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Multi–method geo- and thermochronological data obtained for Palaeo- and Mesoproterozoic granitoids travers-
ing the main structural architecture of the eastern Musgrave Province within South Australia reveal multiphase
cooling histories. Apatite U-Pb dating on six samples yield consistent ages of ~1075–1025 Ma, suggesting a ther-
mal reset coincidingwithmantle-derivedmagmatism of the greaterWarakurna Large Igneous Province (~1080–
1040 Ma). Apatite fission track (AFT) analysis indicate that four discrete thermal events affected the study area,
inducing cooling through the AFT partial annealing zone (~60–120 °C), supported by apatite and zircon (U-Th-
Sm)/He data. Late Neoproterozoic cooling from deep crustal levels to temperatures b200 °C was discerned,
which is thought to be related to exhumation and denudation during the Petermann Orogeny. Subsequent
cooling events at ~450–400 Ma (Silurian–Devonian) and ~310–290 Ma (Late Carboniferous) are interpreted to
represent exhumation associatedwith the Alice Springs Orogeny. The latter event exhumed the sampled plutons
to shallow crustal depths. An additional Triassic – early Jurassic thermal event, likely recording elevated geother-
mal gradients at that time,was observed throughout the study area, however,moredata is needed to further sup-
port this interpretation. The high sample density across the structural architecture of the study area furthermore
reveals patterns of fault reactivation and resulting differential exhumation, indicating shallower exhumation
levels in the centre and deeper exhumation towards themargins of the sampled transect. The observed differen-
tial exhumation patterns match with existing seismic data and fit a model of an inverted graben system for the
Phanerozoic evolution of the eastern Musgraves.
The results highlight a complex Phanerozoic thermal history for the eastern Musgraves and help to elucidate the
poorly appreciated tectonic evolution of inland Australia. This study further demonstrates how high-density
sample transects across structural architecture can assess the relative crustal level and associated preservation
of the thermal history record within fault-reactivated terranes.
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1. Introduction

The Musgrave Province (also referred to as the Musgrave Block) is a
predominantly east-west trending basement inlier located in central
Australia, bounded by Neoproterozoic to Palaeozoic sedimentary rocks
of the Amadeus, Officer, and Eromanga Basins (Fig. 1; Forman, 1966;
Camacho and Fanning, 1995; Camacho and McDougall, 2000; Wade et
al., 2008; Aitken and Betts, 2009a; Raimondo et al., 2010). The forma-
tion, architecture and high-temperature metamorphic history of the
eastern portion of the Musgrave Province has been studied previously

and highlight the importance of a Grenvillian aged (~1200–1120 Ma)
deformation phase (locally known as the Musgravian Orogeny) that af-
fected the study area (e.g. Camacho and Fanning, 1995; Aitken and
Betts, 2009b; Smithies et al., 2011; Tucker et al., 2015; Wong et al.,
2015). Although post-Musgravian thermal and orogenic events, such
as the occurrence ofmafic-ultramaficmagmatismduring the extension-
al Giles Event of the greaterWarakurna Large Igneous Province (~1080–
1040 Ma) and the Petermann Orogeny (~600–540 Ma) clearly affected
the Musgrave Province during the late Mesoproterozoic and late
Neoproterozoic (e.g. Camacho et al., 1997; Wingate et al., 2004; Aitken
and Betts, 2009b; Raimondo et al., 2010; Walsh et al., 2013; Evins et
al., 2010; Maier et al., 2015), their thermochronological imprint on the
Musgrave Province is not well established. Furthermore, to date, no
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comprehensive low-temperature thermochronological studies have
been conducted to investigate the timing of exhumation to shallow
crustal levels in this area.

Regional Apatite Fission Track (AFT) studies, such as Gleadow et al.
(2002), suggested that the eastern Musgraves and MacDonnell Ranges
(to the north of the Musgraves, Fig. 1) mainly record late Palaeozoic
(~350–250 Ma) apparent fission track ages (Fig. 1), constraining exhu-
mation to the subsurface around that time. More central locationswith-
in both ranges yield younger (Mesozoic) AFT ages, recording deeper
exhumation levels (Fig. 1). Tingate and Duddy (1996) investigated the
thermal history of the Pedirka Basin (Eringa Trough), including one
sample from within the eastern Musgraves, and determined analogous
late Palaeozoic AFT ages constraining cooling to ~360–320 Ma (Fig. 1).
This result was attributed to uplift and erosion during the final stages
of the Devonian to Carboniferous Alice Springs Orogeny (ASO; Tingate
and Duddy, 1996). They also described a subsequent period of regional
cooling at ~240–180 Ma. Tingate and Duddy (2002) analysed drill core
samples from within the adjacent Officer Basin and suggested that two
thermal events starting at ~350 Ma and ~210 Ma affected the basin.
Hence, regional fission track studies surrounding the eastern Musgraves
suggest that the study area experienced thermal events during the late
Palaeozoic (Carboniferous) and late Triassic–early Jurassic. Further to
the south, more recent studies in the Gawler Craton and the Peake and
Denison Inlier produced correlative AFT results (Fig. 1; Reddy et al.,
2015; Hall et al., 2016). For the northern Gawler Craton, cooling ages
translate into four thermal events, ranging from the Neoproterozoic
(poorly constrained), Ordovician–Silurian (well constrained), Devoni-
an–Carboniferous (well constrained), and Late Triassic–Jurassic (poorly
constrained),with one anomalous sample suggesting an Early Cretaceous
thermal event (Reddy et al., 2015). For the Peake and Denison Inlier,
similar Ordovician, Carboniferous and Mesozoic cooling episodes were
documented (Hall et al., 2016). Throughout most of these aforemen-
tioned regions of southern and central Australia, the occurrence of
Palaeozoic regional intracontinental deformation, crustal thickening and

associated exhumation has been closely linked to large-scale orogenic
events, such as the Alice Springs Orogeny (e.g. Forman and Shaw, 1973;
Shaw and Black, 1991; Raimondo et al., 2014). The Mesozoic thermal
event within the sedimentary basins is attributed to sedimentary burial
and associated reheating (e.g. Tingate and Duddy, 2002).

This study aims to resolve the medium to low-temperature thermal
and exhumation history of the easternMusgrave Province by applying a
number of geo- and thermochronometric methods to basement rock
samples along a north–south transect across the main east–west
trending structural architecture. The apatite and zircon geo- and
thermochronometers applied include: Apatite U-Pb dating (AUPb) and
Apatite Fission Track (AFT) thermochronology using laser–ablation
inductively–coupled–plasma mass-spectrometry (LA-ICP-MS) and
Apatite (AHe) and Zircon (ZHe) U-Th-Sm/He dating. The results obtain-
ed in this study aim to shedmore light on the post-Musgravian thermal
history of the easternMusgraves in order to test the hypothesis that the
Petermann and Alice Springs orogenies were the main causes for Phan-
erozoic exhumation in the region and to investigate whether Mesozoic
thermal signatures can be recognized as previously describedwithin the
neighboring basins. In addition, the sampling strategy across the main
regional structures allows investigation of potential patterns of differen-
tial exhumation across the main faults in the study area. Results are
furthermore modelled to provide a detailed reconstruction of the low-
temperature thermal history of the study region throughout the
Phanerozoic and thesemodels are linkedwith sedimentological records
of adjacent basins and seismic interpretations across the study area.

2. Geological setting

The dominant basement rock type in the easternMusgrave Province is
the granulite toupper amphibolite facies Birksgate Complex (Fig. 2),which
is thought to be composed of volcanic-dominated supracrustal rocks and
felsic intrusives with minor sedimentary rocks (Major and Conor, 1993;
Wade et al., 2006; Edgoose et al., 2004; Dutch et al., 2013). Units are

Fig. 1. Elevation gradient map, showing apatite fission track (AFT) ages previously obtained in the vicinity of the study area. AFT ages are colour-coded following their central age.
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