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ABSTRACT

The Bass Basin is located in southeastern Australia and contains

sediments of Early Cretaceous to Recent age. The aim of this

thesis was to investigate the post-Late Eocene development of the

basin with particular emphasis on its Late Tertiary structural

evolution and possible implication for hydrocarbon exploration.

The post-Late Eocene sediments of the Bass Basin are

characteristic of a marine transgressive sequence. The initial

marine incursion is represented by the restricted marine, soft

shales of the Late Eocene Demon's Bluff Formation. Conformably

overlying the Demon's Bluff Formation are the Oligocene to Recent

Torquay Group sediments. The lower Torquay Group consists mostly

of silts and muds which grade upwards into marls followed by the

deposition of bioclastic limestones, as conditions within the basin

became more open marine from the Miocene onwards. Sandier

facies for the Demon's Bluff Formation and Torquay Group occur

around the basin margin and in the southern extent of the basin.

Three episodes of volcanism are recognised from seismic and well

data. The main phase of volcanism occurred in the Late Oligocene,

with less extensive activity occurring in the Mid and Late Miocene.

Structural development of the post-Late Eocene is complex.

However, interpretation of approximately 6000 kilometres of

seismic data, followed by structure contour mapping of key

horizons and fault trend analysis, enables two structural province

types to be recognised. First, in the northwestern and southeastern

portions of the basin, extensional tectonic features are dominant.

Here, normal faults have developed over the edge of basement



blocks due to continued movement of these blocks in the Late

Tertíary. Secondly, in the central portion of the basin, wrench

tectonics are dominant and influenced structural development. ln

this region of the basin, pre-Late Eocene depocentres have been

inverted to show Late Tertiary structural growth, as evidenced at

the Cormorant-1 well location.

The interpretation of these data suggests that the overall tectonic

setting for the Bass Basin in the Late Tertiary is best explained by

the anti-clockwise rotation of Tasmania with respect to Australia,

resulting in the Bass Basin experiencing left-lateral shear

superimposed on the overall pattern of thermal sag. lgneous

activity appears to have been associated with the more intense

periods of tectonism, and volcanic centres are concentrated in

areas where wrench tectonics are dominant.

The Cormorant-1 and Yolla-1 wells, located in the central wrench

dominated portion of the basin and on structures that show Late

Tertiary structural growth, had significant oil recoveries from

immature sands of the upper Eastern View Coal Measures

sediments. This would suggest that in these areas, vertical

migration of oil in the Late Tertiary from mature source beds at

depth up faults and into shallower sands has been more significant

than previously recognised. As a result of this study, it is

recommended that future hydrocarbon exploration should test

structures that show Late Tertiary growth and that are located in

areas where wrench tectonics are dominant.
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1.0 INTRODUCTION

The Bass Basin is a northwest to southeast trending intracrato ntc

basin located mostly beneath the waters of the Bass Strait,

southeastern Australia, between the states of Victoria and

Tasmania (see figure 1). The basin is bounded by the Proterozoic to

Early Phanerozoic basement complex of the King lsland Rise to the

west, the Tasmanian mainland to the south, the Devonian granite

complex of the Bassian Rise to the east and the King lsland

Mornington Peninsula Ridge to the northwest. The basin is

approximately 65,000 square kilometres in area, of which half is

regarded as prospective for hydrocarbons (Brown, 1976). Three

"passive margin" basins lie adjacent to the Bass Basin. These are

the Gippsland Basin to the northeast (which produces

approximately 75% of Australia's oil), the Otway Basin to the

northwest (which includes the Torquay Sub-basin) and the least

explored West Tasmania Basin to the west.

The Bass Basin was initiated during the Gondwanaland breakup

(Carey, 1970) and contains sediments of Early Cretaceous to

Recent age. Lithologically, the Bass Basin is very similar to the

Gippsland Basin and Torquay Sub-basin. The timing of major

tectonic events within these basins appear to be related, but the

resulting structural features appear dissimilar.

1.1 Exploration History

Active exploration for hydrocarbons within the basin commenced in

1961 when Hematite Petroleum Pty. Ltd., the license holder, flew

a regional aeromagnetic survey. ln 1963, Esso Australia Ltd., under
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a farmout agreement with Hematite Petroleum Pty. Ltd., shot the

f irst seismic survey. This led to the first wildcat well, Bass-1,

being drilled in 1965. The primary objective of this well was to

test the potential of a seismic "build-up" anomaly originally

interpreted to be a Tertiary carbonate reef, but upon drilling found

to be a sequence of Mid Miocene pyroclastics.

ln drilling Bass-1 to a subsea depth of 2178 metres, a non-marine

fluvio-deltaic sequence of sands, shales and coals was encountered

which closely resembled the recently discovered hydrocarbon

bearing sequences in the adjacent Gippsland Basin. Thus, after

Bass-1 , the fluvio-deltaic sands of the Late Cretaceous to Late

Eocene Eastern View Coal Measures became the primary target

zones (the stratigraphic column for the Bass Basin is shown in

figure 2). ln particular, seismically defined structural closures at

the M.diversus and L.balmei palynological zone levels were

targeted.

Esso Australia Ltd. withdrew f rom the basin in 1974 after

participating in the drilling of seventeen wells and Hematite

Petroleum Pty. Ltd,, withdrew in 1982 after completing two

additional wells. Of these nineteen wells, significant hydrocarbon

shows from sands within the Eastern View Coal Measures were

confirmed by wire-line tests in five wells on three separate

structures; specifically, Bass-3, Cormorant-1 , Pelican-1 , 2 and 4.

ln Bass-S,0.82 cubic metres of gas and 80 cubic centimetres of

condensate were recovered from L.balmei sands. ln Pelican-1 and 2

gas and condensate were recovered from the M.diversus sands at

various depths. The largest individual test volumes recovered were
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3.9 cubic metres of gas and 6000 cubic centimetres of condensate

and 1.05 cubic metres of gas and 750 cubic centimetres of

condensate, respectively. At Cormorant-1, 22,000 cubic

centimetres of oil was recovered from N.asperus sands and minor

gas from deeper zones (Brown, 1976).

Since 1982, eight additional wells have been drilled by subsequent

operators (Amoco, Bridge Oil and Weaver Petroleum companies). Of

these, Yolla-1 had the most signif icant hydrocarbon recoveries.

Here a drillstem test at 1834 metres flowed 330,000 cubic metres

of gas and 148 cubic metres of 44.4 API (American Petroleum

lnstitute) gravity oil per day from Eocene sands. A further test at

2835 metres flowed 430,000 cubic metres of gas and 92 cubic

metres of 51 .2 API gravity oil per day from Palaeocene sands

(Linder, 1 986).

Exploration in the Bass Basin has been sporadic for over 25 years,

yet little has been published during this time. The exploration

history and basin geology were documented by Weeks and Hopkins

(1967), Robinson (1974) and Brown (1976). Studies relating to the

geothermal history and source rock maturation have been publíshed

by Kantsler et. al. (1978), Nicholas et. al. (1981) and Middleton

(1982). These studies have shown that the Early Tertiary

sediments have undergone a geothermal path favourable for the

generation of significant amounts of hydrocarbons. Much of their

work is based on vitrinite reflectance data.

The tectonic evolution and structural development of the Bass

Basin have been discussed by Davidson (1980), Davidson et. al.
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(1984), Etheridge et. al. (1985 a,b) and Williamson et. al. (1985).

Earlier authors tend to fall into one of two camps concerning the

Late Tertiary structural evolution of the basin. First, Robinson

(1974), Davidson (1980) and Davidson et. al. (1984) suggested that

tectonic forces acting in the Late Tertiary have played a role in

defining basin architecture, reflected, for example in the Bass-3

and Cormorant-Toolka structures. The opposing view was put by

Brown (1976), Kantsler et. al. (1978), Weaver et. al. (1982),

Etheridge et. al. (1985 a,b) and Williamson et. al. (1985). They

believed that the basin had undergone geothermal relaxation from

the Late Eocene to Recent, with differential subsidence and minor

vertical re-adjustment occurring to explain the observed

structural features. This conclusion was based on the observation

that the majority of structures tested appear to have developed in

the Cretaceous and Early Tertiary .

Obviously, the timing of structural development has important

consequences in relation to the entrapment of hydrocarbons. lf late

structural development has occurred within the basin then the

timing of maturation and migration of hydrocarbons becomes very

important.

1.2 Objectives

The purpose of this thesis is to investigate the post-Late Eocene

(Late Tertiary) structural development of the Bass Basin. The

project was undertaken to attempt to f ind solutions to the

following questions:
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Question 1: Has the Bass Basin been influenced by tectonic forces

which have affected structural evolution (basin

architecture) or has the basin subsided passively due to

geothermal relaxation in the Late Tertiary?

Question 2: What is the the

ig n eo us extru s ives

development?

relationship of the

and intru sives to
Late

the

Tertiary

basin's

Question 3: lmplications of the above on the hydrocarbon potential

for the Bass Basin?

To achieve these objectives approximately 6000 kilometres of

seismic data were interpreted, resulting in the regional mapping of

three seismic horizons. The chosen horizons have good seismic

character over much of the basin and correspond to the following

geological events:

1. Top Eastern View Coal Measures - a Late Eocene event which

marks the boundary between the Eastern View Coal Measures

and the Demon's Bluff Formation.

2. Top Oligocene - this event represents the top of the Oligocene

section within the Torquay Group. The event overlies Late

Oligocene volcanics, which may be related to basin tectonics.

3. Mid Miocene - this event lies within the Torquay Group

sediments and represents near peak marine conditions within

the basin. This event also overlies Early to Mid Miocene

volcan ics.
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The intention was to attempt to answer the above questions

through seismic interpretation, mapping and fault trend analysis of

these three events.
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2.0 DATA BASE

Open file seismic data collected by Esso Australia Ltd. and

Hematite Petroleum Pty. Ltd. between 1969 and 1980 together

with regional seismic data collected by the Bureau of Mineral

Resources in 1982 comprise the seismic data base for this

project. These data consist of 270 seismic lines f rom nine

different surveys totalling approximately 6000 kilometres of

section. The spacing of the lines varies from 0.5 to 2 kilometres

for localised grids over prospective areas to regional grids with

spacing up to 30 kilometres. The average grid spacing of all lines

covering the basin is approximately 4 kilometres. Data quality

ranges from poor quality 3 to 6 fold CDP seismic of 1gO9-70

vintage to good quality 12 to 24 cDP seismic of 1971-80 vintage.

The 1982 vintage data was 96 fold CDP seismic, with the recording

survey designed to record deep crustal data. However, correlation

between different vintages of data was difficult because of the

wide variation in recording and processing parameters, display

types and vertical scales amongst the different surveys.

well completion reports for 19 wells drilled prior to 1gB2 were

available. These reports varied from thorough to sparse in terms

of information relevant to this project. Poor hole conditions

resulted in variable quality petrophysical logs (e.9. gamma-ray and

sonic logs) obtained through the Late Tertiary section. Little care

was taken in drílling the upper portion of the wells as this section

was not considered prospective for hydrocarbons. Correlation using

logs was not dependable because of missing and/or poor quality

data and poor age dating. Well correlation of the Late Tertiary
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section was theref ore based mainly on seismic correlations

between wells, aided by the well log data where possible.

ln addition to the data outlined above, a large amount of new

seismic data, reprocessed versions of old lines, and the results of

eight additional wells now exists. These new data have been

acquired by the present joint venturers in the Bass Basin permits,

but was proprietary at the time of this study and therefore

unavailable to the author.

A list of the seismic data interpreted in this study is given in table

3, Appendix A. To present each interpreted seismic profile (over

27o) in the thesis would be impractical, so a selection of

interpreted seismic profiles is presented in chapter 5, which focus

on specific points of interest. However, the main purpose of

interpreting such a large volume of data was to produce regional

time structure maps for the seismic marker horizons and to
delineate the structural trends and/or features which developed in

the Late Tertiary.

The open file seismic data collected by Esso Australia Ltd. and

Hematite Petroleum Pty. Ltd. between 1969 and 1980 was shot and

processed with parameters optimised for seismic reflectors below

the Eastern View Coal Measures. Hence the late Tertiary section is

subject to shallow multiple reflections, low seismic fold and low

signal to noise ratio. Ilowever, with these restrictions applying an

attempt at seismic stratigraphic interpretation was made and the

results are discussed in chapter 5.



I

3.0 STRATIGRAPHY

The stratigraphy of the Bass Basin is similar to that of the

Gippsland Basin and Torquay Sub-basin. Four major litho-

stratigraphic units are recognised for the Bass Basint the Early

Cretaceous Otway Group, the Late Cretaceous to Late Eocene

Eastern View Coal Measures, the Late Eocene Demon's Bluff

Formation and the Oligocene to Recent Torquay Group. Raggatt and

Crespin (1952, 1955) named and described type sections for the

above rock units from work carried out along the coastal onshore

Torquay Sub-basin. They defined finer lithological sub-divisions of

these four major rock units for the onshore Torquay Sub-basin

outcrops which are not generally recognised within the Bass Basin.

In the Bass Basin the major rock units have been sub-divided into

palynological zones from the Early Cretaceous to Late Eocene, and

into foraminiferal zones for the Late Eocene to Recent.

Brief descriptions of the pre-Late Eocene stratigraphy will be

presented here. More detailed accounts are presented by Robinson

(1974) and Brown (1976). The description for the Late Eocene to

Recent stratigraphic succession and depositional interpretation is

a compilation of data from well completion reports and a

literature review.

The Bass Basin stratigraphic column is shown in figure 2.

Comparative stratigraphic columns for the Bass, Gippsland and

Otway Basins are shown in figure 3 (from Williamson et. al., 1987).
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3.1 Basement

Basement for the Bass Basin is considered to be rocks of Jurassic

age or older. Along the eastern margin of the basin, basement

outcrops on the islands associated with the Bassian Rise and

consists predominantly of the lightly metamorphosed Early

Palaeozoic Mathinna Beds and Devonian granites. Along the western

margin of the basin, basement outcrops on the islands associated

with the King lsland Rise and consists predominantly of Late

Proterozoic to Early Palaeozoic metamorphics and metasediments

(Spry and Banks, 1962).

Within the basin proper, basement has been encountered in two

wells, Bass-2 and Bass-3. ln Bass-2, located on the shoulder of the

eastern margin of the basin, basement is recognised as highly

fractured tuffaceous mudstone and has been radiometrically dated

as Early Palaeozoic, possibly as old as Cambrian (Brown, 1976). ln

Bass-3, located on a structural high near the western margin of

the basin, basement rocks in core include interbedded quartzite,

recrystallised siltstone, fine grained sandstone and lightly

metamorphosed shales (Esso, 1967).

Weeks and Hopkins (1967) and Williamson et. al. (1985) have

suggested that Permian and Triassic sediments known f rom

mainland Tasmania may underlie the known Bass Basin sediments,

but as yet they have not been encountered by wells drilled in the

basin.
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3.2 Otway Grouo

Rocks of the Early Cretaceous Otway Group are the oldest known

sediments of the Bass Basin. They have only been encountered in

two wells within the basin, Konkon-1 and Durroon-1 , but are well

known from the Torquay Sub-basin. In Konkon-1, located near the

northern margin of the basin, 40 metres of Otway Group sediment

were encountered, with the Otway Group classif ication being

inferred via lithological comparison with the Otway Group

sediments of the Torquay Sub-basin.

!n Durroon-1, located on a fault block in the southeastern corner

of the basin, over 1200 metres of Otway Group sediments were

encountered. Here, the sediments consist of rare conglomerates,

immature lithic sandstones, minor interbeds of siltstones,

calcareous shales and rate minor coals (Brown, 1976). Overlying

the Otway Group sediments in this well, a 100 metre section of

vesicular olivine basalt was encountered. The oldest palynological

age obtained for the Otway Group sediments in Durroon-1 was

Late Aptian ( C.hughesi zone).

Within the Bass Basin, the depositional environment for the Otway

Group sediments is poorly understood due to the limited sampling

of this unit. However, the Otway Group of the Otway Basin (Ellenor,

1976) and the Strzelecki Group of the Gippsland Basin (Threlfall et.

al., 1976) have been more thoroughly investigated, and it is

generally thought that the Otway Group sediments of the Bass

Basin were deposited under similar conditions. Thus it is

interpreted that the Otway Group sediments of the Bass Basin
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represent rift fill alluvial fan, alluvial plain and lacustrine

complexes.

Otway Group sediments are not recognised from Bass-2 or Bass-3.

3.3 Eastern View Coal Measures

Sediments of the Late Cretaceous to Late Eocene Eastern View Coal

Measures unconformably overlie the Otway Group sediments. Brown

(1976), loosely divided the Eastern View Coal Measures into two

major litho-stratigraphic units at the boundary between the upper

and lower M.diversus palynological markers (see figure 2).

The lower Eastern View Coal Measures consist of interbedded

sandstones, siltstones, shales and thin coals. Based on available

well data the sediments become finer grained northwards, with the

coarser sands being encountered in Durroon-1 and the Pelican

wells and a greater percentage of shale and coal encountered in the

Cormorant-1 and Konkon-1 wells. Volcanism was also

contemporaneous with the deposition of sediments of this age, as

over 400 metres of basalts were encountered in Aroo-1

interbedded with sediments of L.balmei and older ages. Moore et. al.

(1984) described fanglomerate deposits f rom the onshore

Boobyalla Sub-basin located in northeastern Tasmania, which are

palynologically equivalent to the lower Eastern View Coal

Measures. Robinson (1974) suggested that one of the major sources

of sediments was northern Tasmania. The environment of

deposition for the lower Eastern View Coal Measures is considered

to be an essentially fluvial regime, ranging from alluvial fan and

braided streams (in the southern Bass Basin) to meander channels
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and deltaic environments with associated lacustrine and floodplain

complexes in the remainder of the basin.

The upper Eastern View Coal Measures have a blanket-like

distribution over the basin. This sequence is characterised by clean

channel sands and thick coal seams (e.9. a 25 metre thick seam in

Dondu-1). Again, these sediments become finer grained to the

north. Robinson (1974), interpreted the environment of deposition

as deltaic and coal swamps.

As mentioned earlier, all significant hydrocarbon recoveries have

been obtained from sands within the Eastern View Coal Measures,

specifically, sands within the L.balmei,.]vl.cU.y€lsus. and N.asperus

palynological zones.

Stratigraphic cross-sections from Brown (1976) are shown in

figures 4 and 5, with the datum at the top Eastern View Coal

Measures. Figure 4 shows a west to east cross-section through the

basin, and f rom this interpretation the Narimba-1 and Pelican-1

areas appear as Early Tertiary depocentres as does the area around

Tarook-1, which encountered at least 911 metres of M.diversus

sediments. A comparison of well data suggests that the Narimba -

Pelican - Tarook area was a more significant depocentre in the

Early Tertiary than the Poonboon - Nangkero area, which is

centrally located in the basin and contains a thicker section of

Late Tertiary sediments. Figure 5, is a northwest - southeast

cross-section through the basin which demonstrates that the

Cormorant area was an Early Tertiary depocentre.
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It is suggested that the Poonboon - Nangkero area was more stable

than the Cormorant and Narimba - Pelican - Tarook area of the

basin during the Early Tertiary. This conclusion is supported by

well data which shows a thinner Late Eocene to top Cretaceous

interval in the Poonboon - Nangkero area. Furthermore the cleanest

sands in this interval were encountered in these wells (Esso,

1974a), suggesting the stronger stream energies and/or greater

reworking of sediments which are associated with more stable

areas. However, it is not clear whether the Poonboon - Nangkero

area was situated over a Cretaceous palaeo-high or whether the

Cormorant and Narimba - Pelican - Tarook areas subsided at a

faster rate during the Early Tertiary to account for the above

observations. Esso (1974b) believed that "the structural style of

Poonboon suggests that the structure developed by sedimentary

drape over a palaeo-high which existed prior to L.balmei
deposition".

3.4 Demon's Bluff Formation

The Demon's Bluff Formation conformably overlies the Eastern

View Coal Measures and represents a change in the depositional

regime in the Bass Basin from non-marine to marine. Throughout

much of the basin the Demon's Bluff Formation is a sequence of

interbedded soft chocolate-brown shales and minor greyish

siltstones. These shales and siltstones are fossiliferous,

glauconitic, calcareous, pyritic, micaceous and contain sporadic

dolomite bands. At Nangkero-1, minor lignite bands are present.

Minor sand interbeds are encountered in the wells located near the

basin's margin, (e.9. Bass-2 and Dondu-1). At Durroon-'1 , the
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Demon's Bluff Formation is represented entirely by a white coarse-

grained marine sandstone.

The environment of deposition for the Demon's Bluff Formation is

interpreted to be a low energy restricted shallow marine

'embayment'. This is evidenced by the large number of arenaceous

benthonic foraminifera contained within the formation (Esso,

197 4c) .

The marine encroachment which deposited the Demon's Bluff

Formation originated in the north and spread rapidly southwards

(Partridge, 1976). The top sands of the Eastern View Coal

Measures, which underlie the Demon's Bluff Formation, have a

marine character which probably represents winnowing of the

fluvio-deltaic deposits during marine incursion.

To the north in the Torquay Sub-basin the Demon's Bluff Formation

attained greater thickness, (e.9. 91 1 feet in Nerita-1), with the

contact between the Demon's Bluff Formation and the underlying

Boonah Sandstone (which is equivalent to the top Eastern View

Coal Measures) being more abrupt (PSSA, 1969). Figure 6 shows an

isopach map (in feet) compiled from well data for the Demon's

Bluff Formation. Partridge (1976) suggested that the sea level was

raised on the adjacent continental shelf to firstly breach the Cape

Otway - King lsland High and then still further to breach the King

lsland - Mornington Peninsula Ridge, causing flooding of the low

lying topography of the Torquay Sub-basin and the barred Bass

Basin.
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3.5 Torquay Group

Conformably overlying the Demon's Bluff Formation are the

Oligocene to Recent marine sediments of the Torquay Group. The

Demon's Bluff Formation and the Torquay Group have been sub-

divided into eleven foraminiferal zones (see figure 2) by Dr. D.J.

Taylor, (Robinson, 1974). The K zone contains the Demon's Bluff

Formation, with the J to A zones sub-dividing the Torquay Group

sediments.

The base of the Torquay Group in many wells is represented by a

thin upwards fining sandstone. This light brown sandstone is fine

grained; glauconitic, fossiliferous and slightly dolomitic. The

sandstone grades into a greyish siltstone (and mudstone) which

persists throughout much of the Oligocene section of the Torquay

Group. The siltstone is soft, argillaceous, fossiliferous,

glauconitic and calcareous. Pyritised shell fragments and worm

burrows are common, particularly in the lower Oligocene section

and sedimentary bedding features are lacking. Sandstone stringers

are common in the wells located near the basin's margin.

An environmental interpretation for the Late Tertiary section of

the Bass Basin based on foraminiferal data collected from Aroo-1

(Esso, 1974c), is shown in figure 7. Here, it is noted that the

Eocene-Oligocene boundary is marked by a pulse of planktonic

foraminifera, which has been interpreted as a period of oceanic

flooding caused by sea level highstands on the adjacent continental

shelves (Esso, 1974c). Three such cycles were penetrated in the

Oligocene section at Aroo-1. However, for most of Oligocene time
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the environment of deposition is interpreted to have been a low

energy, 'restricted' shallow marine basin.

From the beginning of the Miocene to the Mid Miocene the sea level

continued to rise in the Bass Basin, causing conditions to become

more open marine and higher energy. Under the more open marine

conditions a greater number of planktonic foraminifera entered the

basin, resulting in a greater deposition of biogenic carbonate

(planktonic foraminifera) (Ellenor, 1976). This caused the

siltstones and mudstones to grade into marls. At the basin's

margins, bioclastic limestones were being deposited during this

time interval at Konkon-'1 and Durroon-1.

The Miocene sea level peaked within the E foraminiferal zone, from

which time the sea level fell until the Pliocene. ln this period

bioclastic limestones were deposited. These limestones (coquina)

contained an abundance of bryzoan fragments. Foraminifera and

molluscan shell fragments were also common. Jones and Holgate

(1980), using shallow seismic data, interpreted an apron of

Miocene outcrop on the sea floor occurring around the western

margin of the Bass Basin, (see figure B).

ln the Early Pliocene, the sea level rose again in the Bass Basin. On

Flinders lsland, a low angle unconformity is recognised between

the Miocene and Pliocene sediments (Spry and Banks, 1962). Jones

and Holgate (1980), also mapped an unconformity between the

Miocene and Pliocene sediments along the northeastern portion of

the Torquay Sub-basin and up on to the King lsland - Mornington

Peninsula Ridge, (see figure 9). Within the central portion of the
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Bass Basin the Miocene and Pliocene appear conformable, (see

figure 10). Bioclastic limestones are the prevalent rock type for

the Pliocene to Recent section.

Two west - east cross-sections for the post-Late Eocene section

of the Bass Basin are shown in figures 11 and 12. These

interpretations indicate that the major depocentres since post-

Late Eocene time are located in the Poonboon - Nangkero and Aroo

areas of the basin. A northwest to southeast cross-section for the

post-Late Eocene interval is shown in f igure 13, and f rom this

interpretation, dramatic thinning of the Oligocene and Miocene

section is indicated for the Toolka - Cormorant area.

From the interpretation of available well data, ¡t appears that

areas in the basin where Early Tertiary subsidence was greatest

(i.e. the Narimba - Pelican and Cormorant areas) did not continue as

the major depocentres in the Late Tertiary. ln the Late Tertiary

basin, subsidence appears to have been greatest in the Aroo,

Poonboon and Nangkero areas of the basin. These changes in

location of the basin's depocentres (and hence changes in basin

architecture) suggest a change in the tectonic regime controlling

fault block movements and/or a change in the geothermal patterns

controlling subsidence rates.
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3.6 lgneous Rocks

lgneous rocks, intrusive and extrusive, of different ages have been

encountered in 8 of 19 wells within the basin, and are listed below

in Table 1.

Well

Aroo- 1

Bass- 1

Bass- 1

Bass-2

Cormorant-1

D u rroon- 1

Konkon-1

Taro o k- 1

Toolka-1

Rock type

basalts

tuffs
tuffs
weathered trachyte

olivine gabbro

olivine basalts

weathered basalts

olivine basalts

olivine gabbro

Aæ

Palaeocene and older

Mid Miocene

Late Oligocene

?Mesozoic

Early Eocene or younger

Late Cretaceous

?Early Cretaceous

Early Eocene or younger

Early Eocene or younger

Table '1 : Types and ages of igneous rocks encountered in Bass Basin

wells (from Brown, 1976)

From the Late Eocene to Recent, three periods of igneous activity

have been recognised from seismic and well data, as follows;

1. Late Oligocene

2. Mid Miocene

3. Late Miocene

(= H foram zone)

(= E-F foram zone)

(= C foram zone)

These volcanic rocks consist of olivine basalts and lapilli tuffs. On

mainland Tasmania volcanics of Oligocene and Miocene age outcrop
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statewide, but are concentrated along the northwest coastline

region and are observed on seismic data to be further concentrated

in the southwest to western marginal areas of the Bass Basin.

Another large concentration of similarly aged volcanics is

observed on seismic data to occur in the northeastern corner of the

basin.
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4.0 PETROPHYSICS

Of the nineteen wells for which data were available, only six had

complete gamma-ray and sonic logs over the post-Late Eocene

section. However, useful information was obtained from the logs.

ln the the following figures, the logs have the following scale

ranges: gamma-ray logs 0-150 API units and sonic logs 200-50

microseconds per foot (us/ft). All depths shown on the logs and

quoted in the text are relative to Kelly bushing (k.b.).

The gamma-ray and sonic logs for the Bass-1 well are shown in

figure 14. The lithologies (as given in well completion reports) and

the formation boundaries of interest (as determined from seismic)

are highlighted. The boundary between the the Eastern View Coal

Measures and the Demon's Bluff Formation is at 1810 metres. On

the gamma-ray log this boundary is marked by a sharp deflection

(increase in radio-activity) in the gamma-ray reading due to the

change in lithology from the fluvio-deltaic sands of the Eastern

View Coal Measures to the marine shales of the Demon's Bluff

Formation. On the sonic log, the Demon's Bluff Formation has a

noticeable increase in sonic travel time from the underlying

sediments of the Eastern View Coal Measures and the overlying

sediments of the Torquay Group, due to the soft (unconsolidated)

nature of the Demon's Bluff Formation shales. The high gamma-ray

and sonic travel time readings for the Demon's Bluff Formation are

common for most wells in the basin (except Durroon-1) and allow

for confident identification of the Demon's Bluff Formation and

Eastern View Coal Measures formation tops.
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Overlying the Demon's Bluff Formation are the marine sediments of

the Torquay Group, and this formation boundary can be seen on the

gamma-ray log f rom Bass-1, as a small inf lection at

approximately 1640 metres. This inf lection corresponds to the

basal sand of the Torquay Group. Above this sand, a uniform

gamma-ray pattern is observed until approximately 1300 metres,

this interval corresponding to the silts and muds of the lower

Torquay Group.

From 1300 metres to 1225 metres and also from 945 metres to

775 metres, volcanic tuffs were encountered. These tuffs have

Late Oligocene and Mid Miocene ages, respectively. The tuffs have

unexpectedly low gamma-ray reading for volcanics. This lack of

radioactivity can be attributed to the originating magmas. The

basalts within the basin are olivine rich and have high magnesium,

iron and calcium content, and as such are potassium depleted.

Above the Late Oligocene tuffs a sand, silt, sand sequence was

encountered. Cuttings from this interval have a tuffaceous nature,

suggesting that the volcanics themselves were a source of

sediment from within the basin.

The low gamma-ray response for the Miocene and Pliocene

sediments corresponds to a grading of silts into marls then into

limestones, as there was a gross clay depletion upwards.

An estimated sonic travel time average of 125 us/ft was observed

for the sediments in Bass-1, down to the Eastern View Coal

Measures level. These slow sonic travel times (greater than 100
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us/ft) would suggest a section of unconsolidated sediments

(Dewan, 1983).

For comparison with the Bass-1 well, gamma-ray and sonic logs

f rom the Pipipa-1 and Bass-2 wells are shown in figures 15 and 16

respectively. The gamma-ray logs for these wells have similar

patterns, displaying a gross clay depletion upwards, again due to a

general grading from shale and silts to marls followed by

limestone deposition.

The sonic logs obtained for these wells show good similarity for

the Demon's Bluff Formation and the limestone section of the upper

Torquay Group. However, for the Oligocene to the Mid Miocene

section of the wells (i.e. in the silts and marls), the sonic patterns

become erratic and in general slow travel times are observed. Such

slow travel times may indicate a section of overpressured

sediments (i.e. interstitial water has not been able to escape from

the sediment upon burial causing a buoyancy effect), but as little

care was taken in drilling the Late Tertiary section, such

information was not included in well completion reports. However,

overpressured sands were encountered within the Eastern View

Coal Measures in the Poonboon-1 and Pelican-3 wells. A good

example of this slow interval velocity from the Dondu-1 well is

shown in figure 17. Here the Oligocene to Mid Miocene has an

average interval velocity of approximately 1850 metres per

second, which is very slow for sediments at these depths (sea

water has a velocity of 1500 metres per second). Hence it is

apparent that the sediments in this interval are unconsolidated and

so would be expected to have little rigidity. This fact was
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important when considering the interpretation of seismic data, as

it would be expected that such sediments would behave plastically

to stress and tend to f low or fold rather than f racture under

stress. Representative seismic sections discussed in latter

chapters do show such characteristics.
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5.0 STRUCTURE

In general, little has been published relating to structures or

structural development for the post-Late Eocene section of the

Bass Basin. lt is the main purpose of this thesis to more closely

study this period of the basin's development. As previously

mentioned, it has been recognised that the Cormorant-1 well was

drilled on a present day structural high at the top Eastern View

Coal Measures level, that in pre-Late Eocene time was an area of

substantial deposition (structural low) suggesting that the

Cormorant area has undergone structural inversion. Mapping of the

post-Late Eocene section was intended to determine whether the

Cormorant structure is an isolated feature or whether Late

Tertiary structuring has occurred more regionally within the basin.

As a result of this mapping, a better understanding of the

distribution and relationship of the Late Tertiary volcanics was

also obtained.

The following discussion has been broken into six sub-chapters as

f ollows.

1. Methods and Correlation of the Post-Late Eocene Section :-

discussion of the methods used to achieve the aims of the

project, and the correlation and character of the seismic data .

2. Previous Views :-brief summaries of the structural development

of the Bass Basin as described by previous authors.

3. Mapped Horizons and Fault Trend Analysis :- discussion of the

regional features of each mapped horizons.

4. Seismic Expression of the Bass Basin :- examples and discussion

on the interpretation of seismic sections. This section will
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highlight specific examples of seismic sections supporting the

conclusions of the interpretation.

5. lgneous Activity .- discussion on the relationship of igneous

activity to basin development. At the the end of this section a

brief discussion of the magnetic properties of the igneous rocks

and the available magnetic data will be made.

6. Summary of the Post-Late Eocene Section:- discussion drawíng

together points outlined in the preceding sections in order to

synthesize a new model of the Late Tertiary development of the

basin.

5.1 Methods and Correlation of the Post-Late Eocene Section

To achieve the project's aims, three seismic horizons were

regionally mapped. The seismic character of these horizons, which

persists over much of the basin, can be summarised with the aid

of the synthetic seismogram for the Bass-1 well (see figure 18).

The synthetic seismograms used to correlate well daTa with

seismic horizons assumed a zero phase (Klauder) source wavelet.

The tie point for the synthetic seismograms was the top Eastern

View Coal Measures, a seismic horizon where accurate depths and

two way travel times could be obtained f rom well velocity

surveys. The polarity of the seismic sections was selected to

maintain consistency of seismic reflection character between data

from the various surveys. The polarity is such that the marked

decrease in seismic velocity which occurs at the boundary between

the basal Torquay Group and top Demon's Bluff Formation is

displayed as a strong peak (i.e. normal polarity as defined by

Society of Exploration Geophysicists' convention).
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Much of the seismic data was processed to minimum phase (all

1980 and older data), however, the match between seismic data

and the zero phase synthetic seismograms was reasonably good,

particularly, for the correlation of the Demon's Bluff Formation

and the Eastern View Coal Measures horizons. The major

discrepancy between the real and synthetic seismic data was in

the frequency content, and to a lesser degree in the amplitude of

the reflections. The seismic data were of lower frequency content

than the synthetic seismograms over the interval of interest. This

lower frequency content (i.e. broader reflection pulse) seen in the

seismic data allowed for better identification and correlation of

the intra-Torquay Group horizons, which tended to show a more

variable reflection character on the available synthetic

seismograms.

Complete sonic logs over the interval of interest were only

available for 6 of the 19 wells, thus foraminiferal data in

conjunction with well velocity survey data were used to check

correlations for the Top Oligocene and Mid Miocene horizons at

well locations. From foraminiferal data an age-depth correlation

could be obtained and once a depth was determined a corresponding

seismic two way travel time could be obtained from the well

velocity survey data. This age-depth correlation could be made

with confidence in wells where sidewall cores were obtained. In

wells where ages were found from cuttings only, less confidence

was placed on the age-depth determination and correspondingly

greater emphasis placed on the correlation of seismic data. ln all

cases, except for the Mid Miocene horizon at Narimba-1, the
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seism¡c correlation occurred within the interval def ined by

cutting s.

A discussion of each horizon mapped follows

Top Eastern View Coal Measures - Green Horizon

The top Eastern View Coal Measures horizon represents a Late

Eocene event marking marine incursion into the basin. Due to the

rapid encroachment of marine conditions, the seismic event

representing the top Eastern View Coal Measures can be

considered as a stratal surface. That is, the seismic event

represents a conformable change in depositional regime (Brown,

1985) and thus a chronostratigraphic event.

The slower interval velocity of the Demon's Bluff Formation

(figure 1B) relative to the underlying and overlying sediments,

causes strong reflections from the formation boundaries. At the

boundary between the Torquay Group and the Demon's Bluff

Formation, a sudden decrease in seismic velocity occurs. This

results in a negative reflection coefficient and hence the

seismic event representing this boundary (i.e. top Demon's Bluff

Formation) is picked at the centre of a moderately strong

amplitude peak. The boundary between the Demon's Bluff

Formation and the Eastern View Coal Measures has a slightly

more gradational change in seismic velocity, f rom lower

velocity in the Demon's Bluff Formation to higher velocity in the

Eastern View Coal Measures This results in a positive

ref lection coeff icient at the boundary, which on synthetic

seismograms occurs at the basal portion of a trough. However,
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on seismic data a strong amplitude peak occurs immediately

below the trough over most of the basin, hence it was decided to

pick the zero crossing between the trough-peak pair to

represent the top Eastern View Coal Measures. This represents a

2-3 millisecond time shift from the synthetic seismograms. ln

the southern and marginal areas of the basin the Demon's Bluff

Formation becomes sandier resulting in a smaller velocity

contrast between sediments, and loss of seismic amplitude

strength for the top Eastern View Coal Measures horizon.

2. Top Oligocene - Red Horizon

This seismic horizon represents the Oligocene - Miocene

boundary and is an intra-Torquay Group seismic horizon. The

horizon was chosen for two reasons. First, in Bass-1, the Top

Oligocene horizon overlies a sequence of volcanic tuffs, and

elsewhere it is observed to onlap (or more correctly appears to

be the correlative conformity surface) onto buried Late

Oligocene volcanoes, lt was presumed that the volcanics were

either a result of or a precursor to a period of increased

tectonic activity, so that the Top Oligocene event represents a

time at or shortly after the end of such activity. Secondly, in

many of the earlier wells, checkshots at the top Oligocene were

performed in the well velocity surveys, hence an accurate time-

depth relationship could be obtained. The checkshots were

performed in an attempt to correlate the top Jan Juc Formation,

known in the Torquay Sub-basin, into the Bass Basin. However,

as mentioned earlier, the abrupt changes observed in Late

Tertiary lithologies prevent correlations between the Torquay

Sub-basin and the Bass Basin.
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Throughout much of the the Bass Basin, the Top Oligocene event

is a conformable seismic horizon. The event is picked as a

moderately strong amplitude peak over much of the basin. The

seismic event can be correlated with a change in depositionaf

environment from low energy restricted marine to higher energy

open marine. From this, and the age data from the wells, the

seismic horizon may be considered as a stratal surface.

ln and around areas of Late Oligocene volcanics the red horizon

becomes difficult to follow. This is due to numerous closely

spaced small displacement (less than 5-10 millisecond) faults,

which tend to give the enveloping seismic package the

misleading appearance of a prograding sequence. The faults

start at the base of the Late Oligocene volcanics and persist

into the earliest Miocene reflections. The cause of this effect

may be related to a more lithic sediment being deposited and

associated with the volcanic lavas and tuffs. That is, when the

cooling lavas and tuffs are interbedded with the soft siltstones,

the lavas and tuffs reinforce (add rigidity) the siltstones due to

their more crystalline nature, and the sequence becomes more

susceptible to fracturing.

3. Mid Miocene - Purple Horizon

This seismic horizon represents the (near) peak marine

highstand conditions within the basin and is an intra-Torquay

Group reflection. Again, the event was chosen due to the

relationship with volcanics (Mid Miocene volcanics were

encountered in Bass-1). Another reason was that, in the
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adjacent Gippsland Basin, the large hydrocarbon bearing

structures were formed during Middle Miocene time (Threlfall

et. al. 1976, Davidson et. al., 1984). Assuming that the forces

responsible for the development of these structures were not

restricted to the Gippsland Basin, this event might also mark a

critical time in the evolution of the Bass Basin.

The Mid Miocene seismic event is considered to be a sequence

boundary. At the Cormorant structure seismic events are

observed to onlap the Mid Miocene ref lector. The underlying

ref lectors show no sign of truncation, suggesting that the

purple horizon represents a hiatus, rather than an erosional

surface at this location. Around the basin margin areas Mid to

Late Miocene erosional truncation is observed, but in these

areas data quality is generally poor. Within the basin, the

unconformity surface pass laterally into correlative

conformable surface.

The Mid Miocene seismic reflector, picked as a peak, has varying

seismic amplitude and frequency (reflector pulse width)

throughout the basin. This can be attributed to the presence of

unconformity surfaces, lateral lithological variations at this

level (i.e. from marls to limestones) and in part to the lowering

of seismic coverage (fold) at the shallower depths, giving a

poorer signal to noise ratio. Faulted packages are observed at

and just below this horizon, again probably due to volcanic

influence, and also in areas near the basin's margin due to a
sandier section.



32

4. Late Tertiary lgneous Rocks - Coloured Orange

The Late Tertiary volcanics have good seismic expression on

seismic sections, however, their presence causes deterioration

of reflections from below them, due to raypath distortions and

inappropriate stacking velocities. The volcanics are

characterised on the synthetic seismogram (figure 18) as having

a trough for their top and a strong amplitude peak at their base.

This same character is observed on seismic sections.

Below the red horizon (figure 1B), the Late Oligocene tuffs are

observed to have similar velocities to the surrounding

sediments, and hence, velocity effects (seismic pull-up) are not

expected to be very significant. However, in areas where Late

Oligocene volcanoes (presumably lava f lows) are observed,

seismic pull-up appears more severe. The Mid Miocene tuffs

observed below the purple horizon have a much greater velocity

than the surrounding sediments and accordingly seismic pull-up

is to be expected in areas where these volcanics occur. ln

general, the Mid Miocene volcanics tend to cause greater

distortion of seismic data than the Late Oligocene volcanics.

The igneous intrusives observed on seismic data generally occur

100-200 milliseconds below the green horizon (top Eastern

View Coal Measures). The intrusives have less seismic

character than the volcanics, and are recognised by the

deterioration of data quality below them and mounding at the

green horizon, assumed to be due to the emplacement of the

intrusives. lgneous bodies which are known to exist at greater

depths are not readily discernible on seismic data (e.9. Aroo-1
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and Cormorant-1)

All maps are time structure maps, contoured in two way seismic

travel time with a contour interval of 20 milliseconds. Picking of

the sections and plotting and contouring of the picks was done by

hand. Due to the regional nature of this study, mapping was

performed on a basemap scale of 1:250,000. Mapping at this scale

did not allow small localised features to be outlined in detail. The

basemap showing the seismic database is contained in appendix B.

On this map the location of seismic profiles to be discussed in

later sections are highlighted. The two way seismic travel time

structure contour maps for the Eastern View Coal Measures, Top

Oligocene and Mid Miocene horizons are enclosed in appendices C, D

and E, respectively.
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5.2 Previous Views

The structural development of the Bass Basin has occurred in

three stages (Robinson, 1974), with distinct sedimentary

associations accompanying each structural stage. The following

section reviews the development of the basin as discussed in the

literature. lt outlines the varying views of previous workers on

this topic.

1. Initial Rifting Stage

Most authors agree that the Bass Basin is a direct result of the

Gondwanaland breakup. Continental breakup is thought to have

been initiated by doming of the Gondwanaland continental mass

in the Late Jurassic. This is evidenced by extensive dolerite

intrusion of the Antarctic continent and Tasmanian sub-plate.

Following doming, continental subsidence under a northeast to

southwest tensional stress led to the formation of an

intracratonic northwest to southeast oriented depression. The

main structures which developed during this stage were

northwest to southeast trending normal faults. This depression

was filled with sediments of the Early Cretaceous Otway Group.

2. Rift Expansion Stage

Between the Otway Group and Eastern View Coal Measures an

angular unconformity exists. Similarly, in the Gippsland Basin

between the Strzelecki and Latrobe Groups and also in the

Otway Basin between the Otway and Sherbrook Groups, angular

unconformities are observed for the same time period. These

unconformities reflect a change in the regional stress pattern.
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Rotational (or wrench) modif ication of pre-existing structures

is thought to have occurred from Late Cretaceous to Late Eocene

times. Again, most authors recognise that rotational or wrench

tectonics inf luenced structures within the Bass Basin, but

differ in their opinions on the nature of the stress required to

explain the observed fault trends. Three main views have been

expressed as follows:

i) Robinson (1974) suggested that after initial rifting the

Tasmanian sub-plate moved clockwise, or to the southwest

relative to the main Australian plate, resulting in a right-

lateral shear acting on the Bass Basin. Then in the Late

Tertiary the stress regime changed again, causing tension

in a northwest to southeast d¡rection. On this basis

Robinson, divided the basin into three structural provinces;

a) Southeastern area, where the earliest structural growth

(Early Cretaceous) occurred.

b) Central area, where structural growth occurred from the

Late Cretaceous to the Late Eocene, influenced by right-

lateral shear.

c) Northeastern area, where structural growth occurred in

the Late Tertiary.

The major structural trends as determined by Robinson

(1974) are shown in figure 19.

ii) Davidson (1980) suggested that the southeastern Australian

basins were the result of right-lateral divergent rotation of

Antarctica relative to Australia, with the major movement

occurring along the Gambier-Gabo Lineament (this being the
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common boundary to the Gippsland, Bass and Otway Basins).

This movement gave rise to the axial trends in these

basins, âs shown in figure 20. As rifting and rotation

developed within these basins, pre-Late Jurassic zones of

basement weakness, which have north - south trends, were

rejuvenated and influenced basin geometry. The major pre-

Middle Eocene fault trends for the Bass and Gippsland Basins

are shown in figure 21, (from Davidson et. al., 1984). The

inset is Davidson's ice model, from which his conclusions on

basin geometry were drawn.

iii)Etheridge et. al. (1985) suggested that during the initial

rifting stage, when major normal faults blocks formed,

transfer faults incipiently developed. Then as rift expansion

occurred, movement between the major fault blocks was

along the transfer faults. These transfer faults have north-

northeast to south-southwest trends, right-lateral offsets,

and extend across the basin, as shown in Íigure 22.

ln all the models put forward by previous authors invoking a

wrench mechanism, little or no comment is made concerning the

effects of any compressive component of the wrenching. ln a

bound basin such as the Bass Basin, a compressive element

might be expected to play some role in the basin's development.

For example, during M.diversus time when the Pelican and

Cormorant areas were rapidly subsiding and accumulating

sediments, the Durroon (southeastern) area of the basin was an

area of non-deposition. This could be interpreted as being due

to an element of compressive tectonism associated with the
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right-lateral shear acting in the southeastern area of the basin

to maintain positive relief during M.diversus time.

Alternatively, a period of localised uplift and f ault block

rotation due to continued extension would also explain non-

depositio n.

3. Thermal Subsidence or Sagging Stage

There is general agreement that since the Late Eocene the Bass

Basin has sagged due to thermal contraction of the underlying

crust. The observed Late Tertiary structuring in the basin is

explained by differential subsidence and minor vertical re-

adjustment of pre-existing structures that occurred as the

underlying crust cooled. However, observations by some authors

suggest that the present basin architecture cannot solely be

explained by sag due to geothermal relaxation alone.

Middleton (1982) attempted to model the thermal subsidence

history of the Bass Basin using three different approaches, as

listed below:

a)

b)

c)

Thermal contraction of the lithosphere

Crustal or lithospheric stretching.

Phase change mechanism.

Middleton concluded that phase changes caused by deep crustal

metamorphism best explained continuous volcanism and basin

subsidence. ln reaching his conclusions, Middleton stated, "a

cooling thermal history appears inconsistent with the observed

data" and further commented, "volcanism throughout the
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Tertiary implies a continuous heat source".

Robinson (1974) recognised structural growth of the Bass-3

structure and structural inversion of the Cormorant area to

have occurred in the Late Tertiary. However, only Davidson

(1980) has proposed a detailed tectonic model to account for

the structural inversion observed at Cormorant-1. Davidson

suggested that in the Late Tertiary, stresses in the

Southeastern Australian region changed such that movement

along the Gambier-Gabo Lineament became right-lateral

convergent. This change from divergent to convergent rotation

along the Gambier-Gabo Lineament resulted in south to

southeasterly compression being experienced throughout the

Gippsland Basin and in the northern portion of the Bass Basin.

This compression was responsible for forming the major

hydrocarbon bearing structures in the Gippsland Basin and the

structural inversion of the pre-Late Eocene depocentre at the

Cormorant-1 location in the Bass Basin.
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5.3 Mapped Horizons and Fault Trend Analvsis

The following discussion will concentrate on the more general and

basinwide aspects of the post-Late Eocene basin as determined

from seismic mapping. This will be followed by discussion of the

trend analysis of faults observed in the Late Tertiary section. The

two way seismic time structure contour maps for the mapped

horizon are presented as appendices.

Top Eastern View Coal Measures (Green) Horizon

The mapped top Eastern View Coal Measures horizon displays

the most complex structural pattern of all the mapped horizons.

The majority of faults cutting this horizon are normal faults of

high angle. Due to poor data quality at depth it is difficult to

interpret whether faults maintain high angle or sole out (tend

towards the horizontal) to some unconformity or basement

detachment zones. The larger faults cutting the green horizon

have dip displacement as large as 40 milliseconds, with the

majority of faults having dip displacement of 10-20

milliseconds. From the available seismic coverage, two steeply

dipping, large displacement (greater than 100 milliseconds)

faults that bound the northern portion of the basin can be

discerned.

From the limited seismic coverage over marginal areas of the

basin, the beds of the Eastern View Coal Measures appear to

onlap onto shallow basement on the eastern, western and

southern sides of the basin. Along the southern margin beds of

the upper Eastern View Coal Measures appear to have been



40

truncated just prior to the deposition of the overlying Demon's

Bluff Formation. Thus, it would appear that the pre-Late Eocene

Bass Basin was of lesser areal extent than the present day

basin. Along the northern margin, seismic data indicate that the

Bass Basin and the Torquay Sub-basin were possibly in partial

communication while the Eastern View Coal Measures were

being deposited.

Over much of the basin, the sands and coals of the upper Eastern

View Coal Measures described by Brown (1976) display a series

of strong amplitude peaks and troughs on seismic data below

the green horizon. This reflections are persistent and range in

isoch ro n th ickness f rom approximately 200 to 400+

milliseconds. The presence of large amounts of coal in this

sequence would partially explain the poor data quality of deeper

data, due to the absorption of seismic energy by the coals and

the generation of short wavelength multiples between the coal

beds.

2. Top Oligocene (Red) Horizon

Faults at the top Oligocene level are less complex and numerous

than at the green horizon. The major concentration of faults

occurs along the eastern edge of the basin adjacent to the

Bassian Rise, and in and around the Bass-3 area. The majority of

faults that cut the red horizon are normal faults, with an

average dip displacement of 10-20 milliseconds. The red

horizon can be mapped over most of the basin. The internal

ref lection character between the green and red horizons is

dominantly parallel to slightly divergent and reflectors vary
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little in amplitude and f requency content over most of the

basin. This would suggest that relative subsidence and

contemporaneous sedimentation were balanced, maíntaining

persistent shallow restricted marine conditions during this

period.

Large concentrations of Late Oligocene volcanics are

interpreted f rom the seismic data in the northeastern and

southwestern marginal areas, and in the Bass-1 area of the

basin. Seismic reflectors are observed to onlap the flanks of

the volcanics, suggesting the Late Oligocene volcanoes may

have been sub-aerially exposed, âs the Late Oligocene

sediments are interpreted to have been deposited in shallow

wate r.

3. Mid Miocene (Purple) Horizon

The mapped Mid Miocene horizon shows very little faulting,

with the normal f aults that cut this horizon having dip

displacements in the order of 10 milliseconds. Regionally, the

structure contour map at this level resembles a classic sag

basin.

The internal reflection character between the red and purple

horizons is parallel to divergent over much of the basin. More

divergence of seismic reflectors is observed between the red

to purple interval than for the green to red interval. The

amplitude and frequency content is also more variable in this

interval. This would suggest differential rates of basin

subsidence and/or contemporaneous fault movement and greater
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lateral variation of facies. The Mid Miocene reflectors are

observed to have undergone erosional truncation along the

northern, eastern and southern margins, and the purple horizon

onlaps the Late Oligocene volcanics on the western margin. This

erosional truncation may have been due to uplift and erosion of

the bounding basement and/or due to a fall in relative sea level

post-Mid Miocene, as the purple horizon represents near peak

sea level highstand conditions within the Bass Basin. Above the

purple horizon, reflectors show divergence into the central

portion of the basin and seismic character is relatively

persistent. Although much of the upper portions of seismic data

contain water bottom multiples and loss of seismic fold is also

a problem, the data suggest that since the Mid Miocene much of

the basin has subsided passively.

Mid and Late Miocene volcanics are observed in the post-

Oligocene section but are not as prevalent as the Late Oligocene

volcanics. The Mid Miocene volcanics essentially occur in the

same areas as the Late Oligocene volcanics, whereas the Late

Miocene volcanics occur in areas south and west of Bass-3.

4. Fault Trend Analysis

The trends of interpreted faults at the green, red and purple

horizons are shown in figures 23, 24 and 25. respectively. The

fault trends are represented in the form of rose diagrams. The

readings for data points were made in the following manner.

The strike direction of each fault constituted a reading. lf the

strike length was greater than 10 kilometres then a second,

third and so on, reading was taken along the length of the fault.
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This was done to give more weight to the larger faults which

presumably had a greater effect on shaping basin architecture.

lf a fault changed strike direction along its length, then the

reading was taken from the straightest section of the fault.

At the green horizon, 115 readings were taken, with the rose

plot showing a diverse set of orientations for faults cutting

this level, (see figure 23). However, an analysis of fault style

and distribution, coupled with the rose diagram, enabled two

fault provinces to be identif ied. Faults characteristic of one

style have predominantly northwesterly (310 - 340 degree)

trends, and occur mostly in the northwestern and southeastern

portion of the basin. On seismic data, these faults appear to

have developed over the edge of pre-existing basement blocks

and result from the continual and/or rejuvenated movement of

basement blocks in the Late Tertiary. As stated previously,

seismic data quality does not allow for conclusive

interpretation of the nature of faults at depth, but it should be

noted that the initial rifting grain of the basin was along a

northwesterly axis. Thus it seems reasonable to suggest that

these faults are related to the initial basin forming structures.

Faults of the second style at the green horizon have northerly

(340 - 020 degree) trends, and occur mostly in the central

portion of the basin. These faults are probably wrench related

and represent the rejuvenation of wrench faults that developed

in pre-Late Eocene time. They commonly show a change in throw

sense along strike and have vertical to near vertical attitudes.

ln general, within the Eastern View Coal Measures, the faults



44

with northwesterly trends have better seismic definition than

the faults with northerly trends. For this reason, it can be

interpreted that many of the northerly trending faults are

wrench related, as the branching nature commonly associated

with wrench faulting would explain the less coherent seismic

data representative of the faulted zones. The 'shadow zone'

below a fault would also explain the above observation.

At the red horizon 52 readings were taken, (see figure 24).

Here, the faults with northerly trends appear more persistent.

These northerly trending faults occur in the central eastern

portion of the basin, suggesting this area was more tectonically

active than other areas in the basin during the Late Tertiary. A

greater concentration of volcanic activity occurred in this area

during the Late Tertiary.

At the purple horizon 19 readings were taken, (see figure 25),

and with such a small sampling no intrabasinal variations can

be inferred.

The fault orientations recorded at the mapped horizons show

the same general trends as the major structural trends of

deeper horizons depicted by previous authors (i.e. Robinson,

1974: Davidson, 1980; Davidson et. al., 1984; Etheridge et. al.,

1985a; Williamson et. al., 1985). This comparison, together

with evidence from seismic data, suggests that Late Tertiary

tectonism in the Bass Basin has acted upon a pre-existing

structural grain, and the faults observed within the Late

Tertiary section largely represent overprinting and/or
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rejuvenation of faults that initially developed during

Cretaceous and Early Tertiary time.
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5.4 Seismic Expression of Structuring within the Bass Basin

The following discussion will concentrate on the interpretation of

seismic data from within the Bass Basin. The seismic profiles

(contained in enclosures) have been chosen to highlight the varied

and complex nature of the Late Tertíary structural development of

the basin. The seismic sections chosen have basinwide coverage to

give the reader a representative view of the Late Tertiary section

of the basin so as not to bias the discussion by showing only

examples for a particular fault style or localised area. Seismic

stratigraphic interpretation is highlighted on some sections.

Seismic Profile 1. see Seismic Section HB77A-342

Many faults from within the Eastern View Coal Measures appear to

terminate at the green horizon, with the upward extension of

strain observed as flexure in the softer sediments of the Demon's

Bluff Formation. An example is shown f rom seismic section

HB77A-342, a dip line located in the Pelican area.

From this example, the Demon's Bluff Formation (coloured blue)

appears to conform with the underlying topography of the green

horizon. Well data from this area (Pelican-1 , 2, 3 and 4 and

Pipipa-1) indicate that the isopach for the Demon's Bluff

Formation varies by less than 10 metres in this area, and from

seismic data, no seismic events are recognised to onlap the green

horizon. This suggests that the Demon's Bluff Formation

transgressed onto a peneplained surface and no palaeoscarps were

present. Hence it is interpreted that the fault terminations at the
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green horizon are due to pre-green or post-blue episodes of basin

development.

The faults most probably developed during an extensional phase

when rapid subsidence and deposition of the Eastern View Coal

Measures was occurring in the Early Tertiary Pelican depocentre.

However, from the stratigraphic cross-section shown in figure 26

(Hematite, 1979), it would appear that the Pelican area subsided

at a steady (passive) rate from the time of deposition of the 'O'

shale marker (which is approximately equivalent to the upper

M.diversus palynological marker) to the top of the Eastern View

Coal Measures. This would imply that the further upward extension

of faults to the green horizon and the flexure of the blue horizon

occurred in the Late Tertiary.

Below the Pelican-1 well location good anticlinal development is

observed. lt appears that folding is not related to the draping of

sediments over a pre-existing structure. lnstead, this anticlinal

development is considered due to either differential subsidence

and/or compaction of the Eastern View Coal Measures sediments in

the Late Tertiary and/or a Late Tertiary compressional event

inverting the Pelican depocentre. For Late Tertiary compression to

have occurred, movement of the adjacent depocentre-bounding

fault blocks would be required. Pipipa-1 and Pelican-3 were

drilled in fault blocks which border the Cretaceous and Early

Tertiary and Pelican depocentre. Structural movements

associated with these blocks could account for the Late Tertiary

compressional event.
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Seismic Profile 2. see Seismic Section HB80A-415

Seismic section HB80A-415, is a migrated dip line located

adjacent to the Pipipa-1 well. In this example, very complex

faulting is observed. Etheridge et. al. (1985a) interpreted an Early

Cretaceous wrench zone in this area and suggested that the wrench

zone was the controlling influence for the development of the

Pipipa structure, (see figure 27, dip line BMR4D-8 slightly oblique

to HB80A-415). However, from section HB80A-415, upward

extension of fault branches from the fault zone are interpreted to

cut the red horizon and could be easily pushed through to the purple

horizon, implying a Late Tertiary overprinting of the pre-existing

structure. The f ault also appears to be associated with Late

Oligocene volcanics. Furthermore, a structural high is observed

over the feature which may be due to differential compaction

and/or later movement. Thus two possible interpretations can be

postu lated:

1. The Pipipa structure was initiated by Early Cretaceous

wrenching which later underwent Late Tertiary normal faulting.

2. The Pipipa structure was initiated as a normal fault block in

pre-green time which later underwent Late Tertiary wrench

f au lting.

A detailed two way time structure contour map at the green

horizon over the Pipipa structure is shown in figure 28. Mapping

was performed on a 1:50,000 basemap (photo-reduced) and the

green horizon was contoured at 10 millisecond intervals. The fault

system has a dominantly northwesterly trend and displays both
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normal and reverse displacement at the green horizon. The fault

below shotpoint 257 at the green horizon is interpreted to have

minor reverse displacement at the green horizon, but appears to

have a normal displacement of reflectors at depth, suggesting

structural inversion. The glitch below shotpoint 250 at the green

horizon, is interpreted to be an artifact of the migration process

due to inappropriate velocities used in the migration process

and/or sideswipe. Northwest of section HB80A-415, the fault

displays greater reverse displacement and southeast of section

HB80A-415, the fault has normal displacement at the green

horizo n.

Two antithetic (secondary) faults which have normal displacement

are also mapped (one is shown below shotpoint 200). These faults

have easterly trends and also the structure contour map shows an

easterly en echelon trend of folding to the main northwesterly

trending fault, particularly in the southern portion of the mapped

area. This easterly trend of antithetic faults and folding plus the

branching nature of the fault system observed below the green

horizon are indicative of wrench systems. The over thrusting to the

northwest would suggest a left-lateral sense of motion.

On the basis of the discussion above, it is suggested that the

Pipipa structure has undergone Late Tertiary wrench overprinting.

Based on the faulting observed at the red horizon, overprinting

occurred in the Oligocene to earliest Miocene

Davidson et. al. (1984), using data not available to the author,

mapped reverse and wrench faults at the top Eastern View Coal
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Measures level in the area south of Bass-3, (see figure 29).They

placed question marks next to wrench faults interpreted to have

left-lateral offsets, âs in their paper they were proposing right-

lateral wrenching in the basin. On the accompanying seismic

section, they have interpreted a reverse fault that extends into the

Miocene section. The previous example supports the interpretation

by Davidson et. al. (1984) and it is suggested that Late Tertiary

left-lateral wrenching in the western and southwestern portions

of the basin has been more common than previously recognised.

Seismic Profile 3. see Seismic Section HB80A-412

Seismic section HB80A-412, is a migrated dip line located in the

southeastern portion of the basin. This northwesterly trending

fault cuts the green and red horizons and shows mainly flexure at

the purple horizon. A good example of microfaulting between the

red and purple horizons is observed. This is thought to be due to the

brittle response of the sandier sediments in this area.

At first glance, the fault appears to be a simple normal fault,

because the amount of throw increases with depth. However, it is

noted on this and several other sections from this area that the

green to red isochron actually thins towards the fault on both its

upthrown and downthrown sides. This suggests a period of

localised gentle folding prior to Late Tertiary fau lting. This

folding may have been due to fault block rotation, because the fault

dips towards the basin margin. lf basin sag was responsible for

this structural relationship, the fault would probably dip towards

the basin centre. Localised thermal expansion prior to faulting is



another possible explanation, however, the southeastern porti on

the basin is noted for its lack of Late Tertiary igneous activity.

The Late Tertiary faulting has presumably overprinted and/or re-

activated a pre-existing Early Cretaceous structure in an area

where a thick (1200+ metres) section of Otway Group sediments

was encountered by Durroon-1 well ( see basemap).

Seismic Profile 4. see Seismic Section B71A-57

Seismic section B71A-57, is a dip line which traverses from the

eastern margin of the basin to its centre. From this section it is

observed that in the post-green time a thicker section of

sediments was deposited in the central portion of the basin

compared to the marginal area, as might be expected in a thermally

sagging basin. However, the three normal faults interpreted

between shotpoints 4346 and 4304 appear to dip towards the east

based on where the faults cut the green and red horizons. lf these

faults result from the re-adjustment of basement due to

geothermal sag during the Late Tertiary, then it might be expected

that the faults would dip towards the basin depocentre rather than

towards its eastern margin. lt is interpreted that these faults

resulted from tectonic forces which re-activated vertical

movement on basement blocks during Oligocene time. This is

schematically illustrated in f igure 30.

Between shotpoints 4490 to 4472, a channel has been interpreted

and outlined in yellow. The channel is northwesterly trending and

has dimensions of at least 10 kilometres in length, T kilometres in

width and 100 milliseconds of relief, and as such is a very large

feature. The diffractions observed at the bottom of the channel
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probably result from channel floor topography (with possible

faulting). lt is interpreted that the channel was cut in the Late

Oligocene and then infilled with latest Oligocene sediments prior

to the beginning of Miocene time. Below the channel, two

interpreted faults define a (horst) block. These faults occur within

the flanks of a well developed anticline comprising beds of the

Eastern View Coal Measures at approximately 2 seconds depth.

However, the cause of the channel is not readily obvious

particularly as it is located in the central portion of the basin and

above an apparent anticlinal feature. The presence of the anticline

directly beneath the deepest portion of the channel indicates a

velocity anomaly associated with the channel.

Seismic pull-up is likely as a result of higher velocity channel

sands abutting against lower velocity silts and muds in the upper

Oligocene section. Using sonic log data f rom the Bass-2 and

Pipipa-1 wells (figures 15 and 16), which penetrated Oligocene

sand bodies, an averaged velocity of 2770 metres per second was

obtained. An averaged velocity of 2030 metres per second for the

silts and muds in the Oligocene interval was obtained from these

wells. Thus, a 100 millisecond interval of sand will produce 36

milliseconds of (two way travel time) seismic pull-up. The

presence of channel sands would also explain the gentle anticline

at the red horizon immediately above the channel, due to less

compaction of the sands relative to silts and muds upon burial.

The effect of the seismic pull-up, has likely distorted

nature of the interpreted faults, âS the channel most

formed on the downf lank side of a structural feature

the true

probably

and not
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crestal as indicated in the seismic section. lt is considered that

the fault below shotpoint 4470 has greater displacement down to

the east than indicated on seismic. Similarly, the throw on the

fault below shotpoint 4486 may not be as great as indicated. The

throw on this fault is measured at 40 millisecond for the strong

reflector al 2 seconds. Seismic pull-up can account for much of

this throw.

Below the channel, in the lower Oligocene section, diffractions

occur which are outside the area defined by the block faults. These

diffractions may be related to keystone faults. Keystoning would

suggest Late Tertiary arching of older sediments either due to

fault re-activation or possibly due to igneous intrusion.

Seismic Profiles 5 and 6. see Seismic Section HB73A-168 and

HB73A-169

ln and around areas where volcanics are present, seismic

interpretation becomes difficult. Seismic sections HB73A-168 and

HB73A-169, are two adjacent dip lines located just south of Bass-

1, in the central portion of the basin. Both of these seismic

sections display the mounding characteristic of volcanics. ln fact,

on these sections two volcanoes are present (particularly evident

from HB73A-168). As can be observed, the presence of volcanics

accounts f or the strong diff ractions and deterioration of data

quality. The diffraction which occurs between the purple and red

horizons in section HB73A-168, is due to an out of plane feature,

which on other seismic sections in this area, appears to be related

to the rejuvenation of volcanic activity in the Mid Miocene of the



54

volcano below shotpoint 148. ln these sections early Miocene

reflectors are observed to onlap the flanks of the volcanoes.

The structural style of faults is complex in these sections. ln

section HB73A-168, the fault below shotpoint 148 is interpreted

to have reverse displacement at the green horizon. On section

HB73A-169, this same fault occurs below shotpoint 204, and is

interpreted to have normal displacement at the green horizon.

Thus, from the interpretation of these two lines and other nearby

seismic lines, the fault is interpreted as a north to south oriented

wrench fault. The good anticlinal development seen at the green

horizon is interpreted as compressive flexure (particularly

between shotpoints 186 to 204 in HB73A-169) associated with the

lateral movement of the wrench fault. The effects of seismic pull-

up due to the higher interval velocity of the volcanics is

considered minimal due to the fairly constant time thickness of

the volcanics over the area of interest, and because the crests of

antiforms at the green horizon do not occur directly beneath the

thicker sections of volcanics.

The structural style of these faults appears similar to that in the

neighbouring Gippsland Basin. Figure 31, (from Davis, 1983) is a

seismic section from the Gippsland Basin, and has been interpreted

to show two types of faults;

1. high angle normal faults

2. high angle reverse faults

Davis (1983), interpreted the reverse faults to be caused by

wrench related compression inverting older normal faults. lt is

considered that the same mechanism was responsible for the
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reverse faults situated in the Bass Basin, examples of which ate

shown on seismic sections HB73A-168 and HB73A-169.

Seismic Profile 7. see Seismic Section HB73A-137

At several locations throughout the basin, pods of igneous

intrusives have been interpreted to occur just below the green

horizon. Seismic section H873A-137, is a strike line which

traverses along the central axis of the basin, and displays three

pods of intrusives. The intrusives are recognised by the doming of

the green horizon and a zone of incoherent reflectors below them.

Despite the poor data quality below the intrusives, it appears that

they have a structural component to their emplacement. That is,

they appear to have intruded f rom depth up pre-existing fault

planes.

Another example of Late Oligocene to early Miocene faulting can

be observed below shotpoint 14574 on this section. This

northeasterly trending fault, displays an upwards branching nature

and a change of throw sense down the fault plane. lt is suggested

that this is due to re-activation of a pre-existing fault.

Seismic Profile B. see Seismic Section B72A-B9

Seismic section B72A-89, is a north to south oriented line which

traverses from the Cormorant-1 well to the centre of the basin.

This section displays dramatic thinning of sediments between the

green and red horizons and between the red and purple horizons

onto the Cormorant structure. The opposite appears true for the
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section situated below the green horizon. The interpretation is

that major structural growth of the Cormorant structure occurred

in the Late Tertiary, particularly during Miocene time. This section

clearly demonstrates the inversion of the Cormorant structure

from an area of major Early Tertiary deposition.

Reflectors are observed to onlap the purple horizon, but no

truncation of reflectors is evident below it. This is interpreted to

represent a hiatal unconformity and the deposition of sediment in

this area occurred during a rising sea level until the Mid Miocene.

Relative structural growth of the Cormorant structure was

contemporaneous with sediment accumulation. Differential

subsidence would also explain the presence of the hiatal

unconformity. At the red horizon there appears to be some evidence

for erosional truncation between shotpoints 3146 and 3152,

although data quality is poor. This suggests relative uplift and

possibly subsea erosion of this area in the Late Oligocene.

A lack of major faulting is apparent in the Late Tertiary section,

although microfaulting is evident at the red horizon. As mentioned

previously, it is believed that the lack of faulting is due to the

ductile nature of the unconsolidated sediments of the Late Tertiary

section.

Seismic Profile 9. see Seismic Section B72A-80

Seismic section B72A-80, is a north to south oriented line which

traverses from the King lsland - Mornington Peninsula Ridge into

the northwestern portion of the basin. Below shotpoint 180, a
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major fault with near vertical attitude occurs in the marginal area

of the basin. At the green horizon the fault has approximately 120

milliseconds of displacement. The red horizon is difficult to

correlate across the fault from the downthrown to the upthrown

block. Broad open folds projecting into the fault plane at all

mapped levels, together with the large displacement and near

vertical attitude, this fault is considered to have undergone Late

Tertiary wrenching and not represent a simple normal fault

commonly associated with basin forming faults. The purple horizon

is interpreted to have been truncated by erosion in the Late

Miocene. This is either due to tectonic adjustment and/or a fall in

the Late Miocene sea level.

North of the Konkon-1 well (figure '1), the major basin bounding

fault displays a more arcuate nature, and may not be the same

fault as that shown on seismic section B72A-80. However, due to

the lack of seismic coverage in northern marginal area, it was

decided to correlate the faults to define the approximate northern

margin in the basin.

A pre-green unconformity first recognised by Brown (1976) has

been interpreted and coloured brown on seismic section B72A-80.

This unconformity may represent a regional unconformity exhibited

by the beds of the upper and lower Eastern View Coal Measures. lf

the unconformity has been correlated correctly across the seismic

section, then a thicker green to brown isochron is representative

of a thicker upper Eastern View Coal Measures on the upthrown

side of the fault. This would suggest that the Bass Basin and the

Torquay Sub-basin were in communication during the Early
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Tertiary, and that the southwestern portion of the King lsland

Mornington Peninsula Ridge is a Late Tertiary feature.

Below shotpoint 295 faults have been interpreted to define the

edge of a pre-green structural high. on the downthrown side of

these faults, both the pre-green and post-green reflectors indicate

a history of continued subsidence throughout the Tertiary. This

type of seismic expression is to be expected from other areas of

the basin where Early Tertiary subsidence has continued into the

Late Tertiary. This is not the case, however, for the pelican and

Cormorant structures, as shown in the examples of seismic

profiles 1 and 8, respectively.
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5.5 lgneous Activity

The Bass Basin had extensive igneous activity occurring in a period

of the basin's history generally regarded as the (thermal) sagging

stage. From seismic and well data, three main pulses of igneous

activity are readily observed. These occurred in the Late Oligocene,

Mid Miocene and Late Miocene.

The Late Oligocene volcanics are the most extensive, occurring

particularly along the northeastern and southwestern marginal

areas, and in the Bass-1 area within the basin. The volcanic

centres appear to be aligned along northwesterly trends.

The Miocene volcanics are less

isolated features within the basin,

along northerly trends.

extensive and occur as more

but they appear to be aligned

The igneous intrusives occur predominantly along the central

northwesterly axis of the basin. The emplacement of intrusives

was probably associated with volcanic activity elsewhere in the

basin and does not represent a separate igneous events. This is

supported by Williamson et. al. (1985), who reported an age of 22.5

million years for intrusives encountered by the Cormorant-1 well

within M.diversus sediments (ca. 50 million years).

Two notable correlations from seismic interpretation are:

1. The volcanics occur in areas which display greater structural

deformation and the intrusives occur in areas that appear to
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have subsided more passively.

2. lgneous activity appears to be associated with the more intense

periods of tectonic activity.

Two possible explanations are:

1. Tectonic control: The re-activation of faults provide conduits

for magmas to rise in the Late Tertiary. This would imply that

the Late Tertiary regional stress f ield which controlled fault

re-activation also influenced the distribution of volcanics.

2. Geothermal control: The rising magmas disrupted the upper crust

resulting in faulting (somewhat analogous to rising salt

plumes). This would imply possible hot spots in the lower

cru st.

It is considered that the geothermal field of the lower crust is

essentially uniform over large regional areas. As the basin sagged,

the geothermal f ield contracted in a steady fashion and not

sporadically (i.e. not giving rise to hot spots). lnstead, tectonic

forces acted upon the thermally sagging basin controlling the

distribution of igneous emplacement.

5.5.1 Magnetics of the Bass Basin

One of the curious characteristics of the Late Tertiary igneous

rocks in the Bass Basin is their apparent lack of magnetic

response. ln areas where igneous rocks are recognised on seismic

data and magnetometer plots are available, no significant magnetic

response is apparent. This is unfortunate as the detection of

igneous bodies prior to drilling wells would prove usef ul. For

example, over 400 metres of volcanics were encountered in Aroo-

1. These volcanics were not recognised on seismic data prior to
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drilling. The lack of magnetic response seems strange as the

igneous rocks encountered within the basin are basalts and

gabbros, and petrological studies (as documented in well

completion reports) show that titanomagnetite is present in these

rocks.

Possible explanations for the lack of magnetic response of the

igneous bodies are:

1. Ferromagnetic minerals may have been possibly leached by

seawater/groundwater and/or eroded from the igneous bodies

and become incorporated in the surrounding sediments. As a

result the sediments would have similar or greater magnetic

response which would tend to mask the igneous bodies.

2. Basement is so strongly magnetic that anomalies f rom the

igneous bodies are swamped by its response.

3. The recording instruments may not have been sensitive enough

and/or the grid spacing may have been too large to accurately

define the igneous bodies. This last possibility is considered the

main problem, because in the northeastern and southwestern

marginal areas of the basin where large areas of volcanics (and

also shallow basement) occur the magnetic map becomes very

detailed.

The total magnetic intensity map of the Bass Basin (Brown, 1976)

is shown in figure 32. These aeromagnetic data were obtained by

Hematite Petroleum Pty. Ltd. in 1961 . The majority of f light lines

were flown at spacings between 2.5 to 5 kilometres apart. The

author obtained a copy of the original aeromagnetic maps shown in

figure 32, on which the well locations and Late Tertiary volcanics
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were posted. When this was done it was found that the intra-basin

Late Tertiary volcanics were not readily resolvable. However,

other interesting correlations could be made, which are discussed

below, and outlined on figure 32 on which red represents magnetic

highs, and blue represents magnetic lows:

1. The Pelican, Narimba and Tarook wells lie along a series of

northwesterly trending magnetic lows.

2. The Toolka, Cormorant and Bass-1 wells are located along a

series of north to northwesterly (arcuate) trending magnetic

lows

3. The Konkon, Aroo and Bass-3 wells were drilled on a

northwesterly to northerly trending magnetic highs.

4. The Poonboon, Nangkero and Pelican-3 wells are located in the

region of the large magnetic high in the centre of the basin.

lf it is assumed that the magnetic lows correspond to deeper

mag netic basement than the magnetic highs, then the trends

outlined above also correlate with the interpreted trends of Early

Tertiary depocentres and highs implied in chapter 3. The more

complex magnetic anomalies observed around the basin margin

areas are interpreted to be due to shallow magnetic basement and

also due to the presence of the large concentrations of volcanics,

particularly in the southwestern and northeastern marginal areas

where an abundance of volcanics were observed on seismic data.
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5.6 Summarv of Post-Late Eocene Structural Development

The selected seismic data clearly demonstrate the complex and

varied nature of structural features observed in the Late Tertiary

section of the Bass Basin. The sections displayed examples of

faults which were interpreted to be normal, reverse and wrench

faults. This suggests the Bass Basin has undergone a complicated

tectonic history while sagging in the Late Tertiary. The structural

trends defined by previous authors and supported by the magnetic

data suggest that the structural grain of the Bass Basin was well

developed prior to the Late Tertiary, as the observed Late Tertiary

structural features have the same general trends. The rejuvenation

of pre-existing structures and the structural inversion of several

f eatures are important factors in the structural development of

the Bass Basin.

Two types of structural province have been defined by the

interpretation of seismic data, structure contour mapping and

fault trend analysis.

1. The structural features observed in the northwestern and

southeastern portions of the basin are mainly normal faults and

are the result of fault block movements. ln these areas

extensional tectonics dominate.

2. The structural features observed in the central portion of the

basin are more complex, with reverse and wrench faults,

commonly associated with compressive f lexuring. This area

appears to be dominated more by wrench related tectonics.
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The major periods of tectonic activity occurred in the Late

Oligocene and Mid Miocene. Structural features relating to the Late

Oligocene tectonic activity are observed basinwide, while those

generated by the Miocene tectonic activity appear to be more

restricted to the northern half of the basin. The above observation

is also borne out in the trends of anticlinal closures mapped for

the chosen seismic horizons. ln the southern half of the basin,

anticlinal closures are only mapped at the green and red horizon

and have northwesterly trends, for example, at Pelican. ln the

northern half of the basin, anticlinal closures are mapped for all

three horizons and have northerly trends, for example, the

Cormorant structure.

lgneous activity appears to be directly associated with the major

periods of tectonic activity. Seismic evidence suggests that the

Late Tertiary movement of pre-existing faults allowed magmas to

rise from depth into the sedimentary section. ln areas where

tectonic activity was of greater intensity, volcanics occur,

whereas intrusives are present in areas of lesser tectonic activity.

The alignments of volcanic centres have similar trends to

anticlinal closures of the same age. The Late Oligocene volcanic

centres appear aligned along northwesterly trends, while the

Miocene volcanic centres appear aligned along northerly trends.

Late Tertiary tectonic activity has played a significant role in

shaping the present day architecture of the Bass Basin. The

basinwide selection of seismic sections reveals a diverse set of

structural features for the Late Tertiary. Basin sag due to
geothermal relaxation cannot by itself explain all the observed
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structural features. lnstead, wrench tectonics would better

explain the presence of normal, reverse and wrench faults

interpreted for the Late Tertiary section. However, there appears

to be no large basinwide wrench fault or series of offset wrench

(transfer) faults observable in the mapping of the Late Tertiary

section. The only large interpreted wrench fault occurs along the

King lsland - Mornington Peninsula Ridge, but lateral movement

along this fault alone could not account for the basinwide Late

Tertiary structural deformation. Instead, it is likely that the

basin as a whole has undergone rotation in the Late Tertiary.

The hypothesis of the anticlockwise rotation of Tasmania with

respect to Australia, resulting in the Bass Basin experiencing left-

lateral shear, is supported by the fold trends and the centres of

volcanic activity observed for the Late Tertiary section. This

rotation is depicted schematically in figure 33. During Oligocene

time, Tasmania moved to the east relative to Australia, causing

the development of northwesterly fold trends and squeezing rising

magmas into northwesterly orientations under the influence of

northeast to southwest compression. The stress field changed

during Miocene time with the continued rotation of Tasmania. The

reoriented stress field accounts for the development of northerly

fold and magma trends.

A change from a pre-Late Eocene right-lateral stress regime to a

post-Late Eocene left-lateral stress regime within the Bass Basin,

would account for areas of initial extension (i.e. subsiding areas

such as Cormorant and Pelican) followed immediately by structural

inversions due to compressional forces. Conversely, areas
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comprising more stable structures during pre-Late Eocene time,

for example, Poonboon and Nangkero, become areas of subsidence

and depositional centres during the post-Late Eocene.
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6.0 A REGIONAL TECTONIC MODEL

In this section, a tectonic model will be presented which will

attempt to explain the observed structural patterns in the Bass

Basin and also be consistent with the tectonic evolution of the

Gippsland Basin. All the available evidence suggests that Tasmania

has been connected to continental Australia throughout the

evolution of the Bass Basin. Therefore, it will be assumed in the

following discussion that the Bassian Rise has linked Tasmania to

the mainland during this time.

The major episodes of Australian continental drift as portrayed by

Veevers (1986) are shown in figure 34. The close of rifting and the

beginning of continental separation for the southeastern

Australian region are shown in figures 34a and b, respectively.

From Early Cretaceous (f igure 34b) to the beginning of the

Oligocene (figure 34c) it is noted that the Tasman Sea opened

differentially from south to north. During this period Robinson

(1974) and Threlfall et. al. (1976) suggest that Tasmania moved to

the southwest relative to Australia. As a result, extensional block

movements occurred in the Gippsland Basin while the Bass Basin

experienced right-lateral shear. ln contrast to these authors,

Davidson (1980) suggested that right-lateral divergent rotation

along the Gambier-Gabo Lineament was responsible for the right-

lateral shear experienced in the Bass Basin. Thus, previous authors

imply that the right-lateral shear experienced within the Bass

Basin from the Late Cretaceous to Oligocene was controlled by

tectonic forces external to the basin.
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From the beginning of Oligocene (figure 34c) to Recent time (figure

34d), Australia has drifted north and rotated in a northwesterly

(anticlockwise) direction (Veevers, 1986). ln doing so, it has

essentially dragged Tasmania in a similar direction, because they

were linked by the Bassian Rise. However, where the Victorian

extension of the Bassian Rise intersects the Gambier-Gabo

Lineament, the Tasmanian sub-plate and the main Australian plate

decouple laterally, with the two plates rotating anticlockwise

with respect to each other. Figure 35 diagrammatically illustrates

this point and the following discussion. Thus, the Bassian Rise

(which is bounded by the South Bounding Fault in the Gippsland

Basin) has moved in a northwesterly direction, while the landward

(northern) side of the North Bounding Fault (which is the offshore

extension of the Gambier-Gabo Lineament) in the Gippsland Basin

has moved in a easterly direction. This results in the Gippsland

Basin experiencing right-lateral shear (Threlfall et. al., 1976 and

Davidson, 1980) while the anticlockwise rotation of Tasmania

would cause the Bass Basin to experience left-lateral shear. The

overall right-lateral movement along the Gambier-Gabo Lineament

is suggested by Davidson (1980).

Transform compensation must have taken place along at least one

of the major basin boundaries to allow for the rotation of

Tasmania. Based on available data, this probably occurred along the

King lsland - Mornington Peninsula Ridge. To maintain

anticlockwise rotation, right-lateral movement between the

bounding faults on either side of the King lsland - Mornington

Peninsula Ridge is required.
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Ellenor (1976) noted that Late Tertiary folding is restricted to the

Torquay Sub-basin of the Otway Basin. Figure 36, from Abele

(1976), shows the configuration and major structural features of

the Otway Basin and western Gippsland Basin. The inset on figure

36, shows a complex system of Late Cretaceous to Late Tertiary

faulting. This area is where the King lsland - Mornington Peninsula

Ridge and the Gambier-Gabo Lineament intersect. These structural

features support the tectonic model outlined above.

Figure 36 exhibits other notable features. The Nerita structure

(marked O) which is located in the northern portion of the Torquay

Sub-basin, has a northeasterly trend. This is the same trend as

structures that occur en echelon to the North Bounding Fault in the

Gippsland Basin (Davidson et. al., 1984). The Snail structure

(marked R), which is located in the southern portion of the Torquay

Sub-basin, has a northwesterly trend, which is the same trend as

folds in the Bass basin. This would suggest that movement along

the Gambier-Gabo Lineament continued during Late Tertiary time

and it has influenced the development of structures in the

Gippsland, Bass and Otway Basins.
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7.O RELEVANCE OF POST-LATE EOCENE STRUCTUR¡NG T O

HYDROCARBON OCCURRENCE. MATURATION AND MIGRATION

Of the twenty seven wells drilled up to January 1987, only eight

have had hydrocarbon shows of significance. The status of these

wells is shown in figure 37 (from Williamson et. al., 1987). The

presence of hydrocarbons ( minor gas shows and fluorescence) has

been detected in most wells drilled prior to 1982. The lack of

commercial success has been attributed to the following factors:

1. Tight reservoir sands (e.9. Aroo-1 and Pelican-3)

2. Lack of potential source rock. Nicholas et. al. (1981) reject this

factor because wells encountered mature source rocks of

Eastern View Coal Measures in the central portions of the basin.

However, this factor is operative in the areas of the Konkon-1

and Durroon-1 wells because no mature source rocks were

penetrated.

3. Discontinuous sands (e.9. Toolka-1).

4. Lack of lateral seal (e.9. Dondu-1 and Yurongi-1).

5. lnability of hydrocarbons to migrate into reservoir sands (e.9.

Tarook-1, Poonboon-1, Narimba-1 and Nangkero-1).

6. Flushing of hydrocarbons from the reservoir (e.9. Pipipa-1).

ln addition, the results of this study indicate that the lack of

commercial hydrocarbons may result from the breaching of

reservoirs during Late Tertiary tectonism (e.g.Pipipa-1 and

Nangkero-1 wells).
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A common structural factor seems to correlate with oil recoveries

from Cormorant-1 (located on B72A-89), Yolla-1 (located on

HB73A-169) and Tilana-1 . These wells are located on structures

which show some degree of Late Tertiary structural growth

interpreted to have been due to wrench-related compressional

tectonics. The uncommercial Pelican gas/condensate field and

Bass-3 are also located in areas which appear to have undergone

mild compression in the Late Tertiary. The oil recoveries from

Cormorant-1 and Yolla-1 occurred in the N.asperus sands of the

Eastern View Coal Measures (Williamson et. al., 1987). Analyses of

geothermal history are shown in figure 38 for four Bass Basin

wells (Williamson et. al. 1987). Based on these analyses only the

sediments of the lower M.diversug and older rocks have undergone

a geothermal path favourable for the generation of hydrocarbons.

Thus it is suggested that vertical migration of hydrocarbons from

source rocks at depth to higher levels (N.asperus sands) accounts

for their presence in the Cormorant-1 and Yolla-1 wells. The

vertical migration paths are most probably associated with both

faults and fractures created by Late Tertiary wrenching.

Nicholas et. al. (1981) studied the vitrinite properties of

sediments taken from wells drilled in the Bass Basin, and noted

that the thermal maturation characteristics of the vitrinite were

similar to those for vitrinite in the Gippsland Basin. This suggests

that hydrocarbon generation occurred at similar times in the two

basins. Kuttan et. al. (1986), also suggested that significant

migration of hydrocarbons into structural traps occurred in the

Gippsland Basin during Miocene time. Figure 39, (from Kuttan et.

al., 1986) exhibits the accumulation of potential reservoir
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sediments of the Latrobe Group, contemporaneous and subsequent

trap development, the time interval of the migration of

hydrocarbons into the trap and the beginning of fresh water influx

into the reservoir sands. Thus, if the Bass Basin has similar

maturation and migration characteristics to those of the

Gippsland Basin, ¡t is suggested that the most prospective

locations for future hydrocarbon exploration in the Bass Basin are

those areas which show evidence of Oligocene or Miocene

structural growth.
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8.0 coNcLUSroN

The Late Tertiary tectonic setting for the Bass Basin, which best

explains the observed structural features is considered to be the

anti-clockwise rotation of Tasmania with respect to Australia,

resulting in the sagging basin experiencing left-lateral shear. This

rotation was principally due to a change in the regional stress

field as the Australian continent drifted north and rotated anti-

clockwise. The distribution of Late Tertiary volcanic activity

appears to have been controlled to some extent by this left-

lateral stress field. This conclusion is supported by the answers

to the questions posed in the introduction of this thesis.

Based on the interpretation of an extensive grid of seismic data,

subsequent mapping of chosen horizons and fault trend analysis,

the Late Tertiary section has undergone a more complex structural

history than has perhaps been generally recognised in the

literature. ln answer to question one, two structural province

types have been defined as follows:

First, in the southeastern and northwestern portions of the basin,

Late Tertiary structural development appears to have been

controlled by the re-activation and jostling of basement fault

blocks. Normal faults are the most common structural feature

exhibited by the juxtaposition of these fault blocks and it is

considered that extensional tectonic forces have dominated the

structural development of these areas.
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Secondly, a wrench tectonic regime accounts for the structural

features of Late Tertiary age situated in the central portion of the

basin. This is supported by the distribution of normal, reverse and

wrench faults. lt is in this region also that examples of inverted

features are found. Such structures are more common in the Bass

Basin than has been generally recognised by previous workers

except for Robinson (1974) and Davidson (1980), who first

recognised that inversion was responsible for the Cormorant

structure. That is, the Cormorant structure and to a lesser degree

the Pelican structure, which in Early Tertiary times were areas of

major subsidence and deposition, now display positive structural

relief. This structural inversion supports the concept of wrench

related compression taking place during the Late Tertiary.

ln answer to question two, Late Tertiary igneous activity was

apparently associated with the more intense periods of tectonism

within the basin. The compressive stress field of a left-lateral

shear acting on the basin will explain the observed rotation of

alignments of volcanic centres, from a northwesterly trend in the

Late oligocene to a northerly trend in the Miocene. The volcanic

extrusives are located in areas where wrench tectonics dominate.

As wrench faults are generally more deforming than normal faults,

it may be suggested that the wrench faults provided an easier

conduit through the sedimentary section for the rising magmas.

The observable igneous intrusives on seismic data occur just

below the top Eastern View Coal Measures level. These intrusives

occur mainly along the central axis of the basin. Pre-Oligocene

faults appear to have been the conduit for these rising intrusives.
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8.1. lmplications for Petroleum Exploration

The results of the above structural interpretation have imþortant

implications for future petroleum exploration within the Bass

Basin and perhaps other basins exhibiting similar tectonic regimes.

It has been demonstrated that Late Tertiary tectonism has

provided a mechanism for the development of structural traps by

the rejuvenation of pre-existing structures and the generation of

new structures. lt has been suggested that this tectonism has

played a major role in the entrapment of hydrocarbons found to

date, for example, Cormorant-1, Yolla-1 and the Pelican field. ln
particular, wrench-related compressive forces acting in the

central portion of the basin have enhanced and generated anticlinal

closures within the Eastern View Coal Measures sediments. These

forces also facilitated the opening of vertical migration paths for

hydrocarbons at depth to be later trapped in shallower reservoir

sands. Thus, it is suggested that future exploration should test

structures that show an element of Late Tertiary growth and are

located in areas where significant wrench tectonism has occurred.



76

9.0 REFERENCES

ABELE, C., '1976: Tertiary - Central Coastal Basins.

ln DOUGLAS, J.c. & FERGUSON, J.A. (editors). GEOLOGY OF

VICTORIA . GEOLOGICAL SOCIETY OF AUSTRALIA SPECIAL

PUBLICAT¡ON, VOL. 5, 229-248.

BROWN, 8.R., 1976: Bass Basin, some aspects of petroleum geology.

ln LESLIE, R.8., EVANS, H.J. & KNIGHT, C.L. (editors). ECONOMTC

GEOLOGY OF AUSTRALIA AND PAPUA NEW GUINEA, VOL. 3 -

PETROLEUM. AUSTRALASIAN INSTITUTE OF MINING AND

METALLURGY MONOGRAPH 7, 67-82.

BROWN, L.F., 1985: Facies analysis and its role in seismic

stratigraphic interpretation.

PETROLEUM EXPLORATION SOCIETY OF AUSTRALIA

DISTINGUISHED LECTURE SERIES, ADELAIDE.

CAREY, S.W., 1970: Australia, New Guinea and Melanesia in current

revolution in concepts of the evolution of the Earth.

SEARCH, VOL. 1, 1979-1g8g.

DAVIDSON, J.K., 1980: Rotational displacements in southeastern

Australia and their influence on hydrocarbon occurrence.

TECTONOPHYSICS, VOL. 63, 139-153.

DAVIDSON, J.K., BLACKBURN, G.J. & MORRISON, K.C., 1984: Bass and

Gippsland Basins: A comparison.

A.P.E.A. JOURNAL VOL.24(1 ), 1 01 -109.

DAVIS, P.N., 1983: Gippsland Basin, southeastern Australia.

ln BALLY, A.W. (editor). SEISMIC EXPRESSION OF STRUCTURAL

STYLES. AMERICAN ASSOCIATION PETROLEUM GEOLOGISTS

STUDIES IN GEOLOGY #15, VOL. 3.



77

DEWAN, J.T., 1983: Essentials of modern open-hole log

inte rpretatio n.

PENNWELL PUBLISHING COMPANY. TULSA, OKI.AHOMA.

ELLENOR, D.W., 1976: Otway Basin.

ln LESLIE, R.8., EVANS, H.J. & KNIGHT, C.L. (editors). ECONOMIC

GEOLOGY OF AUSTRALIA AND PAPUA NEW GUINEA, VOL. 3 -

PETROLEUM. AUSTRALASIAN INSTITUTE OF MINING AND

METALLURGY MONOGR APH7, 82-91.

ESSO, 1967: Bass-3, well completion report.

ESSO AUSTRALIA LTD., (Unpublished).

ESSO, 1974a: Nangkero-1 well completion report.

ESSO AUSTRALIA LTD., (Unpublished).

ESSO, 1974b: Poonboon-1 well completion report.

ESSO AUSTRALIA LTD., (Unpublished).

ESSO, 1974c: Aroo-1 well completion report.

ESSO AUSTRALIA LTD., (Unpublished).

ETHERIDGE, M.4., BRANSON, J.C. & SCHERL, A.S., 1985a : Extension

basin-forming structures in Bass Strait and importance for

hydrocarbon exploration.

A.P.E.A. JOURNAL VOL. 25(1), 344-361.

ETHERIDGE, M.A., BRANSON, J.C., FALVEY, D.A., LOCKWOOD, K.L.,

STUART-SMlTH, P.G. & SCHERL, 4.S., 1985b: Basin forming

structures and their relevance to hydrocarbon exploration in

Bass Basin, southeastern Australia.

B.M.R. JOURNAL OF GEOLOGY AND GEOPHYSICS, VOL. 9,197-206.

HEMATITE, 1979: Pelican-4, well completion report.

HEMATITE PETROLEUM PTY. LTD., (Unpublished).



78

JONES, H.A., & HOLGATE, G.R., 1980: Shallow structures and Late

Cainozoic geological history of western Bass Strait and the

west Tasmanian Shelf.

B.M.R. JOURNAL OF GEOLOGY AND GEOPHYSICS, VOL 5, 87-93.

KANTSLER,4.J., KULLA, J.B. & NEUMANN, R.G., 1986: Freshwater influx

in the Gippsland Basin: impact on formation evaluation,

hydrocarbon volumes and hydrocarbon migration.

A.P.E.A. JOURNAL, VOL. 26(1), 242-249.

LINDER,4.W., 1986: Oil and gas development in Australia in 1985.

A.A.P.G. BULLET|N, VOL. 70(10), 1611-1624.

LOWELL, J.D., 1985: Structural styles in petroleum exploration.

OGCI PUBLICATIONS. TULSA, OKLAHOMA.

MIDDLETON, D.F., 1982: The subsidence and thermal history of the

Bass Basin, southeastern Australia.

TECTONOPHYSICS, VOL. 87, 383-397.

MOORE,W.R., BAILLIE, P.W., FORSYTH, S.M., HUDSPETH, J.W.,

RICHARDSON, R.G. & TURNER, N.J., 1984: Boobyalla Sub-basin: a

Cretaceous onshore extension of the southern edge of the Bass

Basin.

A.P.E.A. JOURNAL, VOL 24(1), 1 10-1 17.

NICHOLAS, E., LOCKWOOD, K.L., MARTIN, A.R. & JACKSON, K.S., 1981 :

Petroleum potential of the Bass Basin.

B.M.R. JOURNAL OF GEOLOGY AND GEOPHYSICS, VOL. 6,199-212.

PARTRIDGE, 4.D., 1976: The geological expression of eustacy in the

Early Tertiary of the Gippsland Basin.

A.P.E.A. JOURNAL, VOL 1 6(1 ), 73-79.

PARTRIDGE, A.D., 1979: Revision of Bass Basin palynological and

micropalaeontology data sheets.



79

ESSO AUSTRALIA LTD., PALAEONTOLOGY REPORT,1979119.

(Unpublished).

P.S.S.A., 1969: Summary of data and results Otway Basin, Victoria:

Pecten No. 1-14 and Nerita No. 1.

DEPT. NAT. DEV. BUR. MINER. RESOUR., GEOL. GEOPHYS. PET

SEARCH SUBSIDY ACTS PUBL. No. 88.

RAGGATT, H.C. & CRESPIN, ¡., 1952: Geology of Tertiary rocks between

Torquay and Eastern View, Victoria.

AUSTRALTAN JOURNAL OF SCtENCE, 14(5) ,143-147.

RAGGATT, H.C. & CRESPIN, 1., 1955: Stratigraphy of Tertiary rocks

between Torquay and Eastern View, Victoria.

PROCEEDINGS OF THE ROYAL SOCIETY OF VICTORIA, VOL. 67,

7 5-142.

ROBINSON, V.4., 1974: Geological history of the Bass Basin.

A.P.E.A. JOURNAL, VOL.14, 44-49.

SELLEY, R.C., 1985: Ancient sedimentary environments and their sub-

surface diagnosis (3rd ed.)

UNIVERSITY PRESS CAMBRIDGE, GREAT BRITAIN.

SPRY, A. & BANKS, M. R., 1962: The geological history of Tasmania.

JOURNAL OF THE GEOLOGICAL SOCIETY OF AUSTRALIA, VOL.

e(2).

VEVEERS,J.J., 1986: Phanerozoic earth history of Australia,

implications for resource exploration.

COURSE LECTURE NOTES, ADEI-AIDE UNIVERSITY.

THRELFALL, W.F., BROWN, B.R. & GRIFFITH, 8.R., 1976: Gippsland Basin:

Off shore.

In LESLIE, R.8., EVANS, H.J. & KNIGHT, C.L. (editors). ECONOMIC

GEOLOGY OF AUSTRALIA AND PAPUA NEW GUINEA, VOL. 3 -



BO

PETROLEUM. AUSTRALASIAN INSTITUTE OF MINING AND

METALLURGY MONOGRAPH 7, 41-67.

WEAVER, O.D., HOUDE, Y, SMITHERMAN, J. & NETTELS, C., 1982: BASS

Basin set for new exploration.

olL AND GAS JOURNAL, VOL. 80(1), 154-161.

WEEKS, L.G. & HOPKINS, B.M., 1967: Geology and exploration of three

Bass Strait basins, Australia.

A.A.P.G. BULLET|N, VOL. 51(5), 742-760.

WILLIAMSON, P.E., PIGRAM, C.J., COLWELL, J.8., SCHERL, A.S.,

LOCKWOOD, K.L. & BRANSON, J.C., 1985: Pre-Eocene structure

and stratigraphy of the Bass basin.

A.P.E.A. JOURNAL, VOL. 25(1), 362-381.

WILLIAMSON, P.E., PIGRAM, C.J., COLWELL, J.8., SCHERL, A.S.,

LOCKWOOD, K.L. & BRANSON, J.C., 1987: Review of

stratigraphy, structure, and hydrocarbon potential Bass basin,

Australia.

A.A.P.G. BULLET|N, VOL. 71(3), 253-280.



81

APPENDIX A

Listed below in table A-1 is the order in which wells were drilled,

total depth (subsea) and hydrocarbon shows,

WELL DATE DEPTH SI-{OWS

SPIJDDED ( etres)

Bass- 1

Bass-2

Bass-3

Pe lican- 1

Cormorant-1

Pe lican-2

Pe lican-3

Poonboon-1

Tarook-1

Du rroo n -1

Aroo - 1

Toolka-'1a

Nangkero-1

Konkon-1

Dondu-1

Yurongi-1

Narim ba- 1

Pe lican-4

P ioioa-'1

21 t7 t65

14t4t66

11t2t67

19 t3t7 0

11t6t70

28t7 t7 0

115t7 2

29t8t72

4/10t72

22t1 0 t7 2

413t7 3

16t3t7 3

24t4t73

13t5t73

3015t73

3/7t73

31 t8t7 3

17t1t79

4/ 5t 82

gas/condensate

gas/condensate

o illg as

gas/condensate

gasicondensate

2352

1 801

2432

31 7B

3 001

3 068

2907

3 266

277 4

3024

3 692

2715

287 7

1 537

2927

2438

3 354

3 051

2 55

Table A-'1 . Well status data
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Listed below in table A-2 is available data from well completion

reports (WCR), well velocity surveys (WVS), and gamma-ray or

spontaneous potential and sonic logs

WELL WCR WVS GR or SP SONIC

Aroo-1 1

Bass-1 1

Bass-2 1

Bass-3 1

Cormorant-1 4

Dondu-1 4

Durroon-1 4

Konkon-1 4

Nangkero-1 2

Narim ba- 1 3

Pelican-'l 4

Pelican-2 4

Pe lica n-3 4

Pelican-4 3

Pipipa- 1 2

Poonboon-1 4

Tarook-1 4

Toolka-1a 1

Yrrronoi-1 4

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

CRCS

NA

c

c

c

L

c

c

c

NA

NA

CR

CR

NA

c

c

NA

L

L

c

L

L

c

L

NA

NA

c

c

c

c

c

L

CR

c
c

L

NA

Table A-2. Well data available.

Rating for well completion reports refers to data pertinent to post-

Late Eocene geology and is as follows:

1.- excellent

2.- good
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3.- fair

4.- poor

A = âvâilable

NA = not available

c = cofnplete logging run

CR = complete but contains glitches due to run changes

CS = complete but contains scale changes during run

L = limited portion only, usually from the lower Oligocene section

downwards.

Listed below in table A-3 are the seismic lines interpreted during

this project.

B69A- 1 B6I A-2 B69A-3 869A-4 B69A-5 869A-6

869A-7 869A-8 869A-9 869A-10 869A-1 1 869A-12

869A-13 869A-14 869A-15 8698-1 869B-2 8698-3

869 B-4 869 B-5 869 8-6 869 B-7 869 B-8 869 B-9

869B-10 869B-13 869B-14 869B-15 B70A-1 870A-2

B70A- 12 87 0 A-1 4 87 0 A-17 B7 0 A-21 B70A- 22 87 0 A-24

B70A-29 B70A-30 B70A-31 B70A-32 B70A-33 B70A-34

B70A-35 B70A-36 B70A-37 871A-65 B71A-18 B71A-36

871 A-40 871 A-41 871 A-42 871 A-43 871 A-44 871 A-47

871A-48 871A-49 B71A-50 871A-51 871A-52 B71A-53

t71A-54 B71A-55 B71A-56 B71A-57 871A-58 871A-59

871A-60 871A-61 871A-66 871A-69 871A-71 871A-72

871A-73 872A-5 B72A-28 B72A-35 B72A-73 B72A-73A

B72A-74 B72A-75 872A-76 B72A-77 B72A-78 B72A-79

B72A-80 872A-81 872A-82 872A-83 872A-84 B72A-85

87 2A-86 87 2A-87 87 2A-88 87 2A-89 87 2A-90 87 2A-91
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B72A-92 B72A-94 B72A-95 872A-96 B72A-97 B72A-100

B72A-101 B72A-103 B72A-104 B72A-105 B72A-106

872A-107 B72A-108 B72A-109 B72A-110 872A-111

872A-112 872A-1 13 872A-1 14 872A-1 14A 872A-1 15

B72A-116 B72A-117 B72A-119 B72A-120 B72A-121

B72A-122 872A-123 B72A-124 B72A-125 B72A-126

B72A-127 B72A-128 872A-129 B72A-130 B72A-131

B72A-132 B72A-133 B72A-134 HB73A-87 HB73A-125

HB73A-126 HB73A-135 HB73A-136 HB73A-137 HB73A-140

HB73A-141 HB73A-142 HB73A-143 HB73A-144 HB73A-145

HB73A-146 HB73A-147 HB73A-148 H873A-149 H873A-150

HB73A-151 HB73A-152 HB73A-153 HB73A-154 HB73A-155

HB73A-156 HB73A-157 HB73A-158 HB73A-159 HB73A-160

HB73A-161 HB73A-162 HB73A-163 HB73A-164 HB73A-165

HB73A-166 HB73A-167 HB73A-168 HB73A-169 HB73A-170

HB75A-5 H875A-26 HB75A-27 HB75A-29 H875A-69

HB75A-93 HB75A-1 14 HB75A-1 14 HB75A-156 HB75A-171

HB75A-172 HB75A-173 HB75A-174 H875A-175 HB75A-176

HB75A-177 HB75A-178 HB75A-179 HB75A-180 HB75A-181

HB75A-182 HB75A-183 HB75A-184 HB75A-185 HB75A-186

HB75A-187 HB75A-187 HB75A-188 HB75A-191 HB75A-193

HB75A-194 HB75A-195 HB75A-196 HB75A-197 HB75A-198

HB75A-198 HB75A-199 HB75A-200 HB75A-201 HB75A-202

HB7 5A-204 H B75A-205 H 875A-206 HB7 5A-207 H B75A-208

HB75A-209 HB75A-210 HB75A-21 1 HB75A-212 HB75A-213

HB75A-214 HB75A-215 HB75A-216 HB75A-217 HB75A-218

HB75A-21 9 HB75A-220 HB75A-221 HB75A-222 HB75A-224

HB75A-225 HB75A-226 HB75A-227 HB75A-228 HB75A-229

H B75A-230 H B75A-231 HB7 5A-232 H B77A-301 HB77 A-302
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H B77A-303 HB77 A-304 H B77A-305 H 877A-306 HB77 A-307

HB77A-308 HB77A-309 HB77A-310 HB77A-31 1 HB77 A-312

HB77A-313 HB77 A-314 HB77A-315 HB77A-316 HB77 A-317

H B77A-31 B H B77A-31 I HB77 A-320 HB77 A-321 H B77A-330

HB77 A-332 HB77 A-334 HB77A-335 H 877A-336 HB77 A-337

H B77A-339 HB77 A-340 HB77 A-341 HB77 A-342 HB77 A-343

HB77 A-344 H B77A-345 HB77 A-347 HB77 A-348 HB77 A-349

HB77A-350 HB77 A-352 HB77A-354 H877A-356 H877A-360

HB80A-230 HB80A-401 HB80A-402 HB80A-403 HB80A-404

HB80A-405 H880A-406 HB80A-407 HB80A-408 HB80A-409

HBB0A-410 HB80A-4'1 1 HB80A-412 HB80A-413 HB80A-414

HB80A-415 HB80A-416 HBB0A-417 HB80A-418 HB80A-419

HBB0A-420 HB80A-42'1 HBB}A-422 HB80A-424 H880A-426

HB80A-428 HB80A-430 HBB0A-432 HB80A-434 H880A-436

BMR82-4 BMRB2-4D BMR82-8 BMRB2-11 BMR82-114

BMR82-1 1 B BMR82-16 BMR82-17 BMR82-18 BMR82-19

BM R82-20

Table A-3. Seismic sections used in study.




