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ABSTRACT 

3D and 2D seismic data from the Northern Carnarvon Basin provide an opportunity to 

analyze the structural evolution of the basin. This is a rift-dominated basin, formed by five 

phases of extension (Pre-Top Permian, Top Permian, Base Jurassic, Middle Jurassic, and Late 

Jurassic Extension, versus only the four previously identified) and the Base Cretaceous inversion 

across the Northwest Shelf of Australia. The first deformation by listric fault initiation in the 

basin resulted in a newly defined Pre-Top Permian Extension, generating the Exmouth, Dampier, 

Barrow and Beagle Sub-basins. The magnitude of the rift phases remained approximately the 

same during the earliest three phases of extensions, but increased during the Middle and Late 

Jurassic Extension. Additionally, four detachment surfaces are identified whereas only two were 

determined previously. Moreover, a simple shear “Wernicke” model best defines the style of 

deformation during the five phases of extension in the Northern Carnarvon Basin, with 

delamination under the region between the WNW edge of the Exmouth Plateau and the 

Gascoynee Abyssal Plain, opposing the symmetrical McKenzie Model previously assigned bu 

Mutter et al. Lastly, the amount of extension during the rift phases and the amount of shortening 

during the inversion are determined to be highly variable from the results of restorations 

throughout the basin. A transition from the rift-dominated margin to the passive margin is 

marked by the end of the Late Jurassic Extension. 

Results of this research are applicable to hydrocarbon exploration because this study is 

conducted across the entire Northwest Shelf of Australia, showing more precise relationships 

between structural features such as sub-basins, plateaus, shelves, platforms, synclines, arches, 

troughs, abyssal plains, depocenter evolution, faults, folds, harpoon structures etc. rather than 

limited to a smaller scale. Output of 3D surfaces with the modelled fault families in a structural 
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framework demonstrates that rift initiation generated accommodation, and rift mini-basins 

formed coevally for deposition. Also, regional stretching models of the basin from restorations 

for each phase are another significant implication of this study for understanding the structural 

evolution of the entire basin.  
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CHAPTER 1 

INTRODUCTION 

The Carnarvon basin is a rift-dominated basin, covering an area of approximately 

650,000 km
2
 from Kalbarri to Karratha across the Northwest Shelf of Australia (Hocking et al., 

1987) (Figure 1.1).  The surface area of the Northern Carnarvon Basin is as large as 535,000 km
2
 

with a 4,500 m average water depth (Geoscience Australia, 2012). It consists of the Exmouth, 

Barrow, Dampier and Beagle Sub-basins from south to north, in addition to the Exmouth 

Plateau, the Rankin Platform, Kangaroo Syncline, the Peedamullah and Lambert Shelves (Figure 

1.1) (Geoscience Australia, 2014). It is surrounded by the Southern Carnarvon Basin, the Bernier 

Platform, the Gascoyne and Merlinleigh Sub-basins in the South, the Roebuck and offshore 

Canning Basins in the North East, the Pilbara Block in the South East and the Argo, Cuvier and 

Gascoyne abyssal plains in the North West (Figure 1.1) (Geoscience Australia, 2012).  

The Northern Carnarvon basin was formed by multiple phases of rifting events such as 

the Top Permian, Base Jurassic, Middle Jurassic and Late Jurassic Extensions, in addition to the 

younger inversion occurred by the Base Cretaceous (Geoscience Australia, 2012) with the newly 

found phase of rifting, Pre-Top Permian Extension. Initially, the Pre-Top Permian Extension 

deformed the regional basement, resulting in the four sub-basins, the Exmouth, Dampier, Barrow 

and Beagle Sub-basins, forming in the Northern Carnarvon Basin (Figure 1.1). Additionally, the 

crust continued to stretch in the first deformation zone along the four sub-basins during the 

following two phases of extension at the Top Permian and Base Jurassic Extensions. Later, the 

locus of the dominant extensional forces migrated from the sub-basins to the Exmouth Plateau 

Region by the Middle Jurassic Epoch. The Middle and Late Jurassic rifting events we are more 

intensive than the earlier phases because they occurred across the entire Northern Carnarvon
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Figure 1.1 Geographical location of the Carnarvon Basin, Northwest Shelf of Australia (Geoscience Australia, 2012)
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Basin, forming another deformation zone across the Exmouth Plateau Region (Figure 1.1).  

Lastly, a transition from extensional forces to compressional resulted in inversion caused by the 

Indo-Australian Plate colliding with the Pacific Plates and Eurasian Plate in the Late Oligocene 

(25 Ma; Pigram & Davies, 1987). Regional uplift during the inversion phase is closely related to 

the ongoing northward movement of the Indo-Australian plate (Audley & Charles et al., 1988; 

Lee & Lawyer, 1995; Richardson & Blundell, 1996; Keep et al., 1998; Hill & Raza, 1999; Keep 

et al, 2002). 
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CHAPTER 2 

GEOLOGICAL BACKGROUND 

The Carnarvon Basin formed from an intercontinental basin, as a result of rifting from the 

Late Carboniferous through the end of the Jurassic and the beginning of Cretaceous, comprising 

four main tectonic phases of extension according to Baillie et al., 1994. In the first phase from 

Silurian to Permian, the entire area was an intracratonic rift basin during the breakup of 

Gondwana (Figure 2.1) (Geoscience Australia, 2012). The second phase of extension represents 

the Northern Carnarvon Basin being dissected by a series of northeast trending faults (Figure 

2.2) at the beginning of the Jurassic (Geoscience Australia, 2012). This rifting formed four main 

depocenters in the basin (Exmouth sub-basin in the south west, the Beagle sub-basin in the north 

east, the Barrow and the Dampier sub-basins in the center) (Figure 1.1) (Geoscience Australia, 

2012). Rifting at this time widens towards the Exmouth Plateau, which is bordered by the 

Investigator Sub-basin in the south and the Kangaroo Trough to the east (Figure 1.1) 

(Geoscience Australia, 2012). The third rifting phase occurred in the Middle Jurassic, resulting in 

a seafloor spreading forming the Argo Abyssal Plain in the North (Geoscience Australia, 2012). 

Depositional rates were high during the syn-rift phase from the Early Triassic to the end of the 

Middle Jurassic (Geoscience Australia, 2012). The youngest extensional phase initiated in the 

Late Jurassic to the Early Cretaceous (Tithonian to Valanginian) (King, 2008). This phase 

culminated in the generation of Gascoyne and Cuvier Abyssal Plains (Figure 2.2) in addition to 

the Exmouth Plateau (King, 2008). Greater India separated from Australia when Australia rifted 

away from Antarctica during the Early Cretaceous (Geoscience Australia, 2011). Additional 

accommodation developed through post-rift subsidence in the Early Cretaceous. A fundamental 

alteration in the sedimentary regime occurred during this time with a transition from siliciclastic 
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deposits to marine carbonates on the passive continental margin, including the North West Shelf 

(Hocking et al., 1988). The North West Shelf evolved into the present-day reef bearing carbonate 

ramp by flexural processes in the Late Neogene (Collins, 2002). It turned into a passive margin 

after the last rift phase (Geoscience Australia, 2012). 

Figure 2.1 Geological Evolution, Paleogeography and Tectonics of East and Southeast Asia in  

Relation to the Evolution of Gondwanaland and Tethys (Metcalfe, 2015) 
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Figure 2.2 Structural Elements of the Carnarvon Basin (Geosciences Australia, 2011) 
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2.1 Stratigraphy of the Northern Carnarvon Basin 

The main stratigraphic formations in the basin (Figure 2.3) are: 

Locker Shale (Early/Middle Triassic): The Locker Shale comprises marine claystone and 

siltstone with minor paralic sandstone and shelfal limestones. It was deposited in a regional 

marine transgression. It grades upwards into the Mungaroo Formation (Geoscience Australia, 

2014). 

Mungaroo Formation (Middle/ Late Triassic): The succession of Middle to Upper 

Triassic Mungaroo Formation contains sandstone, claystone with minor coal. It was deposited in 

a prograding fluvio-deltaic system covering much of the offshore Northern Carnarvon Basin. 

Additionally, the upper Mungaroo Formation is lithologically composed of shoreline sandstone, 

shallow marine claystone and minor limestone. The Middle Triassic Cossigny Member of the 

Mungaroo Formation consists of paralic and marine siltstone, claystone and limestone. Fluvial 

and shoreline sandstones of the formation bears huge gas accumulations on the Rankin Platform, 

so it is interpreted to be the main gas-prone source rock in the Exmouth Plateau, the Barrow, 

Dampier and Exmouth Sub-basins in the Northern Carnarvon Basin (Figure 2.1) (Geoscience 

Australia, 2014). 

Brigadier Formation (Late Triassic): This formation comprises thinly bedded siltstone, 

claystone and marl which were deposited on the shelf during a rapid subsidence in the Rhaetian. 

The Brigadier Formation is gas prone in the Barrow and the Dampier Sub-basins (Figure 2.1) 

(Geoscience Australia. 2014). 

Murat Siltstone (Late Triassic/Early Jurassic): The Murat siltstone initiated in a 

regressive period caused by a rapid subsidence from the late Triassic to the Early Jurassic 

(Geoscience Australia. 2014). 
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Figure 2.3 Stratigraphy of the Northern Carnarvon Basin (Modified After Geoscience Australia, 

2014)
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Figure 2.4 continued 



 

10 

Athol Formation (Early/Middle Jurassic): This formation comprises marine claystone 

and siltstone which were deposited in a restricted marine environment (Geoscience Australia. 

2014). 

Legendre Formation (Bathonian): This formation is composed of deltaic sandstones 

which were deposited during a regression, expanding from the Beagle Sub-basin towards the 

Dampier Sub-basin and the Exmouth Plateau in Bathonian (Figure 1.1). The sediment source 

was mainly fault blocks. It is a main hydrocarbon source in the Dampier Sub-basin (Figure 1.1) 

(Geoscience Australia, 2014). 

Calypso Formation (Oxfordian): This formation comprises interbedded sandstones and 

massive claystone, silty claystone and argillaceous siltstone. It was deposited in a nearshore to 

offshore marine environment (Apache Energy, 2004). 

Dingo Claystone (Oxfordian): The Dingo Claystone consists of mainly claystone with 

minor argillaceous siltstone, calcilutite stringers and limestone trace. The claystone is 

glauconitic, micaceous and microphyritic. It was deposited in a nearshore to offshore marine 

environment in the Oxfordian in incipient rifts developed at the northern continental margins of 

Gondwana Break up (Figure 2.1) (Apache Energy, 2004). 

Eliassen Sandstone (Oxfordian): The Eliassen Formation is composed of massive 

sandstones which are interbedded with minor claystones. It was deposited in a nearshore to 

offshore marine environment. Grains show good visual porosity. Good hydrocarbons are 

observed in sidewalls of cores of the sandstone. It shows only one gas peak in the section 

(Apache Energy, 2004). 

Angel Formation (Tithonian): This formation comprises interbedded massive sandstone, 

claystone and minor siltstone stringers and calcilutite stringers. It was deposited in a fluvial to a 
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regional shallow marine environment during Tithonian. The Angel Formation has an erosional 

top surface, the Base Cretaceous Unconformity. This unconformity surface separates it from the 

Forestier Claystone. This section is not promising for oil and gas peaks (Apache Energy, 2004). 

Forestier Claystone (Tithonian/ Berriasian): This section is lithologically composed of 

interbedded intergradational silty claystone and claystone with sandy claystone, argillaceous 

sandstone and siltstone with minor limestone and dolomite stringers. The Forestier Claystone 

was deposited in a shelfal marine environment from Tithonian to Berrriasian. The Intra-

Valanginian Unconformity surface lies between this section and the Lower Muderong Shale. The 

Forestier Claystone unconformably overlies the Angel Formation. Its base is defined as the Base 

Cretaceous Unconformity (Apache Energy, 2004). 

Lower Muderong Shale (Valanginian/ Hauterivian): The Lower Muderong Shale 

comprises interbedded and intergradational silty claystone and calcerous claystone with silty 

claystone at the base. It was deposited in an open marine shelf environment from Valangianian to 

Hautirivian. The Intra-Valangianian Hiatus separates the Lower Muderong Shale from the 

Forestier Claystone (Apache Energy, 2004). 

Upper Muderong Shale (Barremian/Aptian): Upper Muderong shale consists of 

interbeded claystone and silty claystone with minor calcilutite and dolomite. It was deposited in 

a tectonically stable, low energy, mid to outer marine shelf environment in the Neocomian 

transgression. The deposition of the shale is from Barremian to Aptian. The Albian/Aptian 

Unconformity separates the Upper Muderong Shale from the Gearle Siltstone (Apache Energy, 

2004).  

Gearle Siltstone (Albian/Turonian): This section comprises interbedded argillaceous 

calcilutite with calcerous claystones, claystone, silty claystone stringers, glauconitic claystone 
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stringers, dolomite stringers. It was deposited in a low energy restricted offshore marine 

environment from Albanian to Turonian. It is unconformably overlain by the Toolonga 

Calcilutite by the Turonian unconformity. Similarly, it is unconformably undelined by the 

Muderong Shale (Apache Energy, 2004). 

Toolonga Calcilutite (Coniacian/Santonian): The lithology of this formation is composed 

of calcerous claystone, argillaceous calcilutite and trace calcilutite stringers. It was deposited in a 

restricted open marine environment from the Coniacian to the Santonian. It formed by continued 

sinking of the continental margin with the contribution of a significant eustatic sea level rise. It is 

conformably overlain by the Withnell Formation, and unconformably underlined by the Gearle 

Siltstone (Apache Energy, 2004). 

Withnell Formation (Campanian/ Early Maastrichtian): This formation is lithologically 

described as marine claystones with trace calcilutite stringers, intergradational claystone, 

agillaceous calcilutite and trace calcilutite. The Withnell Formation is regionally interpreted as 

shallow marine marl. Its age is Campanian to Early Maastrichtian. It is located unconformably 

below the Dockrell formation. The Upper unconformity surface represents the Base Paleogene 

Unconformity (Apache Energy, 2004). 

Dockrell Formation (Late Paleocene): This section is interpreted to be shallow marine 

marls with silty claystone, calcerous silty claystone, claystone and calcerous sandstone stringers, 

which were deposited in the Late Paleocene. The Dockrell formation is conformably overlain by 

the Lower Walcott Formation, and it lies unconformably upon the Withnell Formation (Apache 

Energy, 2004).  

Lower Walcott Formation (Early Eocene): This formation represents shallow marine 

marls which were deposited in the Early Eocene. It is lithologically described by glauconitic 
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calcilutite interbedded and intergradational with calciltite, minor dolomite, chert and anhydrite 

stringers. It conformably overlies the Dockrell Formation (Apache Energy, 2004). 

Upper Walcott Formation (Late Eocene): This formation comprises interbedded 

intergradational calcarenite and calcisiltite with chert, dolomite, anhydrite and minor stringers of 

sandstone. Regionally, it represents shallow marine marls deposited in the Late Eocene. It 

conformably lies upon the Lower Walcott Formation (Apache Energy, 2004). 

Mandu Calcarenite (Late Oligocene/ Early Miocene): The Mandu calcarenite is a 

shallow marine reef and reworked carbonates. Its age is Late Oligocene to Early Miocene. It 

lithologically consists of intergradational calcarenite and calcisiltite with minor stringers of 

sandstone (Apache Energy, 2004).  

Trealla Limestone/Bare Formation (Middle/ Late Miocene): This formation was 

deposited in a shallow marine environment from Middle to Late Miocene. It is composed of 

thinly intebedded dolomite and sandstones as reef and reworked carbonate sediments (Apache 

Energy, 2004). 

Pliocene Deposits (Pliocene): Sediments in this section represent reef and reworked 

carbonate material which were deposited in a marine shelf environment from Pliocene to Recent. 

It overlies unconformably the Trealla Limestone. This section includes the Delambre Formation 

(Apache Energy, 2004). 

2.2 Structural Geology of the Basin 

A series of structural features formed in the Northern Carnarvon basin in response to four 

phases of extensions and a younger inversion. Some of these structural features are going to be 

explained below in detail to have a regional structural perspective in the Northwest Shelf of 

Australia. 
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The Beagle Sub-basin is located on the offshore part of the northeast Carnarvon Basin to 

the northwest Australia (Figure 1.1) (Stephenson et al, 1998). It is surrounded by the Canning 

Basin in the East and the Dampier Sub-basin in the Southwest (Figure 1.1) (Stephenson et al, 

1998). The overall evolution of the sub-basin is dominated by lateral fault movements 

(Stephenson et al, 1998). Main tectonic elements of the Beagle Sub-basin are basin margin 

features, intra-basin horst blocks, depocenters, platform areas and wrench zones (Figure 2.4) 

(Stephenson et al, 1998).  

The Lambert Shelf, as an example of these tectonic features, is bounded to the north by 

the Basin Margin Fault Zone (BMFZ), which defines the northern margin of the Beagle Sub-

basin (Figure 2.4) (Stephenson et al, 1998). This Shelf is the shallow basement extension of the 

Proterozoic Pilbara Block (Figure 2.4) (Stephenson et al, 1998). A thin sequence of Triassic to 

Cenozoic sediments overlies the shelf (Figure 2.4) (Stephenson et al, 1998). The De Grey Nose, 

another tectonic feature, extends about 50 km north of the BMFZ (Figure 2.4) (Stephenson et al, 

1998). It includes a relatively thick cover of Lower to Upper Triassic sediments (Stephenson et 

al, 1998). It underlies a thin Jurassic to Cenozoic sequence. A steep, N-NW dipping fault, which 

creates the Cossigny Trough, limits the northern margin of it (Figure 2.4) (Stephenson et al, 

1998). This margin broadly reactivated by the collision of the Australian and Timor plates during 

the Middle Miocene (Figure 2.4) (Stephenson et al, 1998). Also, the Bruce Terrace, a 20 km 

wide, curved and N-NE trending basement terrace, is underlined by progressively downfaulted 

basement to the NW (Figure 2.2) (Stephenson et al, 1998).   

The Delambre, Swift, Sable, Ronsard and Picard Blocks are the five intra-basin horst 

blocks in the Beagle Sub-basin (Stephenson et al, 1998). These structural features are uplifted 

blocks of Triassic to Jurassic time interval, and they are bounded to each other by fault blocks.  
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Older sediments plunged to the Outer Beagle Platform in the North (Stephenson et al, 1998). 

 

 
Figure 2.5 Structural Features of the Beagle Sub-basin 

There are two types of depocenters in the Beagle Sub-basin: deep, structurally controlled 

troughs as well as shallow, low relief grabens (Figure 2.4) (Stephenson et al, 1998). The 

Cossigny and the Beagle Troughs formed as a result of Middle Triassic deformation (Figure 2.4) 

(Stephenson et al, 1998). Sediment accumulation continues to this today (Stephenson et al, 

1998). The Cossigny and Beagle Troughs are interpreted to be the northward part of the Lewis 

Trough in the Dampier Sub-basin (Figure 2.4) (Stephenson et al, 1998). Synclinal geometry is 

observed in the region according to seismic data (Stephenson et al, 1998). Extensional and 

wrenching tectonism reactivated troughs in the Sinemurian to the Callovian (Stephenson et al, 
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1998). While the deposition in the grabens commenced in the Late Triassic to Middle Jurassic, 

sea-floor spreading along the Argo Abyssal Plain was initiated in the late Callovian (Figure 1.1) 

(Stephenson et al, 1998). 

Platform areas comprise significant structural features in the Beagle Sub-basin (Figure 

2.4) (Stephenson et al, 1998). The Outer Beagle Platform is the lesser known part of the Beagle 

Sub-basin (Figure 2.4) (Stephenson et al, 1998). N to NE trending horsts and grabens are 

characteristic of the platform, the result of a series of en echelon movements (Figure 2.4) 

(Stephenson et al, 1998). Northward extensions of the Sable, Ronsard and Picard Blocks also 

have this sense of movement (Figure 2.4) (Stephenson et al, 1998). The blocks are highly 

fragmented and bifurcated with a distinct change in trend according to seismic studies 

(Stephenson et al, 1998). Additionally, the Beagle Platform is a broad and generally unfaulted 

tectonic block between the Picard and Ronsard Blocks (Figure 2.4) (Stephenson et al, 1998). 

Transtensional/ transpressional fault movements reactivated the Beagle Sub-basin in the 

late Middle Jurassic (Stephenson et al, 1998). A high degree of reactivation occurred along the 

margins of the horsts and within the Beagle Trough (Figure 2.4) (Stephenson et al, 1998). The 

zone of deformation that affects the Beagle Trough is the Beagle Wrench Zone (Figure 2.4) 

(Stephenson et al, 1998). The Beagle Trench Zone is interpreted as forming by reactivation of 

earlier Paleozoic faults, prior to the Callovian breakup (Figure 2.4) (Stephenson et al, 1998). The 

main fault movements occurred along the main structures and within the troughs during the 

deformation, but the Triassic-Jurassic fault blocks remained as stable structures (Stephenson et 

al, 1998). Large flower structures and anticlines are characteristic for the wrench zones in the 

Beagle Sub-basin, truncated by a regional unconformity from the late Bathonian/Callovian to the 

earliest Oxfordian truncated them (Figure 2.4) (Stephenson et al, 1998). Transtensional zone  
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observed in the Beagle Sub-basins is going to be explained in the Fault Interpretation Section. 

2.2.1 Pre-rift (Silurian to Toarchian) 

The initiation of the Westralian Superbasin (Figure 2.5), which contains the Carnarvon 

and the Canning Basins (Figure 2.2), triggered the late Carboniferous deposition sourced by the 

rifting of the Sibumasu Block from Gondwana (Figure 2.1) (AGSO North West Shelf Study 

Group, 1994). Shallow marine clastics and carbonate deposition formed northeast trending 

depocenters during the late Permian. Later, the Locker Shale and the Mungaroo Formation were 

deposited during the Triassic (Longley et al, 2002). The Locker Shale was deposited in a 

regional marine transgression while the Mungaroo Formation was deposited in a fluvio-deltaic 

environment (Geosciences Australia, 2014). A rapid subsidence from the Late Triassic to the 

Early Jurassic caused the deposition of Brigadier Formation and the Murat siltstone (Von Rad et 

al, 1992a, 1992b). 

Structural highs and lows separated the Beagle Sub-basin from the Dampier Sub-basin in 

the Late Jurassic (Figure 2.2) (Blevin et al, 1994; Smith et al, 1999). By Pleinsbachian time, 

major fault zones, e.g., the Rosemarry, Flinders and Rankin fault systems, rifted to form the 

Barrow, Dampier and Exmouth Sub-basin, the Rankin Platform and the Lambert and 

Peedamullah Shelves (Figure 2.2) (Romine et al, 1997). Tilted fault blocks, horsts and ramps in 

the sub-basins are main sediment sources (Figure 2.4) (Barber, 1988). 

2.2.2 Early Syn-rift (Toarcian to earliest Callovian) 

The initiation of extension in the Carnarvon Basin led to the deposition of early syn-rift 

deposits during the Toarcian (Geoscience Australia, 2014). The Athol Formation was deposited 

in a restricted marine environment, while the Legendre Formation was deposited in a prograding 

deltaic environment (Geoscience Australia, 2014). The Legendre deltaic deposits expanded into 

the Central Exmouth Plateau and the Dampier Sub-basins (Figure 2.2). The deltaic deposits of
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Figure 2.6 Westralian Superbasin (Langhi & Borel, 2004) 

the Legendre Formation contain the main hydrocarbon accumulations in the Dampier Sub-basin 

(Figure 1.1) (Edwards & Zumberge, 2005). Moreover, fault blocks, and platforms at the margins 

of the depocenters are the main sediment sources for the system (Thomas et al, 2004). 
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2.2.3 Main Syn-rift (Earliest Callovian to Berriasian) 

The Argo Abyssal Plain formed as a result of seafloor spreading from the Callovian to 

Oxfordian (Figure 2.2) (Jablonski, 1997). The Callovian Glypso Formation in the Barrow and the 

Dampier Sub-basins comprises the main part of the syn-rift successions in the system 

(Geoscience Australia, 2014). Rift related extensional faults formed the northern edge of the 

Exmouth Plateau (Figure 2.2) (Geoscience Australia, 2014). The Exmouth Plateau and the 

Rankin Platform were tilted and uplifted as a result of continued faulting during the Late Jurassic 

(Figure 2.2). These features continued to be sediment sources for the Barrow and Dampier Sub-

basins (Figure 2.2) (Geoscience Australia, 2014). The Dingo claystone was deposited in a marine 

environment overlapping the Barrow, the Dampier and the Exmouth Sub-basins as a result of 

rapid tectonic subsidence (Figure 2.2) (Tindale et al, 1998). The reactivation of tilted normal 

faults on the Rankin Platform formed the Kangaroo Syncline (Figure 2.2) (Jenkins et al, 2003). 

The syncline continued to form until the Berriasian (Jenkins et al, 2003). Deposition ended by 

uplift and erosion in the Berriasian with the initiation of the separation of the Greater India from 

Australia (Figure 2.1) (Geoscience Australia, 2014). The sandstones of the Biggada, Eliassen, 

Dupuy, Angel, Jansz and Linda formations are significant reservoirs in this section (Jenkins et al, 

2003 & Moss et al, 2003). 

2.2.4 Late Syn-rift Barrow Delta (Berriasian to Valanginian) 

This part of the basin evolution experienced both extension and subsequent inversion 

(Geosciences Australia, 2014). The Barrow Group was deposited as a result of the extension in 

the Barrow Delta (Figure 2.2) (Geoscience Australia, 2014), and represents the late syn-rift phase 

from the Berriasian to Valanginian (Ross & Vail, 1994). The thickness of the section is up to 

2,500 meters from the Base Cretaceous to Valanginian (Geosciences Australia, 2014). 



 

20 

Deposition commenced in the Exmouth Sub-basin, and the progradation expanded toward west 

of the Barrow Island across to the Exmouth Plateau (Figure 2.3) (Ross & Vail, 1994). Prograding 

sediments formed the Lower Barrow Delta Lobe, the Malovet Formation (Figure 2.3) (Baillie & 

Jacobson, 1997). The upper part of the Barrow Delta Lobe, the Flacourt Formation, however, 

was deposited in another progradation initiated in the late Berriasian (Baillie and Jacobson, 

1997). The progradation of the delta expanded through the Gorgon horsts (Figure 2.2) (Baillie & 

Jacobson, 1997). Basin floor fan sandstones, prodelta to foreset claystones, and top-set 

sandstones are dominant facies in this section (Tao et al, 2013). The Zeepard and the Flag 

sandstones lie at the top of this section (Tao et al, 2013). The Scarborough gas accumulations 

developed in the fan sandstones on this basin floor (Figure 2.2) (Tao et al, 2013). The continental 

break up to the southwest of the Exmouth Plateau terminated sediment supply for the Barrow 

delta system (Figure 2.2) (Hocking et al, 1990). Both the Exmouth Sub-basin and the Exmouth 

Plateau were inverted during the continental breakup (Figure 2.2) Geoscience Australia, 2014). 

2.2.5 Post Breakup Subsidence (Valanginian to Mid-Santonian) 

The Valanginian unconformity (Figure 2.3) and a widespread peneplanation in the 

Northern Carnarvon Basin were formed as a result of continental break up and seafloor spreading 

in the Gascoyne and Cuvier abyssal plains (Figure 1.1) (Geoscience Australia, 2014). Fining 

upward, marine sequences were deposited over the Valanginian unconformity surface by a 

widespread transgression generated by a rapid subsidence caused by the continental breakup 

(Geoscience Australia, 2014). The Birdrong Sandstone, glauconitic Mardie Greensand, 

transgressive Muderong Shale, Windalie Radiolarite and Gearle Siltstone compose this section 

(Geoscience Australia, 2014). The Stag and the Windalia sandstones bear 90 percent of the total 

oil accumulation in the Barrow Island (Figure 2.2) (Ellis et al, 1999). Also, the rifted margin  
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evolved into a passive margin by the end of this section. 

2.2.6 Passive Margin (Mid-Santonian to Present) 

Tectonic stability and decreasing terrigenous sediment supply terminated siliciclastic 

sedimentation by the Mid-Santonian, resulting in formation of a passive margin (Geoscience 

Australia, 2014). Progradational shelfal carbonates built on a continental margin in the Late 

Cretaceous and Cenozoic (Geoscience Australia, 2014). Inversion developed as a result of the 

compression in the Campanian in the Exmouth Sub-basin, the Exmouth Plateau Arch, the 

Resolution Arch and the Kangaroo syncline (Figure 2.2) (Tindale et al, 1998). Additionally, 

transpressional reactivation occurred on preexisting rift features in the Dampier and Barrow Sub-

basins and formed Barrow Island (Figure 2.2) (Longley et al, 2002; Cathro & Karner, 2006). 

Deposition of prograding shelf carbonate sediments was generated during the Oligocene and 

Miocene (Tindale et al, 1998). 

2.3 Petroleum Systems in the Basin 

The Northern Carnarvon Basin is the premier hydrocarbon producing basin in Australia 

containing oil and gas in the Barrow, Dampier, Beagle, Exmouth Sub-basins and the Exmouth 

Plateau Region (Figure 1.1) (Geoscience Australia, 2014). Liquefied natural gas (LNG) is 

produced from the Rankin Platform and the Exmouth Plateau (Figure 2.2) (Geoscience Australia, 

2014). LNG production is currently being developed in the Gorgon, Wheatstone, Scarborough, 

Equus, the North Ranking Re-development and the Greater Western Flank Development projects 

(Figure 2.6) (Geoscience Australia, 2014). Petroleum systems are classified according to source, 

reservoir and if it is oil or gas prone in the basin. Two petroleum systems are defined in the 

Northern Carnarvon Basin, which are the Locker/ Mungaroo-Mungaroo/ Barrow Petroleum 

System and the Dingo-Mungaroo/ Barrow Petroleum System (Figure 2.6) (Magoon & Dow, 

1994):  
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Figure 2.7 Hydrocarbon Production Facilities in the Northern Carnarvon Basin (Modified After GeoscienceAustralia, 2014) 
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The Locker/ Mungaroo-Mungaroo/ Barrow Petroleum Systems: These gas-prone 

hydrocarbon systems lie in the Barrow, Dampier and Exmouth Sub-basins as expanding onto the 

margins of the Exmouth Plateau (Figure 1.1 and Figure 2.6) (Geosciences Australia, 2014). The 

principal source rocks for this petroleum system are the Upper Triassic aged gas-prone fluvio-

deltaic Mungaroo Formation and the Lower Triassic marine Locker Shale (Geoscience Australia, 

2014). The majority of recent gas exploration from the Exmouth Plateau comes from deep coals 

and carbonaceous claystones of the Mungaroo Formation (Figure 1.1) (Edwards & Zumberge, 

2005; Edwards et al, 2006). This petroleum system is classified as a part of the Westralian 1 

Petroleum System (Bradshaw et al, 1994; Edwards & Zumberge, 2005; Edwards et al, 2007). 

The Dingo-Mungaroo/ Barrow Petroleum Systems: These petroleum systems are an oil-

prone hydrocarbon system that covers the Exmouth, Barrow and Dampier Sub-basins as seen in 

Figure 1.1 and Figure 2.6 (Bishop, 1999). The primary source rock in this petroleum system is 

the Upper Jurassic Dingo Claystone (Bishop, 1999). This is a part of the Westralian 2 Petroleum 

System (Bradshaw et al, 1994). 

Passive Margin Source Rocks: The main gas source rocks are fluvio-deltaic sediments in 

the Mungaroo Formation in the Barrow, Dampier and Exmouth Sub-basins (Figure 1.1 and 

Figure 2.6). Additional source rocks are the Murat Siltstone, Locker Shale, and Athol/Legendre 

Formations (Geoscience Australia, 2014). 

2.4 Reservoirs 

Principal reservoirs in the system are mainly fluvio-deltaic and marine sandstones in the 

Triassic Mungaroo Formation, the Bajocian-Callovian Legendre Formation in the Dampier and 

the Beagle Sub-basins, Berriasian-Valanginian Barrow group in the Barrow and the Exmouth 

Sub-basins (Figure 1.1) (Geoscience Australia, 2014). Also, Upper Triassic Carbonate reef 
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builds are evaluated to be another potential reservoir in the Carnarvon Basin (Figure 1.1) 

(Summons et al, 1998; Edwards & Zumberge, 2005). 

2.5 Seals 

Seals The late Cretaceous Muderong Shale (Baillie & Jacobson, 1997) and Windalia 

Radiolarite (Ellis et al, 1999) are the main seals in the system (Baillie & Jacobson, 1997) with 

additional seals in the Barrow Group, the Forestier Claystone, the Atholl, Legendre and 

Mungaroo formations (Geoscience Australia, 2014). 

2.6 Traps 

Horsts, tilted fault blocks, drapes and fault roll-over anticlines are conventional structural 

traps in the basin. Additionally, basin-floor and turbidite fans, unconformity pinch-outs and 

onlaps are the main stratigraphic traps in the Northern Carnarvon Basin (Figure 1.1) (Geoscience 

Australia, 2014). 

2.7 Production 

The first successful oil production in Australia began in 1953, from the Exmouth Plateau 

with 500 bbl/ d from the Lower Cretaceous Birdrong Sandstone (Figure 2.6) (Bradshaw et al, 

1999; Ellis and Jonasson, 2002). The first gas discoveries were in the 1970s in the Exmouth 

Plateau (Figure 1.1). The Northern Carnarvon Basin is the most productive basin in Australia 

with 86.2 million barrels of oil (MMbbl) and 1198.1 Bcf gas by 2010 (Figure 2.6) (Geoscience 

AU, 2010).  The total estimate of hydrocarbon potential in the basin is predicted to be 22.2 

billion barrels of oil equivalent (Barber, 2013). Productive fields in the Northern Carnarvon 

Basin are North Rankin, Cossack, Wanaea, Lambert and Hermes on the northern Rankin 

Platform (Woodside Petroleum Ltd 2011a); Pluto and Xena in the Rankin Platform/ Exmouth 

Plateau; Devil Creek (Tied into the Reindeer), Mutineer/ Exeter, Stag and Wandoo in the 
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Dampier Sub-basin (Vincent and Tilbury, 1988; Bint, 1991); Fletcher/ Funicane ( Tied into the 

Mutineer/Exeter) in the Beagle Sub-basin (Geoscience Australia, 2014); the Barrow, Thevenard, 

Varanus Islands and Woollybutt in the Barrow Sub-basin (Baillie and Jacobson, 1997); and the 

Enfield, Pyrenees, Macedon, Stybarrow and Viscent/ Van Gogh in the Exmouth Sub-basin 

(Figure 2.6) (Geoscience Australia, 2014). 40 % of total production in Australia comes from the 

Rankin Platform, which has produced since 1984 (Figure 2.6) (Geoscience Australia, 2014). The 

Stag accumulation provides 7000 bbl/d oil, and the Wandoo oil accumulation produces up to 

6000 bbl/d in the Dampier Sub-basin (Figure 2.6) (Santos, 2013a). The largest oil accumulation 

is located in the Barrow Sub-basin with 1250 MMbl proved oil reserves and 580 Bcf gas reserves 

(Figure2.6) (Ellis et al, 1999). There are 420 production wells with 208 water injection wells to 

obtain these production rates (Figure 2.6) (Santos, 2013b). In the Exmouth Plateau, produced 

gas, (200 MMcfd), from the Crosby, Ravensworth and Stickle oil accumulations through the 

Pyrenees is re-injected into the Macedon Reservoir (Figure 2.6) (BHP Billiton, 2010). Moreover, 

the maximum production rates from the Enfield accumulation were 100 000 bbl/d and 900 000 

bbl of oil storage capacity in 2013 (Figure 2.6) (Woodside, 2013). Another oil project in the 

Exmouth Plateau, the Stybarrow Venture, was conducted in 2007 (BHP Billiton, 2008); in 

addition to that, the operation Viscent oil accumulation in 2008 (Woodside, 2011b), scheduled 

Coniston and Novara oil accumulations were conducted in 2014 (Figure 2.6) (Apache 

Corporation, 2013). 
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CHAPTER 3 

DATA AND METHODOLOGY 

A series of well and seismic data is used in addition to the elevation, gravity anomaly and 

magnetic anomaly maps in this project. These are going to be shown in this chapter in detail. 

3.1 Well Data 

Data from 55 wells were integrated with the seismic analysis. Firstly, formation tops are 

determined from well reports. Second, mean depths of formation tops from Rotary Table (mRT) 

(msec) are recorded in an Excel spread sheet as seen the example in Table 3.1. Text documents 

are created to tie formation tops to the wells in Petrel software as seen in Figure 3.1 and Table 

3.1. Among these calibrated formation tops, the Upper Walcott Formation, the Toolonga 

Calcilutite, the Dockrell Formation and their time equivalents are confidently picked as post-rift 

surfaces throughout the basin; in addition, five structurally significant unconformities are picked 

from onlaps above and truncations below the unconformity surfaces. These surfaces from older 

to younger are the top Basement, the Top Permian-Base Triassic, the Late Triassic-Base Jurassic, 

the Middle Jurassic and the Late Jurassic-Base Cretaceous unconformity surfaces. They 

represent the boundaries of the rift packages. While the last three surfaces are picked more 

assuredly because they lie in the seismic data available, the interpretation on the former two 

surfaces is more poorly constrained as seismic profiles are not deep enough. 

3.2 Seismic Data 

In total, 28 VSP (Vertical Seismic Profile), 3549 2D and 10 3D seismic data surveys are 

used in this project (See Appendix-1, Appendix-2, Appendix-3 and Appendix-4). All seismic 

data are recorded in time (msec). The deepest time data shows 12 004 msec in the Central North-

West Shelf and 16,004 msec in the Northern Carnarvon Basin; in addition, seismic data are 
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sampled with 4 msec intervals. Additionally, 13 Vertical Seismic Profiles (VSP) are used 

digitally with 15 non-digitized VSP data as listed in the Appendix-4. Regional distribution of 

seismic data is shown in Figure 3.2. 

Figure 3.1 Calibration of Well Tops 

Table 3.1 Depth and Time Relationships of Formation Tops in Ajax_ST_1 

Lithostratigraphic Formation Tops MD(m) TWT(ms

ec) 

Type 

Upper Walcott Formation 630 2741.5 Horizon 

Lower Walcott Formation 825.8 2855 Horizon 

Dockrell Formation 1203 2841 Horizon 

Withnell Formation (Base Tertiary Unconformity) 1247 2834.1 Horizon 

Toolonga Calcilutite 1598 2780 Horizon 

Gearle Siltstone (Turonian Unconformity) 1900 2812 Horizon 

Upper Muderong Shale (Albian/Aptian Unconformity) 2077 2822 Horizon 

Lower Muderong Shale (Intra-Muderong Hiatus) 2130 2822.5 Horizon 

Forestier Claystone (Intra-Valanginian Unconformity) 2240 2828 Horizon 

Angel Formation (Base Cretaceous Unconformity) 2500.8 2885 Horizon 

Dingo Claystone (Mid Oxfordian Unconformity) 2873 2994.8 Horizon 

Eliassen Sandstone 3124.9 3044.5 Horizon 
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Figure 3.2 Regional Distribution of Seismic Surveys 

3.3 Methodology 

The methodology used in this project is based on seismic interpretation and restoration 

techniques. Also, the seismic interpretation methodology is based on horizon interpretation and 

fault interpretation. 

3.3.1 Seismic Interpretation Technique 

Seismic reflections result from velocity-density contrast or changes in acoustic 

impedance between lithological units. Reflection configuration, reflection continuity, reflection 

amplitude and reflection frequency are significant features to determine the boundaries of 

lithological units in seismic (Figure 3.3). Reflection configuration gives information about the 
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geometry of bedding patterns formed by depositional processes, fluid contacts and original 

topography. Furthermore, reflection continuity represents the continuity of layers, and it is 

closely related to the depositional processes and depositional environment. Also, reflection 

amplitude is another significant concept as a sign of a combination of reflection strength, 

lithological contrast, bedding spacing and fluid content. Reflection frequency demonstrates the 

bed thickness and the fluid content (Veeken & Bruno, 2013).  

  
Figure 3.3 Seismic Facies Units (Veeken 2007) 
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These reflections represent layers (Figure 3.3), unconformities or disconformities (Figure 

3.4), artafacts and non-sedimentary reflections of faults and fluid contacts (Figure 3.5). Examples 

of these different seismic reflections are shown in the Figure 3.5 (Veeken & Bruno, 2013). 

Seismic reflection geometries are used to determine seismic reflection configurations such as 

parallel, subparallel, divergent, sigmoidal, parallel oblique, tangential oblique, complex  

sigmoidal, shingled, hummocky clinoforms, disrupted, contorted and lenticular (Figure 3.6). 

 
Figure 3.4 Unconformity Surface Defined by Reflection Terminations (Veeken & Bruno, 2013) 

3.3.1.1 Horizon Interpretation Methodology 

Horizon picking depends upon well tie analysis and recognizing structurally important  

unconformity surfaces like pre-rift to syn-rift and syn-rift to post-rift surfaces. They are modelled 

to build a structural framework (Figure 3.7). Sedimentary reflections of horizons in seismic 

profiles may represent lithology, energy level, sedimentation rates, depositional environment, 

input source, degree of diagenesis and pore contents with temperature and salinity or a 

combination of any of the above (Yilmaz 2001).  
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Figure 3.5 Different Types of Reflections (Veeken, 2007) 

 
Figure 3.6 Reflection Configurations (Veeken & Bruno, 2013) 
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Figure 3.7 Bulding Structural Framework with Fault and Horizon Modelling 

Unconformities are erosional or non-depositional surfaces between two packages of 

strata. Reflection terminations of layers above and below the unconformity surfaces are onlaps, 

downlaps, toplaps, and truncations as seen in Figure 3.8 (Mitchum et al. 1977). Erosional 

truncations show older sediments below the unconformity surface (Veeken & Moerkerken, 

2013). Toplaps demonstrate depositionally-inclined underlying layers when erosion happens at a 

shelf-edge geometry (Veeken & Moerkerken, 2013). Onlaps represent younger deposits 

progressively overstepping each other (Veeken & Moerkerken, 2013). Downlaps show 

depositionally inclined younger strata along the direction of sediments supply (Veeken & 

Moerkerken, 2013). Horizon interpretations in this project are condected using 3D, 2D 

Autocracking and Manual Interpretation in Petrel 2013 (Figure 3.9). 
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Figure 3.8 Reflection Terminations (Modified after Veeken, 2007) 

 
Figure 3.9 Fault and Horizon Interpretation in Petrel 2013 
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Zero Phase Polarity: The importance of zero phase seismic data appears in generating a 

better seismic interpretation (Brown & Abriel, 2014). The advantage comes from symmetry of a 

wavelet, but this benefit depends upon the relationship between wavelet amplitude, and any 

increase or decrease in acoustic impedance (Brown & Abriel, 2014). There are a number of 

different types of polarities being used in earth science. SEG normal polarity is defined by the 

polarity of minimum phase wavelets. It demonstrates that a first deviating break to negative 

values, which is caused by a compressional wave arriving at geophones (Brown & Abriel, 2014). 

American polarity refers to an increase in the acoustic impedance which produces peak on the 

zero phase seismic section (positive amplitude reflection) (Brown & Abriel, 2014). It is 

displayed as blue reflection in seismic section (Brown & Abriel, 2014). Conversely, European 

polarity refers to an increase on the negative amplitude reflection, trough (Brown & Abriel, 

2014). It is displayed as a red reflection in a seismic section (Brown & Abriel, 2014). Both 

American and European polarities are illustrated in Figure 3.10. The polarity type of the seismic 

surveys used in this project is characterized as European Polarity (Figure 3.11). 

 
Figure 3.10 a- American Polarity Hydrocarbon Brightspot b- European Polarity Hydrocarbon 

Brightspot (Brown and Abriel, 2014) 
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Figure 3.11 European Polarity Observed in the Seismic Surveys of the Project 

3.3.1.2 Fault Interpretation Methodology 

Seismic reflection terminations are used to detect fault planes and are evaluated as one of 

the non-sedimentary reflectors. Fault planes are the surfaces of two juxtaposed lithologies at the 

each side of the plane; so, this generally causes acoustic impedance difference because faults 

create a contact between different layers. The reflection terminations do not always show fault 

planes on seismic, but these terminations provide an opportunity to observe fault planes on 

seismic (Figure 3.12).  Each fault family in this project is modelled to generate fault planes in a 

structural framework (Figure 3.7). 
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Figure 3.12 Fault Interpretation 

3.3.2 Restoration Methodology 

Six basin-wide representative profiles are restored in Move 2014.2. Composite sections 

are generated in Petrel 2013 from smaller 2D profiles to make longer sections for a more 

complete overview. Prior to restoration, all time profiles are converted to depth to generate a 

closer approximation to geological cross section. For the 2D depth conversion, depth-time 

relationships of the formation tops are used (Appendix). Depth vs Time values are used to 

determine a function from crossplots (Figure 3.13). The mathematical formula representing the 

relationship between the time and depth data in the Carnarvon Basin is: 

ℎ = (0.858454 ∗ 𝑡) + 238.234                                                                                                (3.1) 

h=depth (meter), t=TWT (Two Way Time (msec)) 
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Figure 3.13 Depth vs Time Relationship in the Carnarvon Basin 

Decompaction, Unfaulting and Flexural Slip Unfolding are three main modules to restore 

rift-dominated profiles. Decompaction basically means removing the compaction effects of 

overlying layers on the units buried in the section below. It is performed in Move 2014.2 

software is shown in Figure 3.14. Moreover, the unfaulting process is based on moving the 

hangingwall block to its pre-deformed stage. The parallel moved fault is demonstrated in Figure 

3.15. Additionally, the Flexural Slip Unfolding is used for the inversion. It flattens the inverted 

horizon as well as preserving the line length as seen in Figure 3.16. 
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Figure 3.14 Decompaction in Move 2014.2 

Figure 3.15 Parallel Fault Movement 
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Figure 3.16 Flexural Slip Unfolding 
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CHAPTER 4 

SEISMIC INTERPRETATION 

Seismic interpretation for this project is based on horizon interpretation, fault 

interpretation, and building a regional structural framework with the horizon and fault modelling 

in Schlumberger`s Petrel 2013 software. The research area covered by the 2D and 3D seismic 

surveys is as large as 1.05 million km
2
, including 3,549 2D seismic profiles in the Northwest 

Shelf of Australia (1,229 2D seismic profiles in the Northern Carnarvon Basin and 2,320 2D 

seismic profiles in the Central Northwest Shelf (Figure 3.2 and Figure 4.1)). Also, 10 3D seismic 

surveys were interpreted from the Northwest Shelf of Australia (Figure 3.2). The seismic 

volumes were structurally smoothed to increase the continuity of the seismic reflectors to assist 

in both the fault and the horizon interpretations. Moreover, ant tracking is a tool extracting fault 

surfaces from fault attributes. The principle of the algorithm is based on using ant colony 

systems to extract surfaces displaying trends in very noisy data. It was performed on the seismic 

surveys to visualize features reflecting the trends of faults, which aids the fault interpretation in 

this research. Additionally, the seismic interpretation was controlled with the well tops from 55 

wells, 13 digital and 15 non-digital VSPs.  

Ten structurally important surfaces were generated to build a structural framework 

representing the pre-rift, syn-rift and post-rift sections of the five phases of extension and the 

youngest inversion. First and the second order planar and listric faults were interpreted by 

initially drawing a single fault, and then 317 fault groups are assigned from the fault sticks, 

which are interpreted to represent the same fault plane. A structural framework throughout the 

entire region is constructed to determine major deformation zones in the Northern Carnarvon 

Basin. 
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Figure 4.1 Structural Features in the Northern Carnarvon Basin (www.spatialonDemand.com) 

4.1 Horizon Interpretation 

The interpretation of tectono-stratigraphic record, which resulted from five phases of 

extension, and the youngest inversion in the Northern Carnarvon Basin, is based on the 

formation tops from wells (Figure 3.1), seismic facies (Figure 3.3), unconformities, their 

correlative conformities (Figure 3.4), and reflection configurations (Figure 3.6). Also, post rift 

horizons deposited by sea-level fluctuations are interpreted across the basin. Among the picked 

http://www.spatialondemand.com/
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horizons, a series of structure maps were generated for the levels of the Top Basement, the Top 

Permian, the Base Jurassic, the Middle Jurassic, the Late Jurassic and the Base Cretaceous, the 

Toolonga Calcilutite, Withnell Formation and the Dockrell Formation. The important parameters 

for the horizon interpretation are the tectonostratigraphic significance of the regional 

unconformities, their time equivalence, the scale of the interpretation, seismic character of the 

interpreted horizons, and the level of confidence in interpreting the seismic horizons (Table-4.1). 

Table 4.1 Significant Parameters in the Seismic Interpretation 

Age of the 

Seismic 

Horizon 

Structural 

Significance 

Scale Interprete

d On 

Reflection 

Characteristics 

Confidence 

Late 

Miocene 

Regional Post-

Rift 

Profile Peak Regional 

Unconformity 

Medium 

Base 

Miocene 

Regional Post-

Rift 

Profile Peak Regional 

Unconformity 

Medium 

Middle 

Oligocene 

Regional Post-

Rift 

Profile Peak Regional 

Unconformity 

Medium 

Base 

Eocene 

Regional Post-

Rift 

Profile Peak Regional 

Unconformity 

Medium 

Base 

Cenozoic 

Regional Post-

Rift 

Profile Peak Regional 

Unconformity 

Medium 

Turonian Regional Post-

Rift 

Profile Peak Regional 

Unconformity 

Medium 

Aptian Regional Post-

Rift 

Profile Peak Regional 

Unconformity 

Medium 

Valanginian Regional Post-

Rift 

Profile Peak Regional 

Unconformity 

Medium 

Base 

Cretaceous 

Regional Post-

Rift 

Basin Peak Regional 

Unconformity 

Medium 
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Table 4.1 Continued 

4.1.1 Basement 

A regional basement underlies the entire geological system in the Northwest Shelf of 

Australia (Figure 4.2). The Top Basement horizon is interpreted as detailed as possible because 

the base of the seismic profiles are not deep enough to pick the basement level throughout the 

Northern Carnarvon Basin (Figure 4.2). For example, the seismic profiles in the Exmouth 

Late 

Jurassic 

Syn-Rift 5 

and Pre-

Inversion in 

the Sub-

basins 

Basin Peak Regional 

Unconformity of the 

Base of Fifth Rift 

Phase 

High in the 

Exmouth 

Plateau, Medium 

in the Sub-basins 

Middle 

Jurassic 

Syn-Rift 4 Basin Peak Regional 

Unconformity of the 

Base of the Fourth 

Rift Phase 

High in the 

Exmouth 

Plateau, Medium 

in the Sub-basins 

Base 

Jurassic 

Syn-Rift 3 Basin Peak Regional 

Unconformity of the 

Base of Third Rift 

Phase 

Medium 

Intra-

Triassic 

Volcanic 

Layers 

Exmouth 

Plateau 

Peak Unconformity Low to Medium 

Top 

Permian 

Syn-Rift 2 Basin Peak Regional 

Unconformity of the 

Base of the Second 

Rift Phase 

Low to Medium 

Pre-Top 

Permian 

(Basement) 

Syn-rift 1 Basin Peak Regional 

Unconformity of the 

Base of First Rift 

Phase 

Low to Medium 
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Figure 4.2 Structure Map of Rifted Regional Basement Level in the Northwest Shelf of Australia
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Plateau are not deep enough to interpret the basement in this part of the Northern Carnarvon 

Basin. However, there are enough seismic profiles on, which the basement level can be 

interpreted, to map a basement surface showing its regional distribution (Figure 4.2). 

Additionally, the interpreted horizon at the top basement level is characterized by discontinuous, 

low to high frequency and chaotic to high amplitude reflectors in the seismic profiles (Table 4.1). 

Also, resolution of the seismic reflections of the basement level is the lowest among other 

structurally important horizons in the Northwest Shelf of Australia, so the level of confidence is 

low to medium in interpreting the top basement horizon. The structural significance of the top 

basement is that this level of geological system represents the base of the sedimentary record in 

the first extension before the Late Permian in the Northwest Shelf of Australia, because there is a 

significant amount of stretching observed on the deformed top basement horizon, which will be 

discussed in Chapter 5. Also, structural highs and lows can also be observed on the structure map 

along with the sub-basins as seen in Figure 4.2. To clarify, the top basement surface represents 

the end of the intracratonic basin and the beginning of the rift-dominated basin, whereas it is 

interpreted to be representing completely an intracratonic basin in Geoscience Australia (2011). 

Therefore, the regional basement level is evaluated to be the base of the youngest rifting event 

before the Late Permian, underlying the entire Northern Carnarvon Basin (Figure 4.2). 

A regionally distributed surface of the basement is generated in Schlumberger`s Petrel 

2013 software (Figure 4.2). The surface of the basement is smoothed, increasing the amount of 

filtering and extrapolation (Figure 4.2). The two dimensional surface area of the projected 

basement is about 4.9 x 10
5
 km

2
 (Figure 4.2). Although the basement could not be picked very 

confidently due to the lack of deep seismic data available, it can be observed that the basement 

was highly deformed prior to the Late Permian. To clarify, the normal fault movements were the 
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main driving forces in the basin during the onset of the first rift initiation, which resulted in the 

onset of the deformation in the Northern Carnarvon Basin (Figure 4.2).  

Crustal thinning beginning at the basement level formed a rift-dominated basin across the 

Northwest Shelf of Australia and the surface of the regional basement gets deeper offshore 

(Figure 4.2). The slope of the Northwest Shelf of Australia was closer landward at the time than 

its present location similar to the Lambert and Peedamullah Shelves (Figure 4.2). 

4.1.2 Top Permian 

A second crustal stretching occurred during the late Permian in the Northern Carnarvon 

Basin, comprising the sediments between the Late Permian and the Base Jurassic unconformity 

surfaces. A mapped surface represents the base of the Top Permian Extension. This rifting event 

occurred in the entire Northern Carnarvon Basin in the Exmouth, Barrow, Dampier and Beagle 

Sub-basins except for in the Exmouth Plateau Region which was only deformed slightly. The 

unconformity level of the base Top Permian Extension is differentiated from other seismic 

horizons by irregular onlaps, downlaps and truncations, which will be shown in the seismic 

profiles in Chapter 5. Additionally, the Top Permian horizon is observed as discontinuous to 

continuous, low to high frequency, medium to high amplitude reflectors in the profiles 

throughout the basin. The level of confidence is low to medium in drawing the Top Permian 

horizon, but it is higher than the interpretation of the top Basement level (Table 4.1). 

A map of the Top Permian horizon in TWTT shows its regional distribution is generated 

in Schlumberger`s Petrel 2013 software (Figure 4.3). This surface is picked on the two 

dimensional area as large as 3.4 x 10
5
 km

2
. The deformation in the Exmouth, Dampier, Barrow 

and Beagle Sub-basins is observed from the structure map, but a significant amount of 

deformation is not observed in the Exmouth Plateau Region (Figure 4.3). Also, the Top Permian 
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Figure 4.3 Structure Map of the Top Permian Unconformity Level in the Northwest Shelf of Australia
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horizon is one of the deepest seismic reflectors along with the Basement horizon in the entire 

geological system, but it is not easily drawn in the seismic profiles due to the lack of available 

data deepening downward to the Top Permian elevation. 

The Top Permian horizon represents the second syn-rift deposition in the Northern 

Carnarvon Basin after the Pre-Top Permian Extension. Additionally, the Top Permian surface in 

the Exmouth, Dampier, Barrow and Beagle Sub-basins represents the Late Permian deformation 

more than it does in the other regions, because the intensity of the rifting event is higher in the 

the sub-basins than other regions. Although this level could not be drawn as detailed as the 

basement throughout the entire basin, it has the similar structural trend with the basement where 

it is close to the land. Also, the sedimentary packages in the late Permian extension where 

observed to onlap onto the regional Basement level during the horizon interpretation of the Top 

Permian unconformity. The thickness of the sedimentary successions also thickens from the ESE 

towards WNW. The Top Permian surface gets deeper seaward, but it is observed in the shallower 

elevations landward, or towards both the Peedamullah and the Lambert Shelves in the Northwest 

Shelf of Australia (Figure 4.3). 

The Top Permian rifting event is stratigraphically represented by the Locker Shale and 

the Mungaroo Formation (Karner & Driscoll, 1999). Both were deposited widely in this phase of 

extension (Karner & Driscoll, 1999). Additionally, a fluvio-deltaic system, which progrades 

towards the NW, forms the pro-deltaic part of the Locker Shales (Boote & Kirk, 1989). The 

Locker Shale contains more sand rich units due to the proximity of the delta front (Kopsen & 

McGann, 1985). The Mungaroo Formation overlies the Locker Shale, and it was deposited in a 

fluvio-deltaic system grading into a stacked fluvial channel deposits (Barber, 1982). 

Furthermore, the Mungaroo Formation (constrained by the Carnian-Norian time interval) is 
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characterized by pro-delta distributary fluvial channel complexes and the coal swamps towards 

the WNW (Cook et al., 1985). Moreover, a thin transgressive package of the nearshore or shelf 

fine-grained  clastics and carbonates overlies the Mungaroo Formation along the SE direction in 

the Hettenginian-Sinemurian (Karner & Driscoll, 1999). 

4.1.3 Intra-Triassic Volcanics 

The Intra-Triassic Volcanic deposits comprise the volcanic layers formed during the 

Triassic. The chemistry of the extensive magmatism across the ESE margins of the Exmouth 

Plateau towards its WNW flanks is characterized by tholeiitic lava flows (Karner & Driscoll, 

1999). These volcanic layers form irregular unconformity surfaces, characterized by the irregular 

onlaps, downlaps and truncations on the irregular unconformity surfaces, which will also be 

demonstrated in the seismic profiles in the Section Interpretation part. Along with that, the 

horizon for the Intra-Triassic volcanics is represented by continuous, high frequency and high 

amplitude reflectors. Also, this seismic level is drawn across a relatively small area with a low to 

medium level confidence, because it occurred in an area constrained to the Exmouth Plateau 

Region, or it is only preserved in the Exmouth Plateau Region. Additionally, it does not play a 

major role in the tectono-stratigraphic system because the Northern Carnarvon Basin was 

tectonically stable during the Triassic.  

A surface map generated from the interpretation of the Intra-Triassic horizon in 

Schlumberger`s Petrel 2013 software, shows its regional distribution (Figure 4.4). The projected 

surface area of this level in two dimensions is as large as 1.3 x 10
5
 km

2
. Thick volcano-

sedimentary packages settled in the Exmouth Plateau Region. Additionally, the thickness of the 

Intra-Triassic volcanic rocks get thinner from the ESE to the WNW, so this resulted in the source 

of lava flows being located in the ESE parts of the region.



50 
 

 
Figure 4.4 Structure Map of the Intra-Triassic Unconformity Level in the Northwest Shelf of Australia
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4.1.4 Base Jurassic 

The Base Jurassic horizon is one of the more structurally significant reflectors, 

representing the third phase of extension in the Northern Carnarvon basin occurred from the 

Base Jurassic to the beginning of the Middle Jurassic. This rift phase specifically represents only 

the structurally induced sedimentation in the Exmouth, Dampier, Barrow and the Beagle sub-

basins because neither did the third extensional phase generate any syn- depositional event 

outside of the sub- basins, nor could it be detected in the Exmouth Plateau Region. A rapid 

generation of accommodation resulted in an abrupt change from the underlying fluvio-deltaic 

Mungaroo Formation to the overlying open marine silts and clays of the Lower Dingo Claystone 

(Kopsen & McGann, 1985; Boote, & Kirk, 1989). The Lower Dingo Claystone was deposited in 

a relatively deep and open-marine environment, and point sources of the overall sediment 

delivery accessed the basin due to the large accommodation generated at the time (Karner & 

Driscoll, 1999). This abrupt transition in the Exmouth, Barrow and the Dampier Sub-basins 

represents the onset of the early Jurassic Extension (Kopsen, & McGann, 1985; Boote & Kirk, 

1989), which did not occur in the Exmouth Plateau Region, resulting in no syn-rift deposition. A 

regional surface of the Base Jurassic horizon could not be generated because of the low 

resolution of the seismic reflectors across the Base Jurassic level. However, it is interpreted as 

continuous to discontinuous, medium to high amplitude and high frequency reflectors, which 

will be shown in the reconstructed profiles in Chapter 5. 

4.1.5 Middle Jurassic 

One of the most intensive rifting phases in the Northern Carnarvon Basin occurred during 

the Middle Jurassic, because this phase of extension deformed a broader region than the older rift 

phases in the Pre-Top Permian, the Top Permian and the Base Jurassic. However, it actually 
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deformed the sub-basins less than the former extension phases. The Middle Jurassic horizon is 

interpreted in the entire Northern Carnarvon Basin including significant structural features such 

as the Exmouth, Dampier, Barrow and Beagle Sub-basins; Exmouth Plateau; Rankin Platform; 

the Alpha and Resolution Arches; the Gascoynee and Argo Abyssal Plains (Figure 4.5). The 

Middle Jurassic surface represents the base of fourth phase of five rifting events in the basin as 

one of the structurally important horizons in the geological system. The Middle Jurassic horizon 

is picked by continuous, low to medium amplitude and low to high frequency reflectors with the 

highest level of confidence among the horizons. More regionally, the Middle Jurassic rifting 

event played a significant role along with the Late Jurassic Extension in the separation of Greater 

India from the northwest part of the Australian continent due to the higher intensity of normal 

faulting than the Top Permian and the Base Jurassic rifting events. Also, seafloor spreading 

resulted in the Argo Abyssal Plain being formed by the Middle Jurassic (Figure 4.5) (Mutter & 

Larson, 1989).  Additionally, normal faults generated small scale depocenters in the Exmouth 

Plateau as seen in Figure 4.5.  

A surface for the seismically interpreted Middle Jurassic horizon is generated in the 

Schlumberger`s Petrel 2013 software, which resulted in its two dimensional surface area of 4 x 

10
5
 km

2
 (Figure 4.5). The Middle Jurassic surface is stratigraphically represented by the Upper 

Dingo Claystone in the sub-basins, comprising silty claystones deposited during the Middle 

Jurassic Extension (Karner & Driscoll, 1999). The depositional environment of the Upper Dingo 

Claystone is a nearshore to offshore marine environment (Apache Energy, 2004). Also, the 

surface of the Middle Jurassic horizon lies at a lower topographic elevations in the Exmouth and 

Barrow Sub-basins than in the Dampier and the Beagle Sub- basins (Figure 4.5). The Rankin 

Platform formed between the NW flank of the Dampier Sub-basin and the SE edge of the 
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Figure 4.5 Structure Map of the Middle Jurassic Unconformity Level in the Northwest Shelf of Australia
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Exmouth Plateau (Figure 4.5). Additionally, the Alpha Arch in the ESE and the Resolution Arch 

in the WNW formed along the two flanks of the Exmouth Sub-basin (Figure 4.5).  

4.1.6 Late Jurassic 

The last rift phase took place in the evolution of the Northern Carnarvon Basin in the 

Late Jurassic. The horizon at the base of the Late Jurassic extension is observed by continuous, 

low to medium amplitude and low to high frequency reflectors. It is interpreted across a smaller 

area compared to the Middle Jurassic rifting event, because the magnitude of the Late Jurassic 

Extension is relatively smaller than the Middle Jurassic Extension. The Exmouth, Barrow, 

Dampier and Beagle Sub-basins were extended only slightly, but the Late Jurassic phase of 

rifting generated obvious small scale depocenters across the Exmouth Plateau Region (Figure 

4.6). The intensity of the Late Jurassic Extension is relatively smaller than the Middle Jurassic 

Extension, but it had a significant effect on the deformation history of the basin. Also, the Late 

Jurassic Extension played a significant role in the separation of Greater India from the northwest 

part of the Australian continent (in addition to the Middle Jurassic Extension) because the 

deformation from the normal faults in the Late Jurassic and the Middle Jurassic were more 

intensive than the deformation in the Pre-Top Permian, Top Permian and Base Jurassic phases of 

Extension (Geoscience Australia, 2014). Additionally, the Late Jurassic Extension represents the 

transition from the rift-dominated basin to the passive margin, resulting in seafloor spreading 

forming the Gascoynee and Cuvier Abyssal Plains. 

A surface is generated for the Late Jurassic horizon in the Schlumberger`s Petrel 2013 

software (Figure 4.6). The map surface is as large as 1.5x 10
5
 km

2
 in the two dimensional space. 

Additionally, there is a structural high detected between the Exmouth Plateau in the NW and 

sub-basins in the SE (Figure 4.6). Furthermore, the Late Jurassic Extension is represented by the
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Figure 4.6 Structure Map of the Late Jurassic Unconformity Level in the Northwest Shelf of Australia
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Forestier Claystone, the Angel Formation and the Dupuy Formation (Bint & Marshall, 1994). 

4.1.7 Base Cretaceous 

A horizon for the Base Cretaceous unconformity is interpreted somewhat confidently as 

the last structurally important level in the Northern Carnarvon Basin (Figure 4.7). It represents 

the onset of the inversion in the Exmouth, Dampier, Barrow and Beagle Sub-basins and the end 

of the Late Jurassic Extension from SE flanks of the Exmouth Plateau Region, or NW edge of 

the sub-basins, towards the NW (Figure 4.7).  A basin-wide horizon for the Base Cretaceous 

unconformity is picked by continuous, high frequency and high amplitude reflectors in addition 

to the onlaps, downlaps, toplaps and truncations, which will be shown in the seismic profiles in 

Chapter 5. 

A regional surface is generated from the Base Cretaceous horizon in the Schlumberger`s 

Petrel 2013 software (Figure 4.7). Two dimensional surface area of the Base Cretaceous 

unconformity is measured to be about 2.3 x 10
5
 km

2
. The normal faults in NW part of the 

Exmouth, Barrow, Dampier and the Beagle sub-basins were inverted creating a slightly positive 

topography along the Rankin Platform (Figure 4.7). The compressional forces did not affect the 

Exmouth Plateau Region as it was isolated by the sub-basins, inferred from the structural low 

between the Exmouth Plateau and the sub-basins (Figure 4.7). 

4.1.8 Late Cretaceous 

The horizon of the Late Cretaceous unconformity is seismically interpreted in the 

Northern Carnarvon Basin. It stratigraphically represents the base of the Toolonga Calcilutite 

and its time equivalences in the Northern Carnarvon Basin as one of the post-rift horizons 

covering the entire basin in the passive margin of the Northwest Shelf of Australia. The Late 

Cretaceous unconformity level is interpreted by onlaps, downlaps, toplaps and truncations of  
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Figure 4.7 Structure Map of the Base Cretaceous Unconformity Level in the Northern Carnarvon Basin 
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continuous, high frequency and high amplitude reflectors in the seismic profiles. 

A surface for the Late Cretaceous unconformity horizon is measured to be about 1.977 x 

10
5
 km

2
. A topographic high towards the west represents the Exmouth Plateau Region (Figure 

4.8). Additionally, a gentle slope started forming without any rift deformation from the NE to the 

SW during the Late Cretaceous (Figure 4.8). Along with that, the Peedamullah and Lambert 

Shelves persisted in the similar locations of the present condition. 

4.1.9 Late Paleocene 

A Late Paleocene horizon is one of the post-rift horizons interpreted in detail throughout 

the Northwest Shelf of Australia, covering all of the structural features in the Northern 

Carnarvon Basin such as the Exmouth, Barrow, Beagle and Dampier Sub-basins; the 

Peedamullah and Lambert Shelves; the Resolution and Alpha Arches; the Exmouth Plateau and 

the Rankin Platform (Figure 4.9). Additionally, the Late Paleocene unconformity represents the 

base of the Dockrell Formation in the region. It is interpreted by onlaps, downlaps, toplaps and 

truncations of semi-continuous to continuous, high frequency and high amplitude reflectors in 

the seismic profiles throughout the basin. Also, there is not any significant deformation observed 

in the Northwest Shelf of Australia during the Late Paleocene. 

A structure map of the Late Paleocene unconformity is about 3.93 x 10
5
 km

2
. The Late 

Paleocene unconformity surface is surrounded by the Argo Abyssal Plain in the north, the 

Gascoynee Abyssal Plain in the west and the Cuvier Abyssal Plain in the southwest (Figure 4.9). 

Also, the seismic interpretation of the Late Paleocene unconformity revealed an obvious 

topographic high in the Exmouth Plateau Region (Figure 4.9). Additionally, the overall trend of 

the geometry of the slope is observed to run NE to SW, but there is an obvious irregularity near 

the Exmouth Plateau Region (Figure 4.9). Moreover, the Peedamullah Shelf in the SW and the  
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Figure 4.8 Structure Map of the Late Cretaceous Unconformity Level in the Northwest Shelf of Australia
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Figure 4.9 Structure Map of the Late Paleocene Unconformity Level in the Northwest Shelf of Australia
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Lambert Shelf in the NE show similar geometry to their present conditions (Figure 4.9). 

4.1.10 Late Eocene 

A Late Eocene horizon is the last post-rift horizon interpreted throughout the Northwest 

Shelf of Australia, including some of the structural features in the Northern Carnarvon Basin 

such as the Exmouth Plateau, the Beagle and Dampier Sub-basins, the Lambert Shelf and the 

Rankin Platform (Figure 4.10). This structure map represents the base of the Late Eocene 

deposits. They unconformably overlie all structural features in the Northwest Shelf of Australia 

(Figure 4.10). The southern part of the Exmouth Plateau, the Exmouth and Barrow Sub-basins, 

the Peedamullah Shelf, and southern section of the Rankin Platform and the Dampier Sub-basin 

are not represented entirely in the structure map due to the limitation in the intersections of the 

seismic profiles, but their locations are shown in Figure 4.10. The Late Eocene horizon is drawn 

to interpret the Walcott Formation in the Northwest Shelf of Australia by onlaps, downlaps, 

toplaps and truncations. Additionally, the Walcott Formation is interpreted by continuous, high 

frequency and high amplitude reflectors in the seismic profiles. Also, the Late Eocene horizon is 

interpreted to be deposited when the entire Northern Carnarvon Basin was a passive margin 

because a significant rift related tectonic event is not recorded at the time. 

A regionally distributed surface has a two dimensional surface area of about 2.072 x 10
5
 

km
2
. Moreover, there is not any structurally important deformation on this surface except for the 

structural low area is observed in the Beagle Sub-basin. Additionally, the Exmouth Plateau 

Region demonstrates a regional high in the Central Plateau (Figure 4.10). Also, the gentle slope 

environment is observed as trending from NE to SW in the Northwest Shelf of Australia parallel 

to its present geometry, although there are some irregularities formed around outer margins of 

the Exmouth Plateau Region and the NW edge of the Beagle Sub-basin (Figure 4.10). 
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Figure 4.10 Structure Map of the Late Eocene Horizon in the Northwest Shelf of Australia 
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4.2 Fault Interpretation 

The Northern Carnarvon Basin is a deformed basin by both earlier extensional and later  

compressional forces, including the youngest inversion in the Late Jurassic-Base Cretaceous time 

interval and five phases of extension. A series of structural features are observed such as sub-

basins, plateaus, troughs, shelves, margins, platforms, intra-basin horst blocks and grabens 

(Figure 4.11). A detailed fault interpretation was constructed by more than approximately 

260,000 clicking points. To clarify, fault sticks initially interpreted to be on the same fault plane 

are merged into 317 fault families in the Northern Carnarvon Basin. Additionally, fault groups 

are modeled to build a structural framework representing the major deformation zones in the 

Northwest Shelf of Australia, illustrating the structural features in the Northern Carnarvon Basin 

(Figure 4.11). 

The intracratonic basin was initially deformed by the Pre-Top Permian Extension, which 

resulted in the formation of the Exmouth, Barrow, Dampier and Beagle Sub-basins in the 

Northern Carnarvon Basin. The normal faults in the Pre-Top Permian Extension are observed to 

be dipping towards the NW and their strike is NE/SW (Figure 4.11), generating the first 

detachment surface in the system by the first fault initiation. The first detachment fault is 

interpreted to be the one of the major faults on the SE flank of the sub-basins and dipping to the 

NW (Figure 4.11). Additionally, the entire geological system moved on this detachment surface 

during the earlier three phases of extension, which will also be discussed later in the Model 

Predictions section. Moreover, the major deformation zone was generated along the four sub-

basins from the WSW to the ENE during the earlier three phases of extension (Figure 4.11). 

Therefore, the normal faults initiated in the earliest three rifting phases in the Pre Top Permian, 

Top Permian and Base Jurassic, were isolated by four sub-basins, forming the first deformation 
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Figure 4.11 Fault Families Initiated in Response to Five Phases of Extensions in the Northern 

Carnarvon Basin 
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zone in the Northern Carnarvon Basin. 

The Northern Carnarvon Basin was deformed more intensely by the normal faulting  

during the Middle and the Late Jurassic Extension phases, because these two rifting events 

occurred across the entire Northwest Shelf of Australia.  The normal faults developed on the 

Exmouth Plateau during the last two phases of rifting are characterized to be both planar and 

listric. To clarify, they are observed to be more planar in the Exmouth Plateau Region, but they 

are interpreted to be more listric in the sub-basins. The last two rifting phases formed the 

Exmouth Plateau, the Rankin Platform, the Wombat Plateau, the Resolution Arch, the Alpha 

Arch, the Kendrew Trough, the Madeleine Trough, horsts and grabens, in addition to four sub-

basins in the Northern Carnarvon Basin. The locations of some of these structural features are 

shown in Figure 4.11.  

All phases of extension played a role in the formation of sub-basins, but only the Middle 

and Late Jurassic Extensions occurred across the entire Northern Carnarvon Basin including the 

Exmouth Plateau. That is because the locus of the dominant extension migrated from the sub-

basins to the Exmouth Plateau Region during this time interval, resulting in the second 

detachment surface being formed at similar elevations with the Top Permian Horizon in the 

Exmouth Plateau Region, which will also be discussed in the Model Prediction section. Both 

planar and listric normal faults moved on the second detachment surface, while listric faults in 

the sub-basins were driven on the first detachment surface. An equally significant result of the 

last two rifting events is that the Northern Carnarvon Basin was rotated by the extensional forces 

in addition to the crustal stretching at the time. That is because a new trend in the normal faults 

was observed in the Exmouth Plateau Region, dipping to WNW and striking from the NNE to 

the SSW, while the listric faults continued deforming sub-basins, striking from the NE to the SW 



 

66 

and dipping to NW (Figure 4.11). Moreover, there is a gradational change in the strikes of 

normal faults from NE/SW in the sub-basins to NNE/SWS in the Exmouth Plateau (Figure 4.11). 

This transition in the strike of normal faults during the Middle and the Late Jurassic rifting 

suggests that there was a rotational movement in the Northwest Shelf of Australia in addition to 

the extension. This regional rotation is observed to be counterclockwise in the area. Additionally, 

normal faults in the Exmouth Plateau Region get younger from the SE to the NW, and the end 

members formed a rift-dominated margin during the last two phases of extension. The normal 

faults initiated in the Middle and Late Jurassic Extensions resulted in another deformation zone 

in the Exmouth Plateau Region. 

The normal faults on the NW flank of the sub-basins were inverted by the Base 

Cretaceous inversion in response to a change in the extensional direction of normal faults 

resulted in a localized intraplate compression, generating harpoon structures in the Northern 

Carnarvon Basin (Cathro et al., 2006). Also, the Tertiary inversion is generated by the collision 

between the Indo-Australian Plate and the Eurasian Plate (Figure 4.11) (Pigram and Davies, 

1987). The major reverse slip occurred on the first order inverted listric faults located on the NW 

edge of the sub-basins, dipping to the SE and striking to the NE/SW. On the other side, the listric 

faults located on the SE flanks of the sub-basins were inverted similar to the back thrust tectonic 

character (Figure 4.11). The secondary inversion on the listric faults generated less reverse slip 

along the sub-basins. Additionally, the amount of inversion is observed to increase towards the 

north due to the proximity to the main collision zone between the Indo-Australian Plate and 

Eurasian Plate (Pigram and Davies, 1987). Next, the compressional forces generated another 

detachment surface along the distance from the NW flanks of the sub-basins towards the SE, 

which will be shown in the Model Predictions section.  
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Therefore, two major deformation zones are determined to be along the sub-basins and in 

the Exmouth Plateau Region during five phases of extensions and during the youngest inversion 

(Figure 4.11). Also, the Northern Carnarvon Basin was rotated in addition to being extended due 

to the change in strike of the normal faults in the Exmouth Plateau and the four sub-basins 

(Figure 4.11). Additionally, the most broad deformation in the Northwest Shelf of Australia 

occurred by the Middle and Late Jurassic extensions. That is because these two phases of rifting 

occurred in the entire basin, whereas the pre-Top Permian, Top Permian and Base Jurassic 

extensions were isolated by the sub-basins. 

4.3 Section Interpretations 

Four seismic profiles and two composite seismic sections are structurally interpreted in 

this part. They are selected because they generally run across the entire Northern Carnarvon 

Basin, cutting perpendicularly through the significant structural features. 

4.3.1 Section 1 

The depth converted seismic section, EX00_19, trends WNW to ESE across the Exmouth 

Plateau in the Northwest Shelf of Australia (Figure 4.1 and Figure 4.12). Structurally interpreted 

view of the seismic profile is about 149,336 meters long with a 7,110 meters thickness. It is 

selected to interpret, because it covers the significant structural features in the Exmouth Plateau, 

especially the Middle and Late Jurassic extensions (Figure 4.12). 

Top Permian horizon is the one of the deepest seismic reflectors drawn in the profile 

(Figure 4.12). It is observed to be generally deeper than 6 km in the section (Figure 4.12). 

Degree of confidence is low in picking this level due to the low seismic resolution. Additionally, 

the Top Permian horizon is not deformed by the normal faults above, except for the Fault L 

deepening down to the Top Permian horizon (Figure 4.12). The late Permian horizon is overlain 
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Figure 4.12 Seismic Interpretation of the Seismic Section, Ex00_019 (15 times vertically exaggerated)
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by the stacked Intra-Triassic lava flows (Figure 4.12). Moreover, the geometry of the normal 

faults are generally planar, and they get older from the Fault A to the Fault L (Figure 4.12).  

The Middle Jurassic horizon represents the base of the rifting event occurred during the 

Middle Jurassic, or it establishes a boundary between the pre-rift and syn-rift parts of the Middle 

Jurassic extension (Figure 4.12). The Middle Jurassic unconformity is observed by the onlapping 

seismic reflectors of the syn-rift package (Figure 4.12). Later, the last phase of rifting event is 

demonstrated by the Late Jurassic unconformity surface, which is also differentiated by the 

onlaps in this profile (Figure 4.12). Additionally, small-scale depocenters are observed on the 

Exmouth Plateau, and the thickest one is located in the ESE with a 500 m thickness (Figure 

4.12). 

Some of the faulted blocks are eroded, which contributed the sediment source (Figure 

4.12). The Base Cretaceous unconformity overlies the syn-rift deposits, representing the end of 

the rifting events in the Northern Carnarvon constrained by the seismic profile (Figure 4.12). The 

sediments deepening down to the Base Cretaceous unconformity represent the post-rift packages 

in the geological system limited by this seismic profile. 

4.3.2 Section 2 

The second seismic profile, EX00_31, runs from the WNW to ESE across the Exmouth 

Plateau, or it lies between the Beagle Sub-basin and the Gascoynee Abyssal Plain (Figure 4.1 

and Figure 4.13). The length of the depth converted section is 298.992 km with about a 7 km 

thickness (Figure 4.13). It is selected for the structural interpretation of the Exmouth Plateau 

because it shows the structural features in the Exmouth Plateau, cutting through the entire 

Plateau (Figure 4.13). 

The Top Permian unconformity represents the deepest horizon in the profile (Figure).
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Figure 4.13 Seismic Interpretation of the Seismic Section, ex00_031 (40 times vertically exaggerated)
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There is not a significant amount of deformation observed in this level, and it is interpreted by 

onlapping reflectors (Figure 4.13). It lies in the elevations between 6 km and 7 km in the section 

(Figure 4.13). Additionally, Intra-Triassic volcanics overly the Top Permian level 

unconformably in the Exmouth Plateau Region (Figure 4.13). Moreover, the Middle Jurassic 

horizon differentiates the syn-rift sediments from the pre-rift part for the Middle Jurassic 

Extension (Figure 4.13). The unconformity level is observed by the onlapping seismic reflectors 

onto the Middle Jurassic horizon (Figure 4.13). The syn-rift package between the Middle 

Jurassic and Base Cretaceous horizons comprises both the Middle and Late Jurassic extensions 

because the Late Jurassic unconformity is not able to be defined due to the lower quality of 

seismic data (Figure 4.13). Additionally, planar faults get younger from WNW to ESE in the 

profile (Figure 4.13). Also, the sediments lying between the Base Cretaceous and the seabed 

boundary deposited during the post-rift stage, representing the passive margin sediments in the 

geological system (Figure 4.13). 

4.3.3 Section 3 

The seismic profile, GPDB 95-09, trends the NW to the SE across the Northern 

Carnarvon Basin, cutting through the Dampier Sub-basin, the Exmouth Plateau, the Rankin 

Platform, Kendrew and Madeleine Troughs in addition to the Enderby Terrace (Figure 4.1 and 

Figure 4.14). The depth converted section is about 158 km long and about 8.5 km thick (Figure 

4.14). It includes five phases of extension and youngest inversion in the basin. 

The Top Basement horizon is the deepest seismic reflector interpreted in the seismic 

profile  (Figure 4.14). It is drawn by the lowest confidence among other horizons in the section 

because the seismic data is not deep enough to demonstrate the basement level towards the NW, 

but it is completed by the regional distribution of the basement (Figure 4.2 and Figure 4.14). 
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Figure 4.14 Seismic Interpretation of the Seismic Section, GPDB 95-09 (15 times vertically exaggerated)
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The rifted basement horizon gets deeper from SE to NW (Figure 4.14). Additionally, the top 

basement horizon represents the first extensional deformation in the Northern Carnarvon Basin 

(Figure 4.14). The onlapping reflectors of the sedimentary package above the top Basement level 

in the Dampier Sub-basin refer this horizon as the onset of a rifting event (Figure 4.14).  

The Top Permian horizon is the second deepest reflector interpreted in the Northern 

Carnarvon Basin constrained by this seismic profile (Figure 4.14). It represents both the end of 

the Pre-Top Permian Extension and the onset of the second rifting event in the late Permian 

(Figure 4.14). It is defined based on onlaps above the basement horizon more confidently than 

picking the basement level (Figure 4.14). Also, the top Permian horizon is onlapping onto the 

Basement level from NW to SE (Figure 4.14). The thickest part of the syn-rift package is in the 

center of the Dampier Sub-basin (Figure 4.14). 

The Base Jurassic horizon refers to the end of the Top Permian extension and the 

beginning of the third rift phase in the Early Jurassic (Figure 4.14). It is also picked by onlaps of 

the syn-rift layers of the Base Jurassic extension. However, it is not drawn in the Exmouth 

Plateau because the Base Jurassic extension did not propagate onto the Exmouth Plateau to the 

Rankin Platform (Figure 4.14). The Kendrew and Madeleine troughs formed between the SE 

flank of the Exmouth Plateau and the NW edge of the Dampier Sub-basin (Figure 4.14).  

The Middle Jurassic horizon defines the boundary between the Base Jurassic and Middle 

Jurassic extensions, which is differentiated by the onlaps and updip truncations (Figure 4.14). In 

contrast to the Base Jurassic horizon, the Middle Jurassic level is drawn in the entire basin 

limited by this seismic profile (Figure 4.14). The syn-rift package of the Middle Jurassic  

Extension gets thicker from the SE towards the Fault F (Figure 4.14). Additionally, the 

Late Jurassic horizon represents the base of the syn-rift package in the last rifting event (Figure 
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4.14). The Late Jurassic syn-rift package thickens from the NW flank of the Dampier Sub-basin 

to the Fault A, and it is obviously thinner than the former ones (Figure 4.14). Moreover, the 

Turonian unconformity represents the end of rifting and the beginning of compression in the 

basin (Figure 4.14). It establishes a boundary between the syn-rift package of the Late Jurassic 

Extension and the syn-inversion package thinning towards the NW (Figure 4.14). Furthermore, 

the sediments deepening downward to the Base Cenozoic unconformably overlay the syn-

inversion package, representing the post-inversion part of the geological system (Figure 4.14). 

The normal faults deforming the basin are characterized to be generally planar except for 

the Fault A as listric (Figure 4.14). Also, it generated the first deformation in the profile, resulted 

in the first detachment surface being formed in the basin (Figure 4.14). The age of the faults is 

thought to get younger from the SE to NW as a result of cross cutting relationships (Figure 4.14). 

Moreover, the inversion of the Fault A formed harpoon structure in the NW margin of the 

Dampier Sub-basin (Figure 4.14). 

4.3.4 Section 4 

The seismic section, Ct-93-410, runs from SSE to NNW, crossing the Dampier Sub-

basin, the Exmouth Plateau, the Rankin Platform, Kendrew and Madeleine Troughs (Figure 4.1 

and Figure 4.15). The length of depth-converted seismic section is approximately 216 km, and its 

thickness is about 9.5 km. The seismic profile covers five phases of extension and the inversion 

(Figure 4.15). 

The deepest reflector interpreted in the profile is the top Basement horizon, which is 

defined by updip onlaps, in addition to other structurally significant reflectors such as the Top 

Permian, the Base Jurassic, the Middle Jurassic and the Late Jurassic-Base Cretaceous horizons 

(Figure 4.15). These horizons represent the base levels of five phases of extension and the 
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Figure 4.15 Seismic Interpretation of the Seismic Section, Ct-93-410 (15 times vertically exaggerated)
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inversion (Figure 4.15). The level of confidence in defining the unconformity surfaces increases 

from the basement level to the younger horizons due to increasing in the resolution of seismic 

data (Figure 4.15). The first syn-deposition is observed on the basement horizon in response to 

tectonic induction prior to the late Permian (Figure 4.15). Additionally, the Top Permian horizon 

defines the base of the second rifting event in the late Permian, and it onlaps onto the basement 

horizon (Figure 4.15). Also, the syn-rift package of the second extension gets thicker from the 

NNW to SSE in the Dampier Sub-basin (Figure 4.15). Conversely, the thickness of the syn-

depositional layers in the Lower Jurassic rifting event gets thinner from the NNW edge of the 

Dampier Sub-basin towards the SSE (Figure 4.15). The Base Jurassic horizon is not drawn in the 

Exmouth Plateau because the Lower Jurassic extension is isolated in the Dampier Sub-basin 

(Figure 4.15).  

The Middle Jurassic horizon defines the base of syn-rift package deposited during the 

Middle Jurassic extension (Figure 4.15). Apparently, it gets thicker from the SSE towards the 

Fault E, but its thickness is lower in the Exmouth Plateau (Figure 4.15). Moreover, the Late 

Jurassic horizon represents the base of the last phase of rifting, which is observed by onlapping 

reflectors (Figure 4.15). The thickness of syn-rift package of this phase gets thicker towards the 

SSE in the Dampier Sub-basin (Figure 4.15). It is unconformably overlain by syn-inversion 

packages, referring to the Turonian unconformity (Figure 4.15). The thickness of the syn-

inversion package gets thinner towards the inverted Fault E (Figure 4.15). Furthermore, the 

sediments deepening down to the Late Cretaceous unconformity lays below the post-inversion 

sediments referring to the passive margin deposits (Figure 4.15). Additionally, the seabed 

boundary gets shallower from the NNW to the SSE across the Northern Carnarvon Basin (Figure 

4.15). 
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Normal faults in the Northern Carnarvon Basin constrained by this seismic profile are 

generally planar, but the Fault A and E are characterized by listric movements according to the 

structural interpretation of the section (Figure 4.15). Also, the first deformation is occurred by 

the Fault A in the first phase of extension, and the ongoing deformation formed the first 

detachment surface towards the NNW (Figure 4.15). Additionally, the age of the faults gets 

younger from the NNW to the SSE, but the Fault A deformed the basin initially (Figure 4.15). 

Moreover, the Fault E and the Fault A formed harpoon structures in NNW and SSE flanks of the 

Dampier Sub-basin as a result of the inversion (Figure 4.15). 

4.3.5 Section 5 

The composite seismic section, ct93_408+b02_69m+ex_01, runs from WNW to ESE, 

cutting through the Exmouth Plateau, Rankin Platform and the Dampier Sub-basin (Figure 4.1 

and Figure 4.16). Its length is about 497 km, and it is about 9 km thick (Figure 4.16). This profile 

covers the five phases of extension and the inversion (Figure 4.16). 

The basement horizon is interpreted to be the deepest structurally important level in the 

geological system constrained by this section (Figure 4.16). It is defined by onlapping reflectors 

of the first syn-rift package deposited prior to the late Permian, which gets thicker to the Fault A 

(Figure 4.16). The basement horizon is interpreted from its regional distribution in the WNW 

half of the profile because two profiles in the composite sections are not deep enough to 

demonstrate this level (Figure 4.16). The rifted basement gets shallower towards the ESE (Figure 

4.16). Additionally, the Top Permian unconformity is drawn by regionally onlapping reflectors 

in the Dampier Sub-basin, the Rankin Platform and the ESE part of the Exmouth Plateau (Figure 

4.16). Also, the Intra-Triassic volcanics lay between the Top Permian and Middle Jurassic 

horizon in the Exmouth Plateau (Figure 4.16). The syn-rift package for the second rifting event  
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Figure 4.16 Seismic Interpretation of the Seismic Section, ct93_408+b02_69m+ex_01 (30 times vertically exaggerated)
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gets thicker to the Fault D (Figure 4.16). The syn-depositional layers of the late Permian 

extension are overlain by the Base Jurassic horizon, demonstrating the base of the third phase of 

rifting in the basin (Figure 4.16).The thickest part of the syn-rift package is located in the central 

Dampier Sub-basin (Figure 4.16). It is picked only in the Dampier Sub-basin, because the Lower 

Jurassic extension did not propagate to the Exmouth Plateau Region (Figure 4.16).  

The Middle Jurassic horizon refers to the base of the fourth rifting event interpreted in the 

entire basin (Figure 4.16). The Middle Jurassic unconformity is defined by the onlaps above the 

horizon (Figure 4.16). Additionally, the synrift package gets thicker to the Fault E in the 

Dampier Sub-basin, and the small scale depocenters in the Exmouth Plateau are relatively thin 

(Figure 4.16). The syn-rift package is overlain unconformably by the Late Jurassic horizon, 

referring to the base of the last rifting event occurred in the entire basin (Figure 4.16). It is 

defined by the onlapping reflectors on the horizon (Figure 4.16). The syn-rift layers of the Late 

Jurassic extension get thicker to the Fault E (Figure 4.16). Moreover, the Turonian unconformity 

represents the end of rifting and the onset of the inversion in the basin (Figure 4.16). The 

sediments deepening down to the Turonian horizon comprises the post-inversion deposition in 

the profile (Figure 4.16). Furthermore, the seabed boundary gets deeper from the Dampier Sub-

basin towards the WNW (Figure 4.16). 

Normal faults in the Northern Carnarvon Basin constrained by this seismic profile are 

characterized to be generally planar (Figure 4.16). However, the Fault A and the Fault D are 

interpreted to be listric, and they are inverted in response to the compression in the inversion 

phase (Figure 4.16). Moreover, the Fault A generated the earliest deformation in the basin, and it 

resulted in the formation of the first detachment surface (Figure 4.16). Additionally, the age of 

the faults gets older from the SSE to NNW (Figure 4.16). Moreover, the Fault A and the Fault D 
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generated harpoon structures in NNW and SSE flanks of the Dampier Sub-basin as a result of the 

inversion (Figure 4.16). 

4.3.6 Section 6 

The composite seismic section, 135_01+ct93-301+ct93-419, trends ESE to WNW, 

cutting through the entire Northern Carnarvon Basin including the Barrow Sub-basin, the Alpha 

Arch, the Exmouth Sub-basin, the Resolution Arch and the Exmouth Plateau (Figure 4.1 and 

Figure 4.17). The length of the depth converted seismic profile is about 484 km and its thickness 

ranges from 14 km in the WNW to 9.5 km in the ESE (Figure 4.17). It includes five phases of 

extension in addition to the youngest inversion in the basin as the longest and the deepest section 

among others profiles (Figure 4.17). 

The deepest structurally important seismic reflector is the Basement horizon representing 

the first deformation in the basin (Figure 4.17). Onlapping reflectors define the unconformity 

level of the basement, and it is interpreted by the lowest confidence among the other horizons 

(Figure 4.17). Also, Carboniferous volcanics are observed between the Top Permian and the 

basement horizons in the Exmouth Plateau Region (Figure 4.17). Additionally, the Top Permian 

horizon establishes a boundary between the end of the Pre-Top Permian extension and the 

beginning of the late Permian rifting event, which is differentiated by onlapping reflectors 

(Figure 4.17). The thickest part of the syn-rift package in the second phase of rifting is located in 

the central Exmouth Sub-basin (Figure 4.17). The upper boundary of this package is defined by 

the Base Jurassic horizon. Its unconformity surface is drawn in the Exmouth and the Barrow 

Sub-basins because the Lower Jurassic rifting event did not propagate towards the Exmouth 

Plateau Region (Figure 4.17). Also, Intra-Triassic volcanics are observed between the Top 

Permian and Middle Jurassic horizons in the Exmouth Plateau (Figure 4.17).
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Figure 4.17 Seismic Interpretation of the Seismic Section, 135_01+ct93-301+ct93-419 (30 times vertically exaggerated)



82 
 

The Middle Jurassic horizon represents the base of the fourth rifting event (Figure 4.17). 

It is interpreted by onlapping reflectors of the syn-rift package in the basin because the Middle 

Jurassic Extension deformed the entire Northern Carnarvon Basin (Figure 4.17). However, the 

Late Jurassic horizon is differentiated from the syn-rift layers of the Middle Jurassic extension 

due to lower quality of seismic data (Figure 4.17). The last two phases of rifting is interpreted as 

the same package in this seismic profile (Figure 4.17). The thickest syn-rift deposition is 

observed in the central Exmouth Sub-basin (Figure 4.17). Additionally, the Base Cretaceous 

horizon defines the end of rifting and the beginning of inversion in the Exmouth and Barrow 

Sub-basins (Figure 4.17). The syn-inversion package is interpreted in the Exmouth Sub-basin 

(Figure 4.17). Moreover, the sediments deepening down to the Turonian unconformity refers to 

the post inversion sediments in the geological system (Figure 4.17). The seabed boundary is 

highly variable in the seismic section (Figure 4.17). While it lies at 291 meters deep in the ESE, 

the depth of the boundary is approximately 1,160 meters in the Exmouth Plateau (Figure 4.17). 

The Northern Carnarvon Basin constrained by this seismic profile is deformed by 

generally planar normal faults except for the Fault A, B and C, which are listric faults (Figure 

4.17). The oldest fault initiation occurred by the Fault A, and the age of faults gets olders from 

the ESE to the WNW for each rift phase (Figure 4.17). Reactivation of the Fault A in different 

phases of extensions formed the first detachment surface in the profile (Figure 4.17). 

Additionally, the Fault A, B and C formed harpoon structure in response to the inversion phase 

in the Exmouth and Barrow Sub-basins (Figure 4.17). 
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CHAPTER 5 

RESTORATIONS 

The methodology of restoring geological cross sections is a very powerful technique to 

help understanding the structural evolution of geological systems. Decompaction, unfaulting, 

unfolding and uninversion are important algorithms to reconstruct the undeformed stages of 

structural features using Midland Valley`s MOVE 2014.2 software. Decompaction basically 

removes compactional effects of the sediments lying on the surface between the syn-rift and 

post-rift surfaces, or over a faulted surface (Sclatter & Christie,1980). The approach is based on 

the fact that the amount of porosity decreases with an increasing depth (Sclatter & Christie, 

1980). This idea is formulated in the equation below: 

f=f0 * e
-cy

 

Where: 

f: The present-day porosity value at a given depth 

f0: The fractional porosity value at the surface 

c: The Porosity-depth coefficient (km
-1

) 

y: The depth value (m)  

e: Mathematical constant for natural logarithm, 2.71828  

This formula is based on Athy and Hedberg mudrock compaction curve (Figure 5.1), and 

it is accepted as representative for mudrocks. However, the effects of time and temperature are 

not included explicitly in the equation (Fertl et al., 1994). Another drawback in this model is that 

this approach represents the depth vs time relationship in mudrocks (Fertl et al., 1994); however, 

there are also volcanic deposits, sandstone siltstone and limestone layers associated with the 

restored sections in this project.  
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Figure 5.1 Athy`s and Hedberg`s Mudrock Compaction Curves (Modified after Fertl et. al; 1994) 

Six parameters are used in performing decompaction. Initial Porosity and Depth 

Coefficient rates among the decompaction parameters are taken from the software`s default 

values due to the lack of geomechanical data available in the Northern Carnarvon Basin. 

Additionally, Load Bulk Density (kg/m
3
), Mantle Density (kg/m

3
), Elastic Thickness (km) and 
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Young Modulus (GPa) are supplied from Tandon et al., 1999. The value of Flexural Wavelength 

(km) is given by the software as a result of the Elastic Thickness (km). Decompaction and 

isostatic parameters used in the restorations are listed in Table 5.1. 

Table 5.1 Decompaction and Isostatic Parameters (Tandon et al. 1999) 

Decompaction Algorithm Parameters 

Initial Porosity 0.56 

Depth Coefficient per km 0.39 

Isostasy (Flexural) and Submarine Load 

Load Bulk Density (kg/m
3
) 2800 

Mantle Density (kg/m
3
) 3300 

Elastic Thickness (km) 40 

Young`s Modulus (GPa) 70 

Flexural Wavelength(km) 577.8 

Isostasy is a conceptual approach basing on that the lighter earthcrust floats on the 

underlying mantle. It idealizes that both the crust and the mantle rest without any disturbing 

forces (Watts, 2001). Isostasy refers to the earthcrust in a static equilibrium where buoyancy 

forces compensate a topographic load in response to lateral variations in crustal thickness, or 

lateral differences in density of the crust. Different models of decompaction, Sclater-Christie, 

Baldwin-Butler and Dickinson generated before, are also available to use in the software for the 

best approach for decompaction, but Sclater-Christie method is used in this research. 

Airy Isostasy hypothesizes that the earthcrust is composed of a constant density material 

and it overlies a higher density layer (Kearey et al; 2009). Pratt`s approach suggests the density 

of a constant depth to the outermost shell of the Earth is variable accordingly to the surface 
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topography (Kearey et al., 2009). To give an example to this variability, mountains can be 

overlain by low density material and higher density oceanic basins (Kearey et al., 2009). Both 

Airy`s and Pratt`s ideas are based on the the Archimedes`Principle which basically means 

adjacent blocks exerts an important control on the isostatic equilibrium as subsiding and rising 

independently (Kearey et al., 2009). This approach represents that geological features are 

compensated locally, independent from their size (Watts, 2001). Additionally, in Vening 

Meinesz`s model, flexural isostasy including regional compensation, implies that the elastic 

response of underlying sheet to loading is generating an analogy between the lithosphere and the 

behavior of an elastic sheet under load (Kearey et al., 2009). A flexural depression occurs 

beneath a load, and a Te rigidity of a plate increases the extension of the flexural depression 

(Watts, 2001). 

Additionally, unfaulting and unfolding are the other two algorithms used in the 

mechanical part of restorations. Firstly, the unfaulting is the technique based on the idea of 

moving present positions of horizons (X, Y, Z) to their original position (Xo, Yo, Zo) along a fault 

plane, to conclude a geologically reasonable evolution of structural features (Novoa et al., 2000). 

Net displacement vectors are restored by joining two faulted parts of a bed located on both 

hanging wall block and footwall block. The unfaulting process is conducted to balance the 

geological system in a seismic profile which must be depth converted to approximate depth 

section. There are two different modules used in this project to restore fault movements: i) 

Simple Shear (Figure 5.2) and ii) Fault Parallel Flow Movement (Figure 5.3). The former tool is 

widely used to restore listric faults in the Carnarvon Basin (Figure 5.2). The deformation in the 

Simple Shear algorithm occurs throughout the entire hanging wall block instead of discrete slip 

between bedding planes (Figure 5.2) (Midland Valley Move Software 2014.2). This algorithm 
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assumes that the deformation happens in the hanging wall block along a series of pins (Figure 

5.2) (Midland Valley Move Software 2014.2). Also, preserving the length of the pins and 

maintaining the area of the hanging wall block are main principles in this algorithm (Figure 5.2) 

(Midland Valley Move Software 2014.2). The listric faults in the Northern Carnarvon Basin are 

restored by this algorithm except for some of the normal faults in the Exmouth Plateau.  

 
Figure 5.2 Schematic View of the Simple Shear Fault Movement Algorithm (Midland Valley 

Move Software 2014.2). A) The initial stage shows the amount to be extended (Midland Valley 

Move Software 2014.2), B) Extension creates a hypothetical void or gap between the Hanging 

wall and Footwall blocks. The area of extension equals the area of the void (Midland Valley 

Move Software 2014.2), C) The Shear Vector controls how hanging wall elements collapse 

down onto the fault plane, removing the void space (Midland Valley Move Software 2014.2) 



 

88 

 
Figure 5.3 Schematic View of the Fault Parallel Flow Algorithm (Midland Valley Move 

Software 2014.2). A) The initial stage showing the present day geometry (Midland Valley Move 

Software 2014.2), B) Construction of flow lines along which hanging wall nodes translate. These 

flow lines are constructed perpendicular to dip bisector, which partition the template horizon into 

isodip segments (Midland Valley Move Software 2014.2), C) Restored Section. Backshear or 

Angular Shear is used to maintain bed thickness in the frontal limb of the structure (Midland 

Valley Move Software 2014.2) 

Fault Parallel Flow Movement is based on the Particulate Laminar Flow Principle over a 

fault ramp (Figure 5.3) (Midland Valley Move Software 2014.2). The fault plane is separated 

into two disconnected dip domains in which a dip bisector signs a change in the faults` dip 

(Figure 5.3) (Midland Valley Move Software 2014.2). The main principles that this algorithm is 
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based on are conserving the area in the forelimb, maintaining an undeformed footwall block and 

preserving the line-length of horizons (Figure 5.3) (Midland Valley Move Software 2014.2). In 

this project, this algorithm is used to restore planar faults in the Exmouth Plateau. The order in 

the restorations is based on the cross cutting relationships between faults, but the unfaulting on 

each fault plane was performed as a single step although some faults became active with other 

faults at the same time. Secondly, the unfolding tool is used to restore sections to their 

undeformed stages. Two different algorithms of the Unfolding tool are performed in the 

restorations, which are the Simple Shear Unfolding (Figure 5.4) and the Flexural Slip Unfolding 

(Figure 5.5). These tools simply flatten folded horizons (Figure 5.4 and Figure 5.5). Neither the 

line length nor area is preserved in the Simple Shear Unfolding algorithm (Figure 5.4). However, 

both are maintained in the Flexural Slip unfolding algorithm (Figure 5.5). Flexural Slip 

Unfolding algorithm also conserves the orthogonal bed thickness between the template horizon 

and the other passive objects (Figure 5.5). Flexural slip unfolding is the method used to rotate 

limbs of folded geological horizons with a seismic section in the background to their initial 

undeformed stage (Figure 5.5) (Midland Valley Move Software 2014.2). This algorithm occurs 

with a pin line, and it keeps the points along the pin line stable during the process  (Figure 5.5) 

(Midland Valley Move Software 2014.2).  

Additionally, conserving the line length of folded horizon, maintaining the area of the 

fold in the model, preserving the orthogonal bed thickness between template horizon and other 

passive objects are the main principles in the Flexural Slip unfolding algorithm (Midland Valley 

Move Software 2014.2).  It also helps to measure the amount of stretching of a folded structure 

as flattening the folded bed. Schematic views of the Simple Shear Unfolding and Flexural Slip 

Unfolding Algorithms are shown in Figure 5.4 and Figure 5.5. 
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Figure 5.4 Schematic View of the Simple Shear Unfolding Algorithm used to flatten the 

unfaulted surfaces. A) The upper bed is to be unfolded to a horizontal datum. Vertical vectors 

used to restore the Upper Bed (black) are the same as those used in the Lower Bed (red). B) The 

restored geometry of the upper and the lower beds. The original length of the Upper Bed ˃ length 

of Restored Upper Bed and the original length of Lower Bed ˃ length of Restored Lower Bed 

Restorations in this research are performed for six seismic sections and their geographical 

locations on the northwest part of Australia are shown in Figure 4.1. They are also seen in the 

modelled surfaces of horizons in Chapter 4. Additionally, the seismic sections for the 

restorations are selected to represent the structural evolution of the Northern Carnarvon Basin 

instead of the entire Northwest Shelf of Australia. 
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Figure 5.5 Schematic view of the Flexural Slip Unfolding Algorithm (Midland Valley Move 

Software 2014.2). A) Fold with thickness variations to be unfolded (Midland Valley Move 

Software 2014.2), B) The slip system is constructed parallel to the template bed using dip 

domain bisectors of template bed (Midland Valley Move Software 2014.2). The intersections 

between the slip system and the passive beds record thickness variations (Midland Valley Move 

Software 2014.2), C) The template bed and passive beds are unfolded about the pin using the slip 

system (Midland Valley Move Software 2014.2) 

5.1 Section 1 

The depth converted seismic section, EX00_19, runs from WNW to ESE across the 

Exmouth Plateau (Figure 4.1). It is restored to evaluate the evolution of the Exmouth Plateau, 

and the main purpose this section is selected for the restoration is because the Exmouth Plateau is 

one of the major structural features in the Northern Carnarvon Basin. Furthermore, the youngest 

rift phase in the Late Jurassic is best shown in this section in addition to the second youngest 

extension in the Middle Jurassic across the Exmouth Plateau. An equally important reason to 
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select this section is that it is perpendicular to the normal faults in the system. The section 

exhibits both planar normal and listric faults in the Exmouth Plateau very well. A depth 

converted and unrestored view of the seismic section is about 149,336 meters long with a 7,110 

meters thickness. A structurally interpreted seismic profile of EX00_19 is shown in Figure 4.12, 

and restoration steps are demonstrated in Figure 5.6 in detail. 

The stratigraphic evolution of the Exmouth Plateau starts with a regional basement in this 

seismic profile. It cannot be picked in the profile because the selected seismic section is not deep 

enough. However, it is clear that the undeformed basement is present in the deeper parts of the 

Exmouth Plateau as seen in the magnetic anomaly map and in the residual Bouguer gravity 

anomaly map by low magnetic and negative gravitiy values, so the basement level is not able to 

be selected in the seismic section (Figure 5.7 and Figure 5.8). The Top Permian horizon, the 

deepest reflector in the seismic profile, is drawn less confidently as another undeformed horizon 

although it is slightly deformed towards the left part of the seismic profile (Figure 4.1). The Top 

Permian horizon represents with the Locker Shales and the Mungaroo Formation and their time 

equivalents in the region (Karner & Driscoll, 1999). The deepest fault in the section is the Fault 

A cutting through the Top Permian Unconformity on the left side of the profile (Figure 4.12). 

However, this deformation is not representative of the Exmouth Plateau. The Intra-Triassic 

tholeiitic lava flows comprises the lithology between the Top Permian and the Base Jurassic 

horizons (Karner & Driscoll, 1999). The thickness of the Intra-Triassic volcanic layers gets 

thinner from the ESE to the WNW, so the source of the lava flows settled in the WNW part of 

the region. Furthermore, erosion of the faulted blocks was the main sediment source for the 

deposition in the depocenters in the Exmouth Plateau during the Middle Jurassic and the Late 

Jurassic Extensions (Karner & Driscoll, 1999).  
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Figure 5.6 Restoration Steps for the Structural Evolution of the Section 1 (10 times vertically exaggerated), A) Unfaulting the Middle 

Jurassic Rift Initiation, B) Decompaction of the Middle Jurassic Deposition, C) Unfaulting the Late Jurassic Rift Initiation, D) 

Decompaction of the Late Jurassic, E) Present Condition of the Section 1 
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Figure 5.7 Continued 
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Figure 5.8 Residual Bouguer satellite data for the Northern Carnarvon Basin. Data derived from the DNSC08GRA satellite altimetry 

derived gravity dataset (Modified after Andersen et al, 2010)  
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Figure 5.9 Magnetic Anomaly Map of the Carnarvon Basin (www.spatialenergy.com)
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The structural evolution of the Exmouth Plateau constrained by this seismic section 

begins with the first rift initiation in the Middle Jurassic (Figure 5.6 B). Undeformed pre-rift part 

of the profile (Figure 5.6 A) was deformed by the Middle Jurassic extension coevally with the-

break up of the Argo Abyssal Plain in the Northwest Shelf of Australia (Jablonski, 1997). This 

level refers to the beginning of the Middle Jurassic Extension.  Two tectonostratigraphic stacking 

patterns are observed from the Middle Jurassic to the Early Cretaceous, which comprises two 

syn-depositional packages in the Middle Jurassic and the Late Jurassic (Figure 5.6 E). The 

unconformity surface of the Late Jurassic horizon establishes a boundary overlying the Middle 

Jurassic sediments and underlying the Late Jurassic deposits (Figure 5.6). Later, the Late Jurassic 

extension occurred in the entire Exmouth Plateau region similar to the Middle Jurassic rifting, 

forming small scale depocenters. The Late Jurassic extension was ensued in forming the 

Gascoynee and Cuvier Abyssal Plains (Mutter & Larson, 1989). The Middle Jurassic and the 

Late Jurassic rifting events resulted in a gravitationally driven detachment surface being formed 

in the similar elevations with the Top Permian (Figure 4.12). 

The unconformity surface of the Middle Jurassic horizon comprises the boundary 

between the pre-rift and the syn-rift packages for the Middle Jurassic Extension (Figure 4.12). 

The main sediment source is the faulted blocks in the Exmouth Plateau. Depocenters in the 

Exmouth Plateau were formed during the Middle Jurassic and the Late Jurassic Epochs (Figure 

4.12). The thicknesses of the depocenters increase towards the WNW direction in the section, 

and the thickest depocenter in the seismic section is the first one from the ESE with 

approximately 500 meter thickness, which is generated by the Fault A, (Figure 4.12).  

Additionally, Intra-Triassic volcanics, which are interpreted near the top Permian and the base 

Jurassic in the seismic section, do not show any mantle plume structure as seen in Figure 4.12. 
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The restoration of the seismic section is performed in 87 fault movement steps, two 

unfaulting and two decompaction processes (Figure 5.6). Both major and minor faults are 

restored to have a more reasonable net extension rate in the Exmouth Plateau (Figure 5.6). 

Additionally, this section is restored with the seismic profile to control any unreasonable fault 

movement in the restoration, so several mistakes in fault movements are corrected manually. 

Restoration of the Exmouth Plateau constrained by this seismic profile is conducted from the 

Fault A towards the Fault L because the normal faults get younger from the ESE to the WNW 

(Figure 4.12). In conclusion, conducting the restoration of the seismic section resulted in the 

amount of net extension in this seismic section of the Exmouth Plateau being about 3.6% with a 

5,224.4 meter thickness (Table 5.2). 

5.2 Section 2 

The second seismic section, EX00_31, trends WNW to ESE across the Exmouth Plateau 

(Figure 4.1). The structural importance of the Exmouth Plateau in the Northern Carnarvon Basin 

makes this seismic section very significant to restore in that it is perpendicular towards all 

normal faults in the Exmouth Plateau, and it cuts through the entire Plateau (Figure 4.1). The 

profile lies between the Gascoyne Abyssal Plain in the WNW and the Beagle Sub-basin in the 

ESE (Figure 4.1). The Middle and the Late Jurassic Extension are restored together as a single 

phase because they are not distinguishable across the profile due to the lower quality of seismic 

section. The syn-rift sedimentation in the Early Jurassic and the Late Permian is not considered 

to be deposited in the Exmouth Plateau Region, or the earlier three extensions in the Northern 

Carnarvon Basin, the Pre-Top Permian, the Top-Permian and the Base Jurassic Extensions, could 

not propagate to the Exmouth Plateau Region. The depth converted and unrestored view of the 

seismic section is about 298.992 km long with approximately 7 km sediment thickness (Figure 
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4.13). The depth of the water column to the seabed boundary varies from 1,300 meters in the 

ESE to 2,350 meters in the WNW (Figure 4.13). In addition, the average depth of the seabed 

boundary is around 2,000 meters (Figure 4.13). Moreover, the restoration steps for the section 

seen in Figure 5.9, which are 40 times vertically exaggerated. 

 The stratigraphy of the Exmouth Plateau constrained by this seismic profile commences 

with the basement, which are overlain by the Top Permian deposition and the Intra-Triassic 

volcanics (Figure 4.13). The basement horizon is not drawn on the seismic profile because the 

seismic section does not include layers deeper than 7 km, but the near top Permian unconformity 

is picked less confidently at the bottom of the seismic section (Figure 4.13). The position of the 

basement is thought to be deep from the negative Bouger gravity anomaly values and the low 

magnetic vales in the Exmouth Plateau as seen in Figure 5.7 and Figure 5.8. The earlier three 

phases of extensions occurred in the Northern Carnarvon Basin in the pre-top Permian, the top 

Permian and the base Jurassic did not generate any deformation in the Plateau from the 

evaluation of the magnetic anomaly map (Figure 5.7 and Figure 5.8). The top Permian extension 

resulted in the deposition of the Locker Shale and the Mungaroo Formation in the Exmouth, 

Dampier, Barrow and Beagle Sub-basins and the Exmouth Plateau (Karner & Driscoll, 1999). 

The intra-Triassic volcanic rocks form the unconformity surfaces lying between the underlying 

top Permian unconformity and the overlying Middle Jurassic unconformity. Additionally, the 

upper boundary of the Triassic packages is the Middle Jurassic unconformity because the base 

Jurassic extension is not observed in the Exmouth Plateau (Figure 4.13). The main sediment 

source is eroded fault blocks in the Exmouth Plateau during the last two phases of extension 

during the Middle and Late Jurassic (Karner & Driscoll, 1999). The small scale depocenters on 

the Exmouth Plateau are unconformably overlain by the post-rift sediments which were  
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Figure 5.10 Restoration Steps for the Structural Evolution of the Section 2 (10 Times Vertically Exaggerated) 2. A) Unfaulting the 

Middle and the Late Jurassic Extensions, B) Postrift Decompaction, C) Present Condition of the Seismic Section 2
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The structural evolution of the Exmouth Plateau limited by this profile starts with the 

Middle Jurassic Extension (Figure 5.9 B). The rifting phase in this seismic section refers to the 

fourth and the fifth phases of extension in the entire Northern Carnarvon Basin, the Middle 

Jurassic and the Late Jurassic Extension (Figure 4.13). The unconformity surface of the Middle 

Jurassic horizon establishes a boundary between the pre-rift and the syn-rift sections (Figure 

4.13).The undeformed pre-rift part of the section initiated extending at the same time as the 

break-up of the Argo Abyssal Plain (Karner & Driscoll, 1999). The syn-rift deposition begins 

with the Middle Jurassic Unconformity in the Exmouth Plateau as seen in Figure 4.13. Although 

there are two tectono-stratigraphic stacking patterns in the Exmouth Plateau, the boundary 

between the Middle and the Late Jurassic extensions is not drawn due to the low quality of 

seismic reflections (Figure 4.13). The main sediment sources for the syn-rift packages are 

generated by the erosion of tilted fault blocks in the Exmouth Plateau (Karner & Driscoll, 1999). 

The thickness of the growth strata gets thinner from the ESE to the WNW, which results in the 

decreasing thickness of the growth strata through the WNW in the Exmouth Plateau (Figure 

4.13). The average thickness of the growth packages in the depocenters is about 300 meters 

(Figure 4.13). Initiation of these two rifting events generated a detachment surface in similar 

elevations with the Top Permian horizon, which is discussed in Chapter 4 in detail (Figure 4.13). 

Finally, two phases of rifting in the Middle and Late Jurassic ended by the Base Cretaceous post 

rift sediments (Figure 4.13). Later, the Exmouth Plateau turned to a passive margin by the end of 

the Late Jurassic, which resulted in the formation of the Gascoynee, Cuvier Abyssal Plains 

(Karner & Driscoll, 1999). 

The restoration of this seismic section is performed with 81 steps including unfaulting and 

decompaction processes (Figure 5.9). To manage any illegitimate fault movements in the 
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unfaulting process, the seismic section is included in the restoration (Figure 5.9). Accordingly, 

several mistakes were rectified manually in the restoration. Moreover, both major and minor 

faults are considered to be restored to estimate a more reasonable net extension rate of the 

Exmouth Plateau. The unfaulting process began in the ESE because the normal faults in the 

Exmouth Plateau constrained by this seismic profile get older from the Fault A in the ESE 

towards the Fault P in the ESE because they get younger from the WNW to the ESE (Figure 

4.13). The Fault C, the Fault N and the Fault P are the deepest faults deepening down to the Top 

Permian horizon (Figure 4.13). Consequently, as the amount of net extension, 8,221 meters, 

shows, the earth’s crust in the Exmouth Plateau is elongated about 2.8 % as a consequence of the 

Middle and the Late Jurassic extensions (Table 5.2). 

5.3 Section 3 

The seismic section, GPDB 95-09, trends the NW to the SE, crossing specifically the 

Dampier Sub-basin and the eastern part of the Exmouth Plateau in the Northern Carnarvon Basin 

(Figure 4.1). The main reason to restore this profile is that not only does this seismic profile 

include five phases of extension such as the pre-top Permian extension, top Permian extension, 

the base Jurassic extension, the Middle Jurassic extension and the Late Jurassic extension, but it 

also demonstrates inversion from the Late Jurassic and the base Cretaceous (Figure 4.14). 

Additionally, the seismic profile is perpendicular to the main structural features in the basin such 

as inverted normal faults and both planar and listric normal faults. The depth-converted seismic 

profile is about 158,110 meters long and 8,500 meters thick (Figure 4.14). Also, the depth of the 

seabed boundary in this profile varies from 234 meters in the SE to 623 meters in the NW. 

Additionally, it gets deeper from the NW towards the SE across the Northern Carnarvon Basin 

(Figure 4.14). 
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The stratigraphic evolution of the Northern Carnarvon Basin begins with a regionally 

rifted basement underlying the entire Northwest Shelf of Australia (Figure 4.14). The basement 

could not be drawn entirely in this profile due to the data limitation. It can be inferred from both 

the Bouger gravity anomaly map) and the magnetic anomaly map that the basement level gets 

deeper from the SE to the NW in the Northern Carnarvon Basin constrained by this seismic 

section (Figure 5.7 and Figure 5.8). The basement level of the stratigraphic successions controls 

the entire evolution of the Northern Carnarvon Basin because everything is evolved from the first 

deformation on the basement during the pre-top Permian extension. However, picking the 

basement horizon is completed in the NW part of the seismic profile by guessing from its 

regional distribution throughout the basin (Figure 4.14). It can also be observed from both the 

Bouguer gravity anomaly map by negative values and the magnetic anomaly map by low 

magnetic values (Figure 5.7 and Figure 5.8). Moreover, the top Permian horizon gets deeper in 

the sub-basin or in the hanging wall block of two largest listric faults in the system (Figure 4.14). 

The regressive fluvio-deltaic Locker Shales and the Mungaroo Formation comprise the top 

Permian deposits (Karner & Driscoll, 1999). The top Permian horizon is overlain by the Triassic 

deposits in the Exmouth Plateau (Figure 4.14). A relatively thick syn-sedimentary package 

started depositing in the Dampier Sub-basin by the onset of the base Jurassic rift initiation 

(Figure 4.14). This deposition is represented by the Lower Dingo Claystone, which was not 

deposited in the Exmouth Plateau and the Rankin Platform (Karner& Driscoll, 1999). It filled the 

accommodation generated by the base Jurassic extension in the sub-basin. Later, the Upper 

Dingo Claystone, which comprises silty claystones, was deposited in a nearshore and offshore 

marine environment in the entire basin during the Middle Jurassic extension (Karner & Driscoll, 

1999; Apache Energy, 2004). Then, the Forestier Claystone, Angel Formation and the Dupuy 
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Formation unconformably overlie the Middle Jurassic deposits as a result of the Late Jurassic 

Extension, and this level of the geologic system is represented by the Late Jurassic horizon (Bint 

& Marshall, 1994). 

The structural evolution of the Northern Carnarvon basin constrained by this seismic 

section comprises five phases of extension with inversion (Figure 4.14). The deformation begins 

with the onset of the rift initiation of the basement (Figure 5.10 B). Listric normal faults started 

deforming the intracratonic basin in the pre-top Permian, and the extension of the basement 

affected the entire Northwest Shelf of Australia because there is a significant amount of slip 

detected on the basement, which resulted in the deformation in the region began before the Late 

Permian (Figure 5.10 B). It resulted in the first detachment surface being formed from the SE to 

the NW, which was derived by the longest listric fault located in the SE flank of the Dampier 

Sub-basin (Figure 4.14). All younger structural events after the deformation in the basement 

were controlled by this event, so it plays a significant role in the evolution of the basin. The 

deposition above the basement, which continued until the Late Permian, covered the entire basin 

(Figure 5.10 C). The thickest part of the sedimentary packages was located in the center of the 

Dampier Sub-basin with about 1.500 meters thickness (Figure 4.14). Later, another rift phase 

occurred in the basin by the beginning of the Late Permian, which is isolated in the Dampier 

Sub-basin (Figure 4.14). The second phase of extension is represented by the top Permian 

horizon in the seismic profile (Figure 5.10 C and Figure 5.10 D). The entire geological system 

continued to evolve on the first detachment surface not only in this phase but in the Base Jurassic 

rifting as well (Figure 4.14). Later, the base Jurassic extension did not propagate onto the 

Exmouth Plateau to the Rankin Platform (Figure 5.10 F). However, it resulted in the Kendrew 

and the Mendeleine troughs in addition to intra-basin horst block under the region between the 
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Figure 5.11 Restoration Steps for the Structural Evolution of the Section 3 (7 Times Vertically Exaggerated), A) Unfaulting the 

Basement, B) Decompaction of the Basement, C) Unfaulting the Top Permian Extension, D) Decompaction to the Top Permian 

Extension, E) Unfaulting the Base Jurassic Extension, F) Decompaction to the Base Jurassic Extension, G) Unfaulting the Middle 

Jurassic Extension, H) Decompaction to the Middle Jurassic Extension, I) Unfaulting the Late Jurassic Extension, J) Uninversion, K) 

Unfolding, L) Decompaction to the Late Jurassic Extension, M) Present Situation of the Section.
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Figure 5.10 continued
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Figure 5.10 continued
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Figure 5.10 continued
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Figure 5.12 continued
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Enderby Terrace and the Dampier Sub-basin at the time (Figure 4.14). Contrarily, the extensional 

forces deformed both the Rankin Platform and the Exmouth Plateau in addition to the Dampier 

Sub-basin in the Middle Jurassic extension because there is a significant amount of deformation 

on the Middle Jurassic horizon (Figure 5.10 G and Figure 5.10 H). Lastly, the dominant driving 

forces transitioned from extensional to the compressional originated in the SE part of the seismic 

profile due to the inversion detected during the Late Jurassic to Base Cretaceous time interval 

(Figure 5.10 K and Figure 5.10 J). 

The restoration of this seismic profile is conducted in 37 steps including 30 unfaulting, five 

decompaction, one flexural slip unfolding and one uninversion (Figure 5.10). Both major and 

minor faults are restored to estimate the net extension and the net shortening more correctly 

(Figure 5.10). The seismic profile is also involved in the restoration processes in the background 

in order to have a more reasonable structural evolution, and some mistakes which are caused by 

inabilities of the algorithms of the software are corrected manually (Figure 5.10). The unfaulting 

process is performed from the younger ones to the older ones, or from the Fault A to the Fault G 

(Figure 4.14).  

Restoration steps for the structural evolution of this seismic section are listed below and 

shown in Figure 5.10. The unfaulting process began in the ESE because the normal faults in the 

Exmouth Plateau constrained by this seismic profile get older from the Fault A in the ESE 

towards the Fault P in the ESE because they get younger from the WNW to the ESE (Figure 

4.14). Finally, the outcomes of conducting the restoration for the structural evolution of the 

seismic section demonstrate the amount of net extension 8.64% with 13,268.5 meters. 

Additionally, the amount of net shortening is determined to be about 2.52% with 4,132 meters 

(Table 5.2). 
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5.4 Section 4 

The seismic section, ct93-410, trends from the NNW to the SSE on the Northwest Shelf 

of Australia (Figure 4.1).  It is selected for the restoration as representative of the structural 

evolution of the eastern part of the Exmouth Plateau, the Rankin Platform and the Damper Sub-

basin in the Northern Carnarvon Basin (Figure 4.15). Also, the seismic section crosses the 

normal faults in the system perpendicularly. Moreover, the deepest reflector in the seismic 

profile is drawn as the basement level in addition to other structurally significant reflectors such 

as the top Permian, the base Jurassic, the Middle Jurassic and the Late Jurassic-base Cretaceous 

horizons, which represent four phases of extension and the inversion (Figure 4.15). The length of 

depth-converted and unrestored view of the seismic section is approximately 216,078 meters. 

Additionally, the thickness of the seismic section is about 9,415 meters. The seabed boundary 

gets deeper from the SSE to the NNW parts of the seismic section (Figure 4.15). The water 

column to the seabed boundary in the SSE side of the seismic section is about 230 meters (Figure 

4.15). The main deepening of the seabed boundary starts from the Rankin Platform towards the 

NNW part of the seismic section which shows the seabed boundary is as deep as about 1,900 

meters (Figure 4.15). 

Stratigraphic evolution of the Northern Carnarvon Basin constrained by the seismic 

section starts with a regional basement which controls the evolution of the entire basin 

(Geoscience Australia, 2011). The entire region was an intracratonic basin from the Silurian to 

the Late Permian (Geoscience Australia, 2011). However, the tectonically induced basin began 

to accumulate the first syn-rift deposition generated the by the pre-top Permian extension on the 

basement level because a significant amount of extension detected on the basement horizon 

(Figure 4.15 and Figure 5.11 A). The regionally deformed basement is overlain by the top 
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Permian level which represents the Locker Shale and the Mungaroo Formation (Karner & 

Driscoll, 1999). Both of formations were deposited in a prograding fluvio-deltaic sytem (Karner, 

& Driscoll, 1999). Both Locker Shales and the Mungaroo formations are reflected on the seismic 

section by using their common regional unconformity, being represented by the Top Permian 

horizon in the seismic profile (Figure 4.15). Regionally extensive tholeiitic magmatism occurred 

in the Triassic and filled the entire region (Figure 4.15). Later, the Lower Jurassic phase of 

extension happened in the Dampier Sub-basin and the deposition of the lower Dingo Claystone is 

isolated from the Exmouth Plateau and the Rankin Platform (Figure 4.15). Additionally, the 

lower Dingo Claystone which is composed of open marine silts and clays was deposited in a 

transgressive event which happened in response to a rapid generation of accommodation 

(Kopsen, E & McGann, 1985; Boote &, Kirk, 1989). The lower Dingo Claystone is represented 

by the base Jurassic syn-sedimentary package in the seismic profile (Figure 4.15). Then, the 

Middle Jurassic extension resulted in the deposition of the upper Dingo claystone in the entire 

basin (Karner & Driscoll, 1999). It was deposited in a nearshore to offshore marine environment 

comprising silty claystones (Apache Energy, 2004). The upper Dingo claystone is shown by the 

Middle Jurassic syn-depositional package in the section (Figure 4.15). Additionally, the Forestier 

Claystone, the Angel Sands and the Dupuy Formation were deposited during the Late Jurassic 

Extension in the entire basin (Bint & Marshall, 1994). They are represented by the Late Jurassic 

syn-rift package in the seismic profile (Figure 4.15). It is barely separated from the Middle 

Jurassic extension in the Exmouth Plateau due to the lack of well data available (Figure 4.15). 

The post-rift sedimentation from the NNW edge of the Dampier Sub-basin to the NNW part of 

the seismic section, and the post-inversion sedimentation from the SSE flank of the Rankin  
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Figure 5.13 Restoration Steps for the Structural Evolution of the Section 4 (7 times vertically exaggerated). A) Unfaulting the 

Basement, B) Decompaction of the Basement, C) Unfaulting the Top Permian, D) Decompaction to the Top Permian, E) Unfaulting 

the Base Jurassic, F) Decompaction to the Base Jurassic, G) Unfaulting the Middle Jurassic, H) Decompaction to the Middle Jurassic, 

I) Unfaulting the Late Jurassic, J) Original Inversion, K) Uninversion, L) Unfolding, M) Decompaction to the Late Jurassic, N) 

Present Situation of the Seismic Section
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Figure 5.11 continued
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Figure 5.11 continued
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Figure 5.11 continued
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Figure 5.14 continued
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Platform towards the SSE part of the seismic section covered unconformably the entire region 

(Figure 4.15). 

The structural evolution of the Northern Carnarvon Basin constrained by the seismic 

profile begins with the onset of deformation of the basement, representing the pre-top Permian 

extension due to the amount of slip detected on the basement (Figure 4.15 and Figure 5.11 A). 

Later, the second rift initiation in the Late Permian occurred by the listric and planar faults in the 

Dampier Sub-basin (Figure 4.15 and Figure 5.11 D). The listric fault located in the SSE flank of 

the Dampier Sub-basin resulted in the formation of the first detachment surface (Figure 4.15). 

Then, the third rift initiation occurred locally only in the Dampier Sub-basin during the base 

Jurassic Epoch, and this phase did not extend through the other regions (Figure 4.15 and Figure 

5.11 F). The listric faults in the Dampier Sub-basin continued evolving on the first detachment 

surface in this rifting event (Figure 4.15). Later, the deformation of both the Exmouth Plateau 

and the Rankin Platform happened during the Middle Jurassic extension by the migration of the 

locus of the dominant forces from the Exmouth, Dampier, Barrow and Beagle Sub-basins to the 

Exmouth Plateau, and their formation continued until the end of the Late Jurassic (Figure 4.15, 

Figure 5.11 H and Figure 5.11 I). Lastly, an inversion occurred in the Dampier sub-basins during 

the time interval between the Late Jurassic and the base Cretaceous (Figure 4.15 and Figure 5.11 

J). The inversion is detected by the inverted fault, Fault E, a harpoon structure, and a thinning 

syn-inversion package in the seismic profile (Figure 4.15). Later, the Northern Carnarvon Basin 

is completely covered by the post rift deposits (Figure 4.15). The entire basin is covered by post 

inversion sediments from the inversion to present (Figure 5.11 N). 

The restoration of the seismic profile is performed in 50 fault movement steps with two 

uninversion steps, five decompaction and one flexural slip unfolding processes (Figure 5.11). 
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Five phases of extension and one inversion are presented in the overall evolution of the 

restoration (Figure 5.11). Both major and minor faults are restored in 50 fault movement steps to 

reach more reasonable extension and inversion rates (Figure 5.11). Additionally, the seismic 

section is used in the background in all steps because it aids at correcting any unreasonable fault 

movement (Figure 5.11). Also, the unfaulting process is performed from the younger faults to the 

older faults or from the Fault A to the Fault E as shown in the seismic profile (Figure 4.15). 

Restoration steps for the structural evolution of this seismic profile are listed below and shown in 

Figure 5.11. Conclusively, performing the restoration of the seismic section resulted in the 

amount of extension being about 11.4% with 14,168 meters from five phases of extension. Also, 

the shortening rate is measured to be 2.66% with 5,867 meters from the inversion in the Northern 

Carnavon Basin constrained by the seismic section (Table 5.2). 

5.5 Section 5 

The composite seismic section, ct93_408+b02_69m+ex_01, trends WNW to ESE across 

the Northwest Shelf of Australia (Figure 4.1). This seismic profile is restored to have 

representative structural evolution of the northern Carnarvon Basin including the major structural 

features such as the Exmouth Plateau in the WNW, the Dampier Sub-basin in the ESE and the 

Rankin Platform in between (Figure 4.16). Structurally important horizons are also included in 

the seismic section such as the basement, the top Permian, the base Jurassic, the Middle Jurassic 

and the Late Jurassic-Base Cretaceous, so it includes the four phases of extension and the 

inversion (Figure 4.16). Moreover, the composite seismic section is perpendicular to the planar, 

listric and inverted normal faults in the Northern Carnarvon Basin constrained by the composite 

seismic section (Figure 4.16). The length of the depth-converted and unrestored view of the 

seismic section is about 497,277 meters, and it is as deep as 9,360 meters. Furthermore, the 
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seabed boundary is very shallow above the Dampier Sub-basin with 221 meters, and the Rankin 

Platform with 392 meters (Figure 4.16). It gets deeper in the Exmouth Plateau Region with 3,748 

meters in the WNW, 1,298 meters in the central Exmouth Plateau and 1,565 meters in the ESE 

part of the profile (Figure 4.16). 

 Stratigraphic evolution of the basin limited by the seismic profile begins with a regional 

basement in the Northern Carnarvon Basin (Figure 4.16). The composite seismic section is deep 

enough to demonstrate the basement level of the system (Figure 4.16). Also, the prograding 

fluvio-deltaic Locker Shales and the Mungaroo Formation were deposited in the Late Permian 

extension, and they are reflected as the Top Permian horizon in the composite seismic profile as 

seen in Figure 4.16 (Karner & Driscoll, 1999). The Top Permian horizon is drawn more 

confidently than the basement level due to the higher resolution of the Top Permian level than 

the basement in the seismic section, based on their common regional unconformity (Figure 4.16). 

Later, a regionally extensive magmatism filled the entire basin with tholeiitic lava flows in the 

Triassic (Figure 4.16) (Karner & Driscoll, 1999). The direction of the lava flows is hypothesized 

to be from the ESE to the WNW, because the thickness of the volcano-sedimentary packages 

gets thinner towards the WNW (Figure 4.16).  Both the Locker Shales and the Mungaroo 

Formation were overlain by the Lower Dingo Claystone in the Base Jurassic Extension, 

which happened locally in the Dampier Sub-basin; however, neither in the Rankin Platform nor 

in the Exmouth Plateau is the Lower Dingo Claystone was found (Figure 4.16) (Kopsen & 

McGann, 1985; Boote & Kirk, 1989). A rapid generation of accommodation was filled with open 

marine silts and clays of the Lower Dingo Claystone during this phase of extension (Kopsen, & 

McGann, 1985; Boote, & Kirk, 1989). Additionally, the lower Dingo claystone is shown to be in 

the Base Jurassic sedimentary packages in the Dampier Sub-basin (Figure 4.16). Then, the silty 
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claystones of the upper Dingo claystone started depositing in a nearshore and offshore marine 

environment by the onset of the Middle Jurassic extension (Karner & Driscoll, 1999; Apache 

Energy, 2004). After that, Late Jurassic extension resulted in the Forestier Claystone, the Angel 

Sands and the Dupuy Formation being deposited in the Northern Carnarvon Basin (Bint, & 

Marshall, 1994). A seafloor spreading event occurred in the WNW at the end of the Late Jurassic 

extension which ensued in the transition of the passive margin. The entire Northern Carnarvon 

Basin is unconformably covered by post-rift and post-inversion sedimentary successions (Figure 

4.16). 

The structural evolution of the Northern Carnarvon Basin constrained by the composite 

seismic section starts with the deformation of a regional basement, which is represented by the 

Pre-Top Permian Extension (Figure 4.16 and Figure 5.12 B). The first stretching in the basin 

occurred by the onset of the normal fault initiation located in the ESE flank of the Dampier Sub-

basin, which resulted in formation of the sub-basin and the first detachment surface underlying 

the entire geological system (Figure 4.16 and Figure 5.12 B). Additionally, the Top Permian 

Extension generated the second syn-rift sedimentation in the Northern Carnarvon Basin (Figure 

4.16 and Figure 5.12 D). Then, the third rift initiation happened by the Early Jurassic, but it was 

confined locally in the Dampier Sub-basin (Figure 4.16 and Figure 5.12 F). This phase could not 

propagate into the Rankin Platform and the Exmouth Plateau Region (Figure 4.16). The 

geological system limited by the composite seismic section continued to evolve on the first 

detachment surface asymmetrically during this rifting event as the same as it did during the top 

Permian extension (Figure 4.16). Later, the Rankin Platform and the Exmouth Plateau were 

formed by the migration of the locus of the extensional forces towards the WNW by the 

beginning of the Middle Jurassic extension (Figure 4.16 and Figure 5.12 H). It also resulted in 
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Figure 5.15 Restoration Steps for the Structural Evolution of the Section 5 A) Unfaulting the Basement, B) Decompaction to the 

Basement, C) Unfaulting the TopPermian, D) Decompaction to the Top Permian, E) Unfaulting the Base Jurassic, F) Decompaction to 

the Base Jurassic, G) Unfaulting the Middle Jurassic, H) Decompaction to the Middle Jurassic, I) Unfaulting the Late Jurassic, J) 

Decompaction to the Late Jurassic, K) Unfaulting the Base Cretaceous, L) Decompaction to the Rifted Base Cretaceous, M) Original 

Inversion, N) Uninversion, O) Decompaction to the Inverted Late Jurassic, P) Present Day Situation of the Seismic Section 
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Figure 5.12 continued
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Figure 5.12 continued
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Figure 5.12 continued
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Figure 5.12 continued
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Figure 5.16 continued
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small scale depocenters forming on the Exmouth Plateau (Figure 4.16). The geological system 

constrained by the Dampier Sub-basin continued to evolve on the first detachment surface 

(Figure 4.16). Next, the Late Jurassic extension tectonically affected the entire Northern 

Carnarvon Basin, which resulted in rifting and following, a seafloor spreading event from the 

WNW outer margin of the Exmouth Plateau towards the further WNW (Figure 4.16 and Figure 

5.12 J). The end of the Late Jurassic Extension also indicates the time between the rift dominated 

basin and the passive margin in the area. Later, an inversion occurred in the Dampier Sub-basin, 

forming harpoon structures for the listric faults lying in both the eastern and the western flanks of 

the Exmouth Sub-basin (Figure 4.16 and Figure 5.12 M). Sediments deepening down to the base 

Cretaceous horizon overlain the Northern Carnarvon Basin during the passive inversion stage 

(Figure 5.12 P). Additionally, the geological model of the system continued to move 

asymmetrically on the first detachment surface in the Northern Carnarvon basin limited by this 

seismic section. To clarify, it is based on the geometry of the detachment surface as seen in 

Figure 4.16. 

Finally, the restoration of the seismic profile is performed in 152 fault movements with 

two uninversion steps, 7 decompaction processes (Figure 5.12). Both major and minor faults are 

restored to have more reasonable stretching and shortening rates. Also, the seismic section is 

included in the background in all steps because it helps to correct any unreasonable fault 

movement (Figure 5.12). Also, the unfaulting process is conducted from the younger faults to the 

older faults or from the Fault A to the Fault R as shown in the seismic profile (Figure 4.16). 

Restoration steps for the structural evolution of the Northern Carnarvon Basin limited by this 

seismic profile are listed below and shown in Figure 5.12. Accordingly, the amount of net 

extension from the five phases of extension is determined to be about 20,038 meters, or 4.11% in 
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the Northern Carnarvon Basin constrained by the composite seismic section. Additionally, the 

net shortening rate from the inversion is 0.94% with 4,722 meters (Table 5.2). 

5.6 Section 6 

The composite seismic section, 135_01+ct93-301+ct93-419, trends WNW toe ESE 

across the Northwest Shelf of Australia (Figure 4.1). It is restored for the evolution of the 

Northern Carnarvon Basin because the composite profile cuts through the structural features of 

the basin representing the Exmouth Plateau, the Resolution Arch, the Exmouth Sub-basin, the 

Alpha Arch and the Barrow Sub-basin from the ESE to the WNW (Figure 4.17). Another reason 

to select this composite seismic section to restore is that it includes all structurally important 

seismic reflectors such as the basement, the top Permian, the base Jurassic, the Middle Jurassic, 

and the Upper Jurassic (Figure 4.17). An equally significant reason to restore this seismic section 

is that it is generally perpendicular to the normal faults with inverted normal faults in the system 

(Figure 4.17). Therefore, the composite seismic section represents the four phases of extension 

such as the top Permian, the base Jurassic, the Middle Jurassic, the upper Jurassic, and the 

inversion in the Late Jurassic-Lower Cretaceous time interval (Figure 4.17). The depth-converted 

and unrestored view of the composite section is about 483,787 meters long. Its thickness varies 

from 13,995 meters in the WNW to 9,695 meters in the ESE. The seabed boundary is variable in 

the seismic section (Figure 4.17). While it lies at 291 meters deep in the ESE, the depth of the 

boundary is approximately 1,160 meters in the Exmouth Plateau (Figure 4.17). 

Stratigraphic evolution of the composite section begins with a regional basement 

representing the end members of sedimentary successions deposited in the intracratonic basin 

from the Silurian to the Permian (Figure 4.17) (Geoscience Australia, 2011). Although the 

tectono-stratigraphic level of the basement cannot be drawn very well in the entire Northern 
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Carnarvon Basin, the basement horizon is picked somewhat confidently in the composite seismic 

section because it is deep enough to demonstrate the basement level (Figure 4.17). Additionally, 

the top Permian horizon represents the first syn-rift deposition in the Northern Carnarvon Basin 

(Figure 4.17). It includes the Locker Shales and the Mungaroo Formation, which were deposited 

in a prograding deltaic system (Karner & Driscoll, 1999).  These two formations are drawn using 

the advantage of their common regional unconformity, which is shown as the top Permian 

horizon in the seismic section (Figure 4.17). Then, an abrupt creation of accommodation by the 

base Jurassic extension caused a transgressive event, which is composed of open marine silts and 

clays of the lower Dingo claystone (Kopsen & McGann, 1985; Boote & Kirk, 1989). It is 

demonstrated by the base Jurassic horizon in Figure 4.17). Additionally, the lower Dingo 

claystone overlies the Mungaroo Formation and the Locker Shale (Kopsen,& McGann, 1985; 

Boote, & Kirk, 1989). Also, the intra-Triassic tholeiitic magmatism generated volcano-

sedimentary successions, which get thinner from the ESE flank of the Exmouth Plateau to the 

WNW outer margin of it (Figure 4.17).  After that, the lower Dingo claystone was deposited in 

the sub-basins, but on the Exmouth Plateau. Moreover, the upper Dingo claystone was deposited 

during the Middle Jurassic Extension, which is composed of silty claystones (Karner & Driscoll, 

1999). Its depositional environment is a nearshore to offshore marine environment (Apache 

Energy, 2004). The depth to the seabed boundary is about 3,377 meters in the WNW, and it is 

represented by the Middle Jurassic horizon in Figure 4.17. In the Late Jurassic phase of 

extension, the Forestier Claystone and the Barrow Delta Group overlay the Angel Sands which 

are the time equivalent of the Dupuy Formation, which are included in the Middle and Late 

Jurassic syn-rift packages in the seismic profile (Blint & Marshall, 1994). The Late Jurassic 

horizon could not be separated from the Middle Jurassic level due to the low resolution in the 
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seismic data available in this part of the composite seismic section (Figure 4.17). The basin is 

covered by post-rift and post-inversion sediments as a result of the deposition of Muderong 

Shale, Windalia Radiolarite and the Gearle Siltstone from the late Valanginian to the Early 

Santonian (Cathro & Karner, 2006). 

The structural evolution of the Northern Carnarvon Basin limited by the composite 

seismic profile begins with the deformation of a regional basement representing the intracratonic 

basin from the Silurian to the Late Permian (Figure 4.17 and Figure 5.13 B) (Geoscience 

Australia, 2011). The onset of the normal fault initiation in the ESE flank of the Exmouth Sub-

basin resulted in the first deformation on the basement level (Figure 4.17 and Figure 5.13 B). 

This phase of extension is interpreted to be as another rift phase, the pre-top Permian extension 

which is drawn as the basement horizon as seen in the composite seismic section because there is 

a significant amount of slip is measured in the deformed basement horizon (Figure 4.17 and 

Figure 5.13 B). The normal fault in the ESE part of the Exmouth Sub-basin started forming the 

first detachment surface in the region (Figure 4.17). The second syn-rift sediments commenced 

filling the accommodation generated by the Late Permian, which continued until the base 

Jurassic rifting in the Dampier and Barrow Sub-basins (Figure 4.17 and Figure 5.13 D). This 

level is represented by the top Permian horizon in the seismic section (Figure 4.17). The third 

phase of extension in the Northern Carnarvon Basin initiated in the base Jurassic (Figure 4.17 

and Figure 5.13 F). The listric faults in this rifting event continued to evolve on the first 

detachment surface, and the regional model remained the same asymmetrical Simple Shear 

Model. The pre-top Permian, top Permian extension and the base Jurassic extension deformed 

the Northern Carnarvon Basin locally, so they did not extend through the Exmouth Plateau, or 

the abyssal plains in the WNW direction (Figure 4.17). However, the intensity of rifting in the 
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Figure 5.17 Restoration Steps for the Structural Evolution of the Section 6 (10 times vertically exaggerated), A)Unfaulting the 

Basement, B)Decompaction to the Basement, C) Unfaulting the Top Permian, D) Decompaction to the Top Permian, E) Unfaulting 

the Base Jurassic, F) Decompation to the Base Jurassic, G) Unfaulting the Middle Jurassic, H) Decompaction to the Rifted Middle 

Jurassic, I)Original Inversion, J)Uninversion, K) Flexural Slip Unfolding, L)Decompation to the Inverted Late Jurassic, M) Present 

Situation of the Seismic Section
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Figure 5.13 continued
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Figure 5.13 continued
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Figure 5.18 continued 
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Middle Jurassic and the Late Jurassic caused the propagation of the deformation towards the 

Exmouth Plateau in the WNW (Figure 4.17 and Figure 5.13 H). Following that, the net 

extensional forces were replaced by compressional forces in the Northern Carnarvon Basin 

interval. The listric faults on the WNW margins of the Exmouth and Barrow Sub-basins were 

inverted in response to the compressional forces (Figure 4.17). The Northern Carnarvon Basin 

constrained by this seismic profile turned into a passive margin after the inversion, which 

resulted in the formation of the Gascoynee Abyssal Plain (Figure 4.17). The post-rift and the post 

inversion sedimentary successions covered the entire region during the passive margin stage 

(Figure 4.17). 

The restoration of the composite seismic section is performed in 104 fault movements 

with 5 decompaction processes, 2 uninversion and 1 flexural slip unfolding including the 

inversion in the Late Jurassic- Base Cretaceous time interval and the five phases of extensions 

such as the Pre-Top Permian, the Top Permian, the Base Jurassic, the Middle Jurassic and the 

Late Jurassic Rifting events (Figure 5.13). Both major and minor faults are restored to estimate 

more correct extension and inversion rates. Also, this section is restored with the seismic profile 

in the background to control any unreasonable fault movement in the structural evolution of the 

basin; therefore, several mistakes in fault movements are corrected manually (Figure 5.13). 

Restoration steps for the structural evolution of Northern Carnarvon Basin constrained by this 

composite seismic section are listed below and shown in Figure 5.13. 

To conclude, running restorations for this composite seismic section resulted in the 

amount of net extension in the Northern Carnarvon Basin constrained by this profile being 

measured to be about 9.42% with 44,260 meters. Additionally, the amount of shortening from 

the inversion is detected to be 4.85% with 23,782 meters (Table 5.2).   
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Table 5.2. Amount of Extension and Shortening in the Northern Carnarvon Basin 
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CHAPTER 6 

DISCUSSION, CONCLUSIONS, AND FUTURE WORK 

Conclusions and Future Work are going to be explained after discussing significant 

findings of this project compared to previously mentioned ideas about the structural geology of 

the Northern Carnarvon Basin. 

6.1 DISCUSSION 

The Northern Carnarvon Basin was formed by earlier extensional forces resulting in five 

phases of extensions such as the pre-top Permian, the top Permian, the base Jurassic, the Middle 

Jurassic and the Late Jurassic extensions and later compressional forces caused by the inversion 

in the Late Jurassic and the base Cretaceous time interval. They have already been documented 

as different phases of extensions by Geoscience Australia (2014) except for the pre-top Permian 

extension. The restorations show that the basin was not entirely an intracratonic basin from 

Silurian to Permian based on the basement to late Permian sediments, which are shown to be 

deposited during the oldest rift phase. This is also not considered as a residual error in the 

restorations, because there is a significant stretching rate in the deformation of the basement. 

Other evidence to evaluate the pre-top Permian extension as another rift phase is that the 

sediments between the top Permian and the basement onlap onto the Basement horizon; as a 

result, the argument of the pre-top Permian extension is reliable because the deformation of the 

basement began before the Late Permian according to the evidence mentioned above. 

Major structural features in the Northern Carnarvon Basin such as the Exmouth, 

Dampier, Barrow and Dampier sub-basins, the Exmouth Plateau, the Rankin Platform etc. were 

formed by different phases of extension. First of all, four sub-basins were generated in response 

to five phases of extension. Additionally, this research advocates that the Rankin Platform and 
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the Exmouth Plateau were formed during the Middle and Late Jurassic Extensions, but even so, 

Mutter et al. (1989) articulates that the Exmouth Plateau evolved by two rift phases, the Late 

Paleozoic and the Early Cretaceous. Accordingly, the essayist`s point of view (Mutter et al., 

1989) is less reliable because the top Permian extension did not have a significant effect in the 

structural evolution of the Exmouth Plateau, and the Mesozoic stretching occurred in two phases 

instead of in a single phase revealed by Mutter et al. (1989). 

The restorations provide a lucid explanation for the crustal stretching and shortening in 

the Northern Carnarvon Basin (Table 5.2). It is observed to be 3.6% with 5,224 meters in the 

restoration 1 and 2.8% with 8,221 meters in the restoration 2. Specifically, the extension rates are 

determined for each phase of rifting. Base Cretaceous Extension is only observed to be 1%with 

4,975 meters in the restoration 5. However, it is doubtful because this phase is only interpreted in 

the composite seismic section 5 although it demonstrates a significant amount of extension. Also, 

running restorations for the Late Jurassic Extension resulted in extension rate being 1.4% with 

2,082.5 meters in the restoration 1, 1.09% with 3,200 meters in the restoration 2, 2% with 3,148 

meters in the restoration 3, 2.1% with 4,595 meters in the restoration 4, 0.63% with 3,126 meters 

in the restoration 5 and 2.9% with 13,651 meters in the restoration 6. Furthermore, the Middle 

Jurassic extension is measured to be 2.2% with 3,142 meters in the restoration 1, 1.7% with 

5,021 meters in the restoration 2, 0.5% with 787 meters in the restoration 3, 1.1% with 2,329 

meters in the restoration 4, 0.8% with 3,936 meters in the restoration 5 and 4.6 % with 21,654 

meters in the restoration 6. Along with that, the amount of extension from the base Jurassic 

Rifting is observed to be 1.9% with 2,951.5 meters in the restoration 3, 1.2% with 2,530 meters 

in the restoration 4, 0.04% with 219 meters in the restoration 5 and 0.54% with 2,551 meters in 

the restoration 6. Furthermore, conducting the unfaulting process for the top Permian extension 



 

140 

resulted in the amount of stretching being 1.54% with 2,361 meters in the restoration 3, 3.3% 

with 6,782 meters in the restoration 4, 0.44% with 2,121 meters in the restoration 5 and 0.76% 

with 3,515 meters in the restoration 6. To sum up, the net extension rates are measured to be 

8.64% with 13,268.5 meters in the restoration 3, 11.4% with 14,168 meters in the restoration 4, 

4.11% with 20,038 meters in the restoration 5 and 9.42% with 44,260 meters in the restoration 6 

throughout the basin. Additionally, the restoration 1 and the restoration 2 are performed to 

determine the amount of net extension in the Exmouth Plateau. Additionally, the amount of 

shortening from the inversion is measured to be 2.52% with 4,132 meters in the restoration 3, 

2.66% with 5,867 meters in the restoration 4, 0.94% with 4,722 meters in the restoration 5 and 

4.85% with 23,782 meters in the restoration 6. Although the amount of extension is highly 

variable throughout the basin, 10% stretching rate is interpreted to be very reasonable for the 

sub-basins, and 3% extension is thought to be fair estimation. 

As a result of restorations, the amount of stretching and the amount of shortening are 

observed to be highly variable in the Northern Carnarvon Basin. The maximum net extension 

rate is measured to be about 11.4% with 14,168 meters in the restoration 4. Mutter et al. (1989) 

articulates the amount of Late Paleozoic, Top Permian, crustal thinning to be about 50%. 

Accordingly, the contention of the Mutter et al. (1989) is discounted because the amount of 

crustal stretching is interpreted to be too high compared to the results of the restorations 

conducted in this research. The amount of stretching, 50%, is less certain when made without 

restorations with seismic profiles included. 

6.1.1 Model Predictions for the Crustal Evolution 

Model predictions in this research are based on three models of extension such as the 

Pure Shear McKenzie Model, the Simple Shear Wernicke Model, and the Delamination Model 
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(Figure 6.1). Firstly, the uniform stretching model of McKenzie proposes that the amount of 

fault-related upper crustal thinning with a continental rift event is balanced by the magnitude of 

the continental lower crust and the lithospheric mantle deformation (Figure 6.1.a) (Frazer et al., 

2007). Secondly, the asymmetrical non-uniform stretching theory of the Wernicke Model 

suggests that large scale detachment faults stretches a basin asymmetrically from the upper 

crustal lithosphere to the lower crustal lithosphere, resulting in a certain amount of extension 

(Figure 6.1.b) (Frazer et al., 2007). Finally, the theory of Delamination Model suggests a listric 

detachment, cutting through the upper mantle, continues horizontally above the crust-mantle 

boundary (Figure 6.1.c) (Lister et al., 1986). Moreover, continuous extension will finally form an 

oceanic crust at the end of the continental breakup (Lister et al., 1986). 

 
Figure 6.1 Schematic View of the Litospheric Stretching Models, a) Symmetrical Pure 

Shear McKenzie Model, b) Asymmetrical Non-uniform Stretching Theory of the Wernicke 

Model, c) Crustal Delamination Model  Involving A Major Low-Angled Shear Zone Cutting 

through the Mantle (Lister et al.,1991) (Frazer et al., 2007) 
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The seismic interpretation in the Northwest Shelf of Australia suggests that the Northern 

Carnarvon Basin was a rift-dominated basin in the Northwest Shelf of Australia from the Late 

Permian to the end of the Late Jurassic. The dominant driving forces are observed as extensional 

in five rift phases and as compressional during the inversion at the base Cretaceous. The regional 

model for the rift system appears to evolve asymmetrically because the structural evolution of 

the Northern Carnarvon Basin constrained by the sub-basins and the Exmouth Plateau Region is 

moved on non-symmetrical detachment surfaces (Figure 6.2, Figure 6.3, Figure 6.4, Figure 6.5, 

Figure 6.6 and Figure 6.7). It also suggests that the asymmetrical movement on the detachment 

surfaces on the region-wide scale in the Northern Carnarvon Basin, which resulted in considering 

a simple shear Wernicke Model for the region from the WNW edge of the Exmouth Plateau 

towards the ESE, and a Delamination Model for the geological system above the MOHO (Figure 

6.3, Figure 6.4, Figure 6.5, Figure 6.6 and Figure 6.7).  Additionally, another evidence for the 

hypothesis behind the simple shear Wernicke model is that the listric faults were the dominant 

tectonic control in the Exmouth, Barrow, Dampier and Beagle sub-basins from the onset of the 

first rift initiation in the Basement level before the Late Permian to the last extensional phase in 

the Late Jurassic, which was observed in the sections in Chapter 5 (Figure 6.3, Figure 6.4, Figure 

6.5, Figure 6.6 and Figure 6.7). Along with that, the character of the normal faults in the 

Exmouth Plateau Region is observed to be both listric and planar. The listric faults formed above 

the first detachment surface along the distance from the ESE flank of the sub-basins to the WNW 

by the first deformation of the basement (Figure 6.7). Additionally, the pre-top Permian 

Extension Top Permian, Top Permian and the Base Jurassic extensions were driven only on the 

first detachment surface, and the regional geometry of the first detachment surface in the pre-top 

Permian, the Late Permian and the Base Jurassic Extensions suggests that it evolved as an 
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Figure 6.2 Composite Seismic Section (Model predictions are based on) (20 times vertically exaggerated) (Map Refference Includes 

Restored Section 6 For Location, See Figure 4.1 and Figure 5.8) 
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Figure 6.3 Schematic View of the Model Prediction of the Late Triassic to the Base Cretaceous Inversion 

 
Figure 6.4 Schematic View of the Model Prediction of the Middle Jurassic and the Late Jurassic Extensions
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Figure 6.5 Schematic View of the Model Prediction of Base Jurassic Extension 

Figure 6.6 Schematic View of the Model Prediction of the Top Permian Extension

Figure 6.7 Schematic View of the Model Prediction of the Rifted Basement 
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asymmetrical simple shear Wernicke Model (Figure 6.5, Figure 6.6 and Figure 6.7). Later, the 

migration of the locus of the dominant extension from the sub-basins to the Exmouth Plateau 

resulted in the formation of the second detachment surface by the onset of the Middle Jurassic 

Extension (Figure 6.4). 

The second detachment formed at similar elevations to the top Permian horizon in the 

Exmouth Plateau (Figure 6.3 and Figure 6.4). The rifted blocks in the Exmouth Plateau started 

moving on the second detachment surface while the system limited by the sub-basins was still 

moving on the first detachment surface during the Middle and the Late Jurassic extensions 

(Figure 6.4). The second detachment surface in the Exmouth Plateau is also identified to be 

evolved in the simple shear Wernicke Model due to the asymmetric geometry of the system 

(Figure 6.4). Another reason for suggesting the simple shear Wernicke Model is that the Triassic 

tholeiitic lava flows could not generate any plume structure in the Exmouth Plateau (Figure 6.4). 

Also, it does not cut through the upper mantle, which might have been speculated as a 

delamination model; conversely, it was formed in relatively shallower elevations near the Top 

Permian horizon; so, it suggests the simple shear Wernicke Model because it looks asymmetrical 

(Figure 6.4). 

The Middle Jurassic and the Late Jurassic Extensions formed another listric fault 

deepening down through the MOHO in the WNW outer margins of the Exmouth Plateau 

implying the third detachment surface between the Exmouth Plateau and Gascoynee Abyssal 

Plain (Figure 6.4). It is triggered by the end members of the Middle and the Late Jurassic 

extensions because both planar and listic faults get younger from the ESE to the WNW 

according to cross cutting relationships (Figure 6.4). The stretching model is interpreted to be the 

Delamination Model under the region between the WNW flank of the Exmouth Plateau and the 
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younger Gascoynee Abyssal Plain (Figure 6.4). That`s because the listric fault, which initiated at 

the WNW outer margin of the Exmouth Plateau and dipping towards the WNW, cuts through the 

upper mantle, MOHO, and it continues on the contact surface between brittle and ductile layers 

although the geometry of the MOHO demonstrates that the geological system seems evolving in 

a symmetrical pure shear McKenzie Model (Figure 6.4). However, the stretching model above 

the MOHO is not entirely consistent with the pure shear McKenzie Model because the left part 

of the symmetrical stretching system is missing above the MOHO in the Northern Carnarvon 

Basin (Figure 6.4). Furthermore, the geological system under the WNW edge of the Exmouth 

Plateau generated oceanic crust by the margin magmatism initiated in the Middle Jurassic, 

resulting in the formation of the Argo Abyssal Plain, plus, the Late Jurassic Extension formed 

the oceanic crust of the Gascoynee (Figure 6.4), Cuvier and Perth abyssal plains (Mutter & 

Larson, 1989). Moreover, the Middle Jurassic and the Late Jurassic extensions played a major 

role in the break-up of Greater India from the northwest part of the Australian continent because 

the normal faults in the pre-top Permian, Late Permian and the base Jurassic extensions are less 

intense than the normal faults initiated in the Middle and the Late Jurassic extensions (Figure 

6.4).  

The main tectonic regime across the Northwest Shelf of Australia changed from 

extensional to compressional by the Late Jurassic and the Early Cretaceous time interval. Some 

of the listric faults generally dipping to the ESE in the sub-basins were inverted forming 

distinctive harpoon structures on the WNW flanks of the Exmouth and Barrow Sub-basins by the 

compressional components of the net forces (Figure 6.3).  The intensity of the inversion was 

localized to the WNW part of the sub-basins or the ESE margin of the Exmouth Plateau. The 

compressional forces could not propagate through the Exmouth Plateau, meaning that the 
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inverted topography is isolated by the ESE edge of the Exmouth Plateau (Figure 6.3). The 

amount of compression increases towards the north and northeast. The inversion generated the 

fourth detachment surface, and the inversion continues towards the interior parts of the land in 

the ESE (Figure 6.3). Moreover, the Late Jurassic-base Cretaceous inversion generated the 

synclines and the anticlines developed along the distance from the ESE margin of the Exmouth 

Plateau towards the sub-basins and landward (Figure 6.3). These structural highs were eroded by 

the post-rift events as uplift occurred. The major reason for the inversion happened in the basin 

at the time is considered to be from a continuous collision of the Indo-Australian Plate with the 

Pacific Plates and Eurasian Plate in the Late Oligocene (25 Ma; Pigram and Davies, 1987). The 

ongoing northward movement of the Indo-Australian plate (Audley-Charles et al., 1988; Lee and 

Lawyer, 1995; Richardson and Blundell, 1996; Keep et al., 1998; Hill and Raza, 1999; Keep et 

al, 2002, which resulted in an uplift originated in the inversion in the Northern Carnarvon Basin). 

However, the age of inversion is recorded to be the Late Jurassic-base Cretaceous in this 

research. Therefore, the contention revealing that the collision between the Indo-Australian Plate 

and the Eurasian Plate is the reason for the Late Jurassic-Base Cretaceous inversion is 

discounted. That is because the intraplate deformation generated a possible mechanism for the 

Cretaceous inversion (Cathro et al., 2006). Additionally, a change in the extensional direction 

can localize an interplate compressional zone. Therefore, different strikes of normal faults in the 

deformation zone 1 and 2 may cause the localized inversion in the Late Jurassic-base Cretaceous 

time interval. 

Four detachment surfaces were identified in this research whereas only two were 

previously found. The first, the third and the fourth detachment surfaces are observed to be 

cutting through the crust and the upper mantle. The second detachment surface was formed in the 
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intra-Triassic volcanics at relatively shallow elevations compared to the others as a result of both 

listric and planar faults in the Exmouth Plateau.  Apart from Mutter et al. (1989), the first 

detachment surface initiated before the Late Permian in response to the Pre-Top Permian 

extensional forces, and this resulted in the first deformation of the basement, forming sub-basins. 

The third detachment surface separated the oceanic crust from the thicker lithospheric crust, 

settling above the upper mantle, MOHO, below the region between the outer margins of the 

Exmouth Plateau and the Gascoynee Abyssal Plain. However, it is doubtful whether it is 

connected to the second detachment surface, or not. In this research, it is interpreted to be 

another detachment surface from the second detachment surface, because there is an undeformed 

structural high observed between the second and the third detachment surfaces in the WNW part 

of the Exmouth Plateau. Another reason to consider them as different detachment surfaces is that 

the style of the deformation in the third detachment surface deepens downward to the upper 

mantle, but the second detachment surface is very shallow compared to the third detachment 

surface. 

Another newly found fourth detachment surface is not compared to the others because it 

is characterized by compressional forces. It was formed as a result of the inversion that occurred 

in the Base Cretaceous caused by the Indo-Australian Plate colliding with the Pacific Plates and 

Eurasian Plate in the Late Oligocene (25 Ma; Pigram & Davies, 1987). Cretaceous uplift in the 

inversion is related to the ongoing northward movement of the Indo-Australian plate (Audley & 

Charles et al., 1988; Lee & Lawyer, 1995; Richardson & Blundell, 1996; Keep et al., 1998; Hill 

& Raza, 1999; Keep et al, 2002). The intensity of the inversion increases towards the north, and 

it is also observed to get younger in the Northwest Shelf of Australia. The two inverted listric 

faults dipping to the ESE, which are located in the ESE edge of the Exmouth Plateau and in the 
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ESE flank of the Alpha Arch, are interpreted to be driven on the fourth detachment surface as a 

result of 6 restorations that have not been done before during the inversion phase. To clarify, 

these inverted listric faults are combined to generate the fourth detachment surface. Additionally, 

two asymmetric anticlinal features are hypothesized in the original inverted topography (Figure 

6.3), which results in the fourth detachment surface being formed in the Northern Carnarvon 

Basin. These structural highs were eroded by the post-rift events as soon as uplift occurred rather 

than constructing high mountains in the anticlinal region. 

Model predictions for the structural evolution of the Northern Carnarvon Basin resulted 

in the entire geological system being evolved in a Simple Shear Wernicke Model and 

Delamination Model rather than a symmetrical pure shear McKenzie model. Firstly, the listric 

faults dipping towards the WNW in the sub-basins started stretching the Northern Carnarvon 

Basin asymmetrically, cutting through the crust and the upper mantle in the pre-top Permian 

extension. The regional geology is estimated to be extended in the simple shear Wernicke model 

because the sub-basins were driven by the listric faults in a unidirectional manner during the five 

phases of extension, lying between the lower crust and the upper crust. Another reason why the 

stretching model is considered to be the simple shear Wernicke model is the lack of any plume 

structure below the sub-basins during the pre-top Permian, the top Permian and the base Jurassic 

extensions. Similarly, the Triassic tholeiitic volcanism could not generate any plume structure in 

the region, which the crustal evolution occurred during the Middle and Late Jurassic extensions. 

Moreover, although the geometry of the MOHO below the intersection of the Exmouth Plateau 

with the Gascoynee Abyssal Plain looks slightly symmetrical referring a pure shear McKenzie 

model, extended blocks above the MOHO are observed asymmetrical. The evidence for that is a 

necessary left pair of brittle deformation to consider it as a pure shear McKenzie model. 
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Contrarily, Mutter et al. (1989) highlight that the crustal evolution in the region was evolved in a 

pure shear McKenzie model due to the geometry of the MOHO. However, the crustal extension 

occurred in a unidirectional way on the third detachment surface cutting through the MOHO and 

separating the thinner oceanic crust from the thicker continental crust and brittle zone from 

ductile zone. Also, brittle deformation for the pair of uniform stretching model in the WNW is 

missing. As a result, according to the observations underlined above, the arguments of Mutter et 

al. (1989) in terms of suggesting the pure shear McKenzie model for the structural system above 

the MOHO are dismissed about the existence of symmetrical stretching in the Northern 

Carnarvon Basin due to the absence of brittle deformation in the WNW. Another result from this 

is the geometry of the MOHO does not always generate symmetrical stretching; therefore, the 

stretching model in this part of the system is interpreted to be the Delamination model. 

The amount of erosion during the inversion is estimated from the inverted topographies 

of the seismic sections. To clarify, the uninversion process is performed to predict the amount of 

shortening more accurately because flexurally unfolded layers could not represent the geological 

system before the inversion.   The uninverted views of the seismic profiles are restored by 

reverse slip, which results in the formation of the original inversion geometry. The inverted 

topographies did not generate structural highs, and they are interpreted to be eroded as soon as 

uplift occurred. Therefore, the amount of erosion during the inversion is estimated from the 

inverted topography. 

The onset of the passive margin is recorded to be at the end of the last phase of extension, 

the Late Jurassic extension, or in the uplift in the passive margin evolution, base Cretaceous 

inversion, or possibly in the generation of seafloor spreading events such as the Argo, Perth, 

Cuvier and Gascoynee Abyssal Plains in the Northwest Shelf of Australia. To begin, the 
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Northern Carnarvon Basin was a rift-dominated basin from the pre-top Permian extension to the 

Late Jurassic extension, and then the Northwest Shelf of Australia turned to a passive margin by 

the end of the Late Jurassic extension. Later, it was unconformably overlain by the post-rift 

sediments in the passive margin. Also, an uplift of the rifted flanks is a significant part of the 

evolution of the passive margins (Weissel & Karner, 1989). Supporting that, inverted listric 

faults generated uplift in the Northwest Shelf of Australia, which refers to the existence of 

passive margin during the inversion phase in the base Cretaceous, and the inversion gets younger 

towards the north. 

Additionally, seafloor spreading events occurred in response to the transition from a rift-

dominated margin to the passive margin. Final breakup triggers a pulse of magmatism which 

results in a seafloor spreading event being formed which represents the transition from an active 

margin to a passive margin (Jagoutz et al, 2011). To clarify, extension will finally go through a 

continental breakup and a generation of an oceanic basin (Lister et al., 1986). Accordingly, the 

seafloor spreading events in the Northern Carnarvon basin resulted in the formations of the Argo 

in the Middle Jurassic, the Gascoynee, Perth and Cuvier Abyssal Plains in the Late Jurassic 

(Geoscience Australia, 2011).The Northern Carnarvon Basin has been a passive margin since the 

mid-Santonian in the Late Cretaceous (Geoscience Australia, 2011). On the contrary, this 

research infers that the transition from the rift-dominated margin to the passive margin ranges in 

time in the Northwest Shelf of Australia including the Northern Carnarvon Basin because the 

abyssal plains were formed at different times. Therefore, the idea suggesting that the transition 

happened in the Late Cretaceous should be updated according to timing of seafloor spreading 

events. 
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6.2 CONCLUSIONS 

This study shows new results for the interpretation of the structural evolution of the 

Northern Carnarvon Basin, NW Australia. 

1- The Northern Carnarvon Basin is a rift-dominated basin enduring on the Northwest Shelf 

of Australia during the five phases of extension (pre-top Permian, top Permian, base 

Jurassic, Middle Jurassic and Late Jurassic extensions). 

2- The pre-top Permian extension is newly identified resulting in a total of five phases of 

extension (versus only four previously determined phases of rifting). 

3- Four detachment surfaces are interpreted whereas only two were previously identified. 

4- The simple shear Wernicke model best explains the style of structural evolution for the 

five phases of extension along the region from the WNW flank of the Exmouth Plateau 

towards the Peedamullah and Lambert Shelves. Additionally, the Delamination Model is 

interpreted under the region between the WNW edge of the Exmouth Plateau and the 

younger Gascoynee Abyssal Plain. 

5- The net extension and shortening rates are highly variable in the Northern Carnarvon 

Bain as seen below. 

a- The net extension rate is recorded to be:  

 3.6% with 5,224 meters in the Restoration 1,  

 2.8% with 8,221 meters in the Restoration 2,  

 8.64% 13,268.5 meters in the Restoration 3,  

 11.4% with 14,168 meters in the Restoration 4,  

 4.11% with 20,038 meters in the Restoration 5, 

  9.42% with 44,260 meters in the Restoration 6.  
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These results demonstrate that the amount of extension is highly variable throughout the 

basin. A 10% stretching rate is interpreted to be reasonable for the sub-basins, and a 3% 

extension is thought to be a fair estimation for the Exmouth Plateau. 

b- The net shortening amount is reached from the inversion to be: 

 2.52% with 4,132 meters in the Restoration 3,  

 2.66% with 5,867 meters in the Restoration 4,  

 0.97% with 4,722 meters in the Restoration 5, 

 4.85% with 23,782 meters in the Restoration 6, representing the area located from 

the WNW edge of the sub-basins towards the Peedamullah and the Lambert 

Shelves. 

6- The transition from the rift-dominated margin to the passive margin is recorded to be in 

the Base Cretaceous in the Northern Carnarvon Basin. 

7- The inversion is interpreted to be the result of major plate reorganization as India moved 

northwest and breakup commenced between Australia and Antarctica. 

6.3 FUTURE WORK 

In order to further evaluate the conclusions of this research, future work should include: 

1- More well control to manage the horizon interpretation throughout the basin. 

2- Deeper seismic profiles are required to draw the Basement and the Top Permian horizons 

more confidently to understand the stretching model more confidently. 

3- 3D seismic surveys are needed to detect the significant structural features in detail 

because 2D seismic profiles do not reflect them very well. 

4- 3D restoration should be conducted to have a more regionally representative amount of 

extension and shortening. 
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5- For the margin evolution at the WNW flank of the Exmouth Plateau to know distal 

domains of the system, the longer seismic surveys are necessary to claim the symmetrical 

stretching of the McKenzie Model. 

6- More VSP data control will make the interpretation more accurate. 

7- Forward kinematic modelling for the general sediment transport, where the inversion 

occurred, when it was inverted, how much intensive it was and paleo-topography of the 

inversion. 

8- Paleothermal data for the condition of the region in the Pre-Top Permian Extension 

whether the basin was an intracratonic basin, or a rift-dominated basin. 

9- Paleo-water depth estimations.
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 APPENDICIES 

Appendix-1: 2D Seismic Dataset in the Central Northwest Shelf 

2D  SEISMIC DATASET IN THE CENTRAL NORTH WEST-SHELF 

2D Seismic 

Survey 

Number of 

Profiles 

Time Depth 

(msec) 

Number of 

Trace 

Number of 

Samples per 

Trace 

Sample 

Interval 

56 11 12000 3139 3000 4 

68 1 5408 2444 1352 4 

69 9 5400 273 1350 4 

70 3 6100 860 1525 4 

73 10 3004 1745 751 4 

74 12 6000 1408 1500 4 

78 3 5000 1926 5000 1 

80 8 6000 2809 1500 4 

82mpa 136 5000 2688 1250 4 

83mpb 8 5004 644 1251 4 

84mpc 14 6004 1382 1501 4 

85db 17 6000 1128 1500 4 

85g 4 6000 1684 6000 1 

86bt 2 6000 7340 1500 4 

92db 40 6000 2424 1500 4 

93mwob 59 9000 3261 2250 4 

95s 48 4948 497 1237 4 
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Appendix-1 continued 

136 28 8000 2525 2000 4 

a89k 31 5000 980 1250 4 

a92v 141 3000 2410 1500 2 

a94t 23 3100 4058 1550 2 

b86a 81 6004 1089 1501 4 

bd97 67 8004 11651 2001 4 

97r 119 6004 5098 1501 4 

br02 50 12004 12715 3001 4 

c92a 48 6004 3731 1501 4 

c94a 37 6004 1310 1501 4 

ca00 32 10240 4011 5120 2 

d 95 42 6000 1062 1500 4 

dc98 35 10000 10360 2500 4 

esp99 19 8008 17634 2002 4 

gpdb95 21 6000 5447 1500 4 

h93b 143 6000 1294 1500 4 

ha95 50 4002 1375 2001 2 

hh07 32 8192 1945 2048 4 

hl80 3 3000 4705 751 4 

hwa 28 5000 561 1250 4 

jn87 35 6000 9673 1500 4 

Total 2320     



 

165 

Appendix-1 continued 

2D SEISMIC DATASET IN THE CENTRAL NORTH WEST-SHELF 

2D Seismic 

Survey 

Number of 

Profiles 

Time Depth 

(msec) 

Number 

of Trace 

Number of Samples 

per Trace 

Sample 

Interval 

jn88 34 6000 842 1500 4 

k92 98 6004 857 1501 4 

k93 57 8004 2560 2001 4 

ll86 13 5000 672 1250 4 

ll85 16 6004 1040 1501 4 

ll87 27 6004 1470 1501 4 

ls98 43 4000 25589 2000 2 

ma96 49 1750 2355 1750 1 

mm01 20 4000 3391 2000 2 

mr01 92 10000 3022 2500 4 

ob98 26 10000 4561 2500 4 

pc98 14 6000 1726 3000 2 

w01arn 26 6004 6074 1501 4 

w01lyc 16 7004 7447 1751 4 

w81 41 6004 1696 1501 4 

w99ara 25 7004 5058 1751 4 

w99rem 79 7004 2286 1751 4 

w99tar 181 7004 17181 1751 4 

we78 13 5000 3145 1250 4 
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Appendix-2: 2D Seismic Dataset in the Northern Carnarvon Basin 

2D SEISMIC DATASET IN THE NORTHERN CARNARVON BASIN 

2D Seismic 

Survey 

Number of 

Profiles 

Time Depth 

(msec) 

Number of 

Trace 

Number of 

Samples per 

Trace 

Sample 

Interval 

x81a 14 6004 2081 1501 4 

78ex 9 8004 2910 2001 4 

92m 23 4096 1815 1024 4 

93mwr 34 4000 726 1000 4 

b02 33 16004 63281 4001 4 

135 11 16000 16553 400 4 

135r 2 8000 2877 2000 4 

136 28 6004 690 1501 4 

b05 70 6004 3937 1501 4 

b73 6 6000 1232 1500 4 

b89 28 6000 2469 1500 4 

b92 69 6004 1816 1501 4 

b97 173 7004 3218 1751 4 

ce80 22 6004 598 1501 4 

ce82 18 3004 2505 751 4 

ct93 33 11004 5017 2751 4 

es00 12 8004 4789 2001 4 

ex00 53 8004 6539 2001 4 
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Appendix-2 continued 

ex05 71 8004 9125 2001 4 

gpctr 20 8004 3135 2001 4 

h92a 18 6004 1829 1501 4 

hc97x 11 4000 3355 4000 1 

hca99 25 4002 2739 2001 2 

he94 97 8000 1679 2000 4 

he96 40 8000 4584 2000 4 

hh90 45 6008 2631 1502 4 

ja95 54 7004 24678 1751 4 

ja95r 15 7004 9361 1751 4 

petrel 2 14400 9195 3600 4 

was 76 6 7000 7584 1750 4 

was76r 4 6004 5061 1501 4 

wg2dcv 37 7004 1641 1751 4 

wg98ct 39 8004 4942 2001 4 

x78a 102 7004 667 1751 4 

x79b 5 7000 1905 1750 4 

Total 1229     
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Appendix-3: 3D Dataset in the Central Northwest Shelf and the Northern Carnarvon Basin 

3D DATASET IN THE CARNARVON BASIN 

3D Survey Time 

Depth 

(msec) 

Inlines Crosslines Sample 

Interval Number Interval Range Length Number Interval Range Length 

Coverack 6004 1738 15 1986 

3723 

43123 3451 12.5 565 

4015 

26056 4 

Chandon  6004 800 25 1001 

1800 

54924 2198 25 976 

5370 

19975 4 

Carnarvon 

HCA04A  

6606 1389 28.12 20071 

21459 

75000 6001 12.5 12280 

18280 

39037 3 

Minden 6004 1441 18.75 970 

2410 

46857 2500 18.75 881 

3380 

27000 4 

Baylis 5704 750 37.5 91 

840 

31512 2522 12.5 1307 

3828 

28087 4 

Panaeus 

East 2001  

3498 757 9.37 11148 

14904 

81310 8674 9.38 927 

9600 

35212 3 

Panaeus 99C 5512 1767 9.37 1988 

3754 

90262 9629 9.37 4362 

13990 

16556 4 

Legendre  6144 428 25 101 

528 

47570 3571 13.32 25 

18100 

10670 4 

Canning TQ 6004 4629 16 1989 

6617 

84863 6790 12.5 1989 

6617 

74048 4 

Whitetail 6000 731 15 8000 

8730 

51937 4156 12.5 1485 

5640 

10950 4 
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Appendix-4: Wells with the Digital and Non-digitized VSP Data 

Wells with Digital VSP Wells with VSP in Reports 

Ajax_ST1 Alpha North 

Altair Bruce1 

Bloodwood 1(Apche) Cygnus1 

Buck1 Forestier1 

Buggle 1 Io 

Brecknock South 1 Jupiter 

Cerberus 1 Lagrange1 

Coniston Nebo 

Gorgonichthys1 North Turtle 

Jansz2 Phoneix1 

Scarborough3 Trafalgar1 

Scarborough4A West Muiron3 

Wigmore1 West Muiron5 

 York1 

 Zeepard1 
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Appendix-5: Supplemental Electronic Files 

Structural Evolution of the Restorated 

Sections 

Files including structural evolution of the Northern 

Carnarvon Basin constrained by the seismic 

sections from past to the present day condition. 

Structural Evolution of the Section 1.wmv Video file demonstrating the structural evolution of 

the Exmouth Plateau constrained by the Section 1 

from past to present. 

Structural Evolution of the Section 2.wmv Video file demonstrating the structural evolution of 

the Exmouth Plateau constrained by the Section 2 

from past to present. 

Structural Evolution of the Section 3.wmv Video file demonstrating the structural evolution of 

the Northern Carnarvon Basin constrained by the 

Section 3 from past to present. 

Structural Evolution of the Section 4.wmv Video file demonstrating the structural evolution of 

the Northern Carnarvon Basin constrained by the 

Section 4 from past to present. 

Structural Evolution of the Section 5.wmv Video file demonstrating the structural evolution of 

the Northern Carnarvon Basin constrained by the 

Section 5 from past to present. 

Structural Evolution of the Section 6.wmv Video file demonstrating the structural evolution of 

the Northern Carnarvon Basin constrained by the 

Section 6 from past to present. 

 


