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ABSTRACT

The Great Australian Bight is underlain by four main

Meso2oic and Tertiary sedimentary basins: thes~ are the intra

cratonic Eucla Basin which underlies the western part of the

continental ~helf, and the Bremer, Great Australian Bight, and

Otway Basins which underlie the continental slope (including

the Eyre, Ceduna, and Beachport Terraces). The 'slope basins'

are associated wjth the rifting apart of Australia and Antarctica

alld commencement of seafloor spreading in the late Paleocene.

Their structures are characterized by numerous normal faults which

trend parallel to the continental margin. Sediment thicknesses

range from 2ito 6 km or more, and are 2 to 3 km under the

continental rise which reaches its maximum width of 250 km south

of the Eyre Terrace. Basement probably consists mainly of

Proterozoic crystalJine and sedimentary rocks.

By analogy with the well-documented sequence in the

Otway Basin an~ from a tentative seismic tie to Potoroo No. 1

well (130
0
46'E, 33

0
23'S), it is ded~ced that the Great Aust

ralian Bight Basill probably consists of four units ranging

from Early Cretaceous to Late Tertiary. The Early Cretaceous

to early Paleocene pre-breakup sequence probably 0.onsists

largely of con~inental sedi~ent, and the post-breakup sequence

of shallow marine clastic sediment and prograded carbonates.

A section with similar acoustic characteristics underlies the

continental rise.

Gravity and magnetic data indicate that a band of

ultrabasic rocks may flank the Precambrian Gawler Block. A

rragnetic trough, and in places an associated gravity ridge,

correspond with a major fault along the continental margin. The

'magnetic quiet zone' which loccurs over the continental rise

appears to be caused by deep-seated continental crust.

The 'slope basins' extend for almost 3000 km along the

southern margin and c6ntain thick sections large]y untested by

drilling. The Upper Cretaceous sequence has the greatest pet

roleum potential, and has yielded a short-lived gas/condensate

flow in the offshore Otway Basin. Although structural traps are

apparent the lack of anticlinal folds downgrades its prospect

ivi'ty.
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SUMMARY

A regional interpretation is presented of geophysical

data in the Great Australian Bight, lying between 1200 and 1410 E

and extending to the foot of the continental rise. The inter

pretation is based primarily on data from the Continental Margin

Survey, carried out by Compagnie Generale de Geophysique for the

Bureau of Mineral Resources from 1970 to 1973. Contour maps of

water depth, magnetic, free-air and Bouguer anomalies, and some

key seismic profiles have been studied. To assist in the inter

pretation the area was divided into Bouguer anomaly provinces

which were linked to those onshore.

The continental shelf is an arcuate plain s~oping

southwards to a shelf break at between 125 and 165 m. It ranges in

width from 20 to 200 km. A major part of the continental slope,

between about 200 and 2000 m, is occupied by the Eyre, Ceduna,

and Beachport Terraces. The continental rise is generally about

50 km wide but attains a wLdth of 250 km south of the Eyre

Terrace.

Basement is probably composed of Proterozoic crystalline

rocks overlain in places by Proterozoic sediments and volcanics,

and Palaeozoic sediments. The margin is dominated by six basins

which contain Mesozoic and Tertiary sediments: from west to east f
these are Bremer, Eucla, Great Australian Bight, Polda, and Otwa~

Basins.

The sei~mic evidence suggests that 200 to 500 m of

sediments underlies most of the continental shelf and the Eyre

Terrace, and is continuous with the Upper Cretaceous to Upper

.Tertiary sequence in the Eucla Basin. A much thicker section

occurring in the Bremcr, Great Australian Bight, and Otway Basins,

and beneath the contin8ntal rise is divided by four unconform

ities. By analogy with the Otway Basin and by a tentative tie

toPotoroo No. 1 well, the complete section is considered to com

prise a Lower Cretaceous fluviatile lacustrine unit (Otway Group
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eqnivCllent), an Upper Cretaceous and Lower Pa.leocene mainly

fluviatile-deltaic unit (Sherbrook Group equivalent), an Upper

Paleocene and Eocene shallow marine clastic unit (Wangerrip and

NirranriG Group equivalents), and an Oligocene to Recent prograded

carbonate shelf unit (Heytesbury Group equivalent). The total

thickness of the section is at least 2 km in the Brerner Basin,

6 km in ~he Sreat Australian Bight Basin, 6 km in the Otway

Basin, and 2 to 3 km beneath the continental rise.

~\he Lower Cretaceous and basement rocks are sliced by

extensive normal faults which trend parallel to the continental

margin. The zone of faulting underlies the continental slope

i.n the Bre~er Basin, the continental rise south of the Eyre

Terrace, the Ceduna Terrace, and occurs throughout the seaward

portion of the Otway Basin. In general, the fault-blocks are

downthrown southward and tilted northward and beneath the Ceduna

Terrace form an elongated structural basin. The Upper Cretaceous

aDd Lower Paleocene sediments which fill this basin are faulted

at the margins only, probably by rejuvena~ion of the Lower

Cretaceous faults.

The interpretaT.ion of the gravity and magnetic data lar

gely supports the structure indicated on the seismic records when

reasonable density contrasts are used. Both the gravity and

magnetic results indicate very distinctive features, the most

significant of which add to the regional interpretation. A

well-defined gravity anomaly ridge, which forms an arc around the

northwest margin of the Gawler Block, extends southwards across

the continental shelf between 131
0

and 132
o
E. It results from

a zone of high-density rocks of unknown origin. Very intense

magnetic anomalies (amplitude 2000 nT, wavelength 1 km) occupy

the Fowler and Nullarbor 1:250 000 Sheet areas and about

10 000 km
2

of the continental shelf: their source must lie

near the surface of the Gawler Block, beneath the Quaternary

drift. A magnetic trough, and in places an associated gravity

ridge, extends for about 2000 km and along the contine~tal

margin. West of 130
0

E it corresponds with a fault zone which
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lies on the upper (~ontinental rise, and east of 1300 E it

corresponds with a band of igneous intrusions or diapirs

which underlie the Ceduna Terrace. It ma~' be related to an

abbrted seafloor s!)reading rift of probable Jurassic or Early

Cretaceous age. A magnetic anomaly ridge along latitude 360S

overlies oceanic basement and is equated with seafloor

spreading anomaly number 22. The 'magnetic quiet zone', a

region of quiet magnetic field over the ~ontinental ris(~ off

southern Australia and also off the Antarctic coast, appears to

be caused by deep-seated continental crust. However, the

gravity values suggest that this crust is only 10 to 15 km

thick. The crust ranges from 20 to 30 km thick under the

marginal terraces and is about 33 km thick under the contin-
I

ental shelf. I

The earliest geological event deduced from this

interpretation is the erosion of basement, probably during

the Permo-Carboniferous ice age. In the early part of the

Mesozoic, fault-bounded troughs probably formed near the edge

of the present continental shelf (e.g. Polda Trough) and pro

bably soutb of the Eyre Terrace. During the Early Cretaceous,

fluviatile and lacustrine sedimen"ts were deposited south of the

basement which now underlies the continental shelf and western
}

Eyre Terrace. Towards the end of the Early Cretaceous an

arch formed along the foot of the present continental rise,

and the tension which resulted was relieved by normal faulting

~nd formation of an incipient rift. By the early part of the

Late Cretaceous a structural rift-valley basin had formed.

~his was followed by marine transgression, which probably

spread eastwards across the area, but appears to have been

of short duration. Fluviatile and deltaic sediments were

deposited in the subsiding rift-valle'- basin during most of

the Late Cretaceous and early Paleoc0ne. The readjustment of

fault-blocks near the basin margins in the mid-Late Cretaceous
caused a minor unconformity. In the late Paleocene commence

ment of seafloor spreading led to subsidence of the southern
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fault-blocks and formation of the southern margin. A marine

incursion resulted in deposition of shallow marine clastic

sediments in the late Paleocene and Eocene. By the Oligocene,

the source of detritus had been largely eroded down, and

the northward drift of Australia into a warmer latitude possibly

caused an abrupt change to 8arbonate sedimentation. As the

margin continued to subside, a shelf of prograded carhonate

sands built southwards and pelagic carbonates were deposited

on the continental rise.

The basins, which extend for almost 3000 km along

the southern margin, contain up to 8 km of sediments which

are largely untested by drilling. The Upper Cretaceous

sequence has the most attractive petroleum potential, and

has given a flow of 4.3 MMCFD of gas and condensate over

a short period in Voluta No. 1 well in the offshore Otway

Basin. Structural traps may occur within the Upper Cret

aceous fault-blocks, but the prospectivity of the basins

is downgraded by a lack of anticlinal folds. However, the

area must still be regarded as a major petroleum prospect,

although for the present it is largely unexploitable, owing

to the average water depth of about 1000 m.

The regional interpretation has indicated the need

for additional seismic work of about 14 000 n miles, mainly

in the Great Australian Bight Basin, to provide further

control for systematic mapping of the unconformities and

isopachs. Further studies should include previous data

obtained by both the Bureau of Mineral Resources and by

Shell Development (Aust.) Pty Ltd. Stratigraphic drilling

is required to determine the source of the gravity ridge

over the margin of the Gawler Block and the source of the

intense magnetic anomalies over the Fowler and Nullabor

Sheet areas. Stratigraphic drilling is also needed to

confirm the ages of the section underlying the Ceduna

Terrace, although this would be very expensive. Drilling
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on the continental rise, possibly as part of the IPOD (Inter

national Phase of Ocean Drilling) program, would indicate

whether the section was part of the Great Australian Bight

Basin.
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INTRODUCTION

This report is an interpretation of regiunal geophysical

data from the Great Australian Bight between 1200 and 141oE,

extending from the coast to the foot of the continental rise

(Fig. 1). It is based mainly on gravity, magnetic, and, .",.
reflection seismic profiling irom the Bureau of Mineral

Resources (BMR) Continental Ma!gin Survey (IH. 1), but

data from onshore helicopter gravity surveys, regional

aeromagnetic surveys, and some local seismic surveys carried

out under the Petroleum Search Subsidy Act (1959-1973) have

also been considered. Particular attention has been paid

to the definition of gravity anomaly provinces and to the

correlation of these provinces with those derived from

onshore gravity surveys. The description of gravity and

magnetic anomalies is largely independent of the rest of

the report. The seismic interpretation is based on original

monitor records from the Continental Margin Survey. It is

restricted by a seismic penetration rarely greater than 2 s

record time, and by multiple reflections on the continental

shelf and along the near-shore edge of the mar.ginal terraces.

Maps of marine Bougucr anomalies, free-air anomalies,

and magnetic anomalies were derived from Continental Margin

Survey data by contouring hourly values, as described by

Will cox (1974).

In general, the navigational accuracy associated

with data from the Continental Margin Survey is between

1 and 2 n miles. The standard deviations of misties in

bathymetry, Bouguer, and magnetic anomalies are 23.19 m,

3.88 mGal, and 21.96 nT, respectively, with the maxim~m

misties of 130 rn, 13.7 mGal, and 106 nT. Further details

of data quality, operations, and equipment are given by

Willcox (1974).
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GEOLOGICAL SETTING

The geological framework of the Great Australian

Bight comprises several sedim8ntary basins which overlie a

crystalline basement complex (Fig. 2). The basement rocks,

which have ages ranging from Archaean to mid-Proterozoic,

crop out as the Yilgarn and Gawler Block to the west and

east, respectively. In addition, the AdelaIde Geosyncline

incorporates Upper Proterozoic sedimentary rocks. Sedimentary

thicknesses vary from a few hundred metres in parts of the

Eucla Basin to possibly 10 km in the Great Australian Bight

Basin. Up to 10 km is also possibly present in the onshore
partr of the Adelaide Geosyncline.

The structure of the offshore area was first indicated

from an aeromagnetic survey flown between ~ucla and Kangaroo

Island by Geophysical Associates (1966). Depths of aeromagnetic

basement were generally uniform at about 1 km below sea level

(Fig. 3), but four basement depressions were indicated. From

west to east these are: a basement depression off Eyre in

Western Australia; the offshore part of the Denman Basin at
.'

the head of the Bight; t~e Polda (or Elliston) Trough, an
, , ...

elongate basement depression at least' 2 km deep extending

westwards from the Eyre Pen'lnsula; a~d the Dui} trooj) Embayment
~~ _.. ...

with basement depths of 5 to 6 km lying across the continental

slope west of Kangaroo Island.

,
Widely spaced gravity and magnetic traverseR were

recorded during 1967 by the USCGS Oceanographer.

The first !8flection and refraction seismic surveys

(Tenneco, 1966; 8:1el1, 1966; Tenneco, 1967a) largely confirmed

the aeromagnetic interpretati0~. The averag~ depth to basement

was about 1 km oelow sea level with ocdasional troughs containing
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about 2 km of sediments. Tbsre was Ijttle sign of deformation

within these sediments. T-delta T analysis showed that the seismic

veloci ty in tt-e shallc'w sedimentary section was about 2.3 km/s.

A comprehensive regional survey of the southern margin

was condncted by Shell duri.ng 1972, using the MV Pet!el

(Shell, 1973). An interpretation of the data is given by

Bouef (1975) and Bouef & Doust (1975). (Fig. 4).

Muny detailed seismic surveys have been carried out

over the continental shelf in the Bight but in general the~

are of little relevance to this report.

GEOLOGY OF THE SHIELD AREAS

West Australian Shield

Precambrian rocks which crop out immediately west of

the area covered by this report are principally gneiss and

granite within the Yilgarn Block and Albany-Fraser Province

(Thompson, 1970).

The Yilgarn Block, composed mainly of Archaean rocks,

is characterised by elongate greenstone belts trending north

to northwest and enclosed within a large expanse of granitic

gneiss. The block is intruded by easterly-trending norite

dykes mainly in the east, and by Upper Proterozoic basic dykes

close to its western margin.

The Albany-Fraser Province abuts the Yilgarn Block

to the south and southeast. It extends along the coast and

probably forms the continental shelf west of 124
o

E. Thompson

(op. cit.) suggests that the boundary between the Gawler

Craton and the Albany-Fraser Prov1nce may lie acrQr'_ 3 the

continental shelf in the region of the Archipelago of the

Recherche; however, this is conjectural. Gravity d~ta

suggest that t he western boundary of the Gawler -Block could
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lie along the eastern edge of the Denman Basin. The Albany

Fraser Province extends eastwards for a~ unknown distance

beneath the Eucla Basin (Peers & Trendall, 1968).

The Albany-Fraser Province consists principally of

granite, granulite, and amphibolite which may represent the

metamorphosed equivalents of sediments laid down on the

Yilgarn Block in the Proterozoic (Thompson, 1970). Isotopic

dates of 1100-1400 rn.y., that is Late Proterozoic, have

been determined for the granite and granulite (Turek &
Stephenson, 1966; Compston & Arriens, 1968). However,

Doepel (1969) considers that gneiss around Esper=Lnce is

Arr.haean, although it strikes perpendicular to the Archaean

fold belts in the Yilgarn Block.

The Yilgarn Block and Albany-Fraser Province are

separated by the northeasterly-striking Fraser Fault in

the east, and smaller easterly-trending faults in the west.

Structural trends in the province vary from northeasterly

adjacent to the Eucla Basin to easterly near Albany.

Gawler Block

Thompson (1970) defines the Gawler Block as the

outcropping portion of the Gawler Craton. It extends along

the coast from about 132 0 to 1380 E (Fig. 2) and inland for

250 to 300 km.

The Gawler Block in the region of the Eyre P8ninsula

is a metamorphic cl'ystalline complex, of Carpentarian or

greater age (possibly 1800 m.y.), which has been stable since

that time. It consists mainly of gneissic and schistose

rocks, and is overlain by Pleistocene aeolian sands.

The aeromagnetic expression of major iron formations

has been used to demonstrate that a synclinorium occupies the

western portion of the Eyre Peninsula, and that a north-



northeasterly-trending anticlinorium occupies the lower part

of Spencer Gulf (Whitten, 1966). The Tectonic Map of Australia

and New Guinea (Ge?logical Society of Australia, 1971) shows

several northerly-trending anticlinoria in the northeastern

part of the Eyre Peninsula.

SEDIMENTARY BASINS

Nine sedimentary basins lie within the area covered,

by this report: Bremer Basin, Eucla Basin, Denman Basin,

Polda Trough, GreatlAustralian Bight Basin (incorporating

the Duntroon Embayment), Pirie-Torrens Basin, St Vincent

Basin, AdeJaide Geosyncline, and Otway Basin.

Sremer Basin

2
The Bremer Basin covers about 5000 km onshore and

extends beneath the contin8ntal shelf and slope south and

west of Esperence~ Only the eastern extremity of the basin

is within the area covered by this report. The basin J;nsists

of a thin discontinuous cover of Tertiary sediments onkhore,

and a thicker continuous Tertiary sequence directly o,terlying

Precambrian basement on the continental shelf. On tIe contin

ental slope seismic profiles presented by Cooney, Evans, &
Eyles (1975) show 2 to 3 km of section. They interpret a

thick Lower Cretacl30us unit which is block-faulted, overlain
I

by Upper Cretacedus, Lower Tertiary and Upper Tertiary sediments,

each separated by an unconformity. They consider that the

Lower Cretaceous sequence has been affected by lateral move-
,

ments, then deeply eroded before rapid 'pull-apart' movements.

Eucla Basin

The margin of the Eucla Basin was originally defined,

onshore, as the limit of Tertiary sediments although the basin
,

also includes a Mesozoic section. Aeromagnetic surveying

conducted by Shell and Outback Oil (Geophysical Associates,
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1966) and seismic surveys (Smith, 1967, 1968; Tenneco, 1968

have shown that Eucla Basin sediments extend to the contin

ental slope. In the west, sediments partly overlie the

Albany-Fraser Province, and in the east probably overlie

the Gawler Craton. Eucla Basin sediments make up the upper

section in the Denman Basin and are possibly also present

in the Polda Trough.

Cretaceous calcareous sandstone uncon -r.Jrmably overlies

?Permlan sediments in the Denman Basin area, and the Upper

Cretac60hS sequence lies directly on basement in bores along

the Eyre Highway. Lower Cretaceous sediments may be 600 m

thick off Twilight Cove (126oE) near the edge of the continental

shelf.

Middle Eocene calcareous sandstone, about 100 m thick,

disconformably overlies Upper Cretaceous sediments near the

centre of the basin and onlaps basement in the west. Upper

Eocene limestone 1~C' ..~rs most of the basin and may rest

unconformably on Cretaceous sediments on the continental

shel.f.

Lower Miocene calcarenite, about 100 m thick, discon

formably overlies the Upper Eocene limestone, and it also

includes a disconformity.

Buried valleys, with north to northeast trends, have

been located offshore from Twilight Cove (Tenneco, lS68; Genoa

1970; Hartogen, 1971), and it has been postulated that

these maybe filled with Permian sediments. The longest channel

is about 100 km long, has a maximum width of 13 km, and a

sediment fill of about 2.3 km.

The sediments in the Eucla Basin dip regionally
seaward from the north although coastal cliff sections

show them to be monotonously flat in an east-west direction,
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with dips rarely greater than one degree. Slight draping

of Cretaceous sediments over elevated areas of basement is

apparent on some marine seismic sections.

Denman Basin

The Denman Basin lies across the coastline at about

130
0

E and is about 150 km wide in east-west extent. It has

a northerly ~o northeasterly axial trend.

The basin was first indicated by a refraction seismic

survey carried out by the South Australian Geological Survey

(Kendall, 1965), and was further delineated by an offshore

aeromagnetic survey (Geophysical Associates, 1966) which

showed a basement depression with a depth of 1.5 km below

sea level. Gravity surveys over its onshore part reveal

that the basin is associated with a gravity depression (Outback

Oil N.L., 1965; Pettifer & Fraser, 1974).

Mallabie No. 1 Bore (Scott & Speer, 1969), drilled

near the axis of the basin, penetrated about 1.5 km of sedi

ments overlying gneissic basement. Adelaidean, Palaeozoic,

and Permian sediments were found in addition to the overlying

Eucla Basin sediments.

In the offshore Denman Basin, a seismic reflection

survey carried out for Outback Oil (1972) extends southwards

to 32
0

50'S, and indicates a northwesterly-trending graben

containing at least 1.7 km of sediments.

The basin appears to h&ve formed in a region of

relatively stable basement. Thomp'~'on (1970) considers that

the eastern boundary is probably fault-controlled.



-17-

Polda Trough

The Polda Trough is also referred to as the Polda

Basin and somewhat loosely as the Elliston Trough, which

was originally the name given to the graben which constitutes

its offshore portion.

The Polda Trough is a sediment-filled linear depression

in the Gawler Block. Its axis strikes along latitude 330 30'S

and extends from the western Eyre Peninsula to the continental

slope. It was originally located by aeromagnetic survey

(Geoptysical Associates, 1966) and is clearly s~own on the

aeroma,~netic basement contour map (Fig. 3). It is expressed

as a gravity low on the Eyre Peninsula (Rowan, 1968; Pettifer

& Fraser, 1974). Seismic surveys carried out for Shell

Development (Aust.) Pty Ltd and described by Smith & K?~erling

(1969) further delineated the trough in the offshore area.

The only stratigraphic control is provided onshore

by the Polda No. 1 Bore which intersected Quaternary, middle

Eocene, and Upper Jurassic sediments, with a total thickness

of 160 m (Harris, 1964).

Seismic data interpreted by Smith & Kamerling (op.cit.)

indicate that the northern edge of the Polda Trough is fault

bounded~ whereas the southern edge is formed by a flexure in

the basement. Downfaulted basement thus forms a tilted block

which shallOWS towards the southern edge.

The sedimentary section found throughout most of the

trough has a low to me~ium sAismic velocity and is probably

composed of both Mesozoic and Tertiary sediments. It thickens

west~arri and is about 2.5 km thick near the mouth of the

trough. rarther to the southwest, near the northern edge of

the sedimentary basin underlying the Ceduna Terrace (the

Great Australian Bight Basin), the section includes an
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unconformity which is considered to separate Mesozoic and

Tertiary units. Major faults, downthrown to the southwest,

affect only the units beneath the unconformity, and result in

a sedimentary section up to 4.3 km thick. Half-way across

the continental shelf, a high-velocity section of 5 km/s,

which dips southwestward at about 15
0
into the trough has

been correlated with Proterozoic to Lower Cambrian sandstone

and conglomerate which crop out on the coast.

The Polda Basin 2 Seismic Survey (Targ~t, 1971)

showed smooth acoustic basement at about 2.0 s record time.

In the eastern part of the trough a structure with 150 m of

closure was located 670 m below sea level. Re~raction records

showed high intrasediment velocities of 5.5 to 6.1 km/s,

which could represent limestone or volcanics.

A survey along the continental shelf west of the Polda

Trough (Shell, 1971) showed less than 1 km of sediments.

Wopfner (1969) has suggested that the Polda Trough

developed in response to major tectonic readjustments in

the Jurassic and that it formed contemporaneously with the

deposition of Jurassic sediments. The striking alignment

of the northern margin of the Polda Trough and the edge of

the continental shelf between 1280 and 1320 E is probably

due to faulting related to the early stage of rifting within

the Australian-Antarctic continent.

Great Australian Bight Basin (incorporating the Duntroon

Ernbayment)

The Great Australian Bight Basin is a Mesozoic and

Tertiary basin which underlies the outer continental shelf

and the Ceduna Terrace, extending from about 1280 to 136
o
E.

The section beneath the continent&l rise south of the Eyre

and Ceduna Terraces is probably of equivalent age.
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The first part of the basin to be explored by geophysical

methods was the Duntroon Embayment (originally referred to a~

the Duntroon Basin by Smith & Kamerling, 1969) which extends

under the continental shelf and slope adjoining Kangaroo

Island to the west. It was originally located by aerumagnetic

survey (Geophysical Associates, 1966) which indicated depths

to magnetic basement ranging from 5 to 6 km (Fig. 3). Shell

Development (Aust.) Pty Ltd carried out six seismic surveys

in the basin, including one subsidized survey (1971), and

drilled two unsubsidized wells, Echidna Nu. 1 and Platypus

No. 1 (SADM, 1971-72), which are listed in Table 1. The

only published information on the age of the section is

based on palynological examination of sidewall cores~ which

indicates an Eocene to Early Cretaceous age.

Table 1. WELLS IN THE GREAT AUSTRALIAN BIGHT BA8IN ..>

Well

Echidna No. 1

Platypus No. 1

Potoroo No. 1

Location

35
0

36'15"8

1350 37'12"E

35
0
25'08"8

134
0
49'25"E

33
0

23' 14"8

130
0

46'7"E

Depth

3832

3893

2915

Date drilled

19/1-12/3/72

21/3-29/4/72

17/3-17/4/75

The Duntroon Embayment is probably underlain by an ex

tension of Cambri an rocks of the .. Kanroan too Group,· which ... crop out

over most of Kangaroo Island. These have been correlated with

a refractor which has a velocity of 5 km/so The northern limit
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of the Kanmantoo Group in the Du=troon Embayment is believed to

be the northwest extension of the Cygnet-Snelling Fault (Fig. 2).

North of the fault the refraction velocities are about 6.1 km/s

and have been attributed to high-grade metamorphic and igneous

rocks of the Gawler Block.

Interpretation of seismic reflection data by Smith &
Kammerling (1969) indicated a sedimenta~y section up to 6 km

, thick, ~hich unconformably overlies downfaulted basement. Seismic

velocity characteristics were used to divide the section in a

medium-velocity unit which is strongly folded and faulted, and

an unconformably overlying low-velocity unit which is only mildly

deformed. The strongly folded unit is about 4.5 km thick but

thins out over basement highs largely as a result of erosion at

the overlying unconformity. Much of the structure seems to have

resulted from movements between the underlying basement fault

blocks. For instance, northwesterly trends of anticlinal feat

ures in the lower sedimentary section follow similar trends in

the basement. Near the margins of the basin the upper sequence

overlaps the basal sectiol~and rests unconformably on basement.

An interpretation of seismic profiles across the Great

Australian Bigh~ Basin, using data from Shell's Pet~el survey,

is presented by Bouef (1975) and Bouef & Doust (1975). This

indicates a sedimentary section up to 10 km thick overlying

collapsed continental basement. It is subdivided by unconfor

mities which can be related to formation of the margin in the

manner postulated by Falvey (1974). Bouef & Doust consider the

section to be composed of:

(i) a continental Lower Cretaceous unit which is extensively

block-faulted and has the general characteristics of

a rift-valley basin structure.
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(ii) an Upper Cretaceous lower Palaeocene unit which is

probably composed of fluvial-deltaic sediments filling

the rift-valley basin.

(iii) a Tertiary unit deposited after collapse of the contin

ental margin, made up of sh~llow marine clastic sedi

ments and a prograded carbonate shelf sequence.

In the interpretation presented in this report, which

utilizes a tie to Potorooo No. 1 well (Table 1), the Tertiary

unit of Bouef & Doust is shown to be composed of an Upper Cre

taceous/lower Paleocene unit unconformably overlain by an upper

Paleocene/Recent unit.

Bouef & Doust (op.cit) recognized five structural zones

within the basin. From north to south these are:-

(i) a zone of shallow basement with a thin Lower Cretaceous

cover, normally, faulted and overlain by gently dipping

Tertiary beds;

(ii) a zone of faulted and landward-tilted basement blocks

and Lower Cretaceous sediments overlain by thick Upper

Cretaceotis sediments;

(iii) a zone of thick, moderately deformed Tertiary sediments;

. (iv) a zone of rotational faults and associated toe-thrusts

affecting the Cretaceous;

(v) an area of little-disturbed Cretaceous and Tertiary

sediments overlying con'tinental basement and extending

into the 'magnetic qUiet zone'.
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Pirie-~orrens Basin

The Pirie-Torrens Basin is a graben structure extending

from Spencer Gulf in the south to Lake Torrens in the north.

Its eastern edge follows the Torrens lineament along the scarp

of the Flinders Ra.nges.

Adelaidean sediments are overlain by Cambrian dolomite

and limestone about 1.5 km thick and in turn by Tertiary sedi

ments, largely of continental origin, which have & thickness of

about 150.

In Spencer Gulf, seismic records across the basin are

generally poor, but a maximum sediment thickness of 370 m was

found in a possible graben in the northeast of the Gulf (Tenneco,

1967b; Delhi, 1967).

St Vincent Basin

This basin lies almost entirely in Gulf St Vincent,

which is regarded as a graben or half-graben structure with the

deepest part along the eastern side. It is part of the belt of

Tertiary grabens associated with the Torrens Lineament.

It contains about 1.5 km of Cambrian sediments overlain

by Permian and about 600 m of Tertiary sediments.

In Gulf St Vincent most 3eismic records are of very

poor quality (Beach, 1967; Bea~h~ 1969); however, there is a vague

indication of a sedimentary section 1.G km thick in part of the

Gulf.

Adelaide Geosyncline

The western boundary of the Adelaide Geosyncline is the

Torrens Lineament, a complex fault structure with a northerly

trend, which extends from Lake Torrens through Yorke Peninsula
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and is truncated on Kangaroo Island by the Cygnet-Snelling Fault.

The Torrens Lineament forms the western border of a belt of Ter

tiary grabens in Gulf St Vincent. The geosyncline is flanked to

the south and southeast of the Cygnet-Snelling Fault by a Cambro

Ordovician fold belt called the Kanmantoo T'rough 1 which extends

over most of Kangaroo Island.

The crystalline basement is Archaean and consists of a

wide variety of schists 1 gneisses 1 and metasediments intruded

by granitic rocks. It is overlain by several thousand metres

of Adelaidean (Upper Proterozoic) sediments which are largely

unaltered, and some volcanics. The Adelaidean sequence is in

turn overlain by Lower C[~brian limestone and greywacke. Post

Cambrian deposi ts' are mainly Cainozoic and are all of contin

ental facies. In the central zone 1 maximum basement depths

of about 10 km have been estimated.

Structural trends are northerly on land but swing south

westerly and probably follow the trend of the Cygnet-Snelling

Fault on the continental shelf. Decollement folding and

diapirism have occurred in the geosyncline.

The Otway Basin occupies the southeast extremity of South

Australia and extends eastward into southern Victoria. It is

separated from the Gippsland and Bass Basins by a basement ridge

which ex·tends from northwest Tasmania through King Island to

the vicinity of Melbourne. The nor~hern margin of the basin is

irregular and is largely obscured by Tertiary volcanics. In

general 1 it trends westward 1 passing south of the Padthaway Ridge

and extends offshore as the· Cape Jaffa Hinge Line (Geological

Society of Australia 1 1971), probably to the edge of the con-

tinental slope. The area considered in this Report encompasses

the Gambier Embayment, also called the Gambier Sub-basin.
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Aeromagnetic interpretation shows the two distinct

provinces in the northwest Otway Basin, separated by the Cape

Jaffa Hinge Line (latitude 370 8). South of tne hinge line, base

ment is at depths of up to 6 km, but north of the hinge line it

is shallower than 600 m.

A schematic stratigraphic chart for the Otway Basin

is shown in Figure 5.

The basement is composed mainly of Lower Palaeozoic

igneous, metamorphic, and sedimentary rocks, which crop out in

the Lachlan Geosyncline to the north of the basin. Cambrian

sediments of the Kanmantoo Group probably underlie the north

west part of the basin. The Tertiary sedimentary sequence in

the Otway Basin is continuous into the Murray Basin between •

longitudes about 141
0

to 142
o

E, but farther west is bordered by

the Padthaway Ridge, a horst-like structure incorporating Lower

Palaeozoic granites, which extends south-southeast from the

Kanmantoo Trough.

The oldest sediments of the Otway Basin are probably

Jurassic, and were deposited in a rift trough which lies perpen

dicular to the north-south struct~ral trend of the basement,

and approximately parallel to the present coastline. They have

a maximum thickness of about 400 m. The younger sediments are

largely fluviatile and deltaic, and were deposited during three

main periods; Early Cretaceous, Late Cretaceous, and Tertiary,

each separated by a basin-wide unconformity. Their respective

maximum thickness are about 4.5, 3.5, and 2 km. Several addit

ional unconformities are found within the Tertiary section

(Forman et al., 1973).

High-quality seismic records are available in the

Gambier Embayment of ~he Otway Basin from work by Esso Explor

ation. TheOtway Survey (Esso, 1964/5) showed a thick sedi

mentary section with strong angular unconformities in the pre

Cretaceous, pre-Late Cretaceous, and pre-Tertiary. Several

stratigraphic traps were identified. Other seismic surveys
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(Esso, 1967, 1968a, 1968b, 1969) have proved the presence of

shallow basement in Encounter Bay, revealed complex fauiting

in the Late Cretaceous, and provided details over individual

prospects.

Brown (1975) has presented ~n interpretation of seismic

profiles across the southern margin in the Otway Basin; immed

iately east of the report area. The Lower Cretaceous Otway
JJ

Group, which is t;lock-faul teu, is unconformably oVerlain by up

to 3000 m of Upper Cretaceous Sherbrook Group, which was de

posited in a basin with its axis along the continental slope .

. The Tertiary sequence comprises a series of sedimentary wedges
'-

'b~ilt out from the continent. Although the commonly accepted
"~"

age £or separation of Australia and Antarctica and generation

of ocealttc crust is late Paleocene, Brown concludes that in the

Otway Baslh~area they were well separated by the end of the Late

Cre t aceous . '-'''-""
" .

....,-......

~.' ................

Eleven welI'c"have been drilled in the offshore part
....,.

of the bas~.n since 1959"'0~t have encountered only traces of

hydrocarbons in the Lower ind Upper Cretaceous, and the Lower

Tertiar~ sediments.

DEEP CRUST AND UPPER MANTLE

Doyle & Everingham (1964) have published the results

of refraction recordings from the Emu Plains and Ma~alinga
'''-,

atomic bomb tests. Along the Trans-Australian Railwa.Y>·,veloci ties

of 6.3 km/s and 8.21 km/s were recorded for P-waves tn th.'e·crust

and mantle, respectively. Several computations of the depth't-p

mantle gave an average of about 35 km.

Refraction seismic recordings were made by the Lamont

Doherty Geological Observatory ship Vema and the RAN ship

Diamantina in the area southwest of Kangaroo Island. The results

have been discussed by Hawkins et al. (1965), and the following

summary is given by Dooley (1970):
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'Profile 41 on the S.A. Shelf ShOWS basement with

velocity 6.25 km/s at a depth of 4 km, overlain by rocks

with velocities 2.5-5.0 km/so Profiles 40 and 39 cover

tne transition to deep ocean (5.5 km); and record a

mantle velocity of 9.20-9.28 km/s with a depth below

sea-level ranging from 18.3 km at the northern end of

profile 40, to 11.2 km at the southern end of profile

39. '

THE RELATIONSHIP OF AUSTRALIA TO ANTARCTICA

Numerous morphological reconstructions of Australia

and Antarctica before the advent of conLinental drift have

been made by fitting corresponding isobaths (Sproll & Dietz,

1969; Smith & Hallam, 1970; McKenzie & Sclater, 1971). It is

generally acceyted that the initial stages of breakup of

Australia and Antarctica occurred in the Middle or Upper Jurassic

(Smith & Kamerling, 1969; Conolly et al., 1970; Von der Borch

et al., 1970; Veevers et al., 1971; Griffiths, 1971). In a study

of magnetic data from cruises of the USNS Eltanin, Weissel

(1972) has correlated magnetic anomalies with those of the

magnetic time scale (Vine, 1966, Pitman & Heirtzler, 1966) and

has found no anomalies older than anomaly 22, that is 56.6 m. y.

B.P. He concludes that the generation of normal oceanic crust

started at about this time, 100 m.y. after the initial rifting.

Weissel (1972) has recognized three longitudinal zones

on the sea-floor beLween Austra]ia and Antarctica, based on

seismicity, magnetic expression, and topography:-

o 0Zone A (138 -138 E) - Aseismic, implying absence of transform

faults; 100-200 m relief; magnetic quiet

zones along the Australian al.d Antarctic

coasts.
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o 0Zone B (128 -120 E) - Broad seismic zone defines small offsets

in ridges; 600-1000 m relief; north-south

grain. Spreading appears to have been

asymmetric.

Zone C (west of 1200E)-Narr~w easterly-trending seismic zone

without indications of major transforms;

generally low relief.

Weissel's study suggests that several large fracture zones may

cut across the abyssal plain and continental slope south of

Australia, particularly to the east of the Great Aus~ralian

Bight (Fig. 6). The trace of these hypothetical fractures would

correspond with small circles based on the pole of separation,

for the period 38-55 m.y. EP. These circles lie subparallel

to the western edge of the Ceduna Terrace and to the western edge

of the E~re Penin~ula (Van der Borch, 1967).

The Diamantina Fracture Zone (Fig. 6) lies southwest
o 0

extends east-west along 37 -38 S, term-

It is characterized by rough morph

ology and shows several righthand offsets. Hayes & eonolly

(1972) 3uggest that the Diamanti~a Fracture Zone may be assoc

iated with the early stages of rifting and indeed Weissel inter

prets magnetic anomaly 19 as lying adjacent to its northern

edge, implying that it formed at about the same time, that is

,before 47 m.y. B.P.

Weissel believes that the distribution of terraces in

the Great Australian Bight results from the geometry of the init

ial break-up. The terraces are probably made up of foundered

blocks of continental crust overlain by prograded, deltaic-type,

sediments. However, on the Eyre Terrace, high-frequency mag

netic anomalies and seismic information indicate that sediments

lare relative~y thin. A detailed study of the mechanism by which

marginal terraces may be produced is given by Falvey (197~).
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Magnetic quiet zones extend for 100 to 250 km between

the Australian continental slope a~d the first identifiable

anomaly (Weissel, 1972). They mpy result from foundered blocks

of continental crust or to a~eas of oceanic crust which were

un~ble to acquire a strong remanent magnetization during con

tinental separation.

BATHYME TRY

The wat~r Jepth contour map (PI. 2) is based on hourly

values from the Continental Margin Survey. In some respects it
is not as detailed as previous water-depth maps (Conolly & Van der

Borcb; 1967; Conolly et al., 1970) which were prepared using

more tracks parallel to the coast, to enable delineation of the

numerous canyons crossing the continental slope. A more accurate

map could be drafted using IQ-minute data values; however, it

would have no effect on the interpretation presented herein.

The bathymetric contour map of the Great Australian

Bight between meridians 1150 and 142 0 E presented by Conolly &
Von der Borch (1967) incorporated data collected by the Royal

Australian Navy ~ydrographic Office, with additional data from

Lamont-Doherty Geological Observatory and Scripps Institute of

Oceanography. In general, the ship's tracks were one to two

degrees apart and were oriented very roughly either perpen

dicular or parallel to the continental slope. The general

des(~,ription given below is based on these previous maps together

wi th the map of watel' depth presented in this report.

CONTINENTAL SHELF

The con~inental shelf is almost featureless, forming

a gently sloping plain to water depths between 125 and 165 m.

However, changes in slope also occur at about 25 and 90 m depth.

In the Esperance area the shelf is about 60 km wide, falling

away steeply at its edge. From the Archipelago of the Recherche

eastwards to the Eyre Peninsula it forms a large arcuate plain

attaining a maximum wideth of 200 km.Far~her to the southeast
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the width of the Sh8lf varies from 50 to 200 km, and in the

extreme southeast of the map area narrows to about 20 km. The

shelf has been modified by the Pleistocene outlets of the Murray

River.

CONTINENTAL SLOPE AND MARGINAL TERRACES

The continental slope is variable in width and grad~ent

and is complicated by three marginal terraces. Soutb of the

Archipelago of the Recherche gradients are up to 6°. Inflections

in the contours indicate that extensive canyons run predomin

antly perpendicular to the slope, but these are poorly defined

in Plate 2, probably owing to use of hourly values and sparseness

of lines parallel to the slope. The Esperance Canyon is indic

ated at 1220 E. The hase of the slope is reached at about 3600 m.

The major part of t~s slope between Eyre and Ceduna is

occupied by two terraces: the Eyre Terrace and the Ceduna Terrace.

In some previous publications they have been referred to as the

Eyre and Ceduna Plat8aux. The step on the continental slope in

the uoutheast corner of the map is known as the Beachport Terrace.

Off Eyre, the continental slope dips at about 2° in a

south-southeasterly direction from about the 200-m isobath. At

400 m it flattens out to about lO to form the Eyre Terrace, which

is an oval feature about 60 km wide and about 300 km long.

Its outer limit occurs at the 1600-m isobath. Beyond this, the

slope steepens to 50 and merges with the continental rise at

about 3500 m. The southeasterly-trending Eyre Canyon extends

from near the middle of the terrace onto the continental slope

along its southern edge. The Eucla Canyon has cut into the

continental slope by several hundred metres at about 1290 E,

where the eastern part of the Eyre Terrace and the western part

of the Ceduna Terrace pinch out. However, it is only vaguely

apparent on the contour map.
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The Ceduna Terrace is a large, better-defined feature

than the Eyre Terrace and about 130 km wide and 600 km long.

Its surface dips to the south or southwest of an angle of 0.50
•

The upper limit of the Ceduna Terrace also occurs at about the

400-m isobath but the lower limit lies close to the 2000-m

isobath. The lower slope has a gradient averaglng 3°, much

gentler than that below the Eyre Terrace. The slope merges

with the continental rise at about 4000 m. At about 1330 E it

is crossed by the deeply incised Ceduna C~nyon, which on tie

line 16/142 is about 750 m deep (Fig. 13).

The continental slope off Kangaroo Island is similar

to that in the west, having gradients of up to 6 0 and canyon

development. Here, however, the slope extends down to about

4600 m. It is deeply incised by the numerous channels of
the Murray River system of canyons, and Van derBorch et al.

(1970) have recorded tb~ depth of the main canyon as about

1800 m. Many canyons in this area are almost parallel to the

edge of the shelf, deepening westward. These features are

poorly indicated on the contoUl" map presented here, but well

defined on the seismic sections.

Farther east the slope has a smaller gradient of about
o

3 and a width of about 120 km. The Beachport Terrace extends

southeastward from about 13So 30'E. Its northern edge varies

in depth from 500 to 1000 m, but its outer edge is at almost

3000 m. The gradient across the terrace ranges from 0.5 to 1°.

Between 13So30'E and 1390 30'E the seismic sections show a very
osteep slope of about 12 above and below the terrace, and a

small ridge along the outer edge.

CONTINENTAL RISE AND ABYSSAL PLAIN

The continental rise is a smooth apron of sediments

lying between the continental slope and the abyssal plain. The

upper limit of the rise was delineated by the survey, except

in the area east of 1380 E where the survey lines did not extend
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sufficiently far south. The top of the rise is at about 3000 m

off Esperance but deepens progressively to the east, possibly

reaching 5000 m in the extreme southeast. South of the Eyre

Terrace the rise is abnormally broad, exceeding 200 km, and has

a gradient of about 0.5
0

. In contrast, south of the Ceduna

Terrace it is only about 50 km wide. The lower limit of the

rise, the ec1~~:e of the abyssal plain, was only encountered on a

few survey lines (eg 16/166, Fig. 9; 16/164, Fig. 10).

GRAVITY AND MAGNETIC INTERPRETATION

The method of computation of the free-air, Bouguer,

and magnetic anomalies is given in the Appendix, together with

a brief discussion of limitations on the uses of the contour

maps.

GRAVITY ANOMALY PROVINCES

In order to be consistant with the Gravity Map of Aust

ralia, th0 subdivision of the southern margin into gravity

anomaly pr~JVin~es is based on Plate 3, which shows Bouguer

anomalies ollshore and free-air anomalies offshore. To a first

approximation this representation is equivalent to the gravity

field at sea-level datum, both on land and at sea.

The concept of dividing gravity contour maps into

provinces was first used by Darby & Vale (1969). They further

subdivided some provinces into gravity units to assis~ description.

Pettifer & Fraser (1974) and Fraser (1973) have defined Bouguer

anomaly provinces along the coast between 124
0

and 1350 E, and

Fraser, Darby, & Vale (in prep.) have defined and named B0uguer

anomaly provinces over the whole of Australia. In several

areas it has been possible to extend these ~nto the continental

shelf. The boundaries of the gravity provinces described below

are shown in Plate 3, and are also, drafted onto the marine

Bouguer anomaly map (PI. 4) and the magnetic anomaly map (PI. 5).

The provinces are listed in Table 2.

2 & Frr
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TABLE 2. GRAVITY ANOMALY PROVINCES RELEVANT TO THIS TEXT

No.* Province nn~ units

Origin

of

name

Author and comments

7

10

11

69

68

70

71

73

Albany Regional Gravity Ridge Tow~

Fraser Regional Gravity Ridge Range

Balladonia Regional Gravity Homestead

Complex

Ey1.'e Regiona 1 Gravity Comp lex Township

Wanna Regional Gravity Low Lakes

Nullarbor Regional Gravity Plain

Shelf. Units E &F

Woorong Regional Gravity Lake

Complex

D'Entrecasteaux Regional Reef

Gravity Ridge

S)'illonds & Willcox (1976). L.'lrgely

on continental shelf.

Fraser (1969). Onshore ~rovince

Fraser~ Oarby, &Vale (in prep.)

Symonds &Willcox (1976). Covers

coast~ continental shelf, and Eyre

Terrace

PraseI' (1973). Onshore province

Pettifer &FraseI' (1974). Largely

onshore but Units E &F extend onto

continental shelf

Fraser, Darby, &Vale (in prep.)

Southern extremity extends onto

continental shelf

S}~onds &Willcox (1976)

74 Ceduna Terrace Regional

Gravity Shelf

Bathymetric Symonds & Willcox (1976)

feature
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TABLE 2 (Contd)

No.* Province and uni ts

Origin

of

name

Author and comments

72

75

78

Wilgena Regional Gravity Low

Unit A

Units B &C

Investigator Regional

Gravity Trough

Kangaroo Reginnal Gravity

Complex

Homestead fettifer & Fraser (1974)

Extended offshore

Unchanged

Islands Re-named. Provjnce originally

part of Warramboo Regional Gravity

Complex defined by Pettifer &
Fraser (1974). Extended offshore

Island Symonds &Willcox (1976)

77

79

83

87

Arcoona Regional Gravity

Complex

Units A &B

Unit C

Hawker Regional Gravity

Complex

Gambier Regional Gravi~y

High

Eltanin Regional Gravity

Trough

Township

Township

Town

Ship

Praser, Oarby, & Vale (in prep.)

Onshore units

Unit in Spencer Gulf

Fraser, Darby, &Vale (in prep.)

Largely onshore but extended into

Encounter Bay

Symonds & Willcox (1976)

Symonds &Willcox (1976)

-I.·Province numbers as used in Symonds & Willcox (1976)
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DESCRIPTION AND INTERPRETATION

Two major zones can be recognised on the Bouguer anomaly

map. Over most ot the continental shelf, the upper part of the

continental slope and the Ceduna Terrace, the main Bouguer

anomaly features have amplitudes of 50 to 100 mGal and have

predominant wavelengths of about 100 km. Over the lower con

tinental slope, continental rise, and abyssal plain the Bouguer

anomaly field is dominated by a monoclinal f,radient with values

increasing seawards from 20 to 220 mGal. The gradient obscures

the gravity ef~ects of near-surface geology.
'-.

....
"

The free-a4r anomalies on the continental shelf and
"-'"

Eyre Terrace have avei"~'.J;e values close to zero which suggests
'--,

that these areas are almo~t in isostatic equilibrium. However,

anomaly highs and lows, which are usually less than two degrees

in width, arise from mass distr~butions which are not individually

compensA.tGd. These gravi tyfeatures are attributed to density

variations within crystalline basement or to sediment-filled

channels and grabens. The magnitudes of free-air anomalies over

the Ceduna Terrace in the Great Australian Bight Basin (Bouef

& Doust, 1975), and over the offshore Otway Basin J which

correspond with thick sedimentary sections, indicate that an

elevation of the crust/mantle interface of about 2 km would

be required to achieve isostatic equilibrium. The extensive

band of negative free-air anomalies over the outer continental

slope and rise are caused by the combined effects of abrupt

changes in water depth, sediment wedges up to 2 km thick, and

possibly incomplete compensation resulting from lateral spreading

of the crust (Worzel, 1965).

The magnetic anomalies form two major groups. West of

the Eyre Peninsula, the continental shelf and the western part

of the Eyre Terrace are associated with very intense anomalies

which have predominant wavelengths of 30 to 60 km. In general,

amplitudes range from -500 to +500 nT although individual

anomalies exceed 2700 nT, as at the head of the Bight. On the
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Ceduna Terrace, and the continental slope and rise, the anomalies

form a regional magnetic low (-750 nT) which is part of the

magnetic quiet zone (Weissel, 1972). It extends across the

shelf near the Eyre Peninsula and merges with the complex negative

pattern in Spencer Gulf and about Kangaroo Island. A magnetic

anomaly trough lies along the northern edge of the magnetic

quiet zone, about 30 km south of the foot of the lower con

tinental slope, and a ridge at the foot of the continental rise

has been equated with seafloor spreading anomaly 22.

Albany Regional Gravity Ridge

The Albany Regional Gravity Ridge is poorly defined

on the maps accompanying this report, but it consists of a

gravity ridge overlying the continental shelf in the west of

the region. A comparison with the adjacent gravity features

indicates that it is probably associated with amphibolite

facies rock~ within an offshore portion of the Proterozoic

Albany-Fraser Province which flanks the Yilgarn Block. The

amphibolites also give rise to the Fraser Regional Gravity

Ridge, whereas Proterozoic sediments and granites within the

Province give rise to gravity lows. Edge effect at the con

tinental margin (see Appendix) contributes about +30 mGal to

the Albany Regional Gravity Ridge.

Eyre Regional Gravity Complex

The Eyre Regional Gravity Complex consists of relatively

low-amplitude gravity anomaly features, including a series of

poorly-defined arcuate ridges which have trends varying from

southerly near the coast to easterly along the southern margin

of the province. The regional increase in Bouguer anomalies to

the south is probably caused by slight crustal thinning towards

the continental margin.
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The magnetic anomalies corresponding with the province

are part of the complex pattern f0und over most of the contin

ental shelf in the Bight. They also exhibit the poorly-defined

arcuate trends found in the gravity anomaly contours. Near Eyre,

the total intensity profile on tie-line 19/040 shows several
regional highs and lows, with superimposed shorter-wavelength

anomalies which relate to variable basement depths within

sediment-filled channels (Genoa, 1970; Hartogen, 1971).

The seismic profiles show 300 to 500 m of horizontally

bedded Eucla B~sin sediments in the area and consequently the

source of the gravity anomalies, and all but the shortest

wavelength magnetic anomalies lie within basement.

The Albany-Fraser Province is believed to underlie the

western Eucla Basin in this area, but the presence of southerly

and easterly-trending gravity and magnetic features perpendicular

t~ the structural grain of the province indicates that it pro

bably does not extend eastwards for any great distance. Thompson

(1970) has proposed that the Gawler Block and Albany-Fraser

Province come into contact in this area, but the gravity trends

of the two blocks are not sufficiently different to confirm or

refute this.

Nullarbor Regional Gravity Sh~lf

Units E and F of the Nullarbor Regional Gravity Shelf

(Pettifer & Fraser, 1974) have been extended onto the contin

ental shelf between meridians 1280 and 131
oE. The southern edge

of the province coincides with the zero milligal contour along

latitude 330 S.

Unit E comprises a gravity anomaly low, which lies

across the coastline 120 km east of Eucla and extends 100 km

northward. It attains a minimum value of -55 mGal.
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The magnetic anomaly contours corresponding with Unit

E show an anomaly pattern which is continuous with that in

adjacent areas. The amplitude and wavelength of the anomalies

indicate relatively shallow basement beneath the continental

shelf. The shortest wavelengths on the marine profiles of total

magnetic intensity indicate a maximum depth to magnetic basement

of about 0.8 km, which is in fair agreement with the depth of

about 1 km determined from aeromagnetic measurements (Fig. 3).

Unit E corresponds with the Denman Basin or Mallabie

Depression, which contains 1.5 km of sediments ranging from

Adelaidean to Tertiary (Scott & Speer, 1969, Thompson, 1970).

The Bouguer anomalies indicate that the deepest part of the Basin

lies about 60 km inland, and that the southern margin lies about

25 km offshore. A density contrast of 0.3 to 0.4 g/cm3 between

sediments and basement would account for the observed gravity

anomaly.

The offshore part of Unit F comprises a gently gradient

of +0.3 mGal/km seawards, which is probably caused by a southward

shallowing of the crust/mantle interface with a gradient of 3:100.

Along the eastern margin of Unit F a change in the strike of the

contours from easterly to northerly is probably caused by a

northerly-trending fault bounding the eastern edge of the Denman

Basin.

West of the Denman Basin, small gravi ty anomaly highs

correlate with a basement high shown to exist from drilling

evidence. Near the coast, a northwesterly trend in the anomalies

parallels faults shown on the Tectonic Map (Geological Society

of Australia, 1971) and structures outline by photogeology.

Offshore, magnetic anomalies corresponding with Unit F

indicate basement depths of 0.5 km, which agree with the depth

to acoustic basement observed on reflection seismic profiles.
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Woorong Regional Gravi ty Complex

Unit A of the Woorong Regional Gravity Complex is

principally a northeasterly-striking gravity anomaly ridge,

which attains a magnitude of 50 mGal at its southwestern end.

The contour map of marine magnetic anomalies shows a

high of 250 nT in the region of Unit A. However, the total

intensity profile indicates that its true amplitude is 1400 nT

and that. the lower value is due to the use of hourly sampling.

o ...'he main anomaly is made up of numerous smaller anomalies with

amplitudes of up to 400 nT and wavelengths of about 1.5 km,

which may be caused by basic igneous bodies. The minimum depth

of the source is about 0.8 km which is in close agreement with

the depth to aeromagnetic basement,

An aeromagnetic survey carried out over the 1:250 000

Nullarbor Sheet area (Lambourn, in prep.) covered part of Unit A.

Flight lines were at 3-km spacing. Contours from this survey

show several short-wavelength anomalies coincident with the

Bouguer anomaly ridge, but a well-defined northerly to north

westerly trend also occurs.

In the onshore part of the province, the northeasterly

trend of Bouguer anomaly contours is parallel to foliation

trends in outcrops of gneiss. Pettifer & Fraser (1974) have

correlated tndividual gravi ty lows and undisturbed magnetics

with young intruded granites, and gravity highs and disturbed

mag~etics with augen-gneisses. Basic intrusions which cut

across the general strike of the gneisses may also contribute

to the gravity highs.

There seems to be no obvious relation between the gravity

and magnetic anomalies in Unit A. The magnetic expression pro

bably comes from near the surface of basement, and could be caused
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by basic dykes. The gravity anomaly ridge is probably due to a

deeper-seated body, and maximum depth rules (Smith) 1959 and

1960) indicate that it could be as deep as 13 km, although it is

probably much shallower than thls.

D'Entrecasteaux Regional Gravity Ridge

The D'Entrecasteaux Regional Gravit~,Province comprises

a well-defined gravity anomaly ridge which extends across the
"

coast mi,dway between Eucla and Ceduna. It st:rikes"'perpendicular

to contours in the adjacent provlnces and is bounded b~ the

+20 mGal contour along its western and eastern edges. iri""the
",

south it terminates against an east-sout:heasterly cross-treri'cl,!
. ,

which coincides with th~ edge of the continental shelf and '~

farther east wi th t he southern edge of the Polda Trough. """'"

Magnetic anomaly contours indicate a broad northerly

trending band of high intensity coincident with the province.

Its eastern and western limits are not as clearly defined as for

the gravity anomaly feature but the southern limit lies on a

strong magnetic trend along the axis of the Polda Trough and

the edge of the continental shelf.

A magnetic anomaly low of -1150 nT on the contour map

corresponds with the southern part of the province. Examination

of the total intensity profile shows that this low is a regional

feature incorporating smaller anomalies, which have amplitudes of

up to 1200 nT and wavelengths of about 5 km. The shorter-wave

length anomalies are more intense on the survey lines with north

erly orientation, indicating that the sources probably strike

easterly. The regional anomaly possibly results from the com

bined effects of a deep-seated source, which may be reversely

m~gnetised, and shallow sources which lie at minimum depths of

about 2 km.
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T~e northern part of the province coincides with an

:intense ma~netic anomaly high of 2700 nT, which has no obvious

relation to local gravity features. The total intensity profile

shows it to be a regional magnetir high, incorporating extremely

intense short-wavelength anomalies which have amplitudes ranging

from 1500 to 2000 nT and an average wavelength of about 1 km.

Similar anomali8s occupy the southeast third of the Nullarbor

Sheet area which partly lies within the unit, and almost certainly

extend eas~ward into the Fowler Sheet area. They lie adjacent to
I

the western margin of the Gawler Block. In the offshore area,

the aeromagnetic map shows that the intense magnetic pattern also

persists between 1310 and 131
0

JO'E, although the slightly longer
wavelengths indicate that the SC"trces are deeper, probably at

1 to 2 km. West of 131°£, longer wavelengths and northerly

trending anomalies are apparenc.:, corresponding wi th the Denman

Basin.

2
The intense magnetic anomalies occupy about 10 000 km

off Fowlers Bay township and possibly cover a similar area

onshore. The sources, which lie close to the surface of the

Gawler Block, may only be obscured by a thin blanket of

Quaternary sediments. The individual nature of the anomalies

suggests that they could be caused by ultrabasic rocks or
"" i"',,-,, mi nerali zed zones.

"'-,-,-"

'-''-'' The Tectonic Map of Australia (Geological Society of
'"

Austral~a, 1971) shows the northeasterly-striking Pintmnba Fault

extending"',to the coast about 30 km west of Fowlers Bay town

ship~ It ~'~',~epresented as a well-defined lineation in the

ma.gnetic anomat:Les in t he southeast corner of the Nu llarbor" '

Sheet area and se~~to extend across the continental shelf

along a similar strike, probably following the boundary between
~" .the Woorong and D'Entred'Q.steaux provJ.nces. Alternat.i.vely, the

'-'"

fault may extend along the\~teep gradient on the eas~crn boundary

of the province. '~'"
''-'-''
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The D'Entrecasteaux Regional Gravity Ridge and gravity

ridges in the Woorong Regional Gravity Complex to its north form

an arc of gravity anomaly highs which may define the margin of

the Gawler Graton. A weak Bouguer anomaly rj.dge, which extends

from the southern tip of the prov~nce, through the Kangaroo

Regional Gravity Complex to the vicinity of Kangaroo Island, may

have a similar source. This arc is attributed to a belt of

dense, possibly ultrabasic, rocks within the Gawler Craton or

possibly along its margin.

Ceduna Terrace Regional Gravity Shelf

The Ceduna Terrace Regional Gravity Shelf corresponds

almost exactly with the Ceduna Terrace. The northern half com

prises a gravity anomaly shelf divided by a poorly-defined

southeasterly-trending trough which has an amplitude of 10 to

20 mGal.

A crude depth computation for the gravity trough, using

a slab approximation and a density contrast of 0.3 gm/cm3 between

sedimentary rocks and basement, indicates a sedimentary section

no more than 1 to 2 km thick. Bouef & Doust (1975) in their

interpretation based on Shell seismic data over the Ceduna Terrace

(Great Australian Bight Basin) show 8 to 10 km of sedimentary

section iD the area of the gravity anomaly trough. It would

appear that the regional gradient, which is a~ost parallel to

the trough axis in this area, is masking the gravity effect of

the basin.

The southern h~lf of the province is a gently gradient

with Bouguer anomaly values increasing southward, which probably

results from the combined effects of a rise in basement below

the southern edge of the Ceduna Terrace as indicated on seismic

profiles and crustal thinning.
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Wilgena Regional Gravity Low

The Wilgena Regional Gravity Low J originally defined

by Pettifer & Fraser (1974), extends across the coastline between

Fowlers Bay and Streaky Bay. Its western and northwestern edges

approximately follow the -20 mGal contour on a gradient of 2

mGal/km. Its southern edge abuts the Investigator Trough and

lies along the crest of a weak Bouguer anomaly ridge. Its

offshore extension is considered to be part of Unit A, the

Ceduna Gravity Low defined by Pettifer and Fraser (op. cit.).

The province as a whole consists of a regional gravity anomaly

low with an average value of about -30 mGal. Small lows with

wavelengths of about 40 km and minima of -60 mGal are scattered

throughout the onshore part and are probably also present

offshore although they have not been resolved owing to the wide

line separation.

The offshore part 0f Unit A is a gravity anomaly low of

-50 mGal, which appears to be joined to a feature onshore by the

-40 mGal contour level.

An area of relatively low-intensity magnetic anomalies

partly coincides with Unit A. However, its southern limit lies

along the axis of the Polda Trough, about 30 km south of the

Bouguer anomaly province boundary. The principal magnetic

anomaly within the area of Unit A is a magnetic dipole of

750 nT Mlplitude which corresponds with the northern edge of

the Polda Trough. The total intensity profile indicates a

maximum depth to the anomalous body of about 0.8 km.

The individual gravity anomaly lows within the

Wilgena Province appear to originate froll! near-surface sources,

probably young intruded granites (Walker & Botham, 1969) which

have low density compared with the gneisses of the Gawler Block.

These granites probably extend onto the continental shelf.

The regional low over the province is attributed to a deep-
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seated mass deficiency possibly resulting from anomalously
low-density rocks in the upper mantle, as indicated by re
fraction recordiugs from the Maralinga nu~lear tests (Doyle
& Everingham, 1964).

The change in trends of the gr~~ity and magnetic
anomalies, from easterly to northerly across the western edge
of the offshore part of the province, indicates a division in
lithology or structure within the Ga~ler Block. The linear.ity
of the contours may be due to a northerly-trending fault.

Investigator Regional Gravity Trough

The Investigator Regional Gravity Trol~h lies betweeno 0 033 and 34 S and extends eastwards from 132 E onto the northern
part of the Eyre Peninsula. The gravit~'anomalies form a
well-defined easterly-trending trough which attains a minimum
value of -50 mGal about 60 km offshore. On the Eyre Peni~sula
the trough merges with a complex of Bouguer anomaly lows.

An easterly-trending magnetic anomaly trough also occurs
in this area, but its axis is displaced 30 km north of the axis
of the gravity trough and the structural trough indicated on
the seismic profiles (Fig. 12). Near the coast it forms a
horseshoe-shaped anomaly, open to the west. The northern edge
of the trough is poorly defined, but along its southern edge
the contours have a pronuunced easterly alignment and show a
gradient of 25 nT/km. This trend continues westward to the edge
of the continental shelf at about 132oE. A minimum of -550 nT,
located at 133 0

E, forms a dipole with a 200-nT high on its north
ern side. The minimum corresponds with a Bouguer anomaly low of
-30 mGal.

The total intensity profile shows that the numerous
short-wavelength variations corresponding with the area of re
l~tively shallow b~sement have a slightly longer wavelength over
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the magnetic trough. The wavelengths indicate that magnetic

basement is at a depth of about 0.8 km south of the trough, but

progressively deepens to 2 or 3 km near its northern edge, and

shallows abruptly to 0.8 km jmmediately north of it. The

greater intensity of the short-wavelength anomalies in the

eastern half of the trough may be due to basic bodies or volcanics

discussed by Smith & Kamerling (1969).

This province ~orresponds fairly closely with the Polda

Trough. The depth to aeromagnetic basement (Fig. 3) indicates

that it contains about 2.4 km of sedimentary rocks and this is

substantiated by refraction results from the Polda Basin 2

Seismic Survey (Target, 1971). The Bouguer anomaly low in the

eastern part of the province is consistent with a sediment

thickness of about 2.5 km provided that the density contrast

between sedimentary rocks and basement is about 0.3 to 0.4 g/cm3
.

In the western part of the trough the seismic results have

shown that the sedimentary rocks are about 2.4 km thick and this

is also indicated by the wavelength of magnetic anomal~es.

Although seismic reflection profiles from the Polda Basin

2 Survey (Target, 1971) show a normal fault along the northern

edge of Polda Trough, the corresponding gravity and magnetic

gradients are relatively weak. On the other hand, the southern

edge appears to be associated with strong linear gradients and is

presumably also fault-controlled. The trends of both the gravity

and magnetic anomalies, although not perfectly coincident, indicate

that the faults which probably lie along the southern edge extend
owestwards to 130 30'E. The northern edge appears to be truncated

oat 132 E.

Kangaroo Regional GravityCornplex

The Kangaroo Regional Gravity Complex corresponds with

the continental shel.f around the southern Eyre Peninsula, in

Spencer Gulf, and around Kangaroo Island. Its northern part

comprises a gravity anomaly shelf with a weak southerly gradient.



The profile of total magnetic intensity shows that anomalies

throughout this area have minimum wavelength of about 1 km,

suggesting a maximum depth to magnetic basement of about 0.5 km.

The seismic sections are down-graded by multiple reflections but

in some places basement is seen almost at the sea-bed. This

part 0f the province undoubtedly corresponds with the offshore

Gawler Block.

The southern part of the province consists of an

northwesterly-trending chain of gravity anomaly highs, flanked on

the south by gravity anomaly lows. The boundary between the

highs and lows lies across the continental shelf and corresponds

with a change in frequency of magnetic anomalies. North of the

boundary magnetic basement lies at about 0.5 km and to the

south at a depth of several kilometres. The boundary corres

ponds closely with the trace of the Cygnet-Snelling Fault.

The gravity anomaly lows are probably caused by relatively

thick sediments deposited on basement downthrown along the Cygnet

Snelling Fault. The thickness of these sediments cannot be

determined from the gravity anomalies alone, but seismic inter

pretation (Shell, 1971;. Bouef & Doust, 1975) indicates up to

8 km in this area, along the northern edge of the Duntroon

Embayment. A rough calculation, using an assumed density contrast

of 0.3 to 0.4 g/cm
3

between sediment and basement, indicates

only 1.5 km of sediment. This discrepancy suggests that either

the assumed oensity contrast is too high, or that the gravity

effect of the sediments is masked by the regional gradient, which

is largely caused by crustal thinning across the continental

margin. The thick sedimentary section is undoubtedly more wide

spread, particularly in the south, than is indicated by the

Bouguer anomalies. To some extent this is shown by the broad,

low-amplitude magnetic anomaly pattern in this area.
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A gravity anomaly low over the southeastern part of

Kangaroo Island corresponds with the Kanmantoo Trough and thin

(600 m) sediments north of the Gambier Embayment. The Kanmantoo

Trough, which follows an almost northerly trend along the eastern

edge of Gulf St Vincent, is only vaguely indicated by the

gravity anomaly pattera.

Magnetic anomalies indicate a possible fault at 36 0 s
which may extend westwards from the coast, passing about 30 km

south of Kangaroo Island.

Arcoona Regional Gravity Complex

The northerly-trending gravity anomaly features which

occupy northeast Spencer Gulf, Yorke Peninsula, and western

Gulf St Vincent have been incorporated into Unit C of the

Arcoona Regional Gravity Complex.

The features are caused by sub-basins on the western

edge of the Adelaide Geosyncline and by Dortherly-trending

structures associated with the Torrens Lineament. The -20 mGal

low at the head of Spencer Gulf results partly from the 370-m

section of Cambrian and Tertiary sediments within the Pirie

Torrens Basin. The complexity of the magnetic anomalies suggests

the presence of volcanics in the basement. The magnetic anomaly

trend, extending southwards across Yorke Peninsula to the north

east tip of Kangaroo Island, approximately defines the edge of

the Gawler Block.

Hawker Regional Gravity Complex

The Hawker Regional Gravity Complex has been extended

offshore to incorporate northerly-trending gravity anomaly

features in eastern Gulf St Vincent and in Encounter Bay.
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The eastern part of Gulf St Vincent is underlain by a

graben, the St Vincent Basin, containing about 2 km of sedimentary

fill. This readily accounts for the gravity anomaly of -40 mGal

in the area, provided that the density contrast between sediments

and basement is about 0.5 g/cm3 . The frequency ~f magnetic

anomalies on the total intensity profile is also consistent

·with a basement depth of 2 km. From the marine magnetic anomalies

the graben appears to extend southwards across the peninsula;

however, this is caused by erroneous contouring resulting from

lack of data on land. It is known that the Kanmantoo Trough

exten~s along the peninsula, alung a northeasterly trend.

Gambier Regional Gravity High

The Gambier Regional Gravity High lies in the southeast

of South Aus,tralia and, although its boundaries have been defined
~.

only in the offshore area, on land it may be extended into

Victoria.

In the north it consists of a gravity anomaly low of

-20 mGal, which corresponds with a magnetic anomaly high of -50

nT. The aeromagnetic and acoustic basement are only about 600 m

below sea level in this area, and hence the source of the anomalies

must lie within basement. The source may be a granite related

to granites in the nearby Padthaway Ridge, but only rarely are

these associated with magnetic anomaly highs. The northwestern

edge of the magnetic anomaly high corresponds with a north

easterly-trending fault which is shown on the Tectonic Map.

In the southeast the Bouguer anomaly values steadily

increase seawards owing to crustal thinning, and this gradient

obscures the probable gravity effect of the Otway Basin.

In the south the total intensity profile is almost

featureless and is attributed to deep magnetic basement and

th:Lck sediments of the Gambier Embayment, a sub-basin of the



-50-

Otway Basin. North of 36 0 30'8 the magnetic anomalies are more

intense and are characteristic of shallow magnetic basement.

The line which divides shalloi,: from deep magnetic basement lies

about 50 km south of a flexure,'",the Cape Jaffa Hinge, shown on
'-,

the Tectonic Map. \'"

Eltanin Regional Gravity Trough

Free-air anomaly lows within the Eltanin Regional

Gravi ty Trough are partly caused by edge effect (see Appendix).

However, a free-air anomaly low of -100 mGal 350 km southwest of

Esperance (beyond the map boundary) is probably related to the

2 to 3 km of Cretaceous and Tertiary sediment in the Bremer

Basin (Cooney et al., 1975). The linear free-air anomaly trough

south of the Eyre Terrace corresponds with a band of major faults

along the northern edge of the continental rise, which is up to

200 km wide in ihis area.

A free-air anomaly ridge occurs 20-40 km beyond the

continental slope south of the Eyre Terrace and extends west

ward for at least 500 km. The ridge lies within a region

which on seismic profiles appears to be composed of subsided

continental curst; however, its source is not apparent. Intr

usions within an aborted rift or along a major fault which was

formed during rifting of Australia and Antarctica may explain

this gravity feature.

InflectionJ of the Eltanin Regional Gravity Trough, part

icularly east and west of the Ceduna Terrace and between the

Eyre and Albany gravity provinces, may be related to zones of

weakness in the ba.!:~ement which led to formation of transform

faults on the South Australian Abyssal Plain.

A regional Bouguer anomaly gradient of 1.7 mGal/km

south of Esperance, over the continental slope and rise, is

primarily caused by crustal thinning across the continental



-51-

margin, which is estimated to be about 9 km for each 100 km

southward, assuming the commonly accepted density contrast of

0.45 g/cm3 between crust and mantle. Small Bouguer anomaly

ridges which trend northerly, cutting across the general easterly

alignment of the contours, are caused by canyons on the contin

ental slope. They result from the deficiency of the Bouguer slab

correction in correcting for local irregularities in the sea-bed.

South of the Eyre Terrace, the Bouguer anomaly gradient

ranges from about 1.0 to 1.7 mGal/km and reflects the combined

gravity effects of crustal thinning, a shallow basement ridge

along the southern margin of the Eyre Terrace, and thick sediment

making up the continental rise.

Farther east, the Bouguer anomaly gradients indicate

crustal thinning ranging from 3 to 9 km for each 100 km south

of the Ceduna Terrace, and ~p to 16 km for each 100 km south of

Kangaroo Island.

CRUSTAL THICKNESS

The free-air anomalies have been used to estimate the

crustal thickness along Line 16/136 which crosses the Ceduna

Terrace, and along Line 16/166 which crosses the Eyre Terrace.

The free-air anomalies, water depths, and sediment thicknesses

were filtGred with a 'normal probability IUJ10tion filter' which

has a response of 0.5 at 1/112 cycle per kilometre (for dis

cussion see Holloway, 1958; St John, 1967, p. 56). That is, a

response of 0.5 for features with wavelengths of one degre~J and

less for features with shorter wavelengths. Depths to the base

of the crust were computed using Bouguer slab approximations.

The following parameters were assumed:-

density of water

density of sedirnents

1.03

2.20

g/cm3

3
g/cm



density of crust

density of mantle
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2.85

3.30

3
g/cm

3g/cm

standard crust 32 km (giving zero free

air anomaly)

These values are commonly used for standard crusts on a world

wide basis but are also a rough average of value~ derived from

crustal surveys in the southern Australian region (Doyle &
Everingham, 1964; Branson, Moss, & Taylor, 1976; Mathur, 1974).

Although crustal thicknesses determined in this way are com

pletely dependent on the choice of a standard crust, the shape of

the crust/mantle interface depends only on the density co~trast

'between the crust and mantle.

The crustal profile across the Eyre Terrace (Fig. 7)

shows that the crust thins from about 30 km at the coast to

about 10 km beneath the abyssal plain. The crustal thickness in

the region of the Trans-Australia Railway has been determined by

seismic refraction methods as 35 to 40 km (Doyle & Everingham,

1964) 'and this is consistent with thp. choice of 32-k!n standard

crust considering that the Bouguer ap~~~alies are -20 to -60 mGal

in that area. Th~ shape of the crust/mantle interface is typ~cal

of those found across other continental margins and indicates

that the trar. si tion from contil\ental to oceanic crust probably

takes place beneath the contine~tal rise, commencing about 300 km

offshore.

The profile across the Ceduna Terrace (Fig. 8) also

indicates that the crust has a typical oceanic thickness beneath

the continental rise, about 500 km offshore. However, the

transition from continental to oceanic thickness is more abrupt

and appears to be related to the much narrower rise below the

Ceduna Terrace than below the Eyre Terrace.
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SEISMIC INTERPRETATION

The seismic interpretation is based on single-channel

on-line records from the Continental Margin Survey, and is res

tricted by the penetration which is rarely more than two seconds

below sea-bed, and by high noise levels and numerous multiples

on records over the continental shelf and inner continental slope.

Identification of the seismic reflectors in the Great

Australian Bight Basin is based primarily on comparison of the

structure of the Great Australian Bight Basin with that of the

Otway Basin. However, they are separated by an area of shallow

b~sement around Kan~aroo Island. A tentative t:ie to Potoroo

No. 1 well lends support to the interpretation. unfortunately,

as the only tie-line (Fig. 13, 16/041-042) across the Great

Australian Bight Basin lies almost along the lower continental

slope, reflectors are difficult to follow from line to line and

the interpretation depends largely on jump correlations.

STRUCTURE OF THE CONTINENTAL SHELF

Very little deep structure can be discerned beneath the

continental shelf but in several places an irregular basement

reflection, partly obscured by multiples, is seen at 0.2 to

0.5 s beneath the sea-bed. The nearness of basement to the sea

bed over parts of the shelf which are in shallow water is con

firmed indirectly by refraction events preceding the sea-bed

reflection on the seismic profiles. However, in some areas

relatively thick sedimentary sections are evident. The basement

surface dips gently southward from about 500 m depth immediately

offshore to 1 km beneath the shelf break. Basement structtires

in the Great Australian Bight are almost perpendic~lar to the

prese~t coastline and to the axes of the Mesozoic and Tertiary

sedimentary basins which overlie the margin. These structural
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t~ends have been determined onshore by geological and geophysical

mapping and are clearly shown offshore in the gravity and

magn~tic anomaly maps accompanying this report (PI. 6; Figs. 9,10).

From 1200 to 1320 E, hasement is probably composed of

:sediments and metasedimentR of Middle to Late Proterozoic age,

underlain by Middle to Lower Proterozoic crystalline rocks of

the Albany-Fraser Province and Gawler Block. In the area adjacent

to the Eyre Peninsula, and in the southwestern parts of Spencer

Gulf and Gulf St Vincent, the seismic records are degraded by

multiple reflections. However, they show a high-velocity

refraction preceding the sea-bed reflection, which indicates

~hat basement is close to the sea-bed. The basement is

probably an offshore part of the Gawler Block. In the area

around Kangaroo Island, the Cygnet-SneJling Fault and the Cape

Jaffa Hinge Line, which divide shallow basement to the north

from thick Otway and Duntroon Ernbayment sediments to ~he south,

delimit the southern boundary of an area where the precedenee

of refraction arrivals over reflections indicates that the

basement is shallow. On their southern side, basement is

prob~bly composed of Palaeozoic igneous and sedimentary rocks of

the Kanmantoo Group and Lachlan Geosyncline.

The Phanerozoic sediments on the continental shelf

range in thickness from 200 to 500 m over most of the area, but

are locally thicker south of Eyre and considerably thicker in

the Denman, Polda, and Otway Basins. North of the Eyre Terrace

(Fig. 12, Line 16/166; Fig. 16, Line 16/~64) about 250 to 450 m

of highly reflective section lies beneath the continental shelf.

The strata dip slightly oceanwards near the shelf break, and

in places prograding occurs beneath the upper continental slope.

The section is divided into lower and upper units by a weak

upconformity which is more strongly developed on the Eyre

Terrace. The lower unit generally infills depressions in the

rugged basement surface and is probably composed of Upper

Cretaceous fluvial sediments, equivalent to those which overlie

basement in boreholes along the Eyre Highway in the Eucla Basin.
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The upper unit lies on a surface composed q4 Upper
/

Cretaceous and basement rocks. ,It shows prograded bedding and

minor discordances which are probably equivalent t? discon

formi ties identified in the Eoc9ne to Recent sequ~nce of the
!

Eucla Basin. Traced southeastwards into the Great Austra1iLn
I

Bight Basin (Fig. 10, Line 16/164; Fig. 11, Line i6/136) the

unit overlies a zone of fault-blocks along the southern margin

of the basin, which ir:: r.OT' sistent with it being deposited after

the continental margin had subsided in the lat~ Paleocene

(Weissel, 1972). By analogy with the Otway Basin (Fig. 5) the

unit is largely equivalent to the prograded carbonate sequence

of the He~ :esbury Group.

North of the Ceduna Terrace the Upp~r Cretaceous unit

is about 500 w thick and the strata dip oceanwards at 0.4
0

• The

mild Upper Cretaceous unconformity observed in parts of t~e Great

Australian Bight Basin has not '·been identified on the shelf.

Small pockets of horizontally bedded sediments which 0verlie

basement in some places are probably equivalent to the Denman

Basin sequence, which ranges from Permian to Early Cretaceous.

Continental shelf south of Eyre

On the continental shelf near Eyre, seismic sections

from the Continental Margin Survey vaguely suggest channelling in

the basement, corresponding with a depression in aeromagnetic

basement (Fig. 3). The channels appear to be filleu with abovt

1 km of flat-bedded sediments, and are probably the remains of

an ancient drainage pattern cut into Precambrian basement.

Channe!s in this area have been surveyed in detail by Genoa (1970)

and Hartogen (1971). eonolJy et al. (1970) have proposed that

glacial erosion which took place during the Permo-Carboniferolis

Ice Age resulted in a f1uvioglacial fill in the channels. How

ever, the sediments could equally be Mesozoic. Farther east, in

the Denman Basin, about 80 m of Lower Permian sediments was found

a~ the bottom of the Nullarbor No. 8 bore (Harris & Ludbrook,

1966) .
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Denman Basin

At the head of the bight, on Lines 16/136 and 16/138

(Fig. 11), the basement appears to be about 1.5 km below the
sea-bed. Most of the sedimentary section abuts against a

basenlent high at 32 0 8, which forms a basement plateau with at

least 300 m relief and 30 km north-south extent. South of this

feature the basement occurs at about 1 km, and beneath the

edge of the continental shelf at 1.4 km. Reflecting horizons

within basement suggest that it is probably composed of

Palaeozoic or Proterozoic sediments similar to those encountered

in the Mallabie No. 1 Bore to the north, in the Denman Basin.

The sedimentary section is made up of three units, each

separated by an angular unconformity. The lowermost unit is

composed of slightly deformed sediments filling basement depre

ssions at the northern end of the lines, and is probably part

of the Denman Basin sequence which ranges from Permian to Early

Cretaceous. The overlying unit appears to have been deposited

over an eroded surface comprising the Denman Basin sediments and
the basement. The strata are generally flat-bedded and dip

southward at 0.40
, extending beneath the· Ceduna Terrace. At

the northern end of the lines they lie directly on basement but

are truncated by the overlying unconformity. This unit probably

consists of Upper Cretaceous and lower Paleocene sediments as

discussed below. The uppermost sedimentar.y unit is a prograded

carbonate sequence of late Paleocene to Recent age.

Polda Trough

The Polda Trough is poorly ~efined on seismic sections

from the Continental Margin Surv6Y owing to mUltiple reflections

and relatively poor energy penetration, possibly caused by the

high reflectivity of Tertiary carbonates. The most detail is

seen on Line 16/077 near the eastern end of t~e trough, where

it is about 15 km wide (Fig. 12). The structure consists of
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a faulted asymmetrical downfold of a sedimentary unit which has

similar seismic characteristics to the Upper Cretaceous-lower

Paleocene unit in the Great Australian Bight Basin. Most of

the section abuts against shallow crystalline basement about

20 km from the trough axis. A prominent angular unconformity

(believed to be the 'breakup' unconformity) separates the Upper

Cr8taceous-lower Paleocene from horizontally bedded Cainozoic

sediments, which fill the trough. A possible slight unconformity

within the Tertiary probably divides the upper Paleocene and

Eocene from the Oligocene to Recent carbonates above it. Seismic

penetrat ion over the t rongh axis is about 1.5 km, or about 1 km

less than the depth to magnetic basement (Fig. 3), and conseq

uently the 'rift-onset unconformity', which overlies either

Lower Cretaceous or basement rocks, cannot be identified.

On the Eyre Peninsula, the oldest sediments in the

Polda Trough are Jurassic and were probably deposited at the

head of an embryonic.~rough related to uplift and rifting of

the southern margin before con tinental breakup. It is peculiar

that the trough should lie so far north of the area which

underwent major block-faulting, so perhaps it represents an

aborted seafloor spreading rift.

Pirie-Torrens and St Vincent Basins

In the southwestern parts of Spencer Gulf and Gulf St

Vincent the seismic records are of poor quality. However, there

is a vague indication of relatively thick sediments in the north

eastern parts of the gulfs corresponding with the Pirie-Torrens

and St Vincent Basins.

STRUCTURE OF THE CONTINENTAL SLOPE

Bremer Basin

.r. Lhe area south and west of Esperance, relatively thick

sediment "nderlie a small terrace at about 750 m water depth.
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These are referred to as the Bremer Basin and are described by

Cooney, Evans, & Eyles (1975). The section is also indicated

in Continental Margin Survey lines but the resolution is gener

ally poor. According to the interpretation given by Cooney et al.

for the western p~rt of the basin, the section appears similar

to that in the Great Australian Bight Basin, comprising block
faulted Lower Cretaceous overlain by Upper Cretaceous, middle

to upper Eocene and Upper Tertiary sequences, each separated by

unconformities. However, nearer Esperance the section more

closely resembles that beneath the Eyre Terr&ce (described

below), with Tertiary resting directly on Lower Cretaceous rocks.

Eyre Terrac.e

The basement surface beneath the Eyre Terrace lies

relatively close to the sea-bed. In the western half of the

terrace it is overlain by only 2q? m of sediments, but in the

eastern half the sediments become thicker eastwards and are 1.5

~n thick at the neck between the Eyre and Ceduna Terraces.

Basement comes close to the sea-floor along the southern margin

and on the outer continental slope. Along the southern margin,

west of 1260 E, it forms a ridge with about 100 m relief. At

about 127
o

E, between Lines 16/166 (Fig; 9) and 16/164 (Fig. IQ)
the basement shows a marked change in tectonic style. To the

west, it appears to be a continuous rugged erosional surface

stretching from beneath the continental shelf to the southern
margin of the terrace. It appears homogeneous, due probably to

a crystalline compositlon, and is largely free of block-faults

which affect most of the southern Australian margin. Its

seismic, free-air, and magnetic anomaly characteristics inJicate

that the basement is continuous with that on the continental

shelf. Beneath the eastern half of the Eyre Terrace, basement

is affected by a few large normal faul ts with associated

rotation and landward-tilting of the basement blocks. A

similar situation occurs at depth beneath the Bremer, Great

Australian Bight, and Otway Basins. Several of the basement
blocks contain poorly-defined reflectors and probably consist of
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old sedimentary rocks which may be equivalent to the Palaeozoic

and Proterozoic arkoses and shales intersected in the Mallabie

No. 1 Bore in the Denrnan Basin. The change in basement character

at 1270 E may mark the boundary between two Precambrian blocks,

the Albany-Fraser and Gawler Blocks, or a major dislocation

caused by transform faulting on the deep ocean floor. It may

be significant. that the eastern margin of the Balladonia

Regional Gravity Complex (PI. 3) on land, a fairly distinctive

'gradient, lies about longitude 1270 B. The eastern boundary'of

the Albany-Fraser Province may be here, if the province is a

separate entity from the Gawler Block.

The sedimentary section beneath the western Eyre

Terrace is continuous with that on the continental shelf and

two units are recognised. The strata are approximately parallel

to the regional dip of the basement surface, of Q.3°. The

lower unit fills basement channels and is probably composed of

either Permo-Carboniferous fluvioglacial or Upper Cretaceous

fluvial sediments, as discussed for the continental shelf

sequence. The upper unit appears to be equivalent to the late

Paleocene to Recent section found in the Great Australian

Bight Basin and is largely composed of prograded carbonate

sediments.

The sedimentary section beneath the eastern part of the

Eyre Terrace is an extension of that in the Great Australian

Bight Basin. In general, the section becomes progressively
, ,

thicker eastwards although basement is relatively shallow at

the neck separating the Eyre and Ceduna Terraces.

Great Australian Bight Basin (underlying Ceduna Terrace)

The Ceduna Terrace is underlain by a thick sedimentary

section called the Great Australian Bight Basin (Bouef, 1975).

Its maximum thickness is interpreted by Bouef & Doust (1975) to

be about 8 km. The observed thickness on records from the
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Continental Margin Survey is generally less than 6 km, owing

to the higher. noise levels and interference from multiple re

flections. The western margin of the basin underlies the

eastern part of the Eyre Terrace, and at its eastern end the

basin incorporates the Duntroon Embayment, previously known as the

Duntroon Basin (Smith & Kamerling, 1969). Its northern and

southern limlts generally lie beneath the upper and lower contin

ental slopes, although south of the Eyre Terrace th0 basin

extends across the continental rise.

Shell Development (Australia) Pty Ltd drilled Echidna

No. 1 and Platypus No. 1 wells in the Duntroon Embayment, and

Potoroo No. 1 well on the northern margin of the Great

Australian Bight Basin, which enables a tentative tie to be

made with BMR seismic profile 16/136. At this stage the most

appropriate method of dating the section in the Great Australian

Bight Basin is by comparison of the unconformities and tectonic

style with those of the Eucla and Otway Basins. The strati

graphic section in the Otway Basin is described in well com

pletion reports and has been summarized in Figure 5.

The strongly faulted and landward-tilted bas&ment

blocks which underlie the western part of the Great Australian

Bight Basin beneath the eastern Eyre Terrace dip regionally

eastwards and are not observed beyond 1290 E, except in places

along the northern and southern margins of the basin. At·
o

128 30'E, near the neck between the Eyre and Ceduna Terraces, the

baS€Inent is locally shallow and appears to be composed of

igneous rocks and not sedimentary or metase~jmentary rocks as

interpreted in other parts of the basin. The northern margin

of the basin is formed by a downwarp and major fault in the

Precambrian basement approx~mately beneath the shelf-break.

The southern margin is formed by steeply landward-dipping

basement blocks which are arched upwards over igneous basement

as shoWn on line 16/136 (Fig. 11) and tie-line 16/141-142

(Fig. 13). In the east, the axis of the basin lies parallel to
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the present continental slope, approximately along latitude

34°30'8. Fa.rt.her west, it appears to cross the lower contin

ental slope and the continental rise. Numerous normal faults

appear to extend parallel to the axis, cutting the section

in elongate slices.

Four unconformities are recognised in addition to the

basement surface. The lower two (UC3 and UC4) are obscured o"er

a large part of the area, particularly near the axis of the bastv;

by a strong multiple reflection from the sea-bed. The lowest

unconformity (UC4) is basin-shaped and shows extensive block

faulting of the underlying unit. This unit abuts against

basement beneath the shelf-break, crops out on the outer contin

ental slope, and extends beneath the continental rise. Some

minor folding occurs but the uedding is broadly parallel to

the basement surface. Near the centre of the basin the unit is

interpreted to be 2 to 3 km thick.

The third unconformity (UC3) is slight and indicates

a slight uplift of the basin margins, although sedimentation

appears to have continued uninterrupted near the centre of

the basin. This surface marks the upward limit of block

faulting along the northern margin of thA basin, but lies well

within the faulted blocks along the southern margin. The under

lying unit is about 1.5 km thick but thins beneath the contin

ental shelf and pinches out beneath the outer continental slope.

It has not been identified under the continental rise south

of the Ceduna Terrace (Fig. 11, Line 16/136), but is probably

present south of the Eyre Terrace (Fig. 10, Line 16/1G4).

The second unconformity (UC2) is a strong reflector over

the entire area, overlain by a highly stratified section. It

marks the upper surface of sedimentary fill within a basin whjch

overlies the lowest unconformity. It is the uppermost unconformity

which is affected by block-faults associated with the southern

margin .of the basin. The underlying unit is about 1.5 km thick
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near the axis of the basin, but thins to 200 or 300 m beneath

the continental shelf and possibly pinches Oilt northward of

32
0

30'8. It also pinches out near the southern margin of the

basin. As was the case with the unit between UC4 and UC3 1 it is

probably present in the! continental rise only in the western part

of the Bight. The beds within the unit onlap the arch along

the southern margin, and in places show southerly progradation.

The uppermost unconformi ty (UC1) is observed beneath.

the shelf-break in some areas. It is a strong reflector withtn

the highly stratified section and lies at the base of the pro

gra~~d continental shelf sediments. Traced southwards, the re

flector lies 100 to 200 m above the youngest faulted blocks but

is no longer an angular unconformity. It pinches out along the
southern margin. It has not been identified beneath the con-

tinental slope and continental rise, and the underlyinc unit is,

probably absent in the deep-water areas. The uppermost unit is

about 400 m thick near the basin axis and 100 to 200m thick

beneath the continental shelf. It is generally '500 to 600 m

thick on the continental rise, but part of this resul~s from

gravity sliding off the outer continental slope.

Any 8ttempt to date the sedimentary units in the Great

Australian Bight Basin should be compatible with the age of

breakup of the Australian-Antarctic continent which, on the

basis of magnetic seafloor spreading anomalies, took place in the

late Paleocene (Weissel, 1972; Weissel & Hayes, 1972). According

to Falvey (1974) it should be possible to identify a 'breakup'

unconformity which will be of late Paleocene age and a 'rift

onset' unconformity about 50 m.y. older, that is, of roughly

mid-Cretaceous age. In the Otway Basin Falvey (op. cit.) and

Bouef & Doust (1975) identify the rift-onset unconformity as

separating the Lower Cretaceous Otway Group from the Upper

Cretaceous Sherbrook Group, and the Paleocene breakup uncon

formity as between the Sherbrook and Wangerrip Groups (Fig. 5).
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In the Great Australian Bight Basin commencement of

seafloor spreading and subsidence of the continental margin

appear to have given rise to the second unconformity (UC2),

which is regarded as t h~' breakup unconformi ty. It marks the

upward limit of block-faulting beneath the outer margin of the

Ceduna Terrace and separa~es the sedimentary fill of the rift

basin from the prograded shelf sediments above it. The block

faulted structure shown by the lowest unconformity (UC4),

identified only at the basin margins in BMR seismic profiles,

best fits the characteristics of a rift-onset unconformity. By

analogy with the stratigraphy of the Otway Basin, the uncon

formity probably separates Lower Cretaceous fluviatile and

lacustrine sediments (Otway Group equivalent) from shallow marine

sediments grading upwards into fluviatile and deltaic (Sherbrook

Group equi valent). The poorly developed unconformi ty within

the section between the rift-onset and breakup unconformities

probably resulted from comparatively minor readjustments of

the rift-basin margin during the Late Cretaceous. The upper

most unconformity, at the base of the prograded shelf sequence,

is probably Eocene and separat es equi valents of the regressive

transgressive Wangerrip Group from the prograded sequence of

limestone, shale, and marl which make up the Niranda and

Hertesbury Groups (Fig. 5). On the seismic profiles, the

apparent absence of the thin upper Paleocene unit beneath the

continental shelf and northward into the Eucla Basin is con

sistent with the stratigraphy of the Eucla Basin, in which

Eocene limestone and sandstone rest directly on Cretaceous

sediments.

It should be pointed out that in an earlier interpre

tation (Willcox, 1974), the lowermost unconformity (UC4) was

not identified and consequently UC3 was regarded as the rift

onset unconformity (Flg. 14). In the earlier interpretation the

Upper ~retaceous/lowerPaleocene unit had a maximum thickness of

1.5 km instead of the 3 km proposed in this text.
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The present interpretation is supported by a tentative

tie of Line 16/136 to Potoroo No. 1 well, about 1 km to its

west (Fig. 14). Although Potoroo No. 1 lies 100 km north of the

depositional axes of the Cretaceous and Tertiary sediments, in

an area where most of the Lower Cretaceous sequence is faulted

out and where the Upper Cretaceous is relatively thin, the

'time-depths' of the Tertiary/Upper Cretaceous and Upper

Cretaceous/Lower Cretaceous boundaries agree with the seismic

interpretation to within about 0.1 s reflection time.

A summary of the stratigraphy proposed for the Great

Australian Bight Basin is given in Table 3 and is based on the

interpretation of seismic line 16/136 (Figs. 11, 15).

Although most authors are consistent in their identific

ation oJ the rift-onset and breakup unconformities in the Otway

Basin wells (Falvey, 1974; Bouef & Doust, 1975b; Brown, 1975)

there are differences in identification of these unconformities

on the seismic profiles. In their interpretaticns of different

north-south seismic profiles passing through Pecten No. 1 well,

Brown (using lines H04 - 84B and HO - 24), and Bouef & Doust

(using Petrel line 414) show quiet different interpretations.

Brown's interpretation shows about 600 m of Tertiary unconformably

overlying an UPP('L' Cretaceous unit, which in turn unconformably

overlies block-faulted Lower Cretaceous strata. On the other

hand, Bouef & Doust show about 2 or 3 km of Tertiary lying

directly on block-faulted Low~r Cretaceous strata. In the Great

Australian Bight Basin, the interpretation given herein is also

different from that given by Bouef & Doust. A comparison of the

interpretations of Petrel 407 and BMR 16/136, which are both

in the central part of the basin and structurally qUite similar,

shows that Bouef & Doust ascribe an Early Terti~£y agp to the

unit between unconformities UC2 and UC3, "instead of the Late

Cretaceous-early Paleocene age interpreted herein. They

designate the weakunconformity UC3 as the breakup unconformity

and consider that the post-breakup Tertiary section has a maximum
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TABLE 3. STRATIGRAPHY PROPOSED FOR GREAT AUSTRALIAN BIGHT BASIN

Uncon

formity

VCl

VC2

VC3

UC4

Characteristics

Base of prograded

sequence

Overlies block 

faults on outer

margin. Breakup

unconformity

Weak unconformity;

shows some block

faults

Overlies extensive

fault-blocks.

Rift-onset

unconformity

Proposed

age

Paleocene/

Eocene

Late

Paleocene

Late

Cretaceous

Early to

Late

Cretaceous

Otway Basin

stratigraphy

Heytesbury and

Nirranda Gps

Wangeripp Gp

Sherbrook Gp

Sherbrook Gp

Otway Gp

Otway Basin

lithology

Prograded limestone,

shale, marl

Marine clastic

fluviatile, deltaic

fluviatile, deltaic

(marine incursions

at base)

Fluviatile, lacustr

ine (marine Influence

in Potoroo No. 1)
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thickness of about 3.5 km, which is surprisingly thick. A com

parison of the interpretations proposed by Willcox (1974),

Bouef & DJust (1975), and Willcox (this report) is shown in

Figure 15,

Near the centre of the basin, on seismic lines 16/130

and 16/132, the reflectors are broken by bands of non-cohereDt

energy which generally extend from the Upper Cretaceous into

the post-breakup sequence. The most prominent of these bands

is about 10 km across and appears to truncate the bedding through

about 1 km of section. Continuity of reflectors beneath them

and absence of magnetic expression suggests that they are possibly

diapirs composed of mud or salt. Small anticlines which occur

close by may be a more recent stage of development of these

structures. If they are diaptrs, the seismic veloci ty of the

m~terial forming them appears similar to that in the adjacent

beds and hence they are probably composed of mud rather than

salt. There is some evidence to suggest that they may have been

triggered by compact ion and faulting in the underlying part of

the section. Another possibility is that these non-coherent bands

are generated by reefs which formed on the I ate Paleocene sea 

floor and which diffract most of the seismic energy.

In the Duntroon Embayment the basin is much narrower,

and underlies the outer edge of the continental shelf and the

continental slope. The section is similar to that found elsewhere

in the basin, but record quality is too poor for the rift-onset

unconformity to be identified. There is evidence of a basement

ridge along the southern margia of the embayment, which corres

ponds with magnetic basement highs described by Smith & Kamerling

(1969). The northern boundary of the Duntroon Embayment, the

Cygnet-Snelling Fault, has not been identified on seismic profiles

from the Continental Margin Survey.
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Otway Basin (underlying Beachport Terrace)

Between longitudes 136 0 30' and 1390 E the seismic profiles

show that basement almost crops out on the.continental shelf

and slope, although there appears to be a considerable thickness

of sediment beneath the continental rise. The coptinental slope

has a gradient of about 80 in this area, and is dissected by the

Murray canyon system. In places canyons have be~n developed

parallel to the slope along the trends of faults which are assoc

iated with continental breakup.

The seismic sections are not of sufficient penetration

to enable detailed mapping of the Otway Basin section. The

western limit of the basin is observed at about 1380 E, and on

Line 16/049 across the continental slope and the Beachport

Terrace, about 1 km of sediment overlies igneous or strongly

folded sedimentary rocks. Farther east the section extends onto

the continental shelf and has a thickness of 2 km down to the

limit of seisnic penetration. However, it is inferred to be

about 6 km thick from aeromagnetic surveys, and this is con

firmed by the interpretation of seismic profiles given by

Bouef & Doust (1975) and Brown (1975).

Line 16/047 (Fig. 16) is a typical profile across the

Otway Basin from the Continental Margin Survey. It shows that

the Beachport Terrace is composed of two sub-terraces and that

it is bounded by upper and lower continental slopes with up to

100 gradient. A well-defined ridge along the southern margin

has dammed about 500 m of post-breakup sediments. The ridge has

both gravity and magnetic expression and is probably composed of

igneous rocks, although it may be overlain by Upper Cretaceous

sediments.

Two'unconformities have been identified on Line 16/047.

The lower unconformity corresponds' with the top of the block

faults over most of the area and probably overlies the Lower

Cretaceous Otway Group (Fig. 5). The block-faulting appears to
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have been particularly intense beneath the Beachport Terrace

with the str~ta dipping landwards at up to 6 0
. The largest

fa~lt, which probably lies along the lower continental slope,

has a throw of almost 2 km. Across most of the terrace the
'.

'Lower Cretaceous sequence is overlain by a highly reflecting

prograded unit which is probably made up of the Wangerrip,

Nirranda, and Heytesbury Groups and composed largely of shelf
..

carbonate sediments. Beneath ~he continental shelf and the

northern edge of the terraces the Lower Cretaceous and Tertiary

rocks are separated by a wedge of sediments which is faulted at

its outer edge. It i3 the only evidence of Upper Cretaceous/

lower Paleocene rift-basin fill in the western part of the

Otw~y Basin.

STRUCTURE OF THE CONTINENTAL RISE

Seismic profiles from the Continental Margin Survey,

south of the Eyre and Ceduna Terraces (Figs 9, 10; also Lines

16/13~ and 16/134), show a thick section of sediments extending

fr0m the foot of the continental slope to the abyssal plain.

The section generally spans at least 2 s of reflection ~ime,

indicating a thickness of 2 to 3 km. South of the Eyre Terrace
.. , 0 0

the secticin extends from 34 to 36 S, about 220 km, and south of

the Ceduna Terrace it extends for about 60 km. A similar

section, recorded by Bouef & Doust (1975), forms the continental

rise south of the eastern part of the Otway Basin.

The structure underlying the continental rise is very

similar in the Eyre, Ceduna, and Otway areas, and appears to be

simply related to the structure of the Great Australian Bight

Basin beneath the Ceduna Terrace. South of the Eyre Terrace

(Figs 9, 10) the lower continental slope is underlain by a

major fault in the Precambrian crystalline basement, with a

throW of 3 to 4 km. South of the central part of the Ceduna

Terrace, a similar downthrow in the basement is taken up by

several smaller faults. South of the eastern Ceduna Terrace and

in the Otway Basin thedownthrow is even more gradual. In all
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three areas the foot of the continent,al rise occurs against a

band of igneous intrusions which actually crop out south of the

Eyre Terrace. They have well-defined magnetic and gravity ex

pression and on tt 1 seismic profiles cause an ~nvelope of numer

ous diffractions. These intrusions have the characteristics of

oceanic basement and their location corresponds with seafloor

spreading anomaly 22, described by Weissel (1972). On Line 16/166

(Fig. 9) the lower part of the sedimentary section is observed in

faultp.d contact with oceanic basement. Continental basement

cannot be pOSitively identified under the continental rise on

BMR profiles, although a deep reflector is observed on Lines

16/166 and 16/164 (Figs.9, 10). However, Bouef & Doust (1975)

interpret block-faulted continental basement beneath the entire

length of the rise, although on most of their seismic profiles

(e.g. Petrel 413 and 405, fig. 3) it could alternatively be in

terpreted as the Lower Cretaceous/Upper Cretaceous unconformity.

South of the Eyre Terrace three unconformi ties di vide

the section, and their structural characteristics are similar to

unconformities UC2, UC3, and UC4 in the Great Australian Bight

Basin (Table 3). The lowermost, which is similar to the Lower

Cretaceous/Upper Cretaceous unconformity (UC4), overlies numer~

ous fault-blocks and moderately folded sediments. The middle

unconformity is cut by fewer faults, lies within a zone which

is acoustically semi-transparent, and is generally slight. It

truncates the underlying unconformity beneath the lower part of

the continental rise. In most resp9cts it is characteristic of

the slight Upper Cretaceous unconformity UC3. The uppermost

unconformity underlies a wedge of highly-reflecting sediments

and in this respect is similar to the upper Paleocene. The

Rediments are probably composed of carbonates sands derived from

the Eyre Terrace, and pelagic ooze. A major fault which cuts

sediments overlying this unyonformity occurs about 30 km south

of the lower continental slope. It is possibly caused by

rejuvenation of an older fault associated with formation of the

rift-valley basin. Few other faults occur in the upper part of
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the section. On the lower part of the continental rise this

unconforMity is at sea-bed; farther south it underlies flat

bedded sediments which fill broad scour-structures surrounding

the outcrops of oceanic basement.

In the Ceduna Terrace area (Lines 16}132 and 16/134)

structural correlation of the unconformities underlying the rise

with those on the terrace also suggests that they are equivalent

to UC2, UC3, a:) d UC4.

On all fOllr BMR lines which extend across the con tin

ental rise to oceanic basement (Lines 16/166, 16/164, 16/134 and

16/132) th~ dating of the unconformiti.es of UC2, UC3, and UC4 is

difficult to reconcile with their relatiun to the oceanic

basement. Pockets of Upper Cretaceous sediments, and possibly

even Lower Cretaceous sediments, appear to overlie oceanic

basement of supposedly Paleocene age' (i.e. anomaly 22). This

apparent i~consistency may result from anyone of four pos

s~bilities:-

(i) Identification and dating of anomaly 22 may be in error,

indicating that the proposed age of spreading is in error.

(ii) The oceanic basement intrusions may not lie at the site

of the original rift and may have been intruded part-way

into continental rocks along fractures which flanked

the rift.

(iii) Correlation of unconformities from the terraces to the

continental rise may not be valid, and consequently the

post-Paleocene section may be much thicker than on the

Ceduna Terrace.

(iv) Identification and dating of the unconformities on the

Ceduna Terrace may be wrong.

GEOLOGICAL HISTORY

Identification and tentative dating of the uncon

formities in the Great Australian BighL Basin, beneath the

CedunaTerrac8, h~ve enabled the broaJ geological history of
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the basin to be deduced (Fig. 17). With minor modifications

the history probably, applies to most of the southern margin.

The pre-Early Cretaceous events are necessarily sketchy.

The basement throughout the Bight is composed of

Precambrian crystalline rocks which crop out onshore as Lower

to Mi4ple Proterozoic granite, gneiss, schist, and granulite-
I. >;.,
~~

facies rocks of the Albany-Fraser Province and the Gawler Block,

and sedimentary and volcanic rocks of the Adelaide Geosyncline.

Proterozoic sedimentary rocks also occur at the head of the Bight,

within the Denman Basin. Near Kangaroo Island, Cambro-Ordovician

sediments overlie the basement, and steeply dipping Palaeozoic

rocks have been encountered in the eastern part of the Otway

Basin.

During the Permo-Carboniferous ice age, the basement was

deeply eroded, particularly in the region of the Eyre Terrace, and

fluvioglacial sediments were probably deposited.in erosion

channels.

In the Early Mesozoic, thermal anomalies generated in the

mantle probably caused arching within the Australian-Antarctic

continent and the resulting tension was gradually relieved by

formation of normal faults roughly parallel to the present-day

continental slope (Falvey, 1974). By the Jurassic, isolated

rift valleys had developed, giving rise to the Polda Trough

(Elliston Trough), the Robe-Penola Trough in the Otway Basin

(Griffiths, 1971, fig. 5), and the embryonic Otway BAsin. This

first phase of rifting was accompanied by igneous activity, as

shown by the presence of altered basaltic volcanics and possibly

intrusives, interbedded with Jurassic continental sediments, in

several Otway Basin wells (Griffiths, 1971). These rifts lie

up to 250 km north of the continental margin and were probably

incipient spreading centres, aborted in the Early Cretaceous.



SOUTH..-- Width ranges from 200 to 400 km

FIGURE 17
NORTH...

?

-=-------=-----=------=--~~~~~O

7
RECENT

o

Eo .>t'-

I
f
0.
W
o

-x
o
et:
0.
0.
<t

6

o

EARLY CRETACEOUS

LATE PALEOCENE

o

EARLY CRETACEOUS -5

~ Oligocene - Recent clastic
~ carbonafes

r:-:-:-J Upper Cretaceous deltalcL:....:....:... fluviatile sediments
UTTTJ7J Basement
U..L.LLLJ (probably Precambrianl

~ Late Paleocene ~Iastic.sedirnents
~ due to marine IncurSion

R"X")(I Lower Cretaceous fluviatile
~ Jacustrine sediments [[[]] Oceanic basement

SCHEMATIC CROSS-SECTIONS SHOWING _THE STRUCTURAL EVOLUTION
OF THE GREAT AUSTRALIAN BiGHT BASINReport No. 201

A/B8 -169 -lA



-83-

During the Early Cretaceous, highlands on the northern

and southern margins of the Great Australian Bight basins

(Fig. 15) provided an abundant source uf detritus which was
\

deposited under .fluviatile and lacustri~e conditions (Otway

Group). However, some marine influence/~ccurred in the (;~reat
•

Australian Bight Basin. The Eyre Terrace and the contin~ntal

shelf areas were probably e levated at this time and rec!ived

li ttle, if any, sedili1ent. By the end of the Early Cretaceous,

several kilometres of sediments occupied thE lowland area.

Minor faulting probably continued throughout the Early

Cretaceous, although for the Bremer Basin, Cooney et al. (1974)

contend that the Lower Cretaceous section was folded and faulted

by lateral movements before rapid rifting. Towards the end of the

Late Cretaceous an extensive rift-valley basin developed along

the southern margin (Griffiths, 1971; Falvey, 1974) caused by

the sequential collapse of basement blocks and overlying Lower

Cretaceous sediments from south to north (Fig. 15, late Early

Cretaceous). It appears to have attained maximum width in the

east, possibly because it had more time to develop.

In the earliest part of the Late Cretaceous a marine

transgression swept eastwarcls c::.cross the area, although fully

marine co..ldi tions do not seEm to have been developed in the

Otway Basin. It resulted in deposition of sands (Waarre Form

ation) and shallow marine muds (Belfast Mudstone). Bouef &
Doust (1975) infer that fully marine conditions were probably

established in the west of the Great Australian Bight Basin,

as large-scale foreset bedding is indicated on their seismic

pl<ofiles. The marine conditions seem to have been short-lived and,

throughout most of the Late Cretaceous, fluvial and deltaic con-

.• ~ tions prevailed. The highlands were extensively eroded at

L~is time and by the end of the Late Cretaceous about 3 km of

.ediment had been deposited in the rift-valley basin. On the

Eyre Terra~e, Upper Cretaceous sediments were laid down over

Precambrian basement. Volcanoes were probably active in the

central rift (Fig. 15) and volcanoganic sediments are probably
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interbedded in the section along the southern edge of the basin.

In the middle of the Late Cretaceous, minor uplift of the basin

margins caused a mild unconformity (UC3) and rejuvenated block

faulting. Breakup of the Australian-Antarctic continent and

generation of oceanic crust appears to have taken place in the

late Paleocene. It caused further collapse of blocks along the

southern edge of the basin, and oceanward tilting of the entire

area. A marine incursion of the late Paleocene and Eocene caused

deposition of marine and paralic sands (Wangerrip and Nirranda

Groups).

During the middle to late Eocene, continued subsidence of

the margin led to open marine conditions. Progressively less

detrial sediments reached the basins owiug to penep]anation of

the northern landmass, and organic carbonate sedime~tation became

predominant. On the shelf and marginal terraces carbonate sands

were deposited. In deeper water the carbonates consisted of sand

transported from the terraces by turbidity currents, and pelagic

ooze. The fairly abrupt change to carbonate sedimentation in the

Eocene probably resulted from the northward drift of Australia

into a critically warmer latitude iu which carbonate-producing
organisms could thrive. From the Oligocene to Recent time,

carbonate sediments have built up to form the continental shelf

and prograded southwards to form the shelf-breaks (Heytesbury

Group).

Submarine canyons which discharge across the southern

margin, most notably in the Otway Basin area, are causing exten

sive local erosion of the carbonate shelf and terraces. On the

continental rise south of the Eyre Terrace, huge volumes of

carbonate sediments have probably been removed by deep ocean

currents.
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DISCUSSION: STRUCTURE OF THE

CONTINENTAL RISE AND CONTINENTAL MARGIN

The continental rise in the Great Australian Bight is

underlain by a sedimAntary section 2 to 3 km thick which appears

to be equivalent to that in the Great Australian Bight and

Otway Basins. Although some of the Cain020ic sediments have

been derived from the continental slope and the terraces, by

slumping and turbidity currents, the continental rj3e is

structurally complex and does not fit the usual definition of

a sediment wedge extending from the continental slope to the

abyssal plain and overlying oceanic basement.

feismic evidence suggests that the continental rise
is underlain uy continental basement which is extensively

blfJck-faulted. On BMR seismic profiles, oceanic basement is

interpreted to lie beneath the foot of the continental rise

(Figs 9, 10) and is overlain by a sedimentary unit which is pro

bably Cretaceous. The same structure is evident on Shell seismic

profiles (Bouef & Doust, 1975), and block-faulted continental

basement is interpreted to lie beneath the rtse.

If the magnetic profiles are examined without regard

to the seismic evidence, it would be concluded that oceanic crust

underlies 1:te continental rise. Magnetic profiles 16/164 and

16/166 ~how almost perfect correlation, which could be caused

by seafloor spreading anomalies ~lmost parallel to those on the

abyssal plain. However, this seems to be impossible and the

magnetic anomaly ridges and troughs are probably caused by in

trusions into faults along the continental margin. The

magnetic anomalies on the continental rise are of relatively

low amplitudes, except alon~ the northern edge, and have been

regarded as part of a 'magnetic quiet zone' (Weissel, 1972).

The magnetic quiet zone undoubtedly ~" ,alts from tbA deep-

seated continental crust which underlles the area.
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There are now widespread indications that marginal

downwarping of continental crust is fairly common (Hallam,

1975). For example, it has been demonstrated that the Voring

Plateau off Norway and probably the deep oceanic floor east of

Newfoundland are subsided continental crust (TaIwani & Eldholm,

1972; Ruffman & Van Hinte, 1973).

Isostatic considerations require that if continental

crust lies in 5 to 6 km of water it must be substantially

thinner than that under the shelf and terrace. Crustal thick

nesses computed from the gravity values, using assumed densities

and a simple slab model, indicate ~ range of 10 to 15 km under

the continental rise (Figs. 7 and 8). Thus, in terms of thickness,

th~ crust is almost typically oceanic. Bott (1971) has proposed

that the mechanism for thinning is a lateral oceanward creep

of the lower part of the continental crust, accompanied by normal

faulting in the brittle upper crust. He considers that this

is the main cause of tectonic development of 'young rifted

ma~gins' (for mathematical analysis see Bott & Dean, 1972).

The juxtaposition of thick, low-density continental crust and

thin oceanic crust ~auses tension in the continental crust.

Oceanward creep of the lower ductile part results in crustal

thinning beneath the shelf and slope. Lateral spreading of

continental crust under oceanic crust leads to a mass deficiency

which is not always fully compensa.ted, and this may account for

the negative regional free-air anomaly (-60 mGal) over the

continental rise in the Great Australian Bight. Similar negative

anomalies occur over the eastern margin of North America, and

Worzel (1965) has pointed out that Lhey cannot be caused solely

by the accumulation of thick sediments, unless subsidence has

exceeded the amount required to reach isostatic equilibrium.

Free-air and magnetic anomaly profiles based on one

minute data samples, prepared by Mutter (in prep.), show

several important features which are less obvious on the c~ntour

map (Fig. 18). A well-defined outer free-air anomaly ridge of

40 mGal a.nplitude occurs 30 to 40 km south of the lower cant in-
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ental slope near che Eyre Terrace, and extends westwards for at

least 1000 km. Ea8tward of the Eyre Terrace it becomes diffus~

and cannot be followed with certainty. It is almost coincident

with a magnptic anomaly trough of 400 nT maximum amplitude at

the northern edge of the magnetic quiet zone. The magnetic

an0maly trough clearly extends across the Ceduna Terrace along

latitude 34°30'8 and then forms a broad arc along the edge of

the continental shelf. Its easternmost extent is on Line 16/045

(140 0 E) near the northerly-trending portion of the Australian

coastline.

The linearity and 1000 km (or possibly 2000 km) extent
....

of these fe~tur~s suggest that they are associated with the

formation of thu continental margin. Their source is not

apparent on the seismic profiles, although they seem to

coincide with a broad band of faults which lie south of the

lower 00ntinental slope in the western Bight. They may be caused

by igneous intrusions within a rift zone which was possibly an

jncipient spreading centre. A similar explanation may' account

for formation of the Polda (Elliston) Trough and the Robe-Penola

Trough in the Otway Basin, although Griffiths (1971) considers

that these are splays caused by sharp bands in the trend o~ the

rift-valley. Development of these rifts as spreading centres

would probably have ceased in the .Jurassic ur Early Cretaceous,

and by the late Early Cretaceous the active central rift lay

farther south, along the edge of the present continental rise.

During the Late Cretaceous, maximum subsidence and sediment

deposition seem to have taken place along the strike of the

magne~ic trough; that is, under the Ceduna Terrace and south o~

the Eyre Terrace. After continental breakup in the Paleocene,

the area continued to subside.

The marginal basins are possibly bounded by northerly

trending fractures which mRy be related to basement structure

or to transform faults resulting from seafloor spreading (Van der

Borch, 1967). Lateral changes in structure occur between the
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western and eastern parts of the Eyre Terrace as shown in

Figures 9 and 10. Between the Eyre and Ceduna Terraces, a

marked change in trend of the lower continental slope lies north

'of a right-lateral offset of the swale topography on the South
Australian Abyssal Plain (Fig. 6). This may result from a trans

form fault, especially as the seismic proftle between the terraces

(Line 16/158) suggests the presence of igneous bodies in the base

ment. If a transform fault intersects the m~rgin in this area,

right-lateral offsets of anomalies 19 and 22 may be observed at

12g0 E on future surveys. Numerous fracture zones in the eastern
part of the southern ocean may be responsible for the structure of

the margin at 1360 and 140oE.

The proposed interpretation uf the sedimentary section

under the continental rise 1eads to the conclusion that a pocket of
Upper Cretaceous sediments lies on oceanic .basement (Figs. 9,10).

If the basement is'Paleocene, as indicated by its association with

anomaly 22 (Weissel, 1972), the structural relation appears

inconsistent with the ages. As the dating of the section is con

sidered fairly reliable, the inconsistency probably results

either from misidentification of the magnetic anomaly, or from

intrusion of Paleocene oceanic rocks into continental basement

on the flanks of the spreading ridge.

~eissel & Hayes (1972) express some doubt about their

indentification of a~omaly 22, which was observed only on a few

lines south of the Eyre Terrace (Fig. 6). If the anomaly were

somewhat older, a period of slow spreading must have occurred

before the formation of anomaly 21. A greater age would

account for the overlying Upper Cretaceous sediments and for the

Upper Cretaceous breakup in the Otway Basin proposed by Brown

(1975).

In summary, the formation of the southern margin has been

a long complex process, lasting from Jurassic to Recent times.

Formation of the rift-valley basin probably took place over a

longer period in the Otway Basin than in the western part of the
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Bight, and when breakup occurred it was probably not a synchronous

event. It is probable that rift valleys formed in the Jurassic

and Early Cretaceous, were aborted by the late Early Cretaceous,

and replaced by a central rift at the foot of the continental rise.

These events contributed to the complexity of the southern margin.

PETROLEUM POTENTIAL

The sedimentary fill and structural style of the Great

Australian Bight and Otway Basins are very similar, although the

Great Australian Bight Basin lies largely beyond the continental

she!f, ~n water depths ranging from about 200 to 2000 m. Deduct

ion~ about the petroleum potential of the area are based princi

pally on data from eleven wells drilled in the offshore Otway

Basin and from Potaroo No.1 well in the Great Australian Bight

Basin.

Basement is overlain by the predominantly Lower Cretac

eous Otway Group, which is estimated to be up to 3 km thick in the

Otway Basin and possibly up to 8 km thick (Bouef & Doust, 1975,

fig. 8) in the Great Australian Bight Basin. It is composed of

sandstone, shale, and lignite deposited in a fluvial and lacustrine

environment. Good reservoir sands are known in the lower part of

the section and these have been a target for drilling in the Otway

Basin (McPhee, 1975). Small shows of hydrocarbons have been

discovered in the Otway Group, but commercial quantities have not

been encountered. The porosity of most· of the sandstoneshas

been destroyed by diagenesis of volcanic detritus which they

incorporate. Along the deeper parts of the southern margin the

depth of burial of the Otway Group suggt..~sts that formation of

·gas is mor(~ probable than formation of oil. The predominance of

block-faulting in the pre-Upper Cretaceous section has pr~cluded

the formation of anticlinal structures and the most likely traps

lie within the individual fault-blocks.
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McPhee (op.cit.) considers ~hat the restricted marine

sediments in the lower part of the Late Cretaceous have the most

attractive petroleum potential in the area. The most likely source

rock is the Belfast Mudstone (Fig. 5) and the most likely reservoir

rocks are in the underlying Waarre Sandstone. A flow of 4.~: MMCFD

of gas and condensate issued from the Waarre Sandstone in the

Port Campbell No. 1 well, but this quickly diminished (Wopfner,

Kenley, & Thornton, 1971). In Voluta No.1 well, minor gas indic

ations were reported while drilling in the Belfast Mudstone. G00d

reservoir sands are present in the upper part of the Upper Creta~

eous .secti.on and although migration from the underl~ring Belfast

Mudstone is likely, there is no seal in the Cretaceous sequence

over these sandstones (McPhee) Ope cit.). A few block-faults

extend into the Late Cretaceous and may provide structural traps

if seals are present.

The sequence of shallow marine upper Paleocene and Eocene

sands of the Wangerrip and Nirranda Groups are excellent reservoir

rocks, and these are sealed by Oligocene marls and limestone. How-.
·ever, the beds are virtually structureless and, onshore, the sands

are flushed by fresh water.

In general, the basins appear to have a low geothermal

gradient Ca bottom-hole temperature of 1040c was recorded at 3780 m

in Voluta No. 1) and it is likely that a depth of burial of about

3000 m is necessary for the sediments to be mature enough for gen

eration of hydrocarbons CKlemme, 1972). In the Great Australian

Bight Basin this depth corresponds with the lower part of the

Upper Cretaceous section (as int8rpreted in this report).

The vast area of the basins which lie along the southern

margin of Australia, as yet ~ar6ely untested by drilling, must be

regarded as an important petroleum prospect. The most prospective

.section, within the lower Upper Cretaceous sequence, lies at

sufficient depth for ~he generation of hydrocarbons. Structural
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traps may be provided by the few block-faults which extend to this

level, and these may have prev2nted any mass ~igration ani loss

of hydrocarbons during subsidence of the continental mar~in in the

post-Paleocene period. Well-eompletion and commercial dr~lling

technology is advancing rapidly and it is expected that develop

ment of fields in water depths of more than 1000 m may be expected

wi.thin the next decade (National Petroleum Council, 1969;

Anderson, 1974).

RECOMMENDATIONS

The 30-nautical-miles spacing of Continental Margin Survey

lines in the Great Australian Bight, and the lack of a usefully

positioned tie-line along the Eyre and Ceduna Terraces have pre

cluded construction of a detailed structural map of the area.. Very

ge~eralised structural maps have been presented by Willcox (1974)

and Bouef & Doust (1975), but these are mostly not adequate for

pla~ning of future projects. However J if the Continental Margin

Survey and Shell Petrel lines (Shell, 1973) are integrated, gen

eralised isopach and depth maps can probably be prepared. During

the Continental Margin SurveY,the importance and extent of sedi

ments' under the lower con~inental rise were not fully appreciated

and consequently most BMR lines fall short of the abyssal plain.

Lines extending farther south may also have permitted more relia

ble identification of the oldest seafloor spreading anomalies,

and resolved the uncertainties which still exist concerning the

exact age ol formation of the continental margin and the origin

of the magnetic quiet zone.

SURVEYS. As an extension of the work carried out on the Contin
ental Margin Survey and by Shell (1973), it is desirable that the

following surveys be undertaken to enhance the regional picture:-

1. A survey of the continental rise and magnetic quiet zone

to extend the BMR lines to the abyssal plain. Part of this

work is being undertaken by Lamont-Doherty Geophysical

Observatory during 1976 (Talwani & Houtz, pers. comm.)
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2. Additional and better-quality regional seismic surveying

of the Bremer Basin and Eyre Terrace areas, between 1200

and 1270 E, from the coast to the abyssal plain. Lines

should be placed between those from the Continental

Margin Survey to give coverage at 15-nautical-miles

spacing. This amounts to about 2000 n miles of traversing

and would probably take about 10' days to complete. The

survey would primarily collect additional seismic data,

although magnetic and gravity data would also be useful

and could be recorded for little addditional cost. An

analogue seismic system would probably be adequate pro

vided that a powerful seismic source, probably air-guns,

was used. Digital processing of seismic data to remove

'ringing' would be beneficial for records ever the con-

tinental shelf.

3. Surveying of a high-quality seismic tie-line along the
Eyre and Ceduna Terraces.

4. Semi-delailed seismic surveying of the Great Australian

Bight Basin and the adjacent continental shelf and rise,

between 1270 and 1360 30'E. ~vo additional north-south

lines between each pair of Continental Margin Survey lines,

giving a iO-nautical-miles spacing, would probably be ade

quate. The survey would cover about 12 000 n miles and

take about 3 months to complete. The prime objective

would be to acquire high-quality, high-penetration,

seismic data to delineate the regional structure. Dig

ital seismic equipment and an air-gun energy source would

be beneficial if digital processing was used for data

enhancement.

REPORTS. The following reporting is required:-

1. Generalised mapping of the unconformities and isopachs in

the Great Australian Bight Basin by integrating BMR and

Shell Petrel data.
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2. A study of the continental rise and magnetic quiet zone.

3. Semi-detailed interpretation arising from surveys 2,3,

2nd 4 proposed above.

DRILLING. Four problems that arose in the present study need to

be resolved by drilling. Further surveys and interpretation of

geophysical results are unlikely to provide adequate answers.

1. The origi~ of the D'Entrecasteaux Regional Gravity Ridge

which extends across the coast midway between Eucla and

Ceduna. This may be caused by a belt of ultramafic rocks

within the Gawler Block, which may be detected by shallow

drilling onshore, near the coast. ~

2. The origin of the extremely intense short-wavelength mag

netic anomalies (wavelengths 1 km, amplitudes 2000 nT)

which coincide with the northern part of the D'Entre

casteaux Regional Gravity Ridge and that have been re

corded by aeromagnetic surveys over the Nullarbor and

Fowler Sheet areas (Lambourne, in prep.). The source of

these anomalies probably lies be~eath the drift cover

and could· be detected by shallow drilling onshore.

3. Stratigraphic drilling on the Ceduna Terrace, in a water

depth of about 1000 rn, to resolve the differences between

the interpretation presented in this report and that given

by BQuef & Doust (1975).

4. Drilling on the continental rise to resolve the apparent

discrepancy between the proposed Late Cretaceous age of

the section and its relation to oceanic basement of

supposedly Paleocene age. Examination of basement type

in the magnetic quiet zone.
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This would fit into the study of the ocean-continent

margins which is an objective of the IPOD (International

Phase of Ocean Drilling) program (Cook, 1973; Peterson,

1975).
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APPENDIX

COMPDTATION AND USE OF GRAVITY AND MAGNETIC ANOMALIES

The absolute gravity values were determined by ties into

the Australian Isogal Network at each port call. These ties also

provided a check on the drift characteristics of the LaCoste &
Romberg meter.

Free-air gravity anomalies were obtained by applying

latitude corrections and Eotvos corrections to the observed

gravity values. The latitude effect was derived from the

gravity field of the International Reference Spheroid:

978.049 (1 + 0.0052884 sin2 ~ - 0.0000059 sin2 2~),

where ~ is the latitude.

Thd Eotvos effect, due to the motion of the ship over the spheroid,

is given to a first approximation by:

7.5 cos ~ Ve, (Glicken, 1962)

where ~ is the latitude, and Ve is the eastward

component of velocity in knots, given by the gyro

heading and the sonar doppler velocity averaged over

ten minutes.

Corrections for ocean tidal variations have not been included.

Bouguer Anomalies were computed by applying a. correction

at each station given by the formula 2n: G.1ed,

when G is the Universal Gravitational Constant,

l!e is the difference in densi ty between wat,er

and sediments, and d is the depth of water.
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The density contrast between water and sediment::; '.vas assumed to

be 1.2 g/cm
3

over the entire area.

By using a Bouguer correction one is attempting to

compute a gr:.lvi ty anomaly field due only to geology: and to remove

correlation between the gravity and topography which is present

in the free-air anomalies. As the formula approximates the water

layer to a slab of thickness d, the Bouguer anomalies do not com

pletely correct for the water layer in areas where the water

depths change abruptly. On continental slopes, for example, the

Bouguer anomalies tend to be too small at the top and too large

at the foot of the slope. In order to gauge the magnitude of this

effect in the area of this report) Figure A shows a crude gravity

mode~ over the southern edge of the Ceduna Terrace. This shows

that the Bouguer correction undercorrects for the water layer by

7 mGal at the top of the slope and overcorrectsby 9 mGal at the

foot of the slope. This error is probably trivial because the

gravity field shows a continuous steep monoclinal gradient

across the continental margin in the area under consideration.

The Bouguer anomalies over continental slopes generally

exhibit continuous gradients, which are ~aused by thinning of

continental crust. These gradients swamp smaller anoffialies

caused by local structures and changes in thickness of sediments.

Knowledge of densit~es in the crust and mantle, and the depths

to the crust/mantle interface would enable these ~radients td be

removed. However, such information is rarely available in

sufficient detail. Ideally then, for Bouguer anomalies to be of

value over a continental slope, corrections for changes in

crustal thickness are required.

The free-air anomalies provi'dG. more useful information

than Bouguer anomalies over the continental slope provided that

they are interpreted with caution. Fr6c-air anomalies theore

tica~ly average zero over regions in isostatic equilibrium,

and can be used as a measure of i.sostatic compensation. The
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minimum area found to be compensated is generally 100-200 km

across; the local features being supported by the crust. Free

air anomalies combine the opposing gravity effec~s of increasing

water depth and associated crustal thinning and hence regional

gradients tend to be less intense than for Bouguer anomalies.

A further problem arising in interpretation of both

free,air and Bouguer anomalies over steep continental slopes

is that of 'natural edge effect'. This causes a pronounced high

over the top of the slope and a low at the foot of the 3lope, even

though each column of crust is in isostatic equilibrium. The

edg~ effect is observed when a gravity station is close to a

change in slope, because at short distances from the slope the

gravity effect of changes ir water depth and near-surface geology
I

is riot fully counteracted by the gravity effect of changes in

crustal thickness. The edge effect over the outer edge of the

Ceduna Terrace is shown in Figure B. It amounts to 26 mGal and

28 mGal over the top and foot of the slope, respectively. The

effect has the opposite sign to the errors in the Bouguer a~omaly.

The magnetic anomalies computed for the Continental

Marg~n Survey are defined by the relation:

(magnetic anomaly) = (observed total magnetic field) -

(IGRF) - (diurnal),

where (IGRF) is the International Geomagnetic Reference

Fi~ld, and (diurnal) is a correction for departure of

the field from the mean, as measured at a shore monitor

station.

Magnetic anomaly contours in Plate 5 show only regional

features and are, at best, a highly filtered version of the

original data. Anti-aliasing filters have not been applied to

the raw data before sampling and.~onsequently short-wavelength

anomalies may be seriously distorted. It could be argued tL.at

the wavele- ~. c of the magnetic anomalies are so short: particul

arly on the continental shelf, that contouring is not appropriate
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consideri~g the line separation. The 50-nT contouring level may

only produce a valid picture whe~e the geology strikes perpen·

dicular to the traverse lines. In general, the contoured anomalies

are useful for interpretation of large-scale features with wave

lengths greater than about 30 km. For more detailed interpre

tation and modelling it is essential to return to the original

profiles of total intensity.

The preponderance of negative magnetic anomalies in the

Great Australian Bight is caused by the use of the IGRF as the

regional field. The annual change in intensity used in the IGRF

in this area deviates from the observed change by up to 30 nTI

year. At the time of the survey the IGRF was up to 500 nT
above the observed regional field.
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Australian National Spheroid

Simple conical projection with tl'10 standard parallels
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WATER DEPTH

Contour interval 200 rn

Water velocity assumed constant at 1500 rnt's

Australian National Spheroid

Simple conical projection with two standard parallels

at 18°0' and 360 0'South.

PLATE 2

SA/B8-17-4



130
129' 00'

----r
I

I
I

f,
1
I

I
I

--1
I

f,
I
I

J,
I

- I
I

I
I

I
I

I
I

---L _
I

, I
I

I
J

127' 30'

I
I

----.-,-------------

CONTINENTAL

EUCLA
•

J26 t OO'

1----·-----

I1--.-----------------_1_----i . I
I

I
J

_.__.--------t------------,

I

---------~-------------

l24' 30'

.
11

L-

------- ----r----

AUSTRALIAi
I

I-----jr-----c---o

•

-1

~-""

123'00'

I

WESTERNI

-r~
o

ESPERf\NCE

121':,:W'

rr'

120'00'

32'00'

,!

31'00'

30'00'

29"00'

28'00' [

I 33' 00'

+------------



....oo
"

•
('r)
<n

....oo•C'II
('r)

...oo•...('r)

....oo•0
"

('r)

...oo•enN

------------...;-------------------
-
-
-
-
-
-
.
.
,
-
-
-
-
.

...00
C\J

•(D
...

N
00

W
.....

f-
.,....

et..Ja..

I

"'0[T
)

D

---------
m

I
(I'l
...

II./I

I
I

,I
I

I
I

I
I

I

!
!

...

+
-
~
~
-
~
+
-
-
~

00.
I

-
-
-

CD

f

(\")
...

I
'

I

II
I

I
f

I
I

I
I

"'0
I

I
I

t
en

i

-
-
-
I

0l.CI
[T

)
....

I

~,.',

C
l,

t>

'0
•.

I

<:t
I

Z
1

::JoWo

:r:J:::>oC
l)

I"
II,

-
-
-
-
-
-
-
+

-
-
-
-
-
-
-
r
-
-
-
-
-

<:J::
---.1
<

:{

~
I

L
-
-
-
-
-
+
-
-
-
-
-
t
-
-
-
-
-
~
-
-
L
-
-
-
-
_

_
+

_
-

_
t
-
-
-

-_~ r
:::>

r
,

«

"'0ooU
)

(\")
....

I
j

...0
I

0

I
I

•
•

N

I
~

1"\
....

'.I
~

I
."~"
\I)

I
~-.

I
1II

I1
{

I
...

."
I

0(\")
"



!29'OO'127'30'

r--,

-5000-

CONTiNEN4~ R~ ~
--~-_.-------

•.__._-----------_ ..

126'00'

I
_.._...._...__._.1_.__._-----_._---

124'30'

-------_.-

11

l _----..----.l.----.-.
123' 00'

Po/lock

:

J- --
._----- ~.._--_ ...---

.' ';. .V .'

A RCHI PELAGO

121'30'

---- -200

L ~ ". 1 --

4400J
~ ~~ I~ I --~ I -~ I I I

. .Tq,o,,- ~<"' : L' _5400~YSSAL PLAIJ

\ ~1:, ---t------···----··----·-I I ,'-------'-
-z. i I

I

~ -r~

40
8 aa'

39'00'

._- ~~=ctY t ~T~, O-f
RGHf

--r;r~~-".'OO:~ =:~ :~~
• fC /1

R •OF THE

38'00'

37'00'

36' 00'

35' 00'

34'00'



...oo•-....-

DlX
)

M- ...oo

...oc.o....

'.o('I')

•ID('I')

-...oo.1
1

)
('I')

-...o('I')

•C
"l

(I")

-

..oo•en('I')

-
..oo•CO(f)

...oo•.(
'

C
l')

----
...ooC

lID('I')

..oo•1
1

)
('I')

..oC•..,.l"'J

Ir-



PLATE 3 C>

FREE-AIR ANOMALIES AT SEA, BOUGUER ANOMALIES

ON LAND, SHOWING GRAVITY A1~OMALY PROVINCES

Density = 2.2 g/cm
3

, except where different value is shown;

contour interval 10 mGals

Australian National Spheroid

Simple conical projection with two standard parallels

at 18°0' and 36°0' south

SA/B8-37
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PLATE 4

BOUGUER ANOMALIES AT SEA AND ON LAND, SHOWING

GRAVITY ANOMALY PROVINCES

Density = 2.2 g/cm3, except where different value is shown;

con'tour interval 10 mGals

Australian National Spheroid

Simple conical projection with two standard parallels at

18°0' and 36°0' south

SA/B8-38

••



'129' 00'127' 30'126' aa'12.. ·30'

d~

~
~
~
~
~
~
~.

123'00'

.~
~
~
~

~
~
~
~
~

~
~
~
~
~
~
~

\

121
C

30'

. \

1

\
\

~
~
~

. ~

\ ~

'\ ~~
~

\
~
~z

\
~.
~
~

\
~

i ~ , I ~30 ~ ~\L\r \ {~ .=:; ~ • ----.\.:: :• ~a· • ...

~
~
~

'\ ~~~~, ~

IIll1illJlIU/I"'" I ' ~

\

I, IIllllumUnlll\\\\II1II1~
~
~

; . .~
r----- ~
I ~~

~:;::::::
~
~
~
~
~
~
~
~

-~

...- ~

f ~
~
~
~\ .~

\ ~
I ~. ~

'\ ~

\
~. ~

~
~
~

\ ~
~
~
~

120' aa'

31' aa'

30' aa'

29'00'

20' 00'

\



132' tOO' 133'30'

?O~20-:

135' 00'
136' 3D'

138' DO'
139'30'

f

~
~:::::::::::

n:fI
.J./soro-

PLATE 4

1<41' aa'

28' DO'

29' aa'

30'00'

31' aa'

32' aa'

33' 00'



4

l'

/

129'00'

._l,_~ _

--- ------_.__.

---.....

.._ .•_-_._----- +--~-~._. -----_._.

~-~\

(;1

J.

._------_.. -~_ .. --------.•...-_._---,----_.,-_..__.,-

I
t

I·

127'30'

I

I

I

--r-
I

-220-----.

---
.........'-..------

126'00'

---~
220

---
i _. . +_. . _

. I .------., -.---- -------t-I I

I I
I I

!
i
I

I
I,
I

-'-'" .._~-- -----_.__._--

-------1rr- -- ......--- .__.------- ------_.j...

I
I---t- .. _-_.

I
I
I
I

r-"_

I
I4,·0-
I

,.v- --r- L n_I ,-=-_4 "" '"
, ----- ' ,,-

!

12 .. '30'

,._- +1--

--_ ..------._-

'-/80

. f."

12~'OO'

~

\

\

J--

Pollock

.:' o' £RC rl £

OF THE R£C
H

•

\
__-·--+-1-----.

121'30'

I

)
ISO ./90

I
I
I

I I _I

\ --_.- '\1_.. -+ - I 1

I I

- \ \ I

\ \ 1_l -- 'i -'- ..------

_. .------- t-_·---

\

\U-'
.'

:.' .,".: .. ':.

-; ,,'I: :,

':,!! h
.'i, d 'I'

\

\
I

39' 00'

38'00'

37° 00'

\
\

36~ 00'

\

\

35' 00'

34'00'

'-...... ~

/'.'

&±:d:'" ',i h --i-, --Ur,(,. ./ t/' '!;-~;'.;;,:., '.\:... '/ -.----~-----------......------'----......--



~ (,1 ' .

I
34'00'

35' aa' I

I
I

I
36° 00'

37' aa'

39° aa'

40° DO'

0_

141-00'

~-

~

~
~

139' 3D'

c'---"::-'---~7---'-- -+1-::'--__-'-- _

I ' (~,

'/

/'

J--'-- L , ' -- -L _

136- 30' 136' aa'
135' 00'

------

!-/--

133-::lO'

~--

C'

: /----

! I

I

L

't-·-

132- aa'

i

I
I

--,---~--------------- -+.'-.------- ------.-----.---.------ ""/--'" -------..-.-.---t-.I i
,

I

-7

~--__~._o-__

I
If

3d/,
,/

1/
~J--'-

-/.1 '.-



PLATE 5 ~

M~GNETIC ~~O~~LIES, SHOWING GRAVITY ANO~LY PROVINCES

Magnetic values reduced to the International Geomagnetic Reference

Field; contour interval 50 nT

Australian Nat~unal Spheroid

Simple conical projection with two standard parallels at

.,1"41 18°0' and 36°0 I sout,h

SA/B8-39
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