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Structurally-controlled epigenetic Cu±Au mineralising 
system – Western Fold Belt Province 

Compiled by W.G. Perkins and T.J. Denaro 

 
Commodities 

 Cu±Co±Au ± Ag±Zn±Pb. Au is only a minor constituent in most orebodies.  
A zone of semi-massive sulphide that contains cubanite, lillianite, ullmannite, 
native bismuth and electrum occurs in the core of the Mount Isa 1100 orebody 
system and along the “greenstone basement” contact.  Locally, the gold 
content can reach 350ppb over a sampling interval of approximately 0.5m. 
Deposits in the Mount Kelly area contain minor patchy gold (for example, an 
8.3m drill intersection assayed 98g/t Au; The Mount Kelly Fault hosts a 
resource of 170,000t at 2.83% Cu and 2.83g/t Au). 

 Co is a significant resource in the Mount Isa deposit but is not recovered. 
Significant Co contents have also been reported for Mammoth. 

 Zn-Pb-Ag may represent an earlier system, as commonly believed, or may be 
part of the same system as Cu-Co±Au (Perkins, 1997; Davis, 2004). 

 
Deposit Style 

 Epigenetic Cu±Co±Au mineralisation as hydrothermal replacements, veins 
and breccias. 

 
Economic significance 

 Mount Isa is a world class giant deposit, with a total endowment of 699.1Mt at 
2.13% Cu.  Mammoth and Esperanza are large supergene copper deposits.  
Esperanza South, Mount Oxide, Lady Annie and Flying Horse are medium 
sized deposits. Mount Kelly, Lady Brenda, Mount Clarke and Big One are 
small deposits. Coherent tonnage/grade plots (Appendix 3) indicate a high 
potential for 10–100Mt deposits grading 0.6–1% Cu. 

 Supergene and oxide enrichment are significant sources of economic ore in 
most deposits. 

 Given their high Cu grades and metallurgically „clean‟ ore, these deposits are 
major exploration targets and offer potential for medium to large tonnages 
(Queensland Department of Mines and Energy & others, 2000).  

 
Mineral system model 

 The ore forming system involves similar chemical processes to other 
sediment-hosted copper systems, but represents the relatively high temperature 
end of the spectrum of syn-diagenetic to low-grade metamorphic ore-forming 
environments (Queensland Department of Mines and Energy & others, 2000). 
Historically, theories on the genesis of the Mount Isa copper orebodies have 
ranged from igneous telemagmatic replacement to syngenetic deposition 
followed by remobilisation.  A variation on this model is the progressive 
build-up of the copper ores as a feeder system to syngenetic lead-zinc. Today, 
the deposit is almost universally regarded as replacement late in the 
deformation history of the Isan Orogeny (Perkins 1990). 
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 For Mount Isa style deposits, a protracted development of an alteration system 
beginning with a syn-D2 K-feldspar and mica alteration, then formation of 
fractures and dolomite veins and ending with syn-D4 massive proximal 
dolomitisation and silicification occurred during the Isan Orogeny. 

 The phase of dolomitic alteration in the host rocks was associated with 
epidote-sphene and chlorite-albite alteration in the Eastern Creek Volcanics 
(Heinrich & others, 1995). 

 As the ore fluids moved away from their source they were focussed along 
brittle/ductile shear zones, interacting to varying degrees with a range of rock 
types, partly modifying their character. 

 At the close of the alteration system, a concentration of Fe, Cu 
±Zn±Pb±Ag±Co±Au formed as replacements of the pre-existing gangue 
minerals (dolomite, quartz, K-feldspar, biotite, muscovite, chlorite). 

 It is postulated (Heinrich & others, 1993: Matthai & others, 2004: Wilde, 
2004) that ore deposition was due to mixing of an oxidised brine that 
circulated within metabasalts with a reduced sulphur-rich fluid from overlying 
Mount Isa Group metasedimentary rocks or a younger Mesoproterozoic basin 
at the site of deposition.  Reduced and oxidised fluids mixed in the proportions 
required for copper-iron sulphide precipitation, aided by rapid oscillations in 
the influx ratio of the two fluids into the most permeable and vigorously 
convecting orebody region. 

 Calcite+albite+magnetite±hematite±biotite±chlorite in the metabasalts are 
associated with uranium mineralisation and are characterised by medium 
salinity NaCl fluid inclusions.  Such alteration post-dates D2 faults and is 
therefore towards the close of the compressional deformation.  This alteration 
is correlated with the main copper and silica deposition stage at Mount Isa 
(Heinrich & others, 1995). 

 Within an overall compressional setting, orebodies formed locally at 
favourable trap sites where either chemical reactions and/or a rapid change in 
physical conditions (P, T, fO2, ?fS, ?pH) occurred.   Deformation played a 
crucial role in increasing permeability, pushing the system over the critical 
Rayleigh number and into convection.  The resultant patterns of convection 
are likely to have been extremely complex given the evolving permeability 
due to ongoing deformation and mineral precipitation.  However, deformation-
driven fluid flow alone is unlikely to have delivered the requisite volumes of 
fluid, even with the extreme levels of copper detected in fluid inclusions 
(Wilde, 2004).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

 Copper deposition was primarily a function of wall-rock reaction; mixing is a 
necessary consequence of the evolving permeability and porosity regime 
rather than an essential element of ore deposition.  Cu ore precipitation 
involved one or a combination of depositional mechanisms including: 

o cooling; 
o a number of wall-rock reactions (reduction by carbonaceous matter, 

replacement of quartz and dolomite).  Dissolution of carbonate 
minerals, feldspar, and micas buffered pH at somewhat neutral values, 
optimising copper extraction (Wilde, 2004). 

o most rock types such as those found at Mount Isa are chemically 
suitable for ore deposition if the hydrothermal fluids are oxidised 
brines (Wilde, 2004). 
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o fluid mixing between magmatic and one or more fluids of a different 
origin (mantle/metamorphic/basinal evaporate/meteoric) (Kendrick & 
others, 2006).  This is a necessary consequence of the evolving 
permeability and porosity regime rather than an essential element of 
ore deposition (Wilde 2004). 

 For Mammoth style sandstone-hosted deposits, many of the same elements of 
the mineral system apply, with the exception that the dolomitisation and 
silicification in veins and fracture breccias tend to be more incipient, and there 
is a more significant relative development of micaceous alteration. 

 
Figure 1: Schematic diagram showing the relative importance of chemical and mechanical parameters 
in identifying key host rocks. 
 
 
Tectonic/geological environment 

 Deformed intracratonic (rift) basin. 
 The early formed Kalkadoon-Leichhardt Belt is interpreted as an elongate, 

basement-cored magmatic and volcanic arc (Cover Sequence 1) related to 
subduction processes (towards the west?) and it exerted a strong control on 
subsequent evolution of the Eastern and Western Fold Belts. Rifting led to the 
formation of the north–south trending Leichhardt River Fault Trough within 
which the Leichhardt Superbasin was focussed during ENE–WSW extension, 
followed by the Calvert Superbasin which developed (almost orthogonally) 
during NNE–SSW extension. The ensuing Isa Superbasin has a widespread 
distribution, with its development and preservation largely being a function of 
the evolving Isan Orogeny.  This orogeny has accentuated the tectonic grain to 
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varying degrees in different areas and caused widespread re-activation of the 
extensional fault architecture.   

 Ductile flow in the middle crust, magmatic accretion and basin formation in 
the upper crust appear to be associated with emplacement of granite-cored 
metamorphic core complexes in the Western Fold Belt (Sybella Granite, 
1650Ma).  This generated fault-controlled buttress-like geometries and 
doming. 

 The Isan Orogeny resulted in shortening, uplift and a crustal thickness of up to 
~55km beneath the Mount Isa region. 

 As is manifest by fault control on deposit location at a range of scales, the 
regional faults are numerically modelled as fluid pathways which, in 
extension, draw down fluids; in compression, the convective cells break down 
and fluids are expelled upwards, typically ponding in permeable hanging wall 
positions.  Discrete element modelling at the district to deposit scales indicates 
that stress anomalies associated with a particular compression direction during 
D4 deformation played a critical role in the localisation of copper deposits.  
Fault bends, jogs and intersections are regarded as key localisation features. 

 The conditions for mineralisation did not exist during deposition of the 
Leichhardt and Calvert Superbasins.  These superbasins appear to have been 
key fluid reservoirs for later mineralising events.  Steep penetrative faults 
appear to be the most effective mechanism for accessing such fluids, and thus 
become a focus for regional to district scale area selection.  Aborted 
compressional events separated the Leichhardt and Calvert Superbasins and 
also the Calvert and Isa Superbasins.  These events led to major erosional 
unconformities.  

 Given the requirement for oxidised brines during the mineralising process, it 
has been suggested by many authors that they could be sourced from a system 
of evaporative lakes in a late Proterozoic sedimentary basin that 
unconformably overlaid the Mount Isa Group/McNamara Group/Myally Sub-
group metasediments (for example, Wilde, 2004). 

 With the exception of the Mammoth orebodies, most other deposits are in the 
Mount Isa Group or its stratigraphic equivalent, the McNamara Group, 
particularly in the dolomitic part of those sequences. 

 The Mammoth and Esperanza orebodies are in the upper part of the Myally 
Subgroup (Whitworth Quartzite) and partly in the Surprise Creek Formation. 

 The major period of deformation was an east–west shortening and crustal 
thickening.  This followed a period of north–south thrusting during which the 
Paroo Fault-greenstone „basement‟ at Mount Isa formed, as did a low angle 
fault at Mount Kelly.  This east–west shortening consisted of a regional event 
(D2) separated by a more restricted event with shallow axial planes (D3) from a 
further period of east–west shortening yielding NNW–SSE axial planes (D4). 

 Regional metamorphism in the Eastern Creek Volcanics east of Mount Isa is 
characterised by albite-chlorite-actinolite-epidote-sphene-magnetite-
quartz±biotite.  Closer to the Mammoth deposit, similar rocks still contain 
relict clinopyroxene and are undeformed and less oxidised. 

 A common interpretation is that the copper has been sourced by leaching from 
the Eastern Creek Volcanics (for example, Smith & Walker, 1971) and 
therefore the proximity to this unit is a prerequisite for copper ore formation.  
Alternatively, copper could be enriched as chalcopyrite within the Eastern 
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Creek Volcanics at the same time as copper ore formation.  Traces of 
chalcopyrite and either bornite or pyrite locally occur in veinlets, mainly in 
intensely hematitised metasediments within the Eastern Creek Volcanics 
(Heinrich & others, 1995). 

 Orebodies are formed in zones of higher D2 strain relative to the surrounds.  
Mount Isa is on the eastern edge of an isoclinal D2 fold zone; likewise, 
Mammoth is associated with the Mount Gordon fault/fold zone.  Mount Kelly 
and Lady Annie are in relatively more highly strained zones compared with 
the intervening sequences to the east and west. 

 A fault zone (the Paroo-„basement‟ fault) with a high ductility contrast across 
it was a significant factor in the formation of the Cu orebodies above it at 
Mount Isa.  Fracturing associated with faults such as the Mammoth Fault and 
Mammoth Extended fault was highly significant in localising ore at 
Mammoth. 

 Event ages 

 Absolute age of mineralisation:  
o The most widely accepted age of ore formation is given by 

40Ar/39Ar dating of biotite by Perkins & others (1999) at 1523Ma.  
This biotite is more spatially related to Zn-Pb mineralisation than it 
is to copper mineralisation at Mount Isa  The same age was 
obtained for intense carbonate-iron oxide±biotite alteration at the 
Anderson‟s Lode uranium prospect, ~15km north-east of Mount 
Isa. 

o A whole-rock Re-Os age of 1372±41Ma has been obtained for the 
copper ore, with an initial ratio indicative of mantle-derived Os 
(Gregory & others, 2008).  A range of published 40Ar/39Ar and Rb-
Sr dates for potassic alteration associated with copper 
mineralisation also record an event between 1350Ma and 1400Ma 
(Spikings & others, 2002; Perkins & others, 1999) and these are 
consistent with the 1372Ma age. This age may reflect the time of 
Cu deposition, the time of a hydrothermal event that reset the Re–
Os signature of the Cu ore, or mixing of the Re–Os isotope 
systematics between the host rocks and Cu-bearing fluids. 

o The Re-Os age dates for Mount Isa Cu ores are within the 
analytical error of Re-Os ages for Mount Isa Ag-Pb-Zn ores. 
Pooling all of the data together yields an age of 1380±47Ma (Keays 
& others, 2004). The younger biotite and K-feldspar ages suggest 
the possibility that copper ore formed after 1100Ma as suggested 
by the 40Ar/39Ar data (Wilde, 2002). 

o An interpretation of the cooling history is shown in Figure 2. The 
40Ar/39Ar data are supplemented by U-Pb dating of monazite at 
1575Ma.  The latter suggests that the Isan metamorphism was 
much older than previously recognised and peaked before 1575Ma.  
Ambient temperatures in the Mount Isa Group rocks would only 
have been appropriate to copper ore formation (that is, <300°C) 
after 1350Ma if the assumption can be made that there was thermal 
equilibrium between fluid and rock.   
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Figure 2:  Cooling path for the Mount Isa western succession, near Mount Isa, based on 40Ar/39Ar 
(Spikings & others, 2002) and U-Pb monazite (Hand & Rubatto, 2002) data. 
 

 Country rocks:  
o Mount Isa Group.   

 Dolomitic and siliceous shales and siltstones (1660–
1645Ma). 

 Urquhart Shale (1653±7Ma – Connors & Page, 1995) 
 Moondarra Siltstone (1668–1663Ma) 

o Gunpowder Creek Formation(1694±3Ma) 
o Paradise Creek Formation(1654±4Ma) 
o Whitworth Quartzite (~1740Ma; Mammoth-Esperanza) 

 Deformation events (after Bell & Hickey, 1998; Davis, 2004; Betts & 
others, 2006) 

o D1 ?1630–1600Ma. Caused fault block formation on steep 
faults in the Leichhardt River Fault Trough and resulted in 
regional steep east–west folds with steep axial surfaces.  

o D2 1600–1575Ma.  This event produced major meridional 
anticlines and synclines with axial planes varying from NNW 
to NNE; also significant block faulting (Bain & others, 1992).  
The peak of metamorphism occurred during D2. 
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o D3 ~1550Ma. Produced local flexural folds with shallow axial 
planes. 

o D4 1530–1520Ma. Produced steep upright folds and 
crenulations with NNW to N–S-trending axial surfaces. 
Significant event controlling Zn-Pb-Ag and Cu mineralisation 
at Mount Isa and Cu±Au at Mount Kelly (van Dijk, 1991). 

o Comparatively young ages have been obtained from faults in 
the vicinity of the Mount Isa Fault (Perkins & others, 1999), 
with 1400Ma for the Holly fault and 1325Ma for the Buck 
Quartz fault. This could represent younger fluid phases or a 
greater Ar loss than for the biotite associated with the Mount 
Isa orebody. 

 Intrusive events: 
o Sybella Granite – ~1675–1655Ma 
o Weberra Granite – 1711±3Ma 
o Mica Creek pegmatites – 1532±7Ma and 1480±14Ma (Connors 

& Page, 1995); could represent fluid sources for Mount Isa 
mineralisation. 
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Figure 3: Summary of deformational and metamorphic events across the Mount Isa Inlier (Murphy & 
others, 2008) 
 

Metal source(s) 
 The most commonly advocated source of copper in the Mount Isa and other 

orebodies is from the underlying basic volcanics (Eastern Creek Volcanics) 
(for example, Smith & Walker, 1971; Wilson & others, 1984; Heinrich & 
others, 1995; Clark, 2003). The authors argue that there is an uncommonly 
high concentration of copper, that there are five types of alteration, and that 
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depletion of copper occurs in metabasalts that are enriched in K2O, MgO or 
CO2. Hannan & others (1993) described two styles of alteration: 

o The first was regional and restricted to intensely formed epidosites and 
chlorite schists that occurred sporadically in the regionally minimally 
metamorphosed metabasalts.  The δ18O values for carbonate, vein 
quartz and vein chlorite indicated equilibration at 325°C with waters 
derived by dehydration from an Eastern Creek Volcanics reservoir at 
the greenschist-amphibolite facies transition; δ13C and δ34S indicated 
that carbon and sulphur components of the metamorphic fluid were 
buffered by local wall rocks. Sulphide-oxide relationships and sulphur 
isotope ratios of sulphides were incompatible with infiltration of an 
oxidising hydrothermal fluid.  Thus, fluid-rock reactions which 
produced the widespread regional-style alteration assemblages were 
probably not responsible for large-scale leaching of copper from the 
Eastern Creek Volcanics.   

o In the Paroo Fault domain between the Mount Isa and Paroo faults, a 
large proportion of the metabasite is intensely deformed and altered to 
chlorite schist, and this is the second main alteration type.  The hybrid 
metamorphic fluid indicated by this alteration could have carried 10 to 
1000ppm Cu which could be the mineralising fluid.  Even so, this 
would require extremely large volumes of chlorite schist in the fault 
domain. 

 An alternative interpretation is that the elevated copper in the Eastern Creek 
Volcanics is precipitated at the same late stage as and from the same fluids 
that deposited copper in the orebodies, rather than being a more primary 
component that is stripped out.  Supporting this is the occurrence of copper as 
a secondary chalcopyrite deposit, formed replacively in the metamorphic 
assemblages of the metabasalt, as amygdale infillings or in quartz veins.  
“Away from biotite-rich zones, potassium-rich veins are observed in the 
metabasalts of the Eastern Creek Volcanics. These veins are dominated by 
potassium feldspar, calcite, quartz and chalcopyrite and are commonly 2 to 
5mm thick.  Typically, the veins are zoned, with potassium feldspar lining the 
metabasalt contact and calcite with lesser quartz in the core. Chalcopyrite is 
intergrown with the potassium feldspar.  The vein boundaries are sharp and 
crosscut the peak metamorphic foliation found within the metabasalts” 
(Gregory & others, 2005).  This is supporting evidence for copper being 
introduced into the metabasalts at a late stage, rather than being removed from 
it. 

 Ore components possibly leached syntectonically from sedimentary (-
volcanic) sequences. 

Fluid source(s) 
Fluid source(s):  
 Generally considered to be saline, H2S-poor, high SO4

2-/H2S fluids at 200–
400°C that have a path history involving evaporite environments and oxidised 
rock masses (Queensland Department of Mines and Energy & others, 2000). 
Saline, H2S-poor, relatively oxidised fluids (SO4 totalH2S), are required for 
the mobilisation and transport of copper, sulphur and other ore-forming 
components.  Under subgreenschist to greenschist facies conditions (200 to 
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400C), such brines can transport potentially ore-forming concentrations of 
copper and other components (Co, Ni, As) characteristic of Isa-style deposits 
(Heinrich & others, 1995). 

 The origins of fluids potentially associated with mineralisation are diverse and 
include sedimentary formation waters in basins, magmatic, metamorphic 
(basinal and basement units), meteoric and possibly mantle sources. Most of 
the ore deposits and regional alteration have mixed geochemical signals 
indicating the involvement of at least two of the fluid end-members (Murphy 
& others, 2008). Wide ranges in salinity and homogenisation temperatures for 
fluid inclusions and evidence for multiple fluid sources, as suggested by 
halogen ratios, indicate fluid mixing as an important process in genesis. 

 In the Leichhardt River Fault Trough, heterolithic proximal facies sediments 
are identified as diagenetic aquifers for storage of sedimentary formation 
waters.  These have been identified as important fluid sources for both Zn-Pb-
Ag deposits as well as associated Cu. 

 Multiple fluids were involved in the formation of the „silica-dolomite‟ at 
Mount Isa and presumably in the formation of veins and breccias in other 
deposits in the McNamara Group and Mount Isa Group.  There is an indication 
of a bimodal distribution in salinity possibly suggesting the involvement of 
two discrete brines during quartz precipitation (Heinrich & others, 1989). A 
summary of the fluid inclusion characteristics in both dolomitic and siliceous 
alteration at Mount Isa is shown in Table 1. The absolute pressure-temperature 
ranges for the dolomitic and siliceous alteration seem to be slightly different, 
but it is uncertain whether the quartz-chalcopyrite mineralisation occurred at 
slightly lower temperature or slightly higher pressure compared with the 
dolomitic alteration.  The latter is confined to 270 to 350°C and 700 to 1500 
bars by isochore and mineral stability data (Heinrich & others, 1989). 

 
Table 1: Summary of fluid inclusion characteristics from Heinrich & others (1989) 
and Heinrich & Cousens (1989) 
 
 Phases Host Age T Salinity EMP/Raman 

Analysis 

Comments 

1 2–3 (some 
contain an 
unidentified 
solid) 

Dolomite Not stated 180–260°C Nucleated a 
solid on 
freezing 
that 
persisted to 
12–20°C on 
heating; 
tentatively 
interpreted 
as a CH4 
clathrate 

Na and Ca 
(Na>Ca) 
consistent with 
final 
ice/hydrohalite 
melting 
temperatures up 
to ~25°C 

Raw micro-
thermometric 
data not 
provided – it is 
impossible to 
assess whether 
post-entrapment 
changes have 
influenced 
homogenisation 
behaviour. 

2 2 phase (CO2 
rich) 

Dolomite Primary or 
pseudosecondary 
(criteria were not 
specified or 
illustrated) 

Some 
homogenised 
into the 
liquid phase 
270–285°C 

5% NaCl 
equivalent 
based on 
clathrate 
melting 

CO2 and O-13 
mole% CH4 NO 
N2. Aqueous 
phase thought to 
be Ca-rich. 
Carbon detected 
by LRM at 
water-CO2 
interface 

Overlap or 
slightly postdate 
Group 1 
(evidence not 
given). XCO

2 
estimated at 
0.17±0.04, 
density at 
0.75±0.04g/cm3. 

3 2 phase (Na 
brine with CH4 
gas) 

Quartz Primary 130–180°C A bimodal 
salinity 
distribution 
was noted 
with 
salinities of 

Na-dominant but 
more potassic 
than Group 1 or 
2. CH4 dominant 
gas. Molar 
CH4/CO2 ratio - 

Zoned quartz 
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 Phases Host Age T Salinity EMP/Raman 

Analysis 

Comments 

between 3–
8wt% and 
10–20wt% 
NaCl 
equivalent 

infinity to 4:1. 
Carbon in some 
inclusions. 

4 2–3 (Ca brine; 
often contains 
halite) 

Quartz, 
dolomite 

Secondary 90–140°C Inclusions 
with halite 
most Ca-
rich, 
consistent 
with low 
melting 
temperature 
of 
hydrohalite 

Wide range in 
Ca/Na from 12–
10:1. 

Coeval with late 
calcite veins? 

 
 

 One hypothesised fluid is a highly reduced gaseous H2-bearing phase 
ultimately derived from the mantle.  H2 is a powerful reductant and its 
interaction with oxidised copper-rich brines could have precipitated copper.  
Re-Os data are also suggestive of a mantle origin for the Os.  However, Wilde 
(2004) believes that the ore depositional process can be adequately explained 
by in-situ reduction without appealing to an extraneous mantle gas flux. 

 Fluid derived by metamorphic devolatilisation of the Mount Isa Group or 
Eastern Creek Volcanics would probably be relatively reduced (in equilibrium 
with magnetite and/or carbon) and therefore likely to carry much lower copper 
concentrations than fluids derived from oxidised sources (Wilde, 2004). 

 Heinrich & others (1993) and Wilde & others (2004) proposed a source of 
oxidised fluid from an overlying Proterozoic sedimentary basin.  The fluid 
would thus be a basinal brine that derived its salinity through evaporite 
dissolution or through evaporation at the surface. No such basins are preserved 
at Mount Isa although the ilmenitic and hematitic conglomerates of the 
Quamby Conglomerate have been dated at the appropriate age (1500Ma) 
(Idnurm & Wyborn, 1998). 

 At the time of Mount Isa copper formation, potential evaporite sources 
within the Leichhardt and Calvert Superbasins include dolomitic red-beds 
that may have contained deposits of anhydrite and dirty clastic rocks with 
potential to develop secondary porosity (Polito & others, 2006b, 2006c; 
Southgate & others, 2006). Within the Leichhardt River Fault Trough, the 
Lochness Formation was potentially a source of anhydrite, is dominated by 
red-brown siltstone and shale, and is interpreted to have formed in a 
periodically emergent tidal or lagoonal environment.  This formation is part 
of the Myally Subgroup that thickens to the north both on the eastern and 
western side of the Mount Gordon arch.  If the Lochness Formation or the 
enclosing feldspathic sands were the reservoirs/aquifers for bittern brines, 
then fluid migration at the time of formation of the Mount Isa Cu deposits 
was upwards from north to south.   

 Fluids for metal transport may have originated in one or more of five ways: 
o As a highly evolved basinal brine. 
o As direct magmatic-hydrothermal fluids from the crystallising 

mafic magmas 
o As metamorphic fluids 
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o As magmatic-hydrothermal fluids from a crystallising felsic 
intrusion. 

o From a direct or indirect mantle source, as implicated in the genesis 
of the Ernest Henry deposit (Blenkinsop, 2005). 

Isotopic data 
 The C, O, and H isotope compositions of quartz, dolomites and hydrous 

silicates at Mount Isa were imposed by the externally derived, weakly CH4- 
and CO2-bearing, NaCl-rich fluid at high fluid/rock ratios and over a small 
range of temperatures.  This fluid may have originated as a highly evolved 
basinal brine or an evaporite-derived metamorphic fluid.  The early CaCl2-rich 
fluid may have had an origin similar to the NaCl-rich ore fluid, but its different 
δD and mass balance constraints suggest that it has not been derived from the 
NaCl-rich fluid by progressive rock interaction within the zoned alteration 
system (Heinrich & others, 1989). 

 The δ18O values for quartz associated with chalcopyrite and/or containing 
Group 3 inclusions (Table 1) cluster in a narrow range between 11 and 13 per 
mil.  The δ18O and δ13C values for dolomite from all rocks in and immediately 
around the „silica-dolomite‟ alteration are low compared with middle 
Proterozoic marine carbonates; δ18O values range from 11.4 to 17.8 per mil 
and δ13C from -8.7 to-0.1 per mil. The δ13C enrichment in carbonate for the 
Mount Isa 3500 orebody reflects partial reduction of oxidised carbon species 
to methane.  

 Waring (1990a, 1990b) and Waring & others (1998) found a zonal pattern of 
O isotopes throughout the „silica-dolomite‟ system, with lighter values around 
the core and heavier values in dolomitic alteration at the periphery.  This still 
represents depletion relative to the primary dolomite.  These relationships 
could be used to test isolated alteration that might suggest proximity to a 
mineralised system.  It has to be recognised that there may be several 
paragenetic stages of carbonate in a given sample. Wilde & others (2004) 
reinterpreted the δ18O isotopic patterns as correlating better with faults than 
with economic copper mineralisation. 

 S isotopes have been used to assess the relative importance of locally derived 
or externally derived sulphur for the formation of chalcopyrite in the Mount 
Isa copper system (Andrew & others, 1988).  The tentative conclusion from 
this work was that the bulk of the sulphur was derived from pre-existing fine-
grained stratiform pyrite.  However, examination of the ores suggests that 
there has been minimal consumption of fine-grained pyrite in the mineralising 
process. Waring (1990a) used mass balance considerations to argue for the 
bulk of the sulphur being introduced as part of the mineralising event.  Perkins 
(1984) and Wilde & others (2006) argued on textural and volumetric grounds 
that the sulphur for the copper ores was introduced along with the copper. 

 The δ34 S values of pyrite, chalcopyrite and pyrrhotite vary in a coherent way 
from hanging wall to footwall in the 3500 orebody at Mount Isa.  These 
patterns suggest isotope equilibrium between the species.  In the hanging wall 
zone, δ34 S values of pyrite and chalcopyrite vary between +13.8 and +18‰ 
with chalcopyrite tending to be lighter than pyrite.  Within the ore zone, there 
is a small but systematic increase in the δ34 S values of pyrite and chalcopyrite 
from +11.3 to +13.8‰ from the hanging wall to the footwall.  Below the ore 
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zone, δ34 S values of pyrrhotite and pyrite increase into the footwall 
systematically and significantly from +13.9 to 23‰. 

 Re-Os isotope studies indicate that Mount Isa Cu and Ag-Pb-Zn ores have the 
same initial Os isotope (Osi) contents, with up to 50 times the Os content of 
barren Urquhart shale. Both the Re-Os isotope signature of the ores and their 
high Os contents suggest that the Os in the ores was derived from a mantle 
source (Keays & others, 2004). 

 Combined noble gas and halogen studies of fluid inclusions from Mount Isa 
favour a metamorphic fluid origin for silica fluid inclusions that are most 
closely associated with Cu. 40Ar/36Ar ratios are explained by mixing a 
metamorphic fluid (in silica) and a bittern brine (in dolomite) (Kendrick, 2006; 
Kendrick & others, 2006). 

 

Heat sources and fluid flow drivers 
 Ultimately, gradients in temperature, pressure and salinity are the drivers for 

ore deposition, and these gradients can arise from far field effects such as 
mantle plumes, core complex development and orogeny, operating in tandem 
with more local scale controls such as areas of dilation, competency contrasts, 
increased fluid flux and availability to fluid reservoirs.   

 Fluid circulation for deposits may have been driven by heat sources from 
buried intrusions of Mica Creek pegmatite age. 

 The existence of vertical or steeply dipping aquifers within the architecture of 
a mineralising system can be of great significance because they provide a 
higher potential for fluid to flow across gradients of temperature and pressure 
than horizontal, or shallowly dipping aquifers. A steep aquifer is also more 
likely to favour free thermal convection (Mullis, 1995), which is a highly 
effective fluid flow driving process in hydrothermal systems (Keys & others, 
2006). 

 Wilde & others (2004) recognised at least two major fluid flow events in the 
copper orebodies: 

o An early fluid flow event deposited quartz by a cooling (upwards 
flowing) basement-derived fluid. Flow patterns are strongly affected by 
the distribution of permeable rock units (fractured and relatively 
permeable Urquhart Shale). 

o Silicification is inferred to have played an important role in making the 
Mount Isa host rocks brittle and susceptible to fracturing and 
brecciation. Quartz was overprinted by dolomite and eventually 
chalcopyrite, suggesting that the fluid flow field had reversed during 
ore deposition. 

 

Transport 
 Faults are a prime factor in fluid circulation and metal transport. The plumbing 

system comprises a well-developed mosaic of faults and shear zones of several 
ages that acted as primary channels, augmented by equally substantial 
secondary channels that consisted of large volumes of country rock through 
which the fluid passed. As in the eastern succession deposits, they form a 
kinematically remarkably coherent array comprising orthogonal and diagonal 
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fault sets trending north, north-east, north-west and east. All are metasomatic 
channels (Laing, 1998). 

 The metal endowment may be determined by the availability of steep fluid 
pathways, such as along major faults, connecting different fluid reservoirs, 
oxidised rocks and host metasediments. This is manifest by fault control on 
deposit location at a range of scales (Murphy & others, 2008). 

 

Deposition 
Depositional environment 
 Structural setting:  

o Deposits lie along or within 2km of major fault structures, in a range of 
chemical and physical trap types in linear zones of more intense 
folding, shearing and cleavage development. 

o The Mount Isa deposit is located above the ramp section of a major D1 
thrust fault, the Paroo Fault-“basement fault” system.  It is controlled 
by bedding anisotropy and D4 fold structures. 

o At the Mammoth deposit, drive mapping has shown that the lodes 
formed in response to shear on the Mammoth and Mammoth Extended 
faults.  Shallow dipping striations on the fault surfaces indicate 
movement was predominantly dextral strike-slip.  UDEC modelling of 
the Gunpowder area shows a good fit with the major deposits (Murphy 
& others, 2008). 

o Other deposits lie along fracture zones that are controlled by major 
faults.  Some of these faults, such as at Mount Kelly, are relatively flat-
lying.  

o Miller (2008) studied the orientations of veins controlling chalcopyrite 
deposition at Mount Isa and concluded that bedding-parallel slip along 
bedding planes (with dips averaging 600 west in the Enterprise 
orebodies) was a key control on the development of the copper 
breccias.  The presence of S4 cleavages provided additional 
permeability, with the intersection lineation on bedding being a key 
control on ore shoot plunge. In apparent contrast to this finding, Miller 
found that the extension direction was remarkably consistent, 
irrespective of fold plunge or location with respect to basement.  The 
majority of vein and fault data indicated top-to-SE (that is, sinistral-
reverse) movement. 

o Leapfrog modelling of the Mount Isa orebody and the underlying 
greenstone basement led Keys & others (2008) to agree with Perkins 
(1984) that folding of the fault contact was a major control on copper 
ore distribution.  In addition, Miller (2008) and Keys & others (2008) 
modelled the distribution and structure of the quartzite within the 
greenstone basement and concluded that the quartzite is a significant 
control on the ore distribution above it.  The quartzite is not a control 
on the 1100–500-650 orebody system since no quartzite underlies the 
1100 orebody.  North- and north-west-trending basement lineaments 
are linked to the overlying Cu breccia bodies and these are F4 fold axial 
surfaces associated with regional D4 deformation.  The main faults that 
formed post-Cu breccia are the Buck Quartz Fault and faults of the S48 
style.  This agrees with the conclusions of Perkins (1984). 
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o Ore shoot plunges are parallel with the L0
4 intersection lineation within 

the Mount Isa host and the brecciation post-dates the S4 cleavages 
(Figure 3; Perkins, 1984; Keys & others, 2008). 

o At Mount Kelly, the degree of brecciation increases with proximity to 
the Mount Kelly fault and close to the fault there is evidence of re-
brecciation, with the Cu being associated with the second phase (Keys 
& others, 2008). 

o The most likely far field stress orientation for breccias localising fluids 
and Cu mineralisation for all deposits in the Western Succession 
during a late stage in the Isan Orogeny was in an ESE direction (Keys 
& others, 2008).  This was determined using UDEC modelling. 

o North-east-trending regional faults are generally right-lateral (for 
example, Mount Remarkable, Fountain Range). These faults have not 
been primarily responsible for localisation of mineralisation although 
Cu deposition appears to be associated with the switch from steep 
extension during D4 to horizontal extension.  This is represented at 
Mount Isa by the S48 Fault cutting the highest grade focus of the 1100 
orebody. 

 Host rocks:  
o Most deposits are hosted by brecciated, dolomitic, pyritic and 

carbonaceous sediments or brecciated sandstones of the McNamara 
Group and Mount Isa Group (Cover Sequence 3) and the Haslingden 
Group (Cover Sequence 2) in both the Lawn Hill and Leichhardt River 
Subprovinces. 
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Figure 4:  Summary diagram integrating regional kinematics with existing deformation history 
(modified from Betts & others, 2006; Keys & others, 2008). Note that the MIM subscript is used to 
highlight the deformation numbers for the Mount Isa copper deposit chronology - different numbers 
have been used in regional studies. 
 

 Alteration:  
o K-feldspar and ferroan dolomite veining and replacement. 

This alteration style forms a halo around the lead-zinc orebodies at 
Mount Isa, Hilton and George Fisher.  Perkins (1997) demonstrated 
that K-feldspar replacement of tuffaceous marker beds and siltstones 
was restricted to the mine area.  Recognition of K-feldspar replacement 
could be a distal guide to Zn-Pb-Ag ore, and, if a cogenetic model is 
followed, also a distal guide to Cu ore.  Radiometric images show that 
there is K-enrichment in siltstone layers around the Mount Isa mine.  
Although it is not certain that this is due to K-feldspar, comparison of 
HYMAP and radiometric data suggest that it is (Wilde & others, 2004). 

o Regional pre- to syn-metamorphic.   
 Apatite-uranium replacement of biotite-magnetite 

metasediments.   
 Tourmaline replacement associated with quartz veins.  

Tourmaline may be related to basinal brines (as is the case 
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with unconformity-related uranium deposits) or a reflection 
of magmatic fluid input. 

 Pervasive chloritisation of metabasalt (amphibolite). 
 Epidote-quartz cemented veins and breccias and marginal 

replacement of metabasalt and amphibolite. 
 Calcite and iron-oxide tension gash veins and marginal 

replacement in N–S faults/lithological contacts. 
 Pervasive and vein-controlled albite and tremolite in meta-

sedimentary units.   
 Regional chlorite, epidote and calcite alteration is found 

throughout the Western Succession.  Relative age criteria 
suggest that all these assemblages were generated during or 
before peak metamorphism.  There are some similarities 
between this alteration and that associated with 
unconformity-related uranium deposits at the edge of the 
McArthur basin.  The absence of a spatial relationship with 
economic copper and the pre- to syn-D2 timing means that 
this alteration suite is of limited use in prospect-scale 
targeting.  If studies suggesting this alteration is crucial to 
copper depletion are correct, then recognition of such 
alteration is critically important in terrane selection. 

o Late copper-related.   
 Distal white mica ± kaolinite/dickite ± hematite in north-

west-trending faults and interstices of metasediments. 
White mica ± kaolinite and hematite along north-west-
trending faults (and east–west faults near Mount Gordon) 
and within coarse clastic rocks of the Mount Guide 
Quartzite are interpreted to reflect the passage of oxidised 
and acidic hydrothermal solutions that would have been 
favourable for copper transport.  It is possible that such 
structures were active in the stress field during ore 
formation.   

 Proximal dolomite and Fe-dolomite veining and pervasive 
replacement. Geochemical modelling suggests that the 
basinal brine is the most likely source of dolomite.   

 Proximal pervasive silicification (with subordinate talc, 
chlorite, apatite and calcite) and quartz veining replacing 
dolomite veins. Silicification is a key alteration type that 
paragenetically precedes chalcopyrite, and Cu grades at 
Mount Isa correlate with intensity of silicification.  It is 
thought to have played a critical role in ore formation by 
focussing dilation during subsequent deformation and fluid 
flow.  Thus, recognition of large areas of hydrothermal 
quartz is a critical step in prediction of buried copper 
deposits. 

 Proximal talc, Fe-talc and Mg-chlorite replacement of meta-
sediments. Talc is likely to be a direct replacement of 
dolomite. 

 Proximal biotite-stilpnomelane-magnetite replacement of 
meta-sediments. 
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 A combination of this unusual bulk chemistry and 
neutralisation by the carbonate lead to quasi-stratabound 
biotite, phlogopite, Fe-talc (minnesotaite) and talc-rich 
assemblages on the fringes of the copper-bearing silica-
dolomite and probably to formation of stilpnomelane and 
magnetite as well.  The extreme variability of the alteration 
assemblages reflects the variability of the 
porosity/permeability and the mass of later hydrothermal 
fluid flow. 

o Na-feldspar-tremolite and tremolite.  These alteration styles occur west 
of the Mount Isa Fault adjacent to the Mount Isa Mine and also at 
Mount Novit. They replace cross-bedded schists of the probable 
Lochness Formation, and form large pods that may have talc haloes on 
their boundaries.  Besides quartz, albite and tremolite, these rocks 
contain epidote, talc, chlorite, titanate, rutile and carbonate minerals.  
There are two interpretations of the age of the alteration.  Connors 
(1992) interpreted it to be pre-D2 whereas Huang & Rubenach (1994) 
regarded it as being late to post-D2. 

o In carbonate-poor host rocks, copper mineralisation is accompanied by 
less extensive alteration that takes the form of silicification and quartz 
and quartz-carbonate veining (Richardson & Moy, 1999). 

Depositional mechanisms: 
 Combinations of fluids in different proportions across gradients in salinity, 

temperature and pressure are important controls on ore deposition (Murphy & 
others, 2008). Copper deposition was primarily a function of wall-rock 
reaction; mixing is a necessary consequence of the evolving permeability and 
porosity regime rather than an essential element of ore deposition (Wilde, 
2004).  Cu ore precipitation involved one or a combination of depositional 
mechanisms including: 

o cooling; 
o a number of wall-rock reactions (reduction by carbonaceous matter, 

replacement of quartz and dolomite).  Dissolution of carbonate 
minerals, feldspar, and micas buffered pH at somewhat neutral values, 
optimising copper extraction (Wilde, 2004). 

o most rock types such as those found at Mount Isa are chemically 
suitable for ore deposition if the hydrothermal fluids are oxidised 
brines (Wilde, 2004). 

o fluid mixing between magmatic and one or more fluids of a different 
origin (mantle/metamorphic/basinal evaporate/meteoric) (Kendrick & 
others, 2006). 

 The hydrothermal fluids represent mixing of infiltrating CaCl2-bearing brine 
(evolved basinal brines) with local metamorphic relatively CO2-rich fluid 
represented by fluid inclusions with <5 wt% NaCl and up to 17 wt% CO2. The 
main stage of siliceous chalcopyrite ore formation resulted from an oxidised 
(SO4

2–>H2S) medium salinity NaCl-dominated fluid (~15 wt% NaCl 
equivalent) with temperatures cooling from approximately 330°C (CaCl2-rich 
brine) to approximately 250–300°C for the NaCl-rich brines (Heinrich & 
others, 1995; Waring & others, 1998). 
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 Deposits are a combination of infill (in veins and breccias) and replacement of 
wall rocks and formed at sites of abnormal dilation of the host structure (fault 
intersections, fault bends, dilational jogs and competency contacts). 

 From structural modelling at Mount Isa (Gessner, 2004), strength contrasts of 
layered rock packages favour fracturing and brecciation, depending on the 
orientation of rheological contrast planes with regard to mechanical loading 
directions.  Compared to isotropic layered rock, deformation of anisotropic 
rock can affect a larger volume of rock, generating more fluid pathways and 
higher grades in host rocks. Thus, fluid infiltration subparallel to the 
stratigraphic layering of chemically receptive host rocks favours the formation 
of large deposits. 

 

 
 
Figure 5: Tectonostratigraphic model for Isa-style metasediment-hosted Cu deposits (Queensland 
Department of Mines and Energy & others, 2000). 
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Figure 6: Northern cross-section of Mount Isa at central shaft complex, illustrating distribution of 
copper and lead-zinc mineralisation (after Burns, 1993). 
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Figure 7: Geological plan of the Mount Gordon (Gunpowder) area, showing lithological and structural 
controls on the distribution of orebodies (after Richardson & Moy, 1998). 
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Figure 8: Simplified diagrammatic model illustrating geological relationships between the Lawn Hill 
Platform, Mount Gordon Fault Zone and the Leichhardt River Fault Trough during east–west 
transpression synchronous with metamorphic fluid flow. Metamorphic water fluid reservoirs are within 
anticlinal structures of the Eastern Creek Volcanics. Channelised fluid flow (red arrows) is initiated 
during D4, when the fluid reservoirs are broached by highly permeable structures, and focussed into 
dilatant zones, where the metamorphic fluids mix with deep circulating waters (blue arrows) of 
meteoric origin (Clark, 2003). 
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Geochemical signatures 
 Cu, Ag (Co) 
 Au is generally low. 
 S:Se is high. 
 Distribution of Cu±Au in soils. 
 Ryall & others (1981) found a strong positive correlation between Hg and Cu, 

S, Ag, As, Bi, Pb, Sb, and Tl, at Mammoth suggesting that Hg was introduced 
as part of the mineralising process. Trace elements associated with the 
sulphides include Ag, As, Bi, Co, Mo, Ni, Pb, Sb and Tl. Gossans derived 
from the copper deposits contain more than five times the amount of Hg as 
ironstones developed over unmineralised or poorly mineralised fault zones. 

 Silica-dolomite metasomatism at Mount Isa involved addition of Cu, Co, As, 
S, Fe, SiO2, MgO and ?Au and depletion of Zn, K2O, Pb and CaO. 

Geophysical signatures 
 Modern geophysical techniques could not be applied to the Mount Isa deposit 

because the mine and infrastructure were too well advanced by the time they 
were developed.  It seems likely that gravity would have located the deposit as 
a positive anomaly. 

 Prior to mining, a radiometric anomaly in the potassium channel would 
possibly have highlighted microcline alteration that is directly associated with 
the Zn-Pb-Ag mineralisation at Mount Isa, Hilton and George Fisher and 
forms an outer halo to copper mineralisation. 

 Weak radioactivity in some deposits. 
 Electrical methods can be utilised to map subsurface conductors (for example, 

sulphide-rich zones). However, these methods may actually map carbonaceous 
and pyritic potential hosts and not directly distinguish copper mineralisation 
within these rock packages (Queensland Department of Mines and Energy & 
others, 2000). 

 Integration of aeromagnetic data with geology can indicate first-pass, 
structurally and lithologically favourable strata. Magnetics may also be useful 
in the recognition of alteration zones (magnetic lows) in basement 
metavolcanics (Queensland Department of Mines and Energy & others, 2000). 

 District and regional scale gravity data, integrated with interpretations of 
magnetics and geology, can be useful in clarifying metavolcanic basement 
depths and structure (Queensland Department of Mines and Energy & others, 
2000). 

Controls on distribution of mineralisation 
1. North-north-west- to north-north-east-trending, steeply to moderately west-

dipping major faults with strike lengths of tens to hundreds of kilometres that 
penetrate to lower crustal levels provide a terrane-scale control on the 
distribution of mineralisation. These faults tap deeper into potential fluid 
reservoirs and may distort the thermal gradient (Murphy & others, 2008). 

2. Deposits generally lie along fracture zones that are closely related to faults that 
splay off the major faults. 
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3. Fault networks comprising the major faults, splays, subsidiary faults and cross 
faults provide a district-scale control by providing sites of dilation, brecciation 
and fluid pathways during compressive events and interacting with reactive 
rocks such as laminated siltstones and carbonaceous shales and feldspathic 
sandstones. 

4. The syn-copper mineralisation deformation geometry is related to oblique 
convergence across the Mount Isa Fault system, which was resolved by strike-
slip movements along steep foliations and structures (Bell & others, 1988; 
Gessner & others, 2006; Swager, 1986). 

 

Criteria for targeting/modelling 
 Cu and Au anomalism in soils, rock chips and RAB holes and the presence of 

sulphides appear to be the most direct geochemical and mineralogical signals 
of potential Cu-Au targets. Although deposits may also exhibit strong 
anomalism in elements such as Co, Mo, Ba, U, Ag, Pb, Zn, Bi, As, Ni, Se, Hg, 
Te, Sn, W, Ca, Mn, Y and F, related geochemical anomalies are commonly not 
much more broadly developed than the Cu and Au anomalism (Queensland 
Department of Mines and Energy & others, 2000). 

 Mineralising fluids may be complex and heterogeneous in view of their 
possible interactions with a variety of wall rocks. Generally considered to be 
saline, H2S-poor, high SO4

2-/H2S fluids at 200–400°C that have a path history 
involving evaporite environments and oxidised rock masses (Queensland 
Department of Mines and Energy & others, 2000). Fluid pathways and sites of 
fluid mixing are much more important than fluid sources for controlling the 
distribution of deposits. A common mineralising process can generate deposits 
in a variety of host rocks depending on the fluid pathways.  

 Large and giant deposits are more proximal to first-order fault structures, as 
determined from empirical observation of map data and from quantitative 
assessment of geospatial distributions.  The association of more metal with 
penetrative features indicates a process model where faults act as pathways for 
mineralising fluids and can access deeper level and shallow level fluid 
reservoirs.  This synmetamorphic fault-related fluid circulation system 
connects fluid sources, oxidised rocks and host metasediments. The strike 
length of faults and related potential field gradient may be a proxy for depth 
extent, and can provide a tool for narrowing the exploration search area, 
especially in under cover regions. 

 Linear, strike-extensive gravity anomalies with strong gradients within an 
overall high gravity response can locate plumbing systems that tap deep into 
the crust (maybe even mantle?).  The sources of the high gravity responses are 
varied (Wellman, 1987) but an association with abundant mafic rocks at depth 
is implied.  Sampling on at least 5km stations is needed to determine this 
(Murphy & others, 2008). 

 Aeromagnetic response with evidence of long wavelength gradients.  These 
typically have a similar fault-related nature as the gravity responses and an 
integration of these two data sets provides essential information relating to the 
terrane-scale architecture (Murphy & others, 2008). 
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Figure 9: Cu occurrences, Western Fold Belt Province 
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 Evidence of potential source rocks (rift-related volcanics) and diagenetic 

aquifers in lower parts of the stratigraphic pile, comprising thick proximal 
clastic sequences with potential to be buried to 5–10km depth at time of 
mineralisation (for example, Leichhardt Superbasin sediments and volcanics) 
(Polito & others, 2006). 

 Infiltration of ore-forming fluids into and through potential metasedimentary 
host packages is fracture-controlled and localised by: 

o fault-fold systems and shear zones (for example, Mount Isa and 
Mammoth-Esperanza); 

o dilation at zones associated with fault jogs, stepovers and intersections 
(for example, Mammoth-Esperanza); and 

o at finer scales, mechanical contrasts among host metasediments 
reflecting bedding-controlled and alteration-related heterogeneities. 

 Broadly north-trending fault systems that were active during D4, especially 
reactivated segments of earlier fault systems, and at intersections with east–
west and west-north-west-trending reactivated fault systems. 

 Faults providing juxtaposition of suitable host rocks and suitable Cu-rich 
source rocks (for example, altered and demagnetised basalts of the Eastern 
Creek Volcanics). 

 Hosted by strongly reducing and reactive, low-grade metamorphosed pyritic, 
carbonaceous (and preferably dolomitic) metasedimentary successions with 
mechanical contrasts within the sequence. These rock packages in Cover 
Sequence 3 are localised in sub-basins confined to accommodation zones 
resulting from episodic reactivation of fault systems that accompany 
sedimentation and also host stratabound Ag-Pb-Zn mineralisation. 

 Chemical traps such as large bodies of dolomite, and pyrite or some other 
sulphur source. The ferroan dolomites associated with the Mount Isa 
mineralisation make a potentially useful exploration tool. 

 Reactivation of pre-folded fault structures to provide openings, brecciation and 
resultant fluid focusing on a large scale. 

 Large targets may be expected where appropriate metasediments are relatively 
shallow dipping in fold/fault systems, and in fold hinge zones and/or around 
thrust fault systems that were active/reactivated during D4 deformation 
(Queensland Department of Mines and Energy & others, 2000). 

 Silica-dolomite alteration halos. These halos are zoned from an outer envelope 
of sparse dolomitic (chalcopyrite) veins, downwards and inwards through a 
more intense network of dolomite-quartz-chalcopyrite veins and associated 
coarse dolomite growth, to a replacive (veined and brecciated) siliceous core. 
Copper grades correlate with intensity of silicification. 

 Positive correlation between δ13C and δ18O for carbonates as part of a district-
scale envelope of systematic 18O and 13C depletion. Wilde & others (2004) 
interpreted the δ18O isotopic patterns as correlating better with faults than with 
economic copper mineralisation. 

 Hyperspectral mineral maps, alone or in combination with other geophysical 
data (for example, magnetics, radiometrics) can be used to detect not only 
potential host rocks, but also alteration assemblages and their spatial 
distribution.  
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o Hydrothermal phengite has been identified in a variety of forms (at 
basal contacts, along mineralised faults and as a halo surrounding 
quartz veins) along the Mount Isa Fault and in broad but significant 
halos surrounding the Hilton, George Fisher and Mount Isa Ag-Pb-Zn 
and Cu deposits. ASTER and HYMAP phengite mineral index maps 
can be used to delineate potential hydrothermal alteration zones. Note, 
however, that metamorphic and detrital phengite also occur in the 
Western Fold Belt Province. 

o Silica mineral index maps highlight silica in a variety of different 
environments, including silicification associated with Cu 
mineralisation, quartzite units and quartz in regolith. 

o Combining Phengite and Quartz mineral index maps with Band 1-2-3, 
Ferric, Ferrous, Ferrous-silicates, Silica 3 and Dolomite mineral index 
maps may provide an effective tool for mapping variations in lithology, 
alteration and structure (van der Wielen & others, 2005). 

 

Bibliography 

ANDREW, A., HEINRICH, C.A., WILKINS, R. T. & PATTERSON, D. J., 1989:  
Sulphur isotope systematics of copper ore formation at Mount Isa.  Economic 

Geology, 84, 1614-1626.  

BAIN, J.H.C., HEINRICH, C.A. & HENDERSON, G.A.M., 1992:  Stratigraphy, 
structure, and metasomatism of the Haslingden Group, East Moondarra area, 
Mount Isa: a deformed and mineralised Proterozoic multistage rift-sag sequence. 
In Stewart, A.J. & Blake, D.H. (Editors): Detailed Studies of the Mount Isa Inlier. 
Australian Geological Survey Organisation, Bulletin 243, 125-136. 

BAMPTON, K.F., COLLINS, A.R., GLASSON, K.R. & GUY, B.B., 1977:  
Geochemical indications of concealed copper mineralisation in an area northwest 
of Mount Isa, Queensland, Australia.  Journal of Geochemical Exploration, 8, 
169-188.  

BAMPTON, K.F., 1983: The Spinifex Queen - Mount Kelly copper prospect, north 
west Queensland.  In Laing, W.P. (Editor): Abstracts, Ph.D and M.Sc Theses in 
geology, 1971-1982. James Cook University of North Queensland, Economic 

Geology Research Unit, Contribution 1, 25. 

BAMPTON, K.F., 1989: The Spinifex Queen - Mount Kelly copper prospect. In 
Laing, W.P. (Editor): Abstracts of seminars on north Queensland mineral deposits, 
1973-1988. James Cook University of North Queensland, Economic Geology 

Research Unit, Contribution 5, 9. 

BELL, T.H., 1991: The role of thrusting in the structural development of the Mount 
Isa Mine and its relevance to exploration in the surrounding region. Economic 

Geology, 86, 1602-1625. 

 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 28 of 60 

BELL, T.H. & HICKEY, K.A., 1998: Multiple deformations with successive 
subvertical and subhorizontal axial planes in the Mount Isa region; their impact on 
geometric development and significance for mineralization and exploration. 
Economic Geology, 93, 1369-1389. 

BELL, T.H., PERKINS, W.G. & SWAGER, C.P., 1988:  Structural controls on 
development and localization of syntectonic copper mineralisation at Mount Isa, 
Queensland.  Economic Geology, 83, 69-85. 

BERKMAN, D., 1996: Making the Mount Isa Mine, 1923-1933. The Australasian 
Institute of Mining and Metallurgy, Spectrum Series No. 1. The Australasian 
Institute of Mining and Metallurgy, Carlton, Victoria. 

BETTS, P.G., GILES, D., MARK, G., LISTER, G.S., GOLEBY, B.R. & AILLERES, 
L., 2006:  Synthesis of the Proterozoic evolution of the Mount Isa Inlier.  
Australian Journal of Earth Sciences, 53,187-211. 

BIERLEIN, F.P. & BETTS, P.G., 2004:  The Proterozoic Mount Isa Fault Zone, 
northeastern Australia: Is it really a 1.9Ga terrane-bounding suture?  Earth and 

Planetary Science Letters, 225, 279-294. 

BLANCHARD, R. & HALL, G., 1942a: Rock deformation and mineralization at 
Mount Isa. Proceedings of the Australasian Institute of Mining and Metallurgy, 
125, 1-60. 

 
BLENKINSOP, T. (Editor), 2005: Final Report, Total Systems Analysis of the Mt Isa 

Eastern Succession, Project I2+3, April 2002 – March 2005. Predictive Mineral 

Discovery Cooperative Research Centre. 
 

BRIESE, M., 1998: Supergene Cu ore and regolith genesis, Esperanza Mine. 
Unpublished B.Sc. Honours thesis, University of Queensland, Brisbane. 

 
BURNS, T.N., 1993: A new mine project - the 3000 and 3500 copper orebodies at 

Mount Isa. In Robertson, I., Shaw, W., Arnold, C. & Lines, K. (Editors): 
Proceedings of the International Mining Geology Conference, Kalgoorlie, 
Western Australia, 5-8 July 1993. The Australasian Institute of Mining and 

Metallurgy, Publication Series No. 5/93, 87-95. 
 
CARTER, S.R., 1953: Mount Isa Mines. In Edwards, A.B. (Editor): Geology of 

Australian Ore Deposits. Fifth Empire Mining and Metallurgical Congress, 
Australia and New Zealand. The Australasian Institute of Mining and Metallurgy, 
Melbourne, 361-377. 

 
CAVANEY, R.J., 1975: Stratigraphic and structural controls to copper mineralization 

in the Mount Isa-Lawn Hill district, northwest Queensland. Unpublished M.Sc. 
Thesis, James Cook University of North Queensland, Townsville. 

 
 
 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 29 of 60 

CAVANEY, R.J., 1983: Stratigraphic and structural controls to copper mineralisation 
in the Mount Isa-Lawn Hill district, north west Queensland. James Cook 

University of North Queensland, Economic Geology Research Unit, Contribution 
1, 29. 

 
CLARK, D.J., 2003: Geology and genesis of the Mammoth Cu deposit, Mount Isa 

Inlier, Australia. Unpublished Ph.D. thesis, University of Tasmania, Hobart. 
 
CONNORS, K.A., 1992:  Tectonothermal evolution of the Mount Novit ranges, 

Mount Isa Inlier, Australia.  Unpublished PhD thesis, Monash University, 
Melbourne. 

CONNORS, K.A. & PAGE, R.W., 1995: Relationships between magmatism, 
metamorphism and deformation in the western Mount Isa Inlier, Australia.  
Precambrian Research, 71, 131-153. 

CULPEPER, L.G., DENARO, T.J., BURROWS, P.E. & MORWOOD, D.A., 1999: 
Mines and mineralisation of the Westmoreland 1:250 000 Sheet area, north-west 
Queensland. Queensland Geological Record 1999/6. 

DAVIS, T.P., 2004:  Mine-scale structural controls on the Mount Isa Zn-Pb-Ag and 
Cu orebodies.  Economic Geology, 99, 543-559. 

DENARO, T.J., CULPEPER, L.G., BURROWS, P.E. & MORWOOD, D.A., 1999a: 
Mines and mineralisation of the Camooweal 1:250 000 Sheet area, north-west 
Queensland. Queensland Geological Record 1999/4. 

DENARO, T.J., CULPEPER, L.G., MORWOOD, D.A. & BURROWS, P.E., 1999b: 
Mines and mineralisation of the Lawn Hill 1:250 000 Sheet area, north-west 
Queensland. Queensland Geological Record 1999/5. 

DENARO, T.J., CULPEPER, L.G., MORWOOD, D.A. & BURROWS, P.E., 2001: 
Mines and mineralisation of the Mount Isa 1:250 000 Sheet area, north-west 
Queensland. Queensland Geological Record 2001/3. 

DENARO, T.J., WITHNALL, I.W., CULPEPER, L.G., MORWOOD, D.A. & 
BURROWS, P.E., 2003: Mines, mineralisation and mineral exploration in the 
Urandangi 1:250 000 sheet area, north-west Queensland. Queensland Geological 

Record 2003/2. 

DERRICK, G.M., 1979: Geology and mineral potential of red bed and associated 
environments in the Mount Oxide region, northwest Queensland. In Abstracts, 8th 
BMR Symposium, Canberra, 1-2 May 1979. Bureau of Mineral Resources, 
Geology and Geophysics, Australia, Record 1979/13. 

DRUMMOND, B.J., GOLEBY, B R., GOCHAROV, A.G., WYBORN, L.A.I., 
COLLINS, C.D.N. & MACREADY, T., 1998:  Crustal scale structures in the 
Mount Isa Inlier, north Australia: their response and influence on mineralisation.  
Tectonophysics, 228, 43-45.  



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 30 of 60 

DUNCAN, R.J. & WILDE, A.R., 2004: Geochronological constraints on tourmaline 
alteration at Mount Isa, NW Queensland. In Barnicoat, A.C. & Korsch, R.J. 
(Editors): Predictive Mineral Discovery Cooperative Research Centre, Extended 
Abstracts from the June 2004 Conference. Geoscience Australia Record 2004/09, 
45-46. 

DUNCAN, R.J., WILDE, A.R., BASSANO, K. & MAAS, R., 2006: 
Geochronological constraints on tourmaline formation in the Western Fold Belt of 
the Mount Isa Inlier, Australia: evidence for large-scale metamorphism at 1.57Ga? 
Precambrian Research, 146, 120-137. 

EDWARDS, A.B., 1953: The Mount Oxide Copper Mine. In Edwards, A.B. (Editor): 
Geology of Australian Ore Deposits. Fifth Empire Mining and Metallurgical 
Congress, Australia and New Zealand, 1953. The Australasian Institute of Mining 
and Metallurgy, Melbourne, 391-395. 

FORD, A., BLENKINSOP, T.G. & MCLELLAN, J.G., 2009:  Factors affecting fluid 
flow in strike-slip fault systems: coupled deformation and fluid flow modelling 
with application to the western Mount Isa Inlier, Australia.  Geofluids, 9, 2-23. 

FRASER, G.L., HUSTON, D.L., GIBSON, G.M., NEUMANN, N.L., MAIDMENT, 
D., KOSITCIN, N., SKIRROW, R.G., JAIRETH, S., LYONS, P., CARSON, C., 
CUTTEN, H. & LAMBECK, A., 2007: Geodynamic and metallogenic evolution 
of Proterozoic Australia from 1870 – 1550 Ma: a discussion. Geoscience Australia 

Record 2007/16. 

GESSNER, K., 2004:  Numerical process models of the Mount Isa copper 
mineralisation: synthesis and implications for targeting.  I4 Predictive Discovery 

of Mount Isa Style Iron Sulphide Cu Mineralisation, pmd*CRC Project Report. 

GESSNER, K., JONES, P.A., WILDE, A.R. & KUHN, M.B.L., 2006:  Significance 
of strain localization and fracturing in relation to hydrothermal mineralization at 
Mount Isa, Australia.  Journal of Geochemical Exploration, 89, 129-132. 

GESSNER, K., KUHN, M. & RATH, V., 2009:  Coupled process models as a tool for 
analysing hydrothermal systems.  Surveys in Geophysics, 30, 133-162. 

GIBSON, G.M. & HITCHMAN, A.P. (Editors), 2005: 3D Architecture & Mineral 

Systems in the Mt Isa Western Succession. Pmd*CRC Project I1 Final Report, 

March 2002 – March 2005.  

GREGORY, M., 2006: Recognising and quantifying fluid flow events around the Mt 
Isa base-metal deposits, Qld, Australia. Unpublished Ph.D. thesis, Monash 
University, Melbourne. 

GREGORY, M.J., KEAYS, R.R. & WILDE, A.R., 2008: Magmatic history of the 
Eastern Creek Volcanics, Mt Isa, Australia: insights from trace-element and 
platinum-group-element geochemistry. Australian Journal of Earth Sciences, 55, 
1153-1173. 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 31 of 60 

GREGORY, M.J., SCHAEFER, B.F., KEAYS, R.R. & WILDE A.K., 2008: 
Rhenium-osmium systematics of the Mount Isa copper orebody and the Eastern 
Creek Volcanics, Queensland, Australia: implications for ore genesis. Mineralium 

Deposita, 43, 553-573. 

GREGORY, M.J., WILDE, A.R., KEAYS, R.R. & SCHAEFER, B.F., 2004: 
Preliminary Re-Os dating of the Mount Isa copper ores, northwest Queensland. In 

Barnicoat, A.C. & Korsch, R.J. (Editors): Predictive Mineral Discovery 
Cooperative Research Centre, Extended Abstracts from the June 2004 Conference. 
Geoscience Australia Record 2004/09, 79-80. 

GREGORY, M.J., WILDE, A.R., SCHAEFER, B.F. & KEAYS, R.R., 2005:  Potassic 
alteration and veining and the age of copper emplacement at Mount Isa, Australia. 
In Mineral Deposit Research; Meeting the Global Challenge. Proceedings of the 

8
th

 SGA Biennial Meeting, Beijing, China. Society for Geology Applied to Mineral 
Deposits, 755-758. 

GULSON, B.L., PERKINS, W.G. & MIZON, K. J., 1983:  Lead isotope studies 
bearing on the genesis of copper orebodies at Mount Isa, Queensland. Economic 

Geology, 78, 1466-1504. 

GUY, B.B., 1975: Stratiform copper mineralization in the Proterozoic dolomites of 
northwestern Queensland, Australia. Economic Geology, 70, 1414-1425. 

HAND, M. & RUBATTO, D., 2002: The scale of the thermal problem in the Mt Isa 
Inlier.  Geological Society of Australia, Abstracts, 67, 173. 

HANNAN, K.W., GOLDING, S.D, HERBERT, H.K. & KROUSE, H.R., 1993:  
Contrasting alteration assemblages in metabasites from Mount Isa, Queensland: 
implications for copper ore genesis.  Economic Geology, 88, 1135-1175. 

HEINRICH, C., ANDREW, A.S., WILKINS, R.W.T. & PATTERSON, D.J., 1989:  
A fluid inclusion and stable isotope study of the synmetamorphic copper ore 
formation at Mount Isa, Australia.  Economic Geology, 84, 529-550. 

HEINRICH, C., BAIN, J. & ANDREW, A., 1993: Regional evidence for Mount Isa-
style copper ore systems. AGSO Research Newsletter 18, 9-11. 

HEINRICH, C., BAIN, J.H.C., FARDY, J.J. & WARING, C.L., 1993:  Br/Cl 
chemistry of hydrothermal brines associated with Proterozoic meta-sediment 
hosted copper mineralisation at Mt. Isa, Australia. Geochimica et Cosmochimica 

Acta, 57, 2991-3000. 

HEINRICH, C.A., BAIN, J.H.C., MERNAGH, T. P., WYBORN, L.A.I., ANDREW, 
A. S. & WARING, C.L, 1995:  Fluid and mass transfer during metabasalt 
alteration and copper mineralisation at Mount Isa, Australia.  Economic Geology, 
90, 705-730. 

 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 32 of 60 

HEINRICH, C. & COUSENS, D.R., 1989:  Semi-quantitative electron microprobe 
analyses of fluid inclusion salts from the Mount Isa copper deposit, (Queensland, 
Australia).  Geochimica et Cosmochimica Acta, 53, 21-28. 

 
HEINRICH, C.A., WARING, C.L. & WALL, V.J., 1990: Essential chemical 

ingredients for Mount Isa-style copper mineralization. In Mount Isa Inlier 

Geology Conference, 27-30 November, 1990. Department of Earth Sciences, 
Monash University, Clayton, Victoria, 72-73. 
 

HESPE, A.M., 2001: Recent developments in geology, exploration and production at 
the Mt Gordon copper mine.  Australian Institute of Geochemists Journal, Paper 

2001-02, January 2001. 
 
HUANG, W. & RUBENACH, M., 1995: Structural controls on syntectonic 

metasomatic tremolite and tremolite-plagioclase pods in the Molanite Valley, Mt. 
Isa.  Journal of Structural Geology, 17, 83-94. 

 
IDNURM, M. & WYBORN, L. A. I., 1998:  A Mesoproterozoic age for the gold-

bearing Quamby Conglomerate, Queensland.  AGSO Research newsletter, 28.  

JAQUES, A.L., JAIRETH, S. & WALSHE, J.L., 2002: Mineral systems of Australia: 
an overview of resources, settings and processes. Australian Journal of Earth 

Sciences, 49, 623-660. 

KEAYS, R., GREGORY, M., MURPHY, T., WILDE, A. & SCHAEFER, B., 2004: 
Insights into the age and genesis of Mt Isa Cu-Pb-Zn sulphide ores from Re-Os 
isotopes. In Barnicoat, A.C. & Korsch, R.J. (Editors): Predictive Mineral 
Discovery Cooperative Research Centre, Extended Abstracts from the June 2004 
Conference. Geoscience Australia Record 2004/09, 105. 

KENDRICK, M.A., 2006: Noble gases and halogens in crustal fluids: new data 
through space and time. In Barnicoat, A.C. & Korsch, R.J. (Editors): Predictive 
Mineral Discovery Cooperative Research Centre, Extended Abstracts from the 
April 2006 Conference. AGSO Record 2006/07, 52-56. 

KENDRICK, M.A., DUNCAN, R. & PHILLIPS, D., 2006:  Noble gas and halogen 
constraints on mineralising fluids of metamorphic versus surficial origin: Mt Isa, 
Australia.  Chemical Geology, 235, 325-351. 

 
KEYS, D., MILLER, J. & MCLELLAN, J., 2008: Structural controls on depositional 

sites for Cu deposits in the Western Fold Belt, Mount Isa: integration of field 
observations and UDEC modelling. In Murphy, B., Kendrick, M., Maas, R., 
Phillips, D., Jupp, B., Ailleres, L., Schaefer, B., Mark, G., Wilde, A., McLellan, J., 
Rubenach, M., Luakamp, C., Oliver, N., Ford, A., Fisher, L., Keys, D., 
Duckworth, R., Nortje, G., Austin, J., Edmiston, M., Lepong, P., Blenkinsop, T., 
Foster, D., Roy, I., Neumann, N., Gibson, G., Thomas, M., Southgate, P., Gessner, 
K., Bierlein, F., Miller, J., Walshe, J., Cleverley, J., Ord, A. & Hutton, L. 
(Contributors): Mineral system analysis of the Mt Isa-McArthur region, northern 

Australia. Pmd*CRC, Project I7 Final Report, April 2005 – July 2008. 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 33 of 60 

KLEMM, M.C., 1989: The Mount Isa copper orebodies, Queensland: style of 
mineralisation and genetic models. In Laing, W.P. (Editor): Abstracts of seminars 
on north Queensland mineral deposits, 1973-1988. James Cook University of 

North Queensland, Economic Geology Research Unit, Contribution 5, 13-14. 

KOSITCIN, N., CHAMPION, D.C. & HUSTON, D.L., 2009: Geodynamic synthesis 
of the north Queensland region and implications for metallogeny. Geoscience 

Australia, Record 2009/30. 

KUHN, M., ALT-EPPING, P., GESSNER, K. & WILDE, A., 2004: Application of 
reactive transport modelling to the Mount Isa Copper mineralised system. In 

Barnicoat, A.C. & Korsch, R.J. (Editors): Predictive Mineral Discovery 
Cooperative Research Centre, Extended Abstracts from the June 2004 Conference. 
Geoscience Australia Record 2004/09, 107-110. 

 
KUHN, M., DOBERT, F. & GESSNER, K., 2006: Numerical investigation of the 

effect of heterogeneous permeability distributions on free convection in the 
hydrothermal system at Mount Isa, Australia. Earth and Planetary Science 

Letters, 244, 655-671. 
 
KUHN, M. & GESSNER, K., 2005: Reactive transport model of silicification at the 

Mount Isa copper deposit, Australia. Journal of Geochemical Exploration, 89, 
195-198. 

 
KUHN, M. & GESSNER, K., 2009: Testing hypotheses for the Mount Isa copper 

mineralisation with numerical simulations. Surveys in Geophysics, 30, 253-268. 

LAING, W.P., 1990: Evidence for a replacive origin for the Mount Isa Pb+Zn 
orebodies in a hydrothermal Cu+Pb+Zn deposit. In Mount Isa Inlier Geology 

Conference, 27-30 November, 1990. Department of Earth Sciences, Monash 
University, Clayton, Victoria, 64-66. 

LAING, W.P., 1998:  Structural-metasomatic environment of the East Mt. Isa Block 
base-metal-gold province.  Australian Journal of Earth Sciences, 45, 413-428. 

MATHIAS, B.V. & CLARK, G.J., 1975: Mount Isa copper and silver-lead-zinc 
orebodies – Isa and Hilton mines. In Knight, C.L. (Editor): Economic Geology of 
Australia and Papua New Guinea, Volume 1 Metals. The Australasian Institute of 

Mining and Metallurgy Monograph Series, 5, 351-372. 

MATTHAI, S.K., HEINRICH, C.A. & DREISNER, T., 2004:  Is the Mount Isa 
copper deposit the product of forced brine convection in the footwall of a major 
reverse fault? Geology, 32, 357-360. 

MCGOLDRICK, P.J. & KEAYS, R.R., 1990: Cogenetic copper-cobalt and lead-zinc-
silver mineralization at Mount Isa and the effects of silica dolomite formation. In 
Mount Isa Inlier Geology Conference, 27-30 November, 1990. Department of 
Earth Sciences, Monash University, Clayton, Victoria, 67-68. 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 34 of 60 

MILLER, J. MCL., 2008: Structural controls on the Mt Isa copper deposit, 
Queensland. In Murphy, B., Kendrick, M., Maas, R., Phillips, D., Jupp, B., 
Ailleres, L., Schaefer, B., Mark, G., Wilde, A., McLellan, J., Rubenach, M., 
Luakamp, C., Oliver, N., Ford, A., Fisher, L., Keys, D., Duckworth, R., Nortje, 
G., Austin, J., Edmiston, M., Lepong, P., Blenkinsop, T., Foster, D., Roy, I., 
Neumann, N., Gibson, G., Thomas, M., Southgate, P., Gessner, K., Bierlein, F., 
Miller, J., Walshe, J., Cleverley, J., Ord, A. & Hutton, L. (Contributors): Mineral 

system analysis of the Mt Isa-McArthur region, northern Australia. Pmd*CRC, 

Project I7 Final Report, April 2005 – July 2008. 
 

MITCHELL, J.W. & MOORE, G.P., 1975: Mammoth copper deposit. In Knight, C.L. 
(Editor): Economic Geology of Australia and Papua New Guinea. Volume 1. 
Metals. The Australasian Institute of Mining and Metallurgy, Monograph Series, 
5, 383-389. 

 
MOORE, G.P., 1989: The Mammoth copper deposit. In Laing, W.P. (Editor): 

Abstracts of seminars on north Queensland mineral deposits, 1973-1988. James 

Cook University of North Queensland, Economic Geology Research Unit, 

Contribution 5, 14. 
 
MOORE, G.P., & STOAKES, C.A., 1975: The geology and mineralization of the 

Mammoth copper deposit. Geological Society of Australia, Queensland Division, 

Field Conference, Mount Isa, 13-16 June, 1975, 34-40. 
 
MURPHY, B., KENDRICK, M., MAAS, R., PHILLIPS, D., JUPP, B., AILLERES, 

L., SCHAEFER, B., MARK, G., WILDE, A., MCLELLAN, J., RUBENACH, M., 
LUAKAMP, C., OLIVER, N., FORD, A., FISHER, L., KEYS, D., 
DUCKWORTH, R., NORTJE, G., AUSTIN, J., EDMISTON, M., LEPONG, P., 
BLENKINSOP, T., FOSTER, D., ROY, I., NEUMANN, N., GIBSON, G., 
THOMAS, M., SOUTHGATE, P., GESSNER, K., BIERLEIN, F., MILLER, J., 
WALSHE, J., CLEVERLEY, J., ORD, A. & HUTTON, L., 2008: Mineral system 

analysis of the Mt Isa-McArthur region, northern Australia. Pmd*CRC, Project I7 

Final Report, April 2005 – July 2008. 
 
NEUDERT, M.K., 1983: A depositional model for the upper Mount Isa Group and 

implications for ore formation. Unpublished Ph.D. thesis, Australian National 
University, Canberra, Australian Capital Territory. 

 
PAGE, R.W. 1978: Response of U-Pb zircon and Rb-Sr total-rock and mineral 

systems to low-grade regional metamorphism in Proterozoic igneous rocks, Mount 
Isa, Australia. Journal of the Geological Society of Australia, 25, 141-164. 

 
PAGE, R.W. 1981: Depositional ages of the stratiform base metal deposits at Mount 

Isa and McArthur River, Australia, based on U-Pb zircon dating of concordant tuff 
horizons. Economic Geology, 76, 648-658. 

 
PAGE, R.W. 1998: Links between Eastern and Western Fold Belts in the Mount Isa 

Inlier, based on Shrimp U-Pb studies. Geological Society of Australia, Abstracts 
49, 349. 

 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 35 of 60 

PAINTER, M.G.M., HANNAN, K.W. & GOLDING, S.D., 1996: Sulphur isotopic 
constraints on the formation of “fine-grained pyrite” at Mount Isa and its 
relationship to base metal mineralisation. In Baker, T., Rotherham, J., Richmond, 
J., Mark, G. & Williams, P. (Editors): MIC „96, extended conference abstracts, 
new developments in metallogenic research: the McArthur, Mt Isa, Cloncurry 
minerals province. Economic Geology Research Unit, Contribution 55, 99-103. 

 
PAINTER, M.G.M., GOLDING, S.D., HANNAN, K.W. & NEUDERT, M.K., 1999:  

Sedimentologic, petrographic and sulphur isotope constraints on fine-grained 
pyrite formation at Mount Isa Mine and environs, northwest Queensland, 
Australia.  Economic Geology, 94, 893-912. 

 
PERKINS, C., HEINRICH, C.A. & WYBORN, L.A.I., 1999:  40Ar/39Ar 

geochronology of copper mineralisation and regional alteration, Mount Isa, 
Australia.  Economic Geology, 94, 23-26. 

PERKINS, W.G., 1984: Mount Isa „silica-dolomite‟ and copper orebodies: the result 
of a syntectonic hydrothermal alteration system.  Economic Geology, 79, 601-637. 

PERKINS, W.G., 1990:  The Mount Isa copper orebodies. In Hughes, F.E. (Editor): 
Geology of the Mineral Deposits of Australia and Papua New Guinea. The 
Australasian Institute of Mining and Metallurgy, Monograph Series, 14, 935-941. 

PERKINS, W.G., 1997:  Mount Isa lead-zinc orebodies: replacement lodes in a zoned 
syndeformational Cu-Pb-Zn system.  Ore Geology Reviews, 12, 61-110. 

PERKINS, W.G., 2008:  Some frequently asked questions about the Mount Isa 
deposit, and enigmatic textures of the ores. In Rosenbaum, G., de Paor, D., 
Kohn, D., Hou, G. & Ahmad, T. (Editors): General Contributions, Journal of 

the Virtual Explorer, Electronic Version, 28, Paper 1. 

PIRAJNO, F. & BAGAS, L., 2008: A review of Australia‟s Proterozoic mineral 
systems and genetic models. Precambrian Research, 166, 54-80. 

POLITO, P.A., KYSER, T.K., SOUTHGATE, P.N. & JACKSON, M.J., 2006:  
Sandstone diagenesis in the Mount Isa Basin: an isotopic and fluid inclusion 
perspective in relationship to district-wide Zn, Pb and Cu mineralisation.  
Economic Geology, 101, 1159-1188. 

QUEENSLAND DEPARTMENT OF MINES AND ENERGY, TAYLOR WALL & 
ASSOCIATES, SRK CONSULTING PTY LTD & ESRI AUSTRALIA, 2000: 
North-West Queensland Mineral Province Report. Queensland Department of 
Mines and Energy, Brisbane. 

 
RICHARDSON, S.M., & MOY, A.D., 1998: Gunpowder copper deposits. In 

Berkman, D.A., & Mackenzie, D.H. (Editors): Geology of Australian and Papua 
New Guinean Mineral Deposits. The Australasian Institute of Mining and 

Metallurgy, Monograph Series, 22, 743-752. 
 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 36 of 60 

ROBERTSON, C.W., 1982: The role of pre-existing sulphides in copper-ore 
formation at Mount Isa, Queensland. BMR Journal of Australian Geology and 

Geophysics, 7, 119-124. 
 
ROBERTSON, C.W., 1983: The stratigraphy and geochemistry of the southern 

portion of the 1100 Orebody at Mount Isa, north west Queensland, and its 
implication on the genesis of the copper mineralisation. In Laing, W.P. (Editor): 
Abstracts, Ph.D and M.Sc Theses in geology, 1971-1982. James Cook University 

of North Queensland, Economic Geology Research Unit, Contribution 1, 54. 
 
ROBERTSON, C.W., 1989: The petrology and stratigraphy of the southern 1100 

Orebody, Mount Isa Mines Ltd, Mount Isa, Queensland. In Laing, W.P. (Editor): 
Abstracts of seminars on north Queensland mineral deposits, 1973-1988. James 

Cook University of North Queensland, Economic Geology Research Unit, 

Contribution 5, 18. 
 
RYALL, W.R., SCOTT, K.M., TAYLOR, G.F. & MOORE, G.P., 1981: Mercury in 

stratabound copper mineralisation in the Mammoth area, northwest Queensland.  
Journal of Geochemical Exploration, 16. 1-11. 

 
SCOTT, K.M., 1986: Sulphide geochemistry and wall rock alteration as a guide to 

mineralization, Mammoth area, NW Queensland, Australia. Journal of 

Geochemical Exploration, 25, 283-308. 
 
SCOTT, K.M., 1989: Dolomite compositions as a guide to epigenetic copper 

mineralization, Mount Isa Inlier, NW Queensland. Mineralium Deposita, 24, 29-
33. 

 
SCOTT, K.M., SMITH, J.W., SUN S.S. & TAYLOR, G.F., 1985:  Proterozoic copper 

deposits in NW Queensland, Australia: sulphur isotopic data.  Mineralium 

Deposita, 20, 116-126. 
 
SCOTT, K.M. & TAYLOR, G.F., 1977: Geochemistry of the Mammoth copper 

deposit, Northwest Queensland, Australia. Journal of Geochemical Exploration, 8, 
153-168. 

 
SCOTT, K.M. & TAYLOR, G.F., 1982: Eastern Creek Volcanics as the source of 

copper at the Mammoth Mine, northwest Queensland.  BMR Journal of Geology 

and Geophysics, 7, 93-98. 
 
SMITH, S.E., & WALKER, K.R., 1971:  Primary element dispersions associated with 

mineralisation at Mount Isa, Queensland.  Australian Bureau of Mineral 

Resources Geology and Geophysics, Bulletin 131. 
 
SOLOMON, M., GROVES, D.I. & JAQUES, A.L., 1994: The Geology and Origin of 

Australia's Mineral Deposits. Oxford Monographs on Geology and Geophysics 
No. 24, Clarendon Press, Oxford. 

 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 37 of 60 

SOUTHGATE, P.N., KYSER, T.K., SCOTT, D.L., LARGE, R.R., GOLDING, S.D. 
& POLITO, P.A., 2006:  A basin system and fluid flow analysis of the Zn-Pb-Ag 
Mount Isa type deposits of northern Australia: Identifying metal source basinal 
brine reservoirs, times of fluid expulsion, and organic matter reactions.  Economic 

Geology, 101, 1103-1115. 

SPIKINGS, R.A., FOSTER, D.A. & KOHN, B.P., 2006: Low-temperature (<110° C) 
thermal history of the Mt Isa and Murphy Inliers, northeast Australia: evidence 
from apatite fission track thermochronology. Australian Journal of Earth 

Sciences, 53, 151–165. 
 
SPIKINGS, R.A., FOSTER, D.A., KOHN, B.P. & LISTER, G.S., 2002:  Post-

orogenic (<1500Ma) thermal history of the Paleo-Mesoproterozoic. Mt Isa 
Province, NE Australia.  Tectonophysics, 349, 327-365. 

 

STEWART, A.J., 1992: The role of thrusting in the structural development of the 
Mount Isa Mine and its relevance to exploration in the surrounding region; 
discussion. Economic Geology, 87, 1659-1664. 

SWAGER, C.P., 1985:  Syndeformational carbonate replacement model for the 
copper mineralization at Mount Isa, Queensland: a microstructural study.  
Economic Geology, 80, 107-125. 

SWAGER, C.P., PERKINS, W.G. & KNIGHTS, J.G., 1987: Stratabound 
phyllosilicate zones associated with syntectonic copper orebodies at Mt Isa, 
Queensland. Australian Journal of Earth Sciences, 34, 463-476. 

VALENTA, R., 1994:  Syntectonic discordant copper mineralization in the Hilton 
Mine, Mount Isa.  Economic Geology, 89, 1031-1052. 

VALENTA, R., ORD, A. & HOBBS, B., 1990: Structural controls on copper 
mineralization in the Hilton Mine. In Mount Isa Inlier Geology Conference, 27-30 

November, 1990. Department of Earth Sciences, Monash University, Clayton, 
Victoria, 58-59. 

VAN DER WIELEN, S., OLIVER, S. & KALINOWSKI, A., 2004: Remote sensing 
and spectral investigations in the Western Succession, Mount Isa Inlier: 
implications for exploration. In Barnicoat, A.C. & Korsch, R.J. (Editors): 
Predictive Mineral Discovery Cooperative Research Centre, Extended Abstracts 
from the June 2004 Conference. Geoscience Australia Record 2004/09, 205-208. 

VAN DER WIELEN, S.E., OLIVER, S., KALINOWSKI, A.A. & CREASEY, J., 
2005: Chapter 7: Remotely sensed imagery of hydrothermal footprints in the 
Western Succession, Mount Isa Inlier. In Gibson, G.M. & Hitchman, A.P. 
(Editors): 3D Architecture & Mineral Systems in the Mt Isa Western Succession. 

Pmd*CRC Project I1 Final Report, March 2002 – March 2005, 177-190. 

VAN DIJK, P.M., 1991: Regional syndeformational copper mineralization in the 
western Mount Isa Block, Australia.  Economic Geology, 86, 278-301. 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 38 of 60 

WARING, C.L., 1990a:  Genesis of the Mt. Isa Cu ore system.  Unpublished PhD 
thesis. Monash University, Melbourne. 

WARING, C.L., 1990b: The Mt Isa Cu system: alteration, fluid flow, and pre-
disposing factors. In Mount Isa Inlier Geology Conference, 27-30 November, 

1990. Department of Earth Sciences, Monash University, Clayton, Victoria, 69-
71. 

 
WARING, C.L., 1991: The distinction between metamorphosed stratiform Pb-Zn-Ag 

mineralisation and metamorphic syntectonic Cu mineralisation at Mt Isa. In Ore 
Fluids - Their Origin, Flow Paths, Effects and Products. SGEG Ore Fluids 
Conference, Canberra, 1991. Bureau of Mineral Resources, Geology and 

Geophysics, Australia, Record 1990/95, 81-82. 
 
WARING, C.L., ANDREW, A.S. & EWERS, G.R., 1998:  Use of O, C, and S stable 

isotopes in regional mineral exploration. AGSO Journal, 17, 301-313. 
 
WARING, C.L., HEINRICH, C.A. & WALL, V.J., 1998: Proterozoic metamorphic 

copper deposits. AGSO Journal of Australian Geology and Geophysics, 17, 239-
246. 

 
WILDE, A., 2004:  A geochemical process model for the Mt. Isa copper orebodies.  

I4 Predictive Discovery of Mount Isa Style Iron Sulphide Cu Mineralisation, 

pmd*CRC Project Report. 
 
WILDE, A., 2006: Metal transport & deposition in the Mount Isa Western Fold Belt 

and Lawn Hill Platform. In Barnicoat, A.C. & Korsch, R.J. (Editors): Predictive 
Mineral Discovery Cooperative Research Centre, extended abstracts from the 
April 2006 conference. AGSO Record 2006/07, 109-113. 

 
WILDE, A., GESSNER, K., JONES, P., GREGORY, M. & DUNCAN, R., 2004: 

reducing exploration risk through research: Project I4 – predictive discovery of Mt 
Isa style copper. In Barnicoat, A.C. & Korsch, R.J. (Editors): Predictive Mineral 
Discovery Cooperative Research Centre, Extended Abstracts from the June 2004 
Conference. Geoscience Australia Record 2004/09, 225-228. 

WILDE, A., GREGORY, M. & DUNCAN, R., 2004:  A guide to hydrothermal 
alteration at Mt. Isa.  I4 Predictive Discovery of Mount Isa Style Iron Sulphide Cu 

Mineralisation, pmd*CRC Project Report. 

WILDE, A., GREGORY, M., DUNCAN, R., GESSNER, K., KUHN, M. & JONES, 
P., 2005: Geochemical process model for the Mt Isa Cu-Co-Ag deposits. In 
Mineral Deposit Research; Meeting the Global Challenge. Proceedings of the 8

th
 

SGA Biennial Meeting, Beijing, China. Society for Geology Applied to Mineral 

Deposits, 199-202. 

WILDE, A.R., JONES, P A., GESSNER, K., AILLERES, L. GREGORY, M.J. & 
DUNCAN, R.J., 2006: A geochemical process model for the Mount Isa copper 
orebodies. Economic Geology, 101, 1547-1567.  

 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 39 of 60 

WILLIAMS, P.J., 1998: Metalliferous economic geology of the Mt Isa Eastern 
Succession, Queensland. Australian Journal of Earth Sciences, 45, 329-341. 

WILSON, I.H., DERRICK, G.M. & PERKIN, D.J., 1984:  Eastern Creek Volcanics: 
their geochemistry and possible role in copper mineralisation at Mount Isa, 
Queensland. BMR Journal of Australian Geology and Geophysics, 9, 317-328. 

WYBORN, L.A.I., 1987:  The petrology and geochemistry of alteration assemblages 
in the Eastern Creek Volcanics, as a guide to copper and uranium mobility 
associated with regional metamorphism and deformation, Mount Isa, Queensland.  
Geological Society, London, Special Publications, 33, 425-434. 

 
 



Structurally-controlled epigenetic Cu±Au mineralising system – Western Fold Belt Province 
WG Perkins and TJ Denaro 

Page 40 of 60 

Appendix 1: Descriptive deposit model 
 
Deposit type: Brecciated sediment-hosted epigenetic Cu±Au deposits 

Commodities: Cu, Co, Ag, Au 
Description: Discordant, structurally controlled Cu±Au orebodies in breccias and 
veins, generally associated with late-stage faults. 
Examples: Mount Isa, Mount Gordon (Mammoth, Esperanza, Esperanza South), 
Mount Oxide, Native Bee, Lady Annie, Lady Brenda, Flying Pig, Mount Kelly, 
Flying Horse, Mount Clarke, Top Design, Big One, Bluff, Ivena, Mount Watson. 
Related deposit types:  

 Spatial relationship with some sediment-hosted Ag-Pb-Zn deposits. 
 Some similarities with sediment-hosted (red-bed) copper deposits and Kipushi 

Cu-Pb-Zn deposits. 
Tectonic/geological environment: 

Depositional setting:  
 Deformed intracratonic (rift) basins.  
 Compressional regimes during mineralisation. 
 Proximal to major regional fault/shear zones. 

Tectonic setting(s):  Lawn Hill and Leichhardt River Subprovinces (Western Fold 
Belt Province). Fluid inclusions and alteration assemblages indicate that 
mineralisation occurred at ~300°C and 5–10km depth. 
Host and associated rock types:  

 Hosted by brecciated, dolomitic, pyritic and carbonaceous shales, siltstones 
and sandstones of the McNamara Group and Mount Isa Group (Cover 
Sequence 3) and feldspathic sandstones and volcanics of the Haslingden 
Group (Cover Sequence 2). 

 Juxtaposition of altered greenstones of the Eastern Creek Volcanics and 
equivalents in faulted footwall locations. 

 Host rocks provided a major sulphur component to copper ores. Some sulphur 
from an evaporitic source. 

Structural controls: 
 Proximal to major regional fault/shear zones. 
 In linear zones of more intense folding, shearing and cleavage development. 
 Footwall faults and unconformities. 
 Dilational zones associated with faults and folds (for example, folded faults, 

fault splays and intersections, fault jogs, fold hinges, fold-fault intersections, 
fault breccias and shear zones). 

 The presence and degree of bedding discordance across low-angle faults, 
together with later folding, may provide suitable structural traps for 
subsequent mineralisation. 

 Zones of earlier growth fault activity. 
 Brecciation that is at least partly tectonic in origin. 
 Mineralisation is associated with syndeformational veining and alteration. 
 Alteration patterns in some deposits suggest emanation of fluids from footwall 

adjacent to major faults. 
Age range:  

 Mineralisation is associated with peak to retrograde metamorphism of the Isan 
Orogeny (1550–1500Ma). 
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Deposit description: 

Deposit form/structure:  
 Deposits are broadly stratabound (in some cases stratiform) to discordant; 

often as stacked lenses. 
 Mineralisation in breccia veins and stockworks, grading to semi-massive and 

massive replacement of host rocks. 
 Shear-controlled zones of quartz veins, vein stockworks, vein breccias, 

disseminations and silicification. 
 Mineralisation favours replacement of pre-existing pyrite or other (?lead-zinc) 

sulphide mineralisation, but precursor pyrite does not appear to be essential for 
copper deposition. 

Shape: Generally moderately to steeply dipping and lenticular to irregular in shape. 
Mineralogy:  

 Primary: Chalcopyrite-pyrite±pyrrhotite, with minor cobaltite, arsenopyrite, 
marcasite, galena, sphalerite and cobalt-arsenic minerals. Primary 
mineralisation in arenaceous host rocks also includes bornite and chalcocite (± 
digenite and covellite). Gold is known to occur at Mount Oxide, Mount Kelly, 
Blue Bird and Ivena, but has not always been assayed for in others. 

 Secondary: Supergene enrichment is economically important in some deposits 
(for example, Mount Isa, mammoth, Esperanza), with replacement of pre-
existing mineralisation by bornite, chalcocite and covellite. Oxide zone 
minerals may include malachite, azurite, chrysocolla, cuprite, native copper, 
erythrite, tenorite, brochantite, hematite, goethite, limonite, jarosite. 

 Alteration: May include silica, dolomite, tourmaline, chlorite, talc, apatite, 
calcite, biotite, stilpnomelane, magnetite. 

 Gangue: The major gangue minerals forming the silica-dolomite are ferroan 
dolomite and quartz. Talc, chlorite and K-feldspar are present locally in major 
amounts. Minor accessory minerals include calcite, tourmaline, sericite, 
muscovite, phlogopite, carbonaceous material, rutile, apatite and zircon. 

Alteration:   
 The major faults show evidence of leaching but are not necessarily 

mineralised.  
 Large silicified and dolomitised alteration envelopes are common. Silica-

dolomite replacement is associated with all copper mineralisation in dolomitic 
host rocks. Alteration carbonate grain coarsening, ferroan carbonate-quartz 
veining, brecciation and replacement, and is zoned from an outer envelope of 
sparse dolomitic (chalcopyrite) veins, downwards and inwards through a more 
intense network of dolomite-quartz-chalcopyrite veins and associated coarse 
dolomite growth, to a replacive (veined and brecciated) siliceous core. Copper 
grades correlate with intensity of silicification. 

 Siliceous zones generally lie close to faulted sediment-greenstone contacts and 
are ringed irregularly by dolomitic zones. 

 Talc/stilpnomelane may be part of the reaction front of silica-dolomite zones. 
 Sulphide (+chlorite) replacement of arenaceous host rocks occurs 

concomitantly with silica-dolomite alteration in deposits that comprise both 
dolomitic and arenaceous host rock types. 

 In carbonate-poor host rocks, copper mineralisation is accompanied by less 
extensive alteration that takes the form of silicification and quartz and quartz-
carbonate veining. 
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Textures:  
 Vein stockworks, veins, breccia veins, shear zones, fault breccias, 

disseminated, replacement. Veins, vugh infill and replacement styles are more 
pervasive in more reactive or highly permeable lithologies. 

 Textural and mineralogical differences relate to the nature of the host rock and 
hosting structure, and variations in fluid compositions. 

 Most of the textures in silica-dolomite are now interpreted to be the result of 
intense structurally controlled metasomatic activity, and the entire body is 
regarded as a large alteration system. 

Surface expression/weathering: 
 Gossanous to siliceous outcrops with oxide copper; may be completely 

leached. Copper-stained black shales and breccias. 
 Secondary copper enrichment is common down-dip. 
 Ar/Ar dating of manganese oxides from the ironstone overlying Esperanza 

indicate two weathering events at 23–15Ma and ~3Ma that are related to the 
supergene enrichment process.   

Geochemical signature: 
 Cu, Ag (Co) 
 Au is generally low. 
 S:Se is high. 
 Distribution of Cu±Au in soils. 

Geophysical signature:  
 Weak radioactivity in some deposits. 
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Appendix 2: Mineralising system for structurally-controlled epigenetic Cu±Au deposits, 
Western Fold Belt Province, Mount Isa Inlier – ingredients, processes and mappable 
features 
 
Question Ingredient / process Reason Importance Mappable/measurable 

characteristics 

Outstanding questions Scale 

Q1 Intracontinental extension 
pre-mineralisation events 

Hosted by rift sediments. 
Sedimentary-volcanic rocks 
in subaerial to shallow water 
basin settings provide sources 
of metals and salinity. Fault 
architecture provides 
pathways for fluid movement 
during later compressional 
events. 

Essential  Intracontinental 
extensional basins 

 (Meta)evaporate sequences 
 Fault networks 

 Continental to terrane 

Q1 Compressional orogenesis Compressional orogenesis 
and deformation, with 
shortening and crustal 
thickening, drives fluid 
movement and formation of 
dilational traps. 
Mineralisation is associated 
with peak to retrograde 
metamorphism. 

Essential  Crustal-scale faults/shears 
active during compression 

Tectonic setting of 
orogenesis not well 
understood 

Continental to terrane 

Q2, Q4 Crust-penetrating 
shear/fault zones separating 
crustal blocks or orogens; 
district scale fault networks 
reactivated during Cu 
mineralisation 

Magma & fluid pathways 
from mantle and lower crust 
to near-surface; permeability 
control on flow of deep-
sourced and possibly meteoric 
fluids. This synmetamorphic 
fault-related fluid circulation 
system connects fluid sources, 
oxidised rocks and host 
metasediments. Major 
systems may preferentially 

Highly 
desirable 

 PTt variations across 
crustal block boundaries 

 Geophysical responses of 
deep crustal fault/shear 
zones – gravity and 
magnetic worms 

 Cu-related alteration along 
faults 

 Ages of fault movement 
 Alignment of mineral 

deposits. 

 Terrane to district (camp) 
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Question Ingredient / process Reason Importance Mappable/measurable 

characteristics 

Outstanding questions Scale 

occur in hanging wall of 
boundary zones between 
crustal blocks. Alteration 
patterns in some deposits 
suggest emanation of fluids 
from footwall adjacent to 
major faults. 
 

 Major crustal boundary 
zones, with greatest 
potential in hanging wall  

 Network of pre- to syn-
orogenic major faults/shear 
zones, reactivated during 
compressive events. 

Q2 Rift-hosted sedimentary 
sequences 

Deposits hosted by strongly 
reducing and reactive, low-
grade metamorphosed pyritic, 
carbonaceous (and preferably 
dolomitic) metasedimentary 
successions with mechanical 
contrasts within the sequence. 
These rock packages are 
localised in sub-basins 
confined to accommodation 
zones resulting from episodic 
reactivation of fault systems 
that accompany sedimentation 
and also host stratabound Ag-
Pb-Zn mineralisation.  

Essential  Rift sequences mapped 
from surface geology, 
sequence stratigraphy and 
geophysics. 

Role of precursor pyrite or 
other sulphide mineralisation. 

Terrane to district (camp) 

Q2, Q3 Presence of mafic volcanic 
rocks in footwall of faults 

Many deposits are adjacent to 
mafic volcanic rocks of the 
Eastern Creek Volcanics. 
Metabasalts are a potential Cu 
source. 

Desirable  Mapping of altered and 
demagnetised mafic 
volcanics by geophysical 
methods. 

 Surface and subsurface 
distribution of mafic 
volcanics in relation to 
faults and potential host 
rock packages. 

Is the Cu in the metabasalts 
of the Eastern Creek 
Volcanics pre- or syn-
mineralisation? 

District (camp) to deposit 

Q2, Q4 Regional flow of high 
temperature brines 

Large Cu deposits require 
very large volumes of fluid 

Essential  Inversion modelling of 
gravity and magnetic data 
to map hydrothermal 
alteration. 

 District-scale envelope of 

Source of fluid(s) District (camp) to deposit 
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Question Ingredient / process Reason Importance Mappable/measurable 

characteristics 

Outstanding questions Scale 

systematic 18O and 13C 
depletion in carbonates 
may correlate with 
mineralising faults. 

Q3, Q4 Saline, H2S-poor, high 
SO4

2-/H2S fluids at 200–
400°C 

Saline, H2S-poor, relatively 
oxidised fluids (SO4 
totalH2S), are required for 
the mobilisation and transport 
of copper, sulphur and other 
ore-forming components.  
Fluid pathways involve 
evaporite environments and 
oxidised rock masses. 

Essential  Presence of fossil 
moderate to high 
temperature brines trapped 
in hydrothermal minerals 

Source of fluid(s) District (camp) to deposit 

Q3, Q4 Diverse fluid sources, 
including sedimentary 
formation waters in basins, 
magmatic, metamorphic 
(basinal and basement 
units), meteoric and 
possibly mantle-derived. 

The origins of fluids 
potentially associated with 
mineralisation are diverse and 
include sedimentary 
formation waters in basins, 
magmatic, metamorphic 
(basinal and basement units), 
meteoric and possibly mantle 
sources. Combinations of 
fluids in different proportions 
across gradients in salinity, 
temperature and pressure are 
important controls on ore 
deposition.  

Essential to 
desirable 

 Evidence of fluid mixing 
in isotopic and fluid 
inclusion data. 

 Evidence of potential 
source rocks (rift-related 
volcanics) and diagenetic 
aquifers in lower parts of 
the stratigraphic pile, 
comprising thick proximal 
clastic sequences with 
potential to be buried to 5–
10km depth at time of 
mineralisation. 

What are the relative 
contributions of metals and 
sulphur from the various 
fluid sources through time?  

Terrane (basin) to district 
(camp) 

Q3 Evaporite or ex-evaporite 
bearing sequences in 
basement and/or cover 

Fluid pathways may involve 
evaporite environments and 
oxidised rock masses. Sources 
of Cl- for complexing of Fe, 
Cu; source of CO3

- and SO4
2-; 

buffered redox state of fluids 
to moderate to oxidised levels 

Unknown  Presence, extent and 
distribution of evaporite or 
ex-evaporite minerals (for 
example, scapolite) and 
related rocks 

 Fluid inclusion evidence 
(for example, Br/Cl) 
suggestive of interaction of 
fluids with evaporites 

Source of salts in either high- 
or low to moderate 
temperature brines poorly 
constrained. Host rocks may 
have provided all or part of 
sulphur component of Cu 
ores. 

Terrane (basin) to district 
(camp) 

Q4 Repeated fault movement Reactivation of fault networks Essential to  Fault networks with Kinematic history of fault District (camp) to deposit 
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Question Ingredient / process Reason Importance Mappable/measurable 

characteristics 

Outstanding questions Scale 

during major orogenic 
events 

leads to formation of dilatant 
zones, fluid pumping and 
remobilisation and 
concentration of previously 
deposited mineralisation. 
Deposits generally lie along 
fracture zones that are closely 
related to faults that splay off 
the major faults. 

desirable history of repeated 
reactivation and movement 
during major orogenic 
events.  

 Mapping of alteration 
indicating multiple fluid 
pulses. 

  Inflections in apparent 
polar wander path 
indicating periods of 
significant deformation 
and tectonic readjustment. 

networks not well 
constrained. 

Q4, Q5 Hydrothermal alteration Copper grades correlate with 
intensity of silicification in 
silica and silica-dolomite 
alteration zones.  
Hydrothermal phengite has 
been identified in a variety of 
forms (at basal contacts, 
along mineralised faults and 
as a halo surrounding quartz 
veins) along the Mount Isa 
Fault and in broad but 
significant halos surrounding 
the Hilton, George Fisher and 
Mount Isa Ag-Pb-Zn and Cu 
deposits. 

Desirable  Alteration mapping 
 Hyperspectral mineral 

maps 
 

 District (camp) to deposit 

Q5 Fluid mixing Wide ranges in salinity and 
homogenisation temperatures 
for fluid inclusions and 
evidence for multiple fluid 
sources, as suggested by 
halogen ratios, indicate fluid 
mixing as an important 
process in genesis. Most of 
the ore deposits and regional 
alteration have mixed 

Essential to 
desirable 

 Evidence for two or more 
fluids (for example, fluid 
inclusion evidence, 
isotopic evidence).  

 Steep fluid pathways, such 
as along major faults, 
connecting different fluid 
reservoirs. 

Role of mixing versus two-
stage fluid-rock reaction 
unresolved; can either 
produce ore-grade Cu?  

Deposit 
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Question Ingredient / process Reason Importance Mappable/measurable 

characteristics 

Outstanding questions Scale 

geochemical signals 
indicating the involvement of 
at least two of the fluid end-
members. Cu deposition may 
be due to mixing of an 
oxidised brine (that possibly 
circulated within metabasalts) 
with a reduced sulphur-rich 
fluid from overlying 
metasediments or a younger 
basin. 

Q5 Dilatant zones Dilatant zones allow metal 
deposition via fluid mixing, 
cooling and de-pressurising. 
Fault networks comprising 
the major faults, splays, 
subsidiary faults and cross 
faults provide a district-scale 
control by providing sites of 
dilation, brecciation and fluid 
pathways during compressive 
events and interacting with 
reactive rocks such as 
laminated siltstones and 
carbonaceous shales and 
feldspathic sandstones. 
 

Essential  Potential dilatant zones 
represented by breccia 
zones, fault-fold systems, 
reactivated segments of 
earlier fault systems, fault 
bends and jogs, fault 
intersections, competency 
contrasts. 

 Zones of higher strain 
relative to surrounds. 

Kinematic history of fault 
networks not well 
constrained. 

District (camp) to deposit 

Q5 Chemical traps/ 
replacement 

Many significant deposits 
include replacement of 
suitable host rocks as a 
significant component of 
mineralisation. Chemical 
traps include large bodies of 
dolomite, and pyrite or some 
other sulphur source. 

Desirable but 
not essential 

 Mapping of potentially 
chemically replaceable and 
sulphur-rich units. 

 The ferroan dolomites 
associated with the Mount 
Isa mineralisation make a 
potentially useful 
exploration tool. 

To what extent are the trap 
rocks a sulphur source? 

District (camp) to deposit 

Q6 Deep weathering and 
supergene enrichment 

Deep weathering in some 
areas has resulted in 

Desirable  Cu-stained gossans and 
shear zones. Gossans may 

Are there any correlations 
between grade/tonnage of 

Deposit 
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Question Ingredient / process Reason Importance Mappable/measurable 

characteristics 

Outstanding questions Scale 

substantial, easily mined, 
supergene copper resources, 
despite the relatively low 
sulphide content of many 
deposits. 

be preserved below cover.  
 Distribution of Cu±Au in 

rock chips, soils and 
stream sediments. 

 A number of elements 
including Cu and Au may 
be dispersed upwards and 
laterally into Mesozoic 
cover rocks during the 
weathering and 
hydrological cycle as part 
of a reduction/oxidation 
(REDOX) process.  

 Dispersion patterns or 
halos within the Mesozoic 
cover may extend the full 
strike length of deposits 
and be wider than the 
mineralised zones. 

sulphide mineralisation and 
grade/tonnage of resulting 
supergene deposits? 

 
 
Q1: What is the geodynamic and P-T-t history of the system? 

Q2: What is the architecture of the system? 

Q3: What are the fluid characteristics and the sources (reservoirs) of water, metals, ligands and sulphur? 

Q4: What are the fluid flow drivers and pathways? 

Q5: What are the transport and depositional processes for metals, ligands and sulphur? 

Q6: How and where do later geological processes allow preservation of deposits? 
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Appendix 3: Grade and tonnage plots - Cu±Au Mineral 
System, Western Fold Belt 
 
Grade and tonnage data are derived from production and resource data in the GSQ 
Merlin database, as at August 2010. Some figures have been modified to account for 
incomplete production data, especially where tonnages mined have not been recorded. 
The data is dominated by a substantial number of mines with small tonnages of rich 
(hand-picked) copper ore. 
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Deposits with >10,000t of ore tend to have more reliable production figures, as well 
as defined resources and have been plotted as a separate data set to more accurately 
reflect potential grades and tonnages of undiscovered resources. 
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Appendix 4: Cu±Au Mineral System model for the 
Mount Isa Inlier (Murphy & others, 2008) 
 
Geodynamics 

 Combinations of vertical and lateral accretion are the driving forces.  
 Interpreted far-field plate geometries suggest an intra-continental rift through 

to a distal back arc basin or, perhaps, evolving to a passive margin setting.  
 Extension was accommodated by sedimentary basin development (Leichhardt, 

Calvert and Isa Superbasins), volcanism and magmatism, with input to the 
high thermal gradient from both radiogenic felsic rocks and mafic bodies 
emplaced in the mid to upper crust.  

 The region is modelled in extension as a thin, brittle upper crust above a 
thermally weakened lithosphere, where connectivity between the two 
vertically stacked domains appears to be largely along steep crustal scale 
faults.  

 The Isa Superbasin (ISB) is regarded as a composite of early rift-sag to later 
foreland basin.  

 The Isan Orogeny is associated with early north-south shortening that 
overlapped with Isa Superbasin (ISB) sedimentation. The latter is mostly 
preserved in the Lawn Hill Platform (LHP) and Western Fold Belt (WFB) and 
in parts of the Eastern Fold Belt (EFB).  

 The major period of deformation was an east–west shortening and crustal 
thickening which was most pronounced in the EFB. 

 
Architecture 

 Across the WFB and EFB, superbasin development is interpreted to be 
interspersed with extensional core complex development and emplacement of 
syntectonic granites (Wonga, Sybella), and the generation of fault-controlled 
buttress-like geometries and doming.  

 The rift architecture was founded on a faulted basement substrate which had 
undergone crustal addition in a volcanic/magmatic arc that focussed along the 
Kalkadoon-Leichhardt Belt (KLB).  

 Repeated extension occurred during the Leichhardt (LSB) and Calvert 
Superbasins (CSB).  

 Uncertainty surrounds whether there was an intervening compressional event. 
The “Cover Sequence 2/3” unconformity is cited as a compressional event in 
the literature (Betts & others 2006), but it may instead be related to extension 
on crustal scale detachments (Gibson & Hitchman 2005).  

 Although the Isan Orogeny has generated complex structuring in places, the 
regional Superbasin architecture can be modelled in 3D as a sheet-like 
geometry with relatively flat enveloping surfaces disrupted by a series of 
mainly steeply dipping faults.  

 These faults were generated during the Isan Orogeny or were re-activated from 
earlier extensional events.  

 Regions of high temperature-low pressure metamorphism appear to be largely 
related to magmatic input. 
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Fluid Sources and Reservoirs 

 Sedimentary formation waters, magmatic, metamorphic, surficial, and mantle 
fluids make up the diverse sources.  

 Most of the ore deposits and regional alteration have mixed geochemical 
signals indicating the involvement of at least two of the fluid end-members.  

 Where basins are thickly developed, as in the Leichhardt River Fault Trough 
(LRFT), heterolithic proximal facies sediments are identified as diagenetic 
aquifers for storage of sedimentary formation waters. These were important 
fluid sources both for earlier formed Pb-Zn-Ag deposits and the later Cu 
deposits. 

 In the EFB, recent noble gas and halogen data suggests a lesser role for 
magmatic fluids regionally than previously thought and strong evidence for 
the involvement of such fluids has only been obtained for the Ernest Henry 
IOCG deposit.  

 At other IOCG deposits, halogen data indicates multiple sources of salinity in 
the ore forming fluids with end member compositions being a halite 
dissolution fluid and a bittern brine fluid.  

 Noble gas data is compatible with sedimentary formation waters or locally 
derived metamorphic fluids being significant fluid sources at Osborne, and 
contrast with the additional external magmatic fluid component identified at 
Ernest Henry. As Ernest Henry is the largest IOCG deposit in the district, this 
may indicate the presence of magmatic fluid components is required to form 
the richest deposit.  

 Magmatic volatiles have been identified in isolated unmineralised parts of the 
Mary Kathleen Fold Belt and there is, as yet, no evidence for the involvement 
of magmatic fluids in any of the deposits in the WFB. 

 
Fluid Pathways and Drivers 

 The metal endowment may be determined by the availability of steep fluid 
pathways, such as along major faults, connecting different fluid reservoirs. 
This is manifest by fault control on deposit location at a range of scales.  

 The regional scale faults of the Leichhardt River Fault Trough are modelled 
numerically (in FLAC) as fluid pathways that, in extension, tend to draw down 
fluids and perturb relatively stable convection cells.  

 Storage of such fluids in diagenetic aquifers for ten‟s of millions of years is a 
key consideration, as such aquifers may be re-charged by lateral flow and 
disturbed by topographic and structural influences.  

 In compression, the convection cells breakdown quickly and fluids are 
expelled upwards, typically ponding in permeable hanging wall positions or 
(perhaps) at the sea floor.  

 Discrete element modelling (UDEC) at the district to deposit scales indicates 
complex zoning of stress anomalies in response to the partitioning of stress 
across fault blocks, and the interaction between rock units of different 
competencies.  

 A far field ESE stress orientation provides the best correlation with known 
deposits and suggests a regional D4 stress regime may have been responsible 
for both Cu and Cu-Au mineralisation in the Eastern and Western Fold Belts.  

 Fault bends, jogs and intersections are regarded as key localisation features. 
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 Tools for rapid analysis of remotely sensed data, combined with on-going 
calibration with geology, provide great promise for discriminating 
mineralisation-related alteration footprints. 

 
Depositional Mechanisms 

 Depositionally, the mineral system was only active in the latter parts of the 
evolution. 

 Extension and thermal input during early superbasin development did not 
result in the formation of mineral deposits but rather were the storage 
compartments for fluids drawn down into the system.  

 Fluid mixing and dilation are key ingredients to the hydrothermal deposits 
studied.  

 In particular, at the Mount Isa Cu and Ernest Henry and Osborne iron oxide-
Cu-Au deposits, brecciation is classically developed in and peripheral to the 
ore zone.  

 An analysis of apatite compositions provides some insights to the fluid 
compositions at the time of mineralisation at Ernest Henry. The apatites record 
evidence for PO4-HF-SO2-CO2 fluids that carry As(6+) and/or SO4 and that 
have little or no Cl or H2O. An evolution from SO4 to As could be related to 
mixing of external fluids at that time or an in-situ change in the redox state of 
the carrier fluid. Overgrowth of apatite by titanate might record the transition 
from volatile CO2-rich fluids to brine-rich liquids. The extreme nature of the 
chemistry of the Ernest Henry apatites relative to the regional rocks indicates 
that there are processes that existed within the deposit that did not occur in 
structurally similar barren rocks. 

 At the Mount Isa Cu deposit, ore-related brecciation is represented by a „once-
off‟ fluid mixing event. Arguably, the sulphide deposition process was by in-
situ Thermochemical Sulphate Reduction. The range of δ34S sulphide (~15 to 
30‰) is consistent with high temperature inorganic reduction of marine 
sulphate, implying either bittern brines or halite dissolution waters. A 
geochemical mixing model is developed to explain the enriched C isotopes in 
carbonates and suggests the introduction of H2 as a strong reductant with 
possible mantle affinity. 

 
 


