
Block to the north of Australia, which constitutes one of

the most submerged regions of continental crust on the

modern Earth. Such a dynamic topographic effect is

arguably the reason for the relative broad continental

shelf along Australian northern margin, that contrasts

with the generally much narrower southern shelf.

Because the density anomalies driving mantle circula-

tion are at depths of order 103 km in the mantle, the

expected spatial scale of the dynamic topographic

expression is also of order 103 km (Figure 9). Thus a

continent that has a long-lived history of movement

towards a zone of persistent subduction, such as

Australia, should be expected to experience a tilting

downwards in the sense of plate motion. The geological

indicators of this tilting will be further augmented by

the fact that downwelling zones are not only charac-

terised by a dynamic topography low but also by a geoid

high. This association is attributed to the impact of the

viscosity structure of the mantle on the way in which

the dynamic topographic response is partitioned be-

tween upper and lower boundaries of the convective

mantle (Richards & Hager 1984) (Figure 9). In Australia,

the observed long-wavelength increase in the geoid

height from south-southwest to north-northeast

is *60 m (Figure 10a).

The notion that the continental-scale asymmetry in

the Cenozoic stratigraphic record of Australia is

a dynamic topographic signal is supported by the

general parallelism of the inferred tilt axis and the

long-wavelength geoid (Figure 10a), and is readily

explicable in terms of the northward motion of the

continent towards the equatorial western Pacific realm.

Since this region has been the site of plate convergence

and subduction throughout the Cenozoic (Lithgow-

Bertelloni & Richards 1998), it is a region of low dynamic

topography and high geoid extending over many

thousands of kilometres. Thus the downward tilting of

the northern part of the Australian continent inferred

from the absence of onshore Cenozoic shorelines can be

interpreted to represent the combination of a real

dynamic subsidence as well as an increase in sea-level

height associated with the elevated geoid. The later

effect contributes *20 m per 1000 km of northward

motion, and given that the total apparent subsidence

must exceed the eustatic sea-level fall over the Cenozoic,

the contribution of the dynamic subsidence is likely to

be about 100 m along the north coast of Australia.

The absolute uplift of the southwestern part of the

continent suggests that this part of the continent has

moved away from a dynamic low over the last 15 Ma.

That such a dynamic topographic low exists to the south

of Australia is indicated by the anomalously low

elevation of the mid-ocean ridge along the Australian

Antarctic discordance, which contributes one of the

lowest residual bathymetric anomalies known from the

oceans. Gurnis et al. (1998) have argued that this low
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Figure 10 (a) Representation of the variation in the geoid field across Australia, illustrated by mapping a satellite-derived

image of the Earths surface onto a greatly exaggerated view of the geoid field. The magnitude of the geoid field variations are

indicated by the contours with 20 m intervals, with the geoid field rising *90 m across Australia from southwest to

northeast. The trend of the geoid anomaly corresponds to the apparent tilt axis derived from the longest wavelength

variations in elevation of Cenozoic nearshore deposits around the Australian coastline. The slightly north-northeast

trajectory of the Indo-Australian Plate means the Australian continent has moved progressively into a region of higher geoid

contributing an apparent north-side down tilting. (b) The pattern of in situ stress in the Indo-Australian Plate deduced by

plate-scale modelling studies (Coblentz et al. 1995, 1998). Arrows indicate the orientation of the maximum horizontal stress

vector (SHmax). Note how the complex pattern of stress in Australia is controlled by trends that point respectively to New

Guinea (in the northeast), New Zealand (in the southeast) and to a west-trending arcuate pattern (in the west) that links

eventually to the Himalayas. This pattern reflects the role of these collisional orogenic systems in providing the resistive

forces that balance the forces of ridge-push and slab-pull that drive the plate northwards.
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reflects the existence of a relict of a former slab, now

elevated above the mantle transition zone due to the

opening of the Southern Ocean. They argued that this

piece of slab is a remnant of a subduction system to the

east of the Gondwana margin, and showed how dynamic

topography associated with this slab system provides an

elegant explanation for anomalous Cretaceous subsi-

dence in the Eromanga Basin in central-east Australia

due to Australia’s then eastward motion. By analogy,

the Cenozoic northward motion of Australia away from

this anomalous mantle, that to this day helps lower the

bathymetry in the southern Ocean, will have caused a

dynamic topographic uplift of Australia’s southern

margin, estimated to be up to *200 m in amplitude.

The nature and significance of the Cenozoic tilting

record of Australia is discussed in further detail by

Sandiford (2007).

SHORT-WAVELENGTH DEFORMATION MODE
(ORDER 101 km)

At the short wavelengths, a seismogenic deformation is

indicated by the record of mild faulting evidenced

in most onshore Cenozoic basins. As summarised in

Sandiford (2003a, b) and Sandiford et al. (2004), the

distribution of this faulting in southeastern Australia

correlates with the distribution of active seismicity,

while the style and orientation of faults is largely

consistent with the inferred in situ stress field (Celerier

et al. 2005; Quigley et al. 2006). More recently, Hillis et al.

(in press) have shown similar relationships apply in the

North West Shelf region, including the Cape Range.1
A useful framework for understanding this ongoing

faulting is provided by the modeling studies of Coblentz

et al. (1995, 1998) who have shown that the pattern of

in situ stress in Australia is best explained with

reference to the balance of forces operating at the

plate-scale. The Coblentz et al. (1995, 1998) analysis

highlights the role of collisional forces generated by

the Himalayan, New Guinea and New Zealand collision

zones in balancing plate driving forces of ridge push and

slab pull, with the SHmax aligning to a near-orthogonal

direction in the vicinity of each of these collisional

orogens (Figure 10b). These modeling studies provide

for testable hypotheses, in-as-much as the nature of

plate forcing stemming from these collisions has

changed considerably through the Cenozoic. For exam-

ple, the convergence between the Pacific and Indo-

Australian Plates responsible of the Southern Alps

collision zone in New Zealand is related to progressive

changes in plate rotation poles in the period 10–5 Ma

(Sandiford et al. 2004). That southeast Australia feels

this change in plate-boundary forcing is corroborated by

the evidence for increased faulting activity commencing

at around 6 Ma (Sandiford et al. 2004).

INTERMEDIATE-WAVELENGTH DEFORMATION
MODE (ORDER 102 km)

Arguably the most enigmatic signal of Cenozoic defor-

mation is provided by the evidence for developing

undulations with amplitude of order 102 m and wave-

length of order 102 km, as perhaps best illustrated by the

Padthaway Ridge in southeast South Australia. In

another setting, Celerier et al. (2005) noted that the

long-wavelength pattern of deformation of the Flinders

Ranges and the surrounding basins was characterised

by an similar undulation pattern of *400 m amplitude

(Figure 11), with the implied downward deflection of the

Torrens Basin providing an explanation for the absence

of Early to mid-Cenozoic marine inundation. Similar

wavelength undulations may also have contributed to

the change in the location of the depocentre from

the Billa Kalina to the Eyre and Torrens Basins

(Figures 7, 8). Other indicators that such undulations

are a relatively widespread mode of Cenozoic
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Figure 11 (a) Topographic and (b) Bouguer gravity profiles

across the Flinders Ranges and surrounding low-lying

basins combined with models of thin elastic-plate deforma-

tion for various flexural parameters (from Celerier et al.

2005). The positive coherence between topography and

gravity precludes an isostatic mechanism for the support

of the topography and suggests a lithospheric buckling

mode at wavelengths of order 102 km (Celerier et al. 2005).
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deformation in the Australian continent are to be found

in western desert country around Lake Mackay, where a

significant section of the northern part of the paleo-

drainage system appears internally confined, as much

as 80 m below the level of formerly downstream reaches

(Figure 12). Further south, in the Bremer Basin,

immediately west of the Eucla Basin, marine sediments

now occur to elevations now beneath about 180 m

ASL, significantly lower than equivalent sequences

in the western Nullarbor Plain and associated

incursions into the Lefroy paleodrainage, reflecting

deformation about a west-southwest–east-northeast-

trending axis variously termed the ‘Jarrahwood Axis’

or ‘Ravensthorpe Ramp’ (Cope 1975; Clarke 1994; de

Broekert & Sandiford 2005).

Celerier et al. (2005) have proposed that the long-

wavelength pattern of deformation associated with

Flinders Ranges and surrounding anomalously low

basins (such as the Torrens and Frome Basins) could

be understood in terms of lithospheric-scale (102 km)

buckling phenomenon (Figure 11). This interpretation

stems in part from the observed positive coherence

between topography and Bouguer gravity fields

(Figure 11), as well as regional structural trends on

deformed surfaces. As such, the deformation is analo-

gous to the proposed deformation of the central Indian

Ocean lithosphere which commenced at around 8 Ma

(Gerbault 2000), and which has been attributed

to increases in intraplate stress levels due to an

increase in plate forcing induced by the rise in the

Himalayan–Tibetan orogen at this time (Martinod &

Molnar 1995). For the Flinders Ranges, the notion of

lithospheric scale buckling along a north–south axis is

consistent with the prevailing east–west SHmax trend

in this part of the continent. Elsewhere, the undulation

axes trends are less explicable in terms of the prevail-

ing stress field, and the causative factors are less clear.

For example, the Padthaway axis is roughly parallel to

the inferred southeast SHmax trend (Coblentz et al.

1995, 1998). Here, Demidjuk et al. (2007) have suggested

the uplift reflects a dynamic mantle process associated

with a small-scale, secondary mode of convection

beneath the Australian Plate that has sourced the Late

Neogene mafic volcanism along the Gambier Plain

(Figure 5) as well as along the southern flanks of the

western Victorian highlands. Resolving the mechan-

isms responsible for this enigmatic intermediate-wave-

length pattern of surface deformation remains a

significant challenge.

CONCLUSIONS

(1) The Australian continent is well known for its

relative tectonic stability, consistent with its intraplate

setting. However, it is also the fastest moving continent

in arguably one of the most dynamic of the Earth’s large

tectonic plates, and therefore has not been totally

immune from tectonic activity.

(2) The ongoing role of tectonism is evidenced by a

variety of indicators including variations in the

extent of marine inundation around the Australian

continent during the Cenozoic. Variations in the extent

of marine inundation around the Australian continent

during the Cenozoic indicate three distinct deforma-

tion modes. Each of these deformation modes can, to

varying degrees, be allied to the plate-scale dynamics,

and reflects the fact that Australia is a relatively

highly stressed, fast moving continent in a complex

plate.

(3) Of particular note is Australia’s dynamic topo-

graphic response due to its northward motion towards

the subduction realm of the western Pacific, as well as

its passage across a complexly structured mantle. This

northeast-down, southwest-up tilting at the continental

scale has an amplitude of about 300 m, and provides a

unique signal of how dynamic processes in the Earth’s

convective mantle impact on the surface topographic

field.

(4) Understanding the patterns associated with each

of these deformation modes provides a tectonic frame-

work against which the broader significance of the

Australian Cenozoic record for such things as the

global eustatic record must be evaluated.
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