
Chapter 9Gunpowder (Mount Gordon)

361Northwest Mineral Province Deposit Atlas

Gunpowder (Mount Gordon) Cu-Co deposits

LOCATION

Geological Domain
Western Fold Belt (Leichhardt River Fault 
Trough), Mount Isa Inlier (Fig. 9.1, 9.2).

Co-ordinates
Latitude: 19°41’57.11”S
Longitude: 139°21’23.10”E

Table 9.1 Locations of key deposits in the Gunpowder 
(Mount Gordon) district (MGA Zone 54).

Deposit Longitude Latitude Easting 
(m)

N o r t h i n g 
(m)

Mammoth 139.3659 -19.6975 328,721 7,821,166
Eperanza 
South

139.3515 -19.7046 327,221 7,820,366

Esperanza 139.3563 -19.6992 327,721 7,820,966

NATURE OF MINE
Mined Commodities
Gunpowder District: Cu-Ag-Co
Mammoth: Cu-Co
Esperanza South: Cu
Esperanza: Cu-Ag-Co

Mining Method
Early extraction (1927 to 1940s) was from a 
small open pit at Mammoth Number One lens. 
Between 1948-1969, underground mining was 
carried out at Mammoth. An open pit expan-
sion at Mammoth in 1969 was carried out by 
Surveys and Mining Ltd in addition to an ex-
ploration decline (Sell and Allen, 2014). Open 
cut mining at Mammoth ceased in 1972 and 
the former open pit was back filled between 
1999 – 2002 with historic heap leach waste 
and waste rock from the Esperanza open pit 
and Mammoth underground workings (Sell and 
Allen, 2014). Pre-1997, open stope mining and 
decline haulage at Mammoth with surface heap 
leaching, solvent extraction and electrowinning 
(SX-EW)was carried out (Richardson and Moy, 
1998). 
 Open pit mining at Esperanza com-
menced in 1997 and terminated in 2005. Ore 
was subject to heap leaching, solvent extraction 
and electrowinning (SW-EW; Richardson and 
Moy, 1998; Sell and Allen, 2014).
 Future mining by Capricorn Copper will 
utilise existing mine infrastructure and declines 
at Mammoth for access and extraction at Mam-
moth Deeps, Greenstone, Mammoth North and 
Pluto using long hole open stoping (LHOS) with 
paste fill. Esperanza South has an independent 
decline and will be mined using longitudinal 
sub-level caving (LSLC) methods (www.capri-
corncopper.com/operational-strategy). 

 Mineral processing will utilise existing 
equipment on site including jaw crusher, closed 
circuit SAG and ball mill with hydrocyclone clus-
ter, rougher flotation generating three rougher 
concentrates (high, medium, low grade), three 
cleaner flotation stages, thickeners for concen-
trate and tails dewatering (www.capricorncop-
per.com/operational-strategy).   

Depth of Mining
Esperanza open pit: 200-300 m depth.
Mammoth underground: Approx. 700 m
Mammoth Deeps: Mineralisation extending to 
>1,500 m.
Esperanza South: Mineralised to >800 m and 
open at depth. 

PRODUCTION AND DIMENSIONS
Mineralised bodies
Mineralised ore bodies including Mammoth and 
Esperanza are structurally controlled, occurring 
at intersections of deposit-scale faults. The ge-
ometry of the ore lenses is largely influenced by 
these structural intersections. Mineralisation at 
Mammoth is structurally controlled and forms a 
fault bounded block that plunges 60°C south-
west. Within this block, individual lenses are 
subvertical to steeply west dipping with a strike 
length of <150 m (Richardson and Moy, 1998). 
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Dimensions
Mineralisation at Mammoth is highly elongated, 
typically striking NNE to NE and dipping NW 
(Richardson and Moy, 1998). Mineralisation is 
vertically attenuated over >1,200 m at Mam-
moth Deeps. The Esperanza South deposit is 
also highly vertically attenuated with mineralisa-
tion extending over 800 m vertically (Capricorn 
Copper, 2017). Limited information is available 
regarding the strike length, width and orienta-
tion of many of the ore lenses, other than that 
summarised in Table 9.2 from Richardson and 
Moy (1998).

Orientation of Mineralised bodies
Table 9.2 summarises the geometries of ore 
lenses/orebodies in the Gunpowder distrct 
where data is available (Richardson and Moy, 
1998; Clark, 2003; Capricorn Copper, 2017).

Historic Production 
Historical production from initial open pits at 
Mammoth, Mammoth Underground and Espe-
ranza are summarised in Table 9.3 from Rich-
ardson and Moy (1998) and Capricorn Copper 
(2017). The district has produced nearly 13 Mt 

of ore for 520,000 tonnes of copper produced. 
No data is available for the recovery of Co and 
Ag.

Recent Production
Copper production in 2012 under Aditya Birla 
Minerals Pty Ltd was 20 kt of copper follow-
ing a period of care and maintenance from 
2009-2011 due to low copper prices (Geosci-
ence Australia, 2016). The Gunpowder district 
returned to care and maintenance in 2013. 
Capricorn Copper Holdings acquired the site 
in 2015 with the aim to restart production in 
2019.  No data is currently available for recent 
Co and Ag production. 

RESOURCE
Hespe (2001) reported resources at Esperan-
za of 4.0 Mt at 8.3 % Cu (as chalcocite) and 
0.09 % Co plus a sulphide resource of 0.9 Mt at 
4.0 % Cu (as chalcopyrite) and for Esperanza 
South of 1.6 Mt at 4.3 % Cu. The Mammoth 
Mine resource was 9.0 Mt at 3.8 % Cu (as chal-
cocite) and 5.2 Mt at 3.1 % Cu (as chalcopyrite; 
Hespe, 2001).  
 Clarke (2003) reported updated resourc-
es for Esperanza of 8.4 Mt at 7.9 % Cu (includ-
ing 0.9 Mt @ 0.19 % Co) and for Mammoth of 
16.8 Mt at 3.4 % Cu. 
 Currently owned by Capricorn Copper, 
the total (measured, indicated and inferred) re-
source for the Gunpowder (Capricorn) district is 
36.8 Mt at 2.45 % Cu and 4.9 g/t Ag (Table 9.4).

Figure 9.1. Regional location of the Gunpowder (Mount 
Gordon) district shown with respect to the Leichhardt 
River Structural Domain Map from the 2010 NWQMEP 
GIS

Lode/Orebody Strike Length 
(m)

Width (m) Vertical 
Extent (m)

Trend/plunge

Esperanza deposits – Siltstone hosted mineralisation
Esperanza-Pluto 450 m - 500 m NE-strike; NW plunge
Esperanza South - - >800 m NE-strike; NW plunge

Mammoth – quartzite hosted mineralisation
No. 1 Lens 350 m 10 - 75 m 200 m NE-strike; dips S (subvertical)
No. 2 Lens - 2 - 30 m 300 m E-strike, dips S (subvertical)
Mammoth Fault Mineralisation 
(MFM)

- - 100 m E-strike

B Lens 35 - 300 m 0 - 300 m 600 m N-strike, dips W-65º
C Lens 140 m 50 m 250 m N-strike, dips W-65º
D Lens - - 400 m N- to NE-strike
E Lens - 20 m 250 m E-strike, dips S (subvertical)
Mammoth Deeps - - 800 m NE
Greenstone - - 300 m -

Table 9.2. Ore bodies/lodes of the Gunpowder district (Refer to Figs. 9.8 - 9.19 for locations).
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RESERVES
Capricorn Copper (2017) released a reserve 
estimate for the Capricorn deposits in the Gun-
powder district (Table 9.5). Total proved and 
probable reserves for the Capricorn deposits 
are 8.47 Mt at 1.98 % Cu. 

TOTAL IN SITU METAL
Based on the most recent resource estimate 
(Capricorn Copper, 2017), the Gunpowder 
district  contains more than 900,000 tonnes of 
copper and 5.8 Moz Ag (Table 9.4) of which 
167,600 tonnes of copper is classified as re-
serves (proved and probable; Table 9.5). 

HOST ROCKS
Mine Stratigraphy
The Gunpowder (Mount Gordon) deposits, are 
associated with the Mount Gordon Fault Zone 
which separates the MacNamara Group (1,653 
±7 to 1,595 ±6 Ma), part of the Lawn Hill Plat-
form to the west, from the Haslingden Group 
(1,790 to 1,740 Ma), part of the Leichhardt Riv-
er Fault Trough to the east (Richardson and 
Moy, 1998; Clarke, 2003; Figs. 9.3 and 9.4). 
 At Gunpowder, the Lena Quartzite Mem-
ber and metabasalt, part of the Eastern Creek 
Volcanics, are the oldest outcropping units 
which occur on the western side of the Espe-
ranza Fault (Fig. 9.4; Richardson and Moy, 
1998). To the east of the Esperanza Fault, the 
Myally Subgroup hosts the Mammoth ore bod-
ies in quartzite rocks of the Whitworth Quartzite. 
The Surprise Creek Formation, unconformably 
overlying the Myally Subgroup does not directly 
host mineralisation but is unconformably over-
lain by the McNamara Group which hosts min-

Figure 9.2. Regional location of the Gunpowder (Mount 
Gordon) district overlain on an image of total magnetic 
intensity from the GADDS data for the region

eralisation at Esperanza within the Esperanza 
Formation. The Esperanza Formation conform-
ably overlies the Paradise Creek Formation and 
is itself overlain by the Lady Loretta Formation 
(Figs. 9.3 and 9.4). 
    

MAMMOTH - QUARTZITE HOSTED
Major Host Rock - Mammoth
The Mammoth deposit is hosted by the Whit-
worth Quartzite, part of the Myally Subgroup 
which overlies the Eastern Creek Volcanics and 
forms part of the Haslingden Group (Figs 9.7 
and 9.8). At Gunpowder, the lower most mine 
units are pink coloured, weakly to massively 
bedded quartzite at least 60 m thick and are 
overlain by a complex sequence of interbed-
ded sandstone, arkose, siltstone and quartzite 
(Richardson and Moy, 1998). These units strike 
north and dip steeply west (dip of 65-85°). Clark 
(2003) subdivided the Whitworth Quartzite 
based on textural classifications related to

Table 9.3. Historical production from the Gunpowder deposits (modified from Capricorn Copper, 2017)

Period Producer Ore 
(Tonnes)

Copper 
Grade (%)

Produced Copper 
(tonnes)

Ore source

1927-1959 Shah and Foschi 745 14.6 109 Mammoth
1959-1969 Foschi 5,974 9.8 585 Mammoth

1969-1972 Surveys and Mining Ltd 171,307 2.3 3,940 Mammoth
1972-1977 Gunpowder Copper Ltd. 1,900,000 2.7 51,300 Mammoth
1977-1982 Gunpowder Copper Ltd. 3,797 Mammoth
1989-1996 Adelaide Brighton Ltd 35,654 Mammoth
1996-1997 Aberfoyle Ltd. 8,247 Mammoth
1998-2003 Western Metals Pty Ltd 2,648,128 8.4 222,583 Esperanza
2003-2009 Aditya Birla Minerals Ltd 6,162,144 2.5 153,797 Mammoth
2010-2014 Aditya Birla Minerals Ltd 2,031,463 2.0 41,167 Mammoth
Total 12,919,761 521,179
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Figure 9.3. Regional EM survey of the Gunpowder (Mount Gordon) region.
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Figure 9.4. Regional RTP-TDR survey of the Gunpowder (Mount Gordon) region.
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Figure 9.5. Regional gravity survey of the Gunpowder (Mount Gordon) region.
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Radiometrics - K Radiometrics - Th

Radiometrics - U

Figure 9.6. Regional radiometrics survey of the Gunpowder (Mount Gordon) region.
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Figure 9.7. Regional bedrock solid geology map 
(1:100,000 scale) from NWQMEP compilation (2010) 
with key lithological units and groups for the Gunpowder 
district.  
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Orebody Cu Cut off Class Mt Cu % Ag g/t As ppm* Cu kt Ag Moz

Mammoth Deeps 1.5 % Total 9.17 2.25 2.5 1,681 206.0 0.7

Mammoth Rem-
nants

1.5 % Total 9.15 2.40 0.9* 994 219.8 0.3

Esperanza-Pluto 1.5 % Total 5.48 3.07 1.7* 168.3 0.3

Esperanza South 1.5 % Total 8.40 2.46 16.5 590 206.6 4.5

Greenstone 1.5 % Total 1.73 2.26 39.2

Mammoth North 1.5 % Total 1.29 2.03 109 26.2

4 Lens 1.5 % Total 1.61 2.18 0.7* 399 35.1

Total Global Resource Measured 8.76 2.51 4.4 1,265 220.0 1.2

Indicated 12.2 2.53 5.9 630 308.3 2.3

Inferred 15.87 2.35 4.4 724 373.3 2.3

Total 36.83 2.45 4.9 821 901.3 5.8

Table 9.4. Total global resources (combined measured, indicated and inferred) for Capricorn Copper orebodies (Capricorn Copper, 2017).
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Figure 9.8. Geological map of the Gunpowder district and mineralisation/ore bodies (Modified from Richardson and Moy, 1998).  
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Figure 9.9 . Plan map of the Mammoth and Esperanza ore lenses (From Hespe, 2001). 
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Figure 9.11. Mineralisation and ore bodies of the Mammoth depsoits. Left: N-S oriented section looking west of the Mammoth depsoits including mineralised lenses document-
ed in Table 9.1. Centre: E-W oriented section through the B orebody of the Mammoth system along section line 7,820,800 N (20,800 N, local grid) showing relationship to the 
portal fault. Right: Plan view of the Mammoth depsoits along 4,800 mRL (-200 m level) showing B, C and D orebodies (Modified from Richardson and Moy, 1998).  

Figure 9.10. Psuedosection oriented E-W (looking N) of the Gunpowder district showing the location of the quartzite hosted Mammoth and Greenstone lenses and the Esper-
anza/Pluto and Esperanza South lenses, Significant intersections are highlighted. (Modified from Capricorn Copper, 2017).
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Figure 9.12. Section lines from the Mammoth deposit from Clark (2003). A) N-S section line at 328,315 mE showing the location of the 2-lens and Mammoth Fault Mineralisa-
tion (MFM). B) N-S section line at 328,275 mE showing the location of the 2-Lens. C) E-W section line at 7,820,650 mN. showing the location of the D-Lens D) E-W section 
line at 7,821,040 mN showing the location of the B- and C-Lenses. See Fig. 9.12 for photos of classification for the Whitworth Quartzite. From Clark (2003).  

A B

C D
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Figure 9.13. Hand specimen photos and textural classification of the Whitworth Quartzite host rocks at Mammoth. See Fig. 9.11 for spatial distributions of each textural facies 
group. A) S0 - unfractured quartzite host rock. B) S1 - fractured quartzite host rock with veining density of <100/m and no significant alteration. C) S2 fractured quartzite with 
>100/m vein density and local brecciation and locally strong hydrothermal alteration. D) B1 - clast supported breccia with sulphidic cement C) B2 - matrix supported breccia 
with common replacement of clasts by sulphides. From Clark (2003).
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to increasing vein fracture intensity. These are 
massive quartzite with minor veining (unfrac-
tured, S0), highly veined and fractured host 
rock (S1 and S2) including chalcocite and py-
rite-rich veins and brecciated host rock (B1 and 
B2) with breccia cement and matrix comprising 
chalcocite and pyrite (Clarke, 2003; Fig. 9.13).  
The distribution of these quartzite facies are 
shown in Fig. 9.12.

Minor Host Rock - Mammoth
In the mine region, the Whitworth Quartzite is 
unconformably overlain by up to 300 m con-
glomerates, siltstones and sandstone of the 
Surprise Creek Formation (Richardson and 
Moy, 1998). Whilst the Surprise Creek Forma-
tion is largely unmineralised at Mammoth, the 
unconformity surface hosts minor mineralisa-
tion (Figs. 9.8 and 9.9; Richardson and Moy, 
1998; Clark, 2003).  

Esperanza - Siltstone hosted
Major Host Rock - Esperanza
The Esperanza deposit is dominantly hosted 
by siltstones of the Esperanza Formation which 
in the mine region, comprise laminated grey-
green siltstone and shale with local intercala-
tions of laminated chert and chert breccia. The 
unit is well bedded to locally massive black/
carbonaceous to weakly dolomitic in composi-
tion. Carbonaceous units dominate in proximity 
to mineralisation (Richardson and Moy, 1998). 
The largest chert body is the Esperanza Chert 
which immediately overlies ore and has been 
subject to extensive brecciation due to faulting 
and has been variably enriched with supergene 
Cu-sulphides (Fig. 9.14; Richardson and Moy, 
1998). The most southwesterly located NW-SE 
sections (Mine grid 3400 and 3450 mN, Fig. 
9.15) shows the relationship between massive 
sulphide mineralisation, the overlying Esper-
anza Chert and the Mammoth Extended Fault. 
The Esperanza chert forms a continuous unit 
with a strike length of 15 km and is closely re-
lated to the Mammoth Extended Fault and the 
Esperanza Fault (Richardson and Moy, 1998).

Orebody Reserve class Tonnes (Mt) Cu (%) Cu metal (t)

Mammoth Deeps

Proved 1.49 2.19 32,600

Probable 1.54 1.98 30,400

Total 3.03 2.08 63,000

Esperanza Pluto

Proved - - -

Probable 0.76 2.94 22,300

Total 0.76 2.94 22,300

Esperanza South

Proved 2.40 1.87 44,800

Probable 1.81 1.54 27,800

Total 4.21 1.73 72,600

Greenstone

Proved 0.12 2.01 2,500

Probable 0.35 2.06 7,200

Total 0.47 2.05 9,700

TOTAL

Proved 4.09 1.95 79,900

Probable 4.37 2.02 87,800

Total 8.47 1.98 167,600

Table 9.5. Total global reserves (proved and probable) for Capricorn Copper orebodies (Capricorn Copper, 2017).

Minor Host Rock - Esperanza
Mineralisation at Esperanza occurs at the fault-
ed contact between black carbonaceous silt-
stone and shale of the Esperanza Formation 
and dolomitic siltstones of the Paradise Creek 
Formation (Fig. 9.14 and 9.15).  Barren mas-
sive sulphide mineralisation (e.g., pyrite, mar-
casite)occurs within the Paradise Creek For-
mation (Sections 3400, 3450N, Fig. 9.14 and 
9.15). Minor mineralisation is hosted within the 
laminated shales and siltstones of the Esperan-
za Formation (Fig. 9.14-9.15).

INTRUSIVE ROCKS IN REGION
Metadolerite and metagabbro 
A dolerite dyke was mapped in the eastern part 
of the Mammoth mine region by Clark (2003) 
but otherwise there are no significant intrusive 
rocks widely documented in the Gunpowder re-
gion associated with the Cu-ore bodies.  
Numerous metadolerite/metagabbro dykes and 
sills of undetermined age intrude the Hasling-
den Group more regionally (Fig. 9.7). 

METAMORPHISM
Metamorphic Grade
The western part of the Mount Isa Inlier has 
been subject to regional metamorphism but in 
the area of the Gunpowder district, the meta-
morphic grade is low, related to regional-scale 
deformation events. Gibson and Hitchman 
(2005) suggest peak metamorphism occurred 
during regional D2 deformation with illite-mus-
covite crystallinity indicating peak temperatures 
of 200-300ºC. Given the absence of intrusive 
rocks in the district, there are no observed 
hornfels or contact metamorphic overprints.  

Structural Setting
Mineralisation in the Gunpowder region is locat-
ed on the eastern margin of the Mount Gordon 
Fault Zone (MGFZ).  The Mount Gordon Fault 
zone marks the boundary between the Leich-
hardt Domain (LRFT) to the east and the Mount 

Oxide Domain (LHP) to the west (NWQMEP, 
2010; Gibson and Hitchman, 2005; and many 
earlier authors).  The MGFZ is a zone of rela-
tively late faulting, but the fact that it marks a 
transition in structural style, orientation of struc-
tures, and sediment thickness throughout the 
sequence suggests that it marks an older and 
more fundamental boundary in the Mount Isa 
region.

Regional Structural History
Nortje (2009) summarised the structural histo-
ry of the area, and Hinman (2017) summarised 
the regional history as follows, based on a syn-
thesis of a large number of previous authors 
(Fig 9.18)
• The Leichhardt Superbasin formed 
during the period 1800 to 1750Ma, marked by 
the deposition of rift-related sediments and maf-
ic volcanics in an environment of ENE-WSW 
extension
• The Calvert Superbasin deposited rift 
sediments and more felsic volcanics in a period 
of N-S extension between 1730Ma and approx-
imately 1690Ma, punctuated by an episode of 
EW shortening around 1725.  Extension at this 
time produced the distinctive north-tilted blocks 
of Leichardt superbasin rocks which character-
ise the area.  The regionally-extensive Sybella 
Granite to the west of Mount Isa intruded at ap-
proximately 1670Ma.    
• The Isa Superbasin - finer-grained plat-
formal sag-phase sediments with a variably cal-
careous content - deposited between 1670 and 
1575Ma.  Continued N-S extension produced 
normal movement on EW trending faults during 
the deposition of the Isa superbasin
• Basin inversion commenced at approx-
imately 1580Ma, marked by the formation of 
EW-trending folds and cleavage associat-
ed with N-S shortening, often localised near 
pre-existing EW-trending normal faults.
• The main D2 period of EW-shortening 
and folding and cleavage development is inter-
preted to have occurred between 1530Ma and 
1550Ma.  Illite-crystallinity studies in the region 
(Gibson and Hitchman, 2005) have suggested 
peak metamorphic temperatures during D2 to 
have been in the range of 200 to 300 degress 
celsius, and b cell parameter values of white 
micas suggest geothermal gradients at the time 
of between 25 and 30 degrees per km, sug-
gesting burial depths between 7 and 10km.
• D3 in the region (1520-1530Ma) is in-
terpreted be associated with sporadic devel-
opment of NNW-trending folds and cleavage 
associated with ENE-WSW shortening, and 
formation of new faults and reactivation of older 
faults in an interpreted ENE-WSW stress field
• D4 in the region (1500-1510Ma) is in-
terpreted to be associated with WNW-ESE 
shortening and the formation of new faults and 
reactivation of older faults in an interpreted 
WNW-ESE stress field in which the maximum 
and minimum principal stresses are interpreted 
to be vertical.

Structural Controls on mineralisation
Mineralised bodies in the Gunpowder region 
form steeply-plunging shoots which show a 
strong spatial correlation with mapped faults.   
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Figure 9.14. Plan geological map of the Esperanza deposit and section line A-A’. A) Geological plan map of the Esperanza deposit - note Mine Gride north is used. B) 
Section A-A’ at approximately 4550 N (Mine Grid). Additional sections from Aberfoyle are shown at 3400N, 3450N and 3500N in Fig. 9.15.

 Mineralisation is broadly localised in 
the area in which NNE-trending faults simi-
lar in orientation to the MGFZ intersect with 
ENE-trending faults such as the Mammoth 
and Mammoth Extended faults.
 Nortje (2009) summarised a number of 
the previous studies of the structural controls 
on mineralisation, most of which appeared in 
unpublished theses and company reports.  He 
also carried out a stress inversion of faults in-
terpreted to be active during the formation of 
the copper mineralisation.  This study derived 
a D4 timing and a subhorizontal maximum 
principal stress azimuth of 112 degrees with 
a subhorizontal minimum principal stress.  A 
test of this interpretation using stress model-
ling supported this hypothesis over other al-
ternative interpretations
 Nortje (2009) extended this interpreta-
tion to the region (Fig. 9.17), postulating that 

NNE-trending faults were in an unfavourable 
orientation and therefore locked during the D4 
deformation, and that the contact regions be-
tween active and locked faults were preferen-
tial sites of bricciation and mineralisation during 
syn-mineralisation fluid flow and deformation.

District-scale structure
Mammoth
District- and deposit-scale structures at Mam-
moth include the Mammoth Fault (MF), inter-
preted to be a sinistral reverse fault, which 
strikes ENE and dips 70º S (Fig. 9.8 and 9.9; 
Richardson and Moy, 1998). The fault compris-
es intense fracturing with quartz veining and 
silica/hematite alteration. 
 The Portal Fault (PF) strikes N and dips 
55º W with a reverse sense of displacement 
(Robertson and Moy, 1998) Fig. 9.8 and 9.9). 

The Portal Fault has controlled the trend of the 
B-lens (Fig. 9.11). The Mammoth Fault termi-
nates against the Portal Fault at depth (-300 m; 
Fig. 9.11) and the Portal Fault itself terminates 
against the Mammoth Extended Fault west of 
the Mammoth deposit (see below; Fig. 9.8 and 
9.9).
 The Mammoth Extended Fault (MEF) is 
associated with minor mineralisation at Mam-
moth based on intersections in drill core close 
to the Portal Fault. The MEF is characterised by 
a zone of brecciation, silicification and shear-
ing. The MEF strikes ENE and dips 75º S (Rich-
ardson and Moy, 1998).  

Esperanza
At Esperanza the Mammoth Extended Fault 
strikes NE and has a reverse displacement with 
minor sinistral movement (Figs. 9.8, 9.9). The 
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Figure 9.15. Geological sections from Esperanza (Mine grid, section locations in Fig. 9.14). 
A) Section 3400N; B) Section 3450N; C) Section 3550N. Sections by Aberfoyle Resources 
Ltd. from Briese (1998).

Figure 9.16. Core images of the lithologies and mineralisation styles from the 
Esperanza deposits. From Capricorn Copper (2017).
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Figure 9.17. Regional structural model for the Gunpowder district showing faults (black solid lines) and overlay of locked or recessive faults (blue) and reactivated or protrud-
ing faults (red) based on an applied D4 stress field. Also shown is known (black stars) and prospective mineralised centres/targets (yellow stars). Modified from Nortje (2009). 
Abbreviations: MGFZ, Mount Gordon Fault Zone; MEF, Mammoth Extended Fault; SCF, Stockyard Creek Fault; RCF, Redie Creek Fault; LRFT, Leichhardt River Fault Trough; 
FBZ, Fort Binder Fault Zone; INV, IF,Investigator Fault;LHP, Lawn Hill Platform; BF, Bluff Fault.
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surface expression is strong shearing of ferru-
ginous siltstones. The MEF has exerted control 
on mineralisation in the chert with localisation 
of pyrite, chalcopyrite veining in the structure 
(Richardson and Moy, 1998). 
 The Mammoth Fault trends ENE at Es-
peranza with a subvertical dip. The fault marks 
the southern boundary of the mineralised brec-
ciated chert (Fig. 9.8 and 9.14). The Esperan-
za Fault strikes NNE at Esperanza dipping 55-
70ºW (Richardson and Moy, 1998; Fig. 9.8). 

MINERALISATION AND WALLROCK  
ALTERATION

General Characteristics
The Gunpowder district is characterised by 
focussed structurally controlled mineralisa-
tion and brecciation of the host stratigraphy 
and deep supergene enrichement and weath-
ering of the exposed ore bodies (Richardson 
and Moy, 1998; Briese, 1998). Hydrothermal 
alteration is limited in extend and appears to 
be more prolific in the Mammoth deposits than 
at Esperanza (Richardson and Moy, 1998). At 
Mammoth, hydrothermal alterations include 
hematite, chlorite and illite (Clark, 2003) which 
tends to be concentrated in the hanging wall to 
mineralisation.

Mammoth
Inner (ore) zone - Mammoth
Alteration studies by Scott (1985) at Mammoth 
indicated a general absence of alteration in the 
stratigraphic hanging wall to mineralised lodes. 
However, the occurrence of the C ore body in 
the footwall of the B ore body causes intensi-

Figure 9.18. Regional structural history of the Gunpow-
der Region from Nortje (2009). 

fied alteration comprising muscovite, hematite, 
pyrite and Fe-chlorite (Richardson and Moy, 
1998). Ore zones dominated by veined and 
brecciated quartzite (Figs. 9.13, 9.19 and 9.20) 
show variable alteration intensity where detrital 
quartz is overgrown by hematite, limonite and 
goethite and feldspars are altered illite-chlorite 
proximal to mineralisation (Clark, 2003). 
 Stage I alteration of Clarke (2003) was 
characterised by development of veined and 
disseminated pyrite in the host rock (Fig. 9.19). 
Stage II alteration accompanied hypogene 
chalcocite, bornite and chalcopyrite mineralisa-
tion and replacement of Stage I pyrite. Chlorite 
and illite occur as vug infill and fine intergrowths 
with mineralisation (Clark, 2003).  

Outer Zone - Mammoth
Despite the general absence of alteration in the 
hanging wall stratigraphy, B and C ore bodies 
are reported to contain kaolinite and dickite in 
their upper 100 m (Robertson and Moy, 1998). 
The formation of hematite and clay alteration is 
attributed to supergene effects in the upper part 
of the ore system by Clark (2003), stage III and 
IV (below).   

Supergene alteration effects - Mammoth
Under relatively alkaline buffered fluid condi-
tions, chlorite may alter to hematite and Fe-Cu 
sulphdies alter to supergene chalcocite and 
covellite which replace chalcopyrite, bornite 
and pyrite (Clark, 2003). The development of 
kaolinite-dickite at Mammoth is attributed to 
acidic supergene fluids derived from the oxi-
dation of hypogene sulphide minerals to gen-
erate acidic fluids. Clarke (2003) attributes the 
development of clay alteration (kaolinite, Stage 
IV) to the interaction of these acidic fluids with 
hypogene chlorite. The preservation of hypo-

Figure 9.19. Alteration and mineralisation paragenesis at Mammoth (Clark, 2003).

gene chlorite may be used as an indicator of 
the depth of supergene alteration by post-min-
eral acidic fluids (Clarke, 2003). A laser ablation 
inductively coupled plasma mass spectrometry 
(LA-ICPMS) of sulphide trace element concen-
trations by Clarke (2003) highlighted that hypo-
gene chalcocite has elevated mean concentra-
tions of Ag, Zn and As compared to supergene 
chalcocite which has elevated Bi and Pb (Fig. 
9.21).        

Esperanza
There is no extensive study on the alteration 
distribution at the Esperanza deposits. Rich-
ardson and Moy (1997, 1998) broadly describe 
the occurrence of pyrite and marcasite, minor 
enargite with quartz, chlorite, hematite, carbo-
naceous material and chert locally associated 
with hypogene features which are enveloped 
by supergene alteration. The descriptions be-
low are largely based on descriptions of the 
sulphide mineral distributions at Esperanza. No 
details are currently available regarding alter-
ation at Esperanza South. 

Inner (ore) zone - Esperanza
Hypogene primary copper mineralisation is 
hosted by carbonaceous shale and forms a 
kernal surrounded by supergene oxidation 
(Richardson and Moy, 1998). Hypogene miner-
alisation occurs as: 
1) Chalcopyrite-pyrite veins and dissemina-
tions overprinting syngenetic/primary pyrite in 
shale laminations
2) Chalcopyrite-pyrite-chlorite veins up to 1-2 
m wide
3) massive sulphide bands (up to 70 % chalco-
pyrite) several metres in thickness. 
 The only notable alteration mineral pres-
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Mammoth massive chalcocite milled breccia

Greenstone chalcocite-infill breccia

Greenstone bornite crackle breccia

Mammoth bornite crackle breccia
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Mammoth/Greenstone host rocks and 
mineralisation - quartzite hosted

Figure 9.20. Examples of mineralisation styles at the Mammoth and Greenstone sys-
tems (from Capricorn Copper, 2017).

Figure 9.21. Trace element concentrations of sulphide minerals from the hypogene 
and supergene mineralisation at Mammoth. From Clark (2003). 

ent in the hypogene mineralisation is green-co-
loured chlorite (Fig. 9.16). Primary cobalt min-
eralisation is known at Esperanza and like at 
Mammoth, Co-grades diminish in the super-
gene environment. Primary cobaltite and sie-
genite are associated with chlorite. Figure 9.22 
shows the distribution of hypogene features rel-
ative to supergene features at Esperanza. 

Outer Zone - Esperanza
The carbonaceous black shales surrounding 
the Esperanza deposit contain syngenetic/di-
agenetic pyrite and is most noticable on the 
western side of the ore Esperanza body where 
supergene enrichment is less intense (Richard-
son and Moy, 1998). It is suggested that the 
syngenetic pyrite, formed during deposition of 
the black shales, may represent an exhalative 
pyrite ore body (Richardson and Moy, 1998). 
 Colloform pyrite occurs in the distal ore 
zone, interpreted to post-date syngenetic pyrite 
but pre-date mineralisation. This is perserved 
in the supergene zone only as relict colloform 
textures indicating open-space filling, intense 
brecciation and localised veining. Richard-

son and Moy (2008) suggest this event may 
correlate with early pyrite at Mammoth (Scott, 
1985). Distal to the main mineralisation, Co 
grades up to 0.2 % associated with pyrite. 

Supergene effects – Esperanza
The surface exposures of the Esperanza de-
posit have been subject to three significant 
weathering events which occurred in the Mio-
cene (23-15 Ma), Pliocene (~3 Ma) and the 
Pleistocene (60-120 Kya; Briese, 1998). The 
Miocene and Pliocene weathering events con-
tributed to the significant supergene enrichment 
of the Esperanza ore body. The surface geol-
ogy map by Briese (1998) is shown in Figure 
9.23 highlighting the distribution on the major 
Mn-oxide and Fe-oxide facies in saprolite and 
ferruginous units. 
 The deep and extensive weathering and 
supergene enrichment is attributed to favour-
able climatic conditions in the Miocene and 
Pliocene, high Fe-sulphide content of the hy-
pogene ore lenses exposed at the surface, and 
stable tectonic conditions preventing significant 
burial and erosion. Richardson and Moy (1998) 

highlight that the base of the supergene min-
eralisation dips towards the southeast with 
the dip angle increasing from 20 degrees in 
the north, to 60 degrees in the south, broadly 
paralleling the boundary of at the base of the 
chert. Ferric-soluble copper assays were used 
to model this contact in drill core (Richardson 
and Moy, 1998) where supergene mineralisa-
tion is defined as having more than 50 % of 
the total copper content available as ferric-sol-
uble copper.
 The secondary mineralisation is dom-
inated by massive, vein and disseminated 
sulphides including chalcocite, digenite and 
coevellite (Richardson and Moy, 1998; Figs. 
9.16 and 9.22). 

Gossan  
The Esperanza deposit has an extensive ox-
idised and weathered cap and localised gos-
san (Briese, 1998; Fig. 9.23). A gossanous 
chert-breccia is exposed at the surface and 
includes massive hematite, with Cu contents 
of around 1,000 ppm (Richardson and Moy, 
1998). 

Figure 9.22. Distribution of hypogene and supergene features at Esperanza. From 
Richardson and Moy (1998).  
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Figure 9.23. Detailed surface geology/facies map of the Esperanza desposit (from Briese, 1998); legend is shown on the following page. 
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Exploration Geochemistry
Regional stream sediment geochemistry 
Regional stream sediment geochemistry ob-
tained from the West Isa Geochemical Data-
base is shown for the Gunpowder region in Fig. 
9.24 for Cu, Pb and Zn. 
 Regionally elevated Cu is observed in 
the Cromwell Metabasalt (Eastern Creek Vol-
canics) with stream sediment values of 50 to 
250 ppm (Fig. 9.24). The Whitworth group and 
Surprise Creek Volcanics have lower regional 
stream sediment Cu values (0-25 ppm) and 
highlight anomalous Cu values in the Gunpow-
der region (100 to >250 ppm). Several other 
anomalous areas are evident including the In-
vestigator-2 region and an area located some 

Figure 9.23 (cont.). Surface geology/facies map of the Esperanza desposit legend (from Briese, 1998); map is 
shown on the previous page. 

10 km to the southwest.
 This anomalous area is also anoma-
lous in Pb (Fig. 9.24) whereas the Gunpowder 
district is shows only two samples to be high-
ly anomalous in Pb. Regionally, the Cromwell 
Metabasalt is again weakly anomalous in Pb 
(20-40 ppm) but highly anomalous in Zn (50 to 
>250 ppm; Fig. 9.24). The area 10 km SW of 
Investigator-2 is also highly anomalous in Zn 
whereas the Gunpowder district has no associ-
ated anomalous Zn stream sediment samples.  

District-scale stream geochemistry
 Stream sediment geochemistry is shown 
for the Gunpowder district in Fig. 9.25. The Es-

peranza and Mammoth deposits are moderate-
ly anomalous in Cu and Co directly overlying 
the surface projection of the mineralisation 
(Fig. 9.25A and B). A Co anomaly is located 2 
km NE of the Mammoth deposit along the strike 
of the Mammoth Extended Fault although this 
has no associated Cu anomaly (Fig. 9.25B). Pb 
is anomalous NE of Mammoth but low directly 
overlying the mineralisation at Esperanza and 
Mammoth (Fig. 9.25C). Highly anomalous Pb 
occurs 500 m south of the NE cobalt anomaly. 
The Gunpowder district is not anolamous in Zn, 
although this may reflect limited availability of 
data points for the region. The Cromwell Meta-
basalt is anomalous in Zn, similar to the region-
al trend (Fig. 9.24).    

District-scale soil geochemistry
Soil sample geochemistry was provided from 
within 10 km of the Gunpowder district by Cap-
ricorn Copper. The complete data set includes 
several generations of soil sediment sampling 
by multiple companies utilising different mesh 
sizes (-80, -60 and -40) and elemental analysis 
suits (e.g., inconsistent entries for As, Fe, Ag, 
Bi, Ni and Sb). No mercury data was available. 
Fig. 9.26 shows the soil sediment results for the 
Capricorn dataset (Cu, Co, Pb and Zn) cover-
ing the Esperanza and Mammoth deposits.
 The Mammoth and Esperanza deposits 
show increasing oncentrations of Cu and Co 
within 1 km of the surface projection of min-
eralisation (Fig. 26A and B). The background 
Cu and Co concentrations are between 1-100 
and 2-30 ppm respectively from this dataset. 
The anomalous area highlighted to the NE of 
Mammoth in stream sediment Cu and Co also 
shows a coincident Cu and Co soil anomaly 
(Fig. 9.26A and B) although this is laterally more 
constrained than that observed at Esperanza/
Mammoth. The soil Pb and Zn geochemistry is 
inconclusive and does not show any consistent  
trends although Zn has a broader distribution.
   

Gossan
Gossans derived from the exposed minerali-
sation at Mammoth show a strong enrichment 
in mercury, contrasting gossans developed on 
unmineralised gossans which are mercury de-
ficient (Ryall et al. 1981; Perkins and Denaro, 
2011). No mercury data was available in the 
Capricorn soil sample geochemistry database 
for this compilation. Soil, stream and rock chip 
geochemistry is available from the West Isa 
Geochemical package (Fig. 9.24) and from dis-
trict scale datasets provided by Capricorn Cop-
per (Fig. 9.24 and 9.25).

TIMING OF MINERALIZATION
Relative Timing
Mineralisation at Gunpowder post-dates depo-
sition of the carbonaceous black shales of the 
Esperanza Formation and associated synsedi-
mentary/diagenetic pyrite (1668 - 1657 Ma) re-
lated to pre-existing growth faults (ca. 1700 Ma; 
Derrick, 2008). 
Reactivation due to stress anomalies during D4 
deformation/compression localised fluid flow 
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Figure 9.24 Regional stream sediment geochemistry for the Gunpowder district over-
lain on the 1:100,000 geological base map.
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Figure 9.25 District-scale stream sediment geochemistry for the Gunpowder/Capricorn deposits overlain on the 1:100,000 geological base map. A) Cu; B) Co; C) Pb; D) Zn.

and mineralisation at dilational locations (jogs/
bends) at ca. 1500 Ma (Hutton et al. 2012). 

Absolute age
Lead isotope ratios from Mammoth ore min-
erals (chalcopyrite, pyrite) align along an iso-
chron consistent with a Pb source (and likely 
Cu) from the Eastern Creek Volcanics at 1540 
Ma (Clark, 2003).

GENETIC MODEL
The Gunpowder (Mount Gordon) deposits, now 
part of the Capricorn Copper district are con-
sidered to be classed as ‘structurally controlled 
epigenitic Cu ± Au deposits’ (Hutton et al., 2012) 
or ‘brecciated sediment hosted epigenetic Cu ± 
Au deposits’ (Perkins and Denaro, 2011). As-
sociated commodities include Co and Ag. The 
genetic model specifically describes the hypo-
gene processes in Cu mineralisation, but notes 

that supergene enrichment has been signifi-
cant in upgrading several deposits. Examples 
of this class in the Western Fold Belt Province 
include Mount Isa, Lady Annie and Mount Kel-
ly. Figure 9.27 shows the generalised genetic 
model for the Esperanza and Mammoth depos-
its in the Gunpowder district (Clark, 2003). The 
following genetic comments are more broadly 
significant for exploration for this mineralisa-
tion style in the Western Mount Isa Fold Belt 

Mineralising environment
Deformed intracratonic rift basins with com-
pressive regime reactivating earlier extensional 
faults/regionally extensive shear zones.

Mineralisation depth/conditions   
Approximately 200 - 300ºC (approx. 5-10 km 
depth). 

Host Rocks
Siltstones (e.g., Esperanza Group, Esperanza 
deposits), dolomite and quartzite (e.g., Whit-
worth Quartzite, Mammoth deposits). 

Structural setting
Favorable structural environments include: 
1) Areas of pre-existing structures (syn-deposi-
tional basin faults) reactived in regional shears/
fault zones
2) Zones of intense deformation/lineation de-
velopemt and dilational zones (jogs, fold hing-
es, intersections)
3) Footwall faults and unconformities.

Shape/form
Steeply dipping/discordant to sedimentary lay-
ering/parallel to regional shears/faults. Shear 
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Figure 9.26 District-scale soil sediment geochemistry for the Gunpowder/Capricorn deposits overlain on the 1:100,000 geological base map. A) Cu; B) Co; C) Pb; D) Zn.

zones control vein and breccia localisation and 
associated silicification/chloritisation. Epigen-
etic mineralisation favours pre-existing pyrite 
mineralisation (e.g., Esperanza) but can be 
true epigenetic in style (Mammoth). 

Mineralogy/Alteration
Primary: Chalcopyrite-pyrite in metasedimenta-
ry hosts (e.g., Esperanza) and bornite, chalcoc-
ite and digenite/covellite in quartzite host rocks 
(e.g., Mammoth)
Supergene sulphides: Secondary bornite, chal-
cocite and covellite.
Oxide/gossan: Hematite, goethite, limonite, ja-
rosite; malachite, crysocolla etc. 
Alteration minerals: Silicification (silica), dolo-
mite, chlorite, illite-muscovite, K-feldspar, ka-
olinite.

Geochemical Signature
Cu, Ag, Co anomalism plus Hg in gossanous 

units overlying mineralisation. High S/Se ratios.

Esperanza and Mammoth Genetic Model
Clark (2003) proposed a depositional model 
for the Mammoth deposit whereby mineralisa-
tion formed contemporaneously with regional 
deformation and metamorphism generating a 
Cu-enriched fluid which leached Cu and S from 
the Eastern Creek Volcanics (Fig. 9.27). 
Structural localisation of these fluids occurred 
along the Mammoth, Mammoth Extended and 
Esperanza Faults during D4 deformation. 
Brittle failure of the Whitworth Quartzite due 
to localised fluid pressure caused brecciation 
and vein formation/hypogene sulphide deposi-
tion during mixing with deep circulating (meth-
ane-rich) meteoric fluids (Fig. 9.27; Clark, 
2003).  

POST-FORMATION MODIFICATION
The Mammoth and Esperanza deposits were 
subject to multiple episodes of deep weather-
ing following post mineralisation uplift and ex-
posure of the mineralised lodes at the surface 
(Briese, 1998). This includes three significant 
weathering events which occurred in the Mio-
cene (23-15 Ma), Pliocene (~3 Ma) and the 
Pleistocene (60-120 Kya; Briese, 1998).

EXPLORATION
Discovery Method
Copper was first discovered in the Gunpowder 
region in 1882 by Ernest Henry at Mount Ox-
ide, located 23 km north of the current Capri-
corn Copper Mine (Blainey, 1965). In 1923, 
the Mammoth deposit was discovered by two 
cameleers, the Shah brothers, in 1927 (Rich-
ardson and Moy, 1998), presumably as a result 
of outcropping copper oxide ore and gossan. 
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Figure 9.27 Diagrammatic model for the geological relationships between the Lawn Hill Platform, Mount Gor-
don Fault Zone and the Leichhardt River Fault Trough during East-West oriented compression and synchronous 
metamorphic fluid flow. Anticlinal structures in the Eastern Creek Volcanics are interpreted to form a reservoir for 
metamorphic fluids which were channelised (red arrows) along permeable structures during D4 deformation. From 
Perkins (xxxx) and Clark (2003).  
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