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Multi-method thermochronology applied to the northern Olympic Domain of South Australia reveals a complex
thermal evolutionwithmultiple thermal events. Apatite U/Pb (closure temperature ~550–350 °C) andmuscovite
40Ar/39Ar ages (~400–350 °C) record post magmatic cooling from 1850 to 750 Ma for the ~1850 Ma Donington
Suite, and from ~1560–1500 Ma for the ~1590 Ma Hiltaba Suite and the Gawler Range Volcanics. Potassium feld-
spar 40Ar/39Ar ages (~350–150 °C) record disturbed spectra that are likely related to hydrothermal alteration at
~1000–650Ma in the Neoproterozoic Adelaide Rift Complex. Apatite fission track (~60–120 °C), zircon (U-Th-
Sm)/He (~180–200 °C), and apatite (U-Th-Sm)/He (~45–75 °C) ages reveal regional low temperature thermal
events at ~1000 Ma, ~430–400 Ma, 350–330 Ma, and ~200 Ma, in addition to localised thermal events during
the Cretaceous. The ~1000 Ma apatite fission track ages are amongst the oldest recorded for South Australia
and are only preserved near the margins of the Olympic Domain. The ~430–400Ma and ~350–330Ma cooling
events are interpreted to be driven by the Alice Springs Orogeny. The Mesozoic thermochronometric ages are
interpreted to record localised thermal perturbations, possibly related with hydrothermal activity within the
northernOlympic Domain. The presence of abundant IOCG deposits near these young thermal anomaliesmay in-
dicate that these zones recordmore favourable thermal conditions and/or exposure levels for IOCG discoveries in
the study area.
Crown Copyright © 2018 Published by Elsevier B.V. on behalf of International Association for Gondwana Research.
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1. Introduction

The Olympic Domain is home to the world class Olympic Dam Iron
Oxide Copper Gold (IOCG) mineral deposit, in addition to numerous
other IOCG mineral deposits such as Prominent Hill, Carrapateena,
Khamsin, and Emmie Bluff (Fig 1). The Olympic Domain is themost de-
posit-rich domain within the Gawler Craton of South Australia (in par-
ticular, the northern Olympic Domain; Fig. 1) and preserves a complex
geological history that began in the Palaeoproterozoic (Hand et al.,
2007). After initial formation of the Gawler Craton, the most notable
thermo-tectonic event within the Olympic Domain was the ca. 1590
Ma Hiltaba Event (e.g. Daly et al., 1998; Budd et al., 2001; Skirrow et
al., 2002; Fanning et al., 2007; Hand et al., 2007), which was associated
with emplacement of the Hiltaba Suite granites and extensive IOCG
mineralisation. Published work conducted on these IOCG deposits
have inquired into various aspects of their formation (Belperio et al.,
2007; Davidson et al., 2007; Direen and Lyons, 2007; Skirrow et al.,

2007; McPhie et al., 2011; Ismail et al., 2014; Jagodzinski, 2014;
Kamenetsky et al., 2016; Kirchenbaur et al., 2016; Macmillan et al.,
2016). However, only few studies have ventured into investigating the
post-Hiltaba thermal history of the Olympic Domain (Reid et al.,
2017). Recent studies have highlighted that early Phanerozoic hydro-
thermal activity affected the Olympic Dam deposits (Maas et al., 2011;
McPhie et al., 2011; Kamenetsky et al., 2016), and this activity appears
to have remobilised and concentrated the uranium (Kamenetsky et al.,
2016). Consequently, a better understanding of the thermal history of
the Olympic Domain is becoming increasingly relevant to understand
its regional complexity in relation to the occurrence of IOCG deposits,
and, perhaps, inform future exploration.

This study applies multi-method thermochronology by combining
apatite U/Pb, muscovite and potassium feldspar 40Ar/39Ar, zircon and
apatite (U-Th-Sm)/He, and apatite fission track (AFT) dating on selected
drill cores from the top of Palaeoproterozoic basement to provide in-
sights into the thermal history of the northern Olympic Domain be-
tween ~550 °C and surface temperatures (Wagner and van den Haute,
1992; McDougall and Harrison, 1999; Ehlers and Farley, 2003; Reiners
et al., 2004; Schoene and Bowring, 2007). Where possible and relevant,
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thermal history models are presented. Associated thermal events that
affected the northern Olympic Domain are linked to the tectonic events
that affected the Gawler Craton and/or with thermal perturbations that
are likely relatedwith elevated geothermal gradients and hydrothermal
activity.

2. Geological setting

2.1. Gawler Craton

The Gawler Craton is a Mesoarchaean–Mesoproterozoic craton that
occupies most of South Australia (Daly et al., 1998; Fraser et al., 2010).
The nucleus of the Gawler Craton is comprised of relatively small out-
crops of Mesoarchaean rocks of the Cleve Domain that are surrounded

by the ~2500–2400Mametasedimentary rocks of the Sleaford Complex
in the southern Gawler Craton (Daly et al., 1998; Fanning et al., 2007;
Hand et al., 2007) and the ~2500–2400 Ma metasedimentary rocks of
the Mulgathing Complex in the western Gawler Craton (Fig. 1; Hand
et al., 2007; Reid et al., 2014). Following tectonic quiescence from
~2400–2000 Ma, the remaining rocks of the Gawler Craton, including
the units of the Olympic Domain, formed during the late
Palaeoproterozoic–early Mesoproterozoic (Fig. 2; Hand et al., 2007). In
the western and southern Gawler Craton, metasedimentary rocks of
the Fowler, Nuyts, Coulta, and Cleve domains were deformed at about
the same time as metasedimentary rocks of the Nawa Domain, at
around 1730–1690 Ma in response to the Kimban Orogeny (Hand et
al., 2007). Thefinal stages of craton buildingwere dominated by igneous
activity, including the emplacement of the Tunkillia Suite within the

Fig. 1. Simplified geological map of the Gawler Craton and adjacent geological domains, showing the locations of sampled drill holes,major IOCG deposits, the Torrens Hinge Zone, and the
extent of the Pandurra Formation and Stuart Shelf. Adapted from Reid and Fabris (2015).
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