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Abstract
The Caswell Sub-basin is a northeast-trending Paleozoic to Cenozoic depocentre in the Browse Basin, on the Northwest Shelf, offshore
Western Australia. As part of a recent study to investigate the CO2 storage potential of the sub-basin, sequences within the latest Cretaceous
section have been high-graded as potential CO2 storage targets based in part on their sequence stratigraphic and paleogeographic
characteristics. Sequence stratigraphic analyses were used to improve the understanding of sequence architecture, facies and palaeogeography
during early Campanian-Maastrichtian, a time of relative sea level fall in the basin. This phase is characterised by two supersequences (K60a
and K60b), with maximum regression reached by the end of the Maastrichtian Sequence (K60b). During the early Campanian (K60a), a major
sea level fall resulted in deep incision and channeling at the base of the supersequence. Wide fluvial systems draining to the north from the
Kimberley Craton were captured by east-west channels that fed large submarine fan complexes across the Caswell Sub-basin. This was
followed by highstand fluvio-deltaic systems that prograded to the north over the structurally controlled ramp-like inner shelf. Supersequence
K60b (near base to late Maastrichtian) was initiated by eustatic sea level fall punctuated by deep incision into K60a. Large EW-trending incised
valleys and wide fluvial belts provided sediment pathways from to the basin during lowstand conditions. Outboard, transgressive pro-delta
shales of the younger supersequence (K60b) provide a seal for the submarine fans. As for the K60a supersequence and in comparison with
sediment transport direction for the lowstand fans, the fluvio-deltaic highstand successions are characterised by rapid northward progradation
along the shelf margin. The submarine fan complexes of these two supersequences formed isolated sand-rich bodies sealed by thick
transgressive and downlapping highstand shales. Containment risk for the evaluation of these fans as potential CO2 storage targets considered
updip continuity of sand bodies, incision by channels, faulting and top/base seal. The studies identified a variety of CO2 storage sites and
examined the area for potential conflict with active hydrocarbon exploration.
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Figure 4: Well to well correlation of the Cretaceous section, northern Caswell Sub-basin. Seismic and sequence stratigraphic interpretation of the Cretaceous section conducted by
Rollet et al., (in prep). Inset shows the regional seismic lines, petroleum exploration wells and key wells for the BBCCS study.

Time Scale after Gradstein et al (2012).

Figure 5: Stratigraphic chart of the Browse Basin showing GA and North West Shelf common supersequence regional framework, seismic sequences, tectonic history, biostratigraphy
and lithostratigraphy. Geologic Time Scale after Gradstein et al., (2012).

Figure 6: Isochore thickness maps of the Cretaceous section (K10–T10), with shelf edges displayed at the base (solid line) and the top (dashed line) of each supersequence.

Regional Assessment
Introduction
The Caswell Sub-basin is a northeast-trending Paleozoic to
Cenozoic depocentre in the Browse Basin, Northwest Shelf, offshore
Western Australia (Fig. 1).
The Browse Basin contains significant hydrocarbon reserves. It was
identified as potentially suitable for offshore geological storage of
CO2 due to its:
• favourable geological setting on a passive margin, and
• proximity to offshore gas resources that can contain naturally high
amounts of CO2.
A regional structural and stratigraphic model developed by Blevin at
al., (1997) was the foundation for the current Browse Basin Carbon
Capture & Storage (BBCCS) project. Submarine fans in the latest
Cretaceous section of the Caswell Sub-basin were high-graded (Fig.
2) as potential CO2 storage targets based in part on their sequence
stratigraphic and palaeogeographic attributes. A key factor was the
presence of high-quality reservoirs in this interval.
The high-graded interval is characterised by two second-order
sequences (i.e. supersequences):
i) K60a – earliest Campanian to near base Maastrichtian, and
ii) K60b – near base Maastrichtian to latest Maastrichtian.

Figure 1: Location map of the Browse Basin showing petroleum fields, key wells, structural elements, and
airborne magnetic data acquired in 2013 (Hackney et al., 2015). Fault interpretation by J. Totterdell as part
of the BBCCS project. Context for the seismic horizon abbreviations is available in Fig. 5.

Figures 3 to 6 show the architecture of the K60a and K60b
supersequences and their relationship to the complete Cretaceous
section.
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Methodology
A sequence stratigraphic analysis of 60 key wells was conducted to
improve the understanding of sequence architecture, facies and
palaeogeographic evolution of the earliest Campanian to latest
Maastrichtian section. The stratigraphic framework by Marshall &
Lang (2013) was adopted for this study.
Data used included:
• an extensive set of industry and government 2D and 3D seismic
reflection data (insert on Fig. 4),
• biostratigraphic data recalibrated to the Geologic Time Scale 2012
(Gradstein et al., 2012),
• wireline logs and selected petrophysical analyses (Fig. 7), and
• lithological interpretations of ditch cuttings, conventional core and
sidewall core samples.
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Figure 2: Work flow used to high-grade potential plays as part of the BBCCS project CO2 storage assessment.

Discorbis 1

Yampi 1

Figure 7: Petrophysical analysis of 2 key wells (Discorbis 1 and Yampi 1) by D. Nguyen. Shale volume (Vshale),
effective porosity (Фe) and water saturation (Sw) from wireline log data was used to high-grade intervals with
good reservoir properties. Discorbis 1 (outboard) has submarine fan reservoir overlain by a shale seal. Yampi 1
(inboard), has clean shallow marine / coastal sands with no top seal. Assessing potential connections between
the two sand facies is critical for potential CO2 storage assessments. Well location is shown on Fig. 16.

Figure 3: Regional seismic line across the Yampi Shelf and the central-southern Caswell Sub-basin showing
the development of the complete Cretaceous section. Location of the seismic line is shown in Fig. 16.
Context for the seismic horizon abbreviations is available in Fig. 5.

Palaeogeographic Evolution (1)

a)

K60a Supersequence
K60a (Kecamp to Kmaas on Fig. 5) was initiated by significant
eustatic sea-level fall during a phase of thermal subsidence. The
sea-level fall resulted in the creation of submarine canyons.
Laterally coalescing fluvial systems draining from the Kimberley
Craton were captured by canyons that fed the sandy submarine fans
during lowstand times (Fig. 8). The lowstand component of the
system has a down-dip depositional direction. Outboard,
transgressive pro-delta shales provide a seal to the fans (Fig. 9).
Inboard, highstand fluvio-deltaic systems prograded along sub-basin
strike to the north and northwest over the structurally controlled
ramp-like inner shelf (Fig. 10). Figures 8b &11b depict the
relationship between the submarine fan reservoir and the overlying
seal.
Glauconitic sands sourced from the Turonian flooding event
dominate the early Campanian submarine fans, which becomes less
glauconitic up section. These fans are host to the Caswell 2 ST2 oil
discovery and consequently represent a potential resource conflict.
Late Campanian (Klcamp to Kmaas) sediment deposition is
characterised by an increase in fluvio-deltaic sediment supply, sand
content and submarine fan size.

K60b

b)

The majority of sediment (up to 970 m) (Fig 6; K60a) was deposited
in the central and northern Caswell Sub-basin. The Barcoo Subbasin received significantly less sediment, and was initially finergrained as it is distal to the sediment source. This may explain the
lack of submarine fans in the Barcoo Sub-basin.

K60a

Figure 9: Seismic line in the northern Browse Basin showing the development of submarine fan reservoirs (shaded
orange) with overlying pro-delta shales as potential seals. Location of the seismic line is shown in Fig. 16.
Seismic line courtesy of PGS.
Figure 8: Palaeogeographic maps of the Browse Basin showing changes in sediment input and
deposition through time for lowstand components of: a) K60b supersequence, b) K60a supersequence.

a)

K60b

b)

K60a
Figure 10: Composite seismic line highlighting prograding nature of the inboard K60a & K60b Sequences
(Kecamp–Tbase seismic horizons). Location of the seismic line is shown in Fig. 16. Seismic line courtesy of PGS.
Figure 11: Depositional models for a) K60b, and b) K60a supersequences, and their associated 3rd order
sequences.

Palaeogeographic Evolution (2)
K60b Supersequence
The K60b (Kmaas to Tbase on Fig. 5), a continuation of the K60a
Supersequence, was also initiated by eustatic sea-level fall that
deeply incised the underlying strata (Figures 8a & 12).
It is unclear whether the K60b was initiated at the Kmaas or Klcamp
seismic horizon (Benson et al., 2004). The late Campanian and
Maastrichtian sediments appear genetically similar. The Klcamp
horizon was only mapped locally and may not be mappable in a
regional scale.
Lowstand deposition was driven by the pre-existing K60a drainage
network that provided sediment pathways to the basin deep. The
focused deposition of multiple large submarine fan complexes
resulted in the accumulation of up to 1060 m of sediment in the
northern Caswell Sub-basin (Fig. 6; K60b).

Figure 12: Seismic transect showing the incision by submarine canyons on the Kecamp and Kmaas
seismic horizon, and northwards sediment progradation in K60b. Location of the seismic line is shown
in Fig. 16.

Inboard, smaller submarine fans are perched on the shelf margin
(Fig. 13). These progressively young to the north and were probably
deposited due to i) cannibalisation of the previous shelf margin, and
ii) variations in accommodation. Less-constrained highstand fluviodeltaic successions rapidly prograded along the shelf margin and
continued to build basinward. Clinoform geometries decrease in
slope as the sequence progrades into the sub-basin (Fig. 14).
Fig. 15 shows a rising shoreline trajectory and cross-shelf
progradation during relative sea level highs. Maximum regression
was reached by the end of the K60b Supersequence.
Play fairway mapping (Fig. 16) shows the distribution of sand and
shale to highlight potential connections between sands on the shelf
and the basin floor.

Figure 13: 3D block diagram illustrating the deposition of the submarine fans for K60b.

Figure 14: Seismic transect on the Yampi Shelf showing clinoform geometries of the K60b Supersequence
on the ramp-like shallow marine setting. Location of the seismic line is shown in Fig. 16.

Figure 16: K60b play elements overlaying K60b isochore map. Locations of some referenced wells (yellow dots)
and 3D Adele Trend Phase-1 survey (red box) location are shown.

Figure 15: Seismic dip section showing northwestward progradation of the shelf margin, downlap onto
Kmaas, seismic horizon and the development of small-scale submarine fans. Location of the seismic line
is shown in Fig. 16.

Entrapment Implications
Containment risks for the evaluation of the submarine fans as
potential CO2 and hydrocarbon storage targets include:
1. Variability in the thickness of the top seal as it thins inboard,
2. Reservoir compartmentalisation by intraformational seals,
3. Up-dip continuity of sand bodies from the submarine fans into
shallow marine and coastal sands due to repeated channel
incision (Fig. 17),
4. Integrity of top/base seal due to faulting,
5. Reservoir degradation due to localised volcanics (Fig. 18), and
6. Trap modification during Miocene fault reactivation episodes.

Sand-body connectivity through time
The 3D seismic interpretation of the base of early–middle
Campanian and late Campanian–Maastrichtian fans shows a
complex sediment facies juxtaposition (Fig. 17a-c). Amplitude
extractions reveal a lack of continuous lateral seal between the
submarine fans, and the connecting submarine canyons and sandy
shallow marine incised valleys. The entrenched fluvial systems are
structurally controlled, focusing sediment inputs. Connectivity
between these Late Cretaceous submarine fans and the shelf is also
reinforced by the absence of top seal on the slope and shelf which
favours up-dip fluid migration. Lack of lateral and inboard top seal for
the Late Cretaceous is considered as a containment constraint for
this type of play, for both CO2 and hydrocarbon prospectivity.

Faulting
The Upper Cretaceous is significantly affected by linear en echelon
east-northeast–west-southwest-oriented faults which are localised to
a southwest–northeast band through the central Caswell Sub-basin.
The fault system propagates to the seafloor mostly in the northern
part of the Caswell Sub-basin (Fig.19a). Inboard, faulting is focused
along the southwest–northeast-trending Heywood Fault system,
which marks the eastern flank of the Heywood Graben. The density
of faults (Fig.19b) intersecting the base Paleogene unconformity
(Tbase), at the top of K60b, is a major potential factor in
compromising the seal integrity of CO2 storage and hydrocarbon
reservoirs in the northern Caswell Sub-basin. This margin-wide postrift to Holocene faulting and reactivation is probably due to the
northern Australia and the Banda Arc collision (Keep et al., 2007).

Figure 17: 3D seismic interpretation of Adele Trend 3D Phase-1 showing the amplitude extraction displays
from three seismic horizon slices, for a) Kmaas, b) Kecamp and c) Ktur. Blue represents shalier units where
as red indicates sandier units. Location of the 3D survey is shown on Fig. 16.

Summary & Conclusions
• The BBCCS study updated the Browse Basin tectonostratigraphic
framework and provides new palaeogeographic maps for CO2
storage assessment.
• This study provided new insights into sediment source and
transport to the basin deep.
• Well log analysis and seismic interpretation identified submarine
fans of the K60 interval as potential CO2 storage targets.
• Locally, potential lateral connection between submarine fans and
the shelf via submarine canyons / channels can limit containment.
• More detailed investigations at a prospect scale are needed to
fully assess sand-body connectivity and CO2 storage potential.

Figure 18: Seismic inline showing an early–middle Campanian fan with local volcanic centre penetrating its
eastern edge during Early Cenozoic, and the lateral sediment expansion across the shelf prograding to the
north above the Campanian and Maastrichtian submarine fans. Location of the seismic line is shown in Fig. 16.
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Figure 19: a) Fault trends in the Browse Basin interpreted from 2D and 3D seismic data; b) Density of faults
intersecting the Base Paleogene unconformity (Tbase), at the top of K60b (Kmaas to Tbase) Supersequence.

