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A B S T R A C T

The Proterozoic Curnamona Province lies between two of the most endowed Cu-bearing mineral belts on the
Australian continent – the Gawler Craton, which hosts the giant Olympic Dam iron oxide copper gold (IOCG)
system, and the Mount Isa Inlier, which hosts the giant Mount Isa Cu system and IOCG belt of the Eastern
Succession. This study focuses on Cu-Au deposits within the Proterozoic rocks of the Benagerie Ridge Magnetic
Complex in the central Curnamona Province. The Benagerie Ridge is buried beneath Neoproterozoic and
Phanerozoic cover sequences. We use drillcore and geophysical data to determine the structural architecture and
structural controls of Cu-Au mineralisation in the Benagerie Ridge. The Portia and North Portia deposits are the
most significant Cu-Au mineral deposits in the Benagerie Ridge and lie adjacent to an extensive regional redox
boundary that separates lower magnetic units from upper non-magnetic units. The redox boundary is extensive
throughout the Curnamona Province and is linked with mineralisation in the region. Significant chalcopyrite,
bornite and molybdenite occur along bedding-parallel layers and shear structures. These factors support a strong
lithological control on Cu-Au mineralisation at all scales. Deformation in the Benagerie Ridge involved the
development of a D1 layer-parallel foliation (S1), which is overprinted by D2 recumbent folds and D3 upright
folds. The deformation history is associated with the c. 1610–1580Ma Olarian Orogeny. Overprinting of D2
structures during D3 has resulted in a type 2 interference pattern, which we have successfully mapped using
aeromagnetic data. Several later phases of post-Olarian faults overprint F2 and F3 fold interference patterns, and
have resulted in the remobilisation of some of the Cu-Au mineralisation. We propose that the stratiform Cu-Au
mineralisation occurred prior to the onset of the Olarian Orogeny. Mineralisation is preserved within the
thickened hinge zone of a similar-type F2 fold proximal to the hinge of an overprinting F3 fold, which we
propose has enhanced mineralisation within the North Portia deposit. Consequently the identification of the
redox boundary within F2 folds elsewhere in the Curnamona Province – particularly when located proximal to
F3 fold hinges, which place the mineralised zones into structurally favourable locations – provide good targets
for future mineral exploration.

1. Introduction

Pulses of mineralisation are well documented in Earth’s history
(Groves et al., 2005). For the iron oxide copper gold (IOCG) family of
deposits, these pulses show a periodicity of about 500 to 700Ma, which
correlates with the periodicity of supercontinent assembly and dispersal
of the Precambrian supercontinents (Groves et al., 2010). The IOCG
classification includes deposits that are magmatic-hydrothermal, con-
tain economic grades of Cu-Au, contain large volumes of breccia and
commonly have a history of pre-sulfide sodic or calcic alteration
(Groves et al., 2010). The IOCG classification is often applied to other

deposits that contain significant volumes of iron-oxide minerals and
economic grades of Cu and Au. The episodic pulses of IOCG miner-
alisation have been linked to magmatism and associated hydrothermal
activity that were largely driven by mantle underplating and/or mantle
plume activity (Groves et al., 2010). The largest of these pulses formed
at the Paleo- to Mesoproterozoic boundary and resulted in extensive Cu-
Au mineralisation that is preserved in the Gawler Craton, Curnamona
Province (South Australian Craton) and Mount Isa Inlier (North Aus-
tralian Craton), and produced the supergiant Olympic Dam IOCG de-
posit (e.g. Page and Laing, 1992; Reeve et al., 1990; Roberts and
Hudson, 1983; Rotherham, 1997) (Fig. 1a). At this time, the South
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Australian Craton comprised the Gawler Craton and Curnamona Pro-
vince, and was likely contiguous with the North Australian Craton
(Aitken et al., 2016; Armit et al., 2014b; Armit et al., 2017; Betts et al.,
2016; Betts and Giles, 2006; Betts et al., 2007; Gibson et al., 2008; Giles
et al., 2004).

The eastern Gawler Craton hosts several world-class IOCG and Cu-
Au deposits. Voluminous Cu mineral systems are also hosted within the
Mount Isa terrane and are variably associated with base metals and iron
oxides (Duncan et al., 2011; Hutton et al., 2012; Oliver et al., 2008;
Oliver et al., 2004; Williams et al., 2001; Williams and Pollard, 2001).
Since the discovery of the world class Olympic Dam deposit, IOCG
deposits have been an exploration target in the Curnamona Province.
This is due to temporal and spatial similarities recognised between the
c. 1590–1580Ma Gawler Range Volcanics and Hiltaba Suite that are
contemporaneous with the Olympic Dam deposit in South Australia,
and the Benagerie Volcanics and Ninnerie Supersuite in the central
Curnamona Province (Armit et al., 2014b; Wade, 2011). Furthermore,
Proterozoic paleogeographic reconstructions suggest the Curnamona
Province was located between the Gawler Craton and Mount Isa Inlier
(Betts and Giles, 2006; Betts et al., 2007; Giles et al., 2004). Despite the
location of the Curnamona Province between these two major miner-
alised terranes, there is a distinct absence of large economic Cu-asso-
ciated mineral discoveries. The Curnamona Province does however host
several stratiform Cu-Au and IOCG deposits (Giles and Just, 2017;
Bierlein et al., 1995; Bierlein et al., 1996a; Bierlein et al., 1996b) as well
as the Broken Hill Pb-Zn deposit. Deposits within the Benagerie Ridge
Magnetic Complex, including the Portia and North Portia deposits, are
the focus of current Cu-Au exploration and mining activity in the
Curnamona Province, yet the evolution of these mineral systems re-
mains poorly understood. The Curnamona Province is considered part
of the IOCG ‘super-province’ that extends from the Gawler Craton to the

Eastern Succession of the Mount Isa terrane (Conor and Preiss, 2008).
The Paleoproterozoic to Mesoproterozoic Curnamona Province is a

sub-circular terrane that extends from northeastern South Australia
through to western New South Wales (Fig. 1b). Most of the province is
covered by Neoproterozoic or Phanerozoic cover (Dentith et al., 2003;
Robertson et al., 1998) –with outcrop mostly limited to the Broken Hill,
Olary, Mount Painter and Mount Babbage inliers (Fig. 1b). As a result,
aeromagnetic data has been used for geological interpretations and
exploration targeting in the region (Williams et al., 2009; Williams
et al., 2010). The use of aeromagnetic data for targeting Cu-Au mi-
neralisation is especially useful in the central Curnamona Province due
to the petrophysical contrast of the well-defined regionally extensive
redox boundary (Williams and Skirrow, 2000). This redox boundary
separates highly magnetic basement rocks from overlying weakly- to
non-magnetic rocks, and controls much of the mineralisation in the
Curnamona Province (Conor, 2006; Rutherford et al., 2006). The redox
boundary and associated mineralisation have been poly-deformed
during the c. 1600Ma Olarian Orogeny. The aeromagnetic data there-
fore allow interpretation of crustal structure, major fault systems and
fold structures. Williams et al. (2009) showed that aeromagnetic in-
terpretation is an effective litho-structural mapping tool throughout
large areas of the Curnamona Province, including the Benagerie Ridge.
Combining our interpretation and drillcore observations, we predict the
presence of favourable horizons for Cu-Au mineralisation, which are
spatially correlated with the redox boundary.

1.1. Regional stratigraphy

The Willyama Supergroup, which hosts the North Portia deposit,
was deposited in an epi-continental rift basin between c. 1720Ma and c.
1640Ma, and subsequently deformed between c. 1610Ma and c.

Fig. 1. a) Map of the Gawler Craton, Mount Isa terrane and Curnamona Province with locations of significant deposits; b) Total Magnetic Intensity Variable Reduction to Pole (Geoscience
Australia) overlain by geological domains of the Curnamona Province and locations of major deposits.
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