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Permian sediments occur throughout the southern Sydney Basin, exposed on the coastline south of 
Wollongong, and penetrated by various drillholes. This study uses outcrop samples and samples from 
three drillcores held by NSW Resources and Energy at the core library in Londonderry, NSW (DM 
Callala DDH1 [Callala-1] from Jervis Bay, Elecom Clyde River DDH07 [ECR-7] from north of Jervis 
Bay, and Elecom Clyde River DDH01 [ECR-1] from near Wingello). Formations analysed include the 
Berry Siltstone, Nowra Sandstone, Wandrawandian Siltstone, Snapper Point Formation, Pebbley 
Beach Formation and the Yarrunga Coal Measures, which were deposited while Australia was close to 
the South Pole. The objectives are to determine the depositional environment, organic matter inputs 
and thermal maturity of these formations using a biomarker approach. 

Thermal maturity parameters show that the least mature location is ECR-1 from near Wingello, and 
that the most mature are the ECR-7 and Callala-1 cores near Jervis Bay (Figure 1). The 
methylphenanthrene index (MPI) for ECR-1 varies from 0.54–0.7, which suggests calculated 
reflectance values (Rc) of 0.73–0.82 % in the early oil window. The samples from the ECR-7 and 
Callala-1 drillcores near Jervis Bay have significantly higher thermal maturities (Figure 1; Rc of 1.3–1.7 
%). The reason for the greater thermal maturity in the Jervis Bay region may partly relate to igneous 
intrusions, but mainly reflects greater palaeo burial depth towards the centre of the Sydney Basin. The 
outcrop samples from the coastline have thermal maturities intermediate between the Jervis Bay cores 
and the ECR-1 drillcore. Thermal maturity is lowest for the stratigraphically deeper Pebbley Beach 
Formation, and highest for the younger Wandrawandian Siltstone. This reversed stratigraphic thermal 
maturity profile for the outcrop samples is because of the N-S variation in the sampling positions of 
these formations. 

Depositional environment and organic matter inputs are best determined using less thermally mature 
rocks, as the biomarkers are better preserved. In this study the outcrop samples were used to assess 
the Wandrawandian Siltstone, the Snapper Point Formation, and the Pebbley Beach Formation. The 
rocks were deposited in oxic to suboxic depositional environments that were mostly low in organic 
sulphur, based on the pristane/phytane (Pr/Ph) and the dibenzothiophene/phenanthrene ratios. The 
Snapper Point Formation samples were deposited in somewhat more reducing conditions than the 
other formations, with Pr/Ph ratios slightly lower (1.4–1.7) than for the Wandrawandian Siltstone (1.6–
2.6) and the Pebbley Beach Formation (2.3–3.5). 
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Figure 1: Cross plot of trimethylnaphthalene ratio (TMNr) versus tetramethylnaphthalene ratio (TeMNr) for 
Permian samples from ECR-1, ECR-7, Callala-1 and outcrop samples from between Ulladulla and Batemans Bay. 

 

The Wandrawandian Siltstone contains biomarkers that are dominated by unusually high amounts of 
diahopanes and other rearranged hopanes, and high amounts of diasteranes, which are of lower 
relative abundance in the other formations (Figure 2). One sample of the Wandrawandian Siltstone 
(UL2) has a particularly high relative amount of C30 diahopane (C30*/C30 αβ hopane = 6.9; Figure 2), 
higher than any other previously reported, as far as has been able to be established. This is usually 
suggestive of either a clay-rich sediment in an oxic, acid-catalysed depositional environment with 
enhanced diagenetic alteration of the biomarkers, or of high thermal maturity. However, unusual 
characteristics of the Wandrawandian Siltstone include significant slumping and soft sediment 
deformation, and deposition under very cold conditions. The occurrence of the slumps on the 
continental slope led to significant sediment overturn, which may have resulted in enhanced 
diagenetic and catalytic rearrangement reactions in the diahopanes and rearranged hopanes. 
Alternatively, the slumping and very cold conditions could have led to the sediment hosting an unusual 
array of microbial life that caused elevated amounts of these compounds. 
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Figure 2: Partial m/z 191 mass chromatograms showing the distribution of hopanes, diahopanes (*), and early 
eluting rearranged hopanes (E) in typical samples from (a) the Wandrawandian Siltstone (UL1), (b) the Snapper 
Point Formation (SP3), and (c) the Pebbley Beach Formation (PB3). (d) Cross plot of C30E/C30 αβ hopane versus 
C30*/C30 αβ hopane for the Wandrawandian Siltstone (green circles), the Snapper Point Formation (blue 
squares), the Pebbley Beach Formation (red triangles) and the fossilised wood from the Pebbley Beach 
Formation (brown diamond). 
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