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DEPARTMENT OF MINES
SOUTH AUSTRALIA

Rept.Bk.No.
.G.S. No. _ .
D.M. No. ¥
) A GRAVITY INTERPRETATION
OF THE WESTERN OTWAY BASIN
WITH NOTES ON AEROMAGNETIC INTERPRETATION

.ABSTRACT

4‘;From_Bouguer Anomaly Maps:of'the western
onshore pOrtion of the Otway Basin, a Residual |
-Grav1ty Map has been constructed from which the
‘h*hsubsurface Geologlcal structure is :mterpreted*a
:to give good agreement w1th known Geology.
The area 1s .one: of complex grav1ty features
- in- whlch a maaor 1ncrease of reglonal grav1ty |
.towards the coast is 1nterpreted‘as belng from
1ntrafbasement, andlln whlch.several Bouguer
hanomalies are.interpreted as intra-hasementb
1ntru51ons.t - | k o
| The correlatlon of anomalles of . aeromagnetlc
faﬁa grav1metrlc onshore surveys in the Western
.Otway Basin and offshore aeromagnetlc surveys of .
the Otway Ba51n generally, ig. dlscussed.
The two geophy51cal methods delineate the
‘subsurface structure,ln the onshore Western Otway
‘ Basin,,whereas;‘only‘the northern limits near
Cape Jaffafand theleastern~limits near King'Islanq
‘;of.the»offshore portion ofjthe hasin are defined

‘by‘the'aeromagneticfmethod.
. INTRODUCTION -

The Grav1ty area. 1nterpreted 1s the western portlon of
the Otway Ba31n between Cape Jaffa in South Australla and

Warrnambool in Vlctorla, coverlng an onshore area of approx-

1mately 9,000_square miles. - The area con31sts essentlally of



. a broad peneplain gentiy rising to the‘northwest with the
natural surface broken by a series of calcareous sand dunes and
a few volcanic cones., . .

Eour Bouguer AnomaIXEMaps, With'Bouguer anomaly con;~
tour intervals of~2vmilligals; are used for the interpretation.
‘The one 1nch to four mile scale maps coverlng the area are

PORTLAND HAMILTON PENOLA and .part of NARACOORTE (i.e. A name

in Upper Case, underlined, ‘defines a 4 mile or 1: 250,000 .
Military sheet»area extending overi1°-of Latitude and 1%° of
Longitude). These maps are'contoured'from Gravity Stations
establlshed by S.A. Department of Mlnes (S A, ) Alliance Oil
Development (S A ), Beach Petroleum (S.A.), ‘Prome Broken Hill
.(Vic.), and Planet 0il (Vlc,). 'The density of the stations is
O.13jstations‘perisquare mile over the whole area. .In the
j}southwestern area of Victoria results from a gravity survey com-
t‘pleted ty the_Bureau-of MinerallResources in_late 1949 and 1950
are inciuded as_regional gravity contours. 'Gravity trends, in
the Caroline‘area S.E. of Mount Gambier, are also included from
part-of-atgravity survey by>Ailiance 0i1 Development Aust. N.L.,
carrled out durlng the perlod 12th March 1966 to st June,
1966. (Plan No. 66-190). _

| The Observed Grav1ty Datum is from the Bureau of

‘ Mlneral Resources Pendulum Station at Mount Gambler of
979.99367 gals.'from the B.M.R. Isogal Reglonal Grav1ty Survey.
The EleVation-DatuﬁAis Mean Sea Level and the Elevation Correc-
tion Factor derived from a density contrast. of 2.43 gm/cm3 is
0.065 milligals/foot. The density of the Tertiary in this
lreport ASlinterpreted as,2.2 gm/cm3 which'gives'an Elevation
Qorrection Pactor of 0;066 milligals/foot; Due to the‘lack_of
major reiief'in the area the Elevation Correction Factor of
0,063 mllllgals/foot used %o determlne the Bouguer Anomaly does
. not affect the overall plcture.'

‘ Aeromagnetlc coverage of the offshore Otway Basin was

"completed as part of an airborne magnetometer survey which cov-
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iered a'large area off the coast, from Gippeland (Vic.) across
Bass Stralt in the east to Encounter Bay and Kangaroo Island
(S.4A.) in the west (Plan No. L67-38/6). The survey was flown
at 2,000 feet above sea level, by Aero Service Limited for
“Haematite'Explorations Proprietary Limited, between September
- and December, 1961. This followed a reconnaissance survey
flown in December, 1960.

The South Australian portion of the Otway Basin
'bounded to the north by the parallel 36045'S‘and to the east
by theAsouth Australian-Victoria_State.boundary, was covered
by an airborne magnetometer survey at 500 feet above gronnd
1eve1.(P1an No. S5692/6).H This survey was carried out by .
Adastra HuntingAGeophyeics Ltd.-for the South Australian
Department of Mines in 4957. The survey was re-interpreted
by the Compagnievde Geophysique in 1965 for'the Debartment-of
National Develonment..

No comprehens1ve alrborne magnetometer survey has
been completed over the Victorian onshore area of the Otway
Ba51n.

_ More recently (1960-1966), reconnaissance and de-
talled seismic surveys have bean completed in the area. Only
in the eastern part of the area have reliable basement reflec-
tions been mapped;, Intermediate horizons, though, have been
.mapped in detail.. The seismic refraction method appears to be
“the only reliable method of.mapping basement. Basement is
‘mapped by the latter method near Kalangadoo and south of
Lucindale by Alliance Oil Development Aust. N.L. and south of

- Kingston S.E. by the S'Aﬂ Department of Mines. Comprehensive
»offshore‘eeismic reflection.work has also been,completed by
Haematite Explorations Pty. Ltd.

Because of the restricted coverage by the geophysical
surveys, the Otway Basin is dlvided into two areas for interpre-
'tation; the'onshore Western 6tway Basin in South Australia based
on aeromagnetic and gravity surveys, and the offshore area,

based on aeromagnetic surveys alone. The Victorian onshore



Iareafis:not discnssed;
' GEOLOGY

. The Otway Basin extends from ‘the Padthaway Ridge in
South Australla to the Mornlngton (26 mlles south of Melbourne)-
-Klng Island basement rldge in Vlctorla. " The soutbern.half of
" the basin lies offshore._"
' . The strat;graphy of the Otway Basin can be considered
in terms‘of three;nnits; Tertiary, Upper Cretaceous and Lower
-Cretaceous, which_are separated by regional'angular unconformi—
ties; }The eitent of the Upper Jurassic;_as located.in
Casterton No. 1 Well, is at present unknown.

The onshore Tertlary sedlments are well known and

,have been broken down 1nto several correlatable formations. The

Tertiary dips southwards towards the coast beyond which it
extends_down»tﬁe continental slope in the.form of successive

foresets. The Tertiary sediments are absent at about 22 miles

"‘off-shore..

Only two wells in thé area under cons1deratlon have
wso far drllled into basement. Pretty Hlll No. 1-in the eastern
part of the area went 1nto ?Cambrlan dlabase at 7874 feet, pro-
bably on-a-local basement hlgh, and‘Casterton-No. 1 in the
northern edge of tbe basin went into ?Ordovioian slates at 8,000
feet after passing through nearly 2,000 feet of Upper Jurassic
sands;igravels,imudstones‘and basaltio flows; Other wells of
note in:the areatare:- » |
Beachport No. j which bottomed at 3,963 feet in Lower'Cretaceous
,-Geltwood Beach -No. 1 whlch bottomed at 12 301 feet in Lower

‘ | Cretaceous.
Mt. Salt No. 1 whlch bottomed at 10, 004 feet in Upper Cretaceous
Penola No. 1 wbloh bottomed at 4,958'feet in Lower ‘Cretaceous.
Kalangadoo No. 4 wﬁicb'bottonedpat 9,o49 feet in slightly meta-

~ morphosed sandstonesiand'shales of unknown age.
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- Eumeralla No. 1 which bottomed at 10,308 feet inALower Cretaceou

GRAVITY INTERPRETATION
Regionél Effect

'Alntefpretatioh of the area between Robe and Portland i
:,vcomplidatedlby anomalousﬂhigh gravity readings_iﬁ the deepest
part of the basin as"indicated by wells,lseisﬁic and aerbmagneti
reéults; |
A basic regional gradiént_of.plus.ﬂ milligal ber 8

‘_ﬁilés’is ihtéfpreted in a 562°F direction. Tﬁis regional when
"éﬁbtracted from the B&uguer values north éﬁd northeast of the
Pqnola7gra§ity trough gives a.residual map with gravity highs
and lows sympathetid_with basement highs and lows.

| | Correlating basemenﬁ dépths from seismic refraction
-results;sputh of'Kiﬁgstoﬁ S.E., near Kalangadoo and from seismic
féflectibn.resulfs ﬁorth of Portland with the gravity profiles,
it is ﬁoted that thé.basic regional‘gradient also persists south
of the‘Penola.Trough. Compllcatlons ex1st south of the Penola
trough in that there is also a 1 mllllgal per 1.2 miles gradient
1ncreas1ng southward from an axis of flexure which passes
through the grav1ty low north of Rohe, the Penola grav1ty trough
and near the Vlctorlan towns of Branxholme and Myamyn. This
gradlent is added to the basic reglonal grav1ty gradient to form
a comp051te effect whlch is shown on Plan No. L66-54/6 which

also shows the axis and the direction of the grav1ty gradients.

Residual Gravity

Thé-composite fegional’gravity effect is Sdbtracted
froh the Bouguer anomaly map ‘to form a re31dua1 contour plan
‘.(Plan No. L66- 55/6) with the zero contour, north of Kalangadoo,
'being equivalent to‘12,000 feet.below sea level.

From this map the points to note aré~the Kalangadoo
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e 1h1gh the Beachport hlghs, the decrease of grav1ty values south.

of Mount’ Gambler, the 'Dartmoor Rldge' whlch is - not as pro-

nounced as prev1ously thought and the two hlghs north of Dart-

moor. .

3 Interpretation‘of'Anomalies

- The 1 mllllgal per 1.2 mlles grav1ty gradlent increas-

ing towards the coast was 1nterpreted w1thout reference to the

.ofﬁ-shore_selsmlc.results.' When_the axes of flexure of this
gravity gradient were extended seawards an'agreement with the

" seismic’ results was noted as shown on Plan No. L66-56/6. The .

selsmlc survey llnes completed by . Haematlte Exploratlons Pty.
Ltd. shown on thls plan are the -only of fshore survey llnes which
extend-far enough from the coast.and locate the reflection

events, the depths of whlch are glven on. Plan No. L66—56/6.

_North of line SS23 only basement reflectlons at depths of about
:.10 OOO feet are lhcated. It is interpreted that the reflection

event as mapped on plan No.lL66~56/6 sw1ngs to the S.W. where it

is parallel to the 1ntra-basement 11ne of flexure passing north

of Robe." The 10, OOO feet contour between SS823 and SS25 is

nearly- parallel to the 1ntra—basement llne of flexure through
_the Penola Trough. The ° correlatlon between the 1ntersect10ns

,of the lines of flexure and ‘the change in dlrection of the

10 000 feet contour between SS25 and SS26 can be clearly seen,
The 10,000 feet contour through SS26, SS27 and SS34 is nearly

| parallel to the intra-basement line of~f1exure'nbrth of Portland.

Thus‘the l~milligal per 1.2 miles}gravity gradient rs‘inter-

‘preted as expressingrthe dip*ofﬁthe“offshore reflection event.

U31ng the d1p of the reflectlon event the grav1ty gradlent and
the llnes of flexures, the depths to thls 1nterface are con-
toured dlpplng northeastwards to a maxlmum depth of over

50,000 feet below sea level at the 1ntra-basement 11ne of

’flexure.' A den51ty of O 10 gm/cm contrast,ls‘calculated to
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glve the 1 milligal per 4 2 miles gradlent or from a sectlon
| of dens1ty 2.77 gm/cm . The dens1ty of the latter sections and
all sectlons in the 1nterpretat10n are based on the assumption
- that the dens1ty of the basement-ls 2.67 gm/cm .
‘ Slnce there 1s a lack of subsurface control in the
o area from drllllng, the grav1ty effects of certaln generallzed
geometric: forms are used in the 1nterpretat10n. A sphere, a
5vertlcalycy11nder in whlchtthe:bottom of.the cylinder is at an
infinite.depth and the gravity'effeet of a.fault, are used in
"the 1nterpretat10ns. | | | |

o The Beachport grav1ty highs are 1nterpreted on Plan
No._66e508. The anomalles_are-lnterpreted individually from
'profiles'C-C"and DeD'L(see 166-55/6) and then as one from the
profiie X-X". From-prefile Xéi’ the Beachport Highs .are inter-.
preted as belng from’ three masses. An’intrusive mass of density
3.00 gm/cm , "possibly basalt, in the. form of a cylinder, with
the top of.the cyllnder at 34,700 feet below sea level, is inter-
preted east of Beachpbrt. Just north of Beachport the large
.gravity values are interpreted'as‘beihg from a mass in the form
of‘a,tertical Cyldnder with a hemisphere on top. This form is
split intortwe uhits;.a’sphere of'density 2.90 gm/cma, and the
remaihder;ra vertical cyiinder with a'hemispherelremoted from
the top.:‘The latter unit is interpreted as a vertical cylinder
with equivalent volume, that is, with the top of the cylihder
two thirds.of the radiustof the sphere below:the ceutre of the

sphere. The density of the cyllnder is 3 00 gm/cm The com-

p081te grav1ty effect of the three masses glves a gravity pro-
file 1n_good agreement_w1th the residual grav1ty profile. -
There are 6hiy a few gravity stations actually on the line of
seCtion, the profile being ihterpreted from stations near the
~line of sectlon.

The two anomalles north of Dartmoor which are in line

with the.Beachport_anomalles are also interpreted as intra-

3

- basement in&rusives'in.the form of spheres of density 2.90gm/cm



centr.ed:about a depth of 31,700 feet and rising to about 10,000
feet below.sea level. - .

All the previous anomalieS'are.regarded as_intra-‘
basement anomalies; with.a density contrast of 0.23egm/cm5; the
remaining anomalies being‘regarded as'basement anomalies with a
‘densitj contrast of O.24.gm/cm3. o

The_structural=boundary of the basin is interpreted
to vary from'steep faultst0'stebped-faults'and monoclines de-
pending'upon the closeneSS'of'the gravity contours.' The
Mesoz01c sedlments overlap the structural boundary so that in
most cases the structural boundary is not 1nd1cated on the sur-
face. . |

The'gravityhhigh south of Lucindale agrees.quite well
with the seismic results, the seismic giving 3,100 feet and the
gravity 3,200 feet below sea level for depth to basement.

| ~ Between Luclndale and Naracoorte the gravity low is
1nterpreted as belng due to a local reductlon in basement density
cau51ng an anomalous low where aeromagnetlc results and seismic
';reflectlon results 1nd1cate a rise in basement.

The broad grav1ty hlgh NW of Penola is’ 1nterpreted as
being a basement hlgh. Selsmlc reflectlon lines and refraction
‘depth probes', although not actually over the hlgh, 1ndlcate
the basement’ hlgh which is calculated from graV1ty values to be

‘at about 4. OOO feet below sea level.;‘

Between the latter hlgh ‘and the hlgh south of Lucindal
‘the basement is calculated to reach 10,000 feet below sea level.

The- grav1ty trough north of Robe and the NW-SE trending
Penola trough are 1nterpreted as belng basement lows with a maxi-
mum depth below sea- level of 14 OOO feet.

The grav1ty high ESE of Robe ‘has poor gravity control
but appears to be of the same order as,-and in line with, the
-grav1ty hlgh south of Luc1ndale which glves a basement hlgh of

'3 200 feet ‘below sea level. An. aeromagnetlc anomaly is also

centred over the anomaly w1th the form of a basement high as
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shown in planpNo, 66;507,‘ The}aeromagnetic anomaly is.inter-i
| preted as equitalent to‘a"sphere'with its centre at 9,300 feet
fbelow flight level‘orAapproximately 8,700 feet below sea level.
Using the LuCindale graVity high With basement depth of 3, 200
hfeet below sea level, as correlation the radius of. the sphere is
:5 SOO feet. "This equates.to a magnetic susceptibility contrast
of .52 x 10 5.c BeSey whlch is a reasonable value for basement
'structures in the area.l |

'. In the onshore area between Portland and Port Fairy
seismic reflection results indicate basement dipping southward
from the northern boundary of the basin, and do not appear to_
locate the grav1ty high east of Myamyn as a basement high. The
grav1ty re81dual map 1ndicates that basement depth is actually
deeper thanbthe.reflections‘indiCate in the northern.part of. the
‘afea.-fmhis couldtbe-due’to the seismic reflections.not being
from the " basement, as shown from the: grav1ty, or that the density
contrasts of sediments and basement are such as to give the
anomalous deeper grav1ty basement. -

<A definite 1nterpretation of this area cannot e

»completed until more. subsurface, especially basement, geology
is known 1n the area.‘ The.myamyn gravity high is left as a
_basement,high, although'this.could also be interpreted as being
due to an intra-basement intrusion, until more definite sub-
surface evidence iS‘forthcoming.f'Pretty Hill Well No. 1 in this
area reached basement at 7 874 feet where grav1ty 1ndicates
' basement at Just over 12, OOO feet below sea 1evel. This
anomaly 1s 1nterpreted as a local basement high which, possibly
because of the small number of grav1ty stations in the area, is

'not located on the Bouguer Anomaly map. Eumeralla No. 1 bottomed

. 1n Lower Cretaceous at 10 , 308 feet. where basement is calculated

at Just over j2,00Q_feet-below sea level.

l The7area’deScribed above . and the area.north of the
Penola and Robe graVity troughs are all out51de a regional
basement high. This basement high sweeps round through Beachport,

}Kalangadoo, to a p01nt Just north of Dartmoor and then ‘southwards

E
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around Dartmoor, and appears, to some extent, to be in sympathy
with the line of flexure of the 1ntra-basement feature. Two
faults-;nterpreted on the northern flank of the.basement high,
‘north of.Kalangadoo, are;also parallel to the intra;basement
line of flexure;';Calculation of depths_to’basement along the
basement high, from gravit&_values, are complicated near Beach—
port and'north'oijartmoor, b& gravity effects“fromvintra-
basement features which hide the'basement gravity effects.

" On the south flank of the Beachport, Kalangadoo,
Dartmoor basement hlgh there is ‘a hlngellne. South of this
hlngellne the Lower Cretaceous dlpS more steeply and the thick-
ness of theUpper Cretaceous section increases markedly. North
-of the hingeline the thin UpperVCretaceous section wedges out
seven miles north of Kalangadoo. . The hingeline is interpreted
as passing about three miles north of Geltwood Beagh No. 1 well
and about seVen'miles SW of Kalangadoo and then extending towamis
Bartmoor. | _ | | o

-Theihingeline alsoAdivides-the<area into two different
areas for gravity interpretation. On the_northern side of the

3

hingeline there.is a Tertiary section of 2.20 gm/cm” and a lower

Cretaceous section of 2.43% gm/cms;' On the southern side of

the hingeline there is an.increasing Tertiary section of density
2.20 gm/cma'plus~an increasing'thickness,of Upper Cretaceous of
‘density 2.34’gmlcm3'and anvapproximately constant thlckness of
Lower Cretaceous sediments'Of'densityd2.45 gm/cma. The basement
uhderlying the sediments has an assumed density of 2;67 gm/cm5
from which all the above section densities are calculated.

To determine the approximate depth contours of the
basement on the southern side of the hlngellne, the gravity
effect of the Upper Cretaceous is removed, resulting in basement
depths of over 19,000 feet below sea level as shown in Plans No.
‘L66-56/6 and . 66-509. No. definite depth of the basement in this
area can be calculated until basement is actually pinpointed by

a deep well. Wells in thls area are Kalangadoo No. 1 whlch, on

the above 1nterpretatlon, would have reached basement . at about
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10 000 feet below sea level Geltwood Beach No. 1 which would
have reached basement at about 12 y 700 feet below sea level and
‘ Mt. Salt which would have reached basement at about 19,000 feet

,below.sea level.,

GRAVITY AND.AERCMAGNETIC'INTERPRETATION

~ ‘Western Otway Basin

| The.northern.limits of the deep section of the basin
are clearly.defined by-the contrast of many local, narrow aero-
nagnetic anomalies:over;shallow basement outside the basin, and
.‘the relatively feW'broad-changes over deep basement to the south
see Plan No. S 5692/6. The depth contrast between these two
zones is approx1mately 10 000 feet.- The basin margin is also
clearly defined on the Bouguer Anomaly Map (Plan No. 66-190) by .
‘ steep grav1ty gradients.. ‘The grav1ty values outside the basin
are more than 30 milligals greater than the values near the
edge of the ba51n.' Concordance ‘of the interpreted pos1tion of
the-basin margin based on,the two methods is very good. In
f addition both methods'define the structural boundary of the
u:ba31n as grading from monoclines, to stepped faults, to steep

‘ faults, depending upon the 1ncrease in steepness of the basin
" margin. |
: A_ The grav1ty 1ow known as the Penola Gravity Trough
(Plan No. 67-85/6) and situated immediately south of the bas1n
margin can be'interpreted as a-sedimentary trough with a depth
of section of over 44,000 feet. The_aeromagnetic interpretation
" similarly indicates a trough configuration (Plan No. S 5693/6).

' 'On'the other .hand, the E-W gravity trough just north
of Robe w1th over 10,000 feet of section is not spe01f1cally
~Adef1ned by the aeromagnetic interpretation. |

L South of the Robe ‘and Penola grav1ty lows, in which
basement and gravity lows are 81mply related, the relationship

between basement and gravity aeromagnetic.results is complicated

_'by:
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(a) increasing gravity values towards‘the south,

(b) " local high gravity values i.e. in the ‘Beachport area,

‘(c) 1ntermed1ate magnetlc markers, and

(d) monotonous magnetlc contours oj the broadest. type.

| N~_The increasing_gravlty-values toWards'the'SOuth may

be.explained by a_éravity gradient arising from the transition
ﬂzone betWeen continental and oceanioktype rock masses. The
gradient in;the gravity interpretation is correlated with a
northeast dipping.layer Whlch is located-by‘a Exploration Pty.
‘Ltd. seiSmiC'refleotion survey, about 28 miles offshore,

- The Haenatite offshore seismic-reflection survey -
located, as the Surteylwas extended towards the southwest, first
-a'reflection hOrizon at‘a depth oflabout 10,000 feet, then a zome
of dlscordance Where selsmlc reflectlon correlatlon is difficult.
West of the zone of dlscordance the northeasterly dipping layer
was located*dlpplnngrom near sea bottom to 15,000. feet below
sea level. . | o

“The control on this gravity correlation is sparse and
the grav1ty gradlent could eas1ly have orlglnated from another
horlzon or grav1ty effect than the one 1nterpreted. On the
re31dual Bouguer Anomaly plan the area around Beachport con-
~ tains 1ocal hlgh grav1ty values while on the aeromagnetlc inter-
._pretatlon plan (Blan No. S 5695/6(1;7 Intermedlate magnetic
markers are 1dent1fled and descrlbed»later in the report.

South of the magnetlc hlgh near Beachport broad mag-
. netlclcontours ‘of equal separatlon extendlng offshore, make
,.depth determlnatlons to basement-very dlfflcult. Consequently,
for 1nterpretatlon purposes the area south of the Robe and Penol
Troughs may be lelded on the ba81s of aeromagnetlc and grav1ty
characterlstlcs 1nto. ..

i) 'the Beachport-Kalangadoo-Dartmoor basement high,
ii) - ‘the Beachport area, and
-111) the deep basement sectlon south of Mount Gambier.

The Beachport-Kalangadoo—Dartmoor basement high is a
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_term derived'from thefgravftjyinterpretation. "Itgis a basement
high separating the Penoia'Trough from'the deeper seotion south
.of Mount Gambler. Seismic refractlon shootlng by Alllance 0il
:Devel Aust N.L. .has dellneated thls basement high in the
Kalangadoo area._ The aeromagnetlc 1nterpretat10n shows a simi-
lar structure, but at a greater depth near Kalangadoo. The »
southeast trend of the basement high changes Just east of Dart-
‘moor to’ a southerly trend,to form the Dartmoor ngh whloh_hasA
»1ts top at 11 y000 = 12,000 feet below sea level.t

The quantltatlve 1nterpretatlon of the promlnent aero-

magnetlc and grav1metrlc anomalles situated 1mmed1ately to the
north of Beachport 1nd1cates ‘the occurrénce of .a magnetlc con-
: trast at .a depth of about 5 000 feet "and an intrusive ‘plug cul-
mlnatlng at a. depth of about 5, 500 feet. The average of the
surroundfng:depth_estlmates‘fromuthe aeromagnetic interpretation
is about‘13;506 feet,.aiso, the gravityﬂfnterpretation gives a
depth of‘ﬂs,ooo.feey above mhioh the interpreted hemispherical
.top of the intrusion.plug is.centered._‘This tehds to indicate a
| déep.horfsonIWhioh»isbnot'euident'fromggeologioal and)seismolog;
ioal results, “This could be.basement With'possible volcanic
Hintrusives aboue this ‘basement formingia pSeudo?basement high.

‘ ‘ Northwest of’ Beachport a magnetlc 1ntermed1ate horizon
| is 1nterpreted at depths between 3,500 feet and 8,000 feet below"
',sea level but‘thls horlznn is not indicated on the. Bouguer
Anomaly Map nor on selsmlc reflectlon cross-sectlons.A.It is
noted that 1n the aeromagnetlc 1nterpretatlon (C.G. G ﬂ965)'it
',1s cons1dered that long, w1de anomalles near Beachport represent
the 1ntegrat10n of the 1nd1v1dua1 magnetlc effects of several
? parallel and.hlghly_magnet;sed_bodles. .Slmllar.bodles,are
situated at depths between 1,000'and'2;OOO'feet outside the
. basin nearlKingston and as-such“are looated individually on the
n}aeromagnetio map outsdde of the.baSin. It is suggested there£
fore, that the varlatlons of these anomalles w1th1n the bas1n,

' 1n‘partlcular the one N.Warof Beaohpprt, is "due, not,to_an inter-
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mediate horizon, but to the variable alignment of the individual
magnetlsed bodles caus1ng the total anomaly effect. An exceptior
is located north of Beachport and east of Robe where a. local
varlatlon on the large magnetlc anomaly 1s c01ncldent w1th a
gravity anomaly 1nterpreted as' a basement hlgh.

The ‘zone to the south of Beachport 1s in direct con-
'trast in that 1t is one of broad magnetlc contours with a lack of
anomalles. Grav1ty and magnetic calculations 1nd1cate that this
is a deep basement area at least 19, 000 feet deep. The maximum

depth of the basement appears to be onshore Just north of Port

'MacDonnell and southeast of Dartmoor near the coast.

Offshore Area

The offshore area of the Otway Ba31n has been covered
partly by fllght lines 2-3 mlles apart and partly by flight
'llnes about 16" mlles apart flown on behalf of Haematite Explor-
ation Proprletary Ltd. (Plan No. 1L67-38/6). The northern limit
of the bas1n offshore is agaln 1nd1cated by the contrast of the
magnetlc_anomalles. The Westerly trend of the bas1n margln,
which is;defined'onshore is located and extended offshore. It
is noted that at5abouts22 miles'West of Robe along the Dbasin
margin-the'continental shelf has a’marked change‘of strike to
runlparallel;with'the basin margin.‘ A

{South of the‘baSin margin there is a large N-S
magnetic trend'along the coast. This'maiimum trend near Beachpat
is 1nterpreted as ar1s1ng from a body of basic rocks, which
lbecomes shallower aust\north of Beachport as pg¥v1ously men-
dtloned., Ehe maaor part'of‘the,anomaly,ls explalned-ln the off-
shore interpretatiOn.as‘a dyke at a depth of 16, 000 feet. ‘This
conflrms the concept of a large, deep body with parts protrudlng
'above its general level.: in ‘attempt .has been made to construct

'depth contours away from the’ shallower areas, but the drop off

is thought to be much more rapld than the contours imply. Away
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from the coastal _areas depth estlmates across the area are unre-
‘llable because the magnetlc re11ef is too small. Reg10nal
~trends offshore from South Australla and Vlctorla reflect‘
changes in comp031t10n of the basement rocks. ' A

: Along the Vlctorlan coast near Bridgewater, Port Falry
_ and.Warrnambool numerous sharp anomalles are located and are
-re-lated-to basalt flows known along the coast. Local areas
:offshore where sharp anomalles are found are also thoﬁght to be
Acaused by m1nor volcanlc bodles. The’ fllght pattern across the
.area from Brldgewater to Cape Otway leaves large gaps, although

agaln because of the ‘broad magnetlc fleld w1th only m1nor varia-

tlons, ‘extra fllght llnes would not add much more useful infor-

7',matlon. No rellable depth estlmates are calculated ‘for this

. area., In’ the Cape Otway area. near-surface effects agaln occur,

o varying~1n strength,qandzare thought to be related to volcanic

i rocks at dlfferent depths. Along the coast near ground surface
’effects are related to basalt .and ferruglnous tertiary sands.
These ground effects obscure the~magnet1c effects of the base-
ment and therefore basement-depths arebdifficult to determine in
these'zones. ‘Bast of Cape Otuay shallom basement runs north-
,eaSt‘from King Island to the mainland; as1indicatedjby‘manyv

. sharp magnetic anomalies.’
CONCLUSIONS -

North of the Beachport-Kalangadoo—Dartmoor basement

hlgh, gravity highs and lows are generally 1n sympathy with

.basement highs and lows. Basement‘structure on’ the basement
“high 1tself 1s partly obscured by 1ntra-basement feattres.
Grav1ty anomalles south of the hingeline on the |

' southern flank of the basement high are the result of dlfferent
combinations of increase in thickness of Tertiary,,Upper.Cre—
taceous, Lower dretaceouS'sediments, or variations in the base-

- ment profile.
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One area which is still open to different structural
interpretetions is the Beachport area, which'would appear to be
only definitely‘solvable by drilling techniques.

‘The offshore sﬁructurelvformation of the basin is not

‘defined by the aeromagnetic surveys, and offshore gravimetric

surveye have not been completed. Offshore reflection seismic

‘.surveys, not dlscussed here,»help to solve the offshore problem.

It is con51dered that the aeromagnetlc and gravimetric
interpretations agree very well, conelderlng-the limitations of

both}methods.x

GWK:CC L G.W. KENDALL

19.12.1968 o _ ASSISTANT SENIOR GEOPHYSICIST
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ABSTRACT

The correlation of anomalies of asromagnetic
and gravimetric onshore surveys in the Western Otway
Basin and offshore asromagnetic surveys of the Otway
Basin generally, is discussed,

The two geophysical methods delineate the sub-
surface structure in the onshore Western Otway Basin,
vhereas, only the northern limits near Cape Jaffa and

the castern limits near King Island of the offshore
portien of the basin are defined by the aeromagnetic

method, :
INTRODUCTION

Aeromagnetic coverage of the offshore Otway Basin was
completed as part of an airborme magnetometer survey which ecovered
a large iron off the coast, from Gippsland (Vic.) across Bass
Strait in the east, to Encounter Bay and Xangaroco Island (S.4,)
in the west (Plan No, L67-38/6)., The survey was flown at 2,000
feet above sea level, by Aere Service Limited for Haematite Ex-
Plorations Proprietary Limited, betveen September and December,
1961, This followed & reconnaissance survey flown in December,
1960,

The South Australian portien of the Otway Basin bounded
to the north‘by the parallel 36‘35'8 and to #» east by the South
Australian~Victeria State boundary, was covered by an airborne
magnetemeter survey at 500 feet above ground level (Plan No,

| 85692/6). This survey was carried out by Adastra llunting Geo~-

physies Ltd, for the South Austrelian Department of Mines in 1957,
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The survo& was re-interpreted by the Cempagnie de Geophysique in
1965 for the Department of National Development,

No comprehensive airborne magnetometer survey has been
oo-plofed over the Yictorian onshore area of the Otway Basin,

Gravity stations onshore have been established by S,A,
Department ;f Mines (S.A.), Alliance 0il Developmet (S.A,), Beach
Petroleum (S.A.), Frome Broken Hill (Vic,), Bureau of Mineral Re-
sources (Vic,), and Planet 011 (Vic,). Bouguer Anomaly Maps of
the whole area, with anomaly contour intervals at 2 milligals,
have been preduced by the Exploration Geophysics Section of the
S.,A, Department of Mines Plan No, 66-190,

An intexrpretation of the grtviﬁy on the onshore area
between Cape Jaffa, S,A, and Warrnambeol, Vic, has been completed
by the author (Kendall 1966) Plan No, 67-8%/6, the Composite
Gravity Interpretation Map is taken from this report,

Because of the rostrictod«mhbr-go by the geophysical

surveys, the Otway Basin is divided into two areas for interpre-
tation, the onshore Western Otway Basin in South Australis based

on aeromagnetic and gravity surveys, and the offshore area, based
on seromagnetic surveys alone, The Victorian onshore area is not

discussed,

WESTERN OTWAY BASIN

The nerthern limits of the deep section of the basin
are clearly defined by #e contrast of many loeal, narrow aere-
magnetic anomalies over shallow basement eutside the basin, and
the relatively few broad changes over deep bassment te the south,
see Plan No, 8,5692/6, The depth contrast between these two zone:

is approximately 10,000 feet, The basin margin is also clearly
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defined on the Bouguer Anomaly Map (Plan No, 66-190) by steep
gravity gradients, The gravity values outside the basin are more

than 30 milligals greater than the values near the edge of the

basin, Concordance of the interpreted position of the basin
margin based on the two methods is very good, In addition, both
methods define the structural boundary of the basin as grading

from monoclines, to stepped faults, to ateep faults, depending

upon the increase in steepness of the basin margin,

The gravity low known as the Penola Gravity Trough
(Plan No, 67-85/6) and situated immediately south of the basin
margin can be interpreted as a sedimentary trough with a depth of
section of over 14,000 feet, The aeromagnetic interpretation
similarly indicates a trough configuration (Plan No, S,5693/6),

On the othér hand, the E«W gravity trough just north of
Robe with over 10,000 feet of section is not specifically defined

by @» aeromagnetic interpretation,

South of the Robe and Penola gravity lows, in which
basement and gravity lows are simply related, the relationship
between basement and gravity and aeromagnetic results is complica-
ted by: |

(a) 4increasing gravity values towards the south,

(b) 1local high gravity values i.e, in the Beachport

area,

(c) intermediate magnetic markers, and

(d) monotonas magnetic contours of the broadest type,

The increasing gravity values towards the south may be
explained by a gravity gradient arising from the transition sone
between continental and oceanic type rock masses, The gradient
in the gravity interpretation 1is correlated with a northeast
dipping layer which is located by a Haematite lI'xploration Pty.

Ltd, seismic reflection survey, about 28 miles offshore,
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Thorﬂuomatitc offshore seismic reflection survey
located, as the survey was extended towards the southwast, first
a reflection horizon at a depth of about 10,000 feet, then a sone
of discordance where seismic reflection correlation is difficult,
West of the zone of discerdance the northeasterly dipping layer
was loeated dipping from near sea bettom to 15,000 feet below sea

*level,

The control on this gravity correlation is sparse and
the gravity gradient could'cauily have originated from another
hqrison or, gravity effect than the one imnterpreted, The gravity
interpretation includes a residual Bouguer Anemaly plan with the
above gravity effect removed (Plan Ne, 67-85/6), On this plan
the area around Beachpert contains local high gravity values while
on the aeromagnetic interpretation plan (Plam No, $,5693/6),
intermediate magnetic markers are identified and described laswr
in the report,

South of the magnetic high near Beachport, broad mag-
netic contours of equal separation extending offshore, make depth
determinations to basement very difficult, Consequently, for
interpretation purposes the area south of the Robe and Pencla
Troughs may be divided on the basis of aeromagnetic ail gravity
characteristics into: |

i) the Beachport.Kalangadeo-Dartmoor basement high,
ii) the Beachpert area, and
1ii) the deep basement section south of Mount Gambier,
Thg Beachport=Kalangadoo=Dartmoor basement high is a
term derived from the gravity interpretation, It is a basement
high separating the Penola Treugh from the deeper seetion south
of Mount Gambier, Seismic refractien shooting by Alliance 0il
Devel, Aust, N,L, has delineated this basement high in the

Kalangadoo area, The aeromagnetic interpretation shows a simi-

lar structure, but at a greater depth, near Xalangadoo, The



./

3

r

-5-

southeast trend of the basement high changes just east of Dart-
moor to a southerly trend, to form the Dartmoor High which has it
top at 11,000«12,000 feet below sea level,

| The quantitative interpretation of the prominent aero-
magnetic and gravimetric anomalies situated immediately to the
norfh of Beachport indicates the occurrence of a magnetic cone
trast at a depth of about 5,000 feet, and an intrusive plug cule
minating at & depth of about 5,500 feet, The average of the
surrounding depth estimates from the asromagnetic interpretation
is about 13,500 feet, alse, fho gravity interpretation gives a
depth of 15,000 feet above which the interpreted hemispherical
top of the intrusion pln; is centersd, This tends to indicate a
deep horizon which is not evident from geological and seismolog-

ical results, This could be basement with possible volcanic

intrusives above #his basement forming a pseudo-basement high,

Northwest of Beachport a magnetic intermediate horiszon
is interpreted at depths between 3,500 feet and 8,000 feet below
sea level, but this horison is not indicated on the Bouguer
Ano.aiy Map nor on seismic reflection cross~sections, It is
noted that in the aeromagnetic interpretation (C.G.G. 1965) it
is considered that t» long, wide anomalies near Beachport rep-
resent the integration of the individual magnetic effects of
several parallel and highly magnetised bodio-.. Similx bodes are
situated at depths between 1,000 and 2,000 feet outside the basin
near Kingston and as such are located individually on the 2ero-
magnetic map outside of the basin, It is suggested, therefore,
that the variations of these anomalies within the basin, in

particular the one N,W, of Beachport, is due, not to an inter-

mediate horizson, but to the variable alignment of the individual

magnetised bodies causing the total anomaly effect, An exception

is logated north of Beachport and east of Robe where a local
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variation on the large magnetic anomaly is coincident with a
sravity anomaly.tﬁn:preted as a basement high,

“he zono to tho south of Lleachport 1s in direet contrast
in that 1t 4is one of broad magnetic contours with a lack of
anomalies, Gravity ail magnetic calculations indicate that tlis
is a deep basement area at least 19,000 feet deep, The maximun
depth of the basement appears to be onsliore just north of Port

ljachonnell and southcast of Dartmoor near the ceoast,
CPR¥SIIORL AREA

Tho offshore area of € Utway Lasin has been covercd
partly by f£light lincs 2-3 miles apart and partly by {light lines
about 16 miles apart flown on bchalf of liaematite Uxploration
Proprietary Ltd, (Plan No, L67-38/6), The northorn limit of the
basin offshore is again indicated by the contrast of the magnetic
anomalies, The wostorly trend éf the basin margin, which: is de-
fincd onshore 1s located and extonded offshore, It is moted that
at about 22 miles wost of Nobe along the basin margin thc con—-
tinental shelf has a marked change of strike to run parallel with
e basin uargin,

Gouth of the basin margin there 4s a large N3 magnetic
trend along the coast, This maximum trend near Deaciport is
interpretoed as arising from a body of basic rocks, which becomes
shallover Jjust morth of Deachportas previously montioned, Tle

umajor part of the anomaly is explained iu the offshorc inter-

pretation as a dyke at a dopth of 16,000 fecot, . This confirms
the concopt of a large, deep body with parts protruding above
its genoral level, An attempt has Deen made to construct depth
contours away from the shallower arcas, but the drop off is

tho aght to be much more rapid than the contours imply. Away
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from the coastal areas depth estimates across the area are unre-
liable because tﬁe magnetic relief is too small, Regional trends
offshore from South Australia and Victori& reflect changes in com~
position of the basement rocks,

Along the Victorian coast near Bridgewater, Port Fairy
and Varrnambool, numerous sharp anomalies are located and are re~
lated to basalt flows known along the coast, lLocal areas offshore

where sharp anomalies are found are also thought to be caused by

minor volcanic bodies, The flight pattern across the area from
Bridgewater to Cape Otway leaves large gaps, although, again be-
cause of the broad magnetic field with only minor variations,
extra flight lines would not add much more useful infermation, No
reliable depth estimates are calculated for this area, In the
Cape Otway area near-surface effects again occur, varying in

strength, and are thought to be related to volcanic rocks at

different depths, Along the coast near ground surface effects
are related to basalt and ferruginous tertiary sands, These
ground effects obscure the magnetic effects of the basement and
therefore basement depths are difficult to determine in these
gzones, East of Cape Otway shallow basement runs northeast from
King Island to the mainland, as indicated by many sharp magnetioc

anomalies,

CONCLUSIONS

It is considered that the aeromagnetic and gravimetric

interpretations agree very well, considering the limitations amst
dnwmetnns. ke of both methods,

One area which is still open to different structural
intcrprotationl is the Beachport area, which would appear to be

only definitely solvable by drilling techniques,



The offshore structural formation of the basin is not
defined by the aeromagnetic surveys, and offshore gravimetric
surveys have not been completed, Offshore reflection seismic

surveys, not discussed here, help to solve ®» offshore problem,

G W, KENDALL
GWK s SMA GEOPHYSICIST
9.6.1967 EXPLORATION GEOPHYSICS SECTJION
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