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Abstract 

The Browse Basin hosts some of Australia’s most valuable hydrocarbon reservoirs that are 

related to Permo-Triassic inversion. Despite this, little is known about the nature and origin of 

these compressional episodes. Deep seismic profiles are used to develop a structural and 

tectonostratigraphic framework for the Caswell Sub-basin, and are integrated with 2D cross-

section restorations to understand the mechanical controls on inversion. The Browse Basin 

initiated sometime in the early Palaeozoic in response to northeast-oriented extension. 

Extension rotated to north-northwest in the Late Carboniferous, coinciding with the regional 

Meda Transpression. The collapse of a Proterozoic mobile belt guided extension during this 

time and developed a low-angle crustal detachment along the western margin of the basin. 

Intermediate heat flows and crustal thicknesses resulted in the formation of a wide rift basin 

and the separation of the Sibumasu Block from Australia. A phase of thermal sag succeeding 

extension was punctuated by episodes of regional compression in the Late Permian and at five 

stages throughout the Early—Late Triassic. Faults on the basin margins accommodated the 

majority of the contractional strain while minor inversion occurred in the central Caswell Sub-

basin along Palaeozoic rift faults. Simultaneous transtensional faulting resulted in the 

development of significant accommodation on the western margin of the basin in the Mid-

Late Triassic. Thermal relaxation and cooling of the lower crust/upper mantle throughout the 

sag phase triggered the formation of Mesozoic narrow rift basins along localised necking 

zones in the outboard Seringapatam Sub-basin. Widespread peneplanation of the basin 

occurred in the Oxfordian/Callovian, associated with the separation of the Argo Block from 

the NWS. The Browse Basin demonstrates the importance of pre-existing structural 

weaknesses in the evolution of multi-phase rift basins and could be used as an analogue to 

Earths other complex sedimentary basins.  
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1. Introduction 
 

1.1 Preamble 
 

Tectonism along the North West Shelf (NWS) of Australia primarily relates to the 

fragmentation of Gondwana and later modification associated with collision between the 

Australian and Eurasian plates (Longley et al., 2002). Extensional stress regimes are generally 

described as being dominant from the Carboniferous to Jurassic, switching to compressional 

and transpressional in the Neogene (Longley et al., 2002; Keep et al., 2007). Several earlier 

compressional episodes in the Permian and Triassic are extensively documented throughout 

the literature (e.g. AGSO, 1994; Longley et al., 2002; Lawrence et al., 2014). Despite this, the 

structural mechanisms and manifestation of Permo-Triassic inversion tectonics along the 

NWS remain enigmatic. Inversion is recognised in the latest Permian as the Bedout 

Movement (Forman and Wales, 1981; AGSO, 1994), and episodically throughout the Triassic 

as the Fitzroy Movement (AGSO, 1994; Smith et al., 1999). These events were initially 

thought to have solely modified the Canning Basin (Forman and Wales, 1981), however, later 

work has documented contemporaneous deformation in all NWS basins (AGSO, 1994; 

Longley et al., 2002). In the Browse Basin, deformation manifested as fault reactivation and 

inversion on the eastern and central basin faults, resulting in initiation of several anticlinal 

trends (i.e. Brecknock, Calliance and Scott Reef trends and the Central Basin Arch). These 

were modified in the Neogene during continental collision, in some cases developing effective 

hydrocarbon traps via further uplift as seen along the Scott Reef Trend (Keep and 

Harrowfield, 2008).  

Compressional stresses generated from the convergence between Australia and the Banda Arc 

were able to propagate far into Australia’s interior during the Neogene (Keep et al., 1998). 

This stress orientation lies at a high angle to the pre-existing basement faults that strongly 

partition strain during deformation, causing oblique reactivation of these structures (Keep et 

al., 1998; Shuster et al., 1998). The majority of structural traps on the NWS have developed in 

response reactivation of this age (Etheridge et al., 1991). Recent exploration in the Roebuck 

Basin (Fig. 1) has identified both oil and gas in faulted anticlines developed from Permo-

Triassic inversion (Carnarvon Petroleum, 2016). This discovery has potentially opened a new 

play on the NWS, therefore, understanding the manifestation and structural control on 



2 
 

deformation during Permo-Triassic inversion events will further enhance our understanding of 

the distribution of vital trap components.  

1.2 Location of the study area 
 

Bounded to the east by the Kimberly Block and by the Bonaparte Basin in the north, the 

Browse Basin trends northeast and covers approximately 140,000 km2 of the NWS (Fig. 1). 

The basin comprises several basin and platformal areas including the Caswell Sub-basin (Fig. 

1), and contains up to 15 km of Palaeozoic to Cenozoic sedimentary fill (le Poidevin et al., 

2015). These strata host important hydrocarbon reservoirs within both structurally and 

stratigraphically controlled traps such as the Ichthys, Brecknock, Calliance and Torosa 

accumulations (le Poidevin et al., 2015).  

Located in the central Browse Basin, the Caswell Sub-basin lies between the Yampi and 

Leveque shelves to the east and south, and the Seringapatam Sub-basin to the northwest. This 

sub-basin formed as a northeast-trending compartment during Permo-Carboniferous rifting 

and the inception of the Westralian Superbasin (Yeates et al., 1987; Struckmeyer et al., 1998). 

Thought to be primarily gas prone, the Caswell Sub-basin hosts the Crux and Ichthys gas 
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fields with the Plover Formation and Brewster Member being the major reservoir units 

(Blevin et al., 1998).  

Figure 1.  Outline of the Browse Basin (location within the NWS shown in the top right) and its bounding 
elements. The basin lies entirely offshore and the main depocentres include the Barcoo and Caswell sub-basins, 
each containing up to 15km of sedimentary fill.  

 

1.3 Tectonic history of the Browse Basin 
 

1.3.1 Palaeozoic tectonics 
 

Northeast-oriented upper crustal extension and lower crustal/upper mantle pure shear 

extension in the Late Devonian—Early Carboniferous developed the proto-Browse Basin and 

opened the Paleotethys Ocean (AGSO, 1994; Metcalfe, 2013). The Browse Basin evolved as 

a lower plate margin during detached extension, characterised by thin-skinned deformation 

and low fault throws (Lister et al., 1991; Harrowfield and Keep, 2005). Progressive 

intracontinental rifting resumed in the Pennsylvanian and initiated the basins of the NWS as 

marginal splays to the rift axis (Haig et al., 2017). This episode of rifting culminated in the 

separation of the Sibumasu Block from Eastern Gondwana in the Early Permian and the 

opening of Mesotethys (Metcalfe, 2013). Extension manifested as a series of northeast-

trending horsts and grabens, delineating intrabasinal structures (AGSO, 1994). North-

northwest-trending transfer faults are also documented across the basin, representing partial 

reactivation of pre-existing rift faults (Baillie et al., 1994). The latest Permian Bedout 

Movement of the NWS caused compressional to transpressional reactivation of Permo-

Carboniferous rift faults on the eastern flank of the basin and clockwise rotation of fault 

blocks in both the outer and central Browse Basin (AGSO, 1994; Lawrence et al., 2014).  The 

origin of compression is poorly understood, however, this compressional pulse coincides with 

the docking of the Sibumasu Block onto the South China Block in the Kungurian (Metcalfe, 

2013).  

1.3.2 Mesozoic tectonics 
 

Rapid thermal subsidence subsequent to Permo-Carboniferous extension initiated in the 

Lower Triassic and ensued until the late Triassic, strengthening the lower crust (Exon and 

Colwell, 1981; Gartrell, 2000). Episodic compressional to transpressional pulses known as the 

Fitzroy Movement punctuated subsidence along the NWS (AGSO, 1994). In the adjacent 
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Roebuck Basin (Fig. 1), this event is documented in the Middle Triassic, Late Triassic and 

Early Jurassic (Smith et al., 1999). However, in the Browse Basin, reactivation is thought to 

be confined to the Carnian-Norian ages of the Upper Triassic (Struckmeyer et al., 1998; 

Lawrence et al., 2014). Prominent inversion structures trend northeast and are seemingly 

controlled by basement faults (Struckmeyer et al., 1998). A north-south stress regime is 

postulated for the entire margin during the Permo-Triassic inversion events, however, the 

origin of compression is not understood (O'Brien, 1993; O'Brien et al., 1996).  

Northwest-oriented extension across the entire margin resumed during the Mid-Jurassic 

(Longley et al., 2002). In the Browse Basin, extension initially focussed along pre-existing rift 

faults on the basin margin and progressed basinwards, initiating a new northeast-trending 

fault population (Lawrence et al., 2014). Widespread volcanism in the outer Browse Basin 

accompanied rifting, suggesting extension was confined to the upper crust (Symonds et al., 

1998). Mesozoic rifting in the Browse Basin terminated in Callovian/Oxfordian with the 

separation of Argoland from the NWS and marks the onset of thermal sag (Longley et al., 

2002).  

1.3.3 Cenozoic tectonism 
 

Significant contractional strain developed from the onset of continental collision terminated 

thermal sag in the Late Miocene (Keep and Haig, 2010). In the Browse Basin, strike-slip 

modification occurred along the Barcoo Fault System, amplifying basement topography 

(Keep et al., 2000). Similar observations are documented in the outboard Caswell Sub-basin, 

with significant uplift occurring along the western flank of the sub-basin (Lawrence et al., 

2014). Miocene inversion is yet to be observed in the central basin and eastern flank.  

 

1.4 Tectonostratigraphy of the Caswell Sub-basin 
 

The general stratigraphic column for the Browse Basin, shown in Figure 2, consists largely of 

siltstones, sandstones and carbonates (le Poidevin et al., 2015). The main reservoirs within the 

Browse Basin run along the Brecknock-Scott Reef Trend on the western margin of the basin 

and on the Yampi and Leveque shelves in the east (Fig. 2b).  
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All rock types are shown to have similar frictional properties that can be approximated by 

Amonton’s Law 𝑇𝑇 = µ (σN - PF) where µ is the friction coefficient, T and σN are shear and 

normal stress respectively, and PF is the pore fluid pressure (Byerlee, 1978). However, various 

analogue models have shown that rheology can significantly vary the style of reactivation and 

fault formation in any given tectonic setting (Dubois et al., 2002; Buiter and Pfiffner, 2003; 

Del Ventisette et al., 2006). Therefore, a basic knowledge of rock assemblages and 

rheological variances within the Caswell Sub-basin is needed to better understand the 

mechanical controls on inversion.  

 

Figure 2. Stratigraphic column of the Caswell Sub-basin and Brecknock-Scott Reef Trend showing the major 
groups and formations associated with the petroleum systems of the Browse Basin. To date, the Browse Basin 
has remained relatively under-explored with the majority of wells targeting the Jurassic to Cretaceous section, 
with minor wells intersecting the Triassic section (Note only 3 wells are shown in Figure 2a however, several 
others have penetrated the section and are discussed in Chapter 3.2.  b) Locations of the wells used to develop 
the stratigraphic column. Images taken from Kuske et al. (2015) .    

 

b) 
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1.4.1 Kulshill Group 
 

The earliest Carboniferous to upper Permian Kulshill Group is thought to underlie the 

Kinmore Group  (le Poidevin et al., 2015). This group is interpreted as fluvio-deltaic and 

marine sedimentary rocks in the Bonaparte Basin (le Poidevin et al., 2015). Due to its depth 

within the basin, little is known about the thickness or continuity of this group in the Browse 

Basin.  

1.4.2 Kinmore Group  
 

The Kinmore Group (Fig. 2) covers the Permian to Lower Triassic section of the Browse 

Basin and intersects the Echuca Shoals-1 well on the Yampi Shelf, the Gorgonichthys-1 well 

in the central Caswell Sub-basin and the Yampi-1 well on the Prudhoe Terrace (Fig. 1). This 

group is thought to be up to 4km thick in deep troughs of the basin and consists of limestones, 

shales, siltstones and claystones (Lavering and Pain, 1991; le Poidevin et al., 2015). These are 

postulated to be derived from the uplifted and eroded flanks of the Kimberly Block during the 

Permo-Carboniferous extensional event (Cadman et al., 1991).  

1.4.3 Sahul Group 
 

Thermal sag, accompanied by a significant phase of erosion resulted in the deposition of the 

Sahul Group (Cadman et al., 1991). This comprises the Osprey, Pollard, Challis and Nome 

formations (Fig. 2). The Osprey Formation is dominated by interbedded shales and sandstones 

with minor carbonates at the base and top of the formation (Mory, 1988; le Poidevin et al., 

2015).  A minor marine transgression succeeding the Osprey Formation deposited  sandstones 

with interbedded shales and limestones of the Pollard Formation (Blevin et al., 1998; le 

Poidevin et al., 2015). The overlying Challis Formation is thought to have deposited in a 

shallow marine environment and consists of a carbonate base and interbedded shales and 

sandstones (Mory, 1988). The Upper Triassic Nome Formation is dominated by interbedded 

siltstones, sandstones and shales with minor coals (le Poidevin et al., 2015).  

1.4.4 Troughton Group 
 

Inversion in the Late Triassic developed a regional unconformity that is overlain by the 

Troughton Group (Fig. 2). This group comprises the Plover Formation, the major gas target in 

the Browse Basin, and the Ashmore Volcanics. The Plover Formation is dominated by 
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sandstones with minor carbonaceous claystones, carbonates and thin coals (Blevin et al., 

1998; Struckmeyer et al., 1998; le Poidevin et al., 2015). Deposition occurred during the 

Jurassic rift phase in a fluvio-deltaic setting and commonly forms sedimentary wedges 

towards the Prudhoe Terrace (le Poidevin et al., 2015). The Ashmore Volcanics are thought to 

be Early to Middle Jurrassic in age, deposited prior to continental break-up (le Poidevin et al., 

2015). These rocks are described as alkali basalt-trachybasalts to basaltic trachyandesites that 

generally diminish reservoir quality (Tovaglieri et al., 2013).  

1.4.5 Swan Group 
 

The Swan Group covers the Middle Jurassic to Lower Cretaceous section in the Browse Basin 

and includes the Montata, lower Vulcan and upper Vulcan Formations (Cadman et al., 1991). 

The Montara Formation consists of early syn-rift sediments deposited as turbidites in a 

restricted marine environment (Pattillo and Nicholls, 1990; le Poidevin et al., 2015) and early 

rift sediments that were deposited in restricted marine conditions as predominantly mudstones 

(Blevin et al., 1998; le Poidevin et al., 2015). The upper Vulcan Formation represents the 

Tithonian to Valanginian section in the Browse Basin (Pattillo and Nicholls, 1990). This 

formation comprises mudstones, deep-water sandstones and coarse clastic rocks (le Poidevin 

et al., 2015).  

1.4.6 Bathurst Island Group 
 

Consisting of the Echuca Shoals, Jamieson, Heywood, Woolaston, Fenelon and Puffin 

formations, the Bathurst Island Group (Fig. 2) covers the Valanginian to Maastrichtian section 

of the Cretaceous in the Browse Basin. The Echuca Shoals Formation is laterally continuous 

across the basin, characterised by transgressive marine claystones and interbedded sandstones 

(le Poidevin et al., 2015). This formation was deposited after the Valanginian break-up 

unconformity during a regional flooding event (Blevin et al., 1998). The Jamieson and 

Heywood formations are contemporaneous deposits originating in the Aptian (le Poidevin et 

al., 2015). In the Caswell and Barcoo sub-basins, the Jamieson Formation consists of 

claystones overlying a radiolarite while on the Yampi and Leveque shelves, the Heywood 

Formation consists predominantly of claystones and siltstones (Pattillo and Nicholls, 1990; le 

Poidevin et al., 2015). The overlying Woolaston Formation contains pelagic and hemipelagic 

marls with minor limestones and is mapped uniformly across the Caswell Sub-basin (Pattillo 

and Nicholls, 1990). The Fenelon Formation covers the Santonian to Campanian of the 



10 
 

Cretaceous and is predominantly claystones, marls with minor sandstones. Comprising 

turbiditic sandstones, claystones capped by reservoir quality sandstones, the Puffin Formation 

covers the Campanian to Maastrichtian section of the Cretaceous and is a prospective 

formation within the Bonaparte Basin (Fig. 1; Pattillo and Nicholls, 1990; le Poidevin et al., 

2015).  

 

 

1.5 Study aims and objectives 
 

The primary object of this study is to develop an understanding of the deep structure of the 

Caswell Sub-basin and its impact the multi-phase tectonics during the Palaeozoic and 

Mesozoic. This study will be incorporated into a large research project that aims to better 

understand the evolution of the NWS from basin formation to Mesozoic tectonics.  

This study aims to: 

1. Map the deep structure of the Caswell Sub-basin using the regional 2D seismic. 

 

2. Develop a tectonostratigraphic framework for the basin using the sequence 

stratigraphic framework for the NWS developed by Marshall and Lang (2013). 

 
3. Understand the rheological controls on extensional style and Permo-Triassic inversion 

tectonics by the integration of seismic data, potential field data and structural 

restorations.  

 

 

2. Materials and methods 
 

2.1 Seismic interpretation 
 

The IHS Kingdom 2D/3D VuPak software was utilised for the seismic interpretation of the 

Caswell Sub-basin. The 2D North West Shelf Super-Tie dataset (Fig. 3) used in the study 

combines all 2D seismic lines across the NWS that are reprocessed using both surface-related 

multiple elimination (SRME) and Kirchhoff pre-stack time migration (PSTM) methods to 
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enable accurate tying of seismic lines from different surveys. As this is a regional mapping 

project, seismic surveys initially mapped had a record length ≥ 50 km and a two-way-travel 

time (TWT) of ≥ 7 seconds. Smaller seismic lines were used to infill horizons and extend fault 

interpretations where necessary. 

 

Figure 3. North West Shelf Super-Tie dataset used in the study and the location of wells listed in Table 1. The 
seismic transects shown here incorporate all  

Fourteen wells (Tab. 1) were initially added to the project, chosen based on their location and 

age penetrated. As the aims of this study were to map the deep structure and Permo-Triassic 

inversion structures of the Caswell Sub-basin, wells that penetrated deep sections of the basin 

were preferred. Biostratigraphic information, specifically spore/pollen data available through 

the West Australian Petroleum and Geothermal Information System (WAPIMS) was used in 

conjunction with the sequence stratigraphic framework of the NWS defined by Marshall and 

Lang (2013). These data highlight the first and last occurrence of specific spore/pollen and 

dinocyst assemblages that are unique to certain ages, therefore, placing time constraints on the 

interpretations. As many of these wells were originally drilled in the late 1970’s and 

throughout the 1980’s, several biostratigraphic interpretations are available. Initial 

biostratigraphic interpretations are often reworked with the improvements in technology and 

classification schemes. Therefore, the newest interpretations were generally used throughout 
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the study as these represent the most current classification schemes. Velocity data was also 

available through WAPIMS and was utilised to calibrate the seismic and well data. Velocity 

data is obtained during drilling and petrophysical data acquisition, and includes depth 

measurements (usually in metres) and their corresponding acoustic travel times.  

Well Name Latitude Longitude Total Depth Period 

Penetrated 

Barcoo 1 -15.342231 120.638002 5109 Triassic 

Brecknock -14.435569 121.673773 4300 Triassic 

Brewster 1A -13.9123 123.259192 4703 Jurassic 

Buccaneer 1 -13.660993 123.957009 3574 Triassic 

Buffon 1 -13.392469 122.184493 4748 Jurassic 

Caswell 2 -14.241128 122.470791 5000 Jurassic 

Echuca Shoals -13.748934 123.724878 4365 Permian 

Gorgonichthys 1 -13.976759 123.127929 4767 Triassic 

Gwydion 1 -14.526697 123.981926 876 Cretaceous 

Ichthys Deep 1 -13.863078 123.232253 4956 Jurassic 

Mt Ashmore 1B -12.55878082 123.2074103 1680 Triassic 

North Scott Reef 1B -13.947055 121.9767 4771 Triassic 

Rob Roy 1 -13969584 124.200463 2286 Carboniferous 

Scott Reef 1 -14.074712 121.825926 4730 Triassic 

Yampi 1 -14.557485 123.277346 4176 Triassic 

Table 1. Well names, locations, depths and earliest period penetrated. These were used to constrain the timing of 
horizons mapped across the basin. Locations within the Caswell Sub-basin shown in Figure 3. 

 

 

2.1.1 Interpretation process 
 

The following procedure outlines the steps taken to develop a regional tectonostratigraphic 

framework for the study area: 

 

1. Load wells into the IHS Kingdom 2D/3D EarthPak project. This included loading 

geographic locations (latitude and longitude), velocity data and biostratigraphic 

information. The WGS 84 / UTM zone 51 south coordinate reference system was utilised 

for the project.  
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2. Open regional dip lines (i.e. northwest-southeast) and develop initial fault framework. 

Open intersecting strike lines (northeast-southwest) and continue fault interpretations 

where possible.  

3. Identify major sequence boundaries using sequence stratigraphic indicators and 

biostratigraphic information on regional lines. Horizons were initially opened on dip-lines 

and then carried to intersecting strike-lines. 

4. Use minor seismic lines (i.e. <50km length and <7s TWT) to infill interpretation where 

necessary. 

5. Develop fault maps by transferring fault intersections onto the project base maps and 

connecting intersections of singular fault trends.  

2.1.2 Horizon interpretations 
 

Due to the resolution of the seismic data and the scope of the project, horizons were mainly 

limited to sequence boundaries that were identified by sequence stratigraphic indicators as 

highlighted by Mitchum et al. (1977) and Vail and Mitchum (1977). These include the 

identification of onlap, downlap, toplap and truncation surfaces (Fig. 4), that signify changes 

in depositional patterns, making them ideal boundaries to develop stratigraphic frameworks 

(Vail and Mitchum, 1977). Time constraints were developed by intersecting sequence 

boundaries with the wells listed in Table 1. Horizons were mapped using a combination of 

manual, fill and auto-track picking. In areas where the seismic resolution was poor, the 

interpretation became model driven or guided by interpreted sections throughout the literature 

(e.g. AGSO, 1994; Struckmeyer et al., 1998; Longley et al., 2002).   

 

 

 

Figure 4. Schematic diagram showing the different reflection terminations associated with the identification of 
sequence boundaries and the development of a stratigraphic framework. Image taken from Mitchum et al. 
(1977).  
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2.1.3 Fault interpretations 
 

Faults are identified as diffuse zones of discontinuity on the seismic data. This usually 

includes the abrupt termination and offset of horizons along a linear or curvy-linear plane. 

The NWS has undergone extensional, contractional and strike-slip deformation throughout the 

various phases of tectonism (Keep et al., 2000; Longley et al., 2002), therefore, a range of 

different fault types are interpreted. Faults that define the basin architecture were picked 

manually, assigned a unique name and transferred to the project base map (Fig. 5). In areas 

where seismic coverage was low, the gravity data was used to supplement the interpretation.  

 

 

2.2 Basin restoration 
 

Seismic line 119-05 was chosen for the restoration as it best shows the general structure of the 

northern Browse Basin. The seismic line was exported from the IHS Kingdom project in 

a b 

c 
Figure 5. Images showing the process of 
developing fault maps in the Kingdom project 
base map. a) Shows the intersections of the 
Intracrustal 2 horizon and ‘Basement Fault 1’ on 
the base map (‘+’ symbol). b) Gravity is overlain 
to show the trends in basement fabric and is used 
to extend the interpretation between the 
intersections. c) Shows the final fault trend across 
the basin.   
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SEG-Y format. Horizons and faults were also exported from the project in ASCII format. 

Basin restorations were completed using the Midland Valley Move 2017.2.1 software. 

Horizons below the Base Pz syn-rift were unable to be restored due to complex deformation, 

therefore, these have been omitted from the final restorations. All lines were initially 

resampled to decrease the number of points and to allow the formation of polygons. Each 

polygon was constructed between boundaries (i.e. faults or horizons; Fig. 6). Once the model 

was complete, all intervals were then assigned rock properties that were used to simulate the 

restorations. All Cenozoic strata were assigned to limestones while the Cretaceous to Base 

Palaeozoic syn-rift were assigned to shaley-sand. Everything below the Base Palaeozoic syn-

rift was assigned to the basement (crystalline, incompressible material).  

  

Figure 6. Images showing the process of developing a polygon in the Move 2017.2 software. a) Shows the initial 
space before the creation of a polygon. b) Shows the polygon that was created between horizon and fault 
boundaries. Each polygon can move to restore the section.  

 

Once the model was completed, the section was converted from time to depth. This was 

achieved by plotting velocity and depth data from the Geoscience Australia’s Browse Basin 

dataset. Each pair was plotted onto an XY scatter plot (Fig. 7) and then fitted with a 3rd order 

polynomial trend line. The equation for the trend line shown in Figure 7, was then inputted 

into the Move software and used in the conversion.  

 

a b 
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Figure 7. Velocity dataset from the Browse Basin used to convert the section from time to depth in the Move 
software. The equation on the graph represents the trend line that was used in the conversion.  

3. Results 
3.1 Introduction 
 

This chapter presents the results from the key regional seismic lines and basin restorations. 

This will be divided into four sections that include; horizon classifications, basin architecture, 

Permo-Triassic inversion, and basin restorations. Due to the large number of available seismic 

for interpretation (Fig. 3), only key regional lines will be displayed in this chapter. These data 

allow for a holistic review of the basins evolution.  

 

3.2 Horizons 
 

Nineteen horizons were extensively mapped across the Caswell and Seringapatam sub-basins 

and the Yampi and Leveque shelves. Due to the scope of the study and the resolution of the 

seismic data, these were generally kept to the sequence boundaries. Furthermore, the majority 

of the mapped horizons are confined to the Palaeozoic and Triassic sections of the basin in 

order to better constrain the timing of the Permo-Triassic inversion events. 
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ERA STAGE PICK OBSERVATION/INTERPRETATION IMAGE/WELL 
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T24.0 SB 
 
 
 
 
T20.0 SB 

Strong amplitude reflector continuously mapped across the 
basin. This horizon intersects the K. coleothrypta biozone in the 
Buccaneer-1 well. The TR24.0 SB is a major truncation surface, 
particularly at the Mt Ashmore structural dome where it  
truncates the crest of the anticline and the underlying strata. 
 
This horizon is characterised by a strong reflection throughout 
the Caswell and Seringapatam sub-basins. The T20.0 SB is 
identified as a sequence boundary as it acts as an onlap and 
downlap surface for overlying strata, particularly in prograding 
clinoforms and at the uplifted Mt Ashmore structural dome. This 
horizon lies above the A. homomorpha biozone in the 
Buccaneer-1 well. 
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K50.0 SB 
 
 
 
 
 
 
 
 
 

K40.0 SB 
 
 
 
 
 
K20.0 SB 

The K50.0 SB maps as a laterally continuous horizon and is 
generally charcterised as a high-amplitude reflector at the top of 
a package of low-amplitude, discontinuous reflectors across the 
basin. This sequence boundary lies at the base of the P. 
infusorioides and the top of the D. multispinum biozones in the 
Caswell-2, Buccaneer-1, Echuca Shoals-1, Rob Roy-1, Buffon-1 
and Gwydion-1 wells (Fig. 9). The K50.0 SB is identified as a 
sequence boundary as overlying strata commonly downlaps onto 
the horizons at the western flank of the basin. The underlying 
low amplitude discontinuous reflectors are thought to be 
deposited subsequent to the Cretaceous maximum flooding event 
(i.e. K10.2) maximum flooding surface (MFS); Marshall and 
Lang (2013) Due to its distinct seismic signature that remains 
constant throughout the basin, this horizon is extensively 
mapped. 
 
The K40.0 SB maps as a relatively continuous horizon through- 
out the Caswell Sub-basin, and discontinuously outboard in the 
Seringapatam Sub-basin. The horizon is characterised by a 
moderate to high-amplitude reflector within a package of lower 
amplitude reflectors. The K40.0 SB intersects the O.operculata 
biozone of the Yampi-1 and Caswell-2 wells. 
 
The K20.0 SB represents the break-up unconformity relating to 
the separation of Greater India from the NWS (Marshall and 
Lang 2013), however, its reflective properties regularly change 
compared to the earlier J40.0 SB break-up unconformity. This 
horizon is commonly observed as a moderate to high amplitude 
continuous reflector, within a package of low amplitude discon- 
tinuous reflectors. K20.0 SB intersects the E. torynum dinocyst 
zone in the Caswell-2 well. 
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J40.0SB 

The J40.0 SB is mapped continuously across the entire basin, 
with alternating reflective properties, generally having the 
strongest seismic response on the continental shelf. This 
horizon represents the separation of the Argo Block from the 
NWS, and lies at the base of the W. spectabilis bizone in the 
Yampi-1 and Buccaneer-1 wells. J40.0 SB commonly truncates 
other horizons throughout the basin and merges with major 
unconformities on basinal highs. The J40.0 SB manifests as a 
relatively flat lying horizon across the basin and acts as the 
base to a package of low-amplitude reflectors. 
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ERA STAGE PICK OBSERVATION/INTERPRETATION IMAGE/WELL 

   
TR30.1TS 

 

 

 

TR20.0TS 

 

 

 

TR17.0SB 

TR30.1 Transgressive surface (TS) intersects the M. crenulatus 
biozone of the North Scott Reef-1 well. Onlaps are commonly 
identified onto this horizon throughout the basin. Growth 
between the TR30.1 TS and the J40.0 SB is commonly 
observed into the hanging-walls of extensional faults. This 
suggests Mesozoic extension initiated after the deposition of 
this horizon. 
 
The TR20.0 SB is extensively mapped across the Caswell 
Sub-basin, and is observed as a major erosional unconformity 
on basin highs. This horizon intersects the S. speciosus biozone 
in the North Scott Reef-1 and Yampi-1 wells and often truncates 
the Lower Triassic section particularly near the Scott Reef. The 
reflective properties of TR20.0 SB frequently change between 
high and moderate-amplitudes. 
 
This horizon is observed as a high-amplitude reflector on 
basinal highs and a lower amplitude reflector within basinal 
lows and was named based on its intersection with the S. 
quadrifidus biozone in the Brecknock-1 and Buccaneer-1 wells. 
TR17.0 SB was identified as a sequence boundary as overlying 
strata frequently onlap the horizon in uplifted areas. The 
TR170.0 SB is commonly truncated by the overlying TR20.0 
SB. 
 
TR16.0 SB ties to the T. playfordii biozone of the Echuca 
Shoals-1 well. This horizon reflects as a moderate-
amplitude, continuous horizon that is commonly truncated 
by the TR20.0 
SB. This horizon also acts as an onlap surface to overlying 
strata, particularly at inverted margins. 
 
The TR15.0 SB is recognized as a high-amplitude continuous 
reflector throughout the basin and is identified as a sequence 
boundary as it commonly truncates underlying strata and acts 
as onlap and downlap surfaces for overlying strata. Well 
control for this horizon is poor due to its depth within the 
basin, therefore, its name was assigned due to its stratigraphic 
location above the TR12.0 SB and below the TR16.0 SB. 
 
The TR12.0 SB is characterised by a moderate to high-
amplitude reflection that commonly onlaps onto the underlying 
TR10.0 SB, particularly on the flanks of basin troughs, and acts 
as an onlap and downlap surface to overlying strata. This 
horizon has poor well control and is named based on its 
stratigraphic location above the TR10.0 SB and below the 
TR15.0 SB. The TR12.0 SB is commonly observed at the top of 
a package of low amplitude reflectors that are interpreted to be 
the claystones and siltstones of the TR10.1 transgressive surface 
(TS). This horizon intersects the Gorgonichthys-1 and Echuca 
Shoals-1 wells above the K. saeptatus biozone 
 
The TR10.0 SB represents the boundary between the Triassic 
and Permian section in the Browse Basin. Identified as a 
sequence boundary through the onlap and downlap of overlying 
strata throughout the basin, this horizon is generally recognised 
as a high amplitude reflector that forms the top to a package of 
lower amplitude and generally discontinuous reflectors that are 
interpreted as shales of the Kulshill Group. The TR10.0 SB 
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intersects the Echuca Shoals-1 and Gorgonichichthys-1 wells 
below the top K. saeptatus.  
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ERA STAGE PICK OBSERVATION/INTERPRETATION IMAGE/WELL 
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Top Pz 
syn-rift 

 
 
 
 
 
 
Base P-C 
syn-rift 

 
 
 
 
 
 

Base Pz 
syn-rift 

The Top Palaeozoic (Pz) syn-rift is characterized by a strong 
reflection, underlying a package of low-amplitude discontinuous 
horizons. Well control on this horizon is poor across the basin, 
lying above the M. tentula dinocyst zone (earliest Permian) in the 
Rob Roy-1 well. Strata bound by this horizon and the underlying 
Base Permo-Carboniferous (P-C) syn-rift commonly thicken 
towards fault planes throughout the basin. These are interpreted 
to be growth packages that formed during Palaeozoic extension 
along the NWS.  
 
Base P-C intersects the Rob Roy-1 well below the D. 
birkhaedensis biozone (late Carboniferous). This horizon is 
identified as a high-amplitude reflector on the Yampi and 
Leveque shelves, and a low-amplitude reflector in deeper parts 
of the basin. Strata bound by the Top Pz syn-rift and Base 
Permo-Carboniferous syn-rift commonly thicken into the 
hanging wall of extensional faults. 
 
Well control on the Base Pz syn-rift horizon is poor as it is not 
intersected by any well throughout the Browse Basin. This 
horizon has a moderate to high-amplitude reflection throughout 
the Caswell Sub-basin and is particularly strong on basin highs. 
The Base Pz syn-rift horizon forms the base to a package of low- 
amplitude, discontinuous reflectors and lies below the Base P-C 
syn-rift horizon, commonly forming growth wedges in the 
hanging-walls of faults. 
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Intracrustal 
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Intracrustal 
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Moho 

Intracrustal 2 is characterised by a package of high-amplitude 
discontinuous horizons that overlies a package of chaotic 
reflectors. Intracrustal 2 is easily identified on the Yampi and 
Leveque shelves and difficult to identify in deeper sections 
throughout the basin. Strata bound by the Intracrustal 2 and Base 
Pz syn-rift horizon commonly thicken into low angle faults 
across the basin. This horizon lies at depths too great to be 
intersected by wells, therefore time constraints are poor. 
 
Intracrustal 1 is characterised by a package of high-amplitude 
reflectors. Particularly prominent on the Yampi Shelf, this 
horizon lies at the base of a package low-amplitude, chaotic 
reflections and is often absent in the central Caswell Sub-basin. 
 
The Moho represents the boundary between the upper mantle 
and lower crust. In the Caswell Sub-basin, this was picked with 
the aid of the Goncharov (2004; Fig. 8) velocity model of the 
Browse Basin. At the boundary, an increase in velocity is 
observed from the model. On the seismic data, this marked 
increase in velocity is observed as a discontinuous, high-ampli- 
tude reflector that basement faults generally terminate against. 
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Figure 8. Velocity model of the Browse Basin along seismic line 119-06. This model was used to identify the Moho that shows a 
significant increase in velocity in the above model. Image taken from Goncharov (2004).      

Although the majority of wells are tied to biozones across the basin, several uncertainties exist. Firstly, the 

Palaeozoic horizons are tied to biozones from the Rob Roy-1 well. These were assigned in 1993 and are 

adapted from dinocyst zones in the basins of eastern Australia where environments and palynological 

assemblages are significantly different. Although the biozone interpretations complement the model 

described in Chapter 3 and 4, they will need to be correlated with recent data acquired from onshore 

sedimentary basins such as the Canning Basin in the future. Furthermore, the Triassic biozones are loosely 

tied to horizons in the Browse Basin and will need to be further correlated with horizons extended from the 

Northern Carnarvon and the Offshore Canning basins where Triassic biostratigraphic data are more 

abundant. Although further mapping is outside the scope of this study, horizon correlations will be achieved 

as part of the wider regional mapping study as described in Chapter 1.5. 

3.3 Structural architecture of the Caswell Sub-basin 
 

Two key seismic lines are shown in this section to describe the general architecture of the basin and its main 

structural components. These highlight the differences in large-scale structural style throughout the basin 

and identify key phases of deformation from basin formation through to later rifting and inversion events. 

Smaller sections will be shown to develop an understanding of inferred Permo-Triassic inversion structures 

throughout the basin and how these are related across the Caswell Sub-basin.  
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Seismic line: 119-05 Orientation: Northwest-southeast 

Label  Observation and kinematic indicators Interpretation  

Fault 
Population 1 

Curvy-linear faults define the basin boundaries and sole out onto the Moho horizon. In the east, 
these faults dip roughly 35 degrees to the west while the western fault dips similarly to the east. 
The basin bounding faults have normal offsets, however, reverse movement is observed for both 
intracrustal horizons in the eastern part of the section (structural domain 1), and are associated 
with asymmetric anticlines.  These faults trend northwest in the southern Caswell Sub-basin, 
rotating to a northeast trend at the Yampi-Leveque boundary (Fig. 11).  Reverse movements 
across the low-angle faults in structural domain 1 and the associated reverse movement correlate 
strongly with an observed gravity high (Fig. 9b).  

The initial formation of this population cannot be determined from the seismic data, however, they were likely 
reactivated during Palaeozoic rifting with normal dip-slip displacement and acted as zones of weaknesses from which 
new, higher angled faults were initiated. The rotation in the trend of this population, particularly on the eastern flank 
of the basin, mimics the underlying basement high observed in the gravity dataset. The 35 degree dip of these faults is 
uncharacteristic of an extensional regime that typically develops faults with a 60 degree dip. Therefore, these faults 
potentially formed from an alternate tectonic event previous to the rifting and break-up of Gondwana and possibly 
relate to an underlying mobile belt that correlates strongly with the gravity high. These faults are thought to have 
undergone mechanical decoupling along the Moho during the Palaeozoic and earlier extensional events causing them 
to terminate at this horizon.  

Fault 
Population 2 

A series of both listric and planar faults that dip approximately 60-70 degrees to the northwest 
and southeast. On the south-eastern flank (i.e. to the south of the Caswell-2 well), offset of 
horizons from the Base Pz syn-rift to J40.0 SB is generally observed with ranges of 0.1-1.2s 
TWT. These faults generally link and terminate onto Fault Population 1 or the Moho. Growth is 
observed between the Base Pz syn-rift and Top Pz syn-rift horizons into many of these faults 
(e.g. Fault A; Fig.9). Thickening can also be seen between the TR30.1 TS and J40.0 SB horizons 
in some areas (e.g. Fault B).  

The dip of these faults suggest they formed under extensional regimes (vertical σ1) as a series of horsts and grabens. 
Thickening into many these faults between the Base and Top Pz syn-rift horizons and then again from the TR30.1 TS 
to J40.0 SB suggests the faults were active during the Palaeozoic extension and later reactivated during Mesozoic 
rifting. This fault population delineates structural highs and lows across the basin (e.g. Scott Reef) either through 
primary faulting or secondary reactivation and amplification of underlying structures (Chapter 3.5).  

Fault 
Population 3 

Prominent on the northwest of Scott Reef, Fault Population 3 developed as a series of deep-
seated half grabens that dip both to the northwest and southeast. These faults are predominantly 
planar with dips ranging from 58-70 degrees. Fault offsets range from 0.05-0.8s TWT and 
terminate underneath the interpreted Moho. No thickening is observed into fault planes between 
Intra Pz syn-rift and TR20.0 SB. Anticlockwise rotation of fault blocks is observed, particularly 
in the northwest, steepening the dips of all strata. High-amplitude, discontinuous reflectors are 
observed along fault planes in the Seringapatam Sub-basin and branch out between faults. These 
stem from below the Moho horizon (Fig. 9c).  

These faults most likely developed during the Mesozoic rift phase. This is due to their location above the Top Pz syn-
rift horizon a lack of kinematic indicators between the Top Pz syn-rift and TR20.0 SB (i.e. no thickening or thinning). 
This fault population was able to penetrate through the Moho horizon suggesting deformation was dominated by 
brittle processes in the Seringapatam Sub-basin. High-amplitude, discontinuous reflectors likely represent igneous 
intrusives that exploit pre-existing faults and weaknesses between bedding particularly in the Seringapatam Sub-basin 
(Fig. 9c). The intense concentration of intrusives in this area suggests that ‘true’ seafloor spreading likely occurs in 
this sub-basin.  

Structural 
domain 1  

This domain is located on the Yampi Shelf and hosts approximately 4km of sedimentary fill. 
Low-angle faults from Fault Population 1 dominate the section with minor listric faults from 
Fault Population 2 observed in the upper 4 seconds. Reverse movement of the intracrustal 
horizons is observed across 2 of the eastern faults from Fault Population 2. Thinning from the 
south to the north is observed between the intracrustal intervals and is also associated with a 
change in the geometry of the Moho (i.e. change from relatively flat lying to a dip of roughly 40 
degrees to the northwest. Across Fault C (Fig. 11), Intracrustal 1 is no longer identified. Smaller 
faults with higher angles up to 70 degrees propagate from the underlying low-angle faults.  

The geometry of the underlying low-angle faults and associated reverse movement and anticlines in the east 
resembles a duplex structure typically found in fold and thrust terrains. This correlates with a strong gravity high on 
the eastern flank of the basin that trends northeast before wrapping around the northern Caswell Sub-basin (Fig. 9b). 
Normal offsets on the two western most faults from Fault Population 1 suggests a phase of extensional reactivation. 
Growth into the listric faults in the upper section suggests extensional movement in at least the Palaeozoic. The 
thinning ahead of the master fault (i.e. Fault C) is unlikely to be caused by brittle faulting alone, therefore a 
component of ductile deformation that probably occurred along the Moho likely assisted extension during this time. 
Overall this domain resembles a ‘necking zone’ that resulted from the reactivation of an underlying mobile belt.  

Structural 
domain 2  

Structural domain 2 covers the entire Caswell Sub-basin (i.e. Yampi Shelf to Seringapatam Sub-
basin). Faults from both population 1 and 2 sole out or terminate onto the Moho in this domain.  
Growth between Palaeozoic horizons is most prominent here (e.g. into the hanging wall of Fault 
A). The Intracrustal 1 horizon is not observed, while the interval between Intracrustal 2 and the 
Moho thins significantly onto mantle highs. This domain also hosts the thickest section of 
Triassic strata (approximately 5km) with the greatest thickness observed between TR20.0 SB 
and TR17.0 SB. 

Fault characteristics and the geometry of the Moho in this domain resembles a terrain that has undergone detached 
extension. The Moho is interpreted as a ductile detachment on which faults sole out and terminate. Furthermore, the 
absence of the Intracrustal 1 horizon and the significant thinning identified between the Moho and Intracrustal 2 
suggests that a component of shearing along the Moho was active during extension and resulted in more than half of 
the lower crust being smeared out. Overall the domain represents a zone of stretched curst, with necking occurring on 
mantle highs in both the southeast and northwest. 

Structural 
domain 3 

Structural domain 3 is located within the Seringapatam Sub-basin, west of the Scott Reef. Here, 
Fault Population 2 faults are dominant and intersect the Moho. The western flank of the 
Seringapatam Sub-basin is bound by an east dipping Fault Population 2 fault, indicated by 
significant growth between the Palaeozoic horizons. Growth is also observed between the J40.0 
SB and TR30.1 TS. The mapped Cretaceous horizons are observed as sinuous and often 
truncated to develop concave-up geometries in this section of the basin. 

Overall, deformation in this domain is interpreted to be brittle compared to its western compartments. Mesozoic faults 
have penetrated the Moho, while in the west, this horizon acts as a detachment. This phase of brittle deformation is 
interpreted to have occurred subsequent to the Triassic thermal relaxation. The sinuous appearance and deep concave-
up geometries observed for the Cretaceous section are interpreted to be deep-water canyons that have eroded 
Cretaceous units.  
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Figure 9. a) Seismic line 119-05 in the central Caswell 
Sub-basin. This line has been subdivided into 3 domains 
that represent different structural environments. 
Structural domain 1, on the Yampi Shelf is dominated 
by low-angle faults that have both normal and reverse 
offsets. This is interpreted as an underlying mobile belt 
that correlates with a gravity high shown in Figure 9b. 
Structural domain 2 relates to the Caswell Sub-basin and 
is dominated by Fault Population 2 faults. This domain 
is interpreted to have undergone a detached style of 
extension throughout Palaeozoic and possibly the pre-
Palaeozoic extensional events. Structural domain 3 
defines the Seringapatam Sub-basin of the outboard 
Browse Basin. Fault Population 3 dominate this section 
and penetrate the mantle. This section is thought to have 
undergone ‘true’ seafloor spreading as indicated by the 
abundance of inferred igneous intrusives. b) Shows the 
location of the seismic line in the Caswell Sub-basin and 
the underlying basement structure identified by the 
gravity data. c) Screenshot of the Seringapatam Sub-
basin and the potential igneous intrusives exploiting the 
Mesozoic faults.  

b) 

a) 

c) 

Fig. 15 
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Seismic line: 119-01 Orientation: Northeast-southwest 

Label  Observation and kinematic indicators Interpretation  

Fault 
Population 1 

Fault Population 1 faults are limited to the south of line 119-01. The master fault (northern-most 
fault) dips approximately 32 degrees to the south, while its antithetic faults dip approximately 40 
degrees to the north. This fault population soles out on the Moho at 11.2s TWT. Normal offsets 
are observed on all faults from this population in the section. Overlying reflectors lie sub-
parallel to master fault and develop an anticline in the hanging-wall. Thickening is observed 
between the Intracrustal 2 and Base Pz syn-rift horizons while thinning and onlap is observed 
between the Top Pz syn-rift and TR17.0 SB.  

The low-angle and the dip of the overlying reflectors could suggests that these faults formed under compressional 
conditions (vertical σ3), likely during a phase of thrusting. The initial formation of these faults is unable to be 
determined from the seismic data, however, a phase of reactivation likely occurred prior to the Palaeozoic resulting in 
growth between the Base Pz syn-rift and Intracrustal 2 horizons. Reverse reactivation is also postulated during the 
late Permian and throughout the Triassic and is discussed further in Chapter 3.5. 

Fault 
Population 2 

This fault population is confined below the J40.0 SB and comprises both listric and planar faults 
with dips ranging from 60-72 degrees. These faults dip both to the northeast and southwest and 
generally terminate at the Moho horizon in the Caswell Sub-basin, however, in the Barcoo these 
faults terminate onto the Intracrustal 2 horizon. Normal displacements are observed across all 
faults, with offsets ranging from 0.01 to 3.1 s TWT.  Fault D is a major ramp and flat fault that 
is inferred to sole out onto the Moho. This was identified by abrupt changes in horizon dips. 
Thickening between the Palaeozoic horizons is observed into the Fault D in the north. 
Thickening between the Palaeozoic horizons is observed in the hanging wall of Fault D. 
Thickening is also observed between the TR20.0 SB and the J40.0 SB. Above the major ramp 
Fault D, a broad wavelength anticline (approximately 40km in diameter) is observed. 

This line lies parallel to the strike of the basin, therefore, obscuring kinematic indicators such as growth on the 
majority of faults (excluding Fault D). The steep dip of this population suggests formation under extensional 
conditions (vertical σ1) This population soles out onto the inferred Moho indicating a detached style of extension 
during the various phases of Palaeozoic and pre-Palaeozoic rifting. Growth between the Palaeozoic horizons into the 
hanging wall of this fault indicates a period of normal movement and likely corresponds to the extensional phases 
throughout the Palaeozoic. Fault D likely reactivated during the Mesozoic rift phase indicated by the growth between 
the TR30.1 TS and the J40.0SB. The anticline above Fault D likely formed during extension, replicating the 
underlying bend in the fault system.  

Fault 
Population 3 

Fault Population 3 is characterised by a series of steeply dipping planar faults that terminate 
onto Fault Population 2. This population is confined below the J40.0 SB No thinning or 
thickening is observed between horizons.  

The general characteristics of this fault population are similar to those observed in Line 119-05, therefore, it is likely 
that these faults formed during the Mesozoic. The absence of kinematic indicators is likely due to the orientation of 
the seismic line.  

Fault 
Population 4 

This fault population is generally confined above the J40.0 SB and dip both to the north and 
south at angles ranging from 65-72 degrees. Normal displacements are observed across all faults 
with offsets ranging from 0.04s TWT to 0.1s TWT. 

The high angle of this fault population and the normal offsets suggest that they formed under extensional conditions. 
The absence of growth indicators between the TR20.0 SB and TR24.0 SB indicates that these faults formed after the 
Yspresian.  

Barcoo Sub-
basin 

The Barcoo Sub-basin is a relatively minor basin in both length and depth compared to the 
Caswell Sub-basin, hosting approximately 15km of Palaeozoic to Recent sedimentary fill. In this 
section, the Barcoo Sub-basin hosts little to no Jurassic rocks. The Triassic section is thin in the 
south and thickens to centre of the basin, before thinning again on the northern flank towards the 
Fault Population 1 fault and the observed gravity high. In the centre of the basin, a broad 
wavelength upright anticline is observed between the TR10.0 SB and T24.0 SB. Onlap is 
observed onto the K40.0 SB.  

The geometry of the Barcoo Sub-basin represents a typical sag basin that is defined by the underlying Fault 
Population 1. The thickest fill is located in the centre of the graben developed from the synthetic and antithetic faults.  
The lack of faults within in the central anticline suggests that it is not fault controlled. The majority of the uplift is 
likely to have occurred in the Aptian, subsequent to the deposition of the K40.0 SB. The northern extent of the 
Barcoo Sub-basin corresponds with a gravity high and the underlying Fault Population 1 faults  

Caswell Sub-
basin 

The Caswell Sub-basin is approximately 284 km in length and is bound by 2 major faults from 
population 1 and 2, however, the dominant faults within the basin are population 2 and 3 faults. 
Fault Population 2 has developed as a series of horsts and grabens that detach onto the Moho. 
Fault Population 3 faults propagate from the pre-existing population 2 and generally cause 
minimal displacements. The Intracrustal 2 horizons is absent in the Caswell Sub-basin and the 
Intracrustal 1 interval thins significantly before pinching out onto the Moho at mantle highs.  

The Caswell Sub-basin is thought to have undergone detached extension throughout the Palaeozoic (and pre-
Palaeozoic) extensional events causing the thinning noted in seismic line 119-05. Furthermore, the pinching out of the 
Intracrustal 2 horizon could suggest that minor hyperextension has occurred in the northern Caswell Sub-basin. The 
absence of Fault Population 1 faults within the basin further supports the correlation between the observed gravity 
high and the inferred Proterozoic duplex in line 119-05.  
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Figure 10. a) Seismic line 119-01 showing the structure of the Caswell Sub-basin along strike. This line shows the two main sub-
basins within the Browse Basin, separated by faults from Fault Population 1. The Barcoo Sub-basin is relatively small compared to 
the Caswell Sub-basin and consists largely of faults from Fault Population 1. The Caswell Sub-basin is thought to have undergone 
detached extension during the early events, as indicated by the termination of faults onto the Moho and the thinning of the middle 
to lower crust. b) Shows the location of seismic line 119-01 in the Caswell and Barcoo sub-basins.  

b) 

a) 
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3.4 Fault trends and basin structure 
 

Three major fault trends are identified by integrating the seismic and potential field datasets. 

These trend northwest, northeast and north (Fig. 11). The northwest-trending faults are 

limited to Fault Population 1 and are located on the northern and southern margins of the 

Caswell Sub-basin. These generally rotate to a northeast trend on the Yampi Shelf. Northeast-

trending faults are observed throughout the entire basin, however, clusters are observed at the 

basin flanks. The north-trending faults are also observed throughout the entire basin. These 

tend to cross-cut northwest-trending faults and merge with the northeast trend (Fig. 11).  

Figure 11. Fault map defined by the seismic data and potential field data. Three major fault trends are observed. 
These include north, northeast, and northwest trends. Faults highlighted here are referenced in text. Thicker 
faults represent Proterozoic thrust faults (Fault Pop. 1) while the thinner faults represent the major Palaeozoic 
and Mesozoic faults (Fault Pop. 2 & 3).  

Northwest trend: 

Although the timing of formation is unable to be determined from the seismic data, kinematic 

indicators suggests that they possibly pre-date the various phases of Palaeozoic extension as 

growth into the hanging walls of these faults is observed between the Base Pz syn-rift and the 

Intracrustal 2 horizon (Fault D; Figs 10 & 12). Reactivation likely occurred during the 
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Palaeozoic extensional events as growth is also observed between the Palaeozoic horizons. 

Significant growth into the hanging wall of these faults is identified between the Base P-C 

syn-rift and Base Pz syn-rift and only minor growth between the Top Pz syn-rift and Base P-C 

syn-rift is observed (Fig. 12).  

 

Figure 12. Section of seismic line 119-01 displaying the growth between the Base P-C syn-rift and Base Pz syn-
rift into the hanging wall of a northwest trending fault. Only minor growth is identified between the Top and 
Base Pz syn-rift horizons. Location of Fault D shown in Figure 11. 

 

Northeast trend: 

On the northeast-trend, major growth packages between the Top Pz syn-rift and the Base P-C 

syn-rift horizons are observed into the hanging-wall, while only minor growth is observed 

between the Base P-C and Base Pz syn-rift horizons (e.g. Fig. 13). Growth in the Palaeozoic 

is strongest on the basin flanking faults while only minor syn-rift growth packages are 

observed in the centre of the basin, suggesting the flanks of the basin had the greatest 

movement throughout the Palaeozoic rifting events. 
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Figure 13. a) Screenshot showing the major growth package into Fault F (location shown Fig. 11) between the 
Top Pz and Base P-C syn-rift horizons. Inversion is also thought to have occurred from TR10.0 SB to TR20.0 
SB due to the thinning of the Triassic section onto the eastern limb of the syncline. b) Location of the seismic 
line in the northern Caswell Sub-basin 

b) 

a) 
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North trend: 

The initiation of the north-south faulting is difficult to determine from the seismic data as 

their observed characteristics are similar to the northeast-trending faults. However, this trend 

is well defined on the gravity data. When examining east-west seismic lines, growth between 

Triassic horizons is observed into the hanging-wall of these north-trending faults (Fig. 14). 

This contradicts the typical sedimentation pattern observed during thermal relaxation that is to 

be expected in the basin during the Triassic. The north-trending faults generally cross-cut the 

northwest-trending faults in the south and merge with the northeast-trend, particularly on the 

basin flanks (Fig. 11). This suggests the north-trend likely formed subsequent to both the 

northwest and northeast fault trends.  

Figure 14. a) Image showing observed growth packages between Triassic strata. The majority of the growth is 
observed between the TR16.0 SB and TR20.0 SB. b) Location of the seismic line in the Caswell Sub-basin. 

 

3.5 Structural inversion in the Caswell Sub-basin 
 

The Caswell Sub-basin overall has a thin Triassic and Jurassic section compared to the 

Northern Carnarvon Basin and Offshore Canning Basin to the south, making the identification 

and timing of inversion structures difficult. However, several large-scale anticlines adjacent to 

or above underlying faults have observed onlap onto the limbs of the fold, suggesting 

deposition during fault inversion. These results are shown below. 

 

 

b) a) 
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3.5.1 Caswell-Barcoo transition 
 

Observation:  

A major broad-wavelength anticline, approximately 80 km in length defines the Barcoo and 

Caswell sub-basin transition. This anticline lies above a southwest-dipping fault from 

population 1. As described previously, significant thickening into the hanging-wall of the 

fault is observed between the Base P-C syn-rift and Base Pz syn-rift (Fig. 12). Above this, the 

TR12.0 SB onlaps the TR10.0 SB in the hanging-wall of the fault while thinning between the 

TR12.0 SB and TR20.0 SB is also observed. Several faults cut the anticline and converge 

with the underlying faults from population 1 (Fig. 12).  

Interpretation:  

Extension during the early Palaeozoic preferentially reactivated the northwest-trending fault 

and resulted in the deposition of a growth package between the Base P-C and Base Pz syn-rift 

horizons. The cessation of fault movement deposited a laterally uniform interval between the 

Base P-C syn-rift and Top Pz syn-rift (Fig. 12). Thinning and onlap suggests that Fault D 

likely reactivated with a reverse sense of movement sometime after the deposition of the Top 

Pz syn-rift (Fig. 12), and continued until the deposition of the TR12.0 SB. This phase of 

inversion coincides with the Bedout Movement recognised in other basins of the NWS 

(Forman and Wales, 1981; AGSO, 1994). Further onlap and thinning onto the flanks of the 

anticline indicates that inversion continued until the deposition of the TR20.0 SB and 

corresponds to the Fitzroy Movement (AGSO, 1994).  

3.5.2 Scott Reef anticline  
 

Observation 

The Scott Reef anticline lies above the westernmost population 1 fault shown in seismic line 

119-05 (Figs 9 & 15). This fault dips 38 degrees to the southeast with a normal displacement 

of 3s TWT observed. On the hanging-wall of the fault, the reflectors have an observed dip 

sub-parallel to the dip of the fault. Thickening strata is observed between the Base Pz syn-rift 

and Top Pz syn-rift (Fig. 15). Thinning packages are observed between Top Pz syn-rift and 

TR10.0 SB, and the TR15.0 SB to TR20.0 SB (Fig. 15). Thinning and onlap is also observed 

onto the J40.0 SB and K40.0 SB (Figs 10 & 15).  Antithetic faults to the underlying low-angle 

fault dip at a higher angle (approximately 65 degrees). Minor thickening between the TR15.0 
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SB and TR16.0 SB and then again  between the TR16.0 SB and TR20.0 SB is observed in the 

hanging-wall of some of these higher angle antithetics that trend north (wrench compartment; 

Fig. 11).  

Interpretation:  

The low-angle of this fault suggests it formed under contractional conditions (vertical σ3). 

Normal displacement across the fault, the absence of Intracrustal 1, and the thinning of the 

interval between the Intracrustal 1 and 2 horizons (Fig. 9) suggest a phase of reactivation 

occurred under extensional conditions, however, the timing of this event is unclear. Thinning 

of intervals throughout the Triassic, Jurassic and Cretaceous suggest deposition of these 

horizons occurred during a period of uplift. Thinning between the Top Pz syn-rift and TR20.0 

SB coincides with the Bedout and Fitzroy movements documented across the NWS. Onlap 

and thinning onto the J40.0 SB coincides with the break-up of the Argo Block from the NWS 

and could likely be caused by a change in stress-field orientations as the Australian Plate was 

reorganised. Thinning up to the K50.0 SB indicates that this fault was pervasively reactivated 

throughout multiple phases of tectonism in the Browse Basin.  

Figure 15. Screenshot of the seismic line 119-05 in the Caswell Sub-basin. This image highlights the inferred 
inversion at the Scott Reef on the eastern flank of the basin. Growth is observed between the Top Pz and Base P-
C syn-rift horizons, while onlap and thinning is observed between the Top Pz syn-rift horizon and the K50.0SB. 
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3.5.3 Leveque Shelf inversion 
 

Observation: 

Fault G is observed as a northwest-trending low-angle curvy-linear fault dipping roughly 40 degrees to 

the northwest with a normal offset of 1.5s TWT (Figs 11 and 16). Observed growth into the 

hangingwall of Fault G occurs between the Intracrustal 2 to Base Pz syn-rift, and Base Pz to Base P-C 

syn-rift horizons (Fig. 16). Two prominent anticlines are observed on the section, each crosscut by the 

Top Pz syn-rift horizon and the overlying J40.0 SB. Furthermore, these anticlines are observed ahead 

of the two low-angle faults in the section (Fig. 16).  Strong onlaps are also observed onto the Base P-C 

syn-rift horizon in the central syncline and eastern limb of the eastern anticline where truncation of 

underlying strata also occurs.  

Interpretation: 

Growth between the Palaeozoic horizons into the hanging-wall of Fault G suggests this fault 

experienced phases of extension during the various Palaeozoic rifting events (Fig. 16). Folding 

observed ahead of the two low-angle faults suggests the region was also subjected to contraction. 

Onlaps onto the Base P-C syn-rift horizon within the central anticline and the eastern limb of the 

eastern fold indicate this horizon acts as the main unconformity prior to the uplift. The anticlines are 

truncated by the Top Pz syn-rift horizons that relates to a period of erosion subsequent to the folding 

event. Unlike typical inversion anticlines that develop as asymmetric folds controlled by the incline of 

the inverted fault, these anticlines form ahead of the main faults. This combined with the large normal 

offsets observed for Fault G suggests that little or no reverse movement has occurred. Therefore, the 

anticlines shown in Figure 16 likely formed in response to buckling during contraction. The foot-wall 

of Fault G and its synthetic low-angle fault formed competent blocks during deformation and 

buttressed strata during contraction resulting in buckle folding. Biostratigraphic information displayed 

in Chapter 3.1 indicates that the Base P-C syn-rift horizon was deposited sometime before the 

Moscovian (Pennsylvanian). At a similar time, a major unconformity is also documented in the 

onshore Canning Basin and subsequently deformed during the ‘Meda Transpression’ (Kennard et al., 

1994). Transpressional reactivation of pre-existing northwest-oriented extensional faults and folding 

associated with this event deformed the central Canning Basin (Kennard et al., 1994). The folds shown 

in Figure 16 demonstrate a similar timing and style of deformation to the Meda Transpression and 

could potentially originate from this event.  
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b) 

a) 

Figure 16. Seismic line 130-12 across the Caswell 
Sub-basin highlights buckle folds that potentially 
relate to the Meda Transpression documented in the 
Canning Basin. Observed Palaeozoic growth into 
Fault G suggests and initial phase of extension 
followed by uplift post Base P-C syn-rift. The 
location of Fault B is shown in Figure 12. b) Location 
of seismic line 130-12 in the Caswell Sub-basin 
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3.5.3 Yampi Shelf inversion 

Observation:  

The Yampi Shelf anticline imaged in the northeast-trending seismic line (Fig. 16) and 

interpreted above as a buckle fold intersects the anticline shown in Figure 17. The north-

trending seismic line images the Triassic strata within a significant trough of the Caswell Sub-

basin, herein named the Caswell Trough. On the southern flank of the trough, strong onlaps 

are observed onto the TR10.0 SB through TR17.0 SB. Underlying strata are truncated by the 

TR20.0 SB at the top of the trough. A number of synthetic and antithetic faults terminate onto 

the underlying master fault, the majority of which have normal offsets. Across Fault H, 

normal offsets are observed for the Base Pz syn-rift horizon. While the Base P-C syn-rift to 

TR16.0 SB have no displacement. The location and trend of this fault is shown in Figure 11 

Fault H also lies in the centre of an asymmetric anticline, observed between the Base P-C syn-

rift horizon to the TR20.0 SB.  

Interpretation: 

The Yampi Anticline was previously interpreted to have initiated during the Meda 

Transpression event in the Late Carboniferous (e.g. Fig. 16). Onlaps onto the mapped Triassic 

sequence boundaries indicate that further uplift likely occurred episodically throughout the 

Early to Middle Triassic in this section of the basin. TR10.0 SB through to TR17.0 SB are 

interpreted as syn-inversion sedimentary units that thin significantly onto the uplifted 

southern flank of the Caswell Trough.  In this section of the Browse Basin, crustal shortening 

primarily manifested as broad wavelength buckling throughout both the Meda Transpression 

and the Triassic inversion, with the foot-wall to the low-angle faults shown in Figures 16 and 

17 likely acting as a buttress during compression. However, the differences in offsets across 

the foot-wall and hanging-wall of Fault H, and the asymmetric anticline observed indicate that 

minor inversion of this fault also occurred during compression.  
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Figure 17. a) Section of the 130-13 seismic line across the Caswell Sub-basin and the interpreted horizons. Clear 
onlaps are observed on the TR10.0 to TR17.0 SB on the southern flank of the Caswell Trough indicating 
deposition during inversion. b) shows the location of line 130-13 and the intersection with line 130-12. 
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3.6 Structural restoration 
 

Seismic line 119-05 best represents the general structure of the Caswell Sub-basin and was 

chosen for the cross-section restoration. Six steps of the restoration are shown below to 

highlight key phases of deformation in the basin. 

3.6.1 Present day configuration 
 

The current structural and stratigraphic architecture of the Caswell Sub-basin shown in Figure 

18a, has been converted from two-way-travel time in seconds to depth in metres. The basin 

currently holds approximately 18km of Palaeozoic to Cenozoic fill, most of which originates 

from the Palaeozoic rifting and Triassic sag, with only a minor Jurassic syn-rift section 

(approximately 1.2km).  

3.6.2 K50.0 SB restored 
   

The first stage involved back-stripping the Cenozoic limestones and restoring all faults that 

show offset of the K50.0 SB (Fig. 18b). This process shows that the Cretaceous strata in the 

Caswell Sub-basin is relatively flat lying and unaffected by late stage faulting. In the 

Seringapatam Sub-basin, fault restorations have revealed a central anticline that is most 

pronounced between the Jurassic and Cretaceous strata. This is interpreted as graben 

inversion. Thinning onto the flanks of the anticline is strongest between the K20.0 SB and 

K40.0 SB suggesting uplift occurred shortly after the Valanginian break-up unconformity. 

However, previously interpreted deep water canyons are also observed within the Cretaceous 

strata and particularly for the K50.0 SB and K20.0 SB, distorting the kinematic indicators by 

erosional processes.  

3.6.3 J40.0 SB restored and unfolded  
 

Restoring the section to the J40.0 SB provides an insight into the brittle deformation 

previously interpreted in the Seringapatam Sub-basin. Figure 18c shows the mantle being 

almost completely restored to its pre-deformational state in the outboard sub-basin, indicating 

that the Jurassic faulting associated with the break-up between Argoland and the NWS was 

the major deformational event in the outboard Browse Basin. Inboard, the lack of Jurassic 

growth packages suggests Mesozoic extension was localised to the outboard margin, with 
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only minor reactivation of pre-existing faults occurring and the development of small-offset 

faults that propagate from Palaeozoic structures.  

3.6.4 TR17.0 SB restored and unfolded 
 

Restorations to the TR17.0 SB highlight the inversion on the flanks of the basin (Fig. 18d). 

On the eastern margin, minor reverse offsets are recorded across the inverted fault. This 

suggests compression during this time was strong enough to breach the null-point (the point at 

which the datum is restored to its pre-deformational elevation). This is accompanied by the 

continued normal faulting to the west.  

3.6.5 TR16.0 SB restored and unfolded 
 

Back-stripping strata to the TR16.0 SB and restoring faults has shown that a phase of Triassic 

normal faulting initiated sometime in the late Anisian on the flanks of the Scott Reef anticline 

(Fig. 18e). In the Seringapatam Sub-basin, restorations show that this phase of faulting was 

most prominent to the east of the basin, initially soling out onto the Moho. Seismic 

interpretation and integration with gravity data displays a north-trend for this fault set (Fig. 

11; wrench compartment). To the north, west-trending seismic lines show that faulting of the 

same age has developed syn-rift wedges of Triassic strata (Fig. 14a). Growth in this section is 

not as distinct, probably obscured by the oblique angle between the seismic line and fault 

trend. Furthermore, these north-trending faults cross-cut the underlying low-angle fault from 

population 1 at the Scott Reef (e.g. Fig. 9). Thinning of the TR16.0-TR17.0 SB interval also 

suggests that simultaneous inversion of northeast-trending faults occurred on both flanks of 

the Caswell Sub-basin (Fig. 18d). 

3.6.6 TR12.0 restored and unfolded 
 

Triassic faults observed in the TR16.0 SB restoration are no longer observed at this time (Fig 

18f). The removal of these faults shows a prominent anticline at the Scott Reef. The anticline 

is characterised by a flat lying base (Base P-C syn-rift horizon) and a concave up top (Top Pz 

syn-rift). On both limbs of the anticline, thinning and onlap observed between the Triassic 

strata indicates deposition occurred during the uplift (Fig. 18e). Thinning is also observed at 

the eastern flank of the Caswell Sub-basin suggesting inversion during the Triassic is 

strongest on the basin bounding faults.  
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3.6.7 Top Pz syn-rift restored 
 

Restorations at this level highlight the initiation of Permo-Triassic inversion in the Caswell 

Sub-basin (18g). This was limited to the flanks and horsts of the basin. The initiation of  

typical turtle-back structures that represent inverted extensional half-grabens (Cooper and 

Warren, 2010) is observed during this stage.  

3.6.8 Top Pz syn-rift unfolded  
 

The last stage of the restoration involved back-stripping and restoring all Triassic strata and 

faults. The Palaeozoic rift basin structure observed at this stage consists predominantly of 

low-angle faults and growth packages forming in the hanging walls of east dipping faults 

(Fig. 18h). Minor synthetic faults are observed on the eastern flank that detach onto an 

underlying low-angle detachment fault that formed prior to the Palaeozoic.  
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Figure 18. A series of restored section across the Browse Basin. Restorations involved back-stripping 
strata, restoring faults and unfolding. a) Shows the current structural and stratigraphic (at the mega 
sequence level) of the Caswell Sub-basin with no restorations. b) Back-stripped Cenozoic limestones and 
restored late stage faulting has little effect in the Caswell Sub-basin but highlights graben inversion 
outboard in the Seringapatam sub-basin. c) Back-stripped Cretaceous strata to the J40.0 SB restored faults 
and unfolded the section. This stage is associated with Jurassic faulting and penetration of the Moho in the 
Seringapatam Sub-basin. Little extension occurred in the Caswell Sub-basin during this phase. d) The 
TR17.0 SB stage shows inversion at the Scott Reef and the eastern flank of the Caswell Sub-basin. This  is 
interpreted to result from the Fitzroy Movement. e) Back-stripped strata to the TR16.0 SB, restored faults 
and unfolding section shows that the initiation of north-trending faults initiated sometime in the Anisian. 
North of this line, faulting is thought to have initiated in the early Anisian. This section also shows 
significant inversion on the eastern flank of Scott Reef and the eastern margin of the Caswell Sub-basin. f) 
Restoring the section to the TR12.0 SB highlights a prominent Palaeozoic turtle-back structure at the Scott 
Reef and thinned Triassic strata on the flanks of the anticline. Inversion is also thought to have occurred on 
the eastern flank of the Caswell Sub-basin and onto the eastern fault of the central horst. g) This stage (Top 
Pz syn-rift restored) highlights the initiation of Permo-Triassic inversion on the flanks of the basin and on 
Palaeozoic horsts. f) Unfolded Top Pz syn-rift horizon displaying the general structure of the Palaeozoic rift 
basin. Extension is thought to have reactivated pre-existing thrust faults as well as using these crustal 
weaknesses to initiate new fault sets.  

 

4. Discussion 
 

4.1 Basin evolution 
 

4.1.1 Pre-Palaeozoic  
 

The interpretation of key northwest-oriented seismic lines across the Caswell Sub-basin 

highlights the predominance of low-angle faults (Fault Population 1; Fig. 10) with reverse 

movement between the mapped intracrustal horizons underneath Yampi and Leveque 

shelves. These correspond to a gravity high that flanks the eastern margin of the Browse 

Basin (Fig. 11). The geometries of the underlying faults are characteristic of a thrust 

duplex (Fig. 19) that are generally found in collisional margins and are found to wrap 

around both the Kimberly Craton to the east and Pilbara Craton to the southwest (Myers 

h) 
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et al., 1996). Although the timing of formation is unknown, the event likely pre-dates the 

Palaeozoic as the only known orogenic event during this time in eastern Gondwana is 

thought to have caused thrusting in central Australia while simultaneous rifting initiated 

in the Canning Basin (Baillie et al., 1994; Kennard et al., 1994). Therefore, the duplex 

underpinning the Yampi and Leveque shelves probably formed in the Proterozoic during 

supercontinent formation.  

Growth between the Base Pz syn-rift and Intracrustal 2 horizons (e.g. Fig. 10) suggests 

extensional events occurred prior to the deposition of the Base Pz syn-rift horizon. 

Although the timing of the extension is unknown, its stratigraphic location and 

observations from the available data would place it in the early Palaeozoic or sometime in 

the Proterozoic. Each of these periods have known rifting events such as the Sandfire 

Marsh extension in the Devonian (Longley et al., 2002) or the extensional collapse 

following the Halls Creek Orogen in the Paleoproterozoic (Hollis et al., 2014).  

 

Figure 19. a) Schematic block model of the Browse Basin prior to extensional events. An underlying thrust 
duplex interpreted at the Yampi and Leveque shelves corresponds to a strong gravity high on the eastern 
flank of the basin. b) Extension in the Proterozoic or early Palaeozoic reactivating thrust faults and 
propagating high-angle extensional faults from the pre-existing weaknesses.  

 

4.1.2 Palaeozoic extension 
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Struckmeyer et al. (1998) and Lawrence et al. (2014) propose rifting in the Browse Basin 

initiated in the Carboniferous and developed the northeast structural grain for the basin. 

Results from the seismic interpretation indicate that rifting initiated much earlier. Growth 

observed in the hanging-walls of northwest-trending faults in the southern Caswell Sub-

basin (Fig. 12), suggest an early to middle Palaeozoic rift phase occurred on northeast-

azimuth. Similar observations are made by O’Brien et al. (1993) and Symonds et al. 

(1994). A rotation of extension to an approximate northwest-azimuth occurred in the 

early Carboniferous and preferentially reactivated the northeast-trending thrust faults in 

addition to initiating a new, higher-angled fault set (Fig. 20). This is indicated by large 

growth packages in the hanging walls of northeast-trending faults on the eastern margin 

of the Caswell Sub-basin (Fig. 13). The cause of the rotation is not understood, however, 

this change in the extension orientation was key in developing the circular shape of the 

Caswell Sub-basin (Fig. 11).  Simultaneous compression developed broad-wavelength 

buckle folds in the southern Caswell Sub-basin and minor reverse reactivation of 

northwest-trending extensional faults. This coincides with the widely documented Meda 

Transpression in the Canning Basin (Kennard et al., 1994; Zhan and Mory, 2013).  

Figure 20.  a) Block diagram showing the dominant rift phase during the late Palaeozoic extensional event. 

b) Schematic strain ellipse of the northwest extension and perpendicular compression (Meda 

Transpression).  

Previous models for extension place a detachment zone in the upper crust with pure shear 

extension occurring in the lower crust/upper mantle (O'Brien et al., 1993; Symonds et al., 

1994; Struckmeyer et al., 1998). Evidence presented in the seismic interpretation and 

cross-section restoration present an alternative mode of extension that is strongly 

controlled by the pre-existing duplex structure. Crustal thickening from orogenesis results 

in an unstable state in the upper crust due to an increased proportion of radiogenic heat 

sources and tensional stresses relative to the surrounding lithosphere (Buck, 1991; 

Gartrell, 2000). This weakened state predisposed the region to subsequent extension in 

the Palaeozoic (or earlier) and guided the formation of a detachment along the Moho. 
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Extension was likely aided by a component of shearing, thinning the lower crust and 

developing localised necking zones that were isostatically compensated by an upwelling 

of the mantle (Fig. 20). The lack of a thick Triassic section throughout much of the basin 

suggests that little pure shear extension/mantle thinning occurred compared to other 

regions of the NWS such as the Exmouth Plateau (Gartrell, 2000). Overall the extensional 

mode resembles a delamination model (Lister et al., 1991) and subsequently a wide rift 

model (Buck, 1991).  

4.1.2 Permo-Triassic inversion tectonics thermal relaxation 
 

Triassic thermal sag commenced in the earliest Triassic following the separation of the 

Sibumasu Block from Australia (Longley et al., 2002; Metcalfe, 2013). Results presented 

in Chapters 3.5 and 3.6 demonstrate that thermal relaxation was interrupted by pulses of 

regional compression, a common observation in subsiding basins (Jarosinski et al., 2011; 

Reilly et al., 2016). Onlaps onto the Top Pz syn-rift horizon (Figs 15, 17 & 19) coincide 

with the early Permian Bedout Movement in the Canning Basin (Forman and Wales, 

1981), the Northern Carnarvon Basin, and the Offshore Canning Basin (AGSO, 1994; 

Longley et al., 2002). Previous interpretations of the Fitzroy Movement divide the event 

into 3 episodes of the Middle to Late Triassic (Smith et al., 1999). However, the thinning 

of the Triassic strata are recorded by episodic onlaps onto the TR10.0 to TR17.0 SB (Figs 

12, 15 & 17), and relate to uplift in the Induan, Olenekian, in the early and late Anisian 

and the Ladian, suggesting the event spans a greater period than previously thought. The 

recognition of these features comes with improvements in seismic imaging and the 

increased work focussing on structural inversion in sedimentary basins over the last 

decade due to their importance to both the minerals and hydrocarbon industry (Del 

Ventisette et al., 2006; Cerca et al., 2010; Cooper and Warren, 2010; Bonini et al., 2012). 

Both the Bedout and Fitzroy movements are confined to Palaeozoic rift faults and earlier 

thrust faults in the northern Browse Basin, with no inversion of this age occurring 

outboard in the Seringapatam Sub-basin. Basin bounding faults seemingly accommodated 

bulk strain during the compressional pulses as expected during basin inversion 

(Eisenstadt and Withjack, 1995; Dubois et al., 2002), causing repeated uplift on the 

western, southern and eastern flanks of the basin (e.g. Figs 15, 16 & 17). On the western 

flank, particularly at the Scott Reef, inversion of the northeast-trending Palaeozoic fault 

occurred simultaneously with normal faulting along a north-trend. Previous 
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interpretations of the stress-field during compression associate the events with a north-

south regime (Etheridge and O'Brien, 1994). However, this orientation would lock north-

trending faults during compression, therefore, a north-northeast orientation for the event 

is more likely, resulting in the transpressional reactivation of northeast-trending faults and 

the formation of transtensional north-trending faults (Fig. 21). A similar style of 

deformation that developed significant basin accommodation is postulated by Blevin et al. 

(1994) in the Beagle Sub-basin of the Northern Carnarvon Basin.  

Although the NWS experienced a period of thermal relaxation and relative tectonic 

quiescence throughout the Triassic, in other areas of the world the Triassic was a 

tectonically active period of continental amalgamation (Metcalfe, 2013). To the north of 

the NWS, the previously separated Sibumasu Block docked onto the South China Block 

in the early Triassic followed by the South Qiang Tang Block in the Middle Triassic 

(Metcalfe, 2013). The collision of these blocks was suitable to generate the required stress 

regime for the inversion of northeast-trending faults and wrenching of the north-trend. At 

the time of collision, Mesotethys was a relatively narrow sea, meaning that the generated 

strain would have only travelled a short distance to reach the NWS. This is feasible given 

that strain is able to travel distances exceeding 1000 km before releasing (Etheridge et al., 

1991).  

Figure 21. A series of schematic diagrams showing the style of deformation during the Permo-Triassic 
inversion a) Block diagram illustrates the normal movement on north-trending faults while simultaneous 
inversion on the northeast-trend. b) Strain ellipse illustrating the orientation of strain during the event. c) 
Map view of the faults at Scott Reef and their relative movements.  
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4.1.3 Mesozoic Rifting  
 

Although inversion throughout the Triassic altered the structural architecture of the 

Browse Basin, the over-riding phase of basin formation was thermal relaxation and sag. 

Previous crustal thinning and subsequent cooling during sag developed a stronger, more 

brittle lithosphere as interpreted in the Northern Carnarvon Basin (Gartrell, 2000), that 

was predisposed to later brittle-deformation. The lack of thick a Jurassic section in the 

Browse basin makes the identification of rift onset difficult to determine on the 2D 

seismic dataset, however growth between the TR30.1 TS and J40.0 SB indicate that 

rifting began sometime in the Late Triassic. Similar rift onset times are proposed by 

AGSO (1994), Longley et al. (2002) and Lawrence et al. (2014). Jurassic rifting in the 

Caswell Sub-basin caused minor reactivation of Triassic and Palaeozoic faults and 

initiated a new fault population (Fault Population 3; Figs 10 and 11) that exploited pre-

existing faults. Outboard, previous faulting soled out onto the ductile Moho (Figs 18e & 

22a). The resumption of faulting in the Late Triassic caused the previously detached 

faults to penetrate into upper mantle as a result of cooling in the Triassic (Figs 18c and 

22a). The deep-seated faults were then exploited by igneous intrusives (Figs 9c & 22c). 

The localised nature of rifting suggests a change in extensional style from a wide rift 

mode in the Palaeozoic to narrow rifting in the Mesozoic. Early stage boundary faults 

were activated (and reactivated) in the Seringapatam Sub-basin (Fig. 18d), followed by 

the inward migration of faulting (Fig. 18c). This style of faulting is typical of narrow-

rifting (Corti et al., 2010), and is observed in the Northern Carnarvon Basin (Gartrell, 

2000; Longley et al., 2002).  
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Figure 22. Schematic cross-sections of the outboard Seringapatam Sub-basin and the stages of faulting. a) 
Early Palaeozoic faulting that soles out onto the Moho. b) Resumption of rifting in the Jurassic penetrates 
and offsets the Moho due to cooling and strengthening of the lower crust/upper mantle throughout the 
Triassic. c) Intrusion of igneous magmas along deep-seated faults. 

 

 

 

 

4.2 Comparison to analogues  
 

The development of the Caswell Sub-basin shares similarities to the Northern Carnarvon 

Basin (Gartrell, 2000), and the Basin and Range Province, USA (Buck, 1991; Lister et al., 

1991). Initial detachment faulting with large offsets during the early phases of extension 

was followed by wide rifting, characterised by high-angle faults with low-throws. Narrow 

rifts then overprinted the wide rift basins in both the Basin and Range Province and the 

Northern Carnarvon Basin (Buck, 1991; Gartrell, 2000). However, unlike the Northern 

Carnarvon Basin and the Basin and Range Province, the Caswell Sub-basin did not 

experience lower crustal flow or the exhumation of a metamorphic core complex. The 

reasons for this are poorly constrained, although, several factors could preclude this 

process. Firstly, the upper crustal faulting during wide rifting did not create sufficient 

accommodation, therefore, vertical loading contrasts were not great enough to drive lower 

crustal flow (Buck, 1991; Westaway, 1994). This is reasonable given that the Browse 

Basin represents a lower plate margin during extension and is characterised by lower fault 

throws and relatively thin-skinned deformation compared to that of an upper plate margin 

as seen in the Northern Carnarvon Basin (Lister et al., 1991)  Alternatively, the strength 

profile of the underlying Kimberly Craton in the Caswell Sub-basin may be greater than 

that of the Pilbara Craton that underlies the Northern Carnarvon Basin, hence a higher 

strain rate is needed to develop localised fluid channels in the lower crust.  

Other similarities are drawn from the Iberian-Newfoundland margin (Mohn et al., 2013) 

and in the Capricorn Orogen of Western Australia (Johnson et al., 2013), where extension 

was largely accommodated by the reactivation of thrust faults. In Iberia, localised necking 

zones formed ahead of the main thrust and were subsequently hyperextended in the 

hanging wall (Mohn et al., 2013). Although the Caswell Sub-basin did not reach 

hyperextension, the overall style of detachment faulting is similar. Both analogues 
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highlight the importance of the pre-existing structures in the formation of sedimentary 

basins.  

 

 

 

 

5. Conclusions 
 

5.1 Extensional styles and basin development 
 

Results from regional 2D seismic data interpretation and cross-section restoration suggest 

lithospheric rheology strongly controlled the extensional styles throughout the various 

phases of rifting in the Caswell Sub-basin. Palaeozoic and possibly earlier wide rifting 

guided by the collapse of a Proterozoic mobile belt, developed the dominant structural 

grain of the basin. Decoupling along the Moho was likely accompanied by a component 

of shearing during this time, resulting in thinning of more than half of the lower crust. 

Subsequent cooling throughout the Triassic strengthened the lower crust and upper 

mantle, predisposing it to brittle deformation in the Mesozoic. Structural inversion 

punctuated thermal sag episodically from the latest Permian to the Late Triassic, 

developing a folded topography along the Caswell Sub-basin with the strongest inversion 

recorded on the basin flanks. Wrenching of the north-trending faults in the Mid-Late 

Triassic developed substantial accommodation on the western margin of the Caswell Sub-

basin and implies a north-northeast compressional regime during the Triassic inversion.  

The onset of rifting in the Late Triassic caused widespread collapse of the inversion folds 

and initiated a narrow rift basin in the outboard Seringapatam Sub-basin that was 

subsequently inverted sometime in the Cretaceous. Extensional styles in the Caswell Sub-

basin are analogous of the Northern Carnarvon Basin and described as a Palaeozoic wide 

rift basin modified by narrow rift basins in the Mesozoic. 

 

5.2 Palaeozoic to Mesozoic inversion tectonics 
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Previous interpretations of the Caswell Sub-basin limit Mesozoic structural inversion to 

the Late Triassic reactivation of northeast-trending Palaeozoic faults. Extensive mapping 

of the Palaeozoic and Mesozoic sections of the Caswell Sub-basin indicates that inversion 

episodes are wide-spread and exploit both northwest and northeast-trending faults. The 

southern margin of the Caswell Sub-basin is dominated by northwest-trending extensional 

faults that were reactivated in the late Carboniferous Meda Transpression. The presence 

of buckle folds with no evidence of fault reactivation indicates deformation occurred by 

buttressing against the adjacent foot-walls. Earliest Permian inversion correlating to the 

Bedout Movement and the Early—Late Triassic Fitzroy Movement predominantly 

reactivated northeast-oriented Palaeozoic rift faults and Proterozoic thrust faults. The 

Fitzroy Movement occurred in five stages throughout the Triassic as opposed to the three 

episodes previously suggested. The basin margins and long-lived basin highs 

accommodated most of the strain during deformation, developing prominent northeast-

trending folds that host some of the largest hydrocarbon accumulations on the NWS.  

 

5.3 Implications and future research  
 

Understanding the structural evolution of sedimentary basins is vital in determining the 

distribution of valuable economic commodities. The results of this study provide a 

comprehensive analysis of the basin-scale evolution of the Caswell Sub-basin from its 

inception in the Palaeozoic to the break-up of the Argo Block in the Mesozoic. The model 

developed for the Caswell Sub-basin may have larger implications for the development of 

the NWS as it is believed to have developed as part of a much larger extensional system 

throughout the Palaeozoic. Further mapping of the adjacent basins (i.e. northern Roebuck 

and Bonaparte) should be continued to develop links between the sedimentary basins of 

the NWS and provide an understanding of how the inversion episodes effected the 

regional depositional environments. Furthermore, 3D seismic data interpretation can be 

conducted on areas of interest such as Permo-Triassic inversion anticlines and their 

adjacent troughs highlighted in this study, to develop targeted exploration strategies.   
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