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INTRODUCTION 

  
Recent improvements in the quality and availability of deep 
crustal seismic data have been instrumental in the 
understanding of rift processes in heterogeneous lithosphere 
(Clerc et al., 2018). Numerical models suggest that the 
architecture of rifted margins is controlled by crustal rheology, 
particularly the strength of the lower crust (Brune et al., 2017, 
Clerc et al., 2018). In many cases, rifted margins exhibit a 

complex pre-rift evolution characterized by orogenic processes 
and the resulting lithospheric heterogeneity has a strong 
influence on structures during rifting (Duretz et al., 2016).  
 
Many aspects of the rifting between Australia and Antarctica 
are well documented but there is ongoing debate about the 
timing (Direen, 2011a), style (Direen et al., 2012; Ball et al., 
2013; White et al., 2013) and direction of the rift (Williams et 
al., 2011; Whittaker et al., 2013; Williams et al., 2019) which 
highlights gaps in our understanding. Within the Ceduna Sub-
basin, the nature of the basement is difficult to constrain due to 
the depth of the basin and the thickness of the overlying Ceduna 
delta systems (Totterdell and Bradshaw, 2004; Gibson et al., 
2013).  
 
Here we analyse the tectonic evolution of Australia’s southern 
margin in the Bight Basin, using BightSPAN™ deep crustal 2D 
seismic data and forward models of the gravity response along 
several seismic lines. The results of this work are used to 
constrain the tectonic evolution, particularly in terms of the 
subsidence history and uplift and erosional pulses recorded on 
the seismic data in the Ceduna Delta (Hill et al., this volume) 
and then used as input for finite element numerical models of 
rifting (Farrington et al., this volume).  
 

GEOLOGICAL BACKGROUND 
 

The Ceduna Sub-basin is underlain by Proterozoic basement of 
the Gawler Craton and contains a thick series of syn and post-
kinematic sedimentary packages. Due to the depth of the basin, 
the nature of the basement structure is poorly understood and 
the basement surface is not visible on conventional seismic data 
except along the northern basin boundary. Regional basement 
topography has been interpreted from aeromagnetic and gravity 
data (Blevin and Cathro, 2008), suggesting the basin is 
underlain by thinned Proterozoic crust.  
 
Deposition of sediments began in the Middle Jurassic, during 
the break-up of eastern Gondwana (c. 165 Ma) and continued 
with the gradual separation of Australia and Antarctica in the 
Cretaceous-Palaeocene and rapid post-Eocene separation. The 
early rift sediments, intersected in the Jerboa-1 well in the 
adjacent Eyre Sub-basin, consist of fluvial–lacustrine 
sandstone, siltstone and claystone (Totterdell et al., 2014).  

SUMMARY 
 
Definition of the basement architecture within the Ceduna 
Sub-basin is poorly understood due to the depth of the 
basin and limited deep crustal geophysical datasets.  
This study uses seismic interpretation of BightSPAN™ 
deep crustal seismic lines combined with 2D forward 
models of the gravity to define the basement architecture 
in the Ceduna Sub-basin. Gravity forward models identify 
two depocentres with maximum depths of 25 km overlying 
thinned continental crust. Syn-rift sedimentary packages 
are several km thick and underlie up to 10 km of post-
kinematic Cretaceous deltaic sequences. Regional Moho 
models contain only sparse data points offshore and 
isostatic residual gravity data suggests substantial local 
variation in the depth to Moho. This local variation in the 
Moho surface is interpreted as boudinage of a weak lower 
crust along crustal shear zones. A gradual increase in 
basement density towards the continent-ocean transition 
suggests a diffuse rather than distinct boundary between 
continental and oceanic crust.  
 
The results of this work are used to constrain the tectonic 
evolution, particularly in terms of the subsidence history 
and uplift and erosional pulses recorded on the seismic 
data in the Ceduna Delta (Hill et al., this volume) and then 
used as input for finite element numerical models of rifting 
(Farrington et al., this volume).  
 
Key words: Bight Basin, gravity, Tectonics, crustal 
thickness, depocentre. 



Bight Basin Evolution and Prospectivity I Cunneen et al. 

AEGC 2019: From Data to Discovery – Perth, Australia 2 

Post-kinematic Cretaceous packages comprise overlapping 
delta systems, which form deep-water fold-thrust belts 
(DDWFTB) towards the south-west basin margin (Struckmeyer 
et al., 2001; Espurt et al., 2009). The middle Albian-Santonian 
White Pointer and the late Santonian-Maastrichtian 
Hammerhead delta systems detach at the ductile shales of the 
Albian Blue Whale and Turonian-Santonian Tiger 
supersequences, respectively. A northwest to southeast trending 
anticline, the Stromlo High (Fig. 1), is present towards the 
south-western sub-basin boundary and is an area of interest for 
hydrocarbon exploration.  
 

 
Figure 1. Location map of the seismic sections used in this 
study, overlying the bathymetry image of the Ceduna Delta. 
Black lines are BightSPAN™ seismic lines, and red lines are 
the seismic section described in Hill et al. (this volume). 
Green ellipse shows the location of the Stromlo High.  

 
SEISMIC INTERPRETATION 

 
The BightSPAN™ deep crustal 2D seismic survey and 
associated potential fields datasets are used to examine the 
basement structure within the Ceduna Sub-basin. Seismic 
interpretation was integrated with gravity and magnetic datasets 
to define key features and provide constraints to understanding 
the deep structure.  
 
Interpretations of the basement surface on three regional 
BightSPAN™ lines across the area of interest (Fig 1) show an 
east trending depocentre up to 25 km deep. Large-scale (10-20 
km) tilted fault blocks are defined by low angle faults or shear 
zones, which also offset the Moho. In the outboard part of the 
basin, the basement surface shallows towards the continent-
ocean transition zone and is defined by bright amplitude 
reflectors which are likely extrusive igneous rocks.  
 
Basement thickness ranges from the thick continental root of 
approximately 35 km in the north, thinning offshore to a 
minimum thickness of <5 km under the main depocentre. A 
transition from continental to oceanic crust is obscured by a 
zone of likely serpentinised mantle and intruded igneous dykes 
and sills.  
 
The Moho surface is challenging to resolve from seismic data, 
although in places the shear zones from basement faults are 
discernible. The interpretation of the Moho surface was 
therefore guided by the AusMoho grid (Kennet et al., 2011) and 
the MoGGIE model (Aitken et al., 2010) and refined where 
possible using seismic data.  
 
 
 

GRAVITY MODELS 
 
Both gravity and magnetic data were acquired along the 
BightSPAN™ lines during seismic acquisition. 2D forward 
models of the gravity response were created using surfaces from 
the seismic interpretation imported into Geosoft’s GM-SYS 
software. An iterative process of re-assigning densities (within 
geological and geophysical constraints) and basement structure 
was undertaken to achieve the closest fit between modelled and 
observed profiles.   
 
Unit densities were formulated using a combination of well 
reports, density logs and current literature. Adjustments of 
basement density models were required to reduce error on the 
gravity curves.  The basement in the southern part of the basin 
was assigned slightly increased density values, still within the 
ranges described by Direen et al. (2011b). Lower than expected 
densities towards the continent-ocean transition are partially 
compensated for with the introduction of serpentinised mantle 
layers.  
 
A regional Isostatic Residual Gravity model (IR gravity) 
(Figure 2) was used to cross reference the models. Relatively 
short wavelength variation in the gravity response was difficult 
to replicate within the constraints of the seismic interpretation 
of the basin fill and top basement horizon, suggesting that there 
is local variation in the Moho surface which is not visible in the 
seismic and is not captured by regional Moho models. This 
variation, or ‘steps’ in the Moho on a 10-50 km scale, may be 
related to the basement shear zones interpreted in seismic data.  
 

 
Figure 2. Isostatic residual gravity image of the Ceduna 
Sub-basin (histogram equalised, 150 mGal range). Black 
lines are BightSPAN™ seismic lines, and red lines are the 
seismic section described in Hill et al. (this volume). Green 
ellipse shows the location of the Stromlo High. 
 
Gravity models identify two main depocentres in the Ceduna-
Sub-basin; one trending eastwards in the northwest of the sub-
basin and another trending south-easterly in the central part of 
the sub-basin. Both depocentres are up to 25 km deep, 
substantially deeper than previous estimates. Hyperextended 
continental crust underlies the depocentres and in places is less 
than 10 km thick. A thicker piece of crust on the outer part of 
the margin underlies the Stromlo High.  
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DISCUSSION 
 
Recent models of rifting suggest that the lower crust is often 
much weaker than suggested by traditional models, and may 
contain structures such as boudinage and shallow-dipping 
ductile shear zones (Clerc et al., 2018). Such structures are 
visible in places in the BightSPAN™ data, and interpretation of 
a locally variable Moho depth is supported by the gravity 
models.  
 
The 2D forward models of the gravity response show very thin 
crust underlying the Ceduna depocentres overlain by a 
substantial thickness of syn-rift sediment that is not clearly 
visible on conventional seismic data. Thicker crust under the 
outboard part of the basin, including the Stromlo High area, 
suggests that extension in the mid-late Jurassic was focussed 
inboard under the present-day Ceduna depocentre, then jumped 
to the outer margin where breakup eventually occurred in the 
Late Cretaceous. This change in the location of extension was 
likely influenced by the overall crustal rheology including 
crustal heterogeneities and may also have been influenced by 
changes in the extension rate (Tetreault & Buiter, 2018).   
 
The concept of a simple linear boundary between continental 
and oceanic crust at rift margins is now recognised as an 
oversimplification (Eagles et al., 2015).  In this study, the 
transition from continental to oceanic crust is unclear in both 
the seismic data and the gravity models but there is a gradual 
increase in basement density to the south. This increase in 
density likely represents a greater input of intrusive and 
extrusive igneous rocks towards the south west margin of the 
basin, and the gradual transition from continental to oceanic 
crust.  
 
Modelling is limited by the wide spacing of the deep crustal 
lines, but future work will involve modelling of more lines to 
produce a regional 3D model of crustal structure across the 
Ceduna Sub-basin.  
 

CONCLUSIONS 
 

Gravity modelling of deep crustal seismic lines across the 
Ceduna Sub-basin shows very thin crust (<10 km) underlying 
the Ceduna depocentre, overlain by several km of syn-rift 
sediments which are not discernible on conventional seismic 
data. Local variations in the Moho surface are interpreted as 
crustal-scale shear zones offsetting the Moho and boudinage of 
a weak lower crust.  
 
The transition from continental to oceanic crust is gradual and 
is represented by an increase in crustal density to the south, 
interpreted as increasing input of igneous material. Lower than 
expected density of the crust in the southern part of the sections 
is interpreted as serpentinised mantle.  
 
The results of this work are used to constrain the tectonic 
evolution, particularly in terms of the subsidence history and 
uplift and erosional pulses recorded on the seismic data in the 
Ceduna Delta (Hill et al., this volume) and then used as input 
for finite element numerical models of rifting (Farrington et al., 
this volume). Future work will include modelling of other 
BightSPAN™ seismic lines including east-west cross lines, to 
produce a 3D forward model of the crust underlying the Ceduna 
Sub-basin.  
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