrow infold of Black Flag Group sediments is intruded by numerous steeply west dipping 
feldspar porphyry dykes sub-parallel to the trace of the Golden Mile Fault (Stillwell, 1929). 
These feldspar porphyry dykes are discordant to the Black Flag Group sediment bedding 
planes and of consistent orientation with the feldspar porphyry dykes occurring in other 
lithological units throughout the Golden Mile deposit (Fig. 16).  

 
Several steeply east and west dipping reverse faults occur within the Black Flag 

sediment wedge. In addition, later shallow dipping reverse faults commonly transect the 
Golden Mile Dolerite and the Black Flag sediment wedge with generally modest offset. One 
major late fault, which occurs systematically near the centre of the Black Flag Group 
sediments, extends over at least 2 km of strike length throughout the Golden Mile Deposit. 
This fault, characterised by a 30 cm to 1 m thick zone of graphitic fault gauge displays a 
dextral sense of movement as indicated by the sense of rotation of small drag folds and also 
slickensides in the fault planes (Fig 31). Furthermore, the stretching lineations within this 
N320°/85° west dipping fault plane are consistently sub-horizontal. This fault contains quartz-
carbonate veins completely dislocated and boudinaged, which suggests a complex history of 
repeated movement (Robert and Poulsen, 2001).  

 
A set of steeply east-dipping reverse faults occurs to the northeast of the Golden Mile 

Fault, within the Eastern Lode Domain. Several of these faults have dominantly reverse 
offsets of several hundred meters and merge into the Golden Mile Fault. Therefore, The 
reverse movement on these late faults is likely transferred onto the Golden Mile Fault plane. 
As such, a component of movement of the Golden Mile Fault is likely associated with these 
late reverse faults. The fact that the Golden Mile Fault systematically truncates the Fimiston 
lodes is consistent with the fact that these steep reverse faults consistently offset the 
Fimiston lodes (Bateman and Haggeman, 2004). Where the Golden Mile Fault offsets 
Fimiston lodes it displays an apparent dextral movement in plan view consistent with the 
reverse movement on the Steep east dipping reverse faults (Fig. 32).   
 

The Golden Mile Fault has been interpreted as an early thrust fault, pre dating the 
regional tilting of the stratigraphy by upright folding (Clout, 1989; Swager, 1989). In addition, 
the Kalgoorlie anticline was interpreted as an associated overturned hangingwall thrust ramp 
(Swager, 1989). This interpretation was made on the basis of the Kalgoorlie syncline lacking 
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a fold closure and the Black Flag Group sediments in the core of the Kalgoorlie syncline 
maintaining a constant thickness throughout the Golden Mile deposit and down to a vertical 
depth of at least 1.5km (Clout, 1990). Other evidence included the fact that the Golden Mile 
Fault has a parallel strike to its hanging wall stratigraphy and that it juxtaposes increasingly 
older stratigraphic sequences to the north (Bateman et. al. 2001).     
 

However, the Golden Mile Fault truncates the Lake View Syncline indicating that the 
initiation of the Golden Mile Fault postdates the development of this early upright fold (Fig. 
28). The trace of the Kalgoorlie anticline axial plane, now precisely defined by several deep 
drill holes, is also not parallel with the Golden Mile Fault. This is evident in the Golden Mile 
deposit area between section 49000 and 46500, where the Golden Mile Fault is not affected 
by the late Golden Pike and Adelaide faults (Fig. 28). The same discordant relationship 
between the Kalgoorlie anticline and the Golden Mile Fault applies at the regional scale, after 
removing the effect of late faults (Woodall and Travis, 1966). This relationship does not 
support the interpretation of the Golden Mile Fault as a thrust and the Kalgoorlie anticline as 
an overturned hangingwall anticline (Swager 1989).  The dip of the axial trace of the 
Kalgoorlie anticline (80°W) is shallower than the dip of the Golden Mile fault (85°W). As a 
result, because the axial trace of the Kalgoorlie anticline plunges southward (20°), it 
becomes progressively closer to the Golden Mile Fault to the north-northwest as previously 
documented (Woodall and Travis, 1966; Fig 6).  
 

Furthermore, the presence of the early Lake View and Brown Hill Synclines in the 
Eastern Lode Domain, on the western limb of the Kalgoorlie anticline is not consistent with 
the Kalgoorlie anticline being a trust ramp (Fig. 28). The progressively older stratigraphy 
exposed to the north-northwest along the trace of the Kalgoorlie anticline is explained by the 
southern plunge of the Kalgoorlie anticline and does not require the Golden Mile Fault to be 
an early trust fault (Woodall, 1965).  
 
Boulder fault – relationship to Golden Mile Fault 
 

The Golden Mile Deposit occurs in close proximity to the regional scale Boulder 
Lefroy fault (Fig. 6). Several Gold deposits within the southern portion of the Norseman 
Wiluna Greenstone belt, between Kambalda and Kalgoorlie, display a spatial association 
with this fault (Phillips et al. 1996). In addition, the Golden Mile deposit is located at a major 
bend in the strike of the Boulder fault. This regional scale sub-vertical structure is oriented 
north-northwest south of the Golden Mile deposit and northwest to the north of the deposit 
(Fig. 6). The Boulder Fault is sub-vertical and is interpreted as a sinistral strike slip fault with 
a displacement of approximately 12km (Swager, 1989). The Boulder fault truncates the 
Boomerang anticline. This establishes the Boulder fault as a later fault than the Golden Mile 
fault. 
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Steep Reverse shears  
 

A network of northwest to north-northwest trending reverse shear zones, dominantly 
steeply northeast dipping offset the stratigraphy, porphyry dykes and Fimiston lodes. The 
main component of movement on these shears is northeast block up, wether the shears are 
steeply northeast or southwest dipping. These shears are concentrated in the northwest 
portion of the Eastern Lode Domain, where they display a strong spatial relationship with the 
Fimiston lodes (Fig. 28). 
 

The Australia East, Kalgoorlie, Kalgoorlie North, “A” and “C” faults are the main 
shears of this set. These shears are part of complex arrays of shears with smaller associated 
displacement within this shear network. Most of these individual shears are narrow zones 
characterised by several centimetre-scale shear planes over a 1 to 2 m width.  
 

Within this set of shear zones, the shears closer to the Golden Mile fault (“A” and “C”) 
have the most extensive displacement. These shears are sub-vertical to steeply west dipping 
at their northwest end. The shears further northeast from the Golden Mile fault have lesser 
displacement and are steeply northeast dipping (Kalgoorlie and Australia East faults).   
 

Resolving the movement of the main shear zones using pierce points in a longitudinal 
section in the plane of the shear, with markers of different orientations (stratigraphy, Fimiston 
lodes and dykes) yield consistently dominant reverse movements with only a minor strike slip 
component. The component of strike slip and the associated shallow plunging lineations and 
slickensides is interpreted to reflect a late increment of strike slip reactivating the dominantly 
reverse shears. The shears have consistent apparent dextral offset of lodes in plan view. 
However, a sub-vertical northeast oriented Hornblende porphyry dyke occurring in the 
Perseverance area of the mine displays only minor sinistral offset in plan view where 
truncated by the steep east dipping shears (Fig. 14).   
 

These reverse shears ubiquitously cross cut Fimiston lodes. Most of the shears have 
similar offset on the stratigraphy, lodes and dykes. However, the “A” and “C” shears, which 
are sub-vertical and steeply south-west dipping at their north-western end, display a 
significantly larger component of motion on the stratigraphy than the lodes and dykes.   
 
“A” and “C” faults  
 

The “A” and “C” shears are located northeast of the Golden Mile fault and are sub-
vertical to 80° east dipping at their south end and steeply west dipping at their northern end. 
These two shears occur in close proximity and merge into one another along strike to the 
north. Furthermore, these shears are sub-parallel and close to the Golden Mile Fault and 
merge with the Golden Mile Fault at their southern end. The considerable movement on 
these shears is transferred into the Golden Mile fault.  
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The total displacement of shears “A” and “C” was measured using the displacement 
of the contact between Golden Mile Dolerite and Paringa Basalt and the displacement of the 
Perseverance lode as markers. As these two shears are in close proximity and merge into 
one another northward the combined displacement of the two shears was measured. The 
total displacement on these two shears is 425m of reverse movement and 175m of dextral 
offset. Although these shears display a dominant reverse offset they also have a significant 
component of strike slip as well. The total strike slip estimated by Finucane (1941) on the two 
combined shears was a similar displacement of 160m. However, the dip slip component was 
underestimated because the location of the Paringa basalt/Golden Mile Dolerite contact on 
either side of the shears was not known at the time. 
 

The “A” and “C” shears merge into one shear at the northern end, where it becomes 
steeply northwest dipping. There, the combined “A” shear offsets a Caunter lode by 
approximately 200m of reverse movement. However, the displacement of the stratigraphy is 
still approximately 400m of dip slip. This documents that these shears were clearly active at 
the time of Fimiston Lode mineralisation. Furthermore, as noted by Finucane (1941), The “C” 
shear transects the sub-vertical #2 cross lode with no apparent displacement in plan view, 
which suggests either a near perfect reverse sense of movement or that Cross lode #2 post-
dates part of the shearing history (Fig. 14). Although the exact offset on Cross lode #2 
cannot be reconciled, clearly the emplacement of cross lode #2 post dates at least the 
dextral component of motion on the “C” shear. 
 
Kalgoorlie Shear 
 

The Kalgoorlie shear, one of the most extensive shear zones of this set, displays a 
175 m reverse offset on the stratigraphy, feldspar porphyry dykes and Fimiston lodes. The 
component of strike slip is less than 10m, which is probably within the margin of error of the 
measurement of the offset. West dipping lodes and dykes display an apparent dextral offset 
in plan view, in association with this shear (Fig. 14). 
 
Australia East Shear Zone 
 

The Australia East shear zone is also essentially a reverse shear. The northeast 
trending, subvertical Lake View Hornblende porphyry dyke is offset by the shear and displays 
only a minor apparent sinistral movement in association with the shear (Fig. 34). The offset 
on the stratigraphy combined with the offset of this dyke indicates a reverse movement of 
120m and a 10 to 20m sinistral component of movement.  
 
Shallow dipping reverse shears 
 

A conjugate network of shallow dipping, reverse shear zones, post-dates the steep 
reverse shear zones and also offset Fimiston Lodes. These shears are ubiquitous throughout 
the Golden Mile and are particularly well documented in the Western Lode Domain due to 
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the absence of the steeper reverse shears (Wells 1964). These reverse shears are generally 
30° to 45° west and east dipping, the west dipping set being dominant (Ridley and Mengler, 
2000). The reverse displacement associated with these shears is generally in the order of a 
few meters to a few tens of meters at the most.  
 

These shallow reverse shears commonly have quartz veins and quartz breccias 
associated with them, where cross cutting competent units (Ridley and Mengler, 2000). At 
Mt-Charlotte, the late North-South to North-Northeast steep dextral strike slip faults, clearly 
cross cut the set of shallow dipping reverse shears (Ridley and Mengler, 2000). The shallow 
dipping reveerse shears display mutually cross cutting relationship with the Mt-Charlotte 
quartz-carbonate vein stockwork (Clout et al. 1990, Ridley and Mengler, 2000).     
 
Late Strike slip faults 
 

North-south to north-northeast, sub-vertical strike slip faults form a regionally 
significant fault set (Fig. 6). These late strike slip faults form the latest set of faults at the 
Golden Mile and clearly post-date Fimiston lodes. One of these, the Hannans Star Fault, 
dextrally offsets the Morrisson lode, part of the Western Lode System, by approximately 40 
m. The Hannans Star Fault also offsets the Adelaide Fault.  
 

The Adelaide Fault is a regional-scale, north-northwest, steeply west dipping dextral 
fault, which terminates in a north-northeast trending, 70° west dipping releasing bend, in the 
southeastern part of the Eastern Lode Domain (Fig. 28). This fault consists of approximately 
1m of sericitic and carbonate-rich fault gauge. The Australia East Fault, a steeply east 
dipping reverse fault offsetting the Fimiston Lodes, is itself cross cut and offset by the 
Adelaide Fault (Fig. 10). This clearly establishes the Adelaide fault as a late structure. In the 
releasing bend, the Adelaide Fault displays a dominantly normal movement with an offset of 
approximately 300 m. Further to the south-east the fault presents a dominantly dextral offset.    
 
Golden Pike fault 
 

The Golden Pike fault is a major north-northwest structure dipping approximately 60 
to 70W and offsetting the Boulder and Golden Mile faults. The Drysdale fault is an associated 
splay with similar orientation and a much smaller offset. The displacement of the Golden Pike 
fault is complex and cannot be easily reconciled using the offset of the Boulder fault and of 
stratigraphic contacts. This highlights that the Golden Pike structure is complex and possibly 
consists of more than one fault segment. The fault clearly has a dextral component of 
movement as it offset dextrally the vertical Boulder Fault by approximately 500m (Fig. 4). 
However, the offset on the stratigraphy is much greater and requires approximately 2 km of 
reverse movement.   
 
RELATIVE TIMING RELATIONSHIPS  
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The relative chronology of structural, magmatic and hydrothermal events at the 
Golden Mile deposit is summarised in Table 3. The key relationships, which provide timing 
constraints on the relative timing and setting of Fimiston gold mineralisation are emphasised 
below.   
 
Relative timing of the feldspar Porphyry dykes  
 

The feldspar porphyry dykes and the Fimiston lodes are spatially associated, and 
share three common orientations (Main N140°/80°W, Caunter N115°/65°W and Cross Lodes 
N050°/85° N-S). The hornblende porphyry dykes, of mafic alkaline affinity, are less abundant 
than the feldspar porphyry dykes and also share the same set of orientations. A swarm of 
feldspar porphyry and hornblende porphyry dykes, centered on the Golden Mile deposit, 
transect both limbs of the Kalgoorlie fold pair, indicating that they were emplaced after this 
regional folding event and most likely in an upright position (Fig. 40; Golding 1978, Mueller et 
al. 1987). The feldspar porphyry and hornblende porphyry dykes are of consistent 
orientation, steeply west dipping and oriented north-northwest, whether cutting through the 
sub-vertical western limb of the Kalgoorlie syncline or the shallow west dipping eastern limb 
(Fig. 40). This angular relationship precludes the possibility of the feldspar porphyry dykes 
having been emplaced in a sub-horizontal position and having subsequently been rotated to 
their current upright position. 
 

Furthermore, as the Fimiston lodes consistently cross cut the feldspar porphyry 
dykes, this relationship indicates that the Fimiston lodes post-date the upright folding event 
and were also most likely formed in their current upright orientation (Fig. 14; Larcombe, 
1927, Stillwell, 1929). The feldspar porphyry and hornblende porphyry dykes are in turn 
overprinted by the regional north-northwest trending foliation.  
 

In addition, Fimiston lode mineralisation is favourably developed along the margin of 
the feldspar porphyry dykes as they provide an important rheological contrast. The feldspar 
porphyry dykes locally cut quartz + magnetite + pyrite veins, which are part of the early stage 
of the Fimiston paragenesis (Figs 20d and e). These magnetite-rich veins and also magnetite 
+ carbonate veins are spatially associated with the feldspar porphyry dykes. These veinlets 
display mutually cross cutting relationships with the feldspar porphyry dykes and associated 
intrusive breccias, which suggests a contemporaneous emplacement.  
 

These observations, combined with the spatial association of the feldspar porphyry 
dykes with the Fimiston lodes and their common emplacement in structures of the same 
orientations indicate a probable close temporal relationship between the porphyry dykes and 
the Fimiston lodes.   
 
NE-SW bulk shortening overprinting the Fimiston lodes 
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A steeply west-dipping, northwest-trending foliation (Ave N140°/80°W) overprints the 
Kalgoorlie syncline-anticline pair and the smaller-scale folds. This fabric is axial planar to the 
second-generation Boomerang anticline, situated 10 km northwest of the Golden Mile 
deposit, which folds both the Golden Mile Fault and the Kalgoorlie syncline-anticline pair.  
 

Bulk NE-SW directed shortening associated with the penetrative northwest trending 
and steeply west dipping penetrative foliation overprints the Fimiston Lodes (Clout, 1989, 
Swager, 1989). The amount of bulk shortening within the Golden Mile Dolerite is generally 
modest as this unit acts as a competent body. Nonetheless, the strain associated with this 
bulk shortening event is partitioned and higher rates of shortening occur in favourably 
oriented weak lithological layers. These include the Black Flag Beds and sericite-rich 
Fimiston lodes of west-northwest to northwest orientation. 
 

The Fimiston lodes form complex zones of rheological contrasts. Quartz veinlets, 
quartz breccias and thicker laminated quartz-carbonate veins have well-developed alteration 
selvedges consisting of sericite + pyrite + carbonate at their margin. The sericitic alteration 
selvedges form layers that are markedly less competent than the wall rock. However, the 
quartz veinlets,  breccias and laminated quartz-carbonate veins form layers that are more 
competent than their sericitic alteration selvedges. As a consequence of this layer 
anisotropy, the weak sericite + pyrite rich alteration selvedges associated with the lodes is 
favourably overprinted by an intense penetrative northwest foliation steeply west dipping 
(Fig. 35). Whereas, in the less altered, chloritic wall rock of the Golden Mile Dolerite the 
same fabric is only faintly developed.  
 

The constant orientation of the northwest-trending foliation in lode selvedges across a 
wide range of lode orientations, including the northeast-trending Cross Lodes and the 
moderately-dipping Caunter Lodes, provides clear evidence that the foliation overprints the 
lode selvedges rather than being related to shearing synchronous with lode formation (Fig. 
36).  
 

Cross lodes are parallel to the direction of bulk shortening. They typically display 
buckling consistent with a weak rate of shortening. Furthermore, the northwest trending 
foliation is effectively orthogonal to the cross lodes (Fig. 37). Caunter Lodes are oriented at a 
relatively shallow angle to the direction of bulk shortening, as a result they consistently 
display S-shaped buckled folds. The northwest regional foliation is axial planar to these 
buckle folds of Fimiston lodes, which is consistent with the northeast-southwest bulk 
shortening (Fig. 38). The main lodes are perpendicular to the direction of bulk shortening and 
as such their orientation is not significantly modified by the bulk-shortening event.  
 

The rate of internal shortening of the lodes is a function of their orientation, the style 
of mineralisation and the intensity of the sericitic alteration. The amount of shortening in the 
Cross lodes, given their orientation parallel to the direction of shortening, is basically equal to 
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the bulk shortening of the surrounding wall rock and is ubiquitously weak within the Golden 
Mile Dolerite. However, Caunter lodes and Main lodes oriented at shallow angle and 
perpendicular to the direction of shortening tend to display much higher rates of internal 
shortening than the surrounding wall rock. This is particularly the case for lodes 
characterised by intense zones of sericite-pyrite mineralisation. Within some of these lodes, 
extensional quartz veins, perpendicular to the lode and clearly cross cutting the lode are 
strongly buckled. These quartz veins form strain markers indicative of a high rate of 
shortening in the lodes and further clearly establish that the bulk shortening post-dates the 
formation of the lodes (Fig. 39).  
 
Steep reverse faults offsetting Fimiston lodes  
 

The Fimiston lodes are dissected, in the Eastern lode Domain, by numerous steeply 
east to west dipping discreet reverse shear zones oriented N300° to 330° and 75°E to 80°W 
but dominantly east dipping. These shear zones are generally 10 to 100 cm in width 
comprising several narrow shear planes associated with intense local foliation.  
 

These shears offset the Fimiston lodes with a dominantly reverse sense of motion. In 
plan view the lodes typically display an apparent dextral sense of offset. The Cross Lodes 
are oriented perpendicular to these shears and tend to be abruptly cut with only minimal 
transposition of the lodes in close proximity to the shears. The Caunter Lodes and Main 
Lodes occur at fairly shallow angle to the cross cutting shears and tend to display 
transposition within these shear zones. In cross section the shallow west dipping Caunter 
lodes and steep west dipping Caunter and Main lodes display clear offsets on the steeply 
east dipping shears associated with rotation of the lodes and transposition within the 
orientation of these shear zones. Furthermore, the shear zones commonly contain boudins of 
lode material (Clout, 1989).  
 
Hornblende Porphyry dykes - relationship to Fimiston lodes 
 

The hornblende porphyry dykes cross cut the feldspar porphyry dykes and locally 
clearly cut the Fimiston lodes (Fig. 16). The penetrative northwest foliation is well developed 
within the hornblende porphyry dykes. In addition, these dykes clearly record the bulk 
shortening associated with the penetrative northwest fabric. For instance, the Morrisson dyke 
mapped in the Morrisson pit, displays a tight S shaped fold with outward pointing cusps in the 
fold hinge and intense development of the fabric, which is axial planar to the fold axis (Fig. 
38). In addition, sinistral shearing occurs along the western margin of the dyke. These 
features are all consistent with the transposition of a dyke with lower competency than the 
host rock within a bulk shortening regime (Talbot and Sokoutis, 1992, Hanmer and Pashler, 
1990). This also suggests that the pervasive carbonate-sericite alteration of the hornblende 
porphyry dyke pre-dates the northeast-southwest shortening event.  
 

At least three distinctive hornblende porphyry dykes were documented as cross 
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cutting Fimiston Lode mineralisation, thereby providing a constraint on the timing of Fimiston 
gold mineralisation.  
 
Phantom hornblende porphyry dyke 
 

A 1m thick hornblende porphyry dyke located at the southern end of the Phantom 
lodes on level 20, oriented 135°N and 54°W cross cuts a laminated quartz-carbonate vein, 
which is part of the stage 4 of the Fimiston vein paragenesis (Fig. 41). The dyke is intensely 
altered and overprinted by the penetrative northwest fabric. The vein oriented at 28°N 85°W 
is buckled and nearby banded Quartz-carbonate veins, part of the same vein-set, contain 
abundant pyrite within sericite-carbonate selvedges and returned appreciable gold grades 
associated with tellurium, which is typical of Fimiston-style gold mineralisation (Fig. 42). 
 
Lake View hornblende porphyry dyke 
 

The 1 to 2m thick Lake View hornblende porphyry dyke is oriented 040°N 80°SE, 
which is a similar orientation to the Cross Lodes (Fig. 36). This orientation is approximately 
orthogonal to the Main lode and Caunter lode orientations. This hornblende porphyry dyke is 
strongly carbonate and sericite altered and overprinted by the penetrative northwest foliation. 
The steep east dipping reverse and shallow dipping reverse shear zones offset the dyke. The 
dyke cross cuts the Lake View lode on level 20 (Fig. 14). This dyke is documented from level 
1 to level 20 of the Lake View set of historical level plans, where it was mapped as cross 
cutting several other lodes. 
  
Morrisson hornblende porphyry dyke 
 

The Morrisson hornblende porphyry dyke occurs within the southern portion of the 
Western Lode Domain in close proximity to the Morrisson Lode (Fig. 38). The dyke, 2 to 5 m 
in width, is oriented N140° 075°W. This dyke cuts through the Morrisson lode as documented 
in the Morrisson pit and historical level plan from the same level (Fig 43).   
  

The fact that the hornblende porphyry dykes are strongly carbonate + sericite altered 
and share a common set of orientations with the Fimiston Lodes suggests that they may be 
close in timing. This interpretation is further supported by the presence of a syn-mineral 
intrusive breccia dyke occurring close to the top of Great Boulder Lode #4, within the 
Western Lode Domain. The breccia consists of a fine grained mafic matrix of prismatic 
hornblende and biotite within a dark green carbonatised groundmass compositionally similar 
to the hornblende porphyry dykes (Fig. 44). This intrusive breccia contains angular and 
heterolithic fragments, comprising several fragments of Black Flag Beds sediments, including 
some sulphide-rich and also white cherty fragments. Wall rock fragments of Unit 9 from the 
Golden Mile Dolerite constitute the dominant type of clasts. Some of these are pervasively 
carbonatised, contain disseminated pyrite and carbonate veinlets. The breccia also contains 
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one large (3 cm) fragment of typical Fimiston lode selvedge (sericite + pyrite + carbonate; 
Fig. 44). The breccia is itself overprinted by a penetrative foliation, resulting in a clear 
alignment of the clasts, carbonate alteration, a quartz-carbonate vein and sericite + pyrite 
alteration which is the typical Fimiston style alteration. These features strongly suggest that 
this breccia is contemporaneous with Fimiston Lodes.    
 

Another small mafic dyke displays similar characteristics of an intra-mineral dyke (Fig. 
45). The dark chloritic dyke cross-cuts a smaller felsic dyke and contains clasts of the earlier 
felsic dyke. The mafic dyke also contains a clast of pyrite + tourmaline, which is typical of the 
Fimiston Stage 2 paragenesis. The mafic dyke is itself cross cut by a small banded quartz-
carbonate vein with narrow sericite+pyrite selvedges, which is typical of the Fimiston Stage 3 
paragenetic sequence.   
 
Late stage quartz-carbonate veins and Mt-Charlotte veins 
 

Barren carbonate veins and later “Mt-Charlotte style” quartz + carbonate + sheelite 
veins and breccias, are associated with the late steeply dipping, and shallow dipping reverse 
fault sets (Ridley and Mengler 2000). These veins and breccias consistently cut the Fimiston 
lodes (Clout, 1989). The late quartz breccia veins locally contain foliated wall rock fragments 
of Fimiston lodes and sericite-rich wall rock with randomly-oriented foliation (Fig. 46). This 
implies that these late veins and some of the shallow dipping reverse faults and steeply 
dipping reverse faults postdate the regional northwest trending foliation. Furthermore, the Mt-
Charlotte style veins at the Golden Mile are clearly not affected by the northeast-southwest 
directed shortening event (Fig. 47). This is evidence that the Fimiston and Mt-Charlotte gold 
mineralisation events are separated by a compressional deformation episode. 
 
Late lamprophyre dykes 
 

A few late lamprophyre dykes, up to 2 m in thickness, have been documented at the 
Golden Mile. These lamprophyre dykes are late tectonic and post date the northeast-
southwest shortening event associated with the penetrative northwest foliation. The field 
evidence of this relative timing relationship is as follows: 
 

A small lamprophyre dyke cross cuts a carbonate vein which itself contains randomly 
oriented altered wall rock fragments with a penetrative foliation (Fig. 48).  
 

The lamprophyre dykes cross cut Fimiston mineralisation and are not affected by 
Fimiston-stage alteration as opposed to the hornblende porphyry dykes. Such a late 
lamprophyre dyke was previously documented to cross-cut the Oroya lode (Mueller et al. 
1987). This dyke was documented to be unaltered except for a thin crust along its margin 
and contains no significant K2O (K2O = 0.15wt%). This is significant, as the Oroya lode is 
characterised by intense roscoelite alteration and substantial associated K2O enrichment 
(Clout, 1989). 
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Absolute timing relationships  
 

The timing of gold mineralisation associated with Fimiston-style lodes is constrained 
by pre-ore upright feldspar porphyry dykes, which themselves post-date the regional folding 
event, and syn to post-ore hornblende porphyry dykes, which themselves pre-date the 
regional northwest penetrative fabric (Fig. 49).  
 

The pre-ore feldspar porphyry dykes at the Golden Mile deposit has been dated at 
2676 +/- 3 Ma by U–Pb TIMS on zircons. This age was obtained from a sample of a 20m 
thick feldspar porphyry dyke occurring on level 20 of the Lake View mine (Fig. 14). The west 
branch of the Australia East Lode clearly cross cuts this dyke on the Lake View level plan, 
establishing that it pre-dates the Fimiston gold mineralisation. Furthermore, the sample was 
taken at a location where the feldspar porphyry dyke is hosted by the Paringa Basalt, which 
underlies the Golden Mile Dolerite. This mitigates the possibility that xenocrystic zircons from 
the Golden Mile Dolerite would be present in the sample.  
 

This age obtained from the feldspar porphyry dyke is consistent with that of other 
feldspar porphyry dykes in the Kalgoorlie region (e.g. 2673 +/- 3 Ma at Mt Charlotte, Yeats et 
al. 1999; 2675 +/- 8 Ma at the Golden Mile, Clout, 1989; 2676 +/- 4 at Kanowna Belle and 
2678 +/- 8 Ma at Kambalda, Krapez et al. 2000).  
 

However, this age is within error of the age of the Golden Mile Dolerite, 2675 +/- 2Ma 
(Woods 1997). Furthermore, more detailed work at Kanowna Belle has defined that 
magmatic overgrowth on zircons yielded a much younger age of 2655 +/- 6 Ma (Ross et al. 
2001). This clearly establishes the 2675 Ma age of the feldspar porphyry at Kanowna Belle 
as a xenocrystic age. In addition, the structural and paragenetic field relationships 
documented in this paper suggest that the feldspar porphyry dykes and hornblende porphyry 
dykes at Fimiston should be relatively close in age.   
 

A hornblende porphyry dyke of alkaline affinity, which clearly cross cuts a Fimiston-
stage banded quartz-carbonate vein, was dated by U-Pb TIMS on zircons at 2663 +/-11 Ma 
(Fig. 41). This age, although imprecise, constrains the minimum age of Fimiston gold 
mineralisation effectively at 2652Ma. The northwest regional foliation overprints the 
hornblende porphyry dyke, which indicates that the associated northeast-southwest directed 
shortening event post-dates the emplacement of the hornblende porphyry dykes.  
 

A lamprophyre dyke cross cutting the Oroya lode was dated at 2638 +/- 6 Ma 
(McNaughton et al. 2001). This dyke clearly dissects the Oroya lode and is itself offset by the 
Hanging wall shear (Mueller et al. 1987). The lamprophyre dyke was not affected by the 
pervasive green muscovite alteration characterising the Oroya lode as indicated by its low 
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K2O content (0.15%; Mueller et. al. 1987). This suggests that the dyke post-dates the overall 
Fimiston mineralisation and alteration event.  

 
As documented above, this late lamprophyre dyke, post-dates the northeast-

southwest directed bulk shortening event. The 2638 +/-6 Ma age of the lamprophyre dyke 
provides a minimum age constraint on this shortening event, which itself overprints the 
Fimiston mineralisation event. This deformation event is therefore bracketed between 2638 
+/- 6 Ma and 2663 +/- 11 Ma, the age of the hornblende porphyry cutting a Fimiston vein and 
itself overprinted by the northwest foliation. The distinctive ages of the hornblende porphyry 
and lamprophyre dykes outlines two temporally separate mafic alkaline magmatic event, one 
closely associated with Fimiston lode mineralisation and the second much later and 
unrelated.  
 
DISCUSSION  
 
Timing of gold mineralisation and implications   
 

The chronology of structural events, documented in this paper, is summarised in 
Table 3. This study indicates that the relative timing of the formation of Fimiston lodes is 
bracketed by two distinct compressional deformation events. The first deformation event is 
responsible for the upright north-northwest directed folding of the host sequence and pre-
dates gold mineralisation. The second deformation event characterised by bulk northeast-
sothwest shortening, reverse faulting, north-northeast upright folding and sinistral faulting, 
post-dates the gold mineralisation event.   
 

Furthermore, high level feldspar porphyry dykes and later hornblende porphyry dykes 
sharing the same set of structural orientations with the Fimiston lodes further bracket this 
gold mineralisation event. Both sets of dykes are overprinted by the penetrative northwest 
foliation characteristic of the second compressional deformation event and dissect the 
upright north-northwest trending folds, which characterise the first deformation event. 
 

The feldspar porphyry dykes pre-date the Fimiston lode mineralisation (Larcombe, 
1927). However, the early stages of the Fimiston paragenesis consisting of magnetite + 
quartz + pyrite veins and breccias is contemporaneous with the feldspar porphyry dykes as 
indicated by mutually cross-cutting relationships. The hornblende porphyry dykes cross cut 
the feldspar porphyry dykes and locally the Fimiston lodes. These hornblende porphyry 
dykes are themselves strongly altered and are possibly contemporaneous with the late 
stages of Fimiston mineralisation. Small mafic intrusive breccias with abundant small 
hornblende crystals in their matrix are syn-Fimiston mineralisation in timing and are further 
evidence of the close temporal relationship between mafic alkaline magmatism and Fimiston 
type mineralisation.    
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This study establishes a minimum age for Fimiston gold mineralisation significantly 
older than the previously documented 2636 Ma by McNaugthon et al. 2001 (2663 +/- 11Ma). 
This age lies within error with conglomerates and sandstones, which uncomformably overly 
the older Black Flag Group sequence (Krapez et al. 2001). These conglomerates contain 
fragments of feldspar porphyry dykes and are also cut by feldspar porphyry dykes, 
suggesting that the emplacement of these dykes was coheval with sedimentation (Ong, 
1994). This is further evidence of the shallow level of emplacement of these feldspar 
porphyry dykes. Clasts of feldspar porphyry dykes in these conglomerates were dated at 
2662 +/- xyz (Dunphy and McNaughton 2002). Small elongate slivers of these conglomerates 
occur in association with the Kalgoorlie syncline, discontinuously over a 10 km strike length, 
south of the Golden Mile deposit (fig. 6). These conglomerates are similar to the 
Temiskaming-type conglomerates, which display a well documented spatial relationship to 
gold deposits in the Abitibi Archean Greenstone belt, in Northern Canada (Robert, 1999). 
 
Fimiston gold mineralisation model 
 

The fact that the Fimiston lodes are bracketed by two sets of high level dykes 
suggests that the Fimiston lodes were formed at relatively high levels themselves, as 
previously suggested (Clout, 1989). The ubiquitous infill textures characterising Fimiston 
veins and breccias and the vertical zonation of the Fimiston gold mineralisation, particularly 
evident in the Western Lode Domain, further supports this interpretation (Clout, 1989). The 
Gold mineralisation in the Western Lode Domain, displays a clear decrease in grade with 
depth, as exemplified by the Boulder Main Lode (Larcombe, 1912; Fig. 19). Within this lode 
as in other lodes of the Western Lode Domain, the economic portion extends vertically for 
approximately 1 km. Within this economic envelope the top 400m or so contained very high 
gold grades (>30 g/t), whereas decreasing gold grades characterise the lower levels. 
Nonetheless the extensive vertical extent of the Fimiston gold mineralisation and the 
associated sericite + carbonate alteration is not consistent with typical epithermal systems 
(xyz). Furthermore, the mineralogical zonations typical of boiling zones in epithermal systems 
are not documented at the Golden Mile (Shackelton, 2001). 
 

However, numerous geological features of the Golden Mile deposit documented in 
this paper and also in previous studies share many characteristics of alkaline-related gold 
deposits (Jensen et. al. 2000, Robert 2001, Richard 2001). These include: 
 
1- Fimiston lodes consisting of pyrite disseminations within sericite + carbonate 

alteration envelopes and stockworks of quartz veinlets and breccias.  
2- Extensive sericite + carbonate alteration associated with gold lodes, with vanadium-

rich micas in proximal alteration zones (Clout, 1989; Golding and xyz, 1984). 
3- Approximately 1 km vertical extent of the economic gold mineralisation. 
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4- Fimiston lodes are spatially associated with and share the same set of orientations 
with high level porphyritic dykes evolving in composition from felsic calc-alkaline to 
mafic alkaline. 

5- Early carbonate alteration and mineralisation event pre-dating the main gold event. 
6- High tellurium and mercury content (Hg > 1 g/t and Te > Au; Clout, 1989). 
7- Temporal and vertical evolution from silver-rich (Ag > Au) to silver-poor (Au >>> Ag) 

gold mineralisation. 
8- Dykes associated with a variety of styles of magmatic and hydrothermal breccias 

documenting a high level of emplacement and high associated fluid content. 
9- Magnetite, haematite, roescolite and local anhydrite closely associated with the 

mineralisation and documenting a moderate to high oxidation states (Clout, 1989). 
10- Spatial association with conglomerates of similar age to the porphyry dykes spatially 

and temporally associated with the lodes, possibly documenting a favourable 
erosional level.    

 
Controls on the location of the Golden Mile Deposit 
 

This study establishes the importance at the Golden Mile of early syn-volcanic faults 
in the control of the location of later folds and the overall structural architecture. As noted 
earlier, the Golden Mile is spatially associated with a bend in the trace of the Kalgoorlie 
syncline-anticline and also in the trend of the feldspar porphyry dykes (Fig. 6). The porphyry 
dykes south of the Golden Mile are large and oriented north-northeast, whereas the feldspar 
porphyry dykes at the Golden Mile are small, more numerous and oriented northeast. Within 
the Golden Mile, feldspar porphyry dykes are concentrated in the Kalgoorlie syncline and 
display a spatial relationship with the location of the western lodes (Fig. 6). The maximum 
thickness of feldspar porphyry dykes within the core of the Kalgoorlie syncline displays a 
shallow south plunge (Fig. 6). This shallow plunge documents the direction of maximum 
extension of the feldspar porphyry dykes, which likely approximates the sigma 2 orientation 
of the stress field (Sibson, 1999). A sub-horizontal sigma 2 being characteristic of a 
dominantly extensional setting.  
 

It is suggested that the Golden Mile Deposit is located at a jog where extension is 
dominantly orthogonal to the south and becomes angular at the location of the deposit. The 
orientation of extension being approximated by the orientation of the feldspar porphyry dykes 
(xyz and Sibson, 1999). The Fimiston lodes are spatially associated with the formation of an 
array of steep normal faults, the majority of which were later inverted as late reverse faults in 
association with the second compressional event. 
 
CONCLUSIONS 
 

This study significantly advances the understanding of the stratigraphic setting of the 
Golden Mile deposit. This in turn, allows a better documentation of the structural setting of 
the deposit. The Paringa Basalt was sub-divided two sub-units consisting of a tholeiitic basalt 
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displaying a gradual fractionation in sharp contact with an overlying high Iron tholeiite unit. 
This contact marked by a sharp change in geochemical composition of the basalt forms a 
new and important marker horizon within the otherwise visually monotonous basaltic 
sequence.  
 

The Kalgoorlie anticline was documented as being located at the site of an early 
growth fault, which formed the original eastern margin of the Golden Mile Dolerite. This 
structure juxtaposes the Golden Mile Dolerite with the Eureka Dolerite on either sides of the 
Kalgoorlie anticline. The Eureka Dolerite is a thinner dolerite of identical composition to the 
high iron tholeiite and as such likely a sub-volcanic sill. 
 

The Fimiston paragenetic sequence was better documented, with four distinct 
paragenetic stages identified: Stage 1 consists of ankerite + magnetite + hematite + quartz 
breccias and veins. Stage 2 consists of pyrite + tourmaline disseminations and veinlets 
associated with sericite + carbonate + pyrite + magnetite alteration and high gold, silver and 
tellurium grades. Stage 3 consists of quartz veinlets and breccias with sericite + pyrite + 
carbonate alteration selvedges and high gold and tellurium grades. Stage 4 consists of 
banded quartz + carbonate veins with selvedges of sericite + carbonate + pyrite and variable 
gold and tellurium grades.    
 

Detailed field observations in the Golden Mile clearly indicate that the Golden Mile 
fault offsets the upright Kalgoorlie syncline and the smaller scale Lake View syncline. 
Furthermore, the presence of the early en-echelon Lake View and Brownhill synclines on the 
western limb of the Kalgoorlie anticline is not consistent with that anticline being and 
overturned thrust ramp. 
 

Feldspar porphyry dykes, Fimiston lodes and hornblende porphyry dykes share a 
common set of orientations and are display a close spatial association. The feldspar 
porphyry dykes dissect the upright Kalgoorlie syncline-anticline fold pair and display 
consistent orientations whether truncating the sub-vertical west limb of the Kalgoorlie 
syncline or the shallow west dipping eastern limb of the Kalgoorlie syncline. Therefore, the 
feldspar porphyry dykes post-date the Kalgoorlie syncline-anticline and were likely emplaced 
in their current upright position. In turn, the Fimiston lodes systematically cut the feldspar 
porphyry dykes and were also likely emplaced in their current upright position.    
 

Fimiston gold mineralisation overprints the upright Kalgoorlie anticline-syncline fold 
pair but formed prior to the regional NE-SW shortening event. This is indicated by a 
penetrative northwest trending, steeply west dipping foliation overprinting a wide range of 
Fimiston lode orientations with a consistent orientation. Furthermore, the minimum age of 
Fimiston gold mineralisation (2661 +/- 11Ma) is constrained by a hornblende porphyry dyke 
clearly cross cutting Fimiston mineralisation.     
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FIGURE CAPTIONS 
 
Figure 1 
Regional geology of the southern portion of the Norseman-Wiluna late Archean Greenstone 
belt. 
 
Figure 2 
Variation diagrams of the Paringa Basalt displaying the gradual fractionation trend of the 
tholeiitic basalt and the sharp geochemical contrast with the overlying high iron tholeiite. 
 
Figure 3 
Sketch sections of the Golden Mile pre- Kalgoorlie syncline anticline displaying the presence 
of an early normal fault forming the eastern margin of the Golden Mile Dolerite. The sections 
also display the changes in thickness and internal layering of the Golden Mile Dolerite 
towards this early fault. Furthermore, there is a sharp change in thickness of the high iron 
tholeiite unit of the Paringa Basalt between the two sections suggesting the presence of 
another early fault.  
 
Figure 4 
Surface map of the Golden Mile geology. 
 
Figure 5 
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Down hole geochemical profile displaying the inflection of the fractionation trends which 
marks the location of the Kalgoorlie anticlinal axis.  
 
Figure 6 
Regional geology map of the Kalgoorlie mining camp.  
 
Figure 7 
Typical geochemical profile of the Golden Mile Dolerite from diamond drill holes CTGD008 
and JUGD010 on sections 48000 and 48000, through the Western limb of the Kalgoorlie 
syncline. 
 
Figure 8  
Geochemical diagrams of incompatible immobile elements documenting the consistent 
composition of the Eureka Dolerite from locations on the western limb, eastern limb of the 
Kalgoorlie syncline and the eastern limb of the Kalgoorlie anticline. In addition the diagrams 
display the identical geochemical composition of the Eureka Dolerite with the high iron 
tholeiite unit of the Paringa Basalt. 
Figure 9 
Cross Section 47330mN which illustrates the location of the Eureka Dolerite within the high 
iron tholeiite portion of the Paringa basalt in the western limb of the Kalgoorlie anticline and 
the location of the Eureka Dolerite in the eastern limb of the Kalgoorlie anticline. 
 
Figure 10 
Geochemical diagram of incompatible immobile elements displaying the different 
geochemical composition of the Eureka Dolerite compared to the Golden Mile Dolerite. The 
diagram also illustrates the fractionation of the Golden Mile Dolerite, the Grnophyric Unit 8 
being the most fractionated unit of the Golden Mile Dolerite. 
 
Figure 11 
Cross section 48590mN, which illustrates the location of drill hole BAGD001 which 
documents the presence of the Eureka Dolerite in the east dipping eastern limb of the 
Kalgoorlie anticline. This hole also allows a documentation of the lower 200m section of the 
Black Flag Group stratigraphy. 
 
Figure 12 
Cross section 46130mN, which displays a large sub-vertical feldspar porphyry dyke cutting 
through the shallow west dipping Golden Mile Dolerite and overlying Black Flag Group 
sediments. 
 
Figure 13 
a)Fine grained mafic dyke displaying peperitic contacts with black mudstone, which is part of 
the Black Flag Group.  
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b) Feldspar porphyry dyke cross cutting the fine grained mafic dyke.  
c) Intrusive breccia facies occurring at the margin of the large feldspar porphyry dyke 
displayed on section 46130mN. 
 
Figure 14 
Plan of Perseverance level 20, in the hearth of the Eastern Lode Domain, which displays a 
feldspar porphyry dyke clearly cut by the west branch of the Australia East (AE) lode. It also 
displays the northeast trending sub-vertical Lake View hornblende porphyry dyke which cuts 
through the Lake View lode and displays sinistral offsets on the steeply east dipping shears. 
Lodes, such as the AE lode, display apparent dextral movement in association with these 
same shears.          
 
Figure 15 
a) Feldspar porphyry breccia with jig saw puzzle fit of clasts within a matrix of mudstone  
b) Same feldspar porphyry breccia cross cut by another feldspar porphyry dyke, 

establishing the early nature of the breccia.  
c) Feldspar porphyry breccia with exotic clasts, fine grained chloritic with disseminated 

pyrhotite and strongly sericitic.    
 
Figure 16 
Sketch map of the north-west wall of underground drive on level 20, northeast of the Chaffers 
shaft at the southwestern end of the interval of Black Flag Group in the Kalgoorlie syncline. 
Feldspar porphyry dyke displaying peperitic contact with finely bedded mudstone. The 
feldspar porphyry dyke is itself cut by a hornblende porphyry dyke. 
 
Figure 17 
Discriminant diagram for the hornblende porphyry dykes documenting their alkaline affinity. 
 
Figure 18 
Cross section 48120mN, documenting the funnel shaped geometry of the Fimiston lodes in 
the Western and Eastern Lode Domain. Also notice the change in dip of the Fimiston lodes in 
the Western Lode Domain from vertical near surface to steeply west dipping at greater depth. 
 
Figure 19 
Vertical longitudinal section of the Great Boulder Lode #4 in the Western Lode Domain, 
displaying the relationship of the high grade ore shoots with the contact between the Black 
Flag Group and the Golden Mile Dolerite, also the vertical zonation of the gold grades.    
 
Figure 20 

a) Carbonate breccia cut by Fimiston quartz veinlet with pyritic selvedges (stage 3), 
Morrisson pit ramp,  
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b) Carbonate breccia with magnetite and quartz infill, cut by pyrite stringers (stage 2) and 
late Mt-Charlotte stage coarse quartz-carbonate vein (Sample 2285)  

c) Magnetite + quartz vein cut by feldspar porphyry dyke, sample from the Phantom Lode 
area, level 20 Eastern Lode Domain,  

d) magnetite + carbonate vein cut by a feldspar porphyry breccia occurring near the margin 
of a large feldspar porphyry dyke in the northern part of the Eastern Lode Domain,  

e) disseminated pyrite concentrated in Paringa Basalt flow breccia matrix, sample from the  
Caunter #6 lode, level 20, northern part of the Eastern Lode Domain (Au=4.5 g/t, 
Ag=15g/t, Te= 16g/t),  

f) pyrite+tourmaline vein (stage 2) cut by gold + telluride rich quartz veinlets (stage 3),  

g) quartz veinlets (stage 3) with well developed selvedges of pyrite + sericite + carbonates 
grading outward to sericite + carbonates,  

h) quartz veinlet with wall rock fragments (stage 3) cutting early magnetite veinlet and small 
carbonate breccias (stage 1). 

 
Figure 21 

Fimiston lode orientations and orientation of the stage 4 banded quartz-carbonate veins. 
 
Figure 22 
Detailled cross section of Brownhill syncline area, on section 49190 mN, modified from 
Scantelburry (1984). 
 
Figure 23 
a) Disseminated pyrite + tourmaline concentrated in basaltic flow breccia and small quartz 

veinlets, note the very low strain state (Au=xy g/t, Ag=xyz g/t, Te = xyz g/t),  
b) Sample from the Lewis lode in the Brownhill syncline area, consisting of syngenetic pyrite 

hosted in a mudstone within a peperitic breccia. the rounded pyritic framboid documents 
a very low strain state, gold is associated with very small quartz fractures cross cutting 
the syngenetic pyritic mudstone.   

 
Figure 24 
Au/Ag ratios for the Golden Mile Dolerite and Paringa Basalts highlighting that the Au to Ag 
ratio in the Golden Mile Dolerite is consistently >>1, whereas in the Paringa Basalt the same 
ratio is dominantly < 1. 
 
Figure 25 
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a) Typical Fimiston lode hosted in Black Flag Mudstone, the lode consists of a 2m wide 
quartz breccia, view of the northwest wall, drive in the Entreprise shaft area at level 20. 

b) Fimiston Quartz breccia hosted in the Black Flag mudstone, Lode #3 of the Western 
Lode Domain. 

 
Figure 26 
a) Late coarse carbonate veins, subvertical cutting moderately west dipping Fimiston lode 

mineralisation, Lake View West Branch Lode, level 20. 
b) Coarse carbonate breccia cross cutting Fimston lode. 
 
Figure 27 
a) Eastern contact of Black Flag Group sediments in the core of the Kalgoorlie syncline with 

the Golden Mile Dolerite. Note the low strain state consistent with the interpretation of a 
syncline (travis et al. 1971), 

b) Small band of conglomerate 30cm from the contact between the Black Flag Group and 
the Golden Mile Dolerite. Note the low strain state of the conglomerate with only a weak 
foliation evident by the alignment of the clasts.     

 
Figure 28 
Structural map of the Golden Mile with schematic sections illustrating the fold geometry and 
the relationship with the Golden Mile Fault. The steep reverse faults are note represented on 
the sketch sections. 
 
Figure 29 
Lake View syncline, the dark gray material consists of finely bedded mudstone part of the 
Black Flag Group and the brown rock on either side is the Golden Mile Dolerite. Individual 
beds of the mudstone can be followed continuously from one limb of the syncline to the 
other, through the hinge establishing the synclinal geometry. The steeply west dipping 
northwest foliation overprints both limbs of the syncline clearly documenting that it is a later 
fabric. 
 
Figure 30 
Small upright syncline within the Black Flag Group in the core of the Kalgoorlie syncline. The 
northwest, steeply west dipping foliation overprints the fold and is discordant to the fold’s 
axial plane, establishing that the foliation post-dates this fold. 
 
Figure 31 
Graphitic fault gauge and rotation of drag folds indicating a dextral sense of motion, Dextral 
fault in the Black Flag Group core of the Kalgoorlie syncline, main drive north-east of the 
Chaffers shaft, level 20. 
 
Figure 32 
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Level plan showing the apparent dextral offset of the xyz cross lode at the contact with the 
Golden Mile Fault.  
 
Figure 33 
Steep west dipping reverse fault, the movement being indicated by the sigmoidal quartz vein, 
in the Black Flag Group in the core of the Kalgoorlie syncline, eastern main drive north-east 
of the Chaffers shaft, level 20. 
 
Figure 34 
Perseverance level 1, showing the relationship between the Australia East fault and the 
northeast trending Lake View hornblende porphyry dyke (redrafted from historical level plan). 
 
Figure 35 
Cross section view of dyke lode looking northwest, the sub-vertical foliation is well developed 
within the alteration selvedges of the 55W dipping Fimiston quartz veins. 
 
Figure 36 
Synthesis of Fimiston lode relationship with overprinting NE-SW bulk shortening and later 
cross cutting reverse faults. 
 
Figure 37 
View of the back of Cross Lode #2 on level 20, looking towards northeast, the northwest 
foliation is well developed in the lode selvedges and is orthogonal to the lode. The lode is 
buckled at the northeast end and is truncated by a reverse fault at the southwest end. 
 
Figure 38 
Sketch map of the Morrisson lode, in the ramp of the Morrisson pit, S shaped folding of the 
lode, small Fimiston veinlets at the margin and also the hornblende porphyry dyke. The 
northwest foliation is axial planar to the fold axis. The hornblende porphyry is very strongly 
foliated. 
 
Figure 39 
View of the back of a large stope within the Dyke Lode, on level 20, banded quartz vein 
cutting the quartz + pyrite + carbonate lode breccia, itsef cross cut by an extensional quartz 
vein. The quartz vein is strongly buckled which documents a large component of northeast-
southwest shortening. 
 
Figure 40 
Cross Section 48120 with some of the larger feldspar and hornblende porphyry dyke 
projected. The orientation of the feldspar porphyry dykes is consistent in the Western and 
Eastern Lode Domain, where the dykes cross cut steeply west dipping and shallow west 
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dipping stratigraphy. This relationship indicates that the dykes cross cut the upright folds and 
were likely emplaced in their current upright position. 
 
Figure 41 
Hornblende porphyry dyke cross cutting banded quartz-carbonate vein, part of the stage 4 of 
the Fimiston paragenesis. This dyke provides a clear time marker for the minimum age of 
emplacement of the Fimiston vein (Phantom lode area, Level 20). 
 
Figure 42 
Banded quartz vein, buckled with foliation well developed in the sericte+pyrite rich selvedges. 
This vein is parallel and approximately 30m north of the vein cut by the Hornblende porphyry 
dyke (Au = xyz g/t, Ag = xyz g/t, Te= xyz g/t). 
 
Figure 43 
Redrafted historical level plan of the Morrisson lode showing the Morrisson hornblende 
porphyry dyke cross cutting the Morrisson lode. 
 
Figure 44 
Intrusive breccia, the matrix consist of biotite and hornblende, heterolithic and angular clasts 
are dominantly of wall rock Golden Mile Dolerite unit 9 and of Black Flag Group sediments. 
Note several fragments strongly sericite+carbonate+pyrite altered. The breccia is itself locally 
overprinted by pervasive carbonate+sericite alteration. 
 
Figure 45 
Late sub-horizontal quartz vein breccia containing clasts of the Australia East lode showing 
randomly oriented foliation which indicates that the vein post date the penetrative northwest 
foliation. 
 
Figure 46 
Small early carbonate + magnetite vein strongly buckled and sub-parallel Mt-Charlotte stage 
quartz vein with typical sericite + carbonate + pyrite sevedges. The Mt-Charlotte stage vein 
displays no evidence of deformation contrary to the earlier carbonate + magnetite vein even 
though they are of the same orientation. This is evidence that the Mt-Charlotte vein post-date 
the NE-SW shortening event.   
   
Figure 47 
Small lamprophyre dyke cutting a carbonate vein which itself contain altered wall rock 
fragments with randomly oriented penetrative fabric. This is evidence that this lamprophyre 
post-date the penetrative northwest foliation contrary to the earlier hornblende porphyry 
dykes. 
 
Figure 48 
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Schematic diagram of timing relationships. 
  
 
   

 

 

       



Table 1
Kalgoorlie stratigraphy

Unit Thickness Lithology Description
(m)

Black Flag Group >1000 Deep water clastic sediments Lower sequence of mudstone-siltone
Intermediate to felsic volcaniclastics and volcanics followed by volcaniclastic mudstone to sandstone

Conglomerates and sandstones Unconformable lower contact, contains clasts of 
Golden Mile Dolerite and feldspar porphyry dykes

Golden Mile Dolerite 600 - 750 Layered mafic tholeiitic sill Emplaced at the contact between Black Flag Group
and underlying mafic to ultramafic volcanic sequence

Paringa Basalt 750 - 850 Basalts Pillowed, flow breccias and massive flows, lower
high magnesian basalt variolitic, upper basalts 
more fractionated, upper unit of high iron tholeiite

Eureka Dolerite 100 - 200 Differentiated gabbroic sill Subvolcanic sill, co-magmatic with high iron tholeiite
unit of the Paringa basalt

Williamstown Dolerite 150 - 250 Differentiated gabbroic sill Sub-volcanic sill, bimodal composition lower ultramafic
unit and upper gabbroic unit, 
grades laterally into extrusive facies.

Kapai slate 1-20 finely bedded mudstone Black sulphide-rich mudstone

Devon Consol Basalt 200 High magnesium basalt Variolitic texture, pillowed, flow breccias to massive flows.

Hannans Lake >700 Ultramafic sequence Komatiitic flows ranging from picrites to peridotites.
Serpentinite Only the upper part occurs in the Kalgoorlie camp.
modified from Clout, 1990



Table 2
Summary of deformation events at the Golden Mile

Deformation style Structures Key timing constraints References

Extension Syn-volcanic normal faults Control the emplacement of the Woods, 1999
Emplacement of mafic-ultramafic flows and sills Golden Mile Dolerite (2675 +/- 2 Ma)

syn-volcanic normal fault in the 
Kalgoorlie anticlinal axis

ENE compression Upright folds with NNE plunging fold axis Kalgoorlie syncline-anticline fold the Witt and Davy, 1997
Golden Mile Dolerite (2675 +/- 2 Ma).
Dissected by feldspar porphyry dykes 
(2676 +/- 3 Ma ?)

ENE Extension Normal faults Golden Mile fault cuts upright Kalgoorlie fold pair Woodall, 1965
and is refolded by the Boomergang anticline

Feldspar porphyry and hornblende Hornblende porphyry dyke cutting Fimiston lode
porphyry dykes 2662 +/- 11 Ma This study
Fimiston lodes temporally bracketed by the two sets of dykes

and sharing common orientations
Unconformity related conglomerate bassins Contain feldspar porphyry clast dated at 2661 Ma Kassidy et al. 2001

minimum age from detrital zircons 2656 Ma Krapez et al. 2001

NE-SW compression Bulk NE-SW shortening, penetrative NW Penetrative NW foliation overprints Fimiston lodes Clout, 1989, Swager, 1989
steeply west dipping foliation and dykes
Folding Boomerang anticline 
Steep reverse faults (inversion of normal Offset Fimiston lodes with dominantly reverse  
faults ?) movement, some faults display evidence of movement 

pre-dating Fimiston lode emplacement
NW to NNW sinistral strike slip faults Boulder fault truncates the Boomerang anticline
shallow dipping reverse faults Mutually cross-cutting relationship with Mt-Charlotte Clout, 1990

quartz-carbonate vein stockwork Ridley and Mengler, 2000
Lamprophyre cut by a shallow dipping reverse shear Mueller et. al. 2001
(2636 +/- 6 Ma)

Transcurrent dextral N-S to NE dextral faults Adelaide fault, cross cuts steep reverse faults 
strike slip Mount Charlotte fault offsets shallow dipping Clout et al., 1990, 

reverse faults Ridley and Mengler, 2000
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