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EXECUTIVE SUMMARY

In 1991, the Australian Petroleum Industries Research Association Limited (APIRA) a division of the
Australian Mineral Industries Research Associations Limited (AMIRA) approached MESA to support a
proposal to fly, process and interpret aerial spectrometer and aeromagnetic data.  The project was put
forward by RECON Exploration and the area to be tested was the onshore Otway Basin in South Australia. 
The aim was to use possible signature responses over the three proven fields, Katnook, Labroke Grove and
Caroline, to identify further accumulations.  It was hoped that all licencees in the area would contribute to
the cost of the project.

It was decided that a test of close-spaced high sensitivity aeromagnetic data (rather than radiometric) would
be more useful in helping petroleum exploration.  APIRA then attempted to get agreement with the licensees
to cover all of the onshore Otway Basin with an aeromagnetic/radiometric survey.  This was unsuccessful
and a test strip adjacent to the Victorian border, but wide enough to cover the three known fields and the
recent Sawpit-1 well which had recovered oil was then proposed.  APIRA  withdrew from the project when
it failed to get the three licence joint ventures to agree to participate.  MESA contracted World Geoscience
Corporation to fly the survey and the area was designated P1, part of the South Australian Exploration
Initiative with contributions from the licensees in the test area (Appendix 2).

The P1 area survey (Fig. 1) was flown in August-September 1993 with a total of 11,834 line km recorded at
400 metre spacing and 80 metre flight height.  The P1 area covers the northern margin of the Basin, the
Penola Trough, the Kalangadoo High and the eastern margin of the Tantanoola Trough.  The southern area
covers the Tartwaup Hinge Zone where Tertiary and Upper Cretaceous sediments thicken rapidly to the
south (Fig. 2).

MESA mapped the onshore Basin using company seismic data as a National Geological Mapping Accord
(NGMA) project.  A consistent set of structure maps at Base Tertiary, Top Eumeralla (Fig. 23), Top
Crayfish (Fig. 22) and Top Basement (Fig. 21) were available to compare to the aeromagnetic data
(stratigraphic column Fig. 5).

MESA carried out a study to determine the magnetic susceptibility of the sediments and basement which had
been cored in previous petroleum exploration wells.  To avoid contamination of cuttings by steel fragments
from casing or drill pipe, cores from six wells (Fig. 6) were measured for magnetic susceptibility (Fig. 7 &
Appendix 3).  A 1992 B.Sc (Hons) thesis by Chatfield which was sponsored by MESA provided magnetic
susceptibility data for outcrops of Holocene volcanic material at Mount Gambier and Mount Schank (Fig. 8
& Appendix 4).  The magnetic susceptibility data obtained from cores was uniformly low (Figs 7 & 9).  The
only significant values were obtained from the volcanic outcrops and these are thought to be typical of a
magma chamber under the Mount Gambier/Mount Schank area.

A composite north–south regional seismic line was constructed and major formation tops were depth-picked.
 The combination of the seismic depths and formation thicknesses were combined with the corrected
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magnetic susceptibility data for each formation to model magnetic anomalies and compare to the
aeromagnetic survey results (Fig. 4).  There was no correlation between the magnetic response computed for
the sedimentary section and the observed aeromagnetic anomalies.  The sediment responses were computed
to be less than one percent of the amplitude of the observed aeromagnetic anomaly dynamic range in this
area.  It is inferred that the major magnetic response comes from igneous/metamorphic basement beneath the
sediments (Figs 11, 15).

In the vicinity of the 3-D seismic survey (Fig. 3) computed depths to the sources of the Sawpit/Penola
magnetic anomaly lie in the range 2450–2670 m.  This depth range is consistent with the well data from
Tilbooroo-1 and Sawpit No-1 where schists, metabasalts and quartzites were intersected at similar depths.  It
is inferred that the sources of the anomalies are metamorphosed igneous bodies, coinciding with a
seismically mapped basement high on which the wells Penola-1, Sawpit-1 and Tilbooroo-1 have been drilled
(Appendix 5 Anomaly H).

The Total Magnetic Intensity data supplied by World Geoscience Corporation showed a large circular
400 nT magnetic high area centred on Mount Gambier (Fig. 16) which is interpreted as a magma chamber
associated with the volcanoes in the area (Fig. 10).  Overall the model extends 40 km in the north northeast
direction and 15 km in the east-southeast direction.  The depth to the top of this body lies in the range 6300–
12700 m.  From Mount Schank southwards a magnetic low developed and extended offshore.  Modelling of
Mount Gambier and Mount Schank anomalies indicates shallow, near surface magnetic bodies (Figs 16, 17).

A north–south magnetic high is located along the western boundary of the P1 block with an estimated source
depth of 2500 m, and to the east of the Hungerford 1 well has what appears to be a small, blind associated
basaltic plug at a depth of 200 m (Fig. 18).  North of the Mount Gambier magnetic high, a magnetic low area
is developed over the central and northern Penola Trough.  Northwest to southeast lineaments are present in
the trough and a second-order magnetic high is located over the Sawpit/Penola structural feature (Figs 12,
20).  In the extreme northeast corner of P1, the Kanawinka Fault marks the edge of the Otway Basin and is
visible on the aeromagnetic data.

The northwest to southeast magnetic lineaments located southeast of Penola (Fig. 30) are close to the fault
planes of tilted fault blocks.  The magnetic effects are interpreted to be from the deposition of magnetic
minerals on or near the fault planes within the Eumeralla Formation.  It is doubtful that these anomalies are
caused by volcanics in the fault planes, as good quality seismic indicates clean breaks in the reflection with
no evidence of intrusive fill causing a thickening of the fault plane image.  Depths to the top of the magnetic
bodies are in the range 200–400 m (Appendix 5).  The Sawpit/Penola magnetic high has a cross pattern
which corresponds to the basement faulting directions (Figs 20, 24B).  Apart from the volcanic cones at
Mount Gambier and Mount Schank the surface geology (Fig. 14) does not affect the aeromagnetic data.

World Geoscience Corporation has applied a pseudo-depth-slicing (PDS) technique to the aeromagnetic data
after removing the effects of surface 'culture' and having reduced the data to the pole.  The slicing technique
relies on dividing the spectrum of the data into a series of frequency slices with the highest frequency
shortest wavelength dominating the shallowest slice and the longest wavelength data representing deep
basement.  Four PDS coloured images and contour maps of the sedimentary section (from the shallowest
PDS-1 to PDS-4) and a fifth deepest image of the basement were generated.

The most useful magnetic images in relation to the sedimentary section were PSD-2 (Fig. 25) to PDS-4. 
Faulted structures within the Penola Trough especially east of Penola within the 3D seismic area (Figs 24A,
24B) are visible, the faulted basement high east of Penola is clearly defined and an area of deep northwest–
southeast faults south of Mount Gambier is visible.  Volcanic extrusive and intrusive occurrences are also
clearly defined.  The PDS images could be further improved by removing additional high frequency effects
due to surface 'culture'.  An overlay of the location of powerlines and railway lines (Fig. 27) in the area and
an airborne sidescan radar image (Fig. 19, Appendix 6) showed that a number of magnetic events present in
PDS-1 to PDS-3 are due to powerlines and towns.
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The radiometric data acquired as part of the P1 area survey is closely controlled by the surface geology (Fig.
14) and distribution of surface water at the time of acquisition.  Uranium, thorium, potassium and total count
values (Fig. 13) are displayed in coloured images.  South of Mount Gambier the Gambier Limestone (L.
Eocene - M. Miocene) is high in all radioactive elements with a northern boundary which corresponds to the
limit of the outcrop.  The Mount Gambier volcanics have a generally low radiometric response.  A series of
northwest to southeast stranded coastal ridges of the Bridgewater Formation have moderately high
radiometric values in an area east and northeast of Mount Gambier.  Younger Padthaway Formation silts and
carbonates between the coastal ridges have low radiometric values.  In contrast, the Padthaway Formation
located in the Penola area and bounded by older north-south trending coastal ridges has quite high
radiometric values for all elements.  The Penola radiometric anomaly is separated from the Mount Gambier
area by a sandy deposit (Molineaux Sand) which cuts across the survey area in a northeast to southwest
direction and which has a low radiometric response.

The known gas fields may have had  some control on the radiometric results of the P1 survey.  In the area of
Katnook, Ladbroke Grove and Haselgrove there is a region of relatively low radiometric values which
appears to be an east-west embayment into an area of high radiometric values (Figs 13 & 14).  The surface
geology in the area comprises a relatively smooth northeast to southwest boundary of the Padthaway
Formation and the Molineaux Sand.  Further west in the area of Laira-1 and Zema-1 the radiometric data
have relatively low values in an area which is now thought to have contained a gas accumulation which
subsequently leaked following fault re-activation.  A possible explanation is that leaking hydrocarbons have
caused a reduction in the surface radiometric element content.  Alternative explanations are that variation in
Padthaway Formation facies is responsible for the low radiometric values around known and past gas
accumulations or the distribution of swamps near the gas fields control the radiometric results.

INTRODUCTION

The Australian Petroleum Industries Research Association Limited (APIRA) approached MESA in 1991 to
provide support for an aeromagnetic/radiometric survey in the Otway Basin which was proposed by RECON
Exploration.  MESA agreed to support the project provided that companies exploring in the area
contributed.  APIRA was unable to get financial support from a number of licencees in the area and
withdrew, leaving MESA to manage the project.  The emphasis of the project was changed from the original
RECON idea of concentrating on the radiometric survey to carrying out an aeromagnetic survey over a
relatively small area to test the effectiveness of the method in petroleum exploration.  A test area adjacent to
the Victorian border was agreed upon and the joint venturers from the three exploration licences agreed to
contribute to the survey which was flown in 1993.  Sediment thickness from a composite regional seismic
line and magnetic susceptibilities from petroleum well-cores and basaltic outcrops were used to model
magnetic responses.  The volcanic vents at Mount Gambier and Mount Schank were modelled as well as a
blind plug to the north near the Hungerford-1 well.  The Total Magnetic Intensity was pseudo-depth sliced
using frequency increments into four slices in the sedimentary section and a fifth basement slice.  Pseudo-
depth slices were compared to MESA seismic depth structure mapping from top Cretaceous to top Basement
(fault patterns were compared to magnetic lineaments).

A sidescan radar image was used to identify surface `culture' (railway lines, sheds, towns etc) that cause high
frequency anomalies in the Total Magnetic Intensity data (Appendix 6).  A map of the powerline grid in the
area was obtained from the Electricity Trust of South Australia (ETSA) (Fig. 27).  The grid was digitised
and displayed at the same scale as the aeromagnetic data to identify powerline cultural anomalies.
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CHARACTERISTICS OF MAGNETIC DATA

In this area of the Otway Basin the background field strength of total magnetic intensity is approximately
60897 nT, the inclination is -69.5 degrees, and the azimuth is 9.5 degrees east.  The dynamic range of the
residuals of total magnetic intensity is 545 nT.

The characteristics of the total magnetic intensity field in the survey area are portrayed in the contour map in
Figure 10, in the contour map in Figure 28 and in a stacked profile map in Figure 29.  The contour map and
profile map includes cultural sourced anomalies which can be seen as prominent short wavelength
anomalies on a generally smooth background.

Identifying letters have been added to various anomalies to assist with the description of the magnetic field. 
These letters include A to H, and S and are indicated in Figure 10.

The characteristics of the field can be described in terms of the common wavelength of anomalies seen in
Figures 10 and 28, or in terms of the width at half amplitude (commonly referred to as 'Half-width'), which
has an approximate relationship to the depth of source below the detector (e.g. width at half amplitude is
approximately 2x depth below the sensor).

This report adopts a hybrid of the two terms 'wavelength' and 'Half-width' to describe the observed
anomalies.

Long wavelength anomalies (Half-width 15–20 kilometres)

The long wavelength anomalies are indicated by the broad total intensity low and high regions.  These
anomalies have amplitude from high to low of approximately 400nT and a wavelength of approximately 50–
70 kms.  With the exception of Anomaly A most of these anomalies extend outside the survey area and are
more completely defined in the regional aeromagnetic data portrayed in the 1:2 000 000 scale maps of South
Australia.

In the south of the survey area a broad high (A) extends as a distinct low to the south and slopes off to the
north, east and west of the survey area.

The source of this dipolar anomaly is typical of anomalies caused by a deep igneous/metamorphic basement
source and is interpreted to lie at a depth of approximately 6–10 kms below surface.

Anomalies with Half-width 3–5 kilometres

Anomalies with Half-width 3–5 kms occur in the north of the area near Penola (Anomaly H - Sawpit high),
and in the centre of the area north of Mount Gambier (Anomaly G).  These anomalies have amplitude in the
range 10–25 nT.

The sources of these anomalies are likely to be igneous bodies within igneous metamorphic basements.

Anomalies with Half-width 0.5–1.5 kilometres

Anomalies with Half-width 0.5–1.5 kms occur in the northeast of the area, particularly near Penola.  These
anomalies are narrow curvilinear have amplitude 1–3 nT and extend up to 10 km with best examples striking
northwest–southeast.  Circular-elliptical anomalies with this half width range are rare and are recognised as
Anomaly E (Mount Schank) and Anomaly F (Hungerford).
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Anomalies with Half-width 0.2–0.5 kilometres (Culture)

Power distribution lines shown in Figure 27 are a major disturbing influence on the total magnetic intensity
data in this area.

Surface culture in the form of towns, railway lines, power lines, large sheds, fences and well-heads produce
high frequency magnetic anomalies in the aeromagnetic data.  World Geoscience have produced images of
the magnetic data with the culture suppressed.  However, the two shallowest pseudo depth slices contain
culture from the towns in the survey area as well as an extensive network of culture from the powerline grid.
 The large interstate interconnection powerline produced a north-south anomaly area near Tarpeena and
Nangwarry with a curved feature extending from south of Tarpeena south-east to the Victoria border.

A grid of powerlines north of Penola caused a break-up of northwest–southeast images of fault trends along
the northern margin of the Penola Trough.  In the Mount Gambier area north–south and east–west
lineaments are caused by powerlines with the same orientations and near the coast, more random lineaments
coincide with the electricity grid.

The dynamic range of cultural sourced anomalies is assessed as typically 5–100 nT with exceptions up to
200 nT and amplitude and probably ranging down to the noise envelope (0.01 nT).

CHARACTERISTICS OF THE RADIOMETRIC DATA

Introduction - equipment

Gamma spectrometric data were recorded simultaneously with the aeromagnetic data.  Equipment included
33 litres of sodium ioide crystal detectors and 256 channel spectrometer recording in the range 0.3 to 3.0
MeV.  The data was windowed using Bureau of Mineral Resources (now AGSO) energy ranges.  Counts per
second were corrected by best practice techniques and converted to equivalent potassium (percent), uranium
(ppm) and thorium (ppm).

Total Count

The total count rates recorded in the area lie predominantly in the range 500 to 1500 counts per second. 
Approximately one third of count rates lie in the range 1500 to 3000 counts per second.

Radiometric data were inspected on 1:100 000 contour presentations and on 1:250 000 processed colour
images (Appendix 8).  The 1:100 000 data were compared to 1:100 000 topographic maps and 1:250 000
geology maps.  The radiometric total count image has an area of high values (2500-3000 cps) in the south of
the survey area.  Coastal sand and swamp areas have low values but from adjacent to the coast northwards
towards Mount Gambier, the values in the area of the Gambier Limestone are high.  The northern margin of
the anomalously high area is a northwest–southeast trending stranded coastal ridge which extends across the
full width of the survey area along the northern margin of the Gambier Limestone outcrop.  Northwest–
southeast trends are visible in the southern anomaly area where small non-mineralised dunes trend
northwest–southeast.

The area centred on Mount Gambier has an intermediate total count value with weak northwest–southeast
trends visible.  The immediate area around the Mount Gambier city has a relatively low total count and
appears to represent a region of volcanic ash deposition around the cones.  Further south-southwest, the
Mount Schank eruption area shows a very diffuse low total count area.

North of Mount Gambier, the total count image shows an area of low values cut by a number of northwest–
southeast trending coastal ridges of the Bridgewater Formation which have relatively high total count values.
  From Kalangadoo on the western edge of the survey to the north, the trend of radiometric anomaly changes
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to a northeast–southwest direction with an area of high readings corresponding to an area of Padthaway
Formation sediments and swamps.  The area of the Katnook, Ladbroke Grove and Haselgrove fields forms a
radiometric low embayment into the northeast trending high.  Near Penola, the radiometric high anomaly
trends north–south and appears to coincide with a low swampy area.

Potassium

Estimated equivalent potassium values lie in the range zero to 0.8 percent, with approximately half between
zero and 0.2 percent and half between 0.2 and 0.8 percent (Appendix 8).

The area from the coast northwards towards Mount Gambier is a region of relatively high potassium values.
 The northwest–southeast coastal ridge south of Mount Gambier is an area of low values but does not
produce a strong cut-off zone as occurs in the total count image.

The area around Mount Gambier is deficient in potassium but the Mount Schank area has a small potassium
high area.  North of Mount Gambier is a generally low potassium region with minor palaeo-dune controlled
northwest–southeast linear high potassium features.

From Kalangadoo to the north, a northeast–southwest high potassium trend is dominant with a low count
area around the Katnook area gas fields.  From Penola north there is a broad north–south area of high
potassium extending to the northern edge of the survey area.  The northern area retains a weak northwest–
southeast pattern similar in direction to the southern survey area.  The highest potassium values are from
Penola northwards in the area of the Padthaway Formation outcrop.

Thorium

Estimated equivalent thorium values typically lie in the range zero to 6 ppm, with rarer highs up to 8 ppm. 
Thorium maps appear to give sharper definition of geological character (Appendix 8).

An area of high thorium values occurs in the Gambier Limestone from south of Mount Gambier to the coast.
 The northern limit of the high values is a definite boundary formed by a long northwest–southeast
Bridgewater Formation feature which has a low thorium count along the northern margin of the Gambier
Limestone outrcop.  The area immediately surrounding Mount Gambier has a low thorium anomaly
coinciding to an area of possible volcanic ash deposition.  Mount Schank volcanic area has a very poorly
defined area of  low thorium values.  An area northwest of Mount Gambier has high thorium values and to
the north of Mount Gambier the northwest–southeast trend is shown by a number of palaeo-dunes which
have relatively high thorium content.  From Kalangadoo northwards, an area of high thorium content
extends northeast–southwest until near Penola where a broad band of high thorium values extend north–
south past the northern boundary of the survey area.  The area of the Katnook, Ladbroke Grove and
Haselgrove gas fields contains low levels of thorium.

Uranium

Estimated equivalent uranium values typically lie in the range zero to 4 ppm, with rare highs to 5 ppm
(Appendix 8).

The uranium pattern is similar to the other radiometric elements with an area of higher uranium content from
the coast northwards to the northwest–southeast trending palaeo-dune south of Mount Gambier.  A number
of sub-parallel ridges within the high uranium area produce northwest–southeast areas of low uranium
content.  Both Mount Gambier and Mount Schank have weak areas of slightly lower uranium content around
the volcanic cones.

Several northwest–southeast Bridgewater Formation dunes north of Mount Gambier have slightly elevated
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uranium content.  From Kalangadoo north, trends are northeast–southwest with a large area of Padthaway
Formation in the centre-north of relatively high uranium content.  The uranium image has more poorly
defined areas of high and low values in the northern area of the survey than the other elements.  The area of
the gas fields around Katnook has a low uranium content.

Ratios of the three estimated radio element concentrates were made using the absolute values of equivalent
potassium percent, uranium ppm and thorium ppm.  The radiometric maps have low values in the centre and
eastern areas (Molineaux Sand and Padthaway Formation), but there is a corresponding high value for all of
the ratios (U/K, Th/K, U/Th) in the same areas.

In the northern area of the survey, each element had anomalously high response through the Penola area.  In
each of the ratio images the corresponding area is low.

In the southern extremity near the coast where the Gambier Limestone outcrops each of the radio elements
have a high response with a northwest-southeast margin.  In contrast the U/Th has a low value, but the other
ratios (U/K and Th/K) show a corresponding high.

SURFACE GEOLOGY

The surface geology in the area of the aeromagnetic/radiometric survey is a major controlling factor on the
radiometric data together with distribution of surface water.  With the exception of the Mount Gambier and
Mount Schank volcanic cones the magnetic response is unaffected by the surface geology.

The oldest outcropping rock unit in the survey area is the Heytesbury Group Gambier Limestone of Late
Eocene to Middle Miocene age.  This unit consists of a basal limestone and marl member, middle bryozoal
limestone that is found to the southeast, south and northwest of Mount Gambier and an upper chert-rich
limestone that outcrops along the south coast (figure 14).

In the Middle Miocene a cooler climate resulted in a lower sea level and together with mild uplift produced
a break in sedimentation.  Latest Miocene and Early Pliocene marine incurious did not affect the survey
area.

A major marine transgression in the Early Pleistocene extended as far as the Kanawinka Fault.  The
Coomandook Formation was deposited and now underlies most of the coastal plains.

The Coomandook Formation is overlain by the Bridgewater Formation a series of stranded coastal ridges
composed of calcarenite.  The coastal ridges were formed during interglacial periods of high sea level and
are the dominant geomorphological features of the area.  The oldest ridges are the furtherest from the coast
and are designated Lower Bridgewater Formation.  Lower Bridgewater ridges occur northeast and west of
Penola and to the east and northeast of Mount Gambier.  The remainder of the calcarenite ridges, are
younger, occur nearer the coast and are known as the Upper Bridgewater Formation (age dating gives ages
of the ridges from 870,000 to 100,000 years).  West of Penola, the younger ridges converge towards the
Mount Burr volcanic complex.

Padthaway Formation sediments were laid down between the Bridgewater Formation ridges.  The
Pleistocene Padthaway Formation sediments are fine grained and include lacustrine and lagoonal carbonates.
 The Holocene St Kilda Formation was deposited as lagoonal shelly mud and lacustrine sediments.  This
unit, together with Holocene peat deposits is found near the coast in the Pt MacDonnell area.

The Molineaux Sand occurs as a sand sheet from north of Mount Gambier extending north-northeast to the
south of Penola.  The unit ranges in age from late Pleistocene to Holocene and comprises re-worked
Bridgewater Formation sandstones.
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The younger Holocene volcanics occur at Mount Gambier and Mount Schank.  Mount Gambier is a series of
explosion craters (maas) formed when molten rock came into contact with groundwater.  Lava flows, scoria
cones and dykes were also formed.  Mount Schank is similar.  The eruptions occurred between 5000 and
4000 years ago.

MAGNETIC SUSCEPTIBILITY

Magnetic susceptibility readings in petroleum wells were only obtained from core material (Appendix 3,
Fig. 7).  A previous study using cuttings and sidewall cores found that steel contamination of cuttings made
readings unreliable.  Sidewall core data had magnetic susceptibility readings carried out on CSIRO
equipment.  The problem with these samples was that the material had to be crushed and the correction
factor to give a reading equivalent to a solid slab of rock was poorly defined.

Magnetic susceptibility from core material

Magnetic susceptibility measurements were taken from cored intervals in six wells within or adjacent to the
area of the P1 aeromagnetic survey.  The core material was removed from the MESA core store to reduce
possible magnetic background sources and readings were taken using a hand-held magnetic susceptibility
meter.  The readings were expressed in SI units x 10-5.  Wells measured were:  Katnook-2, Katnook-3,
Penola-1, Caroline-1, Kalangadoo-1, and Mount Salt-1.

The cores measured ranged in age from the Tertiary Gambier Limestone to Pre-Cretaceous meta-
sedimentary basement.

All readings obtained from the core data were low, including the `basement' cores of meta-sediments in
Kalangadoo-1.  Readings were usually taken at 1–2 foot intervals along the core.  Values of magnetic

-5 SI units.

Magnetic susceptibility from outcrop

Chatfield 1992 took a series of ground magnetic susceptibility readings in the Quarternary-Recent basic
volcanic province in the south-east of the State (Appendix 4).  The area of magnetic susceptibility readings
extended from Mount Graham near Millicent to Mount Schank, south of Mount Gambier.  The readings
which are relevant to the P1 aeromagnetic survey are at Mount Gambier and Mount Schank.

In the Mount Gambier volcanic cone area, 5 sites were investigated (Chatfield, 1992) and values for a
number of igneous rock types at each site were measured.  Values recorded ranged from 0–8000 x 10-5 SI
units.  Sites 1 and 2 adjacent to the Blue Lake and Valley Lake had the highest readings and highest average
readings.  Ash, unsorted tephra, massive and vesicular basalt, ropey lava, splatter, tuff and scoria all had
high magnetic susceptibility values.

At Mount Schank, three sites were measured for magnetic susceptibility.  The sites were all in area of
volcanic ash away from the basalt lava flows.  Magnetic susceptibility values varied form 150–4,500 x 10-5

SI units.  The highest values were found to the west and north-west of the main crater.  Rock types reported
were scoria, fresh and weathered, finely laminated tuff and tephra.  For the location of readings see Figure 6
and Figure 8 for values.

MAGNETO-STRATIGRAPHY

Formations

Magnetic susceptibility reading for various formations are summarised in histogram form in Figure 7.  There
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is no information on magnetic remanence.

Basement of pre-Early Cretaceous age was intersected in two wells in the survey area, Kalangadoo-1 and
Sawpit-1.  Magnetic susceptibility readings were obtained from a number of cores in Kalangadoo-1.  Values
ranged from 11–26 x 10-5 SI units.

The Early Cretaceous Pretty Hill Formation was cored in the Katnook-2 and -3 gas wells.  Magnetic
susceptibility values range from 7–20 x 10-5 SI units.

Stratigraphically above the Pretty Hill Formation are the Laira Formation and the Katnook Sandstone. 
Measurements were taken on 3 cores of the Laira Formation in Kalangadoo-1 and Penola-1.  Values range
from 8–30 x 10-5 SI units.

The Eumeralla Formation, one of the most uniform mineralogical units in the Otway Basin, is the uppermost
unit of the Early Cretaceous.  Core measurements were recorded in Katnook-2, Penola-1, Caroline-1 and
Kalangadoo-1.  Values of magnetic susceptibility have the greatest range and highest maximum value for
any formation measured from drill-core.  Magnetic susceptibility is in range 8–90 x 10-5 SI units.

The Late Cretaceous Sherbrook Group contains a number of units, one of which, the Timboon Sandstone
may extend from top Early Cretaceous to base Tertiary where the Sherbrook is condensed.  Magnetic
susceptibility measurements were taken on core from the Timboon Sandstone in Caroline-1 and Mount Salt-
1.  Values ranged from 5–18 x 10-5 SI units.

The Paaratte Formation also of Late Cretaceous age was measured in Caroline-1 and Mount Salt-1.  Values
range from 4–19 x 10-5 SI units.

The Dilwyn Formation from the Paleocene-Eocene in Mount Salt-1 had magnetic susceptibility measured. 
Values ranged from 4–11 x 10-5 SI units.  Another Early Tertiary unit, the Pember Mudstone was measured
in Caroline-1 and had values in the range 7–18 x 10-5 SI units.

The youngest unit measured was the Oligocene-Miocene Gambier Limestone in Caroline-1.  Values were
very low, in the range 1–6 x 10-5 SI units.

The discussion above uses raw uncorrected magnetic susceptibility readings.  In order to correct for the
influence of limited core size and bring readings to an effective infinite surface, all should be multiplied by
approximately 1.7.

Rock types

Basaltic Volcanics
Outcrop material of Holocene age at Mount Gambier and Mount Schank contain rocks with the highest
magnetic susceptibility measured in the survey area.  The range of values is greatest at Mount Gambier,
where ash, tephra basalt in various forms, tuffs and scoria have magnetic susceptibility values in the range
0–8,000 x 10-5 SI units.  The results of ground magnetic susceptibility measurements are shown in Figure 8.

Mount Gambier

Lithology Range Mean SD Number of Samples
Ash 900–8,000 x 10-5 SI units. 2480 1605 5
Tephra 1,000–8,000 x 10-5 SI units. 432 514 198
Basalt 5–3,000 x 10-5 SI units. 1125 758 159
Tuff 4–3,000 x 10-5 SI units. 4867 2393 33
Scoria 500–4,000 x 10-5 SI units. 1333 1319 6
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Mount Schank

At Mount Schank, the total range of values is from 150–4500 x 10-5 SI units.

Lithology Range Mean SD Number of Samples
Tephra 300–2,500 x 10-5 SI units. 1373 617 12
Scoria 200–4,500 x 10-5 SI units. 946 826 36
Tuff 150–1,000 x 10-5 SI units. 446 286 13

Sandstones

Magnetic susceptibility readings were obtained for sandstones from the pre-Cretaceous (turbidite) basement
to the Tertiary Pember Mudstone.  All sandstone readings were low.  Basement readings were 11-26 and the
Eumeralla readings were 8–45 x 10-5 SI units.  The sandstone values for these two units were the highest of
all formations.  The Late Cretaceous Timboon Formation sands contained some exotic minerals such as
glauconite, pyrite limestone and hermatite, but the magnetic susceptibility values remained low in the 5–18 x
10-5 SI units range.  The range for all sandstones was 4–45 x 10-5 SI units.

Shale, claystone, mudstone

The three rock-types have been added together because the group collectively refer to very fine grained
rocks with an indefinite mixture of clay, silt and mudstone particles.  Shales, mudstones and claystones are
often interbedded with siltstones and in some formations, the shales tend to be carbonaceous.  Magnetic
susceptibilities for the argillaceous group of rock types is 3–30 x 10-5 SI units.

Siltstones

Siltstones were cored in a limited number of formations.  Values ranged from 8–90 x 10-5 SI units.  The
maximum value of 90 x 10-5 SI units was found in the Eumeralla Formation, where the siltstone was
interbedded with sandstone and contained grey/green lithics.

Limestone

Gambier Limestone was measured for magnetic susceptibility only in the Caroline-1 well.  Readings were
extremely low with a range of 1–6 x 10-5 SI units.

COMPUTER MODELLING OF MAGNETIC DATA

Data and Methods

The location of all models and depth estimates are shown in Fig. 26 .  Results of the modelling of individual
anomalies are presented fully in Appendix 5.  Selected examples are shown in the text in Figs 15-18.  All
models are summarised in Table 1 of Appendix 5.

The modelling package 'Potent' licensed to Preview Resources Pty Ltd by PC Potentials Ltd of PO Box 167,
Kippax, ACT 2615 was used to model the aeromagnetic data.  This software uses 2-D, 21/2D and 3-D body
shapes and adopted susceptibilities which can be readily modified in a forward modelling mode to obtain a
visual fit to total magnetic intensity data and in an inversion mode to fit mathematical criteria.  This software
allows use of the induced magnetic field combined with magnetic susceptibility to calculate responses, or
use of remanent magnetisation in any chosen direction, or if required both influences acting together.

Theoretical responses were calculated to simulate the 60 metre above ground level observation altitude used
by the airborne survey, or other altitudes as appropriate.  From two kms north of the coast to the southern
edge of the survey over water, the clearance was 120 m above ground level and sea level respectively.
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The data used for modelling was the levelled location data for Total Magnetic Intensity.  Lines were
subsampled to 0.5 seconds from the original 0.1 second samples, giving an along the ground sampling of
approximately 30 m between observations.

Models from shallow sourced anomalies associated with culture

Numerous distinctive anomalies with short wavelength were found to overlie high tension power lines,
buildings and some fence lines (possibly electric fences) and in our interpretation of this area these features
were avoided.

However, some models were run to assist in characterising these features, and to help in distinguishing them
from geology.

One model was almost typical of other interpreted geological sources, with depth of 230 m and more than
2000 m of strike extent (Anomaly S3N, Appendix 5).  Another indicated unusually shallow sources, at 25 m
depth, more consistent with the above ground geometry of buildings or power lines (Anomaly S6, Appendix
5).

Both models are included here to illustrate the distinctive characteristics of power line anomalies on the one
hand and the ambiguity with geology on the other.

It is concluded that the removal of cultural features from the aeromagnetic data, on the basis of short
wavelength is likely to be ambiguous.

Models from shallow sourced anomalies which are narrow curvilinear (S1–S13)

Models were run for narrow curvilinear anomalies S1, S2, S3, S4, S12 and S14 to S13.  These anomalies
have amplitude in the range 0.5 nT.  3-D prisms were used, mostly with vertical dip (Appendix 5).

The prisms were given characteristics as follows:

dip: vertical
width across top: mostly 60–200 m
depth to top: 20–700 m
susceptibility: 0.001–0.003 SI
remanence: 0.02–0.37 Amps/m
depth extent: mostly 200–1000 m

The narrower of these models have the appearance of thin steeply dipping fault planes although it must be
pointed out that the ambiguities in potential field models do not exclude the magnetised relict dunes as a
source of some of the anomalies.

Models from shallow sourced anomalies associated with faults (Group of Anomalies S4)

A suite of models using thin rectangular prisms, were run to generate anomalies which would simulate the
fault planes as a magnetic source in the area some six kms east of Wynn No 1.  The fault planes in the area
east of Penola were modelled where there is prominent narrow curvilinear aeromagnetic response (Appendix
5).  Faults identified in Hartogen Energy's north–south seismic line 90–414 (approximately 495000 mE),
were used and the results are shown in Appendix 5.  The model results are plotted on the seismic section in
Figure 30.
Most of the faults mapped in the seismic line 90–414 reach the surface, others just penetrate above the Top
Eumeralla.  The seismic interpretation indicates most of the faults dip southwards, and a few northwards.
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The fault prisms were given characteristics as follows:

• dip to lie in the fault plane (apparent dip is mapped as approx 50 degrees, actual 60–80 degrees)
thickness of 50 m

• depth to top found by trial and error (lie in the range 200–400m below surface)- Sherbrook/Eumeralla
• susceptibility or remancence to suit each anomaly
• depth extent (down dip) limited to lie within Eumeralla (200–1000 m).

The results of the modelling show a good fit of the calculated to the observed data, with some faults
requiring susceptibility and others requiring remanence.  It is concluded that the 1–2 nT narrow curvilinear
anomalies are caused by magnetic material in faults.  It is inferred that there is magnetic material in the fault
planes; this may be pyrrhotite, magnetite or hematite, with variable properties.  We note that all faults are
not magnetised to the same extent.  We speculate that the variable properties may indicate different
movement and chemical history, locking in the earths field direction, and introducing magnetic minerals at
different times.

Models for sedimentary layers

A model was constructed which used seismic interpretation from several lines which with a number of
bends and extended from the northeast corner of the survey to the southwest (Fig. 4).  The profile was
projected onto a single straight north–south line for the purpose of testing the response of the section.  Note
that the seismic mapping of the deeper layers is incomplete and for the purpose of this study were simply
assumed to stop at a vertical fault where the mapping ended in the south (Fig. 11).

Three horizons were digitised to represent top Basement, top Crayfish and top Eumeralla (Figs 21, 22, 23). 
Some typically low susceptibilities for sediments were adopted for the layers.

This allowed for a simple magnetic model of intervals as follows:

INTERVAL ADOPTED
SUSCEPTIBILITY

Surface to top Eumeralla Formation 0.00006 SI
Top Eumeralla to top Crayfish Formation 0.0005 SI
Top Crayfish to igneous/metamorphic basement 0.0003 SI
Igneous/metamorphic basement to 15km (arbitrary limit) nil

The resultant amplitude of total magnetic intensity response for the sediments was less than 5 nT.  It is
concluded from the models that the sediments do not contribute significantly to the anomalies in this area as
shown by the low magnetic susceptibility found in drillcores of sediments.  Moreover, in the absence of
magnetic volcanics in the drillholes in this area, it appears unlikely from the magnetic survey results  that
there are any surprises within the sedimentary section.

Models for a uniformly magnetised basement

A model was then constructed which was essentially the same as the sediment layer model above, but now
had a uniformly magnetised basement with an adopted high, but not unreasonable susceptibility as indicated
below (Fig. 11).  Magnetic susceptibility of the sediments assumed to be nil.
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INTERVAL ADOPTED
SUSCEPTIBILITY

Surface to top Eumeralla Formation 0.00  SI    nil
Top Eumeralla to top Crayfish Formation 0.00  SI    nil
Top Crayfish to igneous/metamorphic basement 0.00  SI    nil
Igneous/metamorphic basement to 15km (arbitrary limit) 0.001SI

This model assumes that the base of sediments mapped by the seismic method is coincident with igneous
and metamorphic basement.  This is based on limited well data.

The resultant amplitude of total magnetic intensity response for the variations in depth of the uniformly
magnetised basement was approximately 12 nT near AMG 5840 000 N.  Further south the basement is too
deep to be recognised in seismic mapping and there is consequently no valid magnetic model possible.

This 12 nT amplitude is significantly less than at the 400 nT amplitude long wavelength anomaly indicated
in the aeromagnetic data.  We conclude that this large anomaly is not attributable to undulations in the
basement but rather is caused by intrabasement magnetic rocks.

Models for non uniformly magnetised basement

Long wavelength anomaly near Mount Gambier (Anomaly A)

This circular/elliptical shaped anomaly is the dominant feature of the aeromagnetic survey, with amplitude
of 420 nT and half width of 15 kms (Fig. 10).  Models tested here included a simple ellipsoid (poor fit), an
assembly of rectangular prisms (poor fit), an elliptical shaped cylinder (poor fit) and a 3-D polygonal prism
(good fit - Appendix 5 and Fig. 15).

The most successful shape is the 3-D polygonal prism.  Initially work was undertaken with the constraint of
0.02SI for magnetic susceptibility, near the upper end of the Mount Gambier basalts values, on the
assumption that the anomaly may be indicating a huge chamber from which the Mount Gambier basalts
were derived.

It was found that a significantly higher value in the range of 0.05–0.08 was easier to work with, and 0.05SI
was finally adopted.

The modelling generated a large body some 15km across which extends 40km north–south, with general
depth in the range 5–8 kms, and generally dipping down to the north and south.  These depth estimates are
likely to be the maximum depth to igneous basement in this part of the Otway Basin.

A couple of thin spikes off either end of the body were required to improve the fit; these may indicate
apophyses.

A deep wedge was required to be incised across the body; this may be indicative of one or more basement
faults bearing 105–285 degrees, two and six kms south of Mount Gambier.

Long wavelength anomalies near Penola (Anomaly H)

The pair of elliptical shaped anomalies near Penola named the Sawpit/Penola magnetic high were modelled
with an assemblage group of rectangular prisms as follows:
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Dimensions: largest 7100 m x 4100 m x 1000 m
smallest 1800 m x 1500 m x 300 m

Depth below sea level: 2540–2670 m generally
(710 m for one small block,
possibly an artifact of the modelling
procedure, and not a reliable depth.)

Remanence: 0.090–1.32 Amps/m

The resultant fit was classified as poor to OK, largely because of the complexity of modelling this kind of
situation of interfering anomalies (Appendix 5).

Long wavelength anomalies near Hungerford (Anomaly F)

This Circular/elliptical to elongate shaped anomaly is the dominant feature in the northwest of the survey
area, with amplitude of 60 nT and halfwidth of 5 kms.  The eastern side is a near linear northsouth striking
gradient, indicative of a fault or contact.

Models tested here include simple rectangular blocks (OK fit) and an assembly of ellipsoidal shaped
cylinders (OK fit).

The modelling generated sources with depths in the range 2486–2557m (Appendix 5).  A magnetic
susceptibility of 0.01 SI was applied.  These depth estimates are consistent with the depth to igneous
metamorphic basement indicated by drilling in Tilbooroo-1 and Sawpit-1 in this area.

The physical properties for Anomaly F differ from those for the Hungerford Anomaly E which is inferred to
be intrusive.

Models for intrusives and extrusives

Mount Gambier (Anomaly B)

A group of rectangular prisms and a cylinder were assembled to account for the magnetic anomaly over
Mount Gambier (Appendix 5 and Fig. 16).  Their characteristics were:

Dimensions prisms: largest 300 m x 900 m x 1500 m
smallest 300 m x 300 m x 1000 m

Depth below ground level: 60–290 m
Susceptibility: 0.005–0.02 SI
Dimensions cylinder: 300 x 900 m
Depth below ground level: 120 m
Susceptibility: 0.03 SI

The depths below ground level are surprisingly high in view of the fact that the basalts are significantly
magnetic at the surface (Fig. 16).  This is caused by the fact that the aircraft flew higher than the survey
height of 60 m above the Mount Gambier township, as required by regulations.

The magnetic susceptibility required to readily achieve a fit to the observed data was commonly at the upper
end of the susceptibilities measured on basalt rock samples in this area (typical range 0.01–0.02SI).  This
may mean that the basalt is more magnetic at depth, than at the surface.
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Mount Schank (Anomaly C)

A group of rectangular prisms were assembled to account for the magnetic anomaly over Mount Schank
(Fig. 17).  Their characteristics were:

Dimensions: 200–400 m x 200 m x 500 m depth extent
Depth below ground level: 36–42 m - essentially at the surface
Susceptibility: 0.01–0.03 SI

Hungerford (Anomaly E)

A pair of rectangular prisms were assembled to account for the magnetic anomaly near Hungerford
(Fig. 18).  The characteristics were:

Dimensions: 530 m x 1000 m x 420 m depth extent
Depth below ground level: 260–270 m
Remanence: 0.2–0.35 Amps/m

It is unlikely that the source of this anomaly will be found on the surface.  Perhaps this anomaly is caused by
a blind basalt plug.  Alternatively, because of the confined nature of the anomaly, a carbonatitic or
sulphide/magnetite basemetals vein is possible.

DEPTH TO BASEMENT INTERPRETATION

Two methods of depth to basement estimation were applied to the Otway Basin aeromagnetic data, namely
forward modelling of specific anomalies and Euler deconvolution over the whole area.  Both methods are
accurate to ± 10% of true depth for ideally shaped magnetic anomalies.

The forward 3-D modelling was undertaken on profile data by David H Tucker of Preview Resources Pty
Ltd, using software POTENT (Appendix 5) while the 3-D Euler deconvolution was undertaken on gridded
data by Duncan R Cowan of Cowan Geodata Services, using proprietary software.  (Appendix 7).

A summary of the depth to magnetic bodies from forward modelling is given in Figure 26.

Application of Euler Deconvolution was made with a 9 point window and a 16 point window on a 135 metre
mesh.  Results should be used with some caution.  Results are dominated by east–west and west-northwest
striking shallow sources commonly in the depth range 0–500 m and 500–1000 m below ground level, being
shallower in the north of the area and deeper in the south (Appendix 7).

Results are also indicative of depths to the sources of longer wavelength anomalies.  For example, in the
vicinity of the Penola magnetic high, maximum depths lie in the range 1500–2000 m (some 500 m less than
indicated in Sawpit No 1 where basement meta basalt was reached at 2500 m).  In the vicinity of the
Hungerford Anomaly, maximum depth estimates of 400–600 m to this inferred igneous plug were obtained. 
A second set of maximum estimates at this vicinity lie in the range 3000–4000 m.  These are considered
indicative of the depth to the source of the longer wavelength background to the Hungerford Anomaly.

In the vicinity of the Mount Gambier anomaly, numerous depth estimates lie in the range 1000–3000 m. 
These are substantially less than the maximum depths indicated by seismic surveys, and are not considered
reliable.  A lesser number of significantly deeper estimates lie in the range 4000–6000 m, and are at the
minimum of the probable depth to this particular body (A).

The forward modelling approach gave depth estimates in the range 20–600 m below surface for various
narrow curvilinear type sources, believed to originate within the sedimentary section.  We do not infer that
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the sedimentary section is significantly magnetic, but rather that fault fillings are magnetic.  In the vicinity of
the Penola high, depth estimates lie in the range 2000–2500 m, comparable with the depth to basement in
Sawpit-1.

In the vicinity of the Hungerford Anomaly (F), depth estimates to the plug like source lie in the range 200–
400 m.

The Mount Gambier anomaly (A) has depth estimates of 5000–8000 m, considered reliable for this
particular body.

PSEUDO-DEPTH-SLICING

Basis of the method

The basis of Pseudo-depth-slicing lies in the application of potential field frequency spectra to estimate
depth to source bodies.  The use of spectra for this purpose is discussed in the literature and is commonly
used by interpreters to gain a regional summary of source depths.

The details of the WGCL's Pseudo-depth-slicing technique are proprietary information and have not been
released for this survey.

WGC's procedure of Pseudo-depth-slicing followed is likely to go along the following lines.  The
aeromagnetic profile data are manually smoothed to remove culture effects.  Data are then gridded and
reduced to the pole (grid interval one third of line spacing).  The power spectrum of the gridded
aeromagnetic data is generated.  Portions of the spectrum which exhibit linearity (and therefore are likely to
have associated source depths) are then used to construct matched filters.  These have been described as
band pass filters – we will use the term matched filters.  Each matched filter is then applied to the data to
generate a grid of 'Pseudo-depth-sliced' data.  The grids are used to generate contour maps and pixel maps
(contour intervals generally are small – typically 0.1 nT).

Selection of the appropriate Pseudo-depth-slices is a trial and error technique which benefits from
proprietary experience.

WGCL advise that the sum of the Pseudo-depth-slices closely matches the original reduced to pole total
intensity data.

Pseudo-depth-slices generated in P1

A single attempt at Pseudo-depth-slicing was made by World Geoscience and a five slice set was adopted.

Pseudo-depth-slice 1

This image contains prominent parallel narrow curvi-linear anomalies striking at 300o in the northeast of the
survey area (near Penola).  There is a strong overprint of short east–west elongated anomalies over most of
the survey.  There is also a north–south trend through the centre of the area, a number of small circular
features and a number of slightly curved east–west features between Mount Gambier and Tarpeena.  With
the exception of the 3000 linears the remainder of the anomalies are thought to be caused by surface culture'.
 (Towns, powerlines, roads, railway lines and buildings – a surface utilities map is included as Figure 27). 
Offshore, the strong shortwave length overprint is absent, amplitude is significantly reduced and there is a
weak east–west and 3000 texture (the processed image contains clearer trends than the contour map). 
Further processing of the offshore data may enhance magnetic trends.

Onshore there is a large, background magnetic high area centred at Mount Gambier with a radius of
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approximately 10 km.  The cones at Mount Gambier and Mount Schank show as poorly defined annular
features (5 km and 3 km diameter respectively).  A smaller feature (2km diameter) is located near
Hungerford.

The near surface expression of the upthrown basement block north of the Kanawinka Fault has high
amplitude features and is located in the extreme northeast corner of the survey.

Prominent circular magnetic high features are caused by the Tarpeena Sawmill and the Nangwarry and
Penola townships.

Pseudo-depth-slice 2

The 300o curvi-linear anomalies are prominent in the northeast.  In addition, a scattered number are now
noticeable from south of Mount Gambier to Penola in the north.  There is also a linear direction of 310o 
south of Mount Gambier.

The north–south feature through the centre of the survey is still present but is less continuous.  The large
Mount Gambier magnetic high is better defined and the volcanic plugs at Mount Gambier and
Mount Schank are very well defined as is the Hungerford anomaly.

Anomalies over the towns are still present but with less definition.  Northeast of Penola, longer wavelength
magnetic highs are emerging (Penola high).  A regional high along the western edge of the survey, north of
Hungerford, is noticeable.  The southern area of the Penola High is criss-crossed with linear anomalies with
320o and 40o strike directions.

Pseudo-depth-slice 3

Most short wavelengths have disappeared.  The Mount Gambier High is very clearly defined and the
Mount Gambier cones are represented as a small circular feature on the western flank of the main anomaly. 
The Mount Schank and Hungerford anomalies are more subdued.  A magnetic low south of Mount Gambier
and centred on the coast is evident and may be associated with the high.

A short wavelength overprint is present south of Mount Gambier with a strike of 310o.  The curvi-linear
features southeast of Penola (300o strike) are still present but weaker.  The Penola High is very clear, dumb-
bell shaped with peaks 6km apart.  It lies within a large magnetic low that occupies the northern third of the
survey area and contains the Penola Trough.

A magnetic high anomaly (approx. 7km long) is located south of Tarpeena with a strike of 300o.  The
anomaly coincides with the upthrown block of the Kalangadoo High and marks the southern margin of the
Penola Trough.

The magnetic high along the northwest edge of the survey area is now quite prominent and includes the
Hungerford blind plug.

Pseudo-depth-slice 4

The contours and processed image are characterised by large smooth anomalies.  The Mount Gambier and
Mount Schank cone anomalies have disappeared as has the Hungerford plug.  The large Mount Gambier
High is very well defined.  The Penola High is more subdued and the northern magnetic low still has the
Tarpeena anomaly along the southern boundary.
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Pseudo-depth-slice 5 (Pseudo-Basement Slice)

The image is dominated by the Mount Gambier high and the regional northern low.  On the northwest side,
the western high is still prominent.  All shallow features have disappeared and only a hint of the Penola High
remains.

SEISMIC MAPPING
  
MESA employed a consultant geophysicist to map the South Australia area of the onshore Otway Basin
using existing open file company seismic data.  The mapping exercise was designed to produce a consistent
series of maps of structural horizons which are important in understanding the structural evolution of the
basin and which would be useful for future company exploration in the area.  Seismic mapping in the
various licences by different operators was inconsistent in the horizons mapped and the area of mapping was
patchy.

Horizons mapped were the Top Sherbrook Group (Top Cretaceous - Base Tertiary), Top Eumerella
Formation (Early Cretaceous - Late Cretaceous unconformity), Top Crayfish Group (intra Early Cretaceous
unconformity) and Top Basement.

Two way time values were picked, tied to available wells and digitised.  Time values were hand contoured
for each horizon.  The time map was digitised and data were converted to depth using a regional grid of
seismically derived stacking velocities to each mapped horizon.  Digital depth data was gridded and
recontoured using Petroseis software.  Contour images of each of the four horizons were extracted from
Petroseis at a scale of 1:100,000.

COMPARISON OF SEISMIC STRUCTURE MAPPING AND PSEUDO-DEPTH SLICED
MAGNETICS

Mapped Formation Tops

Structure on Top Sherbrook (Base Tertiary) compared to Depth Slice 2.

Mount Schank lies near a fault system trending west-northwest–east-southeast down thrown to the south. 
Depth to Top Sherbrook is 1100–1200 m in the area of the faults and aeromagnetic lineaments and the faults
are parallel.

North of Mount Gambier faults which are approximately east–west correspond to magnetic lineaments.  The
Kalangadoo Structural High is a northwest–southeast trending basement high bounded on the north side by a
down to the north fault.  The bounding fault is sub-parallel to a number of magnetic lineaments.  Other
magnetic features appear to terminate at the Kalangadoo Fault.

Southwest of the Katnook Field, two northwest–southeast faults correspond to magnetic lineaments.  In the
Laira-Zema area a number of faults are sub-parallel to the magnetic elements with a secondary cross-cutting
magnetic pattern.

At Katnook, there are minor parallel east–west faults and near Penola 1, faults and magnetic lineaments are
sub-parallel.  In the north of the magnetic survey area, the magnetic trend is east–west.

Structure of Top Eumeralla compared to Depth Slice 2.

South of Mount Gambier faults and magnetic lineaments are sub-parallel.  The Tartwaup Fault is mapped in
close proximity to a powerline and it is difficult to determine if the magnetic lineaments are due to structure
or culture.
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In an area close to and north of Mount Gambier west-northwest trending faults have nearby sub-parallel
magnetic lineaments.  The Kalangadoo Fault (down to the north) is sub-parallel to a number of magnetic
lineaments.  The Laira-Zema area in the northwest of the survey has more northwest–southeast faults than
the shallower horizon and there is an east–west magnetic trend which cross-cuts the fault direction and
extends eastwards to Katnook where east–west faults are mapped.

In the Penola area there is a close correspondence between northwest–southeast faults and magnetic
lineaments.  In the far north of the survey, east–west magnetic lineaments cross-cut the mapped northwest–
southeast faults.

Structure of Top Eumeralla compared to Depth Slice 3

South of Mount Gambier the seismic faults are approximately east–west but the magnetic lineaments are
cross-cutting in a north-northwest–south-southeast direction.

Immediately north of Mount Gambier there are a small number of magnetic lineaments parallel to
seismically defined faults.  The Kalangadoo Fault and magnetic trends are parallel in a broad band.  There
are a few east–west cross-cutting magnetic trends north of the fault.

In the Laira-Zema area there are only a couple of magnetic lineaments parallel to the fault pattern.

Immediately north of Katnook a number of east–west magnetic trends and faults are parallel.  To the
southwest and east of Katnook there is good agreement between faults and magnetic lineaments.  In the
eastern area there appears to be an east–west magnetic direction cross-cutting some faults.

Structure of Top Crayfish compared to Depth Slice 3

There has been no mapping south of Mount Gambier because of the poor quality of the deep seismic data. 
North of Mount Gambier the magnetic response and faults are parallel.  The Kalangadoo Fault has mainly
sub parallel magnetic lineaments.  East and northeast of Katnook northwest–southeast faults parallel linear
magnetic anomalies.  There is an east–west cross-cutting magnetic trend present as well.  In the Penola area
cross-cutting faults and magnetic anomalies are present.

Structure on Top Crayfish compared to Depth Slice 4

Magnetic anomaly G is located south of and parallel to the Kalangadoo Fault.  The anomaly is associated
with the Kalangadoo basement high.  Southwest of Katnook are a few parallel magnetic anomalies and
faults down thrown to the north, northeast of Katnook are a few cross-cutting faults and magnetic anomalies.

The Penola-Sawpit anomaly is circular and faults that cross the anomaly don't disrupt the shape of the
anomaly.  The magnetic anomaly is independent of the fault displacement.  Anomaly F in the northwest
corner has north–south magnetic lineaments cutting across northwest–southeast faults.

Structure of Top of Basement compared to Depth Slice 4

Anomaly G is parallel to the Kalangadoo Fault and immediately south of the fault location.  Anomaly I is on
the north side of the Kalangadoo Fault and is bounded by minor faults.  Southwest of Katnook, faults are
subparallel to a few magnetic elements.  North of Katnook there are a number of east–west magnetic
anomalies which the faults cut across.  East of Katnook there are a number of magnetic lineaments parallel
to mapped faults with an additional set of cross-cutting east–west lineaments.

The Penola anomaly shows no displacement of mapped cross cutting faults.
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Structure on Top of Basement compared with basement magnetics

Anomaly G is parallel to the Kalangadoo Fault.  An intrusion on the western end of the Kalanadoo Fault at
Hungerford is Anomaly E.

The Penola anomaly has minor magnetic lineaments parallel to mapped basement faults.  The north and
south ends of the anomaly are bounded by faults.

Penola 3-D seismic survey

Lineaments within the aeromagnetic data were compared with structures in the Penola 3-D Seismic Survey
using Pseudo-depth-slice 2 and Top Eumeralla and structure on Top of Basement (Figure 24).

The magnetic data was on grey scaled second vertical derivative of Pseudo-depth-slice 2, especially
produced by World Geoscience Corporation to enhance narrow curvilinear and linear cross cutting features.
 We have ignored possible residual cultural features.

Lineaments mapped include highs, lows and linear cross cutting features.  Strike directions are dominantly
west-northwest, east-west and north-northeast.

Pseudo-depth slice 2 lineaments east of Penola appear to closely match fault patterns mapped using seismic
at the structure on top of basement.  As the pseudo-depth slice 2 is presumed to represent shallow features in
the sedimentary section, it is concluded that the faults are near vertical (normal horst and graben type) and
extend somewhat higher in the section than currently mapped on seismic.

Depth to magnetic source

The Mount Gambier magma chamber has been modelled with a depth estimate of 5000–8000 m.  The
seismic structure mapping on Top Basement Structure is not known at Mount Gambier.

The Mount Gambier volcanic cone complex has plug depths of between 120 and 220 m.  The plug images
are best developed on pseudo-depth slices 2 and 3.  North of Mount Gambier and 10–15 km southeast of
Kalangadoo is a northeast–southwest trending magnetic anomaly which appears to be produced from a
depth of 3360 m at its southern extremity and dips to the northeast at 28°.  The anomaly is best defined on
the basement pseudo-depth slice. 

Along the western margin of the survey a large north–south magnetic anomaly is developed with the
anomaly's eastern edge modelled at 2500 m depth.  A blind plug at the Hungerford well location on top of
and associated with the deep north–south anomaly is modelled at 260–270 m and is best seen on pseudo
slices 1 and 2 with a poorer image on slice 3.  There is no depth estimate from seismic on the plug.

Northwest–southeast linear features between Laira-Zema and Katnook are estimated to be at 250 m and
270 m and are seen on slices 2 and 3.

Small northwest–southeast anomalies in the northwest extremity of the survey are estimated to be at 450 m
and are  best seen on slices 2 and 3.

The plugs associated with Mount Schank are modelled at 35 m.  Along the northeast corner of the survey a
series of parallel northwest–southeast anomalies associated with parallel faults with down to the south
throws have depth sources of 220, 500 and 760 m from north to south.  The anomalies are associated with
the fault planes.  The depth estimates all lie within the Eumeralla Formation and may be due to mildly
magnetic mineralisation possibly associated with Tertiary movement.
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Anomaly G north of Mount Gambier has a southern margin defined by the Kalangadoo basement high.  The
source of the anomaly lies south of the down to the north fault within the basement and dips to the north.

RECOMMENDATIONS

• The remainder of the onshore and offshore SA Otway Basin should be flown and
aeromagnetic/radiometric data recorded at 400 metre line spacing.  Following the P1 survey a joint
AGSO/MESA aeromagnetic survey has covered a small offshore area of the basin adjacent to the
Victorian border and MESA have flown a minerals aeromagnetic survey covering the northern basin
margin as part of the 1995 South Australian Exploration Initiative.  AGSO should be approached to see
if  they are interested in completing the aeromagnetic coverage of the SA Otway Basin.

• Use the mineral exploration survey data to map the northern boundary of the basin.  The seismic
coverage in the northern area is quite widely spaced and the aeromagnetic results will help in the
mapping of potential stratigraphic traps along the basin margin.

• Attempt to minimise the effects of surface 'culture' by reprocessing the acquired data then undertake
further pseudo-depth slicing.  If further surveying is undertaken try to minimise the culture effects
through the equipment used and additional processing techniques.

• When the remainder of the basin is covered by aeromagnetic surveys attempt to map faulted structures
within the sediments of the Penola Trough as per the area southeast of Penola.

• Further evaluate a break in structural continuity which occurs in the aeromagnetic data west of the
Sawpit high and west of Tarpeena and follows a line 20° east of north.

• Map basement structures and volcanic occurrences and in particular, define the Hungerford plug. 
Volcanic bodies may control the distribution of CO2 in the gas fields.

• Radiometric data require further processing and analysis.  Investigate the occurrence of a number of
gas fields in an area of low radiometric response.

• The southern area has minimal structure interpretation of basement and lower Cretaceous horizons
because of the poor quality of the seismic data.  Reprocessing of the available seismic may provide
improved definition (Basement from aeromagnetic modelling is thought to be at 6–8 km).

Offshore magnetic data (no surface culture effects) could be further processed to enhance structural
features especially over the three nautical mile strip which contains little seismic data.

CONCLUSIONS

The Residual Total Magnetic Intensity Reduced To the Pole contour display is dominated by an elliptical
high feature in the Mount Gambier area with magnetically low areas to the north and south.  The Mount
Gambier high appears to be a large magma chamber (15 km across) located at a depth of 5–8 kms with the
Mount Gambier and Mount Schank cones as small subsidiary anomalies.  The Penola Trough north of
Mount Gambier is poorly defined along the southern margin where the Kalangadoo high is not as
continuous as mapped by seismic.  The northern margin of the Trough is defined by the Kanawinka
basement fault and the northwest–southeast fault trend within the Trough is evident in the magnetic data.

Structure within the sedimentary section is best observed in pseudo-depth slice images 2, 3 and 4.  Of
particular interest are northwest–southeast faulted structures within the Penola Trough and a cross faulting
pattern over the Sawpit High near Penola.  South of Mount Gambier, curvilinear northwest–southeast
features similar to those near Penola are seen in pseudo-depth slices 2, 3 and 4.  Seismic mapping in the area
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shows a more east–west orientation of faults which are mappable in the Tertiary and Late Cretaceous.  The
seismic quality is too poor to map Early Cretaceous and basement which could contain the source of the
northwest–southeast curvilinear features. 

There is a major problem in the Otway Basin area with surface culture.  The magnetic data used in the
pseudo-slicing exercise contains magnetic effects from powerlines, railways and towns which has not been
adequately removed and which remain visible in slices 2 and 3.

Further processing of the magnetic data is required to give a clearer interpretation of the effects of the
geology.  Narrow curvilinear magnetic features in the Penola Trough are interpreted to be faults containing
magnetic material which is confined to the depth interval of the Eumeralla Formation.  Offshore, there is no
surface culture and the magnetic response on pseudo-depth-slices 2 and 3 show vague cross cutting
northwest–southeast and northeast–southwest features.

Magnetic susceptibility readings in petroleum wells were obtained only from core material to avoid the
problem of contamination by drill pipe derived steel fragments.  Cores measured ranged in age from Tertiary
Gambier Limestone to pre-Cretaceous metasedimentary basement and the values were all too low to be the
source of aeromagnetic anomalies.  Magnetic susceptibility values obtained from a study by Chatfield
(1992) of basaltic material at Mount Gambier and Mount Schank had values which when used in modelling
matched the aeromagnetic response over the Mount Gambier magma chamber.  The core values especially
in the Eumeralla Formation did not match the magnetic susceptibilities required to produce the curvilinear
fault derived anomalies near Penola.  It has to be assumed that mineralisation along the fault planes with
considerable depth extent is responsible for the fault related anomalies.

Variations in radiometric data presented as potassium (K), uranium (U) and thorium (Th) and as total count
and ratios of the above three elements closely reflect distribution of surface rock types.  The best images of
rock type distribution are seen in the Th and Total Count images.  The Gambier Limestone outcrops near
Mount Gambier and is surprisingly high in all three radioactive elements, particularly Th and U.

The radiometric response of volcanic activity at Mount Gambier is a low anomaly which shows the area of
distribution of volcanic material.  The Bridgewater Formation calcarenite ridges produce radiometric highs
in the central area of the survey.  The interdune Padthaway Formation gives contrasting responses in
different areas.  In the Penola area throughout the Terra Rossa soil unit there are high readings in all three
elements.  The same rock unit has medium to low readings in areas of outcrop to the east and northeast of
Mount Gambier.  It is interpreted that the Padthaway Formation contains a number of different facies
resulting in different rock types in the two areas with contrasting radiometric response.

The known gas fields in the Katnook area occupy a region of low radiometric values.  Further west in the
Laira/Zema area, the radiometric values are also low.  The low values near Katnook are not related to
variations in surface geology and may be caused by leakage of hydrocarbons to the surface, changing the
near surface radiometric response.  The low readings may also be due to the presence of surface water in
swampy areas near the Katnook field.  Laira 1 and Zema 1 are on a structure which when tested produced
small gas flows and is interpreted to have previously contained a gas accumulation which subsequently
leaked following recent fault reactivation.  An old soil geochemistry survey carried out after the Katnook-1
discovery, found a number of areas around Katnook, Ladbroke Grove and Hungerford with anomalous soil
gas readings, which coincide with the areas of radiometric low values.

The Radiometric Ternary image with each of the elements represented as different colours contains a fine
northeast–southwest linear pattern which may be associated with a surface fracture pattern as it is not
reflected in the surface geology, or seismic mapping.  A few fine linear northwest–southeast features
southeast of Penola on the Ternary image appear to have high U readings and may be the surface expression
of a number of seismically mapped faults.



23

REFERENCES

Alley, N.F. and Lindsay, J.M. (Compilers), 1995.  Tertiary. In: Drexel, J.F. and Preiss, W.V. (Eds.), The
Geology of South Australia.  Vol. 2, The Phanerozoic.  South Australia Geological Survey.  Bulletin,
54.

Chatfield, K. A., 1992, "The relationship between volcanics, associated intrusives and carbon dioxide within
the Otway Basin, South Australia".  B. Sc. Hons. Thesis, University of Adelaide.  (November 1992).

Chatfield, K. A., 1995.  The impact of volcanism on petroleum exploration, Otway Basin, South Australia. 
South Australia.  Geological Survey, Quarterly Geological Notes, 127: pp 2–13.

Frears, R.A. and Tucker, D. H., 1994.  Cooper Basin Aeromagnetic/Radiometric Test Survey.  South
Australia.  Department of Mines and Energy.  Report Book 94/35.

Heath, D.H., Clarke., and Bint, A.N. 1993.  High resolution aeromagnetics clarifies structuring in the
Vlaming Sub-basin, Western Australia.  Exploration Geophysics 24, 535–542.

Jensen-Schmidt, B. and Cockshell, C.D., 1995.  Offshore Otway Basin - South Australia.  A regional seismic
interpretation including depth conversion of the onshore South Australian sector.  South Australia.
Department of Mines and Energy Report Book 95/19 (February, 1995).

.Le Blanc, M.C., 1967.  Caroline 1 well completion report, Alliance Oil Development Australia N.L.  South
Australia. Department of Mines and Energy Open file Envelope, 758 (unpublished).

McClung, G. and Archer, D.W., 1989.  Katnook 2 well completion report, Ultramar Australia Inc.  South
Australia.  Department of Mines and Energy.  Open file Envelope, 7189  (unpublished).

Morton, J.G.G., 1990.  Revisions to stratigraphic nomenclature of the Otway Basin, South Australia.  The
Geological Survey of South Australia.  Quarterly Geological Notes, 116.

Morton, J.G.G. and Drexel, J.F. (Eds), 1995.  Petroleum geology of South Australia.  Volume 1: Otway
Basin.  South Australia.  Department of Mines and Energy.  Report Book, 95/12.

Oil Development N.L., 1961.  Penola 1 well completion report.  South Australia.  Department of Mines and
Energy.  Open file Envelope, 5618 (unpublished).

Oil Development N.L., 1962.  Mount Salt 1 well completion report.  South Australia.  Department of Mines
and Energy.  Open file Envelope, 272 (unpublished).

Petrofocus, 1988. Soil Gas Alkane Survey PEL 32 Otway Basin South Australia for Ultrama Australia Inc.

Sheard, M.J., 1983.  Volcanoes.  In: Tyler, M.J., Twidale, C.R., Ling, J.K. and Holmes, J.W., (Eds).  Natural
History of the South East.  Royal Society of South Australia.  Occasional publications, 2: 7–14,
Adelaide.

Thornton, G. and Parker, K., 1990.  Katnook 3 well completion report, Ultramar Australia Inc.  South
Australia.  Department of Mines and Energy.  Open file Envelope, 7126  (unpublished).

Wiltshire, M., Le Blanc, M. and Cundill, J., 1966.  Kalangadoo 1 well completion report, Alliance Oil
Development Australia N.L.  South Australia.  Department of Mines and Energy. Open file Envelope,
543 (unpublished).



1-1

APPENDIX 1

CATALOGUE OF MAPS SUPPLIED

CONTOURS FLIGHT PATH AND PROFILES ON PAPER AND FILM 1:50 000

1:100 000

DME 93-1488 Aeromagnetic Contour Map.  Area P1. SM
Residual Total Magnetic Intensity with culture.
400 metre line spaced data.  1 nT contours.
SEISMIC Geophysical 1:100 000 Series.  Colour paper.

DME 93-1489 Aeromagnetic Contour Map.  Area P1. SM
Residual Total Magnetic Intensity Reduced to Pole.
400 metre line spaced data.  1 nT contours.
SEISMIC Geophysical 1:100 000 Series.  Colour paper.

DME 93-1495 Aeromagnetic Contour Map.  Area P1. SM
Residual Total Magnetic Intensity Reduced to Pole.
First vertical derivative calculated on the grid.
400 metre line spaced data.  0.2 nT contours.
SEISMIC Geophysical 1:100 000 Series.  Colour paper.

1:250 000

IMAGE PROCESSED PIXEL MAPS (PHOTOGRAPHIC)
1:50 000
1:100 000
1:250 000

DME 93-1496 Image processed aeromagnetics.  Culture suppressed. A1 SM
Montage of 3 images comprising:
Colour: TMI.  Shading: Northeast illumination
Colour: TMI:  Shading: Southeast illumination
Greyscale:  First vertical derivative

DME 93-1497 Image processed radiometrics. A1 SM
Montage of 2 images comprising:
Colour:  total count
Colour:  radiometric ternary
           Red-potassium, green-thorium, blue-uranium.

DME 93-1498 Image processed radiometrics. A1 SM
Montage of 3 images comprising:
Colour: Equivalent potassium concentration percent
Colour: Equivalent uranium concentration ppm
Colour: Equivalent thorium concentration ppm

DME 93-1504 Image processed radiometrics. A1 SM
Montage of 3 images comprising:
Colour: ratio of uranium vs potassium
Colour: ratio of thorium vs potassium
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Colour: uranium vs thorium

DME 93-1499 Image processed aeromagnetics.  Culture suppressed A0 SM
Reduced to pole.  Pseudo-depth-slice 1
Montage of 6 images comprising:
Colour: TMI.  Shading: Northeast illumination
Colour: TMI.  Shading: Southeast illumination
Colour: TMI.  Shading: First vertical derivative
Greyscale: Northeast illumination
Greyscale: Southeast illumination
Greyscale: First vertical derivative

DME 93-1500 Image processed aeromagnetics.  Culture suppressed A0 SM/DT
Reduced to pole.  Pseudo-depth-slice 2
Montage of 6 images comprising:
Colour: TMI.  Shading: Northeast illumination
Colour: TMI.  Shading: Southeast illumination
Colour: TMI.  Shading: First vertical derivative
Greyscale: Northeast illumination
Greyscale: Southeast illumination
Greyscale: First vertical derivative

DME 93-1501 Image processed aeromagnetics.  Culture suppressed A0 SM
Reduced to pole.  Pseudo-depth-slice 3
Montage of 6 images comprising:
Colour: TMI.  Shading: Northeast illumination
Colour: TMI.  Shading: Southeast illumination
Colour: TMI.  Shading: First vertical derivative
Greyscale: Northeast illumination
Greyscale: Southeast illumination
Greyscale: First vertical derivative

DME 93-1502 Image processed aeromagnetics.  Culture suppressed A0 SM
Reduced to pole.  Pseudo-depth-slice 4
Montage of 6 images comprising:
Colour: TMI.  Shading: Northeast illumination
Colour: TMI.  Shading: Southeast illumination
Colour: TMI.  Shading: First vertical derivative
Greyscale: Northeast illumination
Greyscale: Southeast illumination
Greyscale: First vertical derivative

DME 93-1502 Image processed aeromagnetics.  Culture suppressed A0 SM
Reduced to pole.  Pseudo-depth-slice basement
Montage of 6 images comprising:
Colour: TMI.  Shading: Northeast illumination
Colour: TMI.  Shading: Southeast illumination
Colour: TMI.  Shading: First vertical derivative
Greyscale: Northeast illumination
Greyscale: Southeast illumination
Greyscale: First vertical derivative









































































































































































































APPENDIX 6

SIDESCAN RADAR DATA

ERS-1 is a satellite launched by the European Space Agency (ESA) on 17 July 1991.  Among its instrument
suite this satellite carries a synthetic aperture radar which is an active sensor using the 5.3 Ghz (C-band)
frequency.  "In image mode the on-board SAR instrument obtains strips of high resolution imagery 100 km
wide, with a spatial resolution of 26 m in range (across track) and between 6 m and 30 m in azimuth (along
track)".  "A narrow beam is directed sideways and downwards onto the Earth's surface with an incident
angle of 23 degrees (mid swath).  The radar beam illuminates the ground and an image is built up from the
return signals of individual targets".  (ACRES user Manual, 1991, p80).

An ERS-1 SAR image over south-eastern SA extending from Mount Gambier in the south to Penola in the
north was purchased from ACRES in conjunction with an aeromagnetic survey of the region conducted by
World Geoscience (see figure 19).  The justification for the purchase was twofold:

1. C-Band radar imagery penetrates cloud hence the imagery have a greater chance of having been
acquired close to the time of the aeromagnetic survey.  The south-east is notorious for its cloud cover,
making timely acquisition of Landsat imagery highly unlikely.

2. The active radar signal responds to the electrical properties of the materials with which it interacts. 
For example radar imagery highlights railways and power lines compared to Landsat imagery which
highlights roads.  It was felt that radar might assist in the identification of those surface features
causing spurious high frequency responses in the aeromagnetics.

The results were not as encouraging as anticipated.  The imagery did highlight linear metallic features such
as the railway and the power lines.  However the orientation of the object relative to the orbit of the satellite
determined the strength of the return signal and certain objects that should have responded to the radar
signal were not detected.  The resolution of the imagery was disappointing at 30 m x 30 m ground pixel size.
 There did not appear to be any features visible in the ERS-1 image that could not have been found on the
relevant topographic map and there were features of interest on the map which were not present in the
imagery at all.
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REPORT ON LINEAR ANALYSIS OF
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EULER DEPTH TO BASEMENT INTERPRETATION
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