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and Sandiford, 2005; Hou et al., 2008; Sandiford et al., 2009). The
long-term stratigraphic relationships along the southern margin
clearly involve progressive offlap. In stark contrast, the almost
complete absence of Cainozoic marine sediments along the northern
and eastern margins (Sandiford, 2007; Veevers, 1984, 2000) imply
sea-levels are now as high as at any time in the Cainozoic with a long-
term stratigraphic framework of stratal onlap (Fig. 8). The differential
motion between the north and southern motions has contributed a
~300 m differential, north–down, tilting over the last 15 myr at a rate
of ~20 m/myr (Sandiford, 2007).

These contrasting stratigraphic relationships are mirrored in the
present widths of the continental shelves. Along the southern margin
the continental shelf is everywhere less than 200 kmwide and locally
as little as 30 kmwide in the western sector. In contrast, the northern
shelf is almost everywhere greater than 200 km wide, and locally as
wide as 500 km. Of course, the contrasting stratigraphic records of
offlap on the southern margin and onlap on the northern margin
imply that this asymmetry in widths must have developed progres-
sively during the Cainozoic and particularly over the last ~15 million
years and therefore provides a profound record of dynamic topo-
graphy (Sandiford, 2007).

The subsidence along the northern coast exceeds the long-term
eustatic sea-level fall of ~100 m, and is most easily understood in
terms of dynamic topography generated by Australia's northward
motion into the geoid high–dynamic low associated with Indonesian
and western Pacific subduction. At the scale of the continent, this

dynamic topographic effect is the apparent tilting downwards in the
sense of plate motion. The notion that the continental-scale
asymmetry in the Cainozoic stratigraphic record of Australia is
dynamic is supported by a general parallelism of the inferred tilt
axis and the geoid field (Sandiford, 2007).

In-as-much-as eustatic sea levels are unlikely to have been much
greater than about ~100 m above the present day over the last 43 Ma,
much of the southwestern margin of the Australian continent must
have experienced absolute uplift (Hou et al., 2008; Sandiford et al.,
2009). While the reason for the absolute uplift of this part of the
continent is less obvious than the north–down subsidence, the long
wavelength of the topographic anomaly as clearly evidenced by the
N100 m differential in shoreline features across the Nullarbor Plain
(Fig. 2a) implies it is also dynamic in nature (Sandiford et al., 2009).
Dynamic uplift most plausibly relates to the progressive movement of
the continent away from a dynamic topographic low associated with
the AAD in the Southern Ocean. The nature and significance of the
Cainozoic tilting record of Australia is discussed in further detail by
Sandiford (2007).

7. Deformation at the intermediate wavelength

Arguably the most enigmatic signal of Cainozoic deformation is
provided at intermediate wavelengths (100–1000 km) where a
number of 100–200 m, landscape “undulations” have developed,
and in some cases disappeared, on timescales of 1–10 myr. For

Fig. 9. Digital topography (SRTM 3 arcsecond) of SE South Australia and western Victoria, showing distribution of the Newer Volcanic Province and the main axes of Neogene uplift
(Demidjuk et al., 2007). Contours show elevation of the Pliocene strand plain of theMurray Basin showing ~200m of uplift along the Padthaway axis. Bars show regional trends of the
maximum compressive stress (see Sandiford et al., 2004).
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example, (Celerier et al., 2005) noted that the pattern of deformation
of the Flinders Ranges and the surrounding basins such as the Torrens
and Frome Basins includes an undulation of several hundred metres
amplitude over about 200 km between the basins bounding the
ranges. The absence of any marine sediment in the Torrens Basin,
which is now separated from the sea by a sill only ~30 m above sea
level, implies that this undulation must have developed in the late
Neogene, and probably since the early Pliocene, and includes absolute
subsidence of the basins (Quigley et al., 2007c). Along the south-
western part of the Murray Basin, the Pliocene strandplain has been
bowed up ~200 m along the Padthaway ridge (Demidjuk et al., 2007),
without any obvious fault related deformation (Fig. 9). Similar
amplitude undulations have affected the Lake Eyre Basin, the south-
western part of the Eucla Basin and thewestern desert country around
Lake Mackay, and the southwestern part of the Eucla Basin (Sandiford
et al., 2009).

The Lake Eyre Basin is particularly instructive since it includes a
large, late Miocene palaeolake – termed Lake Billa Kalina – that now
sits on the drainage divide along the southern edge of the basin
(Sandiford et al., 2009). At its fullest, Lake Billa-Kalina was equally as
large as themodern Lake Eyre, and its associated drainage basin clearly
extended acrossmuch of the present-day Torrens and Lake Eyre Basins.
The implied drainage inversion of greater than 140 m implies
undulations with wavelengths in excess of about 500 km have
propagated through the landscape on a timescale of 1–10 million
years. The modern Lake Eyre playa has a ~13 m tilt on the salt-crust
surface, lower in the south than the north.Most palaeo-environmental
reconstructions show that earlier incarnations of the lake extended
further north than the modern lake. Although this is not well
documented, it suggests that themodern lake systemmaybemigrating
southwards, further evidencing transience in the “Eyre undulation”.

Noting aweak positive coherence between topography and Bouguer
gravity (Celerier et al., 2005) proposed that the longwavelength pattern
of deformation associated with Flinders Ranges and surrounding basins
is best understood in terms of lithospheric-scale buckling. As such, it
shows analogies to the deformation of the central Indian Ocean
lithosphere (Gerbault, 2000) attributed to increases in intraplate stress
levels due the rise in the Himalayan–Tibetan orogen (Martinod and
Molnar, 1995) as well as in parts of other continents (Burov et al., 1993;
Cloetingh et al., 2002). For the Flinders Ranges, the notion of
lithospheric-scale buckling along an N–S axis is consistent with the
prevailing E–W SHmax trend in this part of the continent.

Elsewhere, the landscapeundulations are less explicable in terms of
a lithospheric response to the in-plane stress field, and the causative
factors are less clear. For example, the Padthaway axis is roughly
parallel to the inferred SE SHmax trend (Hillis and Reynolds, 2000; Hillis
et al., 2008; Nelson et al., 2006). The uplift of the Padthaway Ridgewas
accompanied by the onset of mild basaltic volcanism as well as gentle
subsidence that formed a large palaeo-lake (Lake Bungunnia) in the
more internal parts of the Murray Basin several hundred kilometres
further north. (Demidjuk et al., 2007) argued that dynamic mantle
process associated with a small-scale, secondary mode of convection
beneath the Australian plate provides a plausible explanation of these
associated phenomena. An important consequence of this hypothesis
is that it demands northward motion of the lithosphere relative to the
flow in the sublithospheric upper mantle (Demidjuk et al., 2007),
allowing unique attribution to the observed alignment between
seismic anisotropy at ~200–300 km depths and absolute plate motion
(Debayle et al., 2005).

8. Discussion

The geomorphic record of Australia provides several unique
insights into the subtle dynamics of plate interiors. The first relates
to the propagation of stresses from distance plate boundaries. As part
of a complex plate, it is now well understood that plate boundary

activity contributes to the in situ stress field within the plate
(Cloetingh and Wortel, 1986; Coblentz et al., 1995, 1998; Reynolds
et al., 2002). Because the active continental orogenic systems
bordering the Indo-Australian plate, including the Himalaya, Timor,
New Guinea and New Zealand, as well as a complex array of
subduction zones bordering the northern and eastern plate bound-
aries evolve independently, the tectonic geomorphology of the
Australian continent provides an excellent test case to evaluate just
how intraplate settings respond to plate-boundary forcing. In south-
eastern Australia the faulting record can be dated back to the late
Miocene, where it continues to be expressed to this day in earthquake
activity. This response is now well understood in terms of the general
increase in intraplate stress levels due to plate boundary forcing, that
have initiated deformation in a number of locations across the IAP,
including the central Indian Ocean, arguably to the level that is now
beginning to break the plate apart.

Secondly, as part of the IAP the Australian continent has drifted
further and faster thananyother continentover the last 45millionyears;
its ~3000 kmnorthward drift achieved at the rate of ~6.5 cm/year. In so
doing it has passed over a complex deep mantle density structure as
revealed partly by the long-wavelength geoid field anomaly of ~60 m
across the continent, as well as the unusual ocean bathymetry of the
Southern Ocean in the vicinity of the Australian–Antarctic discordance
(AAD). Since the surface plate motion cannot be entirely decoupled
from the deeper mantle density anomalies that give rise to the
long-wavelength geoid anomalies, these observations beg impor-
tant questions related to the way the surface of the plate has been
deformed by the mantle beneath during its northward journey. For
example, if any continent preserves a geomorphic record related to
its passage across the complex structure of the deeper mantle
beneath it is likely to be Australia. Here we have shown that the
geomorphology of Australia provides profound insights into the
dynamics of the plate, with special insights provided by the unique
combination of plate speed, low relief and aridity. The egacy of the
fast, flat and dry continent is a unique insight into the subtle
tectonic processes that shape continental interiors, and particularly
those related to lithosphere–mantle interactions at a variety of
scales.
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