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Abstract 

This thesis consists of five papers, each of which complements the regional 

understanding of the Ceduna Delta System, offshore South Australia. Deltas commonly form 

linked systems of extension, on the delta top, and compression, in the delta toe. This link is 

promoted by the presence of a detachment layer of more ductile sediments at the base of the 

delta, which mechanically decouples deltaic sediments from those beneath it.  These systems are 

often explained using Critical Taper Wedge mechanics, which is commonly applied to 

understand the rock strength properties and the role of pore fluid pressure at the base of the 

wedge (within the detachment layer) and within the wedge, in these linked systems of extension 

and compression.  

To better understand the effect of basal pore fluid pressure on delta—deepwater fold 

thrust belt systems, I present an in-depth application of Critical Taper Wedge mechanics to the 

data-rich deepwater Niger Delta Toe in West Africa, a modern day analogue for the ancient 

Ceduna Sub-basin (Paper 1). This application involved developing a new technique to measure 

key variables from seismic reflection data in the Niger Delta Toe and input them into a script to 

calculate the basal pore fluid pressure required to form the observed present-day geometries. 

With this new approach and increased understanding of the role of basal pore fluid pressure on 

delta wedge geometry it was possible to better understand how detachment variables control 

distribution of the lobes that comprise the Cretaceous-age Ceduna Delta. Regional structural 

mapping of the Ceduna Delta resulted in separation of the delta lobes based on tectonic style and 

also examining the linkages between the systems, explaining the unique stacking of the delta 

tops while each system maintained independent deepwater fold-thrust belts (Paper 2).  
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Furthermore, detailed 3D seismic reflection data is interpreted to investigate inversion 

structures and potential for fault reactivation in the basin (Paper 3). The boundary element 

method geomechanical code Poly3D© was used to investigate delta-top fault reactivation 

potential from a 3D seismic derived fault network along with the present day stress determined 

from petroleum wells. Results demonstrate a moderate to high probability for contemporary 

reactivation of faults under a strike-slip to strike-slip-normal fault stress regime (Paper 3).  

In addition, detrital zircon analysis, apatite fission track analysis and zircon fission track 

analysis were undertaken to investigate the potential source(s) for the deltaic sediment input in 

the Ceduna Delta system (Paper 4). Over 1500 detrital zircon and apatite grains were analysed 

from petroleum wells and outcrop samples located onshore and offshore South Australia. The 

results indicate approximately 1-2 km of Late Cretaceous uplift/exhumation of the proximal 

arcuate shaped South Australian southern margin provided the source for the Santonian-

Maastrichtian delta lobe, mainly from erosion of existing Permian-Cenomanian sedimentary 

cover.  Finally, the last paper presented in this thesis (Paper 5) ties in new 2D reflection seismic 

data that was not available when Paper 2 was written, to further examine the geometry of the 

deepwater fold-thrust belts and the hydrocarbon potential of the Ceduna Sub-basin.  
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