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The world class Mount Isa deposit is a unique, sediment-hosted, copper deposit
with no known equivalent around the world and a controversial origin. We report
8%Cu values (n=90) from chalcopyrite grains collected systematically across
the entire deposit. The 5°°Cu shows a unimodal distribution with limited variability
(min = —0.87 %o; max =0.88 %o) and an average value (40.13 %o) comparable to
average igneous rocks. In general, the §°Cu values in chalcopyrite are lower near

major structures and heavier further away, consistent with equilibrium fractionation with distance from the fluid source. The
range in §°*Cu of chalcopyrite from the Mount Isa deposit is less variable compared to sedimentary copper, VMS and porphyry/
epithermal deposits, but similar to Michigan deposits; meanwhile, average 8°°Cu at Mt. Isa is distinctly higher than sedimentary
copper deposits, but similar to VMS, porphyry/epithermal and Michigan deposits. These data suggest that, from a copper isotope
perspective, the Mount Isa deposit is clearly different from sedimentary copper deposits and more like VMS, porphyry copper/
epithermal and Michigan style deposits. The average 8*°Cu (+0.13 %o) is almost identical to the average §°°Cu (+0.14 %o) from
Proterozoic basalts and suggests that copper was sourced from the underlying mafic rocks; the limited fractionation and the
normal distribution of the §°°Cu indicate a very effective leaching mechanism and transport by a hot fluid from which chalcopyrite

precipitated without significant fractionation of copper isotopes.
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¥ Introduction

The giant Mount Isa copper (with Zn-Pb) deposit, located in NW
Queensland (Fig. 1), is a unique deposit type and the second
largest copper producer in Australia after Olympic Dam in
South Australia (e.g., Mudd, 2021). Despite intense exploration
for similar deposits since its discovery almost 100 years ago,
Mount Isa remains the only deposit of its kind in the entire
Mount Isa region and the world. Copper mineralisation occurs
within the same stratigraphic horizon, the Urquhart Shales, as
Zn-Pb mineralisation (Fig. 1), and the deposit is commonly
described in the literature as a zoned Zn-Pb-Cu system (e.g.,
Cave et al., 2020) with copper mineralisation occurring at depth
and Zn-Pb mineralisation occurring nearer the surface. Two con-
trasting models have been put forward to explain the source,
transport and deposition of copper. The first model proposes that
copper was sourced within the basin from ferruginous red beds
by oxidised basinal brines and transported along permeable mud
and silt horizons to the pyritic Urquhart Shales where chalcopy-
rite deposition occurred due to reduction reactions (e.g.,
McGoldrick and Keays, 1990; Wilde et al., 2006). The second
model proposes that copper was sourced from basement mafic
rocks by oxidised basinal or metamorphic brines, transported
along fractures and deposited in the overlying Urquhart
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Shales either by cooling, pH change or an increase in sulfur
fugacity (e.g, Heinrich et al, 1989; Heinrich et al, 1995;
Gregory et al., 2008). In this contribution, we present, for the first
time, %5Cu/**Cu isotope data (reported as §°°Cu) from chalcopy-
rite across the Mount Isa deposit and discuss the results in terms
of metal source, transport, precipitation and the two most promi-
nent competing genetic models.

! Regional and Deposit Geology

The Mount Isa Inlier (Fig. 1) has been subdivided into three sub-
parallel belts that include, from east to west, the Eastern Fold Belt
(EFB), the Kalkadoon-Leichardt Belt (KLB), and the Western
Fold Belt (WEB). The geology of the inlier is dominated by sedi-
mentary and volcanic sequences that were deposited in three
major supra-crustal basins: 1) the 1790-1740 Ma Leichhardt
Superbasin, 2) the 1730—1640 Ma Calvert Superbasin, and 3)
the 1640—1580 Ma Isa Superbasin (Gibson et al., 2016). These
basinal sediments were deposited on top of basement rocks that
had been deformed and metamorphosed during the Barramundi
Orogeny (~1890—-1850 Ma; Foster and Austin, 2008). Infill of the
Leichhardt Superbasin was interrupted by the ~1750—-1710 Ma
Wonga Orogeny (Spence et al., 2021; Spence et al., 2022). Infill of

Economic Geology Research Centre (EGRU), James Cook University, Townsville, QLD, Australia

‘& Geochem. Persp. Let. (2023) 27, 26-3I | https://doi.org/10.7185/geochemlet.2330 26


https://doi.org/10.7185/geochemlet.2330
mailto:ioan.sanislav@jcu.edu.au
https://doi.org/10.7185/geochemlet.2330

Geochemical Perspectives Letters

33?000

34l|1000

t

KLB

771|0300

«Mount Isa
/ | T™EFB

IWFB
QLD

500 km

Legend

/ Magazine Shale

Kennedy Siltstone

p

Spear Siltstone
Urquhart Shale
Native Bee Siltstone

Breakaway Shale

Mount Isa Grou
7\

Moondarra Siltstone

Warrina Park Quartzite

Surprise Creek Formation
Haslingden Group
(Eastern Creek Volcanics)
" Shear zone / Fault

Cu orebody projected
to surface

/ Zn-Pb orebodies projected|
to surface

Tailing dams

]

A Drill section

7703600

7710300

=
F]
©
e
©
i
-
=
=
o
=

s

2 km

T
7703600

1
336000
Figure 1

344000

Simplified geological map showing the surface projection of the Cu and Zn-Pb ore bodies. The inset shows the location of

the Mount Isa deposits in Queensland and within the Mount Isa Inlier. A and B indicate the location of sections shown in Figure 2.
KLB-Kalkadoon Leichhardt Belt, WFB-Western Fold Belt, EFB-Eastern Fold Belt.

the Calvert Superbasin was interrupted by an inversion event
between 1690 and 1668 Ma (Southgate et al., 2000), and sedi-
ment fill of the Isan Superbasin was interrupted by the ~1650
—1490 Ma Isan Orogeny (Foster and Austin, 2008; Abu Sharib
and Sanislav, 2013).

The Mount Isa deposit is hosted by the Mount Isa Group
(Calvert Superbasin) which consists of the Surprise Creek
Formation at its base, followed by the Warrina Park Quartzite,
Moondara Siltstone, Breakaway Shale, Native Bee Siltstone,
Urquhart Shale, Spear Siltstone, Kennedy Siltstone, and the
Magazine Shale at its stratigraphic top (Southgate et al., 2000).
The mineralisation (Fig. 2) is hosted by the Urquhart Shales,
adjacent to the Paroo Fault, which separates the Mount Isa
Group from the basement mafic rocks of the Eastern Creek
Volcanics (ECV). The Paroo Fault is crosscut by a series of faults
(the Bernborough and J46 Faults; Fig. 2) that have been inter-
preted as conduits for the fluid that leached copper out of the
ECV and deposited it in the Urquhart Shales (e.g., Heinrich et al.,
1989; Heinrich et al., 1995; Gregory et al., 2008). The copper ore-
bodies have irregular shapes, with highest grades in zones of
most structural complexity (Fig. 2). Chalcopyrite is the domi-
nant copper-bearing mineral; it is texturally late relative to

the Zn-Pb-Ag mineralisation (Fig. 3) and postdates peak
deformation and metamorphism (e.g., Cave et al., 2020;
Mahan et al., 2023).

On a deposit scale, chalcopyrite overprints pre-existing
silica-dolomite alteration. In hand specimen, the chalcopyrite
occurs as infill in fracture networks that crosscut carbonaceous
shale (Fig. 3a), along shear fabrics overprinting silica-dolomite
alteration (Fig. 3b), replacing silica-dolomite infill of brecciated
Urquhart shale (Fig. 3¢c) and as replacement and infill of massive
silica-dolomite breccia (Fig. 3d).

Chalcopyrite §°°Cu from Mount Isa
Deposit

The §%°Cu composition of chalcopyrite grains (Fig. 4a) were mea-
sured from ninety samples spread across the entire deposit includ-
ing the surrounding low grade envelope (Supplementary
Information Fig. S-2). The §%°Cu values vary between —0.87 %o
and +0.88 %o with an average value of +0.13 %o (Fig. 4a) and
a median value of +0.10 %o which indicates that at the scale of
the deposit the §°°Cu values have a unimodal distribution. The
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Figure 2 Cross sections through (a) the middle of the deposit and (b) across the low grade envelope showing the location of samples
collected for isotope measurements and the 85°Cu values for each sample. Red dots — negative values; blue diamonds - positive values.

Figure 3 Photographs showing typical chalcopyrite (ccp) textures
and dolomite (dol) alteration from Mount Isa deposit.

only variation in 8°°Cu values is in relation to the major structures.
In general, lower 8°°Cu values occur closer to major structures
whereas higher values are more common further away from these
structures (Fig. 2a). Chalcopyrite grains located within 100 metres
of a major structure have an average §°°Cu = 0.00, chalcopyrite
grains located 100—200 m from a major structure have an average
8%Cu = +0.25 %o whereas chalcopyrite grains located 200—300 m
have an average §°Cu=+0.35 %o (Fig. 4a). In fact, 86 % of all
negative values occur within 100 m of a major structure. The close
spatial relationship between §°°Cu and major structures is a gen-
eral feature at the Mount Isa deposit and occurs within the deposit
(Fig. 2a), more pointedly within the low grade alteration halo

@

(Fig. 2b) and at the scale of the entire deposit (Supplementary
Information Fig. S-2). This suggests a genetic relationship between
fluid pathways (major structures), the fractionation of copper iso-
topes and the precipitation of chalcopyrite ore. There is no clear
relationship between the §°°Cu values and ore textures (Fig. 4b).
That is, chalcopyrite grains analysed from disseminated, breccia,
fault/shear or vein-hosted ore display a similar variation in the
8%Cu values.

Copper Isotopes as Indicators of
Hydrothermal Fluid Pathways

The close spatial relationship (Fig. 2 and Fig. 4) between the low
§%Cu values and major structures suggests that copper isotopes
can be used in some cases to identify ancient hydrothermal fluid
pathways with important implications for the exploration and
discovery of new deposits. Lighter §°Cu values occur close to
the Paroo Fault and to the steep crosscutting structures (the
Bernborough and J46 Faults; Fig. 2) suggesting that these struc-
tures acted as conduits for the mineralising fluids. However, the
Paroo Fault shows signs of reactivation only along the steeper
sections and most likely was not an active fluid conduit during
mineralisation.

The lighter §°°Cu values close to the Paroo Fault can be
explained by fluid ingress along the fault, at intersections with
the steeper structures, and the contact with the Urquhart
Shale which constitutes a strong chemical contrast. The mafic
rocks of the underlying ECV constitute the most likely metal
source (e.g., Heinrich et al., 1995; Gregory et al., 2008) whereas
the crosscutting steep structures such as the Bernsborough
and J46 Faults represent the fluid pathways. Fluid inclusion stud-
ies, alteration and ore mineral chemistry all suggest that copper
deposition at Mount Isa occurred at temperatures between 300
and 350 °C (e.g, Heinrich et al, 1989; Cave et al., 2020).
Experimental work indicates that under these conditions the
8%Cu equilibrium fractionation between chalcopyrite and dis-
solved Cu is —0.22 +0.16 %o (Syverson et al., 2021). Assuming
that the ECV has an average §°°Cu similar to Proterozoic basalts
(8%°Cu = +0.14 %o; Liu et al, 2015) and that equilibrium frac-
tionation between chalcopyrite and the hydrothermal fluid
occurred, the expected 8°°Cu in chalcopyrite precipitated close
to the fluid path (i.e. steep structures) will be ~0 %o whereas
the 8°°Cu of the remaining hydrothermal fluid will have values
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Figure 4 The §%°Cu values for Mount Isa deposits relative to the
distance from (a) major structures and (b) ore textures.
(c) Comparison of 8%°Cu values from sedimentary copper deposits
(Sed Cu), volcanogenic massive sulfide deposits (VMS), porphyry
and epithermal deposits (PCD/Epi), Michigan copper deposits
and the Mount Isa deposit.

between 0.38—0.58 %o as calculated by Syverson et al. (2021).
The average §°Cu =0 %o of chalcopyrite grains collected within
100 metres (Fig. 4a) from the major structures is consistent with
such calculations. Since the remaining hydrothermal fluid will
be enriched in heavy isotopes, precipitation of chalcopyrite at
increasing distance away from the major structures will record
ever higher §°°Cu values. The 8°Cuyerage = 0.25 %o at 100-200 m
and 8°°Cliayerage = 0.35 %o at 200-300 m from major structures
(Figs. 2, 4a) agree with this model and indicate that equilibrium
fractionation and the distance to the fluid conduits can qualita-
tively account for the observed variation in copper isotopes at
the Mount Isa deposit.

The general increase in copper isotope values away from
the fluid pathways mimics the patterns documented for

hydrothermal systems associated with porphyry copper deposits
(Gregory and Mathur, 2017). The central parts of the Pebble
deposit in Alaska, the Bingham deposit in Utah, and the
Grasberg deposit in Papua, Indonesia, yield copper isotope val-
ues in chalcopyrite that are lower than the distal parts of these
fossilised hydrothermal systems (Gregory and Mathur, 2017;
Mathur et al., 2013). Similar patterns have been recognised in
shallower epithermal systems in chalcopyrite and other ore min-
erals (Duan et al., 2016; Wu et al., 2017). In porphyry systems, the
increase in 8%°Cu values away from the core of the system is
related to the temperature change as the hydrothermal fluid cools
down by interacting with the host rocks (Gregory and Mathur,
2017). Fluid inclusions and alteration studies (Heinrich et al.,
1995) at the Mount Isa deposit indicate that there is no temper-
ature gradient away from the fluid pathways and cooling can be
discarded as a major cause for isotope fractionation. Thus, the
most likely cause for the observed isotope fractionation pattern
is fluid reaction with the host rock. Indeed, sulfur isotope studies
indicate that the sulfur required to precipitate chalcopyrite was
locally derived from diagenetic pyrite within the Urquhart
Shales (Heinrich et al., 1995). Despite resulting from different frac-
tionation mechanisms, the common pattern of light copper iso-
topes close to fluid pathways and heavier isotopes away from
fluid pathways observed in porphyry copper systems and the
Mount Isa deposit indicate that this could be a characteristic fea-
ture of hydrothermal systems and can be used in exploration for
mineral deposits.

The Metal and Fluid Source at the
Mount Isa Deposit

The main differences between the genetic models for Mount Isa
deposit relate to the metal source (ferruginous red beds vs. base-
ment mafic rocks), timing (syngenetic vs. epigenetic), and fluid
source (basinal brines vs. metamorphic brines) (e.g., Heinrich
et al., 1989; McGoldrick and Keays, 1990; Heinrich et al., 1995;
Wilde et al., 2006 Gregory et al., 2008; Cave et al., 2020). The
unimodal distribution and the low spread around the average
§%Cu values measured in this study have implications for under-
standing the metal and the fluid source. The mafic volcanics of
the ECV are significantly depleted in copper with quantitative
estimates indicating at least 70 % depletion in whole rock copper
from K-altered zones (e.g., Heinrich et al., 1995; Gregory, 2006).
This suggests that copper was almost completely leached out
from the sulfide and oxide phases and thus the average §*°Cu
most likely represents fractionation about the mean and reflects
the average value of the source rock. This assumption is reason-
able considering the almost identical §°Cu average (+0.13 %o)
to the average §°°Cu value (+0.14 %o) for Proterozoic basalts (Liu
et al.,, 2015) and the strong depletion in copper from the mafic
volcanics surrounding the deposit. Moreover, as discussed
above, the only fractionation of the copper isotopes at the scale
of the deposits appears to be related to the fluid pathways and
distance from major structures and is consistent with equilibrium
fractionation from an evolving fluid having an average §°°Cu
similar to the overall deposit and typical for Proterozoic basalts.
Figure 4c shows the ranges and mean §%°Cu values for sedimen-
tary copper deposits (chalcopyrite), volcanogenic massive sulfide
deposits (chalcopyrite), porphyry copper (chalcopyrite and
bornite) and epithermal deposits (chalcopyrite)) Mount Isa
(chalcopyrite) and the native copper deposits from Michigan.

Two important observations can be made. First, there is a
narrow range in §°°Cu for Mount Isa in comparison to all the
other deposit types but the Michigan deposits. Second, the
average 5%°Cu compositions for volcanogenic massive sulfide,
porphyry copper/epithermal, Michigan and Mount Isa deposits
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are almost identical. Although the Mount Isa deposit is
sediment-hosted, its 8°°Cu is clearly different from sedimentary
copper deposits. The sediment copper deposits form at moderate
temperature compared to the other deposit types, require an oxi-
dised source rock leached by highly oxidised basinal brines, and
precipitation by mixing with a reduced fluid (e.g, Hitzman
et al., 2010).

Copper isotopes are fractionated during oxidative altera-
tion of clastic sediments (Mathur et al., 2005; Mounyer et al.,
2017), and most likely the copper isotope signature of oxidised
red beds is variable and departs from the average value of igne-
ous rocks, whereas the negative fractionation seen in sedimen-
tary copper deposits can likely be attributed to the reduction of
Cu to form Cu sulfides by mixing with a reduced fluid (e.g., Asael
et al., 2007; Asael et al., 2012). The clear difference in the range
and mean 8%°Cu signatures between sedimentary copper depos-
its and the Mount Isa deposit indicate that the ore forming proc-
esses (source, mobilisation and deposition) for the Mount Isa
deposit are distinct from those responsible for the formation
of sedimentary copper deposits, and the syn-sedimentary cop-
per model (e.g, McGoldrick and Keays, 1990; Wilde et al,
2006) can be discarded.

The nearly identical average §%°Cu for the Mount Isa,
VMS, porphyry/epithermal and Michigan deposits overlaps with
the average 8°°Cu for igneous rocks (BSE = +0.07 +0.10 %o;
Moynier et al., 2017) suggesting an igneous source for copper
either by leaching of igneous rocks (VMS, Michigan and
Mount Isa deposits) or by separation from magma (porphyry/
epithermal deposits). The wide range of §°Cu observed in
VMS deposits can be explained by mixing of hot hydrothermal
fluids and cold seawater during the precipitation of copper sul-
fides, by hydrothermal re-working of copper sulfides and by late
stage low temperature processes (Rouxel et al., 2004). In por-
phyry/epithermal deposits the large variation in §°Cu has been
explained by two main processes, cooling and boiling with metal
transport in a vapour phase causing significant copper and other
transition metal isotope fractionation (Ikehata et al., 2011; Maher
et al., 2011).

In the Mount Isa deposit there is no evidence that any of
the processes responsible for the wide range in §%°Cu values in
VMS and porphyry/epithermal deposits occurred. The §°Cu val-
ues from Mount Isa deposits are almost identical to those
reported from the Michigan native copper deposits suggesting
a similar mineralisation process. For both deposit types, the cop-
per was sourced from underlying mafic rocks by oxidised brines
and transported upward along structures to the deposition site
(e.g., Bornhorst and Mathur, 2017). The almost identical average
8%°Cu from Mount Isa (§°°Cu = 0.13 %o) and the §°°Cu measured
from Proterozoic basalts (8°°Cu =0.14 %o; Liu et al., 2015) indi-
cate that the copper was most likely sourced from the underlying
ECV (Gregory et al., 2008). The source of the fluid that mobilised
and transported copper at Mount Isa is unlikely to be basinal or
metamorphic, since the deposition of copper postdates the basin
formation and metamorphism by at least 130 Myr and 60 Myr
respectively (e.g., Cave et al., 2020). CO,-rich fluid inclusions
are subordinate, pre-date mineralisation and probably reflect
peak metamorphism whereas syn-mineralisation fluid inclu-
sions are NaCl-rich aqueous fluids with O and H isotope values
overlapping the magmatic field (Heinrich et al., 1989). Although,
the evidence for magmatism at the time of mineralisation in the
WEB is restricted to pegmatitic intrusions there is synchronous
voluminous magmatism in the EFB and a magmatic source for
the mineralising fluid at the Mount Isa deposit cannot be com-
pletely discarded.
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Methodology

Ninety chalcopyrite samples were collected from drill holes across well-known ore bodies and the low-grade envelope
around the Mt Isa deposit. The textural position of chalcopyrite grains targeted for analysis were determined before the
sulphides were analysed, and sulphides in similar textural positions were compared. Full log and assay data were
available for all drill holes. The sampling strategy involved:

- to sample across the ore body from the core of the ore body to the most distal parts that contain chalcopyrite and to
systematically collect samples in relationships with major structures,

- to sample within the same stratigraphic horizon,

- to sample across the entire deposit.

Chalcopyrite grains were handpicked from each sample at the Juniata College, USA and sampled with a drill
dremel tool. Between 10 to 50 mg of chalcopyrite was dissolved in 4 ml of ultrapure, heated, aqua regia overnight. Due
to the fact copper is a dominant ion in the mineral, no column chemistry was conducted on the chalcopyrite samples as
demonstrated in (Mathur et al., 2005; Zhu et al., 2000; Zhang et al., 2020). Isotope analyses were carried out on MC-
ICP-MS instruments at various facilities (Penn State University, Washington State University and Rutgers University).
Cu isotope values were corrected for mass bias using traditional standard—sample—standard bracketing with the NIST-
SRMQ976 standard reference material and data are presented in the traditional delta notation (in per mil) compared to
this standard. The instruments were in wet-plasma mode and the solutions were measured at 200 ng/g. Samples and
reference materials matched to within 30 % of the %3Cu signal. QA/QC for the results was monitored using an in-house
USA coin (1838 USA CENT &%Cu = 0.01 £ 0.06 %o (n=39 combined from all three locations) and BVHO-2 with values
overlapping those reported in the literature.
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Table S-1 8%Cu values measured from each sample, their distance to the nearest major structure and the ore texture.

Sample ID | Section 8%Cu (%0) | Distance from major | Ore texture
structure (meters)

15 MIM -0.87 77 veins

MTO03 MIM -0.64 26 veins

30 MIM -0.63 46.2 fault/shear

MT12 MIM -0.53 23 fault/shear

MT11 MIM -0.46 5 fault/shear

12 MIM -0.41 66 veins

MT10 MIM -0.34 18 fault/shear

8 MIM -0.31 20 veins

38 MIM -0.26 23.1 veins

1 MIM -0.23 17 fault/shear

10 MIM -0.22 18 breccia

3 MIM -0.21 30 breccia

476 MIM -0.20 121 veins

52 MIM -0.17 50 fault/shear

32 MIM -0.17 231 veins

6 MIM -0.17 6 veins

31 MIM -0.14 18 veins

24 MIM -0.12 10 veins

1096 MIM -0.12 15 veins

MTO01 MIM -0.07 80 fault/shear

11 MIM -0.07 43 veins

9 MIM -0.06 75 veins

36 MIM -0.06 8 disseminated

2 MIM -0.06 39 breccia

43 MIM -0.04 60 veins

GF22 MIM -0.02 35 fault/shear

479 MIM -0.02 231 veins

11 MIM -0.02 147 veins

28 MIM 0.01 200 veins

MTO05 MIM 0.01 333 fault/shear

477 MIM 0.02 44.4 fault/shear

35 MIM 0.02 210 veins

MTO07 MIM 0.03 39.6 veins

14 MIM 0.04 13 disseminated

480 MIM 0.04 20 veins

1 MIM 0.06 80 breccia

MT23-4 MIM 0.06 112 veins

26 MIM 0.06 87 veins

12 MIM 0.06 40 fault/shear

22 MIM 0.07 214.5 veins

29 MIM 0.07 330 veins

3 MIM 0.08 39.6 disseminated

478 MIM 0.08 210 veins

10 MIM 0.09 165 veins
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Sample ID | Section 8%Cu (%0) | Distance from major | Ore texture
structure (meters)

7 MIM 0.10 132 veins

17 MIM 0.10 140 veins

26 MIM 0.15 88.4 veins

5 MIM 0.16 221 disseminated

39 MIM 0.17 136 disseminated

24 MIM 0.17 90 veins

4 MIM 0.17 97 disseminated

481 MIM 0.17 100 veins

40 MIM 0.18 89 breccia

15 MIM 0.18 77 veins

51 MIM 0.19 40 breccia

474 MIM 0.20 62 veins

25 MIM 0.23 200 veins

488 MIM 0.24 250 veins

14 MIM 0.24 150 veins

29 MIM 0.25 41 fault/shear

9 MIM 0.26 180 veins

8 MIM 0.26 240 breccia

487 MIM 0.27 210 veins

25 MIM 0.27 230 veins

37 MIM 0.27 150 disseminated

5 MIM 0.31 155.1 veins

23 MIM 0.33 61 veins

483 MIM 0.33 56.1 veins

7 MIM 0.33 68 veins

50 MIM 0.36 41 breccia

13 MIM 0.37 91 veins

41 MIM 0.40 183 breccia

454 MIM 0.40 50 veins

16 MIM 0.42 236 veins

27 MIM 0.43 210 veins

42 MIM 0.43 221 breccia

458 MIM 0.44 25 breccia

MT30 MIM 0.47 63 veins

MTO02 MIM 0.52 115.5 veins

462 MIM 0.55 320 veins

27 MIM 0.59 97 veins

6 MIM 0.60 95.7 veins

GF23 MIM 0.61 180 veins

MT18 MIM 0.62 236 veins

451 MIM 0.68 250 veins

45 MIM 0.70 193 veins

452 MIM 0.70 180 veins

28 MIM 0.79 211 veins

2 MIM 0.83 242 breccia

MT27 MIM 0.88 273 disseminated
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Supplementary Figures
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Figure S-1 Schematic representation of the two models used to explain the formation and the close spatial
relationship between the Cu and Zn-Pb-Ag mineralisation at the Mount Isa deposit. The top image illustrates the
syngenetic and diagenetic models whereas the bottom image illustrates the epigenetic model.
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Mount Isa Deposit 565Cu Values on Drill Traces
Oblique View Facing North West Along The Bernborough and J46 Faults

Figure S-2 Oblique view showing the distribution of samples analysed for Cu isotopes and the §°°Cu values (coloured circles, corresponding to scale bar in the top right) in
relationship to the main structures across the entire deposit and the surrounding low-grade envelope.
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Figure S-3 Histogram showing the relationship between 6%°Cu and the distance to the nearest major structure.
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Figure S-4 Rayleigh distillation models using fractionation factors from Pekala et al. (2011) (alpha=1.0005)
generate the observed range of fractionation measured of Mt Isa chalcopyrite for high values of f. This modelling
suggests that there was an effective removal and deposition of copper in the chalcopyrite. The average 6%Cu of
Proterozoic basalts is +0.14%o (Liu et al., 2015) whereas the average 8%°Cu of the BSE is +0.07%o (Moynier et al., 2017).
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