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COVllliiNTS ON. AND CONCWSIONS FROM

THE CORRELATION OF MAGNETIC DATA WITH KNOWN GEOLOGY •

ABSTRACT:

• • • • • •

(i11)

The geological study of the underwater shelf areas of
south-eastern Australia can only be based on the projection
of geological boundaries, structures and trends from
Victoria, Tasmania and South Australia; and on geophysical
evidence.

No previous geophysical work had been done in the area
over which our subsidised aeromagnetic survey was carried
out, but in the assessment of the results, intormation haa
been drawn from prior geophysical surveys in the surrounding
areas, viz.

(i) aeromagnetic surveys over Kangaroo Island,
the lit. Lotty Ranges and the Murray Basin in
South Australia; the Gippsland Basin and the
adjacent ott-shore area in Victoria; and
over north-weet Taemania;

(11) gravity surveys over the Gambier Sunklands,
South Auetralia; and over the Otway Basin and
Port Phillip Bay, Victoria;

seismic surveys over the Gambier Sunklands,
South Auetralia; and over the Otway and
Gippeland Basins, Victoria.

The recent aeromagnetic survey hae outlined areae of
basinal deposition which may have been tavourable tor the
accumulation ot petroleum. Sedimentation in these baeine
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was probably confined to late Jurassic, Cretaceous and

Tertiary times, although there 1s evidence to indicate
that Middle Devon1an-Permain sediments may under11e the
Bass Strai t and Gippsland areas, but are not confined to

the basins.

The geolog1cal review of the magnetic results deals
wi th the geological history and the eventual breakdoc of
th1s area of the Tasman geosyncline to form the basins ot
depos1 t10n reterred to in the prev10us paragraph. It i.

thus the summat10n ot -

(i) interpretation ot the magnetic teatures,

and,

(ii) theoretical aspects ot the formation ot
Bass Strait and of other similar structures
in the bordering States.

Notw1thstanding the comments submitted, the magnet1c
results are expected to produce additional informat1on when
they are re-exam1ned in conjunct1on wi th the results ot the

proposed se1smic survey.

• • • • • • • • •

2.
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GEOLOGICAL REVIEW - AEROKAGNETIC RESULTS

Magnetic features may be related to:
Basement - Precambrlan - Cambrlan

Ordovlcian - S11urian,
Granite intruslves
Faulting -

•••

•••

• • •

Strong features

Weak reatures
Features depend
on the rock types
in juztaposltion.

Basic Rocks ln Sed1JDentary Section

Tertlary basalt - Eocene or Pliocene
Dolerite - Jurassic (Tasmanla)

The discusslon of the relatlonship between geology
and magnetics ls rererred to the more lmportant basins or
sedlmentation whlch have been defined as a result or the
magnetometer survey.

1 • ENCOUNTER BAY ARXA - OTWAY BASIN (GAMBIER SUNKI.ANOO):

Thls area ls clearly d1vlded lnto two parts. North or
an east-west line, just south of latitude :J7°8, shallow

basement features predominate whereas to the south of it
the depth of sedimentatlon increases rapldly within the
Gambler Sunklanda or the Otway Basin.

(a) BU-smt Complex:

The Encounter Bay area from Kangaroo Island to the
Coorong fol'lll8 part of the lit. Lorty - Kangaroo Island arc
or Pre-C8lllbrlan metamorphlcs, flanked to the east and south
by geosynclinal deposits or the Kanaantoo Group (Cambrian).
Basement trmds are east-west beneath the continental shelf
south of Kangaroo Island. Further eastward these become
complex and variable until north-south trends are
predominant adjacent to the small graben (between latitudes

1390 10' and 1390 40') and also on the Padthaway Horst where

they have been def1ned by aeromagnet1c survey of the lIurray
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Basin.

The graben, bounded by north-south down-to-basin
faulting, contains an estimated 3,000 - 4,000 feet thickness
01' sediments. The taulting on the western side of the
graben is probably an extension of the eastern boundary faults
of the 1410. Lofty Ranges.

The sediments wi thin the graben may be the result 01'

deposition from the Murray River which flowed westerly until
reaching the early Tertiary fault escarpments 01' the Mt.
Lotty Ranges, then diverted to the south along the strike
direction 01' the fault blocks. Deposition in the graben
may have been contined to poet-Cretaceous times.

Another small graben of moderate sediment depth occurs
on the margin 01' the continental shelt (south-west part of
Sheet 5) but sedimentation in this area 18 more probably
related to the main Otway Basin thm to discharge from the
Murray River.

Areas of shallow magnetic relief wi thin the basement
complex may be correlated with post-Cambrian granitic
intrusions such as outcrop on Kangaroo Island, near Victor
Harbour, and Kingston, and at ieolated areas on the
Padthaway Horst.

(b) Gambier Snplslmds of the OtwlY Basin:

The faulted margin of the sunklands extends easterly
onshore to the zone of the Lucindale Feult, as outlined by
aeromagnetic data obtained by the S.A. Mines Department.
The interence drawn from cOJIIDents by M. Reford concerning
the magnetics in the sunklands area (P. 38, para. 2: p.41,
para. 3) is that a very deep sed1mentary section exists
throughout, with the exception 01' the pronounced basement
high near Beachport. Estimations 01' depths-to-basement from

the magnetic profiles are based on insufficient features
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to properly deterDdne depth variations. The basin
structure as outlined by the depth-to-basement contours
serves only to illustrate that the section is thick and
that the basement slopes steeply to the south.

Near Beachport, two major features, both related to '

basic rocks within the basement, have been studied. One
teature (8 - 4* : 9 - 2) extends westerly from the coastline
at Beachport with increasing depth to basement in this
direotion. The second (9 - 5) was analysed by M. Reford
(p.40) as a typical dyke model ot basic material dipping
south-west at 600 , 22,000 feet in width and with its upper
part 16,000 feet below sea level. A related minor feature
(Within 9 - 5) is thought to be related to basic intrusives
at 4,000 feet below sea level. These two features indicate
a steep slope ot the basement surtace to the south. The
common apex ot these major features is the basement high as
outlined by the gravity and magnetic anomalies centred
apprllX1mately tiTe miles north of Beachport.

M. Reford draws attention (p.40, para. 1) to the
similarity between this coastal magnetic feature (9 - 5) and
a belt of magnetic relief trending north-weat.rly from Mt.
Gambier to Beachport, as recorded by the S.A. Mines Depart­
ment Survey. The latter belt follows the zone of volcanicity
(Mt. Gambier - Mt. Burr) and the coastal feature may have a
similar origin but with no surface expression of the
volcanics. An area is shown on Composite "A" in the vicinity
of Beachport which may be underlain by volcmics wi thin the
sedimentary section. Structural control for these zones of
volcanicity may be provided by faulting within the sunklanda.

A broad magnetic low, related to the modern continental
margin, trends south-easterly in the south-east part of Sheet 8

* (8-4) refers to area number 4 on sheet 8, and as marked
on the composite maps.
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and deviates to a more easterly direction (Sheet 9) away
1'rom the modern margin. It crosses the coastline north 01'
Douglas Point and is probably related to the margin 01' the
continent in some earlier geological period. possibly
Cretaceous-Eocene.

2. OTWAY BASIl!:

Geological evidence in Victoria shows the Otway and
Gippsland Basins presently separated by the Mornington
Peninsula which has a south-west trend. The continuation 01'
this trend. i.e. the Phillip Island - King Island basement
high. 1'OnJlS the ridge between the Otway Basin and the Bass
Basin as de1'ined by the airborne magnetometer "depth to
basement" estimates.

The ridge is aborad 1'eature. up to 35 miles wide.
and its crest has a gradual slope to the south-east. To the
north..west it appears to be 1'8111ted down-to-basin by a

continuation 01' the Selwyn Fault. Smaller north-eouth 1'8I11ts
are postualted on either side 01' the basement ridge. those
on the north-west side 1'orming part 01' a mosaic 1'ault block
pattern with areas 01' positive basement relie1' and also 01'
deeper sedimentation. The largest area 01' moderate
sediment depth is easterly trom Lome and probably extends
into Port Phillip Bay. The Younger Basalts (Pliocene) mask
the basement magnetic relie1' along the northern side 01' the
basin but the Anglesea Well and the results 01' the B.M.R.
gravi ty sun-ey 01' Port Phillip Bay suggest deep basement
in that direction.

North-west 01' a line trending south-west along and
beyond the Otway coast. the magnetics indicate deep basement
wi th shallow basaltic activi ty in the ot1'shore area. Areas
01' small "seaknolls" with up to 210 1't. 01' relie1' above the

ocean tloor at 390S. 143025'E and 3907'8. 143015'-20'E. may

be related to these basalts.
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The prollinent basement trends south-east o~ Cape otway

II8Y be correlated with the structural trends o~ King Island
and hence II8Y represent basement at a shallow depth. The rapid
rise o~ the basement noor east and south-east o~ Cape Otway
l18y be related to a ~ault zone on which later. and reversed.
movement elevated the Otway Ranges to their present relie1'
during the Tertiary epeirogenic lIovements.

The I18gnetic survey along the western Victorian coast
provided only sparse coverage and no conclusions II8Y be drawn
resar41ng the structure ot the deeper parts ot the Otway Basin.
Shallow volcanics have been tortuitously outlined by the night
pattern.

The Phillip Island - King Island ridge is overlain by
Older Basalt (Bocene) on Phillip Island and along the southern
coast ot lIomington Peninsula. The basalt appears to extend
along ~e basellent ridge tor a distance ot sOlie 30 ailes
southerly troll Cape Schank. The band ot "s teep I18gnetics"
along the southern side ot the ridge suggests a series ot
en echelon north-south taul ts rather than a single taul t zone.
Such en echelon taul te are shown diagrammatically on Sheet 21.
COIIposi te liB".

The l18~or deep basinal structure wi thin Bass Strait
trends north-west to south-east across Sheets 22. 27 and 28
and conserTatiTe estiaates indicate thicknesses ot sedillents
up to 12,000 tt.

(a) Margin of BaBin;

A basinal area ot shallow depth occurs south ot
Wonthaggi and is bounded on the south-east side by a trend
which torms the extension ot one ot the epeirogenic boundary
taults ot the South Gippsland Highlands. On either side ot
this basin, which deepens to the south-west. large I18gnetic
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anou1ies occur. Those which are south of Cape Liptrap IllaY
refiect an oftshore extension of outcropping (7) Cambrian
greenstone and diabase and, if' so, these ottmore rocks are
probably faulted, along their western boundary, against
Devonian lillestones. The large anollaly south of Phillip
Island (south-weet Sheet 16) may also be related to (,)
Cambrian rocks as the normal basement in the Wonthaggi area
comprises weakly magnetic Silurian metamorphic rocks.

There is evidence that the Baesian Rise, a sUbllarine
ridge connecting Flinders I sland and Wilson's Promontory,
is cOllposed of granite intrusives in Silurian metamorphics.
Resietent granite torms the lIany ielands along the Rise.
"Baeement" is virtually non-lISgnetic with small anoBalies up
to tive gallllsS but similar protiles were recorded over the

granitic rocks ot Flinde1'8 Island. There is a sharp change
in baeellent rock types in the area west ot WilsCll' s Promontory
towards Cape Liptrap.

Geological evidence trom Tasmania, Flinders Island and
Wilson's ProBontory suggests that the whole ot Bass Strait
east ot lcmgi tude l46°30'X is probably underlain by a "basement"
ot nalc1y Bagnetic Silurian roclcs with granite intrusives.
It se_s likely that many anomalous teatures, trending north­
west to soutoh-east and with IISgni tudes up to 250 ganss, II&Y

be related to the dolerite sills as noted on the north-east
part of Talllll&J1ia (RingaroollS Bay). SOlie of these areas are
shown OIl the IISpo The dolerites intrude Pre-Cambrian, Lower
and Middle Palaeozoic rocks as dykes, and spread out as sills
within the Peraian and Triassic sediments at Tasmania. The
IISgnetics 1187 therefore relate to north-west trending dykes
wi thin the sediments at the Mathinna Group (Silurian) or to
sills in Permian strata, preserved on down-faulted blocks
in a sill11ar manner to the dolerites of the Launceston

Basino
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Basement IIagnet1cs become aore prono\mced along the

south-western side o~ the Bass Basin, sast o~ the southern
tip o~ Xing Island, end the magnet1c trends o~ora to the
north-south trends in the Pre-Cambrian end Lower Palaeozoic
rocks o~ Xing Island and o~ the north-west part o~ Taaaan1a.
TertiBr7 Tolcanics extend slong the north-west coast o~

Tasmania ~om DeTonport to Cape Gria. Only 1s01ated f'1ight
lines orossed this area o~ shallow basement and the eubmarine
boundaries o~ the basalts _y be indicated in a broad sense
by 'the Talue o~ the _gnetios, as shown diagraJllll8tically on
COlIPosi te "C".

"Depth to baseaent" estimates do not ind1cate any

conneotion between the Bass Basin and the Launceston sratlen
which, although they have similar areal extent and strike
direction, differ greatly in the dep'th or sediaentation.

A saall sraben, parallel to the Otway structures, is
shown between King Island and the 1alands off north-west
Tasmania, but is separated ~oa the ma1n Bass Basin by shallow
bae.aent.

(b) Pt,p S0411!ntarl Ba"P'
There are two ma;lor _gnetic f'eatures or the Bass

Basin which occur in its deepeet part. They are separated by
a north-south trending _gnetic low which aay re~lect the
effects of' a north-south fault along longitude 1450 30'.

The u;lor ~eatures, shown on Sheets 22 and 28,
both appear to be related to basic intrusion and analyses
indicate that these bodies haTS siaUar strikes, dips and

thicknesses.
It is cQDsidered that the magnitudes or the magnetic

anomalies indicate intrusiTe basic ..terial rather than
Tar1ations in the basement rock types as they are known 1n

Victoria and Ta&maniao MaesiTe dolerite intrus1ves may be

the source of' the aagnet1c anomalies in dyke f'om wi'tl11n 'the
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Palaeozoic basement, or as a sill in Permian or Triassic
strata. It' a sill, the depth to the basement may be consid­
erably greater than that shown. The estimate ot' 15,800:
t'eet to the third interface on anoamly 22 - 1 and the north­
east dip ot' that t'eature possibly indicate the attitude ot'

the basement. (See Figo 1 and 2). However, the manner of
intrusion of the dolerite, which is considered to have taken
place in Mid-Jurassic time is not of significance.

4. <UmMlW BASIlf;

The B.M.R. aeromagnetic survey (1956) of the offshore
Gippsland arsa covered the major part of this Basin and oUr
work was planned to extend the coverage over the southern part
adjacent to the Bassian Rise.

The two sU1'9'eys matched well, as exemplified by the
magnetic record between Wilson' a Promontory and Cape Liptrap
and by the characteristic change in strike of' the belt of'
magnetic II&xill& at 390S, 147°30'E. Interpretation of' the
B.M.R. results was carried out by J.R. Quilty (Record 196Z153)
and this interpretation haa been accepted. The following
cOJllllents therefore deal principally with the southern part of
the basin.

North-easterly basement trends as recorded from the
B.M.R. survey are evident beneath the southern part of' the
Gippsland Basin, and no variation in basement trends are
evident under th4 whole of the Gippsland Basin extending
eastward from Western PortlBay to east of Lakes Entrance.

The belt of' magnetic lI&Xima shown by bot!)4lurveys
(above) was analysed and indicated a typical dyke model 9,000
f'eet wide at a depth of' 5,000 feet. Rising above the genersl
basement level, it is composed of basic material but cannot
be related to any surface feature.

Evidence of' the tathrogenic breakdown of' the Gippsland

Basin 18 provided by the marginal down-to-basin faul ting , in
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particular the ma~or :raul t extendinS eastward tram Lake
Wellington along the northern aide ot the basin. (Reter
B•••R. Record 1962/53). A complementary mar~al ta\l1 t
trending east-west (south-east ot Sheet 18) is postulated
to terminate basement masneUc trends on the southern flank

ot the basin area and 1& supported by depth-to-basement
estimates and the conf'iguration of' the basin. Surtace
expl"ession of' this f'ault is shown by the sharp chanse ot
al1snment of' the continental marjl1n at 38045'S, 148°20'B.

GIOLOGlQAL COMMJ5llTS 01 SOYTH-Itm:JWT AUS·VW;.TA.;

The f'ollowing notes comprise a s"llJ!la17 of' seologic
history of' the area under review, and a 41scussion of' a
possible method of' f'ormation of' Bass Strait with l"ef'erence
to the main geological teatures of' south-eastern Australia.

Batus)," Ir....ork'

11.

Deposi tion 1n the Tasman seosyncline bull t up in an
easterly direction commencing with the Cambrian Kanmantoo
Group along the eastern flank of' the Archaeozoie-Proterozoie
core ot the Mt. Lof'ty Ranses. It ended with the major
Bowning and Tabberaberan oropnic 1I0vements of' the Sllurian­
Devonian durinS which the granitic intrusions in north-east
Tasmania and the Bassian Rise were emplaced. The regional
"grain" of' the early and aid-Palaeozoic rocks is meridional
with local variatione trom north-west to north-east. Soae
f'aunal relationship has been establ1shed between the CaJibrian
rocks ot Victoria and Tasmania but there are no rocks in

Victoria which are equivalent to the (?) Pre Oiulbrian rocks
ot Taaaania. The Tyennan Geanticline of' Tasmania aust
theretore cOllsti tute a separate basement complex to the south
ot the Tasman pOQllclineo However, atter the early
Palaeozoic, tha seologioal environment in Tasmania and
Victoria bee..e silll1lar as it 1& believed that the Mathinna

Group ot Taaaania oan be correlated wi th the Sllurian
sediaents ot Victoria, and likewise the granitic intrusions
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within these sediments are probably of the same or sim11ar
age as each other.

Terrestrial sediment. were depo.ited in late Devonian­
Carboniferous times in broad synclinal depressiona foraed
during the previous oropn1c movemente. The.e .edimenta
occur in Victoria in the lito Wellington-liansfield belt and
at the Grampianso

There were three major thruat belts associated with
the late Palaeozoic orogeny in Victoria (D.E. Thomaa, 1958).
The moet we.terly of theee, the Stavely Belt along the eastern
side of the Grampians, II8Y have 1ntluenced the location of
the weet coast of T.smania and King Island (eee pap 13).

La,' PI1a'gzolg , I"9'91c S'4~ta'19P;

Deposition in T....ni. in Peraian - lIiddle Triasaio
timee covered moat of the ialand and extended into Base
Strait. Sediments, otten tuffaceous, were alternatively
marine and1l'esh water. Dolerite intrusions took place,
probably during Jurase1c ti.e, .s dYkes along f.ults between
blocks of eediments, and ae sille in the Permian and Triaeeic
strata0

19£1ltlgp at Ba" 8vait;

S.w. Carey (ANz.uB Sydney, 1962) sugsested that the
formation of Bas. Strait resul tad trOll east-west transcurrent
taul tina in Victori., through Gippaland and south of the

Dividing Rense. The movement wa. postulated as south-block­
west, the westerly shitt producing a series of en echelon
faults which "moved" Ta8lllU1ia to ite present position.

Evidence troll the magnetic survey supports the theory
that the taphrogenic breakdown of Bass Strait was controlled
by cruet.l Iloveaente but it ie considered that such Ilov_ente
IUl7 have been derived tr~ rotational etress rather than trOll

a _jor transcurrent f.ult systea.. Such rotational streee is

evidenced by:
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(a) The en echelon f'aul 10 pattern along the
south-eastern side of' the King Island ­
Phillip Island ridse,

(b) The of'f'set of' the main magnetic f'eature
in the basinal part of' Bass Strait (assWled
to be derived trom dolerite) which may be
due to rotational stress pr~ucing .ovement
along a north-south transcurrent f'aul t.

The stavely thrust belt (p. 12) may have originally

continued to the south as f'ar as Tasmania, and have been
subsequently displaced by the :rotational movement and
a_sociated f'aul ting suue_ted above. The f'aul 10 zone may
thus now def'ine the continental aargln along the western
coasts of' T....D1 a and King Ialand.

It i_ po.tulated that this breakdown post-dated the
doleri te in~sion in Ta8lll8I1ia and the re.ul tant movement
of' Tasmania relative to the mainland produced the major
rift valley in southern Victoria which received sedimentation
during Upper Jurassic to Lower Cretaceous ti.es.

LI" 1 ••91919 - T,rtl8E1I

At the oonclusion of' the deposition of' great thicknesses
of' arko.ic sediments in the rif't valley of' Victoria, normal
down-to-basin f'aulting took place in western Victoria and
South Australia so allowing aarine transgression and deposition
of' the lIiddle Cretaceous Beltast Group. Typical teatures in
the Otw87 Ba.in were down-to-basin tault blocks with horst
and graben topogra~ superi.posed acros. the basin strike
direction. Siallar f'eatures are not apparent on the landward
expression of' the Gippsland Basin.

The Bass Basin appears to be IMparated fl'om both the
Otw87 and Gippsland Basins and the control of' deposition and

f'acies variation wi thin the Ba.s Ba_in cannot be interpreted
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at this stage. From eT1dence around 1ts margins 110 1s expected
that a great part ot the section w111 be Tertiary sediments.

o 0 0 0

.:----------~----------------------
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