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Introduction

In this report, the primary motivation for considering the geodynamic evolution of Australian
Proterozoic terranes arises from the premise that an understanding of geodynamic setting provides a
useful guide to mineral systems that are likely to have been operative in particular regions at
particular times. Our understanding of the link between mineral systems and geodynamic setting is
based on the generalised syntheses of Groves et al. (2005), Kerrich et al. (2005) and Groves and
Bierlein (2007) and on our understanding of mineral systems of Proterozoic Australia gained during
our own studies, particularly in the North and South Australian Cratons.

This report is set out in three parts:

Part | is a review of ideas and geodynamic reconstructions for Proterozoic Australia, with discussion
of the evidence underpinning these,

Part 11 is a summary of the metallogeny of Proterozoic mineral systems of Australia, subdivided into
age intervals,

Part 111 presents two alternative geodynamic models at the continental scale depicting the shifting
locus of geological activity across Australia through the period ~1870 — 1550 Ma, with explanatory
notes. Also shown on these geodynamic models is the distribution of known mineral commodities
and commodities that may be predicted on the basis of the interpreted geodynamic setting.

Much of the geological and geochronological information underpinning the construction of the
geodynamic models presented in Part 111 below is contained in a companion report (Neumann and

Fraser, in press), in which Time-Space plots are presented for each of the Proterozoic Inliers of
Australia.
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Figure 1. Map of Australia showing the broad subdivision into three major cratonic elements (after
Myers et al., 1996); the North Australian Craton, West Australian Craton and South Australian
Craton. Also shown are geological provinces and regions referred to in the text.
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Part |: A Review of Tectonic Reconstructions of
Proterozoic Australia

INTRODUCTION

The present day geology of central and western Australia, west of the Tasman Line, is characterised
by large cratonic inliers of Archaean and Proterozoic basement rocks separated by equally large
regions of Phanerozoic sedimentary cover (Figure 1). Due to the isolated nature of these inliers,
considerable uncertainty continues to surround the extent of geological continuity between them,
allowing for radically different interpretations of their former spatial relationships. Here we review
the development of ideas over the past ~20 years regarding the Proterozoic evolution of Australia.

Twenty years ago Etheridge et al. (1987) appraised the Proterozoic geology of northern Australia,
and developed an ‘ensialic’ tectonic model to explain their observations. Their model has significant
differences compared with modern-style, plate-margin tectonics. In contrast, Myers et al. (1996)
interpreted the same geological record as a consequence of modern-style plate tectonics, in which
various continental fragments were amalgamated via oceanic subduction followed by continental
collision. Following Myers et al. (1996), the past decade has seen the development of numerous
tectonic reconstructions for Proterozoic Australia involving subduction tectonics (Scott et al., 2000;
Sheppard et al., 2001a; Giles et al., 2002; Betts et al., 2002; Giles et al., 2004; Betts and Giles, 2006;
Wade et al; 2006). Most recently, Gibson et al. (in press) have proposed a Basin-and-Range-style
model, based largely on their experience in the Mt Isa Inlier in which crustal evolution was
dominated by extension. In this interpretation, the relative positions of the North Australian and
South Australian Cratons have not changed significantly through the palaeo— to mesoproterozoic.
Given the radically different models that have been applied to explain the same geology, it is
worthwhile to review the evidence on which these contrasting models are based.

TECTONIC MODELS FOR PROTEROZOIC AUSTRALIA

The Ensialic Model
In developing the ‘ensialic’ tectonic model for northern Australia, Etheridge et al. (1987)
emphasised the following observations:
= The absence of ophiolitic rocks
= The presence of older crystalline ‘ensialic’ basement
=  The paucity of andesitic volcanic rocks
= The presence of broad basins with dominantly shallow water sequences
= The lack of significant vertical exhumation, evidenced by the lack of high-pressure
metamorphic rocks at the surface
= The absence of palaecomagnetic evidence for significant relative motion between continental
fragments or ‘inliers’.
Etheridge et al. (1987) interpreted these observations as inconsistent with modern-style tectonics
dominated by lateral accretion, and instead developed an ensialic model that involves predominantly
vertical accretion to the continental crust via underplating.

Etheridge et al. (1987) proposed a working hypothesis in which small-scale mantle convection
resulted in “widespread, contemporaneous underplating and continental extension in linear belts”.
This model was influenced by the work of McKenzie and Weiss (1975), who appealed to small-scale
mantle convection cells developed under a slow-moving or stationary continental mass to explain the
polygonal array of topographic and geological features of modern-day Africa. In this model
extension and basin-development are driven by mantle upwelling and underplating which, in turn,
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lead to gravitational spreading. Subsequent basin inversion, or “orogeny”, was envisaged to have
occurred in response to either (i) horizontal stresses induced by a sudden increase in plate velocity,
or (ii) delamination of the mantle lithosphere into the asthenosphere, resulting in high geothermal
gradients, crustal melting and high T-low P metamorphism. Of these two processes, Etheridge et al.
(1987) favoured the latter.

Ensialic versus modern-style plate-tectonics

As noted by Etheridge et al. (1987), the ensialic model for Proterozoic tectonics of northern
Australia is similar to the A-subduction model of Kroner (1981, 1984), and primarily involves
vertical accretion of material to the continental lithosphere via widespread underplating. This model
contrasts with modern-style (B-subduction) tectonics in which continental accretion occurs in
relatively narrow arcs that are accreted horizontally onto the margins of pre-existing continental
masses. The ensialic tectonic model for northern Australia (Etheridge et al., 1987) engendered
considerable debate that was polarised between those who advocated a uniformitarian view of
tectonics (e.g. Myers et al., 1996), and therefore interpreted Proterozoic geology in terms of modern-
style tectonic processes, and the non-uniformitarian, “ensialic” proponents. Polarisation of the
debate led to considerable criticism of the A-subduction model on theoretical grounds, rather than on
a detailed evaluation of the geological evidence in particular Australian terranes. For example, Ellis
(1992) presented a detailed critique of the ensialic orogenic model on the basis of petrological,
chemical and physical arguments. In particular, Ellis (1992) presented density calculations to argue
that depleted lithospheric mantle is more buoyant than the underlying asthenosphere and is,
therefore, unlikely to spontaneously sink or delaminate from the crust, thereby undermining the
envisaged driving force for ensialic orogeny. Instead, Ellis (1992) argued for modern-style Wilson-
cycle tectonics throughout Earth’s history, and that the driving force for Proterozoic orogenesis was
stresses transferred from subduction of oceanic crust at active plate boundaries. Ellis (1992)
acknowledged the possibility of intracratonic orogenesis far from an active subduction front, citing
the modern example of the Tien Shan mountains, but regarded this phenomenon as a consequence of
stress transfer from active margins rather than a consequence of intracratonic lithospheric
delamination.

Over the past decade, the model of ensialic orogenesis has been largely dismissed, and modern-style
plate tectonic models have been widely applied to Proterozoic terranes worldwide, as well as within
Australia. In general, debate has moved on from a consideration of possible alternative driving
mechanisms towards resolving details of how and when Proterozoic Australia was assembled, with
most workers interpreting the geological evidence in a modern-style plate tectonic context. While
the debate regarding tectonic driving forces appears to be largely over, many of the observations
underpinning the Ensialic Model remain valid, and the tectonic evolution of Proterozoic Australia is
still not well understood. A plethora of models has been published in recent years invoking
subduction and accretion in the Australian Proterozoic, and these models vary widely in the
proposed location, timing and polarity of convergent margins. Several of these models are briefly
reviewed below.

Modern-style plate-tectonic models

Myers et al. (1996) presented a model for Proterozoic Australia that considered all the Proterozoic
inliers as well as the older Archaean cratons. They envisaged a dynamic tectonic evolution similar
to modern-style accretionary processes, citing modern-style tectonic interpretations of the
Proterozoic geology of North America, Europe and Africa in support of this view (e.g. Windley,
1993). A feature of the model of Myers et al. (1996) is the subdivision of Precambrian Australia into
three large cratonic elements; the West Australian Craton (WAC), the North Australian Craton
(NAC) and the South Australian Craton (SAC). Myers et al. (1996) envisaged these three cratonic
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elements to have each been separately assembled from Archaean fragments by ~1830 Ma, and then
amalgamated into their present relative positions in the period 1300 — 1000 Ma, with the Albany-
Fraser and Musgrave Orogens recording this amalgamation.

Following Myers et al. (1996) an increasing number of tectonic reconstructions for Proterozoic
Australia involving accretionary and subduction-driven tectonics have appeared in the literature
(Scott et al., 2000; Sheppard et al., 2001a; Giles et al., 2002; Betts et al., 2004; Betts and Giles,
(2006); Wade et al., 2006).

Sheppard et al. (2001a) proposed that the Halls Creek orogen represents a Palaeoproterozoic
convergent margin, with subduction being terminated at ~1830 Ma due to collision between the
Kimberley Craton and NAC.

Both Scott et al. (2000) and Giles et al. (2002) interpreted the evolution of Proterozoic sedimentary
basins in the Mt Isa and Georgetown Inliers, and the McArthur Basin, as a consequence of forces
transmitted from an evolving north-dipping, subduction margin along the southern edge of the North
Australian Craton (NAC). This idea is based, at least partly, on the studies of Zhao (1994) and Zhao
and McCulloch (1995), who interpreted the geochemistry of mafic and some felsic rocks in the
southeast Arunta region as having a subduction origin at ~1780 Ma. Giles et al. (2002) also
proposed that the Curnamona Craton was originally part of the eastern NAC, and that the Gawler
Craton collided with the NAC along its southern margin at ~1730 Ma, resulting in the combined
Strangways-Kimban Orogen. This model is further-developed on a continental scale by Betts et al.
(2002), Giles et al. (2004), and Betts and Giles (2006). Betts et al. (2002) extended the proposed
north dipping subduction margin along the southern margin of the NAC westwards through the
Rudall Complex. Consequently, this model involves a long-lived accretionary margin south of the
NAC that is the locus for collision of the WAC with the NAC at ~1800 Ma, collision of the Gawler
Craton with the NAC at ~1730 Ma, and accretion of the Ifould terrane to the western Gawler Craton
(present coordinates) at ~1670 Ma.

Based on the geochemistry of felsic gneisses, interpreted as being derived from a magmatic arc,
Wade et al. (2006) proposed a south-dipping subduction zone between the NAC and SAC at ~1590
Ma. This contrasts with north-dipping subduction under the NAC proposed by the models of Scott
et al. (2000), Giles et al. (2002), Betts et al. (2002), Giles et al. (2004) and Betts and Giles (2006).

Although these models differ in detail, all are based on the geochemistry of igneous rocks and/or the
characteristics of basins to infer tectonic environments. With the exception of the Halls Creek
Orogen model (Sheppard et al., 2001a), all these models imply the presence of a long-lived, east-
west-trending convergent margin along the southern flank of the NAC, during the Palaeo- to
Mesoproterozoic.

The Basin-and-Range model

Based on a review of basin development along the eastern margin of Proterozoic Australia, including
the Mt Isa Inlier and Broken Hill region, Gibson et al. (in press) propose that ENE- to NE-directed
crustal extension occurred almost continuously from ~1800 Ma to ~1640 Ma. This extension
produced stacked sedimentary basins controlled by growth faults, and exhumed mid-crustal, syn-
extensional igneous rocks along extensional shear zones, creating an inferred Basin-and-Range-style
crustal architecture. This model, in which parts of the NAC (Mt Isa region) and SAC (Broken Hill
region) form a continuous east-facing continental margin through the period ~1800 — 1640 Ma,
differs significantly from the models outlined above, in which this same period is characterised by a
south-facing convergent margin south of the NAC. The model of Gibson et al. (in press) does not
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invoke, and may be incompatible with, a convergent margin along the southern flank of the NAC.
Rather it requires the NAC and SAC to have been in essentially their current configuration, while
allowing for significant intracratonic rifting and basin inversion. Although Gibson et al. (in press) do
not extend their model before ~1800 Ma, geologic data may in fact allow this, as discussed below. In
some respects this model is similar to the ensialic model of ~20 years ago (Etheridge et al., 1987),
inasmuch as Palaeoproterozoic ocean closure is not invoked between Australian crustal elements, yet
there are significant differences. Gibson et al. (in press) do not question the operation of modern-
style plate tectonics, but interpret the geological record of eastern Proterozoic Australia in a largely
extensional setting. In this interpretation, the Mt Isa and Broken Hill regions are situated in a back-
arc position with respect to a west-dipping subduction zone located east of the present-day
Australian Proterozoic margin. This model attempts to reconcile the geology of Proterozoic eastern
Australia with Rodinia reconstructions in which eastern Australia is correlated with Laurentia.

LINES OF EVIDENCE

The discussion presented above illustrates the wide diversity of tectonic models that have been
proposed for Proterozoic Australia. This diversity includes contrasts in tectonic styles (i.e. ensialic,
convergent margin and Basin-and-Range models) as well as contrasts in the location and polarity of
proposed convergent margins. Each of the models that have been proposed is based on specific
geological, geochemical and/or geophysical observations and makes predictions about the
distribution of, and relationship between, geological elements in the Australian Proterozoic. In the
following section we assess the evidence upon which the various models are based.

Palaeomagnetic evidence

Various published tectonic models, as reviewed above, invoke widely varying spatial arrangements
of Australian Proterozoic crustal elements. For example, the interpretation of Sheppard et al.
(2001a) proposes that the Kimberley Craton (KC) collided with the proto-NAC at ~1830 Ma,
following a period of subduction and consumption of oceanic crust. Similarly, collision of the
largely Archaean WAC with the NAC is envisaged to have occurred at ~1790 to 1750 Ma after
subduction-closure of an intervening ocean (Betts and Giles, 2006), and subduction is inferred to
have occurred at various times between 1810 and 1550 Ma between the present locations of the
NAC and SAC, mostly along the southern margin of the NAC (e.g. Scott et al., 2000; Giles et al.,
2002; Betts et al., 2002; Giles et al., 2004; Betts and Giles, 2006; Wade et al., 2006). Hence, these
various subduction models would predict major differences in palacopoles between the proto-NAC
and Kimberly Cratons prior to 1830 Ma, between the "consolidated" NAC and WAC prior to ~1750
Ma, and between the "consolidated” NAC and SAC prior to ~1550 Ma. In contrast, the Basin-and-
Range-style model of Gibson et al. (in press) proposes that the NAC and SAC were in relatively
close proximity throughout the period ~1800 - 1600 Ma. Palacomagnetism provides a potentially
definitive test between these models.

Wingate and Evans (2003) conclude that “most intracratonic deformation, including formation or
destruction of small ocean basins, will not be detectable within typical uncertainties of 5 — 15° in
palaeopole determination.” (Wingate and Evans, 2003). Consequently palaesomagnetism cannot
provide tests for the presence of intracratonic deformation or the closure of small ocean basins, but
should be able to test models that invoke amalgamation of continental masses after closure of wide
oceans.

Wingate and Evans (2003) conclude that the available palaeomagnetic evidence “permit the North
and West Australian cratonic assemblages to have occupied their present relative positions since at
least c. 1.7 Ga, and to have been joined to the South Australian cratonic assemblage since at least c.
1.5 Ga.” In detail, poles from the KC, McArthur Basin (NAC) and Pilbara (WAC) indicate that the
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NAC and WAC were in their present relative positions since at least 1.7 Ga. The Kimberley and
McArthur Basin poles indicate that these regions were amalgamated by ~1.79 Ga. These
palaeomagnetic constraints, while useful, do not extend far enough back in time to test the models
involving collision of the Kimberley and NAC at ~1830 Ma, and collision of the WAC and NAC at
~1790 Ma.

Poles for the Gawler Range Volcanics in the Gawler Craton (SAC) and from the upper Balbirini
Dolomite in the McArthur Basin (NAC) are 60° apart. As both rock units have an age of ~1590 Ma,
and Wingate and Evans (2003) tentatively interpret poles from both these units as primary, this
suggests that the NAC and SAC were separated by at least 6000 km at ~1590 Ma. Other available
poles suggest the NAC and SAC were amalgamated by ~1550 to 1500 Ma, which is broadly
consistent with the model of Wade et al. (2006) in which the Musgrave Province records the
convergence and suturing of the SAC and NAC in the period ~1590 to 1550 Ma. The comparison of
poles from the Gawler Range Volcanics and Balbirini Dolomite is extremely important because if
these poles are indeed primary, models such as that of Gibson et al. (in press), that imply the NAC
and SAC were effectively conjoined since ~1800 Ma, become untenable. Much depends upon the
interpretation of the two ~1590 Ma poles as primary, and Wingate and Evans (2003) suggest further
confirmation is required.

In contrast with the findings of Wingate and Evans (2003), Schmidt et al. (2006) have argued that
poles at ~1070 Ma within the WAC, NAC, and SAC are not consistent with these crustal blocks
being in their current relative positions at that time. Rather they suggest an anticlockwise rotation of
~70° of the WAC relative to the combined NAC-SAC since ~1070 Ma. This requires a zone of
deformation between the WAC and NAC-SAC that was active after ~1070 Ma, in sharp contrast to
most recently-published continental reconstructions. The Grenvillian-age deformation events in the
Albany-Fraser and Musgrave regions are older than ~1070 Ma, and cannot account for the apparent
mismatch of poles at ~1070 Ma presented by Schmidt et al. (2006). A possible explanation for this
mismatch lies in the Miles Orogeny (~800 Ma) in the northern WAC. This suggestion would also
predict the presence of a post-1070 Ma deformation zone somewhere between the western Gawler
Craton and the eastern WAC. This is a very poorly understood region (the Coompana Domain)
under the cover of younger sediments of the Officer Basin.

These uncertainties and data gaps, combined with the inability of existing palaecomagnetic data to
resolve the possibility of intra-cratonic element translation limit the use of these data to critically test
the alternative models for the geodynamic evolution of Proterozoic Australia. Resolution of these
limitations requires expansion of the palaeomagnetic dataset to include reliable Proterozoic poles
from different continental fragments at equivalent ages. Consequently, most published tectonic
models are based on geological evidence other than palaeomagnetism.

Evidence from Igneous Geochemistry

The geochemistry of igneous rocks has been used by many workers to make inferences regarding
tectonic setting in the Australian Proterozoic. In initially proposing that the evolution of the
Proterozoic of Australia differed from modern-style plate tectonics, Etheridge et al. (1987) pointed
out that two key rock assemblages, ophiolites and intermediate (andesitic) igneous rock, which are
present in many modern convergent settings, are generally absent in Proterozoic Australia. This
observation remains valid. With the possible exception of the Wangi Basics in the Litchfield
Province (Glass, 2007, see discussion below), no ophiolitic rocks have been recognised in any
Australian Proterozoic terranes, and as pointed out by Wyborn et al. (1987, 1992), intermediate
composition igneous rocks are uncommon.
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Wyborn et al., (1992; see also McLaren et al., 2005) divide Australian Proterozoic granites into
several types that can be most simply classified into two groups: (a) predominant and temporally
widespread Sr-depleted and Y-undepleted granites, and (b) uncommon Sr-undepleted and Y-
depleted ("adakitic™) granites. Depletion of Sr in group (a) implies granite generation at relatively
shallow crustal levels, where plagioclase is stable rather than garnet. These granites are not typical
of granites in modern convergent settings. Group (b) granites, which are akin to Phanerozoic adakitic
granites, are typical of subduction zones within modern convergent margins, however these are
relatively uncommon in the Australian Proterozoic (3.8% of Australian Proterozoic felsic igneous
rocks; McLaren et al., 2005). It is also worth noting that adakitic rocks, while usually regarded as
evidence of slab melting, can also form from melting of a mafic lower crust, and thus are not
definitive indicators of subduction (Castillo, 2006).

Some authors (e.g. Zhao and McCulloch, 1995; Sheppard et al., 2001a; Giles et al., 2002) have used
the presence of group (b) granites to infer subduction in local (both temporal and spatial) areas of the
North Australian Craton, whereas other authors (e.g. Etheridge et al., 1987; Wyborn et al., 1992)
have used the low abundance of group (b) granites to infer that subduction was not a significant
process through large parts of the Proterozoic in Australia. Sheppard et al. (2001a) have used the
presence of group (b) granites in the Halls Creek Orogen, where they are more abundant than in any
other Australian Proterozoic terrain, to argue for subduction processes in the period ~1850 to ~1820
Ma during convergence between the NAC and KC. Similarly, in the Aileron Province, Giles et al.
(2002) have used the presence of group (b) granites (the CAT granites of Zhao and McCulloch,
1995) as evidence for north dipping subduction under the southern margin of the NAC. However, it
must be noted that these granites, which are restricted to the southeastern Aileron Province,
constitute only a small fraction of all granites along the southern margin of the NAC.

Evidence from Nd isotopes

Another line of evidence used by some workers to infer tectonic setting is Eng, as calculated at the
time of granite emplacement. Positive &yg values (to +7 in the Proterozoic) are generally considered
to indicate derivation from largely juvenile sources (i.e. directly derived from the mantle), whereas
large negative values (e.g. ~ -5 to —7 for average Gawler Craton crust at ~1600 Ma; Wade et al.,
2006) are interpreted to indicate derivation from an evolved source (i.e. long prior crustal residence).
Intermediate values are interpreted to represent mixing between the end-member sources.
Subduction-derived igneous rocks would tend to have high (positive) €ng values whereas
intracontinental remelting of pre-existing crust would tend to have low (negative) €ng values.
Juvenile €ng values, while consistent with a subduction origin, are not definitive of such a setting,
but simply indicate a source component that has been relatively-recently extracted from the depleted
mantle. It must also be stressed that because of the high abundance of Nd in crustal rocks relative to
mantle rocks, granitic €yg Values are highly sensitive to the incorporation of small amounts of crustal
material in granitic melts.

Evidence from metamorphic rocks

The observation of Etheridge et al. (1987) that metamorphic style in Australian Proterozoic terranes
is dominated by relatively low-pressure conditions, and relatively isobaric or anticlockwise P-T-t
paths remains true today. The outstanding exception is the Rudall Complex where metamorphic
pressures reached ~12 kbar (Smithies and Bagas, 1997), and the P-T-t path appears to have been
clockwise, involving a period of near-isothermal decompression. Medium pressure metamorphic
conditions have been documented from the Strangways Range where pressures reached 8 — 9 kbar
(Goscombe, 1992), and from the poorly understood Nawa Domain in the western Gawler Craton
where peak metamorphic pressure reached ~10 kbar (Teasdale, 1997). However, both the
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Strangways Range and Nawa Domain rocks exhibit petrological evidence for anticlockwise P-T-t
paths and relatively isobaric cooling (Goscombe, 1992; Teasdale, 1997). In general, high T- low P
metamorphism is not characteristic of collisional settings, and the predominance of this style of
metamorphism in the Australian Proterozoic record was used by Etheridge et al. (1987) to argue
against subduction tectonics. The general paucity of medium- to high-pressure metamorphic rocks,
and particularly the absence of blueschists and eclogites remains a problem in applying modern-style
accretionary models to the Australian Proterozoic. An explanation for the high geothermal gradients
expressed in Australian Proterozoic metamorphic rocks may lie in the enrichment of radioactive
heat-producing elements that appears to be characteristic of the Australian Proterozoic (e.g. McLaren
et al., 2005). It is possible that elevated crustal heat production in the Proterozoic modified the
metamorphic response compared with that of modern accretionary orogens.

GEOLOGICAL EVIDENCE FOR SUBDUCTION AND TERRANE ACCRETION IN THE
AUSTRALIAN PROTEROZOIC

As outlined above, several Australian Proterozoic orogens have been proposed to represent
subduction-driven convergent margins. The most thoroughly-documented of these is the Halls
Creek Orogen. In this section we review the evidence for subduction in the Halls Creek Orogen,
then go on to consider evidence from the southern margin of the North Australian Craton, and from
the Musgrave region, both of which have also been proposed to represent sites of Palaeo- to
Mesoproterozoic subduction.

The Halls Creek Orogen

The geology, geochronology and geochemistry of the Halls Creek Orogen has been thoroughly
documented in a series of relatively recent publications (Blake et al., 2000; Griffin et al., 2000;
Sheppard et al., 1999; Sheppard et al., 2001a). Considerable emphasis has been placed on the
geochemistry of igneous rocks in developing a model involving NW-trending convergence during
the period ~1850 — 1820 Ma. Sheppard et al. (2001a) divide igneous rocks of the Halls Creek
Orogen into several suites and supersuites based on their age and geochemical characteristics, as
reviewed below.

Paperbark Supersuite

The Paperbark Supersuite (~1865 — 1850 Ma) is bimodal, consisting of gabbros, granites and felsic
volcanics with a distinct silica gap between the mafic and felsic components (Griffin et al., 2000).
Spatially, the Paperbark Supersuite granites are restricted to the western parts of the Halls Creek
Orogen. The gabbros show trace-element similarities to continental tholeiites, and are interpreted by
Sun and Hoatson (2000) to be consistent with an intraplate environment. The granites and felsic
volcanics of the Paperbark Supersuite have chemistry typical of the high-K, Sr-depleted granites that
are widespread in northern Australia (e.g. Wyborn et al., 1992), and are regarded as a product of
crustal melting at relatively high temperature (>900°C) and moderate pressure (~8 — 10 kbar)
(Griffin et al., 2000). The chemistry of these granites is not consistent with that of granites from
modern convergent plate margins.

Dougalls Suite

The Paperbark Supersuite was closely followed by intrusion of the Dougalls Suite at ~1850 Ma
(Sheppard et al., 2001a). The Dougalls Suite is largely composed of tonalitic sheets, with lesser
amounts of more mafic rocks i.e. gabbros. There is a compositional gap between the tonalitic and
gabbroic compositions, indicating that these are distinct magma types rather than being the products
of fractional crystallisation from a mafic parent magma. The Dougalls Suite is significantly different
from the Paperbark Supersuite and other high-K, Sr-depleted granites of northern Australia.
Geochemical evidence from the Dougalls Suite suggests they are “crustally-derived adakites”
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(Sheppard et al., 2001a). The Dougalls Suite is interpreted to represent melting of a mafic source in
the deep crust, (>40 km) (Sheppard et al., 2001a), implying significant crustal thickening prior to
~1850 Ma. These rocks show some geochemical similarities to Cretaceous and Tertiary igneous
rocks from active continental margins. Sheppard et al. (2001a) argue for a subduction-origin for the
Dougalls Suite adakites because they regard the timing at ~1850 Ma to predate the “collision and
stitching” of the Kimberley and NAC at ~1820 Ma. Sheppard et al. (2001a) also acknowledge that
crustally-derived adakites may form in settings other than subduction zones. Essentially, these rocks
may have formed in any environment in which relatively deep-crustal mafic sources melt.

Sally Downs Supersuite

The Sally Downs Supersuite (~1835 — 1805 Ma) consists of granite and gabbro plutons, and is
divided by Sheppard et al., (2001a) into the Mabel Downs, Syenite Camp and Kevins Dam suites,
each interpreted to derive from melting at different crustal levels. All three suites in the Sally
Downs Supersuite are regarded by Sheppard et al. (2001a) as primary, crustally-derived melts, and
not derived by crystal fractionation or assimilation and fractional crystallisation (AFC) from a parent
mafic magma. This would suggest that these rocks do not represent either slab melting or melting of
a mantle wedge above a subducting slab.

The Mabel Downs Suite has major and trace element chemistry similar to Archaean high-Al TTG
suites and Phanerozoic adakites. This suite is distinguished from other suites in the Sally Downs
Supersuite by having a positive Eu anomaly, and is interpreted by Sheppard et al. (2001a) to be a
product of melting of a deep crustal source (~10 — 15 kbar i.e. ~35 — 50 km depth) of metabasaltic
composition, leaving a garnet-amphibolite residue.

The Syenite Camp Suite is regarded as a product of melting of an amphibolite source at pressures of
less than 10 — 12 kbar (i.e. depths of less than ~35 km). Sheppard et al. (2001a) regard the Syenite
Camp Suite as chemically similar to granites from the Coastal Batholith in Peru, and the Coast
Batholith in Alaska.

The Kevins Dam Suite consists of high-K granites with similar major and trace element abundances
to the Paperbark Supersuite. Melts of this composition are regarded as the product of dehydration
melting of tonalite or quartz-diorite compositions at 5 — 10 kbar and >850°C, leaving a residue
dominated by plagioclase, orthopyroxene and augite, and not amphibole or garnet, and have low Sr
and high Y contents (Sheppard et al., 2001a). These melts are relatively shallow crustal, and require
relatively high geothermal gradients.

In summary, the Paperbark Supersuite and Kevins Dam Suite rocks are relatively shallow-crustal,
and imply high-geothermal gradients and have chemistries not typical of modern convergent
margins. The Dougalls Suite, Mabel Downs Suite and Syenite Camp Suite indicate relatively deep
crustal melting and have compositions more analogous to modern subduction settings. None of
these igneous rocks can be definitively interpreted as subduction-related. So, while the subduction
model of Sheppard et al. (2001a) may be correct, the geochemical evidence for it is not compelling
and other models are worthy of consideration; for example, extension followed by oblique
contraction.

It may be significant that the igneous rocks regarded as most indicative of subduction processes (the
Dougalls Suite, Mabel Downs Suite and Syenite Camp Suite) are either synchronous with, or closely
bracketed by, igneous rocks not typical of subduction origin (Paperbark Supersuite and Kevins Dam
Suite). This apparent paradox is recognised by Sheppard et al. (2001a) who acknowledge that the
“subduction” chemistry of some of the granites could have been inherited from their source, and may
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not necessarily indicate subduction at the time of granite intrusion. In defence of the subduction
model, Sheppard et al. (2001a) point to discrete tectonostratigraphic terranes within the Halls Creek
Orogen, with distinct geological histories up until ~1820 Ma. They argue that this is consistent with
horizontal movement and favour a subduction setting to accomplish this.

Independent support for a subduction setting for parts of the Halls Creek Orogen comes from Glass
(2007), who reports geochemistry from the Wangi Basics, a suite of mafic rocks in the Litchfield
Province, in the northwestern NAC. This region has previously been speculated to represent a
northeasterly extension of the Halls Creek Orogen. Glass (2007) subdivides the Wangi Basics into
six suites, several of which are regarded as geochemically arc-like. Glass (2007) suggests that these
rocks may represent part of a Palaeoproterozoic ophiolite complex. If this interpretation is correct, it
would represent the first identification of ophiolitic rocks in the Australian Proterozoic, and lend
strong support to models proposing a Palaeoproterozoic convergent margin setting between the
Kimberley Craton and NAC. The age of the Wangi Basics has not been precisely determined, but is
thought to be ~1865 — 1850 Ma (Chris Carson, pers. comm. 2007), broadly consistent with the
timing of proposed subduction and accretion across the Halls Creek Orogen. The spatial distribution
of the Wangi Basics, and their relationship with the Halls Creek Orogen, remain to be further
documented.

The southern margin of the North Australian Craton

North-dipping subduction along the southern margin of the Palaeoproterozoic NAC is incorporated
into the models of Scott et al. (2000), Giles et al. (2002), Betts et al. (2002), Giles et al. (2004) and
Betts and Giles (2006). Much of the evidence used in these models comes from geochemical studies
of igneous rocks in the Arunta region by Zhao (1994) and Zhao and McCulloch (1995). Zhao (1994)
documented the geochemical characteristics of amphibolites from the SE Arunta, which he regarded
to have an igneous age of ~1770 Ma. He divides these into two groups according to REE patterns
and Eyng values. The two groups are characterised by:

(1) flat to LREE-depleted with high positive €yg values (+4 to +5; approximately equivalent to
depleted mantle values at ~1770 Ma); and

(2) LREE-enriched with negative Nb anomalies and lower &yg Values (-1.0 to —2.8).

The first group crops out mostly in the SE Aileron Province, in association with Inkamulla granites,
whereas group (2) crops out mainly in the north. Lower €yg values from the more northerly samples
are broadly consistent with more crustal contamination within the craton interior. Both groups are
depleted in HFS (Ti, Zr, Nb) elements, and selectively enriched in LIL (Rb, Sr, Ba, K) elements.
Zhao (1994) suggests that the presence of negative Nb anomalies in his group 2 amphibolites
precludes a rift- or plume-related underplate as a source for these rocks, and instead argues for a
subduction origin. Both group 1 and group 2 amphibolites are interpreted by Zhao (1994) as partial
melts of a variably metasomatised mantle wedge in an island arc or back-arc basin setting. The
geochemistry of mafic-ultramafic intrusions at ~1810 Ma and ~1780 Ma in the southern Arunta
region is interpreted by Hoatson et al. (2005) to most likely reflect a subduction-related back arc
setting, in accord with the conclusions of Zhao (1994).

Granites from the southern Arunta region are subdivided by Zhao and McCulloch (1995) into three
groups. Of these, the most volumetrically significant are K-rich and Sr-depleted, similar to those
described by Wyborn et al. (1992) as typical of northern Australian granites. As noted previously,
the chemistry of these granites is unlike that of Phanerozoic convergent margin granites, and has
been interpreted by Wyborn et al. (1992) to indicate crustal melting at relatively shallow levels. In
contrast, Zhao and McCulloch (1995) note the presence of negative Nb anomalies in these granites,
and argue that although these granites may not have formed in subduction settings, they represent
melts of a source-region that was originally derived from subduction-processes. Zhao and
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McCulloch (1995) also recognise a volumetrically more limited group of granites, restricted to the
south-eastern Arunta, which they term the Calcalkaline-trondhjemitic (CAT) Group. These are
interpreted as melts of a mafic source that was derived via partial melting of a metasomatised mantle
wedge in a subduction setting. Granites of the CAT Group have ages of ~1770 — 1750 Ma, and thus
if the petrogenetic interpretation of Zhao and McCulloch (1995) is correct, imply subduction prior to
this time.

Sun et al. (1995) also considered geochemical and Nd-isotopic evidence from granites in the Arunta
region, concluding that although subduction is a “convenient and plausible mechanism”, it “is not
the only tectonic process which can achieve the observed Nd isotopic and geochemical features”.
These authors do, however, suggest that “petrological, chemical and Nd-isotopic data support the
concept of back-arc opening and formation of the Harts Range Metamorphic Igneous Complex” in
the southeast Arunta region at ~1780 to 1750 Ma.

In summary, most studies focussing on igneous geochemistry of the Arunta region tend to favour
subduction processes, at least in the southeast, at ~1780 to 1750 Ma or some time prior to