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2. Continental Setting of Australia
Australia, with an area of 7.69 million km2, is the Earth’s largest island and
smallest continent. The continental landmass, which measures about 3700 km
from north to south and 4000 km from east to west, occupies a significant part
of the Australian Plate, which is currently separating from the Indian Plate in a
diffuse zone in the Indian Ocean. Since its separation from Antarctica at about
35 Ma, the Australian continent has been moving steadily northwards, currently
at around 7 cm/year with respect to a hotspot frame of reference. Australia is
the most rapidly moving continent on the globe, and has swept into the southern
fringe of Asia with current collision active in Timor and Papua New Guinea (e.g.,
van Ufford and Cloos, 2005).

2.1 Physiographic Setting
Australia is an island continent with a landmass defined by a distinctive coastal
outline, which has maintained its current shape for the last 6000 years. At the
time of maximum glaciation, the Australian mainland, Tasmania and the island
of New Guinea formed a single larger and differently shaped landmass that
stretched from the equator to latitude 45ºS. With the end of the last Ice Age,
global temperatures increased, much of the continental ice melted and sea
levels rose. This caused flooding of the land bridges between Tasmania and the
Australian mainland 6000 years ago, and between Australia and New Guinea
8000 years ago. The rise in sea levels inundated about one-seventh of the
larger ice age continent isolating Tasmania, the Australian mainland and New
Guinea.
Much of the present topography of Australia is the result of prolonged erosion
by wind and water, since there have been no major mountain building episodes
in the last 200 Myr. Dating of the surface regolith indicates a weathering history
stretching back over 300 Ma in some parts of the continent (Pillans, 2008). The
landscape has been strongly shaped by continent-wide glaciation; large ice
caps developed in the Permian when Australia was very near the South Pole,
and this glacial influence on the landscape persists to the present day. By the
early Cretaceous, Australia was already so topographically flat and of low
elevation that a major rise in sea level divided the continent into three
landmasses as a shallow sea spread over the land.

Today, the major physiographic features of the Australian continent comprise:
(1) a major Western Plateau with localised ranges incorporating most of the
Precambrian cratons, (2) the Eastern Uplands with the highest elevations
concentrated along the Great Divide with dominantly Phanerozoic rocks and (3)
an intervening zone of Interior Lowlands. The topography of the Australian
continent is subdued. The highest point on the continent, Mount Kosciuszko, is
only 2228 m above sea level, and the lowest point is Lake Eyre at 15 m below
sea level. The average elevation is only 330 m, the lowest of any of the
continents (Figure 2.1).
The Australian continent currently has passive margins on three sides and the
fourth is the lower plate of a collision zone to the north. Thus in the recent
geological past there have been no destructive convergent plate margins that
are generally associated with mountain building, landscape rejuvenation and the
formation of large reliable river systems. The largest rivers thus flow from the
Eastern Uplands through the interior lowlands. Many of the rivers, particularly in
the north are intermittent, with flow starting in the summer 'wet' season, but
tapering off in the winter 'dry'. After a particularly heavy wet, sufficient water
can reach and fill the Lake Eyre basin that lies below sea level.
Although the glaciation in the Permo-Carboniferous had a broad impact on
continental Australia, the last ice ages had only limited impact on the
physiography. The Australian continent was already at fairly low latitudes in the
Pleistocene, so that glaciation was confined to small areas in southeastern
Australia, with little reworking of the older landscape.
The continental slope on all margins is deeply incised, with steep-sided canyons
up to 2 km deep, reflecting either extinct drainage systems or the drowned
valleys of current river systems (such as the Perth Canyon in West Australia).
On the southern part of the eastern margin, the continental shelf is rather
narrow, with a shelf break closer than 20 km from the coast and the base of the
abyssal plain sometimes reaching within 60 km of the coastline (Figure 2.1).
The conjugate southern margins of Australia along the Great Australian Bight
and the Antarctic coast, created by the opening of the Southern Ocean, show
somewhat wider continental shelves.

The Australian Continent: A Geophysical Synthesis — Continental Setting

Figure 2.1: Topography of the Australian
continent and bathymetry of the surrounding
oceans. The state boundaries and state
capitals are also indicated.

The broad continental shelf off Queensland,
left behind after the Coral Sea opened, forms
a foundation for the Earth’s largest single
living entity – the Great Barrier Reef – with
2900 reefs, 600 continental islands and 300
coral cays created in a mixed siliciclasticcarbonate depositional environment. The
wide continental shelf between the coast of
northern Australia and Indonesia, Timor and
New Guinea represents the drowned
remnants of the former single landmass. The
extended continental shelf off Western
Australia is host to most of Australia’s natural
gas resources, and is marked by complex
embayments and salients left over from periGondwanan fragments that broke away in
the Mesozoic era and now form the
basement in Southeast Asia. (Huston et al.,
2012).
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2.2 Tectonic Setting
The Australian Plate is undergoing a complex set of interactions with its
neighbours. To the south, an active spreading centre separates the Australian
Plate from the Antarctic Plate. This margin developed with the break-up of
Gondwana around 99 Ma, with full separation by 35 Ma. Following a major plate
reorganisation in the Pacific Ocean at around 40 Ma, Australia acquired its
present north–northeast trajectory. Australia has migrated more than 3000 km
along this path at a rate of 6–7 cm/yr over the past 45 Myr, which makes it the
fastest moving continent since the Eocene (Tregoning, 2003).
Following break-up, Australia’s initial drift was to the northwest. Ridge
subduction in the northwest Pacific at around 52 Ma resulted in the termination
of spreading in the Tasman Sea, and a change in the Australian Plate vector to
its present-day northerly orientation. Sea floor spreading in the Southern Ocean
accelerated at around 45 Ma, but it was not until 35 Ma that full separation of
Australia and Antarctica occurred. Australia, as a separate continent, was
released from the remnants of Gondwana and commenced a northward
passage to meet Asia.
The eastern boundary of the Australian Plate with the Pacific Plate is marked by
the Tonga–Kermadec Trench, north of New Zealand, where the Pacific Plate is
being subducted, giving rise to many of the Earth’s deep earthquakes. In New
Zealand itself, there is oblique subduction along the east coast of the North
Island, with collision through the South Island moderated by the Alpine Fault.
Beneath the Fiordland region of the South Island, the Australian Plate is
subducting at the Puysegur Trench. This short subduction zone links to a
largely strike-slip boundary that passes Macquarie Island and links to the
boundaries of the Antarctic Plate (DeMets et al., 2010).
The Australian Plate is subducting beneath the Pacific Plate along its
northeastern margin at the New Hebrides and Solomon Trenches. The northern
boundary of the Australian Plate is complex. Continental Australia is colliding
with the Pacific Plate through New Guinea. But to the west, the interaction is
with the Eurasian Plate with collision in the Banda Arc region and subduction of
the Australian Plate beneath Indonesia at the Java and Sumatra trenches
(Figure 2.2).

Subduction in the Banda Arc region may well already have come to a halt with
the arrival of thick buoyant Australian lithosphere that cannot readily descend to
depth. The western boundary of the plate is a diffuse zone called the Capricorn
Plate, which lies between the Australian Plate and the Indian Plate further to the
northwest (DeMets et al., 2010).
The boundary forces acting upon the Australian Plate vary from tension in the
south and southwest to compression in the east and north. The present stress
state is largely controlled by compression originating from the three main
collisional boundaries located in New Zealand, Indonesia and New Guinea, and
the Himalaya (transmitted through the Indian and Capricorn plates). South of
latitude 30ºS, the stress trajectories in the Australian continent are oriented
east–west to northwest–southeast. North of 30ºS, the stress trajectories are
closer to the present day plate motion, with an orientation between eastnortheast–west-southwest and northeast–southwest (see, e.g., Hillis and Müller,
2003).
The complex pattern of stress in the continent is expressed in a relative high
level of seismicity for what would normally be regarded as a ‘stable’ intraplate
continental region. The distribution of the larger events, which have reached
nearly Mw 7 in recent years, is not uniformly distributed across Australia.
Earthquakes are clustered into regions towards the edges of major structural
blocks. The rate of occurrence of earthquakes is normally low, but is
punctuated by periods of enhanced seismic activity associated with one or more
large earthquakes. Since 1901, 18 earthquakes with magnitude Mw>6 have
been recorded in Australia. The recurrence times for larger earthquakes, such
as the 1988 Tennant Creek sequence with three Mw 6+ events in 12 hours, is
more than 10,000 years, so that the brief snapshot of seismicity available will
certainly be incomplete. Many neotectonic features have been recognised
through careful mapping across the continent (Clark et al., 2011). In the Flinders
Ranges in South Australia, there are clear indications of active faults thrusting
Precambrian basement over Quaternary gravels (Quigley et al., 2010). The
active intraplate deformation in Australia is likely to be guided by structures
generated by past tectonic activity and thermal weakening of the lithosphere.
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Figure 2.2: Tectonic setting of Australia, with major seabed features and plate boundaries, superimposed on the age of the sea floor (Müller et al., 2008).
The mid-ocean ridges are indicated with a double line and the sense of subduction is indicated.
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2.3 Geological Setting
Rocks exposed at the surface in Australia span much of the Earth’s geological
history (Figure 2.3). The Archean regions include rocks older than 3700 Ma in
Western Australia and 3100 Ma in the Gawler Craton of South Australia. The
oldest zircon crystals yet found on the Earth, dating back to 4400 Ma, occur in
Proterozoic conglomerates within the Yilgarn Craton of Western Australia. In
contrast, recent volcanic activity in both northeast and southeast Australia has left
distinct volcanic edifices, with the latest eruptions in the southeast at about
4600 BCE.
Around 80 per cent of Australia is covered by extensive Mesozoic and younger
sedimentary rocks and regolith (beige areas in Figure 2.4). These cover rocks
indicate the general tectonic stability of much of the continent from Mesozoic
times to the Present.
The underlying Australian continental crust was accreted in three major
supercontinent cycles, each building about one-third of the continental area from
the Archean cratons in the west to the Phanerozoic provinces in the east (Huston
et al., 2012). Disparate Archean crustal elements were assembled into three
major cratonic zones in the Proterozoic.
The West Australian, the North Australian and the South Australian elements
were formed by ~1830 Ma, and these cratonic elements were joined to the
Rodinian supercontinent by 1300–1100 Ma. The configuration of these Archean
materials is indicated in Figure 2.3, which shows a simplified map of solid
geological provinces, along with the surrounding and linking Proterozoic belts.
Since the Proterozoic, there has been a set of deformation cycles in central
Australia culminating in the Alice Springs Orogeny around 400 Ma. These events
occurred away from plate boundaries and involved extension as well as
compression, although their precise history remains difficult to unravel from the
geologic record. Much evidence of deformation is left in the central Australian
crust, which features significant Moho topography and an associated gravity
signal.

The fold belt structures of the Phanerozoic Tasman Element comprise the
eastern third of Australia, which was accreted onto the eastern margin of the
Precambrian cratons in a number of stages (see, e.g., Collins and Vernon, 1992;
Rosenbaum, 2018). The Delamarian Orogen at around 500 Ma formed part of a
much larger belt of accretion along the eastern margin of Gondwana. This was
followed by at least two further periods of accretion that added the Lachlan
Orogen and the New England Orogen to the Australia–Antarctic land mass.
The break-up of Gondwana, through a series of rifting events from about 180 Ma,
resulted in the formation of the passive margins around Australia, with the
formation of the Coral and Tasman seas in the east, the Southern Ocean in the
south and the Indian Ocean in the west (Huston et al., 2012). These rift events
created the accommodation space for the late Paleozoic and Mesozoic
sedimentary basins that host most of Australia’s hydrocarbon resources.
There has been significant subsequent volcanism; in the Mesozoic, Australia was
the continental margin of the subducting Pacific Plate and subsequently a set of
chains of hotspot-related volcanism have developed through eastern Australia.
The eastern margin of Australia has been influenced by sea floor spreading in the
Tasman Sea from ~ 80 Ma and also by back-arc spreading in the Coral Sea.
The eastern seaboard, including Tasmania, is a patchwork of Paleozoic
metamorphic, sedimentary and igneous rocks. These rocks are revealed, as
highlands, due to the rift-flank uplift generated by opening of the Tasman and
Coral seas which finished around 80 Ma.
The Flinders Ranges, a Y-shaped region of uplifted Neoproterozoic sedimentary
rocks in South Australia, attest to the influence of regional compression across
the Australian Plate. Across northern Australia, large areas of mostly Proterozoic
metasedimentary rocks occur in the Kimberley, Pine Creek, Macarthur and Mt Isa
areas. These basins were filled with vast sandsheets during a time when the
Earth’s land surface was devoid of the stabilising influence of life, and became
the containers for major base metal and uranium mineral systems.
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Figure 2.3: Simplified geological provinces of
Australia.
Key to marked features:
AF – Albany–Fraser Orogen
AFB – Adelaide Fold Belt
Am – Amadeus Basin
Ar – Arunta Province
Bo – Bowen Basin
Ca – Canning Basin
Cp – Capricorn Orogen
Cu – Curnamona Craton
De – Delamarian Orogen
Er – Eromanga Basin
Eu – Eucla Basin
Ga – Gawler Craton
Ge – Georgetown Inlier
Ha – Hamersley Basin
HC – Halls Creek Belt
Ki – Kimberley Block
La – Lachlan Orogen
Mc – MacArthur Basin
MI – Mt Isa Province
Mu – Musgrave Province
NE – New England Orogen
Of – Officer Basin
Pc – Pine Creek Inlier
Pi – Pilbara Craton
Pj – Pinjarra Orogen
T – Tennant Creek Inlier
Tp – Thomson Orogen
Yi – Yilgarn Craton
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Figure 2.4: Surface geology of Australia.
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Figure 2.5: Legend for surface geology maps.
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Figure 2.6: Surface geology of Australia with
main geological provinces marked (following
Figure 2.3).
These
simplified
geological
province
boundaries provide a useful summary of the
main features of the solid geology, as can be
seen from Figure 2.6.
In subsequent sections, these province
outlines are used in combination with the
major crustal boundaries dataset, illustrated
in Figure 2.7, as an overlay on many of the
geophysical images.
The two sets of boundaries provide a
convenient reference frame for comparison of
geophysical datasets. They also help to
provide a tie between the distribution of
geophysical properties and the different
classes of geological environments.
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Figure 2.7: Major crustal boundaries from
Korsch and Doublier (2016) superimposed on
the surface geology of Australia.
Korsch and Doublier (2016) have developed
a dataset of major crustal boundaries, based
on the occurrence of crustal-scale breaks in
the extensive continental coverage of seismic
reflection profiles. Such features are often
inferred to be relict sutures between different
crustal blocks and hence mark changes in
crustal properties.
The boundaries have
been extended away from the seismic
profiles with the aid of geological information
(e.g., outcrop mapping, drill hole sampling,
geochronology, isotopes) and geophysical
imagery
(e.g.,
gravity,
aeromagnetic,
magnetotelluric).
The
dataset
is
built
from
rather
heterogeneous materials and so the various
boundary lines have different levels of
confidence. In particular, in regions covered
by thick sedimentary successions, the
locations of some crustal boundaries are not
at all well constrained. It is likely that some
significant boundaries may be missed under
cover in the Northern Territory, where little
deep seismic reflection work has been
undertaken.
Nevertheless, this crustal boundary dataset
provides a useful reference frame for
comparison of geophysical datasets.
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2.4 Crustal Age
The accessible rocks at the Earth's surface provide one facet of the nature of the
continent, but the middle and lower crust remain hidden. Fortunately studies of
isotopic tracers such as samarium-neodymium (Sm-Nd) provide a way to exploit
felsic igneous rocks across the continent to map the development of the crust
over time (Champion, 2013).
This work has established a database of Sm-Nd isotopic data, and associated
metadata, for >2650 samples of Australian rocks. Results have been compiled for
a range of lithologies, including felsic and mafic igneous rocks, sedimentary rocks,
as well as some mineral data. For felsic samples there was a good agreement
with estimated or known magmatic age.
The Sm-Nd data were standardised and used to calculate epsilon Nd (εNd) and
two-stage depleted mantle model ages (T2DM). The map in Figure 2.8 has been
constructed from around 1500 data points, with the exclusion of samples from
S‑ type magmatism to avoid sediment contamination.
The estimated model ages range from ~4.0 Ga in the Yilgarn and Pilbara cratons
of the West Australian Element to ca. 0.3 Ga in the New England Orogen of the
Tasman Element in eastern Australia. Even though the granites may have
somewhat variable properties with respect to retention of Nd signals, the model
ages generally correlate well with the known geology of Australia and the major
crustal elements.
There is a broad eastward trend in decreasing model ages across the Australian
continent, mirroring the surface exposures. Younger domains through Central
Australia separate the cratonic zones in West Australia and the Northern and
Southern Australian cratons. Archean model ages are most common in the
Archean Pilbara and Yilgarn cratons of West Australia, but also occur in both the
North and South Australian cratons. The majority of Australian model ages are
Proterozoic in age. The youngest model ages are restricted to the Tasman Belt in
the east, chiefly within the New England Orogen.
Within all the major elements of structure across the Australian continent there
are indications of internal isotopic zonation, including regions with relatively sharp
changes over narrow bands or distinct, but diffuse, gradients.

Figure 2.8: Distribution of crustal ages across Australia from Sm-Nd analysis of
felsic igneous rocks (Champion, 2013).
Many of the breaks and gradients in the distribution of model ages across the
continent correspond to known crustal boundaries or changes in geology, which
indicates that Sm-Nd whole rock signatures can be used to identify crustal
changes. For example, the strong increase in younger isotopic signatures in the
southern half of the Northern Territory suggests processes associated with an
accretionary margin, similar to the patterns observed in the Tasman orogens.
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2.5 Sedimentary Basins
Figure 2.9 displays the combined thickness of Neoproterozoic and Phanerozoic
basins across Australia, building on input from reflection seismology, gravity and
magnetic surveys. Older Proterozoic sediments are included in the righthand
panel of Figure 2.9, many of these are metasediments so that the distinction from
basement is not always obvious.

The onshore basins are also important, with major coal deposits in eastern
Australia, mostly from the Permian, and gas accumulations in the Cooper Basin
in southern Queensland. The majority of these basins are associated with gentle
downwarps due to thermal sagging rather than localised rifting, and many in the
western part of the continent lie on relatively thick lithosphere.

Although a significant part of Australia is covered in sediments, the sequences on
the continent are generally less than 7 km thick (Figure 2.9). Deeper basins
(>15 km) occur offshore particularly in northwestern Australia. These deep
sedimentary basins host most of Australia’s oil and gas.

A narrow band of deep sediments occurs in the Fitzroy Trough at the northern
end of the Canning Basin, abutting the Precambrian Kimberley Block. This
appears to be an area with periodic tectonic reactivation, and still displays
moderate seismicity.

Figure 2.9: The distribution of sedimentary basin thickness across the continent based on the OZSeebase study (Frogtech, 2005).
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