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ABSTRACT

The Otway Basin is one of the best-known Mesozoic rift basins that span the southern coastline
of Australia. The onshore portion of the basin covers nearly 10,000 km” in South Australia (SA),
from which both oil and gas have been produced. In 2023, the Department for Energy and Mining
conducted an integrated geological, chemostratigraphic, geochemical and geophysical study,
which identified intervals of potential hydrocarbon source rocks as well as potential suitable
reservoirs, with the information used to prepare a petroleum systems model of the onshore
Otway Basin in SA. The model showed significant hydrocarbon generation in the Penola Trough
as expected, but also, for the first time, it appears that significant hydrocarbons may have been
generated and expelled in the lightly explored Robe and Tantanoola Troughs. Subsequently, the
Geological Survey of South Australia conducted play analysis of eight potential hydrocarbon
reservoir intervals in the region, to understand the distribution of reservoirs, seals, mature source
rocks and potential hydrocarbon migration pathways, to aid hydrocarbon exploration in the
region. This process required review of the initial gross depositional environment mapping, with
iteration further highlighting prospectivity; the Casterton Formation is presented as an example.
Maps for the Lower Sawpit Shale are presented as an example of the play analysis process.

Keywords: Casterton Formation, gross depositional environment (GDE), iteration of interpretation,
Lower Sawpit Shale, Otway Basin, petroleum, play analysis, South Australia.

Introduction

The Otway Basin is one of the best-known Mesozoic rift basins that span the southern
coastline of Australia forming as a result of rifting between the Antarctic and Australian
plates. The onshore portion of the basin covers nearly 10,000 km? in South Australia (SA)
(Fig. 1a), from which nearly half a million barrels of condensate/oil and 86 BCF of gas
have been produced.

In 2023, the Department for Energy and Mining conducted an integrated study to
prepare a petroleum systems model of the onshore Otway Basin in SA, with the model
showing significant hydrocarbon generation in the Penola Trough as expected. For the
first time it appears that significant hydrocarbons may have been generated and expelled
in the lightly explored Robe and Tantanoola Troughs (Edwards et al. 2024).

Play analysis of key intervals in the basin was conducted by the Geological Survey of
South Australia (GSSA) following completion of this model as an important part of
highlighting the petroleum prospectivity of this region.

Play analysis

What is a petroleum play? A ‘play’ is defined by Rose (2017) as a trend or family of
geologically related leads, prospects and possibly producing oil and gas fields, with
primary elements of similar geological history of hydrocarbon charge, reservoir/seal
pairs and trap controls on their occurrence. They are typically defined by stratigraphic
age, with plays generally separated by a regionally significant master seal.

Play analysis, or play-based exploration, is a technique to build and leverage an
understanding of geological basins and petroleum systems. The methodology integrates


https://www.publish.csiro.au/
https://www.publish.csiro.au/
https://doi.org/10.1071/EP24032
www.publish.csiro.au/ep
www.publish.csiro.au/ep
mailto:paul.strong@sa.gov.au
https://doi.org/10.1071/EP24032
https://creativecommons.org/licenses/by-nc-nd/4.0/

P. Strong et al.

Australian Energy Producers Journal 65 (2025) EP24032

(@) iag™s0e 140°E o 140%0€ 1454
Petroleum wells Sooc Bore 1 Wanda 1 Naracoorte
€O, wel Lucindale <
2 Diyhole -
“ 9 Dry hole with oil shows B E
%
X Gas shows =11
< 7
Lucindale 1 9]
¥t Gaswell AN =i
- uringa >
% Gaswelwinolshows d Camelback 1 Kilamey 1 2
#  Oiland gas wel } - Nunga Mia 1, 1DW1 Bool Lagoon1'¢' Robertson 2
¥ Oiland gas shows Rebe Lok Hancon 7 Porthos 19~ % Robertson1
®  Oivel Robet 94 Greenways 1 Penley 1" Killanoola 1 ®  arioofa South 1
¥ Hydrogen shows i enn _‘,}Crankshaﬁﬂ Killanoola Southeast 1
L] Gas production facility
2D seismic line
Reedy Creek 1 Viewbank 1
3D seismic survey <& EastAvenue 1-0- porbey 1, Bungalog T4 Tnlbgz ;%T; 1
Parks with no energy 4 Hollick 1+ o
Parks with o one Scart Jacaranda Rld%ew* kiin P12
Diamond Swamp 1 Banyyd 1
P Zemat Jolly 1,4 ST4 _!?_Wynm
: -%_ edman 1 -
Dervin Beachpar 1 Beachport East L piscui e 1 A £ 5 attiadle Hase‘g“’ve”“[’m
i | X Hungerford 1¢. Ridg e Hase\grove
| Lake George 1 a'"a"es Ladbroke Sautn 1.2
2 o] Mount Hope 1 noo ol
3 | | QLb Beachport “:’ [ Hatherleigh 1
3 WA | ‘)}Nangwarrm
sa [EEELCE ,#Rendeﬁham 1 Trihi -~ 1 ! 2
et NSW Kalangadoo 1
o ;
AdelR J;‘/‘fgﬂ}’f"ﬂ sydney Millicent
o 10 km S
Otway BMWME“’M“ — _¢_Ge1twnod Beach 1 i
TAS
Hobart g
. . &
(®) [TIME]  CHRONOSTRATIGRAPHY | spore—pollen CHEMO- PLAY
(Mo} e ISR TREPY it LITHOSTRATIGRAPHY sthanorapuy|  DEPOSITIONAL ENVIRONMENT | f
Aptian . 2p | floodplain N
113 P notensis Eumeralla Formation s2 .
] coate
Barremian J— 2
1 Bl
Hauterivian | £ o bR Katnook Sandstone Tuvial Reservoir
125 . 99 s1-p9
S1-P8 floodplain with >
Laira Formation nesderfuvia Source
CRETACEOUS | Lower 2 LRz lacustrine? o2
g 8 coals meander
F wonmge;fensfs e £ gided nesdl
i > c " leltaic y i
131 Valanginian f’g" 2| §| preuyhilsandstone |3 51-P6 o Reservoir
PN
g 5 S1-P5
§ O Z| uUppersawpitshale Bt
2 H -
upper O Z [ sawpit 51-P3 | Tacustine  deltaic [ source
18 R. australiensis & [ Lower Sawpit Shale S1-P2 \ wavi /—4‘_4
T Berriasian | L . australiensis McEachern Sst/Basal Shale s1-p1 \ Y wrbide fans N Fig. 1. (a) Central Otway Basin (SA) well and
S0-P5
Tithonian lacustrine H . H .
A, watherooensis sopa o seismic line location map. (b) Onshore Otway
WRASSic | Upper | Kimmerician <o [ source ) . ) ) .
Basin stratigraphy (modified from Kirk 2024), with
208012.0300

many tools such as seismic and well log data, structural
analysis, and geochemistry to define a series of play maps
that can be used to focus exploration strategy and improve
prospect chance assessment. See Strong (2024) for further
discussion of the methodology.

In theory, there is no chance of the play being found
outside of its approximate extent, but as with all models
the limits are only as good as the data used to construct
them. Therefore, this process should not be static, requiring
iteration of interpretation following new information from
drilling, studies, etc., to update the knowledge base and
keep it as evergreen as possible.

Iteration of interpretation

The Casterton Formation represents the first sedimentation
on top of the economic Basement in the onshore Otway
Basin during the early rifting episode separating the
Antarctic and Australian plates in the Jurassic (Fig. 1b).
The interval primarily consists of medium to dark brown
and dark grey, silty carbonaceous mudstone deposited in a
lacustrine environment (Boult et al. 2002).

plays reviewed in red and source rocks in purple.

Fig. 2a shows sketches of the gross depositional environ-
ment (GDE) for the Early, Middle and Late Casterton
Formation defined from interpretations of seismic and core
data (Cubitt et al. 2024), with the drafted summary GDE
map displayed in Fig. 2b, also from Cubitt et al. (2024).

Further review of well data during play mapping of the
Casterton Formation resulted in iteration of the GDE map. The
Basement section in several wells was reinterpreted to have
been reworked during the latest Jurassic as turbidite sands
within the Casterton, deposited in the deep lake that filled the
Penola Trough. This highlights potential for further prospec-
tivity in the region, with gas shows in the formation in two
wells. The final GDE map is shown in Fig. 2c.

Play analysis of the Lower Sawpit Shale

Play analysis was conducted in 2024 by the GSSA to stimulate
exploration for additional hydrocarbons in the onshore
Otway Basin. Eight intervals were reviewed for reservoir
distribution, seal presence, and likely charge from potential
source rocks that may have generated hydrocarbons. Fig. 1b
shows the seven depositional plays reviewed, plus the frac-
tured Basement.
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Fig. 2. (a) GDE sketches showing the evolu-
tion of the Casterton Formation (from Cubitt
et al. 2024). (b) First pass Casterton Formation
GDE map (Cubitt et al. 2024). (c) Final Casterton
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Play analysis of the Lower Sawpit Shale is discussed
below for illustration of the methodology followed.

GDE mapping

GDE mapping enables an understanding of the distribution
of a potential reservoir section. Cubitt et al. (2024)
described such mapping of six intervals within the onshore
Otway Basin in SA, and Tiainen et al. (2024) discussed the
reinterpretation of reservoir intervals, focussing on the
Lower Sawpit Shale interpreted as being lacustrine turbi-
dites in the Penola Trough. The final GDE map of the Lower
Sawpit Shale is shown in Fig. 3a.

Seal

The lacustrine shales of the upper section of the Lower Sawpit
Shale act as the seal for the turbidite reservoirs below,

Formation GDE map from this study.

illustrated schematically in Fig. 1b. They are interpreted to
exist over the whole extent of the Lower Sawpit Shale (Fig. 3b).

Source rocks

Hydrocarbons generated and expelled from mature Lower
Sawpit Shale source rocks are likely to have been the main
charge for reservoirs within the interval given their juxtaposi-
tion. However, gas and/or oil expelled from the older Casterton
Formation may also have charged the Lower Sawpit Shale
reservoirs given suitable stratigraphic migration paths or via
faulting. It is unlikely that the Lower Sawpit Shale has been
charged from mature Laira Formation or Upper Sawpit Shale
source rocks above.

Fig. 3c shows the extents of modelled gas and oil expelled
from source rocks in the Lower Sawpit Shale and the Casterton
Formation that may have charged Lower Sawpit Shale reservoirs.
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Play mapping

Following determination of the distribution of each of the
individual play elements they are plotted together on one
map, to review where the suitable elements overlap each
other providing potential sweet spots for hydrocarbon accu-
mulations. In other words, to identify where a good reservoir
may be overlain by an ideal sealing interval and underlain by
a mature source rock that has expelled oil and/or gas.

The summary of the play elements mapping for the Lower
Sawpit Shale is shown in Fig. 3d, with the best places hydro-
carbon accumulations are likely to exist shown in green.

It must be remembered that the play polygons shown in
these maps are interpretive and are only as good as the
information used to construct them; the seismic coverage
is relatively sparse in some parts of the Otway Basin and the
wells are also relatively widely spaced, so there will be some
variability on the exact locations of the limits shown.
Further investigation of the data may result in revisions to
some of the outlines, and of course further seismic acquisi-
tion and drilling would help update the interpretations.

Conclusion

Conducting play analysis is one method of stimulating
exploration for hydrocarbons in a region, by understanding

the distribution of reservoirs, seals, mature source rocks and
hydrocarbon migration pathways. Play analysis is simply a
technique to build and leverage an understanding of geolog-
ical basins and petroleum systems, following a methodology
that incorporates the integration of many tools. As we have
shown in this study, this process should not be static, but
iterative as new information from for example drilling,
seismic data and studies to update the knowledge base
and keep it evergreen; an example of this in the onshore
Otway Basin in SA is the Casterton Formation.

The GSSA has recently conducted play analysis in the
onshore Otway Basin, with eight intervals reviewed for
reservoir distribution, presence of a sealing interval above,
and likely charge from potential source rocks that may have
generated hydrocarbons. The results of this analysis for the
Lower Sawpit Shale have been presented in this paper.
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