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DEPARTMENT OF MINES
SOUTH AUSTRALIA

Rept. Bk. No. 728
G.S5. No, 507
S.R, 11/5/123
A GRAVITY INTERPRETATION OF THRE WESTERN OTWAY BASIN
BETWEEN CAPK JAFFA, SOUTH AUéTRALIA AND WARRNAMBOOL,
VICTORIA

ABSTRACT

, From Bouguer Anomaly Maps of the western onshore
portion of the Otway Basin, a Residual Gravity Map has
been constructed from which the subsurface Geological
structure is interpreted to give good agfeement with
known Geology.

The area is one of complex gravity features in
which a major increase of regional gravity towards the
coast 1s interpreted as being from intra-basement, and

in which several Bouguer anomalies are interpreted as
intra-basement intrusions.

INTRODUCTION

The area interpreted is the westefn portion of the
Otway Basin between Cape Jarffa in South Australia and Warrnambool
in Victoria, covering an onshore area of approximately 9,000
square miles (Location Plan 66-361). The area consists
essentially of a broad peneplain gently rising to the northwest
with the natural surféce broken by a series of calcareous sand
dunes and a few volcanie cones.

Fouf Bouguer Anomaly Maps, with Bouguer anomaly contour
intervals at 2 milligals, are used for the interpretation. The
one inch to four mile scale maps covering the area are PORTLAND,
HAMILTON, PENOLA and part of NARACOORTE (i,e; A name in Upper
Case, underlined, defines a 4 mile or 4:250,000 Military sheet
area extendingovex 1° of Latitude and 4%° of Longitude). These
maps are_contoured_from Gravity Stations established by S.A.
Department of Mines (S.A.), Alliance 0il Development (S.A,),

Beach Petroleum (S.A.), Frome Brokén Hill (Vic.), and Planet Oil
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Only two wells in the area under consideration have so
far drilled into basement; Pretty Hill No., 1 in the eastern
part of the area went into ?Cambrian diabase at 7874 feet,
probably on a local.basement high, and Casterton No. 1 in the
northern edge of the basin went into ?Ordovician_slates at 8,000
feet after passing thpough neariy 2,000 feet of Upper Jurassic
sands,Agravels, mudstones and basaltic flows. Other wells of
note in the area are:- A
Beachport No. 1 which béttbmed at 3,963 feet in Lower Cretaceous
Geltwood Beach No. 1 which bottomed at 12,301 feet in Lower

| | Gretaceous.

Mt. Salt No, 1 which bottomed at 10,004 feet in Upper Cretaceous

" Penole No. 4 which bottomed at 4,958 feet in Lower Cretaceous.

Kalangadoo No. 1 which bottomed at 9,049 feet in slightly meta-
morphosed sandstones and shales of uanknown age.

Eumeralla No. 1 which bottomed at 10,308 feet in Lower Cretaceous.
PREVIOQOUS GREOPHYSICAL WORK AND EXPLORATION

As previously noted the area has been well covered
wifh reconnaissance and detailed gravity surveys by various
organizations between 1950 and 1966.

More recently (1960~-1966), reconnaissance and detailed
gseismic surveys have bheen completéd in the area. Only in the
eastern part~of the ares have reliable basement réflections
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
0il Development Aust. N.L. and south of Kingston S.E. by the S.A.
Department of Mines. Comprehensive offshore seismic reflection
work has also been completed by Haematite Explorations Pty. Lfd.

- The South Australian portion of the basin was covered
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by aeromagnetics in 1955 by Adastra Hunting Geophysics Ltd. for
fhe S.MA. Department of Mines, ﬁhe results of which were cbmputed
by the Computers of the Exploration Geophysics Section of‘the
S.A. Department of Mines. A reinterpretation of the area was
executed by Compagnie Generéle de Geophysique in 1965 for the

Department of Supply, Commonwealth of fLustralia.

INTERPRETATION

Regional Effect

Interpretation of the area between Robe and Portland is
comphicated by anomalous high gravity feadihgs.in the'deepest
part of the basin as indicated by weils, Seismic and aeromagnetis
results, .

A basic regional gradient of plus 1 milligal per 8 miles
is interpreted in a 86293 direction. This regional when sub-
tracted from the Bouguer values north and northeast of the Penola
gravity trough gives a residual map with gravity highs and lows
sympathetic with basement highs and lows,

' Correlating basement depths from seismic refraction
results south of Kingston'S.E., near Kalangadoo and from seismlc
reflection results north of Portland with the gravity profiles,

it 1s noted that the baslc regional gradient also persists south

of the Penola Trough. Complications exist south of the Penola

trough in that there is also a 41 milligal per 1.2 miles gradient
increasing éouthward from an axis of flexure which passes through
the gravity low nérth-of Robe, the Penola gravity trough and

near thé Victorian towns of Branxholme and Myamyn. This gradilent
is added to the basic regional gravity gradient to form a

composite effect which is shown on plan No., L66-54/6, which also |

-shows the axis and the direction of the gravity gradients.

Residual Gravity

The composite regional gravity effect is subtracted
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from the Bouguer anomaly map to form a residual contour plan
(Plan No. L66-55/6) with the zero contour, north of Kalangadoo,
being equivalént to 12,000 feet below sea levels

From this map the poihts to note are the Kalangadoo
high, © he Beachport highs,"the decrease of gravity values south
of Mount Gambier, the }Dartmoor Ridge' which is not as pronounced

as previously thought and the two highs north of Dartmoor,

Interpretation of Anomalies

The 1 milligal per 1«2 miles gravity gradiént increas-
ing towards the coast was interpreted without reference to the
off—shbre seismic resultss When the axes of flexure of this
gravity gradient were cxtended secawards an agrecement with the
seismic results was noted as shown on Plan No, L66-56/6. The
seismic survey lines complctced by Hasmatite Explprations Ptye.
Ltd. shown on this plan are the only offshore survey lines which
extend far enough from the coast and locate the refleotion events,
the depths of which are given on Plan INo. L66-56/6, North of
line SS23% only bascement reflections at depths of about 10,000
feet are located. It is interpreted that the reflection event as
mapped~on plan No. L66-56/6 swings to the S.VW. where it ié para-
1lecl to the intra-basement line of flexure passing north of Robe.
The 10,000 feét contour between SS23 and SS25 is nearly parallel
to the infra—basement line of flexure-through the Penola Trough.
The correlation between the intersections of the linss of flexure
and the change in direction of the 10,000 feet contour between
'8825 and SS26 can be clearly seen. The 10,000 feet contour
through 8526, SS27 and SS34 is nearly parallel to the intra-
basement line of flexure north of Fortland. Thus fhe 1 milligal
per 1.2 miles gravity gradient is interpreted as expressing the
dip of the offshore reflectionrevent.r Using the dip of the

reflection event, the gravity gradient and the lincs of flexures,

~
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the depths to this interface are contoured dipping northeastwards
to a maximum depth éf over S0,00Q feetrbelow sea level at the

- intra-basement line of flexure. A density of O.1Ogm/cm3 ccentrast
is calculated to give the 1 milligal per 4.2 miles gradienﬁ or
from a section of density 2.77 gm/cmB. The density cf the latter
sections and all sections in the interpretation.are based on the
assumption that the density of the basement is 2.67 gm/cmB.

Since there is a lack of subsurface control in the area firc.
drilling, the gravity efiects of certain generalized geometric
forms are used in the interpfetation° A sphere, a vertical
cylinder in which the bottom of the cylinder is at an infinite
depth, and the gravity effect of a fault, are used in the
interpretationse. |

The Beachport gravity highs are interopreted on Plan
No. 66-=508, The anomalies are interpreted individually from
profiles C-C' and D-D' (see L66-55/6) and then as one from the
profile X-X}. From nrofile X-X' the Beachport highs are inter-
preted as beling from three measses. An intrusive mass of density
3.00 gm/cm3, possibly basalt, in the form of a cylinder, with the
top of the cylinder at 31,700 feet below sea level, is inter-
preted east of Beachport. Just north of Beachport the large
gravity values are interpreted as being from a mass in the form
of a vertical cylinder with a hemisphere on top.' This form is
‘split into two units, a sﬁhere of density 2.9Ogm/cm3, and the
remainder, a vertical cylinder with a hemisphere removed from the
TOoD The latter unit is interpreted as a'vertical cylinder with
equivalent volume, that is, with the top of the cylinder two thir:
of the radius of the sphere below the centre of the sphere. The
dempity of the cylinder is 3.00gm/cm31 The composite gravity
effect of the three masses gives a gravity profile in good agree-
ment with the residual gravity fofile. There are only a few
gravity stations actually on the lineg of section, the profile

being interpreted from sitations near the line of ssctione.
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The two anomalies north of Dartmoor which'afe in line
with the Beachpoff anomalies are also interpreted as iﬁtra—
hasement intrusives in the forﬁ of spheres of'density 2.9Ogm/cm3
centred about a depth of 31,700 feet and rising to about 10,000
feet below sea level.

All the previous.anomalies are fegarded as intra-baseme::?
anomalies, with a dehsity contrast of O.23‘gm/0m3, the remaining
anomalles being regarded as basement anomalies.with a density
contrast of 0.2l gm/cm3: |

The structural boundary of the basin is interpreted
to vary'from‘steep faults to stepped faults and monoclines de-
pending upoﬁ the closeness of the gravity contours. The Mesozoic
sediments overlap the structural boundary.so that in most cases
the structural boundary is not indicated on the surface.

The grévity high south of Lucindale apgrees quite well
with the seilsmic results, the seisﬁic giving 3,100 feet and.the
gravity 3,200 feet below sea level for depth to basement.

Between Lucindale and Naracoorte the gravity low is
"interpreted as being,K due to é local reduction in basement density
causing an anomalous low where aeromagnetic results and seismic
reflection results indicate a rise in basement.

The broad gravity high NW of Penola is interpreted as
being a basement high‘ Seismic reflection lines and refraction
'depth probes', although not actually over the high, indicate the
basement high which is calculated from gravity values to be at
about 4,000 feet below sea levél.

Between the latter high and fhe high south of Lucindale
the basément is calculated to reach 10,000 fcet below sea level.

The grafity trough north of Robe and the NW-SE trending
Penola trough are interpreted as being basement lows with a maxi-
mum depth below sea level of‘over 14,000 feet.

The gravity high ESE of Robe has poor gravity control
~ but appears to be of the same order as, and in line with, the

gravity high south of Lucindale which gives a basement high of
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3,200 feet below sea 1eve1; An aeromagnetic anomaly is also
centred over the anomaly with the form of a basement high asA
shown in plan No, 66-507. The aeromagnetic anomaly is inter-
preted as équivalent to a sphere with its centre at 9,300 feet
below flight level or approximately 8,700 feet below sea  level.
Using the Lucindale gravity high, with bvasement depth of 3,200
feet below sea 1eve1,‘és-corre1ation the radius of the sphere 1s
5,500 feet. Thisé equates to a_magnetié susceptibility contrast
of 52 x 10—5 CefleSey which is a feasonable value for basement
structures in the area.

In the onshore area between Portland and Port Fairy
seismic reflection results indicate basement dipping southward
from the northern boundary of the baéin, and do not appear to
locate the gravity high east of Myamyn as a basement high., The
gravity residual map indicates that basement depth is actually
deeper thaﬁ the reflections indicate in ﬁhe northern part of the
~area. This could be due to the seismic reflectioné not being
from the basement, as shown from the gravity, or that the density
‘cbntraéts of sediments and basement are such as to give~the
anomdlous deeper gravity basement.

A definite intérpretétion of this area cannot be
completed until more subsurface, especially basement, geology
'is known in the area.’ The Myamyn pravity high is left as a
basement hich, alfhough this could.also be interpreted as being
due to an intra-basement intrusion, until more definite sub-
surface'evidenée is forthcoming. Pretty Hill Well No. 1 in this
area reached basement at 7,874 feet where gravity indicates
basement at just over 12,000 feet below sea level. This
anomaly,is interpreted as a local basément high which, possibly
because of the small number of gravity stations in the area, is
hot located on the Bouguer Anomaly map. FRumeralla No. 1 bottome
in Lower Cretaceous at 10,308 feet where basement is calculated

at just over 42,000 feet below sca level.



-9~

The area described above and the area north of the
Penola and Robe gravity tréughs are all outside a regional base-
ment high. This basemen£ high sweeps. round through‘Beachport,

- Kalangadoo, to a point just north of Dartmoor and then southwards
around Dartmoor, and appears, to some extent, to be in sympathy
with the line of flexure of the intra—basement feature. Two
faults interpreted 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 gfavity Qaiues, afe‘complicated near Beachport and
north of Dartmoor, by gravity effeéts from intra—basement features
which hide the basement gravity effects.

On the south flank of the Beachnort, Kalangadoo, Dart-
moor basement high there is d hingeline. South of this hingeline
the Loﬁer Cretaceous dips more steeply and the thickness of the
Upper Cretéceous section increases markedly. North of the
hingeline the thin Upper Cfetacequs section wedges out seven
miles north of Kalangadoo. The hingeline is interpreted as
passing about three miles north of Geltwood Beach No. 1 well and
about seven miles SW‘of Kalangadoo and then extending towards
Dartmoor. |

The hingeline also divides the area into two different
areas for gravity interpretation. On the northern side of the
hingelinébthere is a Tertiary section of 2-.20gm/cm3 and a lower
Cretaceous section of 2.43 gm/bms. On the southern side of the
hingeline there is an increasing Tertiary section of density
2.20gm/cm3 plus an increasing thickness of'Upper Cretaceous of
density 2.34 gm/cmstand an approximately constant thickness of
Lower Cretaceous sediments of density'z.MB gm/cm3, The basement
‘underlying the sediments has an assumed density of 2.67 gm/cmd
from which all the above section densities are calculated.

To determine the approximate depth contours of the

basement on the southern side of the hingeline, the gravity
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effect of the Upper Cretaceous is removed, resulting in basement
depths of over 19,000 feet below sea level as shown in Plans No.
1L66-56/6 and 66-509. No definite depth of the basement in this
area can be calcuiated until basement is actually pinpointed. by a
'deep.well. Wells in this area arc Kalangadoo No. 1 which,on the
above interpretation, would have reached basement at about

10,000 feet below sea 1ével, Geltwood Beach No. 1 which would
have reached basement at about ﬂ2,700 feet below sea level and
Mt. Salt which would have reached basement at about 19,000 feet
below sea level,

The seétion below the Mesozoic in Kalangadoo No: 1 well
of slightly metamorphosed sandstones and shales of unknown age 1is
assumed to be also present beneath the Lower Cretaceous sediments
north of the(hingeline. The basement defined by gravity is below
the above section ané probably corresnonds to the unper surface o’
the rock sequence forming the Padthaway Ridge. The seguence
'consists of more strongly metamorphosed sediments intruded by

granite.

Apreement with Seismic and Aeromarnetic Results

As previously noted Seismic Refraction methods appear
to give the only reliable basement configuration. Where reliable
.refraction results have been obtained there is direct correlatiorn
with the gravity results. The deep ?basement reflecfions as
mapped over the basin and offshore are of very poor gquality and
especially in the southern part of the basin in South Australia,
both on the offshore reflections only apbear to follow the
general trend of the basement, as they seem to be from an
horiéonlabove the basement, possibly an horizon caused by com-~-
paction at depth.

Quite good agreement is obtained with Aeromagnetic and

gravity, the gravity method being the more critical.
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CONCLUSIONS

It is considered that north of the Beachport-
Kalangadoo—Dartmoor basement hiéh, gfavity highs and lows are
in sympathy with basemeﬁt highs and lows. Basement structure
on the basemeht high itself is partly obscured by intra-basement.
features.

Gravity ahomaiies south of fhe hingeline on the
southern flank of the bésemeht high‘are the resﬁlt of different
combinations of increase in fhickneés'of Tertiary, Upper
Cretaceous, Lower Cretaceous sediments;, or variations inthe

basement profile.
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