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Pliocene sea level archives from the Roe Plain 
Evidence of former sea levels up to 28 m above present (TECTONIC CONTAMINATION?)
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Crustal deformation of the Australian continent 
during the Cenozoic

• Tectonically Quiescent ✗ 

• Actively deforming ✓ 

• Paucity of onshore data 😕 

• Evolution of stress fields? 

• Significance of strain structures i.e., 
seismic hazard/basin evolution? 

• Tectonic contamination of 
palaeoshoreline data?

influence on the geomorphological evolution of the
Australian landscape, and must be considered when
interpreting contemporary Australian landforms.

The Australian intraplate stress field:

characteristics, age and origin

Indo-Australian Plate (IAP) motion is driven princi-
pally by the ‘pull force’ associated with subduction
zones in the Indonesia region and is resisted by
continent–continent collision in the Himalayan,
New Zealand and New Guinea orogens (Fig. 1;
Coblentz et al. 1995, 1998; Sandiford et al. 2004).
The Australian in situ stress field, as inferred from
earthquake focal mechanism solutions, borehole
breakouts and fracture arrays (Hillis et al. 2008),
is unusual for a plate interior in that it is character-
ized by maximum horizontal compressive stress
azimuths (sHmax) oriented at a high angle to the
NNE-oriented plate velocity vector. sHmax varies
from roughly east–west in western and south–
central Australia, to NE–SW in northern, central
and central–east Australia, to NNE–SSW in NE
Australia, and to NW–SE in SE Australia (Fig. 1).

The modern in situ stress field has been extrapo-
lated back to the terminal Miocene–early Pliocene
(10–6 Ma) by comparing sHmax trends with
palaeo-stress orientations inferred from kinematic
investigations of Plio-Quaternary faults (Fig. 2a;
Sandiford 2003b; Celerier et al. 2005; Quigley
et al. 2006; Green 2007) and structural–stratigraphic
relationships in Neogene strata (Fig. 2b, c; Dic-
kinson et al. 2001, 2002; Sandiford 2003b). For
instance, sedimentary basins in SE Australia (e.g.
the Gippsland and Otway Basins) underwent signifi-
cant inversion at c. 8–6 Ma (Dickinson et al. 2002;
Sandiford 2003b; Sandiford et al. 2004). Reverse
faults preserved in the offshore record parallel
Plio-Quaternary structures in onshore basins (Sandi-
ford 2003b; Sandiford et al. 2004), and up to 1 km
of stratigraphic section has been locally removed
on reverse fault-bounded topographic highs, sug-
gesting that a significant episode of tectonic uplift
and accompanying erosion occurred in this time
interval (Dickinson et al. 2001; Sandiford 2003b).
Sandiford et al. (2004) attributed the NW–SE-
oriented sHmax in SE Australia to increased intra-
plate stress levels associated with the increased
IAP–Pacific Plate coupling and uplift of the

Fig. 1. Indo-Australian Plate with plate boundary forces and orientation of modelled maximum and minimum
horizontal stresses used in the finite-element stress modelling of Reynolds et al. (2003). Much of the southern part
of the continent has an east–west-oriented maximum horizontal compressive stress oriented at a high angle to the
NNE-oriented plate velocity vector. Filled triangles along plate boundary indicate the direction of subduction;
open triangles delineate the Banda Arc. TK, Tonga–Kermadec Trench; AAD, Australian–Antarctic discordance
(from Reynolds et al. 2003; Hillis et al. 2008).

M. C. QUIGLEY ET AL.244

From Reynolds et al. 2003; Hillis et al. 2008 

Rapid northward drift of the 
Australian continental plate



Evidence of dynamic movement on the Nullarbor 
(Provided by surface digital elevation models)
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Karst dissolution of Nullarbor Plain 
Compounding factor when quantifying dynamic crustal movement

• Nullarbor limestone has been emergent for the past 15 My  

• Nullarbor is heavily karst and no longer represents the original depositional surface
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tation growing on the limestone, resulting in a mixed allogenic-
autogenic karst denudation system. The retreat of the sea at the
beginning of the Oligocene lowered water tables and increased
the hydraulic gradient in the emergent carbonate platform, favor-
ing conduit development and enlargement.

Where the rivers infiltrated into the porous but not per-
meable Wilson Bluff Limestone, they would have dissolved
shallow phreatic passages along joints. As the groundwater

flowed southward, preferential conduits would have developed
and combined to form trunk passages of considerable size.
These conduits probably formed some distance beneath the
water table, because although the limestone is flat-lying, the
flow paths were 100 km or more long. The depth at which con-
duits develop is directly proportional to flow-path length, and
deep conduit formation is favored for flow paths with lengths
>3 km (Worthington, 2001, 2002). The conduits would have fed
major springs along the coast, resulting in further subsurface
karst development along the seawater–meteoric water interface,
as observed in the Yucatan (Back et al., 1986). There is no evi-
dence of large springs along the Nullarbor coastline at present,
either onshore or offshore, because they have been blocked by
collapse of the conduits.

During deposition of the Abrakurrie Limestone in the late
Oligocene to early Miocene, there was ~100 m of gentle sub-
sidence in the center of the Eucla Basin (Fig. 8). Thus, the
caves formed in the Oligocene should be deeper in the center
of the basin, but they should all lie at a more or less the same
depth below the top of the Wilson Bluff Limestone. Unfortu-
nately, collapse within these caves is so widespread that no
original phreatic passages can be identified; the maximum
depths of the currently accessible passages do not show the
expected depth variation (Fig. 8), presumably because of the
extensive upward collapse.

As sea level rose in the late Oligocene and flooded the
Wilson Bluff Limestone, the freshwater in the conduits that had
formed during the Oligocene was replaced by seawater. The
caves were isolated from diagenetic processes and erosion, aid-
ing in the survival of many of them during the deposition of the
Abrakurrie and Nullarbor Limestones. There might well have
been weathering of the walls of the caves during this period,
and some sedimentation within them (e.g., marine detritus from
the overlying transgression). However, after the Nullarbor karst
was uplifted, the caves were subjected to extensive breakdown.
Roof collapse buried the original Oligocene conduits; only the
higher level, upwardly stoped remnants are now accessible, and
all caves terminate in boulder blockages. The survival of col-
lapsed relicts of 25–35-m.y.-old caves is not unlikely; well-
preserved phreatic mazes of probable Eocene age (more than
40 m.y. old) are present at Buchan in southeastern Australia
(Webb et al., 1991), and elsewhere in Australia, there are much
older paleocavities that have persisted through relatively
intense periods of uplift and deformation (Osborne, 2003).

The morphology of the Oligocene caves is closely reflected
in the size and orientation of the current collapsed passages,
indicating that the original caves were quite large (tens of
meters in diameter) and consisted of main conduits flowing
southward toward the sea with tributary junctions from the
north (Fig. 4). Pannikin Plain Cave (Figs. 4 and 5) consists of at
least 3.5 km of flooded relict Oligocene conduit, including the
huge, completely underwater Megachamber; the passage least
modified by collapse is The Bender (Fig. 2A). Cocklebiddy
Cave and Weebubbie Cave have some 6.5 km and 600 m of col-

72 J.A. Webb and J.M. James

Figure 6. Tertiary stratigraphy of the Nullarbor Plain (after Drexel and
Preiss, 1995). See Figure 7 for geographic distribution of these units.



Utilise subsurface horizontal bedding surfaces (i.e., 
shaved shelf morphology) to measure deformation
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• Here we utilise the “horizontal” erosional unconformities between subsurface limestone 
formations: Abrakurrie/Nullarbor  

• These buried contact surfaces provide an initial horizontal datum and should not be affected by 
karst dissolution
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Thylacine HoleMurra-el-elevyn Cave





Contact elevation of the basal Nullarbor Limestone
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Warping of Nullarbor Plain (1 to 2 m/Mya) 
— < 10 m of uplift of Pliocene Roe Plain
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Fault characterisation on the Nullarbor Plain

• Modal strike intervals: 340-010 and 
030-050 (i.e. trending ~N-S) 

• Neotectonic ‘SHmax’ is E-W oriented in 
the Eucla Basin region 

• Max horizontal stress approximately 
perpendicular to measured fault traces – 
infer reverse faulting

Tonga–Kermadec Trench. The rotation of stress
orientation from east–west to NE–SW along the
northern margin of Australia results in stress trajec-
tories aligning orthogonal to the collisional New
Guinea segment of the NE convergent boundary
of the Indo-Australian plate. The rotation of stress
orientation from east–west to NW–SE along the
southern margin of Australia results in stress trajec-
tories aligning orthogonal to the collisional New
Zealand segment of the plate boundary. Qualitat-
ively this suggests that these collisional plate
boundary segments exert an important control on
intraplate stresses.

Coblentz et al. (1998) and Reynolds et al. (2002)
undertook two-dimensional, elastic finite element
analysis of the intraplate stress field of the
Indo-Australian Plate based on the forces applied
to the plate boundaries (Fig. 4). In their first
model, Coblentz et al. (1998) ignored the com-
plexity of the NE convergent boundary of the
Indo-Australian Plate and balanced the ridge push
force associated with the SW plate boundary
equally along the length of the convergent NE
boundary. This model predicts maximum horizontal
stresses that are consistent throughout the plate
and parallel to the direction of absolute plate
motion (i.e. NNE-oriented). This simple model
is broadly similar to successful models of the
intraplate stress field of continental areas such as

western Europe (Gölke & Coblentz 1996) and
South America (Coblentz & Richardson 1996),
where the present-day maximum horizontal stress
orientation is indeed consistent and parallel to the
direction of absolute plate motion. However, it
does not match stress observations within the
Australian continent.

In subsequent models, Coblentz et al. (1998)
balanced (focused) the ridge push force associated
with the SW boundary of the Indo-Australian
Plate against the collisional segments of the NE
boundary (i.e. Himalayas, New Guinea and New
Zealand) and successfully reproduced the broad,
continental-scale rotations in maximum horizontal
stress orientation across the Australian continent
described above. Reynolds et al. (2003) statistically
compared the intraplate stresses predicted by plate
boundary force models of the Indo-Australian
Plate (permitting different forces along the NE
boundary segments) with the observed stress data.
The best-fitting model provides an excellent
fit to the observed stress data (Fig. 4). This indicates
that despite the fact that the present-day maximum
horizontal stress orientation within the Australian
continent is not parallel to the direction of absolute
plate motion, it is consistent with a first-order
control by plate boundary forces, provided
the complexity of the NE convergent boundary of
the Indo-Australian Plate is taken into account.

Fig. 4. Plate boundary force stress model that provides the best fit to observed stress data for the Australian continent
(from Reynolds et al. 2003).
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Fault displacement on the Nullarbor Plain
• Fault displacement on the order of 10 to 35 m 
• The onshore faults exhibit anomalously low ‘displacement : scarp length’ ratios 
• Established fault growth models imply displacements an order of magnitude greater 

than the observed values 
• Possible strike-slip (oblique-slip) component??





Conclusions

• E/W tilting of the Nullarbor Plain evident in subsurface 
marine erosional unconformities 
• Deformation driven by dynamic topography 

• Regional scale warping evident along the Roe Plain 
• Deformation driven by isostatic compensation  

• Numerous fault scarps evident on the Nullarbor Plain 
• Surficial faults are likely neotectonic (reverse dip slip sense of 

displacement is probable) 
• Anomalously low ‘displacement : scarp length’ ratios imply strike 

slip movement (or support an alternative fault growth model!)


