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Ceduna Sub-basin, Bight Basin
Results of 3D Petroleum Systems Modelling

by Heike I.M. Struckmeyer

Ceduna 3D PS Model – Heike I. M. Struckmeyer, September 2009 (Geocat No. 69485)

This presentation summarises results of 3D petroleum systems modelling of the 
northwestern Ceduna Sub-basin, using Schlumberger Petromod software. The model 
builds on two 2D-models for the northern and central Ceduna Sub-basin (Totterdell et al., 
2008).
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This slide shows the location of the two 2D models (Totterdell et al., 2008), and the 3D 
model area.
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Source Rock Model

Cenomanian / Turonian – Santonian marine shales (Tiger)

Albian – Cenomanian marine shales (Blue Whale)

source-specific multi-component kinetics for 
phase separation derived from kerogen isolated 
from Dredge 25DR17 B4

assumed same kinetics as for Cenomanian-
Turonian source rocks

Cenomanian deltaic coaly shales (White Pointer)
Type II/III kerogen, multicomponent kinetic data 
based on Tertiary coal

Three major source rock units were used in the 2D models − marine shales in the Albian 
to Cenomanian Blue Whale Supersequence and the Turonian to Santonian Tiger 
Supersequence, and deltaic coaly shales in the Cenomanian upper White Pointer 
Supersequence. 
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Timing of Generation & Expulsion 

Tiger (base Tiger source)
mid-Campanian to Recent

White Pointer (Cenomanian)
early Campanian to Recent

Blue Whale (Albian)
Turonian-Santonian to Recent

(Totterdell et al., 2008)

Results from the 2D models indicated that generation and expulsion from these source 
rocks occurred from the Turonian onwards, with expulsion occurring in response to 
deposition of the thick Hammerhead delta.
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Potential Accumulations 

(Totterdell et al., 2008)

The 2D models also showed that potential oil and gas accumulations could be present in 
the central and outer basin, with varying contributions from the three modelled source 
rock units.
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3D Model

Two exploration wells
data include biostratigraphy, lithology, organic geochemistry, bottom 
hole temperature, vitrinite reflectance

Gnarlyknots 1/1A

Potoroo 1

Ceduna Sub-basin

Modelled area

•2D and 3D petroleum systems models are usually constrained by the composition and 
maturity of recovered hydrocarbons in a basin, i.e. if the geochemistry and other 
parameters of reservoired oil or gas are matched by those modelled, the model is well-
constrained and the confidence level is high. 
•In the case of frontier basins, particularly those with a complex tectonostratigraphic 
history, such as the Bight Basin, petroleum systems models are only constrained by a 
“best-fit” between measured and modelled data, or in the case of no available data, by 
analogue to other basins or regional knowledge. As this best-fit can be arrived at by 
varying a number of possible parameters, the level of confidence in these models has to 
be low. For example, in the Ceduna Sub-basin, one of the key uncertainties is the depth 
conversion of seismic data or maps derived from seismic data, with only two control 
points at Potoroo-1 and Gnarlyknots-1, and an overall sedimentary thickness very likely 
exceeding 15 km. 
•The model discussed here is constrained by some data from the Gnarlyknots and 
Potoroo wells, and is based on good regional knowledge. It is therefore considered to be 
a reasonable attempt at modelling potential petroleum systems operating in the basin, 
however, it  presents only one possible scenario. Variations in input and boundary 
parameters will result mostly in differences in timing and volume of generated 
hydrocarbons.
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• Input Data

• Boundary Conditions

• Simulation

• Calibration

• Results

Presentation Outline
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Input Data

Horizon structure maps (XYZ)
Horizon age
Erosion age
Faults

Input data for the 3D model firstly include horizon structure maps, age of deposition, 
erosion and associated faults.
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Regional tectonostratigraphic model for 
the Bight Basin

based on regional seismic and 
10 wells;  provides approximate
thickness of depositional 
sequences, gross lithology/facies 
distribution, timing and nature of
structural events 

Depth-converted structure maps and associated 
faults for key horizons

Input 

Sediment Surface
Base Cenozoic
Base Hammerhead 
Base Tiger
Base Blue Whale

The main input data for this 3D model are depth-converted structure maps. These maps 
were generated as part of a regional tectonostratigraphic study of the Bight Basin, 
which was based on regional seismic coverage and 10 wells (Totterdell et al., 2000). 
This also provided input data for lithologies, facies distributions, structural events, 
etc. The key input surfaces are sediment surface, base Cenozoic, base Hammerhead, 
base Tiger, and base Blue Whale.

The section underlying the Blue Whale Supersequence was not modelled in the 3D study 
because 

• pre-Albian units could only be seismically mapped in the northern and northeastern 
part of the basin, and 

• if present, would not be relevant to maturation of the younger source rocks; the base 
Blue Whale is therefore taken as the base of the modelled section.
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Blue Whale – White Pointer
(Albian-Cenomanian)

Uppermost White Pointer (coaly source)
(Late Cenomanian)

Lower Tiger (Turonian)

Upper Tiger (Coniacian-Santonian)

Hammerhead (Late Santonian - Maastrichtian)

Cenozoic

INPUT LAYERS

The input model is somewhat less detailed than that of the 2D models. However, 
additional layers were added to the 4 input sequences to delineate the previously 
modelled source and reservoir layers. Most of these additional layers were added as a 
percentage of the parent layer. 
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INPUT LAYERS 

After the additions, the model comprises 12 layers. No erosion was modelled, because 
the bulk of erosion occurred on the Madura Shelf and in the Eyre Sub-basin, both of 
which were not the focus of the modelling. 
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Input Data

Horizon structure maps (XYZ)
Horizon age
Erosion age
Faults

Input Layers with assigned ages & faults
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Faults 

Imported faults are assigned to the individual layers. Properties of individual faults are 
defined, e.g. if it was open or closed to fluid flow, or alternatively different shale gauge 
ratios or values of fault capillary pressure can be defined. This is one of the more tenuous 
input parameters in a frontier basin, because very little is generally known about fault 
behaviour. In the final model the choice of fault behaviour influences mainly the size of 
the modelled accumulations.
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Top Blue Whale-White Pointer

Base Blue Whale-White Pointer

Fault planes intersecting the Blue Whale-White Pointer layer

This slide shows, as an example, fault planes intersecting the Blue Whale-White Pointer 
layer in 3D view.
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Potoroo Fault – basin 
margin fault
164-75 Ma: SGR 50%
74-0 Ma: SGR 60%

Blue Whale to Tiger
98-94 Ma: SGR 50%
93-0Ma: closed

Tiger to Hammerhead
83-75 Ma: SGR 50%
74-0 Ma: SGR 60%

Hammerhead to Recent
83-0 Ma: SGR 60%

Fault Model

This slide illustrates all the faults used in the model. The colours indicate major faults 
intersecting layers of different age. Basically, all faults were modelled to have a Shale 
Gauge ratio between 50 and 60%. This is a highly simplified model to reduce complexity 
and processing time.
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Input Data
Horizon structure maps (XYZ)
Horizon age
Erosion age
Faults

Facies Definition and Assignment to Layers

Input Layers with assigned ages

Lithology
TOC, HI and Kinetics for source rock layers
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INPUT LAYERS – FACIES DEFINITION

00-Sh 75, siltst 20, sst 5Sealseal

00-Sst (qtz) 45, sst 25, sh 30Resreservoir

5004Tiger-specific 
14-component

Sh 60, siltst 40, SourceBlue Whale rich

5002Tiger-specific 
14-component

Sh 60, siltst 40, SourceBlue Whale typical

00-Sh 50, siltst 30, sst 18, coal 2OB/SealWhite Pointer distal

3003IES_Tertiary_c
oal-

BH393_crack

sst 35, siltst 35, sh 20, coal 10SourceWhite Pointer typical

00-sh 50, sst (qtz) 35, sst 15OB/ResTiger - proximal

5002Tiger-specific 
14-component

sh (3%TOC) 50, sh 30, siltst 15, sst (qtz) 5OB/SealTiger poor

5003Tiger-specific 
14-component

sh (3%TOC) 50, sh 30, siltst (15, sst (qtz) 5SourceTiger medium

5006Tiger-specific 
14-component

sh (3%TOC) 50, sh 30, siltst 15, sst (qtz) 5SourceTiger rich

5002Tiger-specific 
14-component

sh 75, siltst 20, sst 5SealTiger 2

00-sst (qtz) 35, sst 35, siltst 27, coal 3ResHam1 – typical

00-sst (qtz) 40, sst 40, siltst 17, coal 3ResHam2 – typical

00-sst (qtz) 40, sst 40, siltst 18, coal 2ResHam3 – typical

00-sh 40, siltst 30, sst (qtz) 15, sst 15Seal/OBHam - distal

00-sst (qtz) 45, sst 40, sh 12, coal 3Res/OBHam – proximal

00-sh 60, chalk 30, lst 10Seal/OBWob-Dug – distal

00-lst 40, marl 10, sst (qtz) 20, siltst 10, sh 20Seal/OBWob-Dug – typical

HITOCKineticsLithologyPSELayer/Facies

Overall, 18 different facies were defined and assigned to layers for different areas of the 
basin (the terms rich and poor refer to relative source richness; Res= reservoir; OB = 
overburden). The term facies in Petromod software includes
a) different lithology mixes (in %), defined for this study from the software-based library 
of lithologies,
b) an assigned TOC (total organic carbon) value and an ‘initial’ HI (Hydrocarbon Index) 
value, (initial meaning at an immature level); these values can be either average 
measured values from immature source rocks or assumed values based on data from 
mature source rocks. 
c) an assigned kinetics file.
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Examples of simple facies maps 
for different input layers

Layer: Tiger 1a

Facies: ‘Tiger_rich’

Facies: ‘Tiger_proximal’

Layer: Hammerhead 1

Facies: ‘Ham_distal’

Facies: ‘Ham_proximal’

Facies: ‘Hammerhead1’

Facies: ‘WP_distal’

Layer: White Pointer source

Facies: ‘WP_source’

INPUT LAYERS – FACIES ASSIGNMENT

These three diagrams show examples of the simple facies distribution maps used for 
different input layers in this study. They roughly reflect fluvio-deltaic, shallow marine 
and deeper marine deposition based on estimates of location of shelf edge, base of slope, 
etc.
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Source Rock Model

Cenomanian – Turonian – Santonian marine shales (Tiger)

Albian – Cenomanian marine shales (Blue Whale)

source-specific multi-component kinetics for 
phase separation derived from kerogen isolated 
from Dredge 25DR17 B4

assumed same kinetics as for Cenomanian-
Turonian source rocks

Cenomanian deltaic coaly shales (White Pointer)
Type II/III kerogen, multicomponent kinetic data 
based on Tertiary coal

The parameters used for the three modelled source rock units include source-specific 
kinetics (DiPrimio & Horsfield, 2008) derived from organic-rich Turonian marine shales 
dredged from the northwestern margin of the Ceduna Sub-basin (Totterdell et al., 2008). 
Kinetic data based on a Tertiary coal (provided by the software) was used for the upper 
White Pointer source unit.
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SR (4% TOC, 
HI 500, Type II)

SR (2% TOC, 
HI 500, Type II)

SR (3% TOC, 
HI 300, Type III)

SR (6% TOC, 
HI 500, Type II)

SR (2% TOC, 
HI 500, Type II)

reservoirs and intraformational seals

R
R

Seal
SR (3% TOC, 

HI 500, Type II)

Hammerhead

Tiger

Upper 
White Pointer

White Pointer
to 

Blue Whale

Dugong to 
Wobbegong

INPUT LAYERS – ORGANIC FACIES ASSIGNMENT

Based on the regional source rock and facies model, every point in the model has an 
assigned facies.  In the case of the source rocks, this includes an initial TOC and HI value 
and a kinetics file which determines parameters such as activation energy, transformation 
ratio from kerogen to oil and gas, cracking, etc. For this model, all source rock kinetics 
are compositional for phase separation with secondary cracking, i.e. reaction kinetics 
describing the generation of individual hydrocarbons in the gas range and hydrocarbon 
groups in the oil range. Products from each source rock can be tracked through time.
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Following definition of the input layers boundary conditions for the model are 
constructed.
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Input Data
Horizon structure maps (XYZ)
Horizon age
Erosion age
Faults

Facies Definition and Assignment to Layers

Input Layers with assigned ages

Lithology
TOC, HI and Kinetics for source rock layers

Boundary Conditions
Water depth
Sediment surface temperature 
Basal heat flow

= Boundary conditions of heat transfer

To be able to calculate heat transfer in basin fill, the physical and thermal conditions at 
the base and the top of the sedimentary basin need to be considered. The upper boundary 
condition is determined by the temperature at the surface of the sedimentary package. 
This requires knowledge of water depth, palaeogeographic position of the basin and 
prevailing global oceanic currents through time.
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Approximate water depth 
at time of deposition of the 
Hammerhead 1 sequence

Boundary Conditions - Water Depth

Estimated palaeo-water depths for each modelled layer are an important constraining 
parameter. In this case, they are based on the regional sequence stratigraphic model, and 
a number of simple palaeo-water depth maps were constructed. These were then assigned 
to specific time intervals. The example here shows approximate water depths at the time 
of deposition of the lower Hammerhead Supersequence.



25

Ceduna 3D PS Model – Heike I. M. Struckmeyer, September 2009 (Geocat  No. 69485)

Disclaimer and Copyright Statement

Boundary Conditions - Sediment Surface Temperature

Petromod provides an automated estimate of the sediment surface temperature based on a 
plot of surface temperatures vs latitude vs geological time (Wygrala, 1989; Poelchau et 
al., 1997). The black line shows the latitudinal position of the present day location of 35 
degrees South through time; the calculated temperature is shown in colour. 
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Input Data
Horizon structure maps (XYZ)
Horizon age
Erosion age
Faults

Facies Definition and Assignment to Layers

Input Layers with assigned ages

Lithology
TOC, HI and Kinetics for source rock layers

Boundary Conditions
Water depth
Sediment surface temperature 
Basal heat flow

= Boundary conditions of heat transfer

Basal heat flow is a very important constraint. In the case of the Ceduna Sub-basin 
model, only sequences from the post-rift section were modelled, when thermal effects 
from the earlier Jurassic rifting event would have dissipated. Observed temperature and 
vitrinite reflectance data from the two wells, Potoroo and Gnarlyknots, calibrate with a 
constant basal heat flow of 55 milliwatts per square meter above shallow granitic 
basement along the basin margin, to about 40 mW/m2 within the depocentre, and 
increasing again to about 50 mW/m2 towards the outer margin. 
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Boundary Conditions - Basal Heat Flow

mW/m²

The resulting map was applied as a constant basal heat flow through time. This is a very 
simplistic model, however, in a frontier basin with very few hard data, keeping a model 
simple is probably preferable to potentially adding error to the model.
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As an aside, this is an overlay of heat flow at 95 Ma, based on the input basal heat flow 
shown in the previous slide. It clearly reflects the input data.
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In comparison, this is the calculated present-day heat flow based on the input model; it 
shows the influence of the radiogenic heat production by the sediment pile. At the base of 
the section shows the basal, constant heat flow of 40 mW/m2, whereas towards the top of 
the sedimentary section a heat flow of up to 59 mW/m2 is reached. 1D models don’t tend 
to take this into account (and 2D models only to a certain extent), which means that 1D 
models often require a higher heat flow to achieve calibration.
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Finally, after definition of the input geological model, with layers, faults, facies and 
boundary conditions, the model is simulated. 
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Simulation & Model Dimensions

• Grid points in X/Y direction: 
155/136 down-sampled to 78/69
(cell size ~ 4x4 km)

• 12 layers
• 15 lithologies
• Source rock model: 

12-component kinetics, secondary cracking and source rock
tracking for 3 source rock types; 

• 32 Faults, modelled mostly with SGR of 50-60%
• Hybrid migration (flow path and Darcy flow algorithms)
• Carrier controls: open basin sides, petroleum mobility factor=0
• Reservoir definition: threshold value=0.1; at 30% porosity
• Parallel simulation using 8 processors with 4GB RAM/processor
• Windows XP 64bit operating system
• 32 hrs simulation time

This slide summarises the input data and the parameters used for simulation of the 
Ceduna 3D model. Simulation is an iterative process that constructs the geological 
evolution of the basin through time.
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Potoroo 1 Burial History

Calibration

Basically, parameters are changed until there is a reasonable fit between measured and 
modelled data. This 1D depth extraction from the 3D model at the location of Potoroo 1 
shows the burial history for the well location. 
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Calibration

1D extraction at location of Potoroo 1

Measured Vitrinite Reflectance Data

Modelled Vitrinite Reflectance Curve 
– extracted from 3D model

Measured Downhole Temperature Data

Modelled Temperature Data 
– extracted from 3D model

In more detail, the extraction shows that modelled vitrinite reflectance and temperature 
correlate well with measured downhole data.
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Gnarlyknots 1/1A Burial History

This 1D depth extraction at the location of Gnarlyknots shows the burial history for this 
site, modelled down to the base of the Blue Whale Supersequence.
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Calibration
1D extraction at location of Gnarlyknots 1/1A

Measured Vitrinite Reflectance Data

Modelled Vitrinite Reflectance Curve 
– extracted from 3D model

Measured Downhole Temperature Data

Modelled Temperature Data 
– extracted from 3D model

SWC

The detailed calibration plots show that there is also a good correspondence between 
measured and modelled data, at least in the upper part of the section down to about the 
mid-Tiger Supersequence. The modelled data then diverge and are slightly higher than 
the measured data. Overall, the calibration is better in the 3D model than in the 2D 
model. This may be due to the 2D line not being located directly through Gnarlyknots. 
The divergence within the Tiger SS could indicate that vitrinite reflectance in this marine 
shale may be suppressed, because the temperature data show relatively good calibration. 
The temperature value from the Tiger Supersequence at about 4700 m is Horner 
corrected.
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Base Hammerhead

Base Tiger

Stratigraphic position of 
dredged organic-rich rock

early mature at TD

From Tapley et al. (2005)

The modelled and measured data both indicate an early mature section at the base of the 
well, suggesting that the organic-rich rocks of the basal Tiger Supersequence would be 
fully mature at this location. 
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Results

• Maturity

• Kerogen transformation 

• Timing of generation

• Migration and accumulation
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Results - Maturity

Predicted present-day maturity at top Blue Whale – White Pointer (Albian-Cenomanian)

2009 Acreage 
Release areas

Predicted present-day maturity maps for the modelled source rock units illustrate the 
distribution of oil and gas mature source kitchens in the basin. This slide shows the 
predicted present-day maturity at the top of the Blue Whale to White Pointer unit.
Potential source rocks of this unit are modelled to be oil to gas mature over a large area 
of the Ceduna Sub-basin. 
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Predicted present-day maturity at top White Pointer (Cenomanian)

Results - Maturity

2009 Acreage 
Release areas

This is the predicted present-day maturity at the top of the White Pointer Supersequence.
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Predicted present-day maturity at top Tiger 1a (early Turonian)

Results - Maturity

2009 Acreage 
Release areas

This is the predicted present-day maturity map for the top of the basal Tiger source unit, 
i.e. the unit containing Cenomanian/Turonian organic-rich rocks, again showing a large 
potential source kitchen across the central basin.
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Predicted present-day maturity at top middle Tiger 1b
(late Turonian - Coniacian)

Results - Maturity

2009 Acreage 
Release areas

Younger potential source rocks of the Tiger SS are predicted to be oil mature only in the 
deepest part of the basin.
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Kerogen Transformation Ratios for  Blue 
Whale – White Pointer (Albian-Cenomanian)

A
B
C
D
E
F
G
H

A

D

C

B

E
F

G

H

Results – Kerogen Transformation

The left image shows present-day kerogen transformation of the Blue Whale to White 
Pointer layer and the location of 6 time extractions, mostly from the top of the layer. The 
latter are plotted on the right hand graph showing that, in the central depocentre (A to E), 
transformation ratios above 50% were reached between about 90 and about 65 my. This 
suggests that significant kerogen transformation in the layer occurred post-breakup (83 
Ma) structuring (black arrow). Kerogen transformation continued to the present day 
where the layer is buried to shallower depths (e.g. locations F to H).
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Time (Ma) of expulsion from 
potential Albian-Cenomanian 
source rocks of the  
Blue Whale – lower White 
Pointer supersequences

Results 
-

Predicted Timing 
of Expulsion

This image shows the predicted timing of expulsion form the same layer, confirming 
expulsion from Blue Whale to lower White Pointer is likely to have occurred between 95 
to about 55 Ma in the basin depocentre and from 55 to Recent along the basin margins.
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Kerogen Transformation Ratios for  upper 
White Pointer source rocks (Cenomanian)
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D
E
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C
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E
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E

F

Results – Kerogen Transformation

Kerogen transformation ratios for the upper White Pointer potential source rocks suggest 
that ratios above 50% were reached between about 82 and 15 Ma in the central 
depocentre (A to D), after the breakup event (black arrow).
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Time of expulsion from 
potential Cenomanian 
source rocks of the  
upper White Pointer
Supersequence

Results 
–

Predicted Timing 
of Expulsion

Expulsion from the coaly source rocks probably occurred from about 85 my onwards, but 
the significant phase of expulsion in the central basin is likely to have occurred between 
80 and 15 Ma, i.e. post break-up related structuring.
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Kerogen Transformation Ratios for basal 
Tiger source rocks (Cenomanian-Turonian)

Results – Kerogen Transformation

Kerogen transformation in the Cenomanian/Turonian organic-rich rocks of the basal 
Tiger Supersequence reached 50% from about 78 Ma onwards.
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Time of expulsion from 
potential Cenomanian/ 
Turonian source rocks of the 
basal Tiger Supersequence

Results 
–

Predicted Timing 
of Expulsion

Predicted expulsion from this source rock occurred from about 80 Ma to 25 Ma in the 
central basin depocentre, i.e. all expulsion is likely to have occurred after structuring 
related to break-up.
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Kerogen Transformation Ratios for middle 
Tiger source rocks (Turonian/Coniacian)

Results – Kerogen Transformation

Younger potential source rocks of the middle to upper Tiger Supersequence reached 
kerogen transformation ratios greater than 50% only in the deepest part of the depocentre 
(locations A and B) from about 65 to 35 Ma. Ratios are below 50% for the remainder of 
the basin.
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Time of expulsion from 
potential Turonian/ 
Coniacian source rocks 
of the middle Tiger
Supersequence

Results
–

Predicted Timing 
of Expulsion

Predicted expulsion from these younger source rocks would have occurred from about 75 
Ma onwards.
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Summary - Timing of Generation & Expulsion 

Tiger (base Tiger source)
mid-Campanian to Recent

White Pointer (Cenomanian)
early Campanian to Recent

Blue Whale (Albian)
Turonian-Santonian to Recent

For all three modelled potential source rock units, the results from the 2D models 
described in Totterdell et al. (2008) are confirmed in the 3D model. Additional 
information is provided about the distribution of expulsion patterns across the basin. 
Most importantly, the results suggest that, with the exception of the Blue Whale and 
White Pointer source units in the deepest part of the basin, the bulk of expulsion from the 
three source units occurred after structuring related to break-up in the Santonian (83 Ma).
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Results

• Maturity

• Kerogen transformation 

• Timing of generation

• Migration and accumulation
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Results – Migration and Accumulation

In a frontier basin such as the Ceduna Sub-basin, any attempt to model location and size 
of individual accumulations is tenuous, particularly when the model is highly schematic 
and down-sampled like this one. For example, individual structures in the model should 
not be seen as reflecting the actual location of such structures, but rather point to the 
possibility of such structures anywhere within the general trend. What is more important, 
is the overall expulsion amount and type of hydrocarbons and the possible general 
location in the basin of potential accumulations. Nevertheless, the modelled 
accumulations shown in this diagram (here plotted above the Blue Whale to White 
Pointer layer) tend to occur in several distinct trends. 
Overall, the model suggests about 29 Bbbl of liquid and over 50 Tcf of vapour to be 
available for accumulation, and the model shows where these accumulations could be 
located. There are some large modelled accumulations along the Potoroo Fault and near 
the edge of the model. They represent hydrocarbons caught along the migration pathways 
within this specific model geometry; “accumulations” along the edge of the actual model 
itself suggest the possibility of long-distance migration to shallow pinch-out stratigraphic 
traps.
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2009 Acreage 
Release areas

On plan view, the predicted location of potential accumulations very roughly correlates 
with the two lead trends identified by Woodside (Tapley et al, 2005), the inboard 
Gnarlyknots Trend (blue) and the outboard Springboard Trend (orange). A potential 
outer trend, as identified by 2D modelling (Totterdell et al., 2008) could also be present, 
but is beyond the extent of this 3D model. The northernmost accumulations may reflect 
outflow at the edge of the modelled area, whereas the trend along the Potoroo Fault 
(purple outline) may represent a further trend of potential accumulations related to pinch-
outs of White Pointer sediments. 
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This slide shows the same accumulations in 3 dimensions together with related oil 
(green) and gas (red) flow paths. It is apparent that the current drainage is focussed 
towards the inboard margin of the basin, although there is also drainage towards the outer 
margin high.
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It is also apparent that the modelled accumulations occur at different stratigraphic levels. 
Again, because of the generalised geometry of the model and the nominal assignment of 
source and reservoir units, these are only possible accumulations. 
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Modelled Carrier Beds/Reservoirs

Sandy facies of upper White Pointer 
coaly source unit

Sandy facies (inboard) of Tiger 1a 
source unit

The 3D model calculated accumulations and flow paths of oil and/or gas in four major 
carrier/reservoir beds: These include the coarser facies of the upper White Pointer unit; 
the sandy, inboard facies of the Tiger 1a source unit,
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Nominal modelled reservoir unit 
(Tiger 1c) within middle Tiger 
Supersequence

Hammerhead Supersequence

Modelled Carrier Beds/Reservoirs

the nominal reservoir unit (Tiger 1c) in the middle Tiger Supersequence, and within the 
Hammerhead Supersequence. The latter is probably too pessimistic, because no seal was 
modelled specifically within this succession.
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Sandy facies of upper White Pointer 
coaly source unit

Source Rock Tracking

Tig - Tiger
WP - White Pointer
BW- Blue Whale

Two of these will be discussed in more detail in the following slides. Firstly, the upper 
White Pointer unit. The combined composition of all hydrocarbons modelled to be in this 
system suggests mostly vapor derived from the Blue Whale SS, with some liquids 
derived from the White Pointer and Tiger SS (the inner circle on the circular diagrams 
shows the vapor phase hydrocarbon components and the outer circle shows the liquid 
phase hydrocarbon components). In terms of volume, hydrocarbon volumes available for 
accumulation at this level are significant, with about 21 Bbbls of liquid and 43 Tcf of 
vapor, most of which is reservoired in the basin margin trend. 
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When examining individual modelled accumulations in more detail, quite a few 
differences in composition become apparent. The small liquid accumulations in the 
central basin are basically gas when flashed to surface conditions; they have a significant 
contribution from the White Pointer coaly source as well as the Tiger source in the 
outboard example, and the Blue Whale in the inboard example. The large modelled 
accumulations along the Potoroo Fault System appear to be both oil and gas, derived 
mostly from the Blue Whale SS.
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Depth to top of upper White Pointer

Spill path

This image shows a map of depth to top upper White Pointer source unit. It shows 
drainage cells and possible flow paths as well as modelled accumulations. Again, the 
drainage towards the inner basin margin is evident, but there are also drainage paths to 
the outer edge of the basin. The highlighted drainage cell contains a small gas 
accumulations which was sourced mostly from the Blue Whale Supersequence with a 
small contribution by the White Pointer and Tiger source units. Analysis of this 
individual accumulation highlights 
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that liquids accumulated mostly between 85 and 75 Ma. A considerable amount of 
liquids were lost mostly through seal losses. Vapor was also spilled, but not to the extent 
of the liquids.
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86.5 Ma

The structure (outlined in red) was filled initially at 88 Ma; this is a snapshot from 86.5 
Ma showing that the oil was generated from Blue Whale and White Pointer sources and 
that there was already a considerably sized accumulation of 600 Mbbl, with the 
surrounding accumulations over 1 Bbbl in size.
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83 Ma

At the end of Tiger SS deposition, the accumulation had grown considerably.
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75 Ma

At the end of Hammerhead 2 deposition, at 75 Ma, the accumulation (now shown 
zoomed out) is much smaller with significant hydrocarbons lost, some of which possibly 
spilled to the inboard structures.
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74 Ma

These inboard accumulations disappeared at 74 Ma. When examining the modelled 
accumulation history in this drainage area, it is apparent that there were several episodes 
of fill/spill, with the major issue probably seal capacity. However, considering the scale 
of the liquid volume modelled in these accumulations, there could still be very large 
amounts of hydrocarbons preserved.
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58 Ma

At 58 Ma, the outboard structures had filled again and the central basin accumulation 
now contained only about 20 Bcf of vapor and basically remained like this until present 
day.
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In contrast, the outboard accumulations are modelled to contain a significant amount of 
liquids and vapor, both mostly sourced from the Blue Whale SS since about 70 my ago. 
One important factor to point out is the drainage paths towards the outer basin margin in 
the area indicated by the black oval. This supports the suggestion of a potential outboard 
accumulation trend.
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Nominal mid-Tiger reservoir/carrier

The second important carrier/reservoir unit is the nominal mid-Tiger reservoir. This 
shows a number of small and several larger accumulations, mostly liquids, all located in 
the central basin. When flashed to surface conditions, the total liquids available for 
accumulation are close to 7 Bbbls and around 5 Tcf for vapor. The data suggest that 
although there is some contribution from the Blue Whale SS, the majority of 
hydrocarbons in this unit are derived from the Tiger marine organic rich rocks.
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Depth to Tiger 1c

Drainage cell

Spill Path

Flow Path oil

Flow Path gas

The drainage cell map for the Tiger 1c carrier unit shows that spilling of accumulations 
has been much less extensive than in the White Pointer reservoir.
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Examples of liquid accumulation & loss 
(sourced from marine Cenomanian/Turonian 
organic-rich rocks of the basal Tiger 
Supersequence) in drainage cells of the Tiger 
1c nominal reservoir unit 

When examining individual drainage cells, it is evident that, typically, the main 
accumulation phase commenced in the early Cenozoic. In some accumulations, some 
spillage has occurred, but accumulation in reservoirs is continuing to the present day in 
other modelled accumulations.
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Summary
• The 3D model suggests that the Ceduna Sub-basin has experienced 
several phases of hydrocarbon generation, expulsion and accumulation.

• Early generated and accumulated oil and gas from potential source rocks 
of the Blue Whale/White Pointer supersequences (Albian to Cenomanian) 
are likely to have spilled from earlier structures, but may have accumulated 
through remigration into structures along the basin margin. 

• Late (Neogene) generated and accumulated oil and gas from the Blue 
Whale/White Pointer supersequences is potentially preserved in structures 
of the inboard and outboard parts of the basin.

• Generation and expulsion from early Turonian organic-rich rocks 
commenced in the Late Cretaceous, but accumulation of oil is unlikely to 
have occurred until the Cenozoic and is continuing to the present day.
Potential accumulations related to this petroleum system probably occur in 
two major trends within the central Ceduna Sub-basin.
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inner basin margin trend, along main drainage paths, sourced 
from mostly Blue Whale and, locally, from White Pointer organic-
rich rocks; these are likely to contain both light oil and gas 
accumulated during the Cenozoic, but may also contain some 
remnant hydrocarbons from earlier accumulation phases.

Potential for Accumulations
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in the central basin, along two major trends (Springboard and 
Gnarlyknots trends), sourced mostly from Tiger organic-rich 
rocks; these are likely to contain light oil accumulated during the 
Cenozoic, as well as remnant oil and gas from earlier 
accumulations charged from Blue Whale and White Pointer 
source rocks.  
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along the outer margin, outside the area of this model, as 
indicated by flow paths and geometry of the basin; these are 
most likely to contain oil and gas from both Blue Whale and Tiger 
organic-rich rocks, accumulated during the Cenozoic. The main 
liquids charge for these accumulations is likely to have occurred 
from the Neogene to Recent.

?



75

Ceduna 3D PS Model – Heike I. M. Struckmeyer, September 2009 (Geocat  No. 69485)

Disclaimer and Copyright Statement

References

Di Primio, R. and Horsfield, B., 2008. Oil and gas generation characteristics of a kerogen and  an 
asphaltene sample as inferred from phase kinetic analysis. GeoS4 Report 080104 (unpublished report 
for Geoscience Australia).

Poelchau, H.S., Baker, D.R., Hantschel, Th., Horsfield, B. and Wygrala, B., 1997. Basin simulation and 
the design of the conceptual basin model. In Welte, D.H., Horsfield, B. and Baker, D.R. (editors), 
Petroleum and Basin Evolution. Springer 1997.

Tapley, D., Mee, B.C., King, S.J., Davis, R.C. and Leischner, K.R., 2005. Petroleum potential of the 
Ceduna Sub-basin: impact of Gnarlyknots 1A. The APPEA Journal 45 (1), 365-380.

Totterdell, J.M., Blevin, J.E., Struckmeyer, H.I.M., Bradshaw, B.E., Colwell, J.B. and Kennard, J.M., 
2000. A new sequence framework for the Great Australian Bight: starting with a clean slate. The 
APPEA Journal 40 (1), 95-117.

Totterdell, J.M., Struckmeyer, H.I.M., Boreham, C.J., Mitchell, C.H., Monteil, E. and Bradshaw, B.E., 
2008. Mid-Late Cretaceous organic-rich rocks from the eastern Bight Basin: implications for 
prospectivity. In Blevin, J.E., Bradshaw, B.E. and Uruski, C. (editors), Eastern Australasian Basins 
Symposium III, Petroleum Exploration Society of Australia, Special Publication, 137-158.

Wygrala, B.P., 1989. Integrated study of an oil field in the southern Po basin, northern Italy. 
Dissertation, Köln University, Jül-Rep 2313, Research Centre Jülich, Jülich, ISSN 0366-0885.



76

Ceduna 3D PS Model – Heike I. M. Struckmeyer, September 2009 (Geocat  No. 69485)

Disclaimer and Copyright Statement

© Commonwealth of Australia, 2009

This work is copyright. Apart from any fair dealings for the purpose of study, research, criticism, 
or review, as permitted under the Copyright Act 1968, no part may be reproduced by any process 
without written permission. Copyright is the responsibility of the Chief Executive Officer, Geoscience 
Australia. Requests and enquiries should be directed to the Chief Executive Officer, Geoscience 
Australia, GPO Box 378 Canberra ACT 2601.

Geoscience Australia has tried to make the information in this product as accurate as possible. 
However, it does not guarantee that the information is totally accurate or complete. Therefore, you 
should not solely rely on this information when making a commercial decision.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


