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ABSTRACT 

 

The Otway rift basin is located on the northwest trending passive margin that extends 

from southeast Australia to the neighboring the Sorell Basin, west of King Island. The formation 

of the Otway Basin is associated with the breakup of Gondwana during the late Jurassic/early 

Cretaceous, and the basin comprises two rifting and multiple inversion events reflected by eight 

basin supersequences. The basin contains sediments deposited from Upper Jurassic to Holocene 

and the extent of the basin is 150,000 km2, of which 80% lies offshore. Although the eastern 

Otway Basin has been investigated in both the onshore and the shallow marine section, a 

tectonostratigraphic framework for the offshore part still needs to be developed in detailed 

explanation, which will be rewarding for hydrocarbon exploration purposes. This study aims to 

interpret and reconstruct the structural evolution of the Otway Basin by integrating 

tectonostratigraphy, well data, 2D seismic profiles, 3D seismic cubes, and 2D structural 

restorations. Seismic interpretation is performed for each 3D seismic survey by creating structure 

maps and labeled seismic profiles. Regional structure maps were also generated at each 

individual basinal phase by using 2D & 3D seismic data together to apply seismic interpretation 

techniques. Schlumberger`s Petrel software is used for structural and stratigraphic interpretation 

on 2D and 3D seismic data set provided by Geoscience Australia whereas Midland Valley`s 

Move software is used for 2D kinematic reconstruction and restoration throughout the basin. 

Structural characteristics and depocenter developments for rifting phases, fault types, 

quantification of extension amounts and designation of regional deformation model is conducted 

within the scope of this study. Different structural trends composed due to two separate rifting 

phases are mapped and investigated through seismic profiles and four cross sections restored 
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from Investigator 3D Survey from the Offshore Eastern Otway Basin used to calculate extension 

amounts (IL 300 - 6.63%  [2.626 km], IL – 700 11.11% [5.56 km], IL – 1150 11.16 % [5.63 km], 

IL – 1700 11.05% [5.53 km]). In addition, regional lithospheric extension model is determined 

by comparing and contrasting with the existed deformation models.  
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CHAPTER 1 INTRODUCTION 

 

The Otway Basin covers an area of some 150,000 km2 and it is filled with predominantly 

Late Jurassic to Holocene sediments (80% of the basin) lies offshore (Laing et al., 1989). The 

basin is a northwest – striking passive margin rift basin that extends from southeastern South 

Australia to west of King Island until the neighboring Sorell Basin (Figure 1.1 & Figure 1.2). 

Formation of the Otway Basin began in the Late Jurassic with the initiation of rifting between 

Australia and Antarctica (Geoscience Australia, 2013); and the Otway Basin forms part of the 

4000 km long Jurassic – Cretaceous Australian Rift System. The Otway Basin belongs to a series 

of basins; including Bight, Otway, Sorell, Bass, and Gippsland basins (Figure 1.1), that were 

formed Gondwana break – up and Antarctic – Australia separation (Wilcox and Stagg, 1990). 

Late Jurassic and Early Cretaceous Otway Group sediments define the basin`s western, northern 

and eastern boundaries, whereas Cenozoic sediments in the Hunter sub-basin determine its 

southern boundary (Figure 1.2). Extension along the southern Australian margin was initiated 

during the Oxfordian (about 158 Ma) and progressed from west to east, affecting the Otway, 

Bass and Gippsland basins by the Tithonian (about 150 Ma) (Norvick and Smith, 2001). 

However, according to Rankin (1993), if underlying basement rocks are considered, the southern 

Australian rift system may have an older history, recorded in the Polda Basin (Figure 1.1) which 

hosts Neoproterozoic rift basalts in the Kilroo Formation.  
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Figure 1.1 a) Southern rifted margin of Australia and The Otway Basin Location Map & Figure 
1.1 – b) Structural Segmentation of the rifted margin (modified from Totterdell et al., 2012) 

 

POLDA BASIN 
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Figure 1.2 - Tectonic Elements Map (modified after Krassay et al., 2004) 

 

This study is mainly focused on the offshore eastern (Victorian rather than South 

Australian) part of the Otway Basin, Victoria, Australia. The major objectives of this research 

are a better understanding and representation of structural evolution of the Otway Basin using 

tectonostratigraphy, 2D seismic profiles, 3D seismic cubes, and 2D section restorations. The 

Otway Basin is structurally complex as a result of the superposition of a number of tectonic 

events, which occurred both during and after the initial development of the basin. Hence, the 

calculation of the extension and shortening amounts related to the different rifting and inversion 

phases is valuable for understanding the structural system of the Otway Basin. In addition, the 

petroleum exploration potential of the basin can be enhanced by using the outputs of this 

research. 

STUDY 

AREA 
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Figure 1.3 - Structural elements of the Eastern Otway Basin showing hydrocarbon fields and 
discoveries (Geoscience Australia, 2013) 

STUDY 

AREA 
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CHAPTER 2 GEOLOGIC BACKGROUND 

 

The Otway Basin is a large, northwest trending predominantly offshore rift basin located 

on the southern Australia passive margin. Petroleum exploration is more developed in the 

onshore part of the basin rather than offshore part. The onshore part of the basin, including the 

Robe, Colac, and Gellibrand troughs comprise several east-northeast trending extensional 

depocenters (Figure 1.3) with the onset of the major rifting phase in the Late Jurassic. 

Furthermore, older parts of the Portland Trough and the Torquay Sub – basin (Figure 1.2) may 

also be related to this extensional phase (Perincek and Cockshell, 1995).  

 

Figure 2.1– The Otway Basin (onshore & offshore) Location Map (after Norvick and Smith, 
2001) 
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The metamorphic and igneous rocks underlying the Otway Basin are associated with the 

Adelaide and Lachlan Fold Belts (Figure 1.1) (Gray, 1988). The Otway Basin developed through 

multi-stage rift, sag and inversion phases. Late Jurassic to Early Cretaceous rifting resulted in the 

east-west trending Inner Otway Basin (Totterdell et al., 2014). Late Cretaceous rifting, 

culminating in continental breakup in the Maastrichtian, produced northwest-southeast trending 

depocenters beneath the outer shelf and slope. Multiple phases of compression during the 

Cretaceous-Recent resulted in inversion and wrenching of pre-existing structures (Geoscience 

Australia 2013). According to stratigraphic descriptions of the sedimentary rock units; the Otway 

Basin is further sub-divided into five major depocenters; onshore Inner Otway Basin, offshore 

Morum, Nelson, and Hunter Sub-basins and eastern Torquay Sub-basin (Figure 1.2) (Parker, 

1995; Lavin, 1997; Geary and Reid, 1998; Gallagher, 2001; Constantine, 2001; Partridge, 2001). 

The Latest Jurassic-Early Cretaceous Otway Supergroup comprises up to 8 km of continental 

and fluvio-lacustrine sediments (Figure 2.2) that accumulated in grabens and half-grabens of the 

first rifting event (Moore et al., 2000). Coastal-plain, deltaic and marine sediments of the Late 

Cretaceous Sherbrook Group are up to 5km thick.  The Paleocene-middle Eocene Wangerrip 

Group sediments were deposited in coastal plain, deltaic and inner shelf settings and are 

separated from the open marine, mixed carbonates/siliciclastics of the Eocene-Miocene Nirranda 

and Heytesbury groups, by a major unconformity (Geoscience Australia, 2013). 

2.1. Stratigraphy of the Otway Basin 

Although earlier stratigraphic studies divided the basin into five major sedimentary 

successions; Krassay et al (2004) proposed a new sequence stratigraphic framework based on the 

interpretation and integration of offshore wells, key onshore wells, new biostratigraphic results, 

and a regional grid of 2D seismic data (Figure 2.2). 
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 In the new tectonostratigraphic framework, seven major basin phases (Figure 2.2) and 

their eight component tectonostratigraphic supersequences are recognized as follows:  

1) Tithonian?-Barremian rifting of the Crayfish Supersequence, 

2) Aptian-Albian post-rift deposition of the Eumeralla Supersequence,  

3) mid-Cretaceous compression and inversion,  

4) Late Cretaceous rifting of the Shipwreck and Sherbrook Supersequences, 

5) latest Maastrichtian to Middle Eocene basin reorganization and early thermal 

subsidence of the Wangerrip Supersequence,  

6) local inversion and thermal subsidence of the Nirranda Supersequence (Middle 

Eocene to Early Oligocene), followed by thermal subsidence and progressive compression of the 

Heytesbury Supersequence (Late Oligocene to Late Miocene), leading to Late Miocene uplift 

and erosion and  

7) Plio-Pleistocene deposition of the Whalers Bluff Supersequence. Different tectonic 

driving mechanisms are thought to be the primary control on the creation of accommodation. 

Thus, basin phases are differentiated according to these mechanisms (Krassay et al., 2004). 
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Figure 2.2 – Stratigraphic and basin event chart for the Otway Basin (modified after Krassay et 
al., 2004) (R1: Rifting Phase 1, PR1: Post – Rift 1, I1: Inversion 1, R2: Rifting Phase 2, PR2: 

Post – Rift 2, I2: Inversion 2, I3: Inversion 3) 
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2.2. The Tectonostratigraphic Evolution of the Otway Basin 

 

Figure 2.3– Structural Elements Map of the Otway Basin (Krassay et al., 2004) 

 

The Otway Basin has a complex tectonostratigraphic history, recorded in the geometry, 

stacking patterns, distribution and depositional systems of the eight supersequences (Krassay et 

al., 2004). The amount of accommodation changes with geological time and geographical 

location throughout the basin (Figure 2.1). Controlling factors on accommodation generation are; 

mechanical extension and related faulting, regional thermal subsidence during sag phases, 

localized inversion, sediment supply rate, and fluvio-lacustrine base level or sea level changes. 

The basin evolution is investigated in seven stages.  
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2.2.1. Rift Initiation and Establishment or Early Rifting (Late Jurassic – Early 

Cretaceous) 

Extension progressed and subsidence continued during the Early Cretaceous and initially 

various rift basins expanded extensively during the Late Jurassic. Approximately, 5,000 m 

thicknesses of non-marine fluvio-lacustrine Otway Group (Reid et al., 2001) sediments were 

deposited into these depocenters. The Casterton Formation, which is comprised of lacustrine 

sediments and interbedded flow basalts, is overlain by the predominantly fluvial sediments of the 

Pretty Hill Formation that are in turn overlain by lower energy fluvial and lacustrine sediments 

of the Laira Formation (Geoscience Australia, 2013). The Katnook Sandstone overlies and it 

represents of the return into higher energy fluvial deposition.  

2.2.2. Post – rift Subsidence or Rift to Sag Transition (Aptian – Albian) 

In most of the Otway Basin, the impact of rift – related extensional faults, which control 

rifting from the Late Jurassic to the Early Cretaceous, faded in the Early Aptian as thermal 

subsidence resulted in the disappearance of formerly elevated footwall blocks.  The Eumeralla 

Formation, which encompasses 4,000 m of sediments, was deposited from Aptian to Albian into 

the southward of the Mussel - Tartwaup Fault Zone (Figure 2.1) in a progressively widening, 

regional sag basin (Geoscience Australia, 2013). According to Jensen – Schmidt et al. (2001), 

with the more or less 3,100 m of non – marine sediments of the Morum Sub – basin (Figure 4) is 

the conjugate depocenter to the western Otway Basin. The Discovery Bay High separated the 

Morum Sub-basin from the eastern the Nelson Sub – basin (Figure 2.3 & Figure 2.4). 

Accumulated sediments deposited in a non – marine depositional environment including fluvial, 

flood plain, coal swamp, and lacustrine types (Figure 2.2). However, according to Duddy (2003), 

there is a significant amount of volcanoclastic detritus derived from local intra – rift sources, 
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which made these sediments distinctive from surrounding other sediments. Likewise, volcanic 

complexes east of the Gippsland Basin were also a source for volcanoclastic content in these 

formations (Bryan et al, 1997).  

 

Figure 2.4 – Structural elements of the central and eastern Otway, northern Sorell and western 
Bass basins, showing petroleum accumulations and fields, infrastructure and key wells in the 

vicinity of the eastern Otway Basin (modified after Geoscience Australia, 2015) 

2.2.3. Mid-Cretaceous Uplift and Erosion or Compression, Uplift and the Otway 

Unconformity 

The top of the Eumeralla Supersequence ended with a major angular Otway 

Unconformity (Figure 2.2). Rifting ceased in the late Aptian as the Otway Basin was subjected to 

significant compression giving rise to the basin – wide, angular Otway Unconformity (Partridge, 

2001). Although many areas show just a mild uplift, different areas including the Otway Ranges 

and the Cape Otway King Island High underwent several kilometers of inversion (Geoscience 
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Australia, 2013). Thus, it is clear that structural implications of this unconformity are not entirely 

uniform across the basin. Apatite fission track (AFT) and vitrinite reflectance (VR) data show a 

cooling event associated with regional uplift during the mid – Cretaceous, especially when 

compared to elevated paleotemperatures (50-60 oC/km) for the Early Cretaceous rift phase 

(Foster and Gleadow, 1992; Duddy, 1994; O’Brien et al, 1994; Cooper and Hill; 1997; Mitchell, 

1997). In the early Late Cretaceous the heat flow and associated geothermal gradient decreased 

sharply driven by uplift and erosion. 

2.2.4. Renewed Rifting and Deltaic Loading (Late Cretaceous) 

Although oceanic crust was forming at around 83 Ma in the Bight Basin to the west 

(Sayers et al. 2001), renewed rifting in the Otway Basin was confined to continental extension, 

without the formation of oceanic crust (Krassay et al., 2004). What is more, this renewed rifting 

with extension and subsidence began in the Turonian and rifting continued to control basin 

development through much of the Late Cretaceous, until the latest Maastrichtian when final 

continental breakup took place (Lavin and Naim, 1995; Lavin, 1997). The Sherbrook Group, 

which is formed by partially marine sediments, is the proof of syn – rift sedimentation.   

The second rifting phase developed throughout the area is structurally quite different 

from the earlier rifting phase, and it was driven by a change in crustal extension direction to 

northeast-southwest from the north-south direction (Geoscience Australia, 2013).  The Late 

Cretaceous rifting in offshore areas produced structures similar to the initial rift phase. These 

structures include the Voluta Trough, Mussel Platform, Prawn Platform, Tartwaup-Mussel Fault 

System, Shipwreck Trough and Sorrell Fault Complex (Figure 2.3). In areas such as the 

Shipwreck Trough and Mussel Platform in the eastern part of the basin, sinistral strike – slip 

motion resulted in the development of transpressional structures with both extensional and 
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compressional components. These are tightly folded, north-trending anticlinal structures, which 

are particularly well developed in the Shipwreck Trough (Geoscience Australia, 2013). 

The Sherbrook Group (Figure 2.2) was deposited throughout the Late Cretaceous and 

reaches thickness over 5,000 m in the Shipwreck Trough where it is dominated by deltaic 

sedimentation. This type of thickening is widely seen in large, deep depocenters (especially N-S 

to NE-SW synclinal troughs) that are the result of rift - related faulting processes. The Sherbrook 

Group is subdivided into three stratigraphic parts; the basal Waarre Formation, the Flaxman 

Formation, and an overlying succession comprising the Belfast Mudstone, Nullawarre 

Sandstone, Paaratte Formation and Timboon Sandstone representing facies equivalents of major, 

prograding delta complexes (Partridge, 2001) (Figure 2.2).  

According to Geary et al (2001), the upper part of the Waarre Formation developed as a 

major fluvio – deltaic complex centered on the Shipwreck Trough and it is the primary 

exploration target. Thin barrier – lagoonal sandstones and mudstones of the Copa Formation 

began to deposit from Cenomanian to Turonian.  

2.2.5. Continental Break – up (Late Maastrichtian) 

The pre –rift II (late Tithonian to late Campanian) strata separated from the post – rift II 

(latest Maastrichtian to Holocene) strata by the development of the Late Maastrichtian 

Unconformity, the result of moderate structuring and regional uplift accompanied with a 

continental break up (Geoscience Australia, 2013). Post – rift II sediments materials were 

deposited in a divergent passive margin area which was developed during the separation of 

Antarctica and Australia accompanying of the Southern Ocean opening.  The post-rift II 

succession is made up of three distinct supersequences, namely; the Wangerrip, Nirranda and 
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Heytesbury groups (Figure 2.2) and they were separated by major unconformities that represent 

different stages of passive margin development (Krassay et al, 2004).  

2.2.6. Thermal Subsidence and Marine Transgression (Paleocene – Early Eocene) 

The initiation of the Southern Ocean opening is the reason of flooding and transgression 

over the Late Maastrichtian Unconformity and deposition of the Massacre Shale is the first 

accumulation in a distal offshore environment (Partridge, 1999). The Pebble Point Formation 

(Figure 2.2) was deposited as shallow marine to coastal depositional environment. The Pember 

Mudstone followed this deposition in order to form progradational sequences during Paleocene 

to early Eocene and it was deposited in shelfal to shallow marine environments on a 

southwesterly building marine shelf that trended approximately parallel to the present day 

coastline (Arditto, 1995). The Pember Mudstone is partly equivalent to, and partly succeeded by 

the Dilwyn Formation (represented by topset beds) deposited in coastal plain and deltaic 

environments (Geoscience Australia, 2013). The terrestrial time equivalents of these three 

formations are the lower Eastern View Coal Measures developed inside the Torquay Sub-basin 

and the Colac Trough. 

2.2.7. Seafloor Spreading in Southern Ocean (Middle Eocene – Early Oligocene) 

The Wangerrip Group separated from overlying the Nirranda Group by the Middle 

Eocene Unconformity (Figure 2.2). This unconformity is widespread on the southern Australian 

margin and correlates with minor tectonism produced by a significant increase in the rate of 

seafloor spreading in the Southern Ocean south of Australia (Yu, 1988). The Nirranda Group is 

developed over the erosional surface and it fills steep channels with the sediments deposited 

during the middle Eocene to the lower Oligocene. The group includes; prograding nearshore to 

offshore marine clastics of the basal Mepunga Formation, open marine carbonates of the 
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Narrawaturk Marl and these formations are time equivalent of terrestrial Demons Bluff 

Formation and Eastern View Coal Measures of northeastern Otway Basin and Torquay Sub-

basin (Abele et al, 1976; Blake, 1980; Tickell, 1991). In South Australia, Cenozoic strata of the 

Wangerrip, Nirranda and Heytesbury Groups are classified as belonging to the Gambier Basin, 

known previously as the Gambier Embayment of the Otway Basin (Smith et al, 1995). 

2.3. Hydrocarbon Potential of the Otway Basin 

Hydrocarbons sourced from basins along the southern margin of Australia have been 

assigned to the Austral Petroleum Supersystem by Bradshaw (1993) and Summons et al (1998).  

Within this Supersystem, three petroleum systems related to the Otway Basin have been 

recognized (Edward et al, 1999; O`Brien et al, 2009). Each system comprises geochemically 

distinct oil families and related source rock facies; the variation between the families are 

primarily related to differences in the depositional environments of the source rocks. The three 

systems are: 

 Austral 1 – Upper Jurassic to lowest Cretaceous fluvio-lacustrine shales 

 Austral 2 – Lower Cretaceous fluvial and coaly facies  

(Aptian–Albian lower coastal plain and peat swamp Eumeralla Formation shale and coal) 

 Austral 3 – Upper Cretaceous to lowest Paleogene fluvio-deltaic facies 

(Upper Cretaceous–lowest Paleogene fluvio-deltaic Sherbrook Group [Turonian Waarre 

Formation and Coniacian–Santonian Belfast Mudstone] and marginal marine basal 

Wangerrip Group) 
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Figure 2.5 – Peak prospectivity zones for the Austral 1, 2 and 3 Petroleum Systems in the Otway 
Basin (modified from O`Brien et al., 2009) 

 

Recent work by O`Brien et al (2009) has mapped the peak hydrocarbon generation 

fairways for the three petroleum systems in the Otway Basin (Figure 2.5), and they concluded 

that the principal control on the distribution of significant hydrocarbon accumulations in the 

basin is proximity to actively generating source kitchens. This is related to poor fault seal in the 

basin, so development of accumulations is reliant on charge rate exceeding leakage rate, in 

addition to relatively complex and tortuous migration pathways. 
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The main exploration targets in the Otway Basin are the Waarre Sandstone at the base of 

the Sherbrook Group (Shipwreck Supersequence), and sandstones of the Pretty Hill Formation 

(Crayfish Supersequence) and Katnook Sandstone Windermere Sandstone Member in the Early 

Cretaceous section (Figure 2.2). The main source rocks are coals and coaly shales of the Aptian 

to Albian aged Eumeralla Formation (Eumeralla Supersequence). Regional and intraformational 

seals exist in the Pretty Hill, Laira, Eumeralla and Flaxman formations, the Belfast, Skull Creek 

and Pember mudstones, and mudstones and marls of the Wangerrip, Nirranda and Heytesbury 

groups. Play types include faulted anticlines, large anticlinal features and tilted fault blocks 

(Figure 2.4).  

 

Figure 2.6 – Distribution of all wells in the central and eastern Otway, northern Sorell and 
western Bass basins (Geoscience Australia, 2015) 
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2.3.1. Brief History of Petroleum Exploration in the Otway Basin 

Petroleum exploration in the Otway Basin was triggered by sightings of coastal bitumen 

strandings near Kingston, South Australia and the first well, Kingston 1, was drilled in 1892 

(Sprigg, 1986). Early drilling was based on the theory that coorongite, subsequently found to be 

a surface algal deposit, was an underground oil seepage. Commercial CO2 was discovered in 

Caroline 1 in 1968, but it was not until 1987 that the first commercial gas discovery was made at 

Katnook. This was followed by the discovery of the Ladbroke Grove Field in 1989. In 2007, the 

appraisal of the Jacaranda Ridge Field significantly upgraded the northern portion of the Penola 

Trough as a wet gas – condensate play. The lack of early success may be attributed to poor 

quality seismic data prior to the early 1980s, and a poor understanding of structural and 

stratigraphic relationships in the Robe and Penola Troughs. Good quality modern seismic 

coverage now exists over the offshore and most of the onshore parts of the basin and 

stratigraphic relationships are better understood.  

The first wells in the Victorian part of the Otway Basin were drilled in the 1920s to 1940s 

in the Anglesea and Torquay areas (Sprigg, 1986). These wells were relatively shallow (<500 m) 

and only penetrated Cenozoic sediments. In 1959, Port Campbell 1 was drilled into Upper 

Cretaceous sediments and intersected the first hydrocarbon column in the basin. Drilled by the 

Frome – Broken Hill consortium, it flowed at a rate of 4.2 MMcf/d from Waarre Formation 

sandstones.  

In 1966, Esso and Shell farmed into the Otway Basin and, with Frome – Broken Hill, 

drilled 22 wells in both Victoria and South Australia. Hoping to find an analogue for the 

Gippsland Basin, their efforts were largely unrewarded, with only minor gas shows in Pecten1A, 

located on the Mussel Platform in the eastern part of the Otway Basin. The major companies had 
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abandoned the Otway Basin by 1976, discouraged by the lack of commercial oil or gas 

discoveries.  

After a period with only limited drilling and seismic acquisition in the region, Beach 

Petroleum discovered gas in Waarre Formation sandstones in North Paaratte 1, located only 3 

km northeast of Port Campbell 1. Encouraged by this gas discovery onshore, offshore Release 

Areas were offered and petroleum exploration permits were awarded to Esso, Phillips and 

Ultramar, though no new discoveries within the Upper Cretaceous Waarre Formation in 1981 at 

Grumby 1 and Wallaby Creek 1.  

In 1987, gas fields in the Port Campbell area went into production, supplying the regional 

centers of Portland and Warrnambool. In the early 1990s, BHP Petroleum Pty Ltd (BHP) 

discovered gas in two wells drilled on the Mussel Platform – Minerva 1 (1993) and La Bella 1 

(1994) – as well as drilling two dry holes. After drilling an additional three wells, which only 

encountered minor gas shows, BHP relinquished its permits in 1997, though Retention Leases 

were awarded over the Minerva and La Bella fields.  

Since 1999, there has been a strong resurgence in exploration activity in the Otway Basin, 

driven by a combination of factors, including changes in the gas market and technological 

advances. A major exploration program by the Woodside Energy Ltd joint venture, utilizing state 

of the art 3D seismic technology, resulted in the large (approximately combined 1.3 Tcf GIP) 

Geographe and Thylacine gas discoveries. In the onshore, the Santos Limited joint venture 

exploration program, again using state of the art 3D seismic acquisition technologies, resulted in 

the discovery of three new gas fields. In 2002, another commercial offshore gas discovery was 

made by Strike Oil with the Casino 1 well, drilled by Santos Limited in 2002 about 20 km 
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southwest of the Minerva field on the western flank of the Shipwreck Trough. The Casino gas 

field holds an estimated recoverable reserve of 280 Bcf, and was brought into production in 

2006. Elsewhere in the basin, a high level of exploration activity continues, with other 

exploration groups currently at various stages of their respective exploration programs. In 2005, 

Woodside discovered the Halladale and Blackwatch gas fields about 4 km offshore in the 

Shipwreck Trough, Origin Energy has recently acquired Woodside`s interest in these fields and 

is planning on development. Also in 2005, Santos Limited made an offshore gas discovery 

during the drilling of Henry 1, which once again highlights the prospectivity of this region. The 

increasing demand for gas as a cleaner energy source appears likely to result in sustained 

investment in petroleum exploration in the Otway Basin. 

2.3.2. Petroleum System Elements  

2.3.2.1. Source  

In the Otway Basin, the source rocks of the Austral 1 petroleum system (Figure 2.5) 

consist of non-marine, Upper Jurassic to Lower Cretaceous fluvio-lacustrine and lacustrine 

shales deposited in half-grabens (Casterton Formation and Crayfish Subgroup). Edwards et al 

(1999) grouped liquid hydrocarbons sourced by Austral 1 source rocks into four oil families, 

based on isotopic and biomarker signatures, and interpreted the depositional environments of the 

source rocks. The Austral 1 petroleum system is recognized as the source for oil recovered from 

a Repeat Formation Test (RFT) in Troas 1 (Figure 2.5) and a Drill Stem Test (DST) in Nunga 

Mia 1. Both wells are located in South Australia (Geoscience Australia, 2013).  
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Table 2-1 The Otway Basin Petroleum System Elements (modified from Geoscience Australia, 
2013) 

OTWAY BASIN 
Sources  Aptian–Albian lower coastal plain and peat swamp Eumeralla Formation 

shale and coal (Austral 2) 

 Upper Cretaceous–lowest Paleogene fluvio-deltaic Sherbrook Group 

(Turonian Waarre Formation and Coniacian–Santonian Belfast Mudstone) 

and marginal marine basal Wangerrip Group (Austral 3 unproven offshore) 

Reservoirs  Upper Cretaceous lower delta plain and marginal marine Waarre and 

Flaxman formations 

 Upper Cretaceous marine Thylacine Member, Belfast Mudstone 

 Upper Cretaceous deltaic Paaratte Formation 

 Palaeocene shallow marine Pebble Point Formation Challis Formation and 

deltaic Nome Formation 

Seals Regional seal 

 Upper Cretaceous Belfast Mudstone 

Intraformational seals 

 Uppermost Cretaceous/Palaeocene Massacre Shale 

 Palaeocene–Eocene Pember Mudstone and Dilwyn Formation 

 Eocene Mepunga Formation 

Traps  Faulted anticlines, tilted fault blocks with cross-fault seal 
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With the exception of the Penola Trough (Figure 2.3), the Lower Cretaceous Austral 2 

petroleum system is widely recognized as the source for the majority of gas and oil discoveries in 

the Otway Basin (Figure 2.5) (Edwards et al, 1999). Geochemical studies have identified the 

Eumeralla Formation as the primary source interval for the gas in the Port Campbell and 

Shipwreck Trough area (Mehin and Link, 1994; Foster and Hodgson, 1995; Luxton et al, 1995). 

Gas shows reported at Triton 1 in the Victorian offshore (Luxton et al, 1995) and gas 

accumulations at Troas 1 and Breaksea Reef 1 in the South Australian offshore have also been 

ascribed to the Austral 2 petroleum system. The gas is believed to have been derived from two 

coaly horizons in the Eumeralla Formation, one of Aptian age (P. notensis biozone) near the base 

of the unit and the other of Lower Albian age (C. striatus biozone).  

Austral 3 source rocks in the Otway Basin, assigned to the Sherbrook and basal 

Wangerrip groups, have not yielded any commercial quantities of hydrocarbons (Figure 2.5) 

(Geoscience Australia, 2013). The only oil recovered from this interval was derived from the 

Pebble Point Formation in Wilson 1, located in the Victorian onshore part of the basin (Lavin, 

1998). A possible source rock interval is the Belfast Mudstone, which was interpreted 

geochemically to be a moderately good source in Breaksea Reef 1, offshore South Australia 

(Hill, 1995). This well is located in the Voluta Trough, a major Late Cretaceous depocenter in 

the west central part of the basin. The underlying Cenomanian – Turonian Waarre Formation 

contains both marginal marina and coastal plain sediments that can be regarded as viable source 

rocks provided they are sufficiently deeply buried. Given that the Cenomanian – Turonian is a 

well-documented time of global anoxia and source rock accumulation, it may be that the Waarre 

Formation has good source rock potential in more basinal parts of the Otway Basin, on what is 

now the continental slope. Until further exploration is undertaken, especially in the deeper water 
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areas, the ability of the Austral 3 petroleum system in the Otway Basin to generate substantial 

volumes of hydrocarbons, especially liquids, remains largely unknown. However, recent studies 

by O`Brien et al (2009) suggest that the Turonian section in the deeper offshore would lie within 

the maturity window. 

2.3.2.2. Reservoir and Seal 

The Pretty Hill Formation (part of Crayfish Subgroup) (Figure 2.2) is the major play 

fairway in the South Australian part of the Otway Basin and is the producing unit in the Katnook, 

Ladbroke Grove, Haselgrove and Haselgrove South gas fields in Victoria (Geoscience Australia, 

2013). The Pretty Hill Formation has good reservoir characteristics at shallow to moderate 

depths of burial (1000-2300 m), with measured porosities ranging from 13.2 – 32.0 % (average 

20.7 %), and permeabilities of 390 mD (Mehin and Constantine, 1999). The reservoir potential 

below depths of approximately 2,300 m is uncertain due to a lack of well penetrations. Reservoir 

data from gas fields in the Penola Trough, onshore South Australia, however, suggest that its 

porosity and permeability may well be quite high, given that the gas zones in these fields 

(between 2,500 and 2,800 m) have effective average core porosities of 10-18% and 

permeabilities of 0.6 – 548 mD (Parker, 1992).  

Vertical and cross-fault sealing of the Penola Trough gas reservoirs in South Australia is 

provided by the Laira Formation (Parker, 1992; Lovibond et al, 1995). In Victoria, by contrast, 

the sealing unit is likely to be the Eumeralla Formation, since the Laira Formation is absent, 

except in a few wells located near the Victorian – South Australian border (Mehin and 

Constantine, 1999).  
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The Turonian Waarre Formation (Figure 2.2) is the major regional reservoir interval in 

the Victorian part of the Otway Basin. Producible gas has been encountered in sixteen onshore 

fields in the Port Campbell area. In the offshore Shipwreck Trough, the Waarre Formation hosts 

the gas accumulations at Minerva, La Bella, Geographe and Thylacine (Figure 9).    

The sealing units for the Port Campbell and Shipwreck Trough gas fields are marine 

claystones of the overlying Flaxman Formation and Belfast Mudstone (Geoscience Australia, 

2013). Both units are regionally developed and thickest in the offshore part of the basin. In the 

Shipwreck Trough area, marina sandstones in the basal part of the Flaxman Formation contain 

gas and constitute part of the total gas reservoir section for the Minerva and La Bella gas fields 

(Geary and Reid, 1998).  

The delineation of reservoir and seal lithologies in the Late Cretaceous Austral 3 

petroleum system interval appears less problematic than the identification of potential source 

rocks. The Paaratte Formation and Timboon Sandstone are characterized by intraformational 

mudstones which have good sealing capacity, whereas the Paleocene Pebble Point Formation is 

sealed by the seaward – thickening Pember Mudstone. Although the Sherbrook Group remains 

untested in terms of mature source rocks, all other petroleum systems elements appear to be 

present. Only ongoing exploration, especially in the deeper parts of the basin, will shed light on 

the viability of this petroleum system.  

2.3.2.3. Timing of Generation 

Burial history modeling indicates the Eumeralla Formation in this area has a two-stage 

hydrocarbon generation history consisting of an initial Early Cretaceous phase of hydrocarbon 

expulsion followed by a lesser Cenozoic expulsion phase (Duddy, 1994, 1997; Mehin and Link, 
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1997b). Early Cretaceous expulsion was associated with the initial rifting event, when the 

geothermal gradient was about 50-700C/km (Mehin and Link, 1997a; Mitchell, 1997). This event 

would have resulted in significant hydrocarbon generation from the Casterton Formation, 

Crayfish Subgroup and basal Eumeralla Formation, peaking at the end of the Early Cretaceous.  

During the Late Cretaceous, hydrocarbon expulsion from the Casterton Formation 

(Crayfish Subgroup) and base Eumeralla Formation ceased after the regional geothermal 

gradient dropped from 50-700C/km to 300C/km (Duddy, 1997; Mitchell, 1997), and Mehin and 

Link (1997b) believe this occurred in the Paleogene with peak generation occurring in areas 

where the Eumeralla Formation is overlain by about 2,000 m of Upper Cretaceous sediments and 

1,000 – 2,000 m of Paleogene sediments.  

2.3.2.4. Play Types 

The Waarre Formation (Figure 2.2) is the primary target for hydrocarbon exploration in 

the eastern Otway Basin both onshore and offshore. All of the producing fields and the majority 

of the discovery wells are from this reservoir. The principal structural traps involve closure 

associated with faulted anticlines and tilted fault blocks (Figure 1.3). Regional seal is provided 

by the Belfast Mudstone while the Flaxman Formation exhibits local sealing capability. The 

Eumeralla Formation is expected to be gas generative across most of the region. The potential for 

oil generation from lower Sherbrook Group source rocks is inferred to be the highest in the 

Voluta and Portland Troughs. Recent petroleum geochemical studies suggest that in the offshore, 

mature Turonian source rocks may be capable of generating liquid hydrocarbons if it can be 

demonstrated that these shales are marine in origin (O`Brien et al, 2009).  
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In the western Otway Basin, the occurrence of Turonian – Santonian slope fan sediments 

provide a valid exploration target in addition to the Waarre - Flaxman play. Rapid deepening and 

steepening of the shelf to the southwest of the Tartwaup Hinge Zone, combined with high 

eustatic sea levels (up to 250 m above present day), created a deep-water depositional 

environment over much of the Otway Basin. Post break-up uplift in the hinterland provided large 

volumes of clastic material that bypassed the relatively stable platform of the Tartwaup Hinge 

Zone to the northeast. Lower delta plain and marginal marine conditions suitable for the 

formation of oil-prone source rocks within the Waarre and Flaxman Formations are most likely 

to be found in rapidly subsiding troughs, such as those located southwest of the Tartwaup Hinge 

Zone. Slope – fan deposits, overlying a thick, coal-bearing sequence of the Waarre Formation, 

have been identified on seismic data in the South Australian part of the basin.  

A third, regionally well-developed play type is related to tilted fault – blocks that contain 

Paaratte Formation sediments. These fault-blocks rely on both intra-formational and cross-fault 

seal for trap integrity. Trap seal is the main exploration risk associated with this play in proximal 

locations. In more distal areas, where the unit interfingers with the Belfast Mudstone, the risk of 

seal failure is reduced. Rollovers associated with anticlines developed on the hanging wall of 

listric faults may provide independent four-way-dip closures. The generally coarsening – 

upwards, quartz sandstones display excellent reservoir characteristics. Although this play has yet 

to be validated by a hydrocarbon discovery, only one offshore well (Discovery Bay 1) has 

targeted this play. Downthrown fault blocks, with juxtaposition of Paaretta Formation reservoirs 

against shaly sequences from the same unit, or Belfast Formation mudstones, may also constitute 

valid traps. The potential for fault seal is expected to increase in a basin-ward direction. 
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2.3.2.5. Production Status 

The success of the Casino Gas project has facilitated development on the Henry, Martha 

and Pecten discoveries (Figure 2.6), allowing production of gas from these fields via the existing 

Casino infrastructure to the onshore Iona production facility. Production from the Netherby 1 and 

Henry 2 wells in the Henry gas field commenced in 2010, with a combined initial production of 

13,000 bbl of condensate and 11,000 MMscf of gas. The Pecten East gas accumulation will also 

be linked to Henry gas field infrastructure for future production.  

In 2007 the Otway Gas Project came online with the first production of gas, condensate 

and LPG from the Thylacine field in Tasmanian waters, with the Geographe field currently being 

appraised for development in the near future. The Otway Gas Project also includes assessment of 

production viability for the Blackwatch and Halladale gas fields that overlap Victorian State and 

Commonwealth waters immediately to the north of the Pecten field (Geoscience Australia, 

2013).  

Production from the Minerva gas field began in 2004, via two subsea wells drilled in 

shallow waters tied back to an onshore gas plant. In 2009 – 2010 this field produced 65,000 bbl 

of condensate and ~ 25, 000 MMscf of gas. 
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CHAPTER 3 DATA AND METHODOLOGY 

 

A Geoscience Australia Database is used as main data source for this study included in 

the database are; bathymetry map of the basin, biostratigraphy studies, checkshot surveys, drill 

core photographs, formation top information, gravity anomaly map, magnetic anomaly map, mud 

logs, palynological information, photomicrographs, seismic data sets containing 2-D Seismic 

Profiles and 3-D Seismic Cubes, stratigraphic correlations, structural cross sections, structure 

maps, synthetic seismograms, well completion reports, well log analyses, and wireline logs. Well 

data and seismic data are the fundamental building blocks for this project and they are going to 

be described in this chapter with further detail.  

3.1. Well Data  

According to the Geoscience Australia Database, there are 22 wells located within the 

Otway Basin related to the scope of this study (Figure 3.1 & Table 3.1). Although these wells 

have well reports including checkshot surveys for 9 out of 21 wells (Bridgewater Bay 1, Callister 

1, Casino 1, Champion 1, Conan 1, Geographe 1, Geographe North 1, La Bella 1, Voluta 1) 17 

wells are evaluated and utilized to calibrate the interpretation of the seismic data with the 

principle of the nearest available checkshot survey usage. Checkshot data are used to build a time 

– depth relationship that can also be applied to the depth conversion. Hence, well tops can be tied 

with seismic profiles for correlation. Formation tops are determined first, and then mean depths 

of formation tops from Rotary Table (mRT) and their time equivalents (msec) are recorded into a 

separate spreadsheet (Table 3.2). Integrated well and seismic data are used for horizon and fault 

interpretations to display different rifting phases. However; there is a constraint in the available 
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well data from the Otway Basin. The data are generally related with upper horizons, so reference 

studies from literature and seismic profile properties become more important to interpret deeper 

reflections.  

Well formation tops and time – depth data for this project were downloaded from the 

Geoscience Australia Database. In addition, well completion reports and well summary reports 

are also provided by Geoscience Australia Database (2016).  

 

Table 3-1– Coordinates and Total Depths of the wells 

Well Name Latitude Longitude Total Depth (m)  
Amrit - 1  -38.93477806 141.73529861 2979 
Argonaut - 1A -37.97012125 140.26609157 3707 
Breaksea Reef 1 ST1 -38.15712015 140.61371872 4387 
Breaksea Reef 1 ST2 -38.15712015 140.61371872 4436.7 
Breaksea Reef 1 ST3 -38.1572015 140.61371872 4468 
Breaksea Reef 1 -38.15712015 140.61371872 4260.2 
Bridgewater Bay 1 -38.53908421 141.36470108 4200 
Callister 1  -38.53324722 141.47318389 3917 
Casino 1 -38.78847278 142.70007972 2118 
Casino 2  -38.795524 142.74742900 2112 
Casino 3 -38.776266 142.73484361 2135 
Champion 1  -38.54116464 142.38989195 1882 
Conan 1  -38.86933095 142.78254770 1985 
Discovery Bay 1 -38.41045724 141.07391228 2776 
Eric the Red 1 -39.01112897 143.18232914 1875 
Geographe 1  -39.11160083 142.92885399 2435 
Geographe North 1 -39.07626799 142.91738932 2156 
La Bella 1 -39.00245519 142.69663579 2735 
Loch Ard 1 -38.93037214 143.18335703 1397 
Prawn A1 -39.35502653 143.11300775 3193 
Voluta 1 -38.42816479 141.31458393 3973.7 
Whelk 1  -39.89790765 143.55718090 1466.1 
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Figure 3.1 a – Well Location Map of the Otway Basin. Figure 3.1 b – Well Locations according 
to Regional Geology of the Otway Basin (modified after Krassay et al., 2004) 
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Table 3-2 - Bridgewater Bay 1 Formation Top Data (Geoscience Australia) 

 

Geological Unit  

Name Geological Time Period Formation Top (m) Thickness (m) 

Whalers Bluff Fm U Pliocene 493 329 

Gambier Lst M Miocene 822 39 

Heytesbury Gp Eocene 822 79 

Nelson Fm M Eocene 861 40 

Wangerrip Gp Paleocene 901 339.5 

Dilwyn Fm Paleocene 901 267 

Pember Mdst U Paleocene 1168 33.5 

Pebble Point Fm M Paleocene 1201.5 39 

Sherbrook Gp Cenomanian 1240.5 2959.5 

Curdies Fm Maastrichtian 1240.5 308.5 

Paaratte Fm Santonian 1549 1133 

Belfast Fm Lw Turonian 2682 1420 

Waarre Fm Cenomanian 4102 98 

TD   4200   

 

  



32 
 

 

Table 3-3– Table that fundamentally list time and depth relationship for Bridgewater Bay 1 
(Geoscience Australia) 
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Figure 3.2– Calibrated well tops of Bridgewater Bay 1 and Callister 1 
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3.2. Seismic Data 

There are 19 groups (including 615 individual lines) of 2D seismic profiles throughout 

the Eastern Otway Basin (Table 3.4). The quality and depth (in TWT) of the profiles are variable 

and they encompass modern shelf, slope and oceanic crust within the offshore part of the basin 

from South Australia to Tasmania (Figure 3.3). Some of the data sets are deep and they are able 

to show deep crustal developments and structural features. In addition, there are four (Aragorn, 

Champion – Hercules, Investigator, and os02) 3D seismic cubes throughout the basin (Table3.5). 

 

Figure 3.3 – 2D Seismic Profiles throughout the Otway Basin 

 

 

 



35 
 

Table 3-4– Distribution of 2D Seismic Profiles 

Name of 2D Lines Group Number of Navigation Lines 
48 19 
137 14 
ds01 33 
ds02 42 
oc90a 18 
oc96d 11 
oe80a 61 
oe81a 35 
oep04 36 
oh74 1 
oh91 124 
oh91b 11 
ohgs 26 
op80 76 
or01 37 
orv01 6 
os02 30 
os03 18 
os03b 17 

TOTAL 615 
 

 

 

Table 3-5– General Properties of 3D Seismic Cubes of the Otway Basin 

Name of 
3D Cubes  

Number of 
Inlines  

Number of 
crosslines 

Inline interval 
(m)  

Crossline interval 
(m) 

Aragorn 1474 5778 30 12.5 
Investigator  1749 4260 12.5 12.5 
Champion - 

Hercules  1695 5042 25 12.5 
os02 1038 1714 25 25 
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Figure 3.4a – 3D Seismic Cubes throughout the Otway Basin & Figure 3.4b – Geolocation Map 
of 3D Seismic Cubes throughout the Eastern Otway Basin (modified from Krassay et al., 2004) 

A 
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3.3. Methodology 

In this study, seismic interpretation and restoration methodologies are used to determine 

the tectonostratigraphic framework and geological history. While stratigraphic and structural 

interpretation techniques are used for seismic interpretation, cross-section restoration techniques 

are prepared for restoration section.  

3.3.1. Seismic Interpretation Methodology 

Seismic interpretation strategy is based on determination and designation of key 

structural and stratigraphic features such as deformation structures (folds, faults, salt), seismic 

stratigraphy (downlap, onlap, toplap, truncation), tectonostratigraphic styles (fault scarps, growth 

strata, post/pre/syn-tectonic), depositional architecture, depositional environment or depositional 

process, sediment composition, extrusive or intrusive igneous features, and basement types.  

Seismic reflection data, which are used in this study, result from velocity – density 

contrast or changes in acoustic impedance between lithological units. The sedimentary 

reflections represent bedding planes that correspond to conformable changes in depositional 

regime; in other words; energy level, sedimentation rates, environment of deposition, input 

source, degree in diagenesis, and pore contents (Veeken, 2007). To describe the reflection 

character of a seismic loop; reflection configuration (geometry of the bedding pattern from 

specific depositional processes, the original paleogeography and fluid contacts), reflection 

continuity (sedimentary processes & the environment of deposition), reflection amplitude 

(reflection strength, lithological contrast, bedding spaces and fluid contents) and reflection 

frequency (bed thickness estimation) are some  helpful features (Figure 3.5). Seismic 

stratigraphic surfaces separating and defining depositional packages are determined according to 

these reflection features and they play the most critical role for horizon interpretation.  
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Figure 3.5 – Expression of some seismic facies units based on amplitude, frequency, continuity 
and reflection geometry (Veeken, 2007) 

 

Sequence stratigraphy is defined as the analysis of stratigraphic successions in terms of 

genetically related packages of strata, bounded by chronostratigraphically significant surfaces 

(Trudgill, B, Structural Methods for Seismic Interpretation Lecture Notes, 2013). Furthermore, 

sequence stratigraphy is an important tool for seismic interpretation for picking different 

horizons and their relations with each other due to distinctive reflection patterns and terminations 

(Figure 3.6 & Figure 3.7).   
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Figure 3.6a – Reflection terminations defined by Exxon in AAPG Memoir 26 (Mitchum and 
Vail, 1977). Figure 3.6b – Reflection terminations as defined by BP in 1996 (Bertram and 

Milton, 1996). Figure 3.6c – Unconformable relationships displayed by reflection geometries on 
seismic sections (modified after Veeken, 2007) 
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Figure 3.7a – Detail of Investigator 3D XLine – 2340 without interpretation. Figure 3.7 b – 
Demonstration of reflectors cutoffs against faults and sequence boundaries. Note that 

Downlapping and onlapping reflectors are determined according to reflector features and type of 
unconformity. 

 



41 
 

Unconformities are surfaces of erosion and/or non-deposition, which constitute time-gaps 

in the geological record (Veeken, 2007), but many unconformities are non-reflective and these 

are more difficult to trace on the seismic profiles. Therefore, reflection relationships become 

valuable to assign an unconformity or erosional surfaces. These relationships include erosional 

truncation, toplap, concordance, onlap, and downlap (Figure 3.6). Reflection terminations of 

layers above and below unconformity are onlaps, downlaps, toplaps and truncation (Mitchum et 

al. 1997). While erosional truncations show older sediments below the unconformity surface, 

toplaps indicate that if erosion is affecting prograding shelf geometry, the underlying unit must 

show a depositionally inclined layering or foresetting (Veeken, 2007).  Onlaps refer younger 

deposits progressively overstepping each other whereas downlaps exhibit depositionally inclined 

younger strata along the direction of sediments supply (Veeken and Moerkerken, 2013).  

The most common observed fault determination technique is the identification of 

reflection cutoffs (Figure 3.7b). A fault plane can be formed by connecting reflection 

terminations which determine hangingwall and footwall cutoffs. Juxtaposition of two distinct 

lithologies at the both end of a fault plane is caused by difference in acoustic impedance (Figure 

3.8). Although fault plane interpretations are considered to be built non – model base, existing 

structural models (listric faults, planar – faulting, domino – faulting and detachment models 

[Pure-shear, Wernicke, Delamination]) should be evaluated to test interpreted data for analysis, 

compare and contrast.  
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Figure 3.8A & 3.8B – Identical Seismic Profile Data Detail from OS02 3D Cube – Xline 2939 
with and without fault interpretation 

 

Schlumberger Petrel software is used to interpret seismic data and perform well 

correlations for this project. Seismic interpretation techniques include selecting and mapping 

different horizons and faults (Figure 3.9). Furthermore, tectonostratigraphic evolution of a basin 

or tectonic chapters of extension and compression can be developed by using vision of these 

seismic interpretation techniques. Visualization methods of seismic data are variable either for 

2D profiles or 3D cubes. Structural smoothing and ant track volume attribution methods are used 

to determine horizons and fault in this study (Figure 3.10). Structural smoothing is an operation 

on seismic data in order to smooth of the input signal guided by the local structure for increasing 

the continuity of seismic reflectors (Schlumberger, 2011). It can also be used to illuminate `flat 

spots` within the seismic volume. It is extremely valuable operation to run before auto-tracking, 

as it can stabilize the results. 
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Figure 3.9 – Building Structural Framework with horizon & faults from Investigator 3D 
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Figure 3.10 - Same seismic profile before (A) and after (B) structural smoothing operation 
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3.3.2. Restoration Methodology 

Cross – section restoration is an important tool for structural analysis. Therefore, four 

representative profiles from Investigator 3D were chosen to demonstrate structural evolution of 

the Otway Basin, particularly Shipwreck Trough division (Figure 3.11). Starting from the 

modern state of the section, unfolding and unfaulting of the original cross – section throughout 

geologic history is the first priority of the restoration process. In order to describe the total 

deformation of a sequence, cumulative deformation resulted from folding, faulting, and 

compaction should be taken into consideration (Novoa et al., 2000), because it is the only way to 

restore a profile correctly. Geometry is the main point to obtain a logical and reasonable 

restoration. Although careful and detailed hand drawing of restoration steps could be useful for 

geologic context, using numerical softwares such as Midland Valley Move or Paradigm GeoSec 

are more beneficial since they interactively model changing geometry throughout geological 

time and they can make quantitative estimation analysis for each individual step of restoration. 

Furthermore, decompaction after backstripping and compaction after adding estimated amounts 

of eroded section can be performed accurately using these softwares. 

Since the seismic data and interpretations are performed in the time domain due to 

available nature of the seismic, all profiles recorded in time are converted to depth to generate 

cross – sections. There are two methods for depth conversion in Petrel; using velocity model for 

a depth conversion a 3D grid, and general depth conversion of other objects, such as horizon 

interpretations, fault interpretations, surfaces and point data (Petrel, 2011). However; depth – 

time relationships of the formation tops from well reports (Geoscience Australia) are used for 

this project (Figure 3.12). Additionally, Midland Valley Move software is used for restoration for 
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this study. The mathematical formula representing the relationship between the time and depth 

data of the Otway Basin is:  

y = (1.54829 * x) + 316.757 which could be written as; 

 

h = (1.54829 * t) + 316.757  

Where h = depth (meter), t = TWT (msec). 

 

Figure 3.11 – Map view of restored cross sections of Investigator 3D Cube  
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Figure 3.12 – Time vs Depth Relationship of the Otway Basin

y = (1.54829 * x) + 316.757 
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According to initial research, the main tectonic mechanisms controlling the Otway Basin 

are a series of complex and intermittent rifting phases with normal fault development. Different 

fault developments suggest that rift initiation forms accommodation and rift mini – basins. In 

addition, extension and shortening amounts due to inversion need to be determined. The 

extensional tectonic regime generates rift – dominated margins and basins. There are seven 

phases including two rifting phases (Crayfish and Shipwreck/Sherbrook supersequences) and an 

intervening sag phase (Eumeralla Supersequence) recorded in regional tectonostratigraphic 

framework study (Blevin et al., 2008 & Krassay et al., 2004). Therefore, recording of these 

rifting and sag phases incrementally is important. The basic procedure to construct cross – 

sections is started with importing the depth converted interpretation of horizons and faults. 

Cleaning and simplifying of interpretation in Midland Valley Move is the second step. Drawing 

fault blocks and removing overburden surface is the third stage. Then, decompaction of the 

restored section is followed by addition of estimated eroded section. Compaction of the restored 

section is the final step for restoration. Further explanations and details of unfolding, unfaulting, 

decompaction and isostatic adjustment processes are discussed in Chapter V Restoration.  
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CHAPTER 4 SEISMIC INTERPRETATION 

 

4.1. Gravity Survey and Bathymetry Map 

Prior to performing any seismic interpretation, gravity survey and bathymetry maps were 

used to understand the geomorphology and sub – surface geology. Gravity data are also 

important to determine deep crustal seismic interpretation correlations. Gravity data indicate 

subtle changes in the Earth`s gravitational field caused by variations in the density of the 

underlying rocks. Although the resolution of the dataset is relatively low, it provides valuable 

information on basement topography and the nature of the deeper parts of the crust and mantle 

beneath the basins (Blevin et al., 2008). Furthermore, important intra – basinal elements often 

have an associated gravity signature indicating that each element is related to a deep basement 

structure, but in order to evaluate the source of a gravity anomaly, any data interpretation should 

be compared and calibrated with geology. Higher gravity values are shown with warm colors and 

they can be observed deeper offshore part of the basin, onshore Otway Ranges and over King 

Island High as an elongated shape (Figure 4.1).   

Digital elevation models (DEM) and bathymetry maps often show the youngest structures 

and any active geological structure, therefore they are extensively used for neotectonic analysis. 

A flat continental shelf in the east (Bass Strait), steep continental slope transected by submarine 

canyons in the center, and abyssal plain of the Southern Ocean at 4 – 5 km depth in the west are 

main features observed in the bathymetry map (Figure 4.2).  
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Figure  4.1 – Gravity Survey of the Eastern Otway Basin (modified after Teasdale, 2004) 
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Figure  4.2 – Bathymetry Map of the Eastern Otway Basin (location map modified after Blevin et al., 2008)
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4.2. Seismic Stratigraphy 

The sequence stratigraphic and seismic facies observations are presented in two parts; the 

first part shows the detailed stratigraphic interpretation from individual 3D cubes, individually 

whereas the second part explain the regional stratigraphic and structural framework for the 

Eastern Otway Basin. The basin lie in water depths of 100 – 4500 m, offshore of southwestern 

Victoria and it contains a Cretaceous – Cenozoic sedimentary succession up to 10 km thick. 

Eight regionally mappable horizons (H1 – H8) are interpreted across the basin in order to 

compare and contrast seven major basin phases and their eight component supersequences 

(Krassay et al., 2004) (Figure 4.3): 

- Paleozoic Basement (H1) 

- Early Cretaceous Extension and Subsidence – Crayfish and Eumeralla 

Supersequences (Otway Group) (Rifting I & Post – Rift I) (H2) 

- Late Cretaceous Extension I – Shipwreck Supersequence (Turonian Waarre & 

Flaxman Formations) (Rifting II) (H3) 

- Late Cretaceous Extension II – Sherbrook Supersequence (Belfast Mudstone) (Rifting 

II) (H4) 

- Cenozoic Subsidence I – Wangerrip Supersequence (Dilwyn Formation) (Post – Rift 

II) (H5) 

- Cenozoic Subsidence II – Nirranda Supersequence (Top Mepunga Sandstone) (Post – 

Rift II) (H6) 

- Cenozoic Subsidence II – Nirranda Supersequence (Narrawaturk Marl) (Post – Rift 

II) (H7) 

- Cenozoic Subsidence II & Inversion – Heytesbury Supersequence (Gellibrand Marl) 

(Post – Rift II and Inversion I) (H8)
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Figure 4.3 - The Otway Basin Correlation Chart, demonstrating the interpreted horizons and seismic stratal units from this study with 
stratigraphy, sequence stratigraphic scheme and basin phases (redrawn from Totterdell et al., 2013) 
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4.2.1. Investigator 3D Cube Interpreted Surfaces  

The deepest sequence boundary interpreted is Top Basement (H1) characterized by high 

amplitude layer overlain by acoustically weak reflective sediments. Reflectors of the Top 

Basement are continuous and often divided. The divided nature of the Top Basement indicates 

the faulted horst and graben structure of the Pre – Eumeralla shales (Figure 4.4). The internal 

reflectivity of the overlying Pre – Eumeralla sequence is generally low and it was deposited 

during the Early Cretaceous rifting phase.  

Seismic stratigraphy of the Top Basement shows a substantial trace of subsurface 

structures of the reference study (Krassay et al., 2004). Important regional structures such as 

eastern (NNW – SSE striking) and western (NNE – SSW striking) boundary faults of the 

Shipwreck Trough, small portion of the Mussel Fault Zone at the south of the cube can be 

identified from horizon interpretation (Figure 4.4).  

The lower part of the overlying Eumeralla Formation includes shaly and coaly thin 

measures associated with fine – grained volcanoclastic sandstones remarkably in the lower part 

(Smith, 1988). This is an indicator of the good source rock potential of the unit according to 

Tupper et al. (1993). The seismic reflectivity character of the Eumeralla Sequence gradually 

changes upwards from strong, laminar reflectivity to discontinuous reflections (Figure 4.13 & 

4.14) and this alteration is parallel with coarsening upward fluvial environment (Bryan et al., 

1997). The Top Eumeralla horizon (H2) is mapped and similar structures from underlying Top 

Basement horizon can still be traced in the first post – rift layer. However, the continuity of the 

faults changed to intermittent along similar striking fault zones at this level (Figure 4.5). 

Structural highs directly indicate regions where sedimentary thickness is more than areas with 

thin cover of post – rift successions.
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Figure  4.4 – Structure Map (TWT) of Top Basement (H1) (Rifting Phase I) Horizon of Investigator 3D Cube 
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Figure  4.5 – Structure Map (TWT) of Top Eumeralla (H2) (Post – Rift I) Horizon of Investigator 3D Cube 
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The character of the Top Eumeralla (H2) horizon has strong reflectivity (Figure 4.13 & 

4.14) and it can be correlated between a number of wells close to the Investigator 3D cube, 

whereas deeper successions such as Crayfish Supersequence and Casterton Formation were 

never part of any drilling operation. Thus, picking Top Basement Horizon (H1) mostly relies on 

the quality of the seismic surveys. According to correlations with cross – cutting exploration 

wells, the Top Eumeralla is a boundary between parallel bedded (Pre – rift of the second rifting 

event) sedimentary units and wedge – shape strata which is a strong implication of the second 

syn – rift strata. Therefore, it can be inferred that the Upper Cretaceous rifting phase commenced 

before the end of Eumeralla Formation deposition. The bounding surface relation between the 

Eumeralla Formation and overlying Turonian succession was discussed in previous studies 

(Moore et al., 2002, Partridge et al., 2001) but their claim about 1 Ma hiatus is highly 

questionable due to interpreted seismic continuity.  

The Waarre Formation and the Flaxman Formation (Figure 2.2) are representative 

successions for the second syn – rift and Turonian sediments. The reflectivity character of these 

formations changes from low to high in a vertical sense. This alteration is parallel with fluvial 

Waarre Formation at the base and marine deposits Flaxman towards the top of the succession. 

Literature supports this interpretation with the coarsening/shallowing upward cycles in a near 

shore, delta plain (Waarre Formation) to shallow marine environment (Flaxman Formation) 

(Palmowski, 2003). Layered reflectivity is also evidence for relatively stable depositional 

environment affected by eustatic changes. The most significant change in structures is the 

segmented nature of the eastern boundary faults of the Shipwreck Trough that can be interpreted 

as fault zone instead of a single fault structure (Figure 4.6). 
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Figure  4.6 – Structure Map (TWT) of Top Turonian (H3) (Rifting Phase II) Horizon of Investigator 3D Cube 
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After deposition of Turonian sediments (H3), the residual Late Cretaceous syn – rift 

depocenters were filled with Coniacian – Campanian the Belfast Mudstone (Figure 2.2). The 

reflectivity character of the Belfast Mudstone (H4) is continuous and high amplitude (Figure 

4.13 & 4.14). This occurrence indicates the transition to more marginal, near shore marine 

Paaratte Formation (Moore et al., 2000). The Belfast Mudstone was deposited in marine 

conditions on the shelf changing through syn – depositional highs and lows and deepening 

towards the shelf slope (Totterdell et al., 2008). Structural highs in the northeastern part of the 

horizon directly indicate the Prawn Platform, whereas thicker cover in the southwest part reveals 

significant character of the Belfast Mudstone as seal unit (Figure 4.7). The Belfast Mudstone is 

the higher part of the second rifting event in the basin and following Paaratte – Wangerrip 

sequences were deposited in slowly shallowing conditions changing from fluvial to deltaic 

conditions (Krassay et al., 2004).  

The Top Dilwyn Formation (H5) represents an erosional unconformity which could be 

observed at the top of the halfgraben developments (Figure 4.16). Basin phase for this formation 

is Cenozoic subsidence which is marked as Post – Rift II (Figure 2.2). Thickness of the Dilwyn 

Formation decreases towards southwest near to the shelf edge with geometry from 

progradational wedge to flat – lying to low angle downlaps (Figure 4.13). The only significant 

structure observed throughout the Top Dilwyn Horizon is the intermittent the Eastern Boundary 

Fault Zone of the Shipwreck Trough (Figure 4.8). Normal faulting towards the Top Dilwyn is 

only restricted to listric faults in the southern portion of the profile (Figure 4.14).Reflectors for 

this unit are generally parallel and their amplitudes are changing from low to high(Figure 4.14 & 

4.15). Well – developed continuous clinoforms are markers for this horizon (Figure 4.17 & 

4.18).  
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Figure  4.7 – Structure Map (TWT) of Top Belfast (H4) (Rifting Phase II - Post – Rift II boundary) Horizon of Investigator 3D Cube 
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Figure  4.8 – Structure Map (TWT) of Top Dilwyn (H5) (Post – Rift II) Horizon of Investigator 3D Cube 
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Figure  4.9 – Structure Map (TWT) of Top Mepunga (H6) (Post – Rift II) Horizon of Investigator 3D Cube 
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Siliciclastic deltaic progrades conformably over the Dilwyn Formation shows a 

transgression at the end of the Early Eocene and this condition created space for the Mepunga 

Sandstone (H6) deposition. A delta front structure can be clearly observed on the profile of 

Investigator IL – 1700 (Figure 4.16) and progradational regime after the Mepunga Sandstone 

continues with carbonate successions from the Nirranda and the Heytesbury Supersequences. 

The basin phase is Cenozoic Subsidence with the third inversion. Lithologies are variable from 

calcareous claystone or shaly limestone overlain by marls to calcarenite and calcilutite 

(Totterdell et al., 2013). Their reflectivity characters are low to high amplitude with continuous 

nature (Figure 4.13 & 4.14).As can be seen from structure maps, they are relatively undeformed, 

low angle progradational wedge shaped horizons with canyons and slumps at the shelf break 

(Figure 4.15). High – quality well tie makes these upper layers picked with high confidence.  

4.2.2. Investigator 3D Cube Interpreted Profiles  

In order to explain structures throughout Investigator 3D cube, some representative 

seismic profiles are chosen (Figure 4.12). Rifting phases, structural developments such as horsts, 

grabens, mini – basins, half – grabens are clearly identified and interpreted in these 

representative profiles.  

Identification of the referenced structures for Investigator 3D is compared with the output 

of this study and similarities or differences will be explained using these seismic profiles. 

Important geologic structure names are remarked over profile whereas important horizons, basin 

phases, and remarkable geologic features are identified on profiles. 
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Figure 4.10 – Structure Map (TWT) of Top Nirranda (H7) (Post – Rift II) Horizon of Investigator 3D Cube  
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Figure  4.11 – Structure Map (TWT) of Top Gellibrand Marl (H8) (Post – Rift II) Horizon of Investigator 3D Cube
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Figure  4.12– Location Map of Representative Inlines & Crosslines of Investigator 3D Cube 

 

 

21 km 
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Figure  4.13 – Interpreted and Non – Interpreted Seismic Profile of Investigator 3D Inline 300 
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The easternmost inline taken from the Investigator 3D is Inline 300 (Figure 4.13). The 

first rifting phase (Tithonian? – Barremian) developed between Crayfish Supersequence and 

Paleozoic Basement with horst and graben development. Although there are no drilled wells 

throughout these levels, seismic reflectivity makes an arbitrary decision for picking the Top 

Basement horizon. Furthermore, the second rifting (Late Cretaceous) is identified by faulting in 

the Shipwreck (Flaxman & Waarre Fm) and the Sherbrook (Belfast Fm) Supersequences (Figure 

4.13). These second rifting faults show growth nucleated styles towards Wangerrip (Top Dilwyn) 

and Nirranda (Mepunga) Supersequences whereas they show relatively larger displacement with 

well-developed horst and graben faulting at the NNE side of the profile (Figure 4.13).  

The next inline taken from the Investigator 3D is Inline 750 (Figure 4.14). Mussel Fault 

Zone and Shipwreck Trough are identified according to structures in this profile. The first rifting 

phase created smaller fault developments here and development of the second rifting formed 

longer and branched faults in this profile. Growth faults are also observable in Wangerrip 

Supersequence (Figure 4.14).  

IL – 300 and IL – 750 contain significant fault development in the eastern part of the 

Investigator 3D and this fault system called as the Eastern Wall Fault of the Shipwreck Trough 

(Figure 4.13 & Figure 4.14). Although this fault showed as a single development in referenced 

studies (Krassay et al., 2004), interpretations indicate that it has intermittent characteristics with 

SSW – NNE strike.  
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 Figure  4.14 – Interpreted and Non – Interpreted Seismic Profile of Investigator 3D Inline 750 
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IL – 1150 profile of the Investigator 3D has a steeper slope towards the SSW end because 

it coincides with shelf – edge (Figure 4.11). Halfgraben structures are identified structures after 

the shelf – edge (Figure 4.15) whereas more planar faulting is observed towards NNE part of the 

profile. Tithonian – Barremian rifting created clear horst and graben structures throughout the 

whole profile but maximum fault throw can be seen in the Late Cretaceous rifting phase 

developments (Figure 4.15).  

IL – 1700 profile shows the different faulting styles at opposite both ends (Figure 4.16). 

Three distinctive halfgrabens are observed in the southern portion while more planar faults are 

observed in the northern part. Some of these planar faults reactivated in younger Wangerrip 

successions and amount of the offset of Paleozoic Basement unit is minimal (Figure 4.16). 

Halfgraben development created significant minibasins especially for Shipwreck and Sherbrook 

Supersequences and they are identified as potential targets for the next phase of hydrocarbon 

exploration.  

Three crosslines (XL-800, XL-2340, and XL-4000) of Investigator 3D are also 

interpreted and they are important for identification of significant geologic features, because they 

cross cut those structures almost perpendicularly. Branching of the Eastern Wall Fault of the 

Shipwreck Trough is identified in crosslines as a strike – slip fault system and it has a special 

nomenclature called `flower structure` (Harding, 1985). Flower structures are characteristic for 

wrench faults (Trudgill, B., 2013, Geol 502 Lecture Notes) and they are associated with 

transtension (strike – slip motion and extension) in this dataset, therefore they can be called as 

negative flower structure (Figure 4.19 & Figure 4.20). 

 



71 
 

 

Detachment  

SHELF EDGE 

Figure  4.15 – Interpreted and Non – Interpreted Seismic Profile of Investigator 3D Inline 1150 
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Figure  4.16 – Interpreted and Non – Interpreted Seismic Profile of Investigator 3D Inline 1700 
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Figure  4.17 – Interpreted & Non-interpreted Seismic Profile of Investigator 3D XL – 800 
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Figure  4.18 – Interpreted & Non-interpreted Seismic Profile of Investigator 3D XL – 2340 

Inversion High 
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Figure  4.19 – Interpreted & Non-interpreted Seismic Profile of Investigator 3D XL – 4000 

Inversion 
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Figure  4.20 – A negative flower structure develops when strike – slip motion is associated with 
a component of extension (transtension) (Twiss and Moore, 2007) 

 

Tithonian – Barremian rifting phase has abundant horst and graben structures in the base 

of the Investigator 3D throughout all seismic profiles. They clearly identify similar fault 

developments for the cube. Investigator XLine – 800 shows a recently formed river bed or 

canyon developments with approximately Neogene age (Figure 4.17). The impact on the seismic 

data due to river beds or canyons will be discussed further in the discussion chapter.  

It is clearly seen that orientation of the faulting in the Investigator 3D survey is NNE – 

SSW striking and general dipping trend in the eastern portion is east (Eastern Wall of the 

Shipwreck Trough), whereas dipping trend in the western portion is (the Mussel Fault Zone) 

west (Figure 4.21). Fault distribution shows that eastern wall of the Shipwreck Trough is 

segmented in both N-S and E-W senses and perpendicular characteristic of this fault zone proves 

strike – slip motion along these faults (Figure 4.21). In addition, there is and eastern dipping fault 

development towards upper horizons at south and this fault underlies a channel or canyon 

(Figure 4.21 & 4.17). 
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Figure  4.21 – First order faults of Investigator 3D Cube 
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4.2.3. Aragorn 3D Cube Interpreted Surfaces 

The Aragorn 3D Marine Seismic Survey was conducted by PGS Geophysical in 2006 

(Woodside, 2007) and it covers an area of 1037 km2. 410 km2 of Investigator 3D data adjoins the 

northern edge of the Aragorn dataset (Figure 3.4b) and Geographe 1, Geographe North 1 and 

Prawn 1 wells are used for well – tie (Figure 3.1a). Eight key horizons are interpreted over the 

entire Aragorn 3D volume to identify major basin phases; however due to lack of well control in 

the deep water, seismic reflectivity character plays more important role for picking deeper 

horizons. Data quality changes from seismic survey to survey, therefore 2D seismic lines from 

ds02 and or01 are also used for interpretation. Fault developments that identify in the syn – rift II 

and pre – rift II horizons, throughout the seismic cube have "Y" shape in the map view, but 

detailed structure about the Prawn Platform at the southeast corner is not available due to lack of 

data and poor data quality. This "Y" – shape in the map view has NW – SE elongation and 

northwestern edge of "Y" divides the Nelson Sub – basin and the Shipwreck Trough by the 

Mussel Fault Zone, whereas the northeastern edge divides the Shipwreck Trough and the Prawn 

Platform by the Eastern Wall Fault Zone of the Shipwreck Fault. For this reason, two main 

structural trends are mapped and identified in surfaces, one is northwest – southeast and the other 

one is northeast – southwest fault system. The dominant northwest – southeast trend is the 

consequence of extensional tectonism of the second rifting (Late Cretaceous) whereas northwest 

– southeast trending faults are results of reactivation of extensional faulting began in the first 

rifting phase (Tithonian? – Barremian). There are only minor faults identified in the Tertiary 

horizons.  
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Figure  4.22– Structure Map (TWT) of Top Basement (H1) (Rifting Phase I) Horizon of Aragorn 3D Cube 

44 km 
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Figure  4.23 – Structure Map (TWT) of Top Eumeralla (H2) (Post – Rift I) Horizon of Aragorn 3D Cube 
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Figure  4.24 – Structure Map (TWT) of Top Turonian (H3) (Rifting Phase II) Horizon of Aragorn 3D Cube 
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Figure  4.25 – Structure Map (TWT) of Top Belfast (H4) (Rifting Phase II - Post – Rift II boundary) Horizon of Aragorn 3D Cube 
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Figure  4.26 – Structure Map (TWT) of Top Dilwyn (H5) (Post – Rift II) Horizon of Aragorn 3D Cube 
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Figure  4.27– Structure Map (TWT) of Top Mepunga (H6) (Post – Rift II) Horizon of Aragorn 3D Cube 
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Figure  4.28 – Structure Map (TWT) of Top Nirranda (H7) (Post – Rift II) Horizon of Aragorn 3D Cube 
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Figure  4.29 – Structure Map (TWT) of Top Gellibrand Marl (H8) (Post – Rift II) Horizon of Aragorn 3D Cube 
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According to the Top Basement horizon (H1) interpretation, it is clearly seen that the 

Mussel Fault Zone is segmented rather than one continuous fault zone (Figure 4.22). The Prawn 

Platform is easy to identify, but the Eastern Boundary Fault Zone of the Shipwreck Trough is 

hard to determine at this level. The Shipwreck Trough started to develop with the second rifting 

and this development can be seen at the Top Eumeralla level (Figure 4.23). The top Eumeralla 

Formation has been picked as a high amplitude trough that marks the top of a high amplitude 

package beneath the lower amplitude Waarre Formation (Figure 4.31 & 4.32). Shelf edge 

coincides with the Mussel Fault Zone generation and the Prawn Platform has high flat area at the 

northeastern portion at the Top Turonian horizon (Figure 4.24). The top Belfast Formation is 

generally picked as the first high amplitude peak beneath a low seismic amplitude zone (Figure 

4.31). Seismic interpretation confidence is higher in shallow water areas, data quality deteriorate 

under the shelf slope break and it decreases certainty in interpretation (Figure 4.26). The Top 

Dilwyn Formation was interpreted across the entire Aragorn 3D area (Figure 4.26). The structure 

map shows dip to the southwest and shows severe distortion caused by the velocity effects of 

channelized shelf slope break (Figure 4.28) and this level is mostly unfaulted and continuous 

throughout the cube. Other post – rift II horizons are interpreted more reliable on the northern 

portion of the cube (Figure 4.27). The base of channeling in this level shows the northeast to 

southwest trending. Although the seismic interpretation is not cut by channels, it is observed that 

northeast to southwest trending channelized overburden created by velocity impacts (Figure 4.28 

& Figure 4.29). The Aragorn 3D Seismic Survey is generally shows continuation of structural 

trends observed in Investigator 3D Seismic Survey. The shelf edge is more easily recognizable in 

the Aragorn cube with NW – SE lineation. Incised valley or canyon developments observed 

perpendicular to the shelf edge.   
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4.2.4. Aragorn 3D Cube Interpreted Profiles  

In order to explain structures throughout Investigator 3D cube, some representative 

seismic profiles are chosen (Figure 4.30). Rifting phases, structural developments such as horsts, 

grabens, mini – basins, half – grabens, domino – faulting, listric and planar faults are clearly 

identified and interpreted in these representative profiles.  

 

Figure  4.30 – Location Map of Representative Inlines & Crosslines of Aragorn 3D Cube 

 

Important geologic structure names are marked over profile whereas important horizons, 

basin phases, and remarkable geologic features are identified on profiles. 
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IL – 1194 profile of Aragorn 3D shows two distinctive reflector characteristics; the first 

is continuous, low frequency, medium – high amplitude whereas the second is continuous, low 

frequency, low – medium amplitude (Figure 4.31). The first character is observed in younger 

Nirranda, Heytesbury (Lutetian – Serravallian) supersequences and older Crayfish, Eumeralla, 

and Shipwreck (Tithonian – Coniacian) supersequences. The second character is dominant in 

Sherbrook and Wangerrip (Coniacian – Lutetian) supersequences (Figure 4.31). Fault 

development in the basement show horst and graben development throughout the profile but 

intensive fault initiation occurred during the second rifting (Late Cretaceous). Thickness of the 

Belfast Mudstone is remarkable in this profile and continuation of fault development both in the 

Belfast Mudstone and Dilwyn Formation is recorded (Figure 4.31).  

IL – 1450 profile of Aragorn 3D also follows similar reflectivity characters to IL – 1194, 

however quality and sharpness of deeper horizons has deteriorated (Figure 4.32). Incised valley 

and sea mounds are observed in the surficial structures but fault developments are bounded by 

two – rifting phases. Therefore, syn – rift I and syn – rift II sedimentary successions are faulted 

with normal faults. A large halfgraben is observed at the NNW side of the profile whereas planar 

faults and horst and graben are developed at the SSE portion (Figure 4.32). Post – rift II layers 

have significantly thinner successions but there is also general trend of thinning sedimentary 

units towards SSE side (Figure 4.32). Wedge – shaped mini basins are observed for the second 

rifting phase. Seismic data quality of the IL – 1450 is quite different than IL – 1194 and 

determination of faults mostly relies on end points of reflectors for key horizons. Incised valley 

or canyon developments of IL – 1450 coincides with the shelf – edge from the bathymetry map 

(Figure 3.14). Gravity is the main driving force and controlling mechanism for normal fault 

growths and it can be clearly seen in the IL – 1450 profile.
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Figure  4.31 – Interpreted & Non-interpreted Seismic Profile of Aragorn 3D IL – 1194 
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Figure  4.32 – Interpreted & Non – interpreted Seismic Profile of Aragorn 3D IL – 1450 
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IL – 1705 profile of Aragorn 3D has distinctive characteristics with incised valleys on the 

surface (Figure 4.33). Post – rift sequences are generally undeformed and the Mepunga 

Sandstone is thinner in this profile (Figure 4.33) which could be a sign of erosion. Horst and 

graben structures are observed during the first rifting phase (Tithonian – Barremian) whereas 

planar faults are well – developed in the NNW portion of the profile (Figure 4.33). Shipwreck 

and Sherbrook Supersequences are thinning towards SSE side and Wangerrip Supersequence has 

fault growth from underlying successions. Small scale depocenters developed at syn – rift II 

level and they formed minibasins (Figure 4.33).  

Rifting phases are identified across IL – 1962 profile of Aragorn 3D (Figure 4.34). The 

first rifting phase and fault development occurred during Tithonian – Barremian (Figure 2.2). 

Normal fault initiation created horsts and grabens across the Top Basement horizon towards 

Crayfish Supersequence. Post – rift I deposited at the top of this first fault development (Figure 

4.34). Inversion I developed on faults at the older edge. Rifting phase II occurred during the Late 

Cretaceous and the Shipwreck (Flaxman – Waarre) and the Sherbrook supersequences deposited 

as syn – rift II. Inversion II developed between the Belfast Mudstone and Top Dilwyn 

Formation. Post – rift II successions deposited over erosional surfaces and there is a incised 

valley deposit close to surface with approximately 1km diameter at the SSE portion of the profile 

(Figure 4.34).  

There are domino faults developed during the first rifting phase on the IL – 2218 profile 

of the Aragorn 3D (Figure 4.35). Thickness changes in the Belfast Mudstone directly resulted 

from with normal faulting during the second rifting phase, but in general that faults formed 

during the first rifting phase reactivated during the second rifting phase with different dip and 

strike orientations (Figure 4.35). Similar alignment of the faults is the evidence for this.
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Figure  4.33 – Interpreted & Non-interpreted Seismic Profile of Aragorn 3D IL – 1705  
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Figure 4.33 – (Continued) 
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Figure  4.34 – Interpreted & Non-interpreted Seismic Profile of Aragorn 3D IL – 1962 
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Figure  4.35 – Interpreted & Non-interpreted Seismic Profile of Aragorn 3D IL – 2218 
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Four crosslines (XL-3184, XL-6000, XL-6512 and XL-6768) of Aragorn 3D are also 

interpreted and they are important for identification of significant geologic features because they 

cross cut those structures almost perpendicularly. XL – 3184 represents deeper part of shelf slope 

(Figure 4.36). Dominant faults are recorded for the second rifting phase and faults show 

continuation into post – rift II layers especially towards WSW side (Figure 4.36). Thickness of 

Turonian sediments is thinner and uniform throughout the profile but the Crayfish, the 

Eumeralla, and the Sherbrook Supersequences are thickening towards the deeper part of the 

basin (Figure 4.36). XL – 6000 contains a migrated paleo - channel valley development towards 

Nirranda and Heytesbury Supersequences (Figure 4.37); it is more uniform and low angle 

channel banks at Nirranda Supersequence whereas the channel migrated towards western side 

with steeper channel banks (Figure 4.37). Clinoforms are the main characters of seismic 

reflectors for post – rift II horizons. Initial faulting during the first rifting phase created horsts 

and grabens. However, the maximum dip slip occurred during the second rifting phase. The 

Mussel Fault Zone is identified on the XL – 6512 profile (Figure 4.38). Southern portion of the 

Shipwreck Trough is also present on this profile. Wedge – shaped sedimentary deposits evolved 

for the second rifting phase and thickness change for the Turonian deposits is parallel with fault 

developments (Figure 4.38). Same regional structures (the Mussel Fault Zone and the Shipwreck 

Trough) are monitored at XL – 6768 with analogous dip and strike (Figure 4.39). Gravity is the 

main driving force for detachment for the Mussel Fault Zone and reactivated faults for the 

second rifting phase formed with different dip directions (Figure 4.39).  
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Figure  4.36 – Interpreted & Non-interpreted Seismic Profile of Aragorn 3D XL – 3184 
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Figure  4.37 – Interpreted & Non-interpreted Seismic Profile of Aragorn 3D XL – 6000  
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Figure 4.37 – (continued) 
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Figure  4.38 – Interpreted & Non-interpreted Seismic Profile of Aragorn 3D XL – 6512  
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Figure 4.38 – (continued) 
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Figure  4.39 – Interpreted & Non-interpreted Seismic Profile of Aragorn 3D XL – 6768 
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Aragorn 3D Survey provides seismic data coverage in a large permit area with variable 

seismic data quality. It enables to map both the shallow and deep water prospectivity. The 

seismic data quality varies from very good in the deep water area to very poor under the incised 

shelf slope break. Regional dominant structural trends are mapped and presented with structure 

maps, seismic profiles and regional first order fault framework (Figure 4.40). Northeast – 

southwest trending faults are in continuity with the Investigator 3D fault systems; northwest – 

southeast trend faults are the result of extensional tectonism that began in the Turonian and 

continued until continental separation in the Maastrichtian (Figure 4.40).  

 

Figure  4.40 – The first order faults of Aragorn 3D Cube 
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4.2.5. Champion - Hercules 3D Cube Interpreted Surfaces  

Conan – 1, Champion – 1, Casino – 1, Casino – 2, and Casino – 3 are main controlling 

wells for correlation with the Champion – Hercules 3D (Figure 3a). Top Basement structure map 

depicts structural highs and lows with low areas formed of thicker post – rift I layers whereas 

thin post – rift I deposits are located over anticlinal structural highs of the Top Basement (Figure 

4.41). The Mussel Platform is detected over structural highs and the Shipwreck Trough is 

observed over structural lows (Figure 4.41). Extensively deformed structure of the Top Basement 

horizon is the result of the first rift phase. The Mussel Fault Zone deforms the Mussel Platform 

with linear normal faults and the thickness of the sedimentary successions forming Mussel 

Platform increases towards southeast part of the 3D Cube (Figure 4.42). The Western Fault Zone 

of the Shipwreck Trough developed in the northeast portion with almost N – S strike and dipping 

towards east (Figure 4.42). The Top Turonian layer follows the same path of underlying horizons 

but structural highs concentrate over the southeast part of the 3D survey (Figure 4.43). The 

Shipwreck Trough is divided into two structural lows on the northeast portion and segmented 

linear fault developments cover southwest part of the 3D survey (Figure 4.43). The Shipwreck 

Trough covers a larger area throughout the Top Belfast Horizon, but structural highs form 

majority of the layer (Figure 4.44). The Top Dilwyn Formation is the first post – rift II 

sedimentary succession and fault development throughout this horizon is more frequent than the 

other 3D surveys (Figure 4.45). This nature of the Wangerrip Supersequence is presented on the 

seismic profiles in detail (Figure 4.51, 4.52, 4.53 and 4.54). Other post – rift II layers (Top 

Mepunga, Top Nirranda, and Gellibrand Marl) are only able to show trace of the regionally 

important structures but their deformation level is minor if they are compared with underlying 

horizons (Figure 4.46, Figure 4.47, and Figure 4.48).
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Figure  4.41 – Structure Map (TWT) of Top Basement (H1) (Rifting Phase I) Horizon of Champion - Hercules 3D Cube 
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Figure  4.42 – Structure Map (TWT) of Top Eumeralla (H2) (Post – Rift I) Horizon of Champion - Hercules 3D Cube 

 

Dip Direction 
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Figure  4.43 – Structure Map (TWT) of Top Turonian (H3) (Rifting Phase II) Horizon of Champion - Hercules 3D Cube 
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Figure  4.44 – Structure Map (TWT) of Top Belfast (H4) (Rifting Phase II - Post – Rift II boundary) Horizon of Champion - Hercules 
3D Cube 
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Figure  4.45 – Structure Map (TWT) of Top Dilwyn (H5) (Post – Rift II) Horizon of Horizon of Champion 3D Cube 

 

42 km 



111 
 

 

Figure  4.46 – Structure Map (TWT) of Top Mepunga (H6) (Post – Rift II) Horizon of Champion - Hercules 3D Cube 

 

42 km 
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Figure  4.47 – Structure Map (TWT) of Top Nirranda (H7) (Post – Rift II) Horizon of Champion - Hercules 3D Cube 

 

42 km 
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Figure  4.48 – Structure Map (TWT) of Top Gellibrand Marl (H8) (Post – Rift II) Horizon of Champion - Hercules 3D Cube 

42 km 
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4.2.6. Champion - Hercules 3D Cube Interpreted Profiles 

Structurally smoothing for the whole cube is used to interpret horizons and faults more 

accurately. 2 representative Inlines and 2 representative crosslines are selected to represent 

regional structures (Figure 4.49).  IL – 1054 of Champion – Hercules 3D shows that the 

Shipwreck Trough is developed at the eastern side of the profile (Figure 4.50). Faults formed 

during the first rifting phase constitute horst and graben developments whereas the second rifting 

phase is dominant through the Shipwreck and the Sherbrook Supersequences with normal fault 

formations.  

 

Figure  4.49 – Location Map of Representative Inlines & Crosslines of Champion – Hercules 3D 
Cube  
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Thickness of sedimentary units is expanding towards the Shipwreck Trough due to 

halfgrabens and possible inversions at the IL – 1054 profile but faults developed through the 

Mussel Platform are continuous towards the Wangerrip Supersequence (Top Dilwyn – H5) 

(Figure 4.50). Large portion of the IL – 1758 profile is picturing the Mussel Platform (Figure 

4.51). There are two main structural trends for faults developed during the second rifting phase; 

first is dipping towards west, second is dipping towards east (Figure 4.51).  

Post – rift II layers of the XL – 2896 profile are largely remain intact (Figure 4.52). The 

first rifting phase builds normal faults between the Basement unit (H1) and the Crayfish 

Supersequence (below H2) whereas the second rifting phase developed listric faults with wedge 

– shaped deposits for the Flaxman Formation, the Waarre Formation, and the Belfast Mudstone 

(Figure 4.52).  

Faults occurred during the second rifting phase created half grabens and small scale 

depocenters for the XL – 5968 profile and they also have continuity for the Wangerrip 

Supersequence (Figure 4.53). Regional distribution of halfgrabens for this profile is widespread 

and they are the controlling mechanism for newly formed antithetic and synthetic fault growth 

(Figure 4.53). The Champion – Hercules 3D Survey was shot closer to the modern shoreline and 

seismic reflector availability and quality is changing from east to west (Figure 4.49). The Mussel 

Platform and western edge of the Shipwreck Trough are interpreted according to this seismic 

survey. Gravity – driven regional east – west striking faults, regional depocenters, and platforms 

formed due to structural highs are clear outputs from this survey and it defines a detailed 

composition of the inshore portion of the Offshore Eastern Otway Basin. Orientations of fault 

strikes are quite different than other 3D surveys (Investigator & Aragorn) and fault strikes are 

almost parallel to shoreline.  
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Figure  4.50 – Interpreted & Non-interpreted Seismic Profile of Champion – Hercules 3D IL – 1054  
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Figure 4.50 – (continued) 
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Figure  4.51 – Interpreted & Non-interpreted Seismic Profile of Champion – Hercules 3D IL – 1758  
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Figure 4.51 – (continued) 
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Figure 4.52 – Interpreted & Non – interpreted Seismic Profile of Champion – Hercules 3D XL – 2896 
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Figure  4.52 – (continued) 
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Figure  4.53 – Interpreted & Non-interpreted Seismic Profile of Champion – Hercules 3D XL – 5968  
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Figure 4.53 – (continued)
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4.2.7. Os02 3D Cube Interpreted Surfaces  

The deepest sequence boundary interpreted across the Os02 3D cube is Top Basement 

(H1) characterized by high amplitude layer overlain by acoustically weak reflective sediments. 

Reflectors of the Top Basement are continuous and often divided. Faults forming the southern 

portion of the Mussel Fault Zone are clearly observed with northwest – southeast strikes (Figure 

4.54). Faults developed throughout Os02 3D Survey are generally parallel to each other. In fact, 

Os02 survey perfectly depicts tilted block faulting, which is a common mode of structural 

evolution in extensional tectonic events, a result of tectonic plates stretching apart. A small 

portion of the Normanby Terrace can be observed throughout all horizons at the northwest side 

(Figure 4.54). Top Eumeralla Surface shows fault zones over structural lows whereas structural 

highs are located towards northwestern part of the surface (Figure 4.55). Top Turonian surface is 

more homogeneous than underlying surface, but recognition of fault developments are still clear 

(Figure 4.56). Top Belfast horizon shows the northernmost fault development with linear 

segmented subsidence which is the obvious linear feature on the horizon map (Figure 4.57); 

those low areas are also target points for depocenter developments with thick sedimentary 

successions. Top Dilwyn surface is the first surface drawn from post – rift II and the Normanby 

Terrace is clearly observed (Figure 4.58). Other post – rift II horizons generally imitate the 

bathymetry map and faults developed through the survey start to die out and are eventually 

buried under thin sedimentary successions. The Gellibrand Marl in particular shows strong 

parallelism with the surficial structure (Figure 4.61). Although tilted block faulting can be seen 

better in crossline profiles, detachment fault cannot be observed due to inadequate depth of the 

profiles. Faulting development in all four cubes completed each other in structural trends and 

gravity plays main role for growth, interaction, and controls on normal fault systems overall the 

Otway Basin.  
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Figure  4.54 – Structure Map (TWT) of Top Basement (H1) (Rifting Phase I) Horizon of Os02 3D Cube 

25 km 
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Figure  4.55 – Structure Map (TWT) of Top Eumeralla (H2) (Post – Rift I) Horizon of Os02 3D Cube 

25 km 
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Figure  4.56 – Structure Map (TWT) of Top Turonian (H3) (Rifting Phase II) Horizon of Os02 3D Cube 

25 km 
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Figure  4.57 – Structure Map (TWT) of Top Belfast (H4) (Rifting Phase II - Post – Rift II boundary) Horizon of Os02 3D Cube 

25 km 
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Figure  4.58 – Structure Map (TWT) of Top Dilwyn (H5) (Post – Rift II) Horizon of Os02 3D Cube 

25 km 
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Figure  4.59 – Structure Map (TWT) of Top Mepunga (H6) (Post – Rift II) Horizon of Os02 3D Cube 

25 km 



131 
 

 

Figure  4.60 – Structure Map (TWT) of Top Nirranda (H7) (Post – Rift II) Horizon of Os02 3D Cube 

25 km 
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Figure  4.61 – Structure Map (TWT) of Top Gellibrand Marl (H8) (Post – Rift II) Horizon of Os02 3D Cube

25 km 
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4.2.8. Os02 3D Cube Interpreted Profiles  

Structurally smoothing for the whole cube is used to interpret horizons and faults more 

accurately. Two representative Inlines and one representative Crossline are selected to represent 

regional structures (Figure 4.62). Inlines represent sedimentary successions, but the crossline 

profile reveals regionally developed faults. The quality of the seismic data is respectively poor 

and designations of structural features are relatively hard for this cube. Amrit – 1 is the only well 

to be used for well – tie (Figure 3.1a) and deeper successions are shown with strong and 

continuous reflectors (Figure 4.63). The Wangerrip Supersequence shows intensive faulting 

which is unique for this particular dataset (Figure 4.63). The Basement structure is not monitored 

all of the dataset, however when it is observable, horst and graben structures are clearly observed 

(Figure 4.64). The domino – style stacking of the fault blocks are illustrated clearly in the 

crossline profile (Figure 4.65); but recognition of the detachment fault is unavailable due to 

shortage in depth.  

 

Figure  4.62 - Location Map of Representative Inlines & Crossline of Os02 3D Cube
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Figure  4.63 – Interpreted & Non-interpreted Seismic Profile of Os02 3D IL – 7430  
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Figure 4.63 – (continued) 
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Figure  4.64 – Interpreted & Non-interpreted Seismic Profile of Os02 3D IL – 8326  
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Figure 4.64 – (Continued) 
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Figure  4.65 – Interpreted & Non-interpreted Seismic Profile of Os02 3D XL – 2939
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4.2.7. Regional Interpreted Surfaces 

The Otway Basin has a complex history involving multiple episodes of rifting, 

compression, subsidence and inversion. After detailed explanation of horizons and structures 

from 3D seismic volumes, regional structure maps for each basinal phase are generated to build a 

structural framework that represents rifting and inversion stages. By doing so, a structural 

framework of the Eastern Offshore Otway Basin is used to determine major deformation zones.  

The Top Basement is mapped throughout the basin even though there are no drilled wells 

for these depths throughout the study area (Figure 4.66). Krassay et al. (2004) established a 

regional tectonostratigraphic framework study and it is clearly seen that structural elements map 

is used for comparison with outcomes from this study. Structural highs at the Top Basement 

surface show platform developments at northwest and southeast edge namely, the Mussel 

Platform and the Prawn Platform (Figure 4.66). Previous studies showed fault developments as 

single, continuous features, however, it is clearly seen that significant fault arrangements are 

segmented and there are several fault zones instead of one continuous fault. To illustrate, three 

different trends belonging to the Mussel Fault Zone are identified at the Top Basement surface. 

The first trend is located at the southeast portion with segmented faulting; the second groups of 

faults are WNW – ESE striking and SSW dipping at the western side whereas the third part is 

located on the southern side of the Mussel Platform (Figure 4.66). The Shipwreck Trough is 

identified as an elongated depression striking SSW-NNE and it differs from surrounding 

structural features by faulting both dipping sides (Figure 4.66). Furthermore, it continues into the 

deeper part of the basin towards the south and this continuation divides the basin into two halves. 

Major fault trends are easily determined and accommodation zones are also designated at the 

Top Basement Horizon (Figure 4.66). 
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Figure  4.66 – Structure Map (TWT) of Top Basement (H1) (Rifting Phase I) Horizon 

Accommodation Zones 
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The oldest seismically mappable unit above the basement is the Top Eumeralla Horizon 

and in shelfal parts of the Otway Basin, this unit comprises the Crayfish and Eumeralla 

Supersequences and it comprises all sedimentary successions from latest Jurassic to Albian. The 

Eumeralla Supersequence is penetrated in La Bella 1, Prawn 1, and Whelk 1 wells (Figure 3.1a) 

and according to well reports it is interpreted to be deposited in fluvial to lacustrine 

environments (Geoscience Australia, 2013). The Early Cretaceous succession shows half – 

graben wedge geometry with overlying post – rift I fill at this level (Figure 4.67). Fault 

orientations for the Top Eumeralla Horizon are similar to the underlying the Top Basement and 

seismically the surface is characterized by a unit of high amplitude and moderately continuous 

reflections. The internal geometry of the horizon is difficult to distinguish due to structural 

complexity but reflections generally diverge into the half graben bounding faults (Figure 4.67). 

Different portions of the Mussel Fault Zone are more easily identified at this horizon and fault 

population of the Eastern Wall Fault Zone of the Shipwreck Trough is relatively higher with N – 

S strikes (Figure 4.67). The influence of the Tartwaup – Mussel Fault Zone is observed by 

thicker deposition to the north of that fault zone. The Shipwreck Trough represents a thicker 

section and it developed between fault segments forming eastern and western fault zones of the 

Shipwreck Trough (Figure 4.67). Although it is not represented in the regional geology map 

(Krassay et al., 2004), there is a syncline formed at the southern portion of the Shipwreck Trough 

with NNE – SSW alignment and this synclinal development represents an appropriate area for 

thicker syn – rift II formed the Shipwreck and the Sherbrook Supersequences and post – rift II 

the Wangerrip, the Nirranda and the Heytesbury Supersequences (Figure 4.67).  
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Figure  4.67 – Structure Map (TWT) of Top Eumeralla (H2) (Post – Rift I) Horizon 

Syncline 
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The end of the Early Cretaceous is marked by an unconformity which is attributed to 

deformation associated with regional plate reorganization (Norvick and Smith, 2001). The 

effects of compression and uplift can be seen on seismic data across the region and regional 

Cenomanian inversion affected most of the Otway Basin (Norvick and Smith, 2001; Krassay et 

al., 2004).  

The Late Cretaceous extensional phase of the Otway Basin comprises the Shipwreck 

Supersequence (Krassay et al., 2004). It was deposited from Turonian to Santonian age and it 

bears the traces of the second rifting phase. Furthermore, the Shipwreck Supersequence includes 

economically important reservoirs of the Waarre and Flaxman Formations and the Thylacine 

Sandstone Member of the Belfast Mudstone (Totterdell et al., 2013). The seismic character of 

this horizon includes low amplitude, moderate continuity reflections (Figure 4.13, 4.18, 4.31, and 

4.39) and they are consistent with deltaic to shallow marine facies (Krassay et al., 2004).  

Faults are concentrated at the eastern wall fault zone of the Shipwreck Trough (Figure 

4.68). However, segregation of two main fault zones of the Mussel Fault Zone is obvious at the 

Top Turonian Horizon (Figure 4.68). Domino faulting can be observed at the western side and it 

is clear that southern portion of the Mussel Fault Zone is segmented. Tilted fault blocks show 

this segmented nature of the southwestern edge of the Mussel Fault Zone (Figure 4.68). There is 

an anticline development that divides the Mussel Fault Zone into two parts with WNW – ESE 

elongation. Sedimentary thickness is controlled according to two main points; the first one is the 

shelf edge, the second is segmented faults (Figure 4.68). Overall, the second rifting phase is 

represented by the Top Turonian structure map with relatively thin sedimentary successions. 
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Figure  4.68 – Structure Map (TWT) of Top Turonian (H3) (Rifting Phase II) Horizon
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The Late Cretaceous sediments of the Sherbrook Supersequence (Belfast Mudstone) 

represent rift – fill of Campanian to Maastrichtian age. The unit comprises marginal marine to 

fluvial deltaic sediments deposited during a regional regression (Totterdell et al., 2013). The 

Sherbrook Supersequence conformably overlies the Shipwreck Supersequence and it is divided 

from overlying Cenozoic sediments by an erosional unconformity. The seismic character of the 

horizon is determined by high to low amplitude, high continuity, and parallel to divergent 

reflections. Fault blocks are almost unnoticeable towards the Shipwreck Trough due to their 

burial whereas tilted fault blocks developed at the western side are still observable (Figure 4.69). 

Furthermore, segmented nature of the Mussel Fault Zone blocks are also represented on the both 

edges of an elongated anticline structure with WNW – ESE orientation (Figure 4.69).  

Top Dilwyn Horizon from the Wangerrip Supersequence correlates sedimentary 

successions of Maastrichtian to Early Eocene age. As a matter of fact, the age of beginning of the 

Gondwana (Australia – Antarctica) breakup is represented by the unconformity underlying the 

Wangerrip Supersequence. Sedimentary environments interpreted from well completion reports 

across the study area are shallow marine, marginal marine and deltaic (Geoscience Australia, 

2013). The stacking patterns and stratal geometries of the section (Figure 4.16, 4.17 and 4.18) 

suggest that it comprises a basal transgressive systems tract overlain by well-developed 

progradational highstand system tract, deposited in a slowly subsiding basin (Totterdell et al., 

2013). Faults are almost buried throughout the basin and the seismic character of the unit is low 

to high amplitudes, moderate continuity, and generally parallel reflections. Shallow shelfal 

deposition characterizes the general trend of sedimentary succession for this first post – rift II 

layers (Figure 4.70). In addition to that, syncline dividing horizon into two parts in the middle 

with NNE – SSW orientation is totally buried and invisible (Figure 4.70). 
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Figure  4.69 – Structure Map (TWT) of Top Belfast (H4) (Rifting Phase II - Post – Rift II boundary) Horizon 
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Figure  4.70 – Structure Map (TWT) of Top Dilwyn (H5) (Post – Rift II) Horizon
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The final post – rift II phase of the basin comprises three supersequences namely; the 

Nirranda, Heytesbury and Whalers Bluff Supersequences. These supersequences accumulated 

during a prolonged period of Cenozoic thermal subsidence coinciding with plate divergence 

between Australia and Antarctica (Krassay et al., 2004) and a feature of this basin phase has 

several periods of compression and inversion (Holford et al., 2011). Sedimentation in this phase 

is dominated by a basal siliciclastic unit overlain by thicker carbonate successions (Totterdell et 

al., 2013) and therefore, this type of deposition definitely indicates an open marine depositional 

environment.  

Seismic characters of these horizons are moderate to high amplitude, high continuity 

reflections across the study area (Figure 4.3, 4.13 and 4.19). The Nirranda Supersequence 

(Figure 4.72) marks a major marine transgression (Krassay et al., 2004) and it is relatively thin 

and undeformed progradational wedge. Thickening of sediments for all these horizons increase 

toward basinward and shelf break is characterized by growth faults formed due to sediment 

loading. Canyon incisions are quite frequent at the shelf break, and it is consistent with 

bathymetry map of the region (Figure 4.73). 

The seismic interpretation outputs from this study show that useful structural and 

accommodation zone history can be used for further geologic investigations. Furthermore, major 

fault trends are also determined. Two major depocenters (Offshore Otway and Shipwreck 

Trough) out of four are mapped with two rifting events and 13 to 15 km thickness of sedimentary 

successions. The Latest Jurassic – Early Cretaceous Crayfish and Eumeralla Supersequences 

comprise up to 8 km of continental and fluvio – lacustrine sediments, with graben and half 

graben development during the first rifting event, whereas coastal plain, deltaic and marine 

sediments of the Late Cretaceous Sherbrook Group are up to 5 km thick (Krassay et al., 2004). 
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The Wangerrip Group sediments are deposited in coastal plain, deltaic and inner shelf settings 

and they are separated from the open marine, mixed carbonate – siliciclastic rocks of the Eocene 

– Miocene Nirranda Heytesbury groups, by a major unconformity (Totterdell et al., 2013).  

The Eastern Offshore Otway Basin is interpreted as formed under mostly north – south 

extension during Early Cretaceous rifting (Miller et al., 2002) and the depocenters are filled with 

non – marine fluvio – lacustrine, deltaic and marine siliciclastics of the Shipwreck and 

Sherbrook Supersequences (Krassay et al., 2004). Structural controls decrease during deposition 

of the Shipwreck Supersequence and Turonian sediments clearly show growth on closely spaced 

faults, while growth occurred on more widely spaced faults during the Coniacian combined with 

regional sag (Blevin et al., 2008) and faults are inactive during the Santonian (Geoscience 

Australia, 2013).  
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Figure  4.71 – Structure Map (TWT) of Top Mepunga (H6) (Post – Rift II) Horizon 
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Figure  4.72 – Structure Map (TWT) of Top Nirranda (H7) (Post – Rift II) Horizon 
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Figure  4.73 – Structure Map (TWT) of Top Gellibrand Marl (H8) (Post – Rift II) Horizon
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CHAPTER 5 RESTORATION 

 

5.1. Restoration Methodology 

Cross – section restoration is an important tool for structural analysis. Starting from the 

contemporary state of the section, unfolding and unfaulting of the original cross – section 

throughout geologic history is the first priority of the restoration process. In order to describe the 

total deformation of a sequence, cumulative deformation resulting from folding, faulting, and 

compaction should be taken into consideration (Novoa et al., 2000), because it is the only way to 

restore a profile correctly. The restoration methodology of this study combines structural and 

backstripping techniques within three major stages.  

The first stage consists of restoring faults and folds by using the proper algorithm in the 

Midland Valley Move. Theoretically, a successful restoration moves points from their actual 

location (X,Y,Z) to the location that they occupied before folding and/or faulting (X0, Y0, Z0) 

(Novoa et al., 2000). Although the original deformation nature is more complex than any 

available algorithm, using the best applicable algorithm plays a crucial role to obtain reasonable 

restored geometries. There are two different main modules to restore fault movements: simple 

shear (Figure 5.1) and fault parallel flow movement (Figure 5.2). The first module is widely used 

for restoring listric faults, so it is used for listric faults in the Otway Basin. However, the second 

module is used generally for planar faults and they are evaluated as more applicable on available 

fault distributions on the cross sections. Therefore, fault parallel flow algorithm is used for the 

faults over detachment surfaces in this study (Figure 5.2). Fault Parallel Flow Movement is based 

on the particular laminar flow principle over a fault ramp (Midland Valley Move 2014.2). The 
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fault plane is divided into discrete dip domains where a change in the fault`s dip is marked by a 

dip bisector. Flow lines are constructed by connecting points on different dip bisectors of equal 

distance from the fault plane. Particles in the hanging wall translate along the flow lines, which 

are parallel to the fault plane, by a distance defined by the user. Two principles of the fault 

parallel flow are: the footwall remains undeformed and is not translated, the line – length of 

horizons is preserved in parallel systems. In other words, the main principles that this algorithm 

is based on are conserving the area in the forelimb, maintaining an undeformed footwall block 

and preserving the line – length of horizons (Figure 5.2) (Midland Valley Move 2014.2). Next, 

the flexural slip algorithm, which is one of the three available unfolding algorithms, is used for 

unfolding (Figure 5.3). The algorithm uses an approach that rotates the limbs of a fold to a 

datum. Then, layer parallel shear is executed to the rotated fold limbs in order to remove the 

impacts pf the flexural slip component of folding. Unfolding occurs about a pin line and points 

along the pin are not translated. The flexural slip algorithm allows unfolding to occur and 

maintain the line length of the template horizon in the direction of unfolding. Another unfolding 

algorithm called the simple shear unfolding algorithm and unlike the flexural slip algorithm, 

neither the line length nor the area is preserved in this method (Figure 5.4). Furthermore, the 

flexural slip unfolding algorithm also conserves the orthogonal bed thickness between the 

template horizon and the other passive objects (Figure 5.3).   

The second stage is decompaction. Decompaction is a technique used to remove the 

progressive effect of rock volume change (loss of porosity) with increasing depth of burial 

through geological time (Allen and Allen, 1990). Sclater and Cristie (1980) proposed a 

methodology to be applied for decompaction. This methodology is formulated as follows: 

f = f0 (e
-cy) 
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Where:  

f : The present – day porosity value at a given depth 

f : The fractional porosity value at the surface 

c : The Porosity – depth coefficient (km-1) 

y : Depth (m) 

e : natural logarithm 2.718281 

 

Figure  5.1 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, 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; C) The Shear Vector controls how hanging wall elements 

collapse down onto the fault plane, removing the void space  
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Figure  5.2 – Schematic Figure of the fault parallel flow algorithm (Midland Valley Move 
2014.2) a) The initial stage showing the present day geometry b) Construction of flow lines 
along which hanging wall nodes translate. These flow lines are constructed to dip bisectors, 
which partition the template horizon into isodip segments c) Restored section. Backshear or 

Angular Shear (homogeneous shear of the trailing Pin Line) is used to maintain bed thickness in 
the frontal limb of the structure 
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Figure  5.3 – Schematic Figure of the Flexural Slip Unfolding Algorithm (Midland Valley Move 
2014.2) a) Fold with thickness variations to be unfolded b) The slip system is constructed 
parallel to the template bed using dip domain bisectors of template bed. The intersections 

between the slip system and the passive beds record thickness variations c) The template bed and 
passive beds are unfolded about the pin using the slip system 
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Figure  5.4 – Schematic Figure of the Simple Shear Unfolding Algorithm used to flatten the 
unfaulted surfaces (Midland Valley Move 2014.2) 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 

 

Using an exponential decay of porosity with depth model, the remaining layers, after the 

uppermost layer has been removed, can be decompacted by moving each layer up the appropriate 

porosity depth curve. Different curves are used for different lithologies. This enables the new 

thickness of the layer and hence depth to base of each layer to be calculated (Williams et. al, 
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1997). Since there is no petrophysical database, decompaction is carried out by utilizing the 

default values in Midland Valley Move 2014.2 with the exception of elastic thickness (Table 

5.1).  

Table 5-1– Decompaction Algorithm and Isostatic Parameters 

Decompaction Algorithm Parameters 

Initial Porosity 0.56 

Depth Coefficient per km 0.39 

Isostatic Relief and Submarine Load 

Load Bulk Density (kg/m3) 2000 

Mantle Density (kg/m3) 3300 

Elastic thickness (km) 23 

Young`s Modulus (GPa) 70 

Flexural Wavelength (km) 276.9 

 

The third and last stage is isostatic adjustment. Isostasy is the condition of equilibrium 

that exists between parts of the earth`s crust, which behaves as if it consists of blocks floating on 

the underlying mantle, rising if material (such as an ice cap) is removed and sinking if material is 

deposited (AGI, 1973). The two differing hypotheses of the mechanism of isostasy are called 

Airy isostasy and Pratt isostasy. Isostasy exhibits the behavior in which surface topography is 

compensated by the subsurface mass distribution. In a flexural isostatic model, topographic 

features are treated as loads on a thin elastic plate underlain by a weak fluid, and compensation 

occurs on a regional basis because loads are partially supported by the lateral strength of the 

lithosphere. The extent to which the lithosphere can support loads is conveniently characterized 

by the flexural rigidity or, equivalently, the effective elastic thickness of the plate (Zuber et al., 

1989). Alternatively, in an "Airy" or local isostasy model, compensation is accomplished by 
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thickening crust of constant density. It hypothesizes that the crust is composed of a constant 

density material and it overlies a higher density layer (Kearey et al; 2009). An Airy – 

compensated lithosphere has no finite strength and corresponds to the flexural model in the limit 

of zero rigidity or elastic thickness (Zuber et al., 1989). Pratt`s approach, however, suggests the 

density of a constant depth to the outermost shell of the Earth is variable accordingly to the 

surface topography (Kearey et al., 2009). Flexural isostatic correction is used for restoration as it 

allowed the parameter of elastic thickness (Te) to be input as part of the decompaction algorithm. 

An elastic thickness of 23 km is used in the decompaction algorithm (Table 5.1). Previous work 

by Zuber et al. (1989) examined the isostatic compensation of the Australian lithosphere using 

the coherence of the two – dimensional Fourier transforms of Bouguer gravity and topography 

(Forsyth`s method). Coherence is defined as the square of the correlation coefficient between 

Bouguer gravity and topography (Zuber et al., 1989). The elastic thickness for tectonic sub 

regions within the continent is determined in the study. The area of the Otway Basin is identified 

as having an effective elastic thickness of 23 km (Figure 5.5). Another study by Swain and Kirby 

(2006) uses wavelet version of Forsyth`s method for estimating the effective elastic thickness. 

The location of the Otway Basin is over 20 km effective elastic thickness contour towards 30 km 

contour but closer to the 20 km contour by Kirby and Swain (2006) (Figure 5.6). Hence, Murray 

Basin / Southern Lachlan Fold Belt (MBFB) have the effective elastic thickness of 23 km 

identified by Zuber et al. (1989) and it appears to be a reasonable value and it can be used for 

restorations in this study.  
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Figure  5.5 – Map of effective elastic thickness (in kilometers) for tectonic sub regions of 
Australia. Elastic thickness for the Otway Basin is 23 km (Modified from Zuber et al., 1989).  
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Figure  5.6 – Elastic thickness contour map of Australia. 10 km Te contour interval (Modified 
from Swain and Kirby, 2006) 

5.2. Restorations  

Four representative profiles from Investigator 3D are chosen to demonstrate structural 

evolution of the Otway Basin, particularly the Shipwreck Trough division due to rewarding 

characteristics for hydrocarbon exploration purposes (Geoscience Australia, 2013) (Figure 5.7). 

First, depth conversion is applied to these Inlines and the main structural features in the 

Investigator 3D Survey. All four cross sections are restored with various steps and individual 

steps for each basinal phase is presented in this section. Each section has representative detailed 
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and simplified actual state. Hence, the restoration process will be shown from modern to earlier 

steps in this study.  

 

Figure  5.7- Map view of restored cross sections of Investigator 3D Cube 
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5.2.1. Investigator 3D IL – 300 Section 

Inline 300 of Investigator 3D Survey is the only cross section located east of the strike – 

slip zone in the Shipwreck Trough. Therefore, structural styles in this inline are quite distinctive 

than other three cross sections from western portion of the survey. Although the original 

interpretation shows discontinuity between faults, it is suggested that two normal faults at the 

northern portion at the Top Basement horizon are connected (compare to Figure 4.13). For all the 

other faults at the Top Basement, a horizontal detachment in early pre – Eumeralla sequences is 

interpreted. This detachment is not continuous towards NNE side and the second extensional 

phase (Turonian – Santonian) is either rare or limited.  

The largest extension is calculated as 4.45 % (1.784 km) at the top of the detachment 

(Figure 5.8A & 5.8B). Growth of the Turonian (the Shipwreck Supersequence) decompacted 

succession is changing from 1 to 4 km towards the northern edge of the detachment. The main 

difference from the other three restorations in this cross section is the change in the amount of 

post – Turonian extension. It is relatively limited in IL – 300 and it is calculated as 1.16 % (0.460 

km) extension (Figure 5.8B & 5.8C) during the Coniacian to Santonian whereas it is calculated 

as 1.02 % (0.382 km) extension (Figure 5.8C & 5.8D) during the Campanian to Eocene. Hence, 

the net extension amount for this section is 6.63 % (2.626 km) and it is clearly seen that the 

maximum extension developed over the Top Basement horizon during Turonian. In contrast, 

younger extensions are smaller and it is clear that sedimentation rates during younger extensions 

are also smaller.  

The original interpretation of Investigator 3D IL 300 is shown in Chapter 4.4.2 at Figure 

4.13. 
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EXTENSION = 4.45 % (1.784 km) 

EXTENSION = 1.16 % (0.46 km) 

EXTENSION = 1.02 % (0.382 km) 

Detachment 

Figure  5.8 – Investigator 3D IL – 300 restoration (6.63 % extension) 



166 
 

5.2.2. Investigator 3D IL – 750 Section 

Inline 750 of Investigator 3D Survey shows intensive faulting on number of faults 

developed during Turonian to Santonian followed by less dense faulting. The section is 

characterized by generally NNE dipping listric faults separated by shaly zones of pre – 

Eumeralla (Crayfish) sequences. Therefore, there is a detachment zone interpreted during this 

separation. Faults developed towards southern side coinciding with the Mussel Fault Zone are 

SSW dipping planar faults.  

The first extensional phase during the Late Cretaceous is recorded with the restoration of 

the Top Basement Horizon and it is calculated as 4.34 % (2.17 km) (Figure 5.9 - Basement). 

Faults developed during this time period shows a significant horst and graben advancement 

which can be observed in every phase of the basin formation. The first portion of the second 

extension is recorded with listric faults and it is calculated as 2.87 % (1.43 km) and fault growth 

during this phase is limited (Figure 5.9A & 5.9B). The second portion of extension within the 

second extensional phase during the Coniacian to Santonian is calculated as 2.37 % (1.19 km) 

(Figure 5.9B & 5.9C) whereas extension during the Campanian to Early Eocene is calculated as 

1.45 % (0.73 km) (Figure 5.9C & 5.9D). The last and minor portion of the second extension 

during the Eocene is calculated as 0.08 % (0.041 km) (Figure 5.9D & 5.9E) and sedimentation 

rate is clearly decreasing in parallel with extension rate. Therefore, the second rifting phase is 

recorded as 6.77 % (3.39 km) in total and it is recorded as 11.11 % (5.56 km) for total extension 

amount. This overall extension is less than IL – 1150 due to smaller extension during the 

Turonian age. The original interpretation of Investigator 3D IL 750 is shown in Chapter 4.4.2 at 

Figure 4.14. 
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EXTENSION = 4.34 % (2.17 km) 

EXTENSION = 2.87 % (1.43 km) 

EXTENSION = 2.37 % (1.19 km) 

EXTENSION = 1.45 % (0.73 km) 

EXTENSION = 0.08 % (0.041 km) 

Figure  5.9 – Investigator 3D IL – 750 restoration (11.11 % extension) 
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5.2.3. Investigator 3D IL – 1150 Section 

Inline 1150 of Investigator 3D Survey exhibits two distinctive structural styles (Turonian 

– Santonian & Santonian – Present Day) throughout time for the second phase but it is obvious 

that planar faults dipping SSW are abundant during the second rifting phase. The main 

detachment is almost horizontal in this cross section and the Top Basement reflector is still 

observable. Listric faults are closely spaced and half graben developments are well identified.  

The major extension recorded during the Turonian is calculated as 6.69 % (3.34 km) and 

it is relatively larger than same extension observed at IL 1700 (Figure 5.10A & 5.10B). Half 

graben developments started and branched out during this interval. The second portion of the 

extension recorded during the Coniacian to Santonian is calculated as 2.66 % (1.33 km) and 

thickness of the Sherbrook Supersequence is increasing towards SSE portion (Figure 5.10B & 

5.10C). The last and minor extension during the Campanian to Early Eocene is calculated as 1.81 

% (0.93 km) and it stopped at the Top Dilwyn Formation Horizon (Figure 5.10C & 5.10D).  

The overall extension amount is calculated as 11.16 % (5.63 km) and rifting is evidently 

observable during each portions of the second extensional phase. Sedimentation rate is at 

maximum during the Turonian and it decreases towards younger intervals. Horst and graben 

structures are common for the first extension phase which is abundant below the main 

detachment. The original interpretation of Investigator 3D IL 1150 is shown in Chapter 4.4.2 at 

Figure 4.15.  
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EXTENSION = 6.69 % (3.34 km) 

EXTENSION = 2.66 % (1.33 km) 

EXTENSION = 1.81 % (0.93 km) 

Figure  5.10 – Investigator 3D IL – 1150 restoration (11.16 % extension) 
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5.2.4. Investigator 3D IL – 1700 Section 

Inline 1700 of Investigator 3D Survey presents listric faults formed halfgrabens towards 

SSW and planar faults towards NNE. Extensive faults are generally SSW dipping with opposite 

NNE dipping faults forming well developed half grabens. The first phase of extension is hard to 

recognize in this section due to rare Top Basement Horizon and the main detachment is 

developed with slightly SSW dipping. SSW portion of the section clearly displays step wise 

improvement of depocenters.  

The major extension recorded during the Turonian is calculated as 5.43 % (2.71 km) 

(Figure 5.11A & 5.11B) and it is followed by the Coniacian to Santonian extension with 4.19 % 

(2.1 km) (Figure 5.11B & 5.11C) and these extensions formed mini basins with half graben 

developments. Furthermore, they are directly indicators of progress of rifting in step by step 

towards deep portion of the basin. The Sherbrook Supersequence thickens towards SSE and this 

is a proof of increment advancement of the basin. In addition to that, change in the thickness of 

the Sherbrook Supersequence is hint of the decompaction and sedimentation rate is diminishing 

in younger successions. Another extension during the Campanian to Early Eocene is calculated 

as 1.05 % (0.53 km) (Figure 5.11C & 5.11D) however developments of the faults give their place 

to extension for this level. The last and minor extension is recorded during the Middle Eocene 

and it is calculated as 0.38 % (0.19 km) (5.11D & 5.11E) and rest of the sedimentary successions 

are deposited during transgressive – regressive cycles of shallow marine shelf. The overall 

extension amount is calculated as 11.05 % (5.53 km) and the first phase of rifting (Late 

Cretaceous) can`t be calculated due to lack of basement throughout the section. The original 

interpretation of Investigator 3D IL 1700 is shown in Chapter 4.4.2 at Figure 4.16. 
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EXTENSION = 5.43 % (2.71 km) 

EXTENSION = 4.19 % (2.1 km) 

EXTENSION = 1.05 % (0.53 km) 

EXTENSION = 0.38 % (0.19 km) 

Figure  5.11 – Investigator 3D IL – 1700 restoration (11.05 % extension) 
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Overall, last three cross sections of the Investigator 3D Survey show continuous 

detachment whereas the first cross section (IL – 300) only contains detachment at the southern 

portion. These four sections clearly show important structural trends in the Shipwreck Trough 

area. It is clearly seen that depocenters are identified towards western side of the survey and 

lateral variations in structural trends are reflected with alteration in extension and sedimentation 

rates. Furthermore, the maximum extension is recorded during the Turonian for all four cross 

sections. In addition, extension during the Coniacian to Santonian has a westward increasing 

trend and this variation controls the thicknesses for post – rift II successions. Growth of faults 

and mini basins has parallelism with increment or step by step rifting progress. The first rifting 

can only be calculated at IL 750 due to continuous Top Basement reflector. Dominant characters 

of different faulting styles are planar towards northern portions whereas they are listric towards 

south. In addition to that, listric faults create half grabens while planar faults create normal fault 

blocks. Restoration steps for each cross section are different. However, all cross sections display 

individual phase of the basin development.  
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CHAPTER 6 DISCUSSIONS, CONCLUSIONS AND RECOMMENDATIONS 

6.1. Discussions  

6.1.1. Review 

The study presented in this thesis comprises diverse contents of research: interrelated 2D 

and 3D Seismic Interpretations, Depth Converted Seismic Data, and 2D Cross Section 

restorations. These variable data sets are used to generate a more perceptive tectonostratigraphy 

of the Offshore Eastern Otway Basin. Seismic interpretation and restoration techniques are 

fundamental to obtain a reliable outcome for this study. Although several seismic horizons were 

interpreted, eight representative key horizons were selected and used to understand the evolution 

of the basin. 3D outputs of faults, horizons and 2D seismic profiles were used to explain 

stratigraphic and structural relations of different geological bodies. In addition, four 

representative profiles from the Investigator 3D Survey were restored to demonstrate the 

structural evolution of the Otway Basin, particularly the Shipwreck Trough division. In order to 

describe the total deformation of a sequence, cumulative deformation resulted from folding, 

faulting, and compaction should be taken into consideration (Novoa et al., 2000), because it is 

the only way to restore a profile correctly. Restorations from this study suggest that the amount 

of extension is low, but quite variable (from 6.63 % to 11.16 %) and extension rates have 

proportional relations with accumulation rates. Findings from these surveys are evaluated and 

compared with several previous studies and issues or obstacles encountered during progress of 

the study are also represented in this section.  

The first problem emerged for this study is variable quality of the seismic data sets. There 

are 19 groups (including 615 individual lines) of 2D seismic profiles and 4 3D seismic cubes 
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throughout the basin. Acquisitions of seismic data are considerably different due to their origin. 

Since numerous companies gathered seismic data with different techniques and in distinctive 

times, displays from different data sets change from one to another. The second problem is 

inadequate depths of wells in the basin and this deficiency decreases reliability of the 

interpretation from deeper seismic horizons. The third problem is multiplication of seismic 

horizons due to relatively deep profiles. There are various boundaries of credible depths in 

different seismic data groups and above this depth seismic interpretations are quite acceptable 

whereas below of this depth noise and other difficulties make it impossible to be used in any 

trustworthy interpretation. Furthermore, this occurrence also creates an impact on quantification 

of restoration processes. In other words, there is a significant difference in calculations between 

restorations from Investigator 3D Survey inlines and restorations from deeper cross sections such 

as ds01 or ds02 surveys. The fourth problem is originated from canyons recorded on the seismic 

data sets. The recently developed canyons in the basin are generally filled with high velocity 

carbonates and low velocity sands (Leach and Wallace, 2001). Canyons are filled with materials 

having higher velocity than the surrounding sediments. Therefore, reflectors below the canyon 

will appear to be pulled up as the total travel time of the seismic energy is less than in the parts 

without canyon or channel buildup. One way of distinguishing velocity pull – up anticlines from 

structural anticlines is observing the pull up effects in the reflections below the canyon 

developments (Palmowski, 2003). Moreover, the opposite form of seismic velocity relations 

(canyons filled with materials having slower seismic velocity than the surrounding region 

sediments) can create a velocity push down on the seismic data. The best way to control and 

differentiate a disturbance of velocity pull up or push down on a seismic data is using different 

seismic profiles cross – cutting the same geological feature if it is possible. This relation can be 
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important to decide a reservoir quality but localization or concentration on a designated area is 

needed for this purpose rather than a regional outlook of the basin.  

6.1.2. Structural Model Explanation of the Offshore Eastern Otway Basin and 

Comparison of Lithospheric Stretching Models 

The formation of oceanic crust along the Australian Southern Margin is a controversial 

topic and several studies were conducted to explain this phenomenon (Le Pichon and Heirtzler, 

1968; Weissel and Hayes, 1972; Cande and Mutter, 1982; Child and Stagg, 1987; Veevers et al., 

1991). Magnetic anomaly studies using magneto – stratigraphy differentiated the set of 

anomalies into three distinctive groups that are divided due to the spreading rate; (a) fast 

spreading rate from C1 to C20 (44.66 Ma), (b) intermediate rate during C20 (44.66 – 46.17 Ma), 

(c) slow rate between C20 (46.17 Ma) and C34 (84 Ma) and to the Continent – Ocean Boundary 

(COB) (Palmowski, 2003).  

According to various studies for modelling magnetic anomalies (Veevers et al., 1991; 

Stagg et al., 1990; Müller et al., 2000; Miller et al., 2002) it is inferred that a final proposed 

model with slower spreading (~ 1 cm/yr) between Antarctica and Australia starting at 96 Ma 

(C34) until the Middle Eocene (47 Ma, C21), while rapid spreading (~ 4 – 5 cm/yr) commenced. 

Furthermore, the final continental break – up between Australia and Antarctica occurred during 

the Middle Eocene (C20) in the Otway Basin (Müller et al., 2000; Miller et al., 2002; 

Palmowski, 2003) (Figure 6.1). 
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Figure  6.1 – Plate configurations and ages of oceanic crust around the Australian plate. The 
oldest oceanic crust along the southern Australian margin is of magnetic zone C34 (83.5 Ma). 

First oceanic crust in the Otway Basin is of magnetic zone C20 (45 Ma) (modified after Müller et 
al., 2000) 
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The Australian Southern Margin has the basement response to extensional stresses varied 

along the length of the Southern Rift System due to inherent basement properties of fabric and 

rheology (Blevin et al., 2008). The Otway Basin forms part of this non – volcanic margin 

(Finlayson et al., 1998). A continental margin can be named as volcanic or non – volcanic 

according to the presence of widespread volcanism during the rifting processes (White, 1992; 

Mutter, 1993). Finlayson et al (1998) explained that the thinning process of the continental crust 

creates a transitional crust which does not contain either oceanic or continental crustal material. 

Finlayson et al (1998) also proposed that the Otway Basin has this type of transitional zone 

(Figure 6.2). Evolution of serpentinized peridotites is considered as the source of the transitional 

zone (Chian et al., 1995; Reid, 1994; Boillot et al., 1995; Whitmarsh and Sawyer, 1996; 

Palmowski, 2003).  

 

Figure  6.2 – Sediment and crust thickness in the Otway Basin (Finlayson et al., 1998) 
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Deformation processes throughout the Otway Basin are not uniform and they are not 

continuous during the Cretaceous. It is believed that instead of uniform movement explanation, 

multiple extensional phases are a more reasonable interpretation (Robson et al., 2016). 

Furthermore, the center of extension is mobile and it is moving towards the Continental Oceanic 

Boundary (COB) according to this explanation (Perez – Gussinye and Reston, 2001).  

Regional detachment observed at lower crust boundary can be interpreted due to high 

contrast acoustic impedance and this boundary is shallowing towards an outer margin high. In 

addition, angles of dips from regionally abundant normal faults decrease towards outer margin 

high. Therefore, Perez – Gussinye and Reston (2001) model is highly applicable for the Otway 

Basin (Figure 6.4). Since it is the most representative regional seismic profile, 137_09 2D 

Survey is used for regional application for this model (Figure 6.3).  

 

Figure  6.3 – Location of the 137_09 Survey within the Otway Basin 
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Figure  6.4 – The temporal evolution of the center of the rift of a passive non – volcanic margin, 
from the onset of extension up to crustal separation (modified after Perez – Gussinye and Reston, 

2001) COB = Continent Ocean Boundary, CMB = Continent Mantle Boundary 

 

There are three widely accepted models of extension namely; pure shear model 

(McKenzie, 1978), simple shear model (Wernicke, 1982), and delamination model (Lister et al., 

1986) (Figure 109). McKenzie (1978) proposed the uniform stretching model 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 (Frazer et al., 2007) (Figure 

6.5 a). The symmetrical extensional model of McKenzie (1978) has deficiencies to explain a 

wide variation in gross continental margin development. There is a notable absence of 

symmetrical rift structures in reflection seismic profiles and opposing margins do not generally 

exhibit identical structures (Lister et al., 1986). Structural asymmetry is generally more common 

in passive margin developments; therefore the asymmetrical non – uniform stretching theory of 

the Wernicke Model (1982) has more applicability. It suggests that large scale detachment fault 

stretches a basin asymmetrically from the upper crustal lithosphere to the lower crustal 
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lithosphere, resulting in a certain amount of extension (Frazer et al., 2007) (Figure 6.5 b). 

Wernicke also suggests that detachment faults represent low angle normal faults that cut through 

the entire lithosphere. Symmetric pure shear models assume that the detachment faults represents 

the brittle ductile transition of the lithosphere (Lister et al., 1986). Alternatively, the 

Delamination Model suggests a listric detachment, cutting through the upper mantle, continues 

horizontally above the crust mantle boundary (Lister et al., 1986) (Figure 6.5 c). This separation 

geometry involves the delamination of the lithosphere with the detachment zone running again 

horizontally at the crust mantle boundary (Lister et al., 1986).  

 

Figure  6.5 – Three widely accepted continental extension models (Frazer et al., 2007) 
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In addition to the previously explained models, Kuzsnir and Egan (1991) proposed a 

coupled simple shear / pure shear model to apply to extensional basins. In this model, brittle 

faulting nature of upper lithosphere deformation causes to plastic distributed deformation (pure 

shear) at 20 km depth. This pure shear deformation is the reason of thinning of the lower crust 

beneath the brittle – ductile transition, and it elevates the asthenosphere – lithosphere boundary, 

and perturbs the lithosphere temperature field (Kuzsnir and Egan, 1991). The other discussed 

models of McKenzie (1978) and Wernicke (1985) are part of a coupled model. This flexural 

cantilever extensional model developed by Kuzsnir and Egan (1991) is based on seismic 

reflection data and earthquake seismology that showed many major basement faults controlling 

continental lithosphere extension are planar rather than listric in the brittle seismogenic layer 

(Kuzsnir and Egan, 1991). The domino style block rotations of multiple fault systems are 

produced by the flexural bending of footwalls and hangingwalls on the internal fault blocks 

(Figure 6.6). Flexural responses of these cantilevers to the isostatic forces produced by extension 

generate footwall uplift and hangingwall collapse (Kuzsnir and Egan, 1991) and  therefore, this 

model represents a more inclusive explanation of the geologic history and geometries of the 

Otway Basin than the previously proposed models by McKenzie (1978) and Wernicke (1985).  

In the Otway Basin, it is expressed that most of the extension developed in lower crust 

and upper mantle with pure shear processes (Palmowski, 2003). There is only a small portion of 

the total lithospheric extension took place as brittle deformation in the upper continental crust 

that formed depocenters. It is known that a wide graben evolved between Antarctica and 

Australia during Cenomanian to Turonian (Geoscience Australia, 2013). Once continental crust 

was stretched by the end of Santonian, the entire crust was brittle and progressive 

serpentinization of upper mantle peridotites occurred forming a regional decollement. This 
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development allowed the transition from extension through pure shear in the lower crust and 

upper mantle to extension through simple shear in the upper crust. The change in the deformation 

style is also expressed by a strong decline in heat flow between 89 – 80 Ma (Duddy et al., 1991).  

The previously discussed Perez – Gussinye and Reston (2001) model and Kuzsnir and 

Egan (1991) model are integrated to be used on a regional seismic profile (137_09). Hence, 

structural development along this profile is displayed by a simplified sketch (Figure 6.7).  

 

Figure  6.6 - Kuzsnir and Egan model of extension containing pure shear / simple shear model. 
See tilted fault blocks and their rotation (Kuzsnir and Egan, 1991) 
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Figure  6.7 – Simplified sketch interpretation of 137_09 survey showing extension of the 
Offshore Eastern Otway Basin (drawn based on Palmowski, 2004 & Perez – Gussinye and 

Reston, 2001) 
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Although this study is based on two phases of extension (the first rifting during Late 

Jurassic – Early Cretaceous and the second rifting during Late Cretaceous), there are other 

perspective from several studies that are explaining a single phase of extension at the Otway 

Basin (Megallaa, 1986; Harrington et al., 1973, Etheridge et al., 1985; Veevers et al., 1991; 

Perincek et al., 1994). Earlier studies explained that Early Cretaceous extension resulted due to 

dextral strike slip movements along E – W lineaments. Thus, en echelon basins with NE – SW 

trends were developed during this extension period (Palmowski, 2003). Penola and Ardonachie 

troughs are NW – SE trending structures in the western onshore Otway Basin and they 

developed during the Early Cretaceous rifting (Veevers et al., 1991; Perincek et al., 1994). The 

rifting is associated with NNE – SSW trending accommodation zones and it reveals the 

development of NE trending structures such as the Torquay Embayment, Otway Ranges and 

Colac Trough (Palmowski, 2003). However, Bernecker and Moore (2003) claimed that the 

dominant direction of extension for the Otway Basin is N to NNW according to basement 

structure analysis. Miller et al. (2002) argued that basement structures are not controlling 

extension geometry and slip direction change detected along faults were originated from 

asymmetrical morphology during rifting. Hence, slip direction shift is not aroused from 

extension direction change according to Miller et al. (2002).   

Willcox and Stagg (1990) developed a model of extension with two phases. They 

explained that NW – SE direction of initial continental extension for the Australian Southern 

Margin is in contrast to widely accepted simple, uniform N – S rifting. Therefore, their model 

presented oblique extension during Late Jurassic – Early Cretaceous ( ̴ 120 Ma) along the margin 

which indicates a sinistral transtensional system towards the Otway Basin. In addition, this first 

phase was tracked by the second rifting during Aptian – Albian ( ̴ 95 Ma).  
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Figure 6.8- Plate configuration distribution according to Willcox and Stagg (1990) 

a) Pre – rift ( ̴ 153 Ma) reconstruction of the Australian and Antarctic plates, based on 
closure of the Southern Ocean presented by Veevers and Eittreim (1988) 

b) Plate configuration following pre – Late Jurassic to Neocomian ( ̴ 120 Ma) extension in 
GAB (Great Australian Bight)  

c) Plate configuration prior to breakup  in the Cenomanian ( ̴ 95 Ma) following Early 
Cretaceous extension in SE Australian basins of 120 km on a NNW – SSW azimuth 

d) Drift phases D1 (500 km, 165̊ ) and D2 (2600 km, N – S) from Veevers and Eittreim 
(1988) 
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The second rifting phase developed distinctive structures with extensive faulting during 

the Turonian to Santonian at the eastern Otway Basin. Although the first oceanic crust formed at ̴ 

83 Ma in the Bight Basin, there is no formation of oceanic crust at the Otway Basin (Sayers et 

al., 2001). The majority of Late Cretaceous faulting show no strong evidence for a major 

component of strike – slip deformation, except for the eastern margin of the Shipwreck Trough 

where there was sinistral strike – slip displacement (Miller et al., 2002). Fault activity and rising 

sea level in the Turonian to early Santonian produced progressively widening growth wedges 

under an increasing marine influence in the lower and middle parts of the Shipwreck 

Supersequence (Krassay et al., 2004). The amount of extension and associated fault activity 

during the Turonian is generally more abundant than other portions of the second rifting. Thus, it 

directly indicates a transtensional phase at the Turonian and it also coincides with the breakup of 

Antarctica and Australia ( ̴ 90 Ma).  

The Shipwreck Trough and its southern continuation observed on structure map figures 

4.66, 4.67, 4.68, and 4.69 indicate major fault trend which has an entirely distinctive elongation 

than other segmented fault zones. The explanation of this peculiar elongation trend points out a 

possible oceanic transform fault transecting the continental margin at the Otway Basin. 

Furthermore, transform zones developed in the South Atlantic rifted continental margins can be 

used as potential analogous field. The Southern Atlantic Margin, particularly the northeastern 

Brazilian and northwestern African segments indicates that the rift architecture is controlled by 

fracture zones that extend from the oceanic crust and penetrate through the continental crust 

corresponding to Precambrian structures in cratonic regions (Mohriak and Rosendahl, 2003). 

Individual sedimentary depocenters can develop along the continental margin which is divided 

by the fracture zones. In addition, they can separate crustal domains along oceanic transforms 
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and affect the rift architecture by shearing (Mohriak and Rosendahl, 2003). Therefore, this 

character of the Southern Atlantic Margin can be used as analogous with the Eastern Otway 

Basin.  

6.2. Conclusions 

The main conclusions of this study are:  

1. Rifting phase I forms widely observed horst, graben and half graben structures at the top 

basement level. The Crayfish and Eumeralla Supersequences were deposited during 

formation of fault controlled depocenters (Chapter IV). 

2. Rifting phase II creates different structures; extensive faulting during syn rift II phase is 

dominant. This faulting phase is followed by formation of large half graben structures 

with planar, domino faulting. This domino faulting is followed by Gondwana breakup 

during Middle Eocene and it is identified by a regional unconformity. Inversion of 

growth faults and expansion of rollover anticlines are widespread before that 

unconformity over the Offshore Eastern Otway Basin (Chapter IV).  

3. Rifting phase I formed deep half graben structures as depocenters. The Shipwreck 

Trough is one of the best examples for this type of depocenters in the basin. There is 4 – 

8 km of accumulation of sediments during this phase. Depocenters developed during the 

rifting phase II moved towards the deeper part of the basin and relatively small 

depocenters formed during this period controlled by half graben geometries. The Tertiary 

depocenters generally followed the underlying rifting phase II. Sedimentation developed 

after the Gondwana breakup is mostly controlled by shelfal depositions of widespread 

carbonate accumulations (Chapter IV). 
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4. The characteristic features of strike slip faults (eastern and western walls) associated with 

the Shipwreck Trough are evaluated and interpreted. Furthermore, it is deducted that 

regional faults, which are designated as uniform in previous studies, are determined as 

segmented or fragmented throughout the Otway Basin (Chapter IV).  

5. The calculated extension values for the Offshore Eastern Otway Basin from section 

restorations are changing between 6.63 % and 11.16 % (Chapter V). The net extension 

amounts are:  

 IL – 300 is 6.63% (2.626 km),  

 IL – 700 is 11.11% (5.56 km),  

 IL – 1150 is 11.16% (5.63 km),  

 IL – 1700 is 11.05% (5.53 km) 

6. There is uniform detachment surface identified through the Shipwreck Trough and it 

shows a relation with transform faults and orthogonal strike slip faults (Chapter V).  

7. The best explanation for regional deformation model is explained by Kuzsnir and Egan 

(1991) and it is combination of pure shear model (McKenzie, 1978) and simple shear 

(Wernicke, 1985) models (Chapter V). 

6.3. Recommendations 

Although qualitative and quantitative results are obtained from this study, it can still be 

developed in further details. For this reason, these are some suggestions for any prospective 

projects: 

1. Upper horizons are identified more precisely due to better correlation with well data. So, 

rifting phase II horizons were interpreted accurately whereas rifting phase I horizons and 

deeper layers were interpreted relying on seismic reflector characters. Therefore, 
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additional deeper wells cutting important geologic features should be taken into 

consideration. 

2. There are regional 2D seismic surveys with remarkable deeper data. However, to build 

more confident lithospheric stretching models, additional deeper seismic data acquisitions 

should be performed.  

3. To validate deeper crustal interpretations, a gravity model from corrected Bouguer 

gravity data should be used for comparison with seismic interpretation.  

4. The Offshore Eastern Otway Basin is investigated and analyzed carefully in this study. 

However, comparison of stratigraphic and structural features of the basin with an 

analogous field or study will provide better understanding of tectonostratigraphic 

mechanisms. 

5. Seismic data were acquired in time (TWT) throughout the Otway Basin. Hence, depth 

conversion techniques were used to obtain cross sections for restoration. However, 

checkshot survey data from drilled wells in the basin are limited and constrained. For this 

reason, derivation of regional velocity model can be beneficial for more precise depth 

conversion.  

6. Usage of apatite fission track and Vitrinite Reflectance analysis with widespread 

paleothermal data will be more valuable to understand lithospheric extension 

characteristics of the basin. 

7. This study can be used as a base for future projects that focus on hydrocarbon 

prospectivity in the Otway Basin.  
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