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ABSTRACT

An aeromagnetic survey of OP 236, N.T. was
flown by Geometrics lnternational Corp. in
late 1984 using the transverse gradiometer
system. The primary objective of the
survey was to map structures associated
with the volcanic member of the Bitter
Springs Formation. A secondary objective
was to locate shallow noise zones that
might be associated with magnetite
reduction over a buried petroleum
reservoir,

Regional residual analysis of the magnetic
data was successful in extracting
information pertinent to three different
levels of magnetic sources. Shallow
sources are believed to be ironstone units
that are conformable with the older
sedimentary units. These have allowed
mapping of anticline and syncline axes
below the extensive sand dune cover.
Intermediate depth anomalies are
associated with a volcanic member of the
Bitter Springs Formation while the deepest
anomalies are believed to be caused by
crustal deformations.
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AEROMAGNETIC INTERPRETATI ON
REPORT

1.0 INTRODUCTION

A preliminary lnterpretatlon of the 1984 Amadeus Basin aeromagnetlc
survey of OP 236, N.T. for Sydney Oil Company (Arunta) Pty Ltd has been
prepared at the r.equest of Mr R. Schroder. The aeromagnetic survey was
flown to asslst wlth the mapping of structure and estimation of
sediment thlckness above the magnetic unit of the Bitter Springs
formation.

Geospex Assoclates Pty Ltd has prepared a preliminary interpretation
report on the data from thls survey, and integrated the available
regional gravity data. To assist the interpretation, the magnetic data
has been processed to enhance the characteristics of shallow magnetic
sources and the Bitter Springs Formation. Regional residual analysis
of the Bouguer gravlty data has also been performed to help improve the
lnterpretation of this data.

Detailed interactlve computer modelling has been performed on several
aeromagnetic llnes to assist with the mapping of the volcanic horizon
within the Bitter Sprlngs Formation. Werner deconvolution processing
was also applied to all magnetic profiles to help with depth estimates
to the Bitter Springs formation.

lnformation supplled for the purpose of this lnterpretation includes
the following:

Located data tape of raw magnetic data
BMR gravity data base of Australia
1:1001000 magnetic contour map (Geometrics)
1:100,0O0 stacked proflle map (Geometrics)
1:250,000 geology sheets for

Henbury (1965)
Lake Amadeus (1968)

1:250,0O0 Aeromagnetic map (BMR regional survey)

The interpretatlon was prepared at the scale of 1:250,0O0 because the
geology and regional magnetic surveys were plotted at that scale. Due
to the dominant regional magnetic gradient, the 1:100,000 scale
magnetic contour maps and stacked profiles were of little asslstance in
this interpretation. These were also not supplled until late in the
project. The majority of lnformation has been derived from maps
created from the located data tape,

oP 236
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2.O AEROMAGNETIC SURVEY SPECIFICATIONS

A high resolution. magnetic gradiometer survey of OP 236, N.T. was flown
by Geometrics lnternational Corporation in October, 1984 and processed
in February, 1985. The specially equipped aircraft had magnetic
sensors installed on the tail and each wing tip. This configuration
allows the measurement of horizontal gradients in the direction of
flight and transverse to the flight line.

Major benefits of this configuration are:

Detection and removal of diurnal magnetic field changes
especially in the presence of magnetic storms.

Use of transverse gradient to allow wider flight
line seprations over deep targets.

2.1 Geophysical Survey Equipment

Following is a list of the geophysical survey equipment used by
Geometrics in the data acquisition phase of the survey.

oP 236

2.2 Sampling Speciflcatlons

The sampling specifications are standard for this type of
survey except for the flying height which was set at 100 metres
above mean terrain elevation. Normally petroleum surveys are
flown at greater heights to remove surface noise influences.
ln this case an elevation of 100 metres was chosen to make it
possible to detect high frequency magnetic changes that might
be associated with hydrocarbon reduction zones (Henderson et.
al, 1984).

Magnetometers
Sensitivity

Flight Path Recorder
Navigation
Digital Acquisition

System

Traverse spacing
Tie line spacing
Survey altitude
Sample interval
Flight path recovery

Geometrics G813
0.2 nT
Hitachi colour video camera
Singer Doppler Nav. system
Geometrics G-714

1500 metres
15000 metres

100 metres above mean terrain
40 metres

Visual onto 1:80,000 photo
enlargements from video

GEOSPEX ASSOCIATES PTY LTD 

-



AEROMAGNETIC INTERPRETATION
REPORT

-3-

2.3 Processing Speclflcatlons

Data from the survey was processed at the U.S. office of Geometrics to
produce several qomputer generated products. These included:

1:100,000 total magnetic intensity contour maps,
1:100,00O total magnetic intensity stacked profile maps,
1:100,000 flight path recovery maps.

The processing stages included:

Removal of the lnternational Geomagnetic Reference Field
(IGRF) from the raw tail stinger data,

Diurnal magnetic field removal,
Leyelling of DC components in the magnetic field.

Only the tail stinger data was used in the production of the contour
map since the cross track gradient was too low to be of any use in this
process. This is attributed to the dominant east-west trend of the
majority of magnetic features.

ln the contouring of the data a primary mesh size of 190.5 metres was
used which is reasonable for the line separation of f50O metres. This
has a filtering effect on the shallow magnetic sources and helps to
join trends from line to line.

oP 236
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3.0 BMR GRAVITY DATA BASE

Gravity data for oP 236 was obtained from the Australian Nationat
Gravity Data Base as supplied on magnetic tape from the Bureau ofMineral Resources, Geology and Geophysics. The data is tied to the
Australian National Gravity Base station Network (lsogal Network) usingthe Potsdam 1930 gravity datum.

A subset of this data base was extracted from the magnetic tape to
include the followlng area:

Latitude range 23.5 to 25.5 degrees
Longitude range 131.0 to .134.0 degrees

The boundaries of this area are shown in Fig. 3.0.1 and cover much ofthe areas adjacent to op 236. A large areã was chosen to allow
examination of the regional gravity fietd.

This data is supplied as a magnetic tape of principal facts and must be
reduced to Bouguer gravity. Bouguer corrections and latitude
corrections were applied to the data. A density of 2.2 g/cc was chosenfor the Bouguer correction to help compensate Ìor the lõw densities of
sand dune cover.
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4.0 GEOLOGY

The geology of the oP 236 licence area consists predominanUy of a
Palaeozoic and Precambrian sedimentary sequence sitting on tôp of
crystalline basement. The only magnetic unit within the sedimentary
sequence is a volcanic horizon within the Bitter Springs Formation.
This unit was first recognised by Blaydon and Davies (1992) in a
drilling program designed to test a shallow source magnetic anomaly
from a ground amgnetometer traverse.

From this work it is apparent that some of the older sedimentary
formations contain ironstone bands that are magnetic and can be traced
like marker horizons in drill hotes. wyatt (lgg3) found some evidence
for these lronstones in an earlier survey by weeks petroleum to the
south-west of OP 236.

AEROMAGNETIC INTERPRETATION
REPORT
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The majority of geological information used in this interpretation has
been extracted from the 1:2501000 preliminary geologícal sheet for
Henbury (1965). The most useful information is dip,-geotogical trends
and the location of Bitter Springs Formation outcrop.
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5.0 INTERPRETATION PROCEDURE

Interpretation of the geophysical data can be divided into three
stages:

Map analysis
Quantitative interpretation
Qual itative interpretation.

These procedures do not occur as three separate stages as the decision
maklng processes are all inter-related.

Map analysis normally occurs first where the major magnetic anomaly
components are separated and associated with specific geological
sources. This process involves regional residual analysis using band
pass filters that are selected specifically for the local geology.

Quantitative interpretation is the process of computer modeiling of the
magnetic data to derive information on the nature of the geology
associated with the magnetic anomalies. Both interactive geological
modelling and Werner deconvolution have been used for this
lnterpretation.

Qualitative interpretation can be defined as the process of
synthesising all of the available geophysical and geological data to
arrive at a plausible model for the subsurface geology.

The procedures used in the first two stages are discussed in this
section. section 6 discusses the synthesis of all the available
information.

oP 236
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5.1 Magnetlc Data Reduction

Magnetic data fróm the survey was provided by Geometrics prior to the
completlon of the contour maps. This data was recorded by the tail
stinger magnetometer and was uncorrected for diurnal magnetic
variation. Flight path recovery data was digitized by Engineering
computer services (Bowral) and merged with the magnetic data. These
locations were converted to latitudes and longitudes.

All latitude and longitude coordinates were converted to Australian Map
Grid coordinates (metres) using the central meridian for zone s3. part
of the western section of the survey area is in zone 52, but only zone
53 coordinates are used.

The data was interpolated to an exact 40 metre sample interval,
filtered with a cutoff wavelength of 360 metres and resampled at l2o
metres. This was considered optimal for removal of non-geological
noise and the reduction of processing time during Werner deconvolution.
This data became the data base for all further processing and
interpretation.

-l GEOSPEX ASSOCIATES PTY LTD 

-



AEROMAGNETIC INTERPRETATION
REPORT

-8- oP 236

5.2 Magnetlc Reglonal Resldual Analysis

Regional residual analysis of the magnetic data consists of separating
the anomalles associated with magnetic sources from different depth
ranges. This can be performed on the contour map or individual
proflles, ln thls case the analysls has been restricted to the
profiles as lt ls believed that they contain all the required
lnformation.

Anomalies caused by magnetic sources at different depths have different
wavelength components, The deeeper the source the longer the
wavelength. ln the OP 236 survey there are three distinctive source
depth ranges.

1 Surface or near surface related anomalies from
conformable ironstone horizons.

Volcanic horizon within the Bitter Springs
Formation which varies from the surface to
over 5,000 metres in depth. Magnetic crystalline
basement in western part of survey at about 8,000
metres.

3. Deep intrabasement or crustal magnetic anomlies with
depths ranging from 10,000 to 15,000 metres.

The magnetic contour map is dominated by the deep intrabasement
anomalies (Type 3) which produce magnetic anomalies of the order of 200
nanotesla (nT). Anomalies of Types 1 and 2 have amplitudes in the
range of f 'to 20 nT and are difficult to detect in the high gradient
regions of the contour map.

Special processing techniques are required to separate the anomalies
assoclated wlth the various sources. The techniques of regional
residual analysis are akin to the techniques of band pass filtering
used in seismic processing. ln this case, they are applied in the
spatial domain rather than the time domain. Type 1 anomalies are
separated with a high pass filter, Type 2 a band pass and Type 3 a low
pass filter.

lsolation of Types 1 and 3 is relatively simple to achieve.
Unfortunately, the frequency spectrum of Type 2 magnetic anomalies
overlaps both the Type 1 and Type 3 classes. This makes it difficult
to isolate Type 2 without significantly distorting its shape or
including components of Type 1 and 3. For this reason we have chosen
to use only low and high pass filters in the regional residual process.

2.
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Filter
Type

None
Low pass
High pass
High pass

oP 236

The results of the regional residual isolation process are lllustrated
in four figures with the specifications as listed in Table 5.1 below:

TABLE 5.1

FILTER SETTING FOR REGIONAL RESIDUAL ANALYSIS

Figure
No.

5.2.2
5.2.3

Wavelength
(rm¡

Frequency
cylces/km

.0250
,0250
.0125

Anomaly
Type

1

1

5.1
5.2

123
-23
1--
12-

4õ
40
80

The fittering operations are implemented wlth a convolution filter
which ls at least as long as the cutoff wavelength and preferably twice
the length. As the filter approaches the line end it shortens and
automatically adjusts its characteristics so as to achieve the same
band pass. The filter characterisitics gradually deteriorate as the it
shortens and the results within one half wavelength of the end of the
line are generally treated with some caution.

ln the case of Fig.5.2.3 a simple averaging filter was used to achleve
the 80 km cutoff wavelength due to limitations in the available length
of the convolution filter.
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5.3 Werner Deconvolution Analysis of Magnetlcs

The Werner Deconvolution method is an automatic procedure for the
interpretation of magnetic anomaly source locations. Werner (1953)
first proposed the method for the interpretation of sheet like magnetic
bodies such as dykes and volcanic horizons. Hsu and Tilbury (1977) of
the Bureau of Mineral Resources extended the method to include the
analysis of geological interfaces where changes in basement lithologies
are associated wlth changes in magnetic susceptibility.

This method is complementary to direct modelling of magnetlc surveys as
it allows large quantities of magnetic data to be processed in a
consistent manner. For an automatic interpretation procedure, it is
reasonably robust ln the presence of magnetic noise but not as accurate
as direct modelling of the magnetic profile.

The basic principle of the method is that given any 11 points along the
magnetic profile it is possible to obtain a theoretical solution for
the position and depth to the top of a thin magnetic sheet or
geological interface. lnformation is also obtained on the dip and
magnetic characterlsltics of the magnetic source. However, it ls not
possible to use the latter two measurement in a quantitatlve manner.

For well defined synthetic models, the Werner method generally gives
results within 10 percent of the true depth. Thís accuracy ls
progresslvely degraded by the presence of noise and increasing
geological complexity. ln general it will only recognise the
shallowest group of anomalies unless they are well separated spatially
or in wavelength characteristics. However, with these limitations in
mind the technique does provide useful results in a wide variety of
geologlcal environments. Our objective in this survey was to reduce
the total amount of time required for interpretation of the airborne
survey.

Figs 6.1.13 and 6.1.14 show the results of applying werner decovolution
to a synthetic model profile produced for line 310 by direct magnetic
modelllng of the original profile. The model depicts the undulating
surface of the volcanic horizon within the Bitter Springs Formation.
Fig.6,1.13 shows the results for a thin sheet model and Fig.6.1.14 is
the result for a magnetic interface.

Magnetic profiles are shown in the top section and the geological cross
section ln the bottom half of the plot. The magnetic profiles are
shown for each pass where the magnetic data is upward continued as a
power of 2 times the data spaclng, The horizontal lines show the width
of the 11 point Werner operator at each continuation level.

ln the geological section area of the plot, the results of each
suitable Werner calculation are plotted as a rectangular box. The size
of the box is related to the magnetization, its inclination relates to
the direction of magnetization (inaccurate) and location gives the
depth and horizontal position of the magnetic source.
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Many of the solutions cluster together below a prominant magnetic
anomaly, while others are scattered as small boxes through the
sectlon. The latter solutions are regarded as noise from mlnor
oscillations in the profiles, or roundoff errors in calculailons.
Anomaly clusters are regarded as the most important results with the
top of the cluster corresponding to the approximate location of the
magnetlc source.

The examples shown here are regarded as complex geological modets which
do not conform simply to a single magnetic sheet or Intérface. yet,
the results are surprlsingly good. lf a line were ptotted through the
shallowest of the two anomaly sets, then that llne woutd be a very
close approxlmation of the actual modelled surface.

Figs 6.1.16 and 6.1.17 show the resutts of applylng the same process to
the alrborne profile from whlch the magnetic modet was derived. The
results are similar, but show a much wider scatter of solutions due to
the presence of near surface geological noise. with the help of the
direct modelling, lt ls possible to boost the confidence in the werner
results by extrapolating the control outwards from the modelled line.

ln order to reduce calculatlon time and remove lnstrumentat nolse the
data was flltered to remove wavelengths less than 360 metres and
resampled at 120 metres intervals. The original sample interval was
approximately 40 metres. This filter will not remove any magnetic
anomalles from geological sources.

oP 236
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5.4 lnteractive Magnetlc Modelling

lnteractive magnetic modelling refers to the process of matchlng fietd
magnetic profiles with theoretical model proflles. The theoretlcal
proflles are constructed by computing the magnetic response of a model
geological cross section. Model are constructed interactively on a
colour graphics computer screen and modifled untll there is a good
match between the fleld magnetic profile and the theoretical profile.
At this stage lt is assumed that the model geological cross section is
a good approximation of the actual geology of the magnetic rock units.

There are two underlying assumptions in the modelllng process:

Non-uniqueness of model solution
Uniform geological cross section.

Non uniqueness of the solution refers to the fact that there are an
infinite number of possible solutions that will produce practically the
same magnetic profile. This is not as bad as it might first appear
because:

A large number of the solutions are slmllar geologically,
Geologlcal constraints reduce the number of posslble

solutions to a limited number of plausible solutions.

The geological constraints are derived from existing geological
mapping, avallable drilllng data and seismlc mapping.

Uniform geological cross section means that the model cross section
extends uniformly away from either side of the model profile for a
distance of three to five tlmes the modelling depth. This process
makes the modelling much simpler as it is only necessary to deflne a
two dimenslonal cross sectlon rather than a three dimensional model.

Examples of the modelllng results for four different magnetic proflles
are shown in Flgs 6.1.1 - 6.1.12.

I
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5.5 Gravity Reglonal Resldual analysls

Data from the Bi¡n regional gravlty data base was grldded and contoured
at an lnterval of 1.0 mgat (F19.5.5.1). A reglonal gravlty map
(Flg. 5.5.2) was produced by apptying a 40 x +o rm box tllter to the
Bouguer gravity grld. A resldual gravlty map (Flg. s.s.3) was produced
by subtractlng the reglonal map from the orlglnal Bouguer map.

The data used in the preparatlon of these maps has an average spacing
of 11 km and was collected as part of the BMRts hellcopter gravlty
program. Barometrlc levelllng was used in these surveys and the
accuracy of lndivldual statlons ls of the order of .|.0 - Z.S mgals,
Care must be taken not to over-interpret thls data. Station iocations
are plotted on all the maps to assist wlth the analysls.

t
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6.0 INTERPRETATION RESULTS

Discusslon of the lnterpretatlon is dlvided into quantltative and
qualltative sectlons. The former lncludes a discussion of the
lnteractive modelling results and Werner deconvolution plots. The
qualitatlve stage discusses the magnetic reglonal residual analysis,
Bouguer gravlty and exlstlng geology.

6.1 Quantltatlve lnterpretatlon

lnteractlve modelling of selected llnes from the survey proved to be
most helpful for the interpretatlon of the Bitter Springs Formation.
The Werner deconvolution proflles are of some assistance but are a
llttle too nolsy to rely on for depth or structural analysis.

6.1.1 lnteractlve Modelllng !nterpretation

Llnes 70, 180,310 and 560 were selected for detalled magnetic
modelllng as they contain representative magnetic anomalies for the
Bitter Springs Formation and crystalline basement. lt was intended
that these lines be used to control the interpretatlon of the Werner
deconvolution plots. The theoretical model sectlons for the Bitter
Sprlngs volcanlc horlzon have been ptotted on a base map (Fig. 6.2.2)
to asslst wlth geological correlatlon.

Each line was modelled in two stages. Flrst the domlnant regional was
modelled by deep lntrabasement magnetic sources. Thls regional model
profile was then subtracted from the alrborne magnetic profile to
obtain a resldual proflle. The resulting profile contains magnetic
anomalies from the Bitter Springs Formation and near surface
occurrences of ironstone bands. Contributlons from the shallow
ironstone formations are short in wavelength and 10 to 50 percent of
the anomaly amplitude from the Bltter Springs Formation. These have
not been removed in the modelling process. Earlier attempts to use a
least squares polynomial flttlng procedure proved to be lnadequate at
the ends of llnes. Thls is particulary true on the northern margln of
the survey area where the gradient is very steep and there are several
Bitter Sprlngs Formatlon anomalles on the flank of the large regional
anomaly.

lnltial attemps to model the Bitter Springs Formatlon consisted of a
series of discontlnuous sheets where the ends of the sheets were
responslble for the anomalies, Modelling was difficult and ln the end
was abondoned for a continuous undulating sheet as shown ln Fig.6.1.2.
The latter appears more plausible geologically and suggests that the
volcanlc unlt ls present over a large part of the survey area. This
approach does assume that the volcanic unit is relatlvely uniform in
both magnetic and thlckness characterisitics. Changes in either of
these properties will influence the interpreted shape of the surface.

Note: All model line are plotted from south to north (looking west)
and distances marked on the horizontal axis are distance from the start

oP 236
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6.1.1.2 Line 70

Llne 70 was chosen because lt ls the most easterly of the long flight
llnes and crosses,four magnetlc anomalies associated with the Bitter
Springs Formatlon. The reglonal (Fig. 6.1.1) was removed by modelting
a single stepped basement block wlth lts shallowest section at
approxlmately 15f000 metres. The modelled susceptlblllty of .00.l3
c.g.s. unlts ls relatlvely high and probably relates to a major mafic
unit. The depth of 151000 metres is consistent wlth the other modelled
llnes and is well below the expected depth to crystalline basement.
The source of the anomaly must be termed rrintra-basementfr. The only
other posslblllty ls that the crystalline basement surface ls dipping
to the south. This appears to be inconsistent wlth the expected shape
for the Southern Amadeus Basin. This deep magnetic source is
responslble for the domlnant east-west magnetic high along the northern
margln of the aeromagnetlc contour map.

Fig.6.1.2 illustrates the flnal model for the volcanic unit within the
Bltter Sprlngs Formatlon. The magnetic proflle was derived by
subtractlng the theoretlcal reglonal model from the alrborne magnetic
proflle. The posltlons of the Bitter Springs model hlghs and low are
important for locatlng antlcllne-syncllne locations. Depths for the
Bltter Springs volcanic horlzon vary over the range 11500 to 4000
metres. Depths can be ln error as the amplltude of the model
undulatlons ls a functlon of the magnetlc susceptibllity contrast and
average depth of burlal. The depths should be used as a gulde rather
than absolute values. lf additional lnformatlon such as drilling,
seismic or well data becomes avallable, then the model can be reflned
and tied tó these known polnts.

The model cross section ls sub-parallel to the cross-section c-D on the
1965 BMR 1:250,000 Henbury Prellminary Geologlcal Map. ln many
respects, lt ls slmllar to the BMR section lnterpretaUon, but not all
the synclines have been reproduced in the magneilc modet. This is
probably due to lateral changes ln geology, and lack of magnetic
sensitlvlty to small amplitude antlcllnes,

F19.6.1.3 shows the result of comblning the Bitter Springs and
regional models and comparing them wlth the origlnal aeromagnetic
profile. The rrgoodness of fit isfr is high along the complete line
except for the northern end of the profile where the profile rises
rapidly. without a longer magnetic profile, it is difflcult to improve
this interpretation. similar problems are encountered on other llnes.
Errors ln the interpretation can be larger at this location and the
Bitter Springs volcanic horizon may be shallower than indicated here.
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6.1.1.3 Llne 180

Llne 180 contalns a more complex regional magnetlc fleld (F19.6.1.4)
than Llne 70 and it ls necessary to use two lntrabasement magnetic
sources to match the fleld. On the northern end of the proflle ls the
same deep source as used ln Llne 70. Thls ls assoclated wlth the major
east-west magnetic anomaly along the northern margin of the
aeromagnetic contour map. ln thls case lt has been deepened to 20,000
metres. The second source at 15r0O0 metres on the southern end of the
llne ls responsible for the broad magnetic high ln the south-eastern
corner of the aeromagnetic contour map. Magnetlc susceptlbillties for
these two sources are 0.0019 and 0.0O16 c.g.s. unlts respectlvely,
sllghtly higher than modelled for Llne 70. These values suggest that
the source of the magnetlc anomalles are similar geologically.

Fig. 6.1.5 illustrates the Bitter Sprlngs model for the residual
magnetic fleld obtained by subtractlng the results for the reglonal
model from the aeromagnetlc profile. Anomaly amplltudes are slightly
lower than for the prevlous line and the influence of the shallow
ironstone related anomalles tend to dominate those from the Bitter
Springs volcanic horlzon. Depths vary from around 21000 metres to
approxlmately 41000 metres. The depression at the southern end is
lnfluenced by surface magnetlc features, but does suggest the presence
of a major fault. The northern end of the llne ls unreliable due to
inadequate compensation for the regional magnetlc field.

Fig.6.1.6 illustrates the result of adding both the Bitter Sprlngs and
reglonal models. Apart from the northern edge, the rrgoodness of fittt
ls excellent.

6.1.1.4 Llne 310

Line 310 is the western most long flight line in the survey area. lt
exhlbits the same two reglonal magnetic anomalies as Line 180.
Fig.6.1.7 shows the results of modelling both the deep lntra basement
magnetic sources. The amplitude of the anomaly for the southern most
source is reduced in comaprison wlth Line 180 as lt ls near the western
edge of thls deep source. As a result, the modelled susceptibility of
0.0012 c.g.s. unlts ls lower. lf the source was modelled as a true
three dimensional shape, then this amplitude reduction would be
accounted for automatlcally.

Fig.6.1.8 shows the resldual model results for the Bitter Springs
volcanic horizon. The anomaly wavelengths are shorter than for Lines
70 and 180 and indicate shallowing of the Bitter Springs Formation.
Near the northern end of the llne, the horizon approaches within 700
metres of the surface at a point where Bitter Springs is mapped in
outcrop. This result is significant, as lt suggests that the volcanic
member of the Bltter Springs Formation is of the order of 700 metres
below the formation top. Due to lnaccuracies in the removal of the
regional, the estlmate could be 400 metres for a different regional
model.
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A combined Bitter Springs and regional model ls shown in Flg.6.l.9
wlth an excellent rrgoodness of fitfr between the aeromagnetic profile
and theoretical model.

6.1.1.5 Llne 560

Llne 560 ls short fllght llne that was chosen because lt contains a
relatlvely high amplitude -lype 2 anomaly. The regional magnetlc fietd
was modelled in a slmilar manner to the prevlous llnes as shown ln
Flg. 6.1.10. Removal of the reglonal magnetlc fietd is only
approxlmate as the flight line ls very short compared wlth the
wavelength of the regional. Note that thls profile has been flltered
and resampled at a coarse sample lnterval. The influence of the
shallow lronstone units has been removed from the proflle.

Fig. 6.1.11 shows the results of modelling the residual magnetlc
fietd. The main anomaly has an amplltude of approximately 70 nT and is
modelled as a truncated wedge wlth a susceptibilty of 0.0017 c.g.s.
unlts. The rectangular model on the northern end has been lncluded to
help explaln the rapld fall-off of the main anomaly, but should not be
used for geologlcal lnterpretatlon. This susceptibllty ls of the same
order as that of the deeper lntra basement anomalles and is much hlgher
than the estimated susceptlbltity for the volcanic member of the Bitter
springs Formation. The steep northern edge of the wedge ls unlikely to
be a fault. lt ls probably the boundary with another basement unit
that is non-magnetic. The gravlty also lndicates a high which would be
lnconslstent with a downthrown northern margln. The valldity of the
southerly dipplng surface could be suspect, as the regional gravity map
(Fig. 5.5.2) suggest that basin deepens to the north at this locailon.
The gravity hinge line between the north and south gravity lows ls 20
kllometres to the south of this magnetic source.

It ls also slgniflcant from these results, that there is no anomaly
detectable for the Bltter Sprlngs. Thls could indicate that there is a
facles change from east to west wlth loss of the magnetlc member of the
volcanlcs at approxlmately longitude 132 degrees 20 minutes.

Fig.6.1.12 shows the result of comblning the reglonal and lntermediate
magnetlc models. The rrgoodness of flt is satisfactoryrr appart from
incomplete compensation for the magnetlc low at 32 km as discussed
above.
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6.1.2 Werner Deconvoluilon lnterpretailon

Werner deconvolutlon was applied to all the north-south profiles ln the
early stages of the project to asslst wlth depth esilmates for the
Bltter sprlngs Formatlon. The lnltlal results were disappolnilng as lt
was difficult to distlngulsh between nolse and vatld resuits. lrrt-ost ot
the depth estimates were in the range of 21000 to 41000 metres whlch
was as expected. However, the confldence ln any lndlvtdual
lnterpretatlon was very low. The results of the automailc depth
lnterpretatlons are presented in a separate blnder for future
reference.

Followlng the detalled interactlve modelllng, the werner plots were
re-examlned to determlne lf any more lnformatlon coutd be extracted.
Prior to thls exerclse, Llne 310 was chosen for detalled analysls. The
Werner program was upgraded to lmprove lts nolse reJectlon capablilties
ln an attempt to enhance the lnterpretailon posslbllliles. The new
version of the program was applled to Llne 310 for the followlng cases:

model magnetlc profile of Bltter Sprlngs Formailon
aeromagnetlc proflle wlth model reglonal removed
aeromagnetlc proflle wlth reglonal present.

1.
2.
3.

Both the thln sheet and lnterface models were applled to cases 1 and Z
(Figs 6.1.13 - 6.1.16). only the thln sheet modei was applled to case
3 (Fig.6.1.17). ln each of the cases, the theoreilcal model has been
plotted on the Werner depth section for comparlson wlth the automailc
depth plots.

ln the case of the theoretlcal model proflle for the Bitter springs
volcanlc horizon (Flgs 6.1.13-14), the resutts are excellent for all
anticllne crests. lf both the thln sheet and lnterface modets are
superlmposed, the theoretlcal surface ls very close to the upper ltmit
of the werner solutlons. The syncllne axes are tess preclse but ln
general correspond to the lower limlt of the grouped werner soluilons.

Figs 6.1.16-17 show the equlvalent results for the aeromagnetlc proflle
wlth the theoretlcal reglonal magnetlc fleld removed. Thá results are
similar, but nolsler. The deepest anilcllne at 17 km ls the most
difficult to detect. Most of the degradailon can be attrlbuted to the
short wavelength anomalles associated wlth shallow lronstone
formatlons.

Flg. 6.1.18 shows the result of werner deconvotuilon wlthout the
removal of the reglonal mangetic field. The results are further
degraded in the presence of the regional magneilc fleld. The deeper
antlcline has been completely missed.

These results lndicate that better performance can be achleved from the
Werner deconvolutlon method if band-pass fllterlng ls applled to remove
the surface related anomalles and regional anomailes.
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wlth the ald of the direct modelllng for Llnes 20, 180 and 3lo lt was
hoped that the control could be extended by use of the Werner
lnterpretatlon plots. Thls exerclse was only parily successful because
of the above mentioned problems. The prellmlnary lnterpretatlons are
lncluded on each'of the Werner ptots. However, [he conflclence ln these
results ls too low to plot the depths on an lnterpretailon plan. These
plots should only be used ln a supportlve role ln conJuncflon wlth
further lnterpretatlon work.

lf further lnterpretation ls to be performed in conJuncUon wlth the
selsmlc data lt ls recommended that the data ls reprocessed uslng a
band pass fllter and the new verslon of the Werner program.

t
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6.2 Qualltatlve lnterpretailon

Synthesls of the map analysls and computer modelllng results ls divldedlnto a discusslon of the three major magneilc anoma-ty types:

Shallow lronstone formailons,
Bltter Sprlngs volcanlc horizon,
Crystalllne basement

and
Structure.

This analysis lncludes dlscusslon of both the aeromagneilc and reglonatgravlty data.

6.2.1 Shallow lronstone Formailons

As discussed in the secilon on lnterpretailon procedure, there are
numerous low amplltude, short wavelength magneilc anomalies
superlmposed on the regional magnet¡c iie¡o piof iles. These areattributed to magnetlc horizons wlthln the sedimentary formations ofthe Palaeozolc sequencer wyatt (1993) reports the presence of oolltic
lronstones to the west of op 236 in an aiea formeiry nero uv wlãrsPetroleum amptitudes will Oe ño grãater
than 1 nT. results from thls srrr"! -

where iron as high as 20 nT. lt isposslble th ln the Weeks area was 
-

domlnatlng

The lnterestlng feature of these anomalies ls the fact that they arenot restrlcted to a slngle formation but are present ln a numbé, ótformatlons. Evidence for this statenent is obtalneo from magñutrcllneament lnterpretation map (Flg. 6.2..t) where it is possibte ãocorrelate small anomaly trends from line to llne for distance upto 20to 30 kilometres. ln areas of outcrcp, these trends show exceflentcorrelatlon with the mapped geology.

The llneament lnterpretailon map was produced from the resldual
magnetic proflle map ln Fig. s.2.3 whlch used an g km hlgh pã; fllterto resolve type I and 2 magneilc anomaties. The trends úere proouceolnltlally in an unblased manner by pencllilng in lines by visible
correlatlon from one line to the next. ln õeveral cases, lt wasposslble to produce orthogonat correlailons where trends are at 4s
degrees to the fllght path. ln these cases, avattabte geologlcal oátawas used to resolve the most llkely trend direcilon.

one of the most spectacular results of the residuat analysls ls thezonlng of magneilc anomalies. The mlddle of syncllnes ãre ¡n mostcases magnetlcally quiet, while the anticllnes are magneilcallyactlve. Thls ls consistent with the magneilc unlts emerglng ät tneground surface, or calnozoic unconformlty surface. Furt-neimorq ii isconsistent wlth the structural style of thã Amaoeus Basin wneie t¡resyncllnes are relailvely shailow dipplng whlle the anticllnes changãdip rapldty.
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By uslng the trend llne map and the qulet magnetlc zones it is posslble
to draw ln the axes of the syncllnes. By further examination of the
dlp Informatlon from the 1965 BMR geologlcal map lt ls also posslble to
draw ln some, but not all the antlcllne axes. Ail the interpreted
syncllne and antlcllne axes are shown on the lnterpretation map
(F19.6.2'1). The result ls most slgnlflcant as lt has allowed the
fold axes to be mapped for many kllometres betow extenslve sand dune
cover and provldes conslderable additlonal lnformailon about the
structural style of the basin. This data should greaily assist
correlatlon between selsmlc llnes.

Note: the lnterpretatlon of syncllne and antlcllne axes ls based on the
recognltlon of lnterpreted dip slopes on the 1g6s BMR geologlcal map.
ln some cases, lt ls posslble that the relailonshlp of anflcllne or
syncllne could be reversed dependlng upon the rellablllty of the dip
estlmates, proxlmlty and steepness. No attempt has been made to
lnterpret the dip direction from the shape of lndividual magneilc
anomalles. lf the magneUzailon of the lronstone formation ls
non-remanent, then approxlmate dip esilmation may be posslble.

since the BMR gravlty data ls sampled at approxlmately ll kllometre
lntervals, lt is of no use ln detectlng narrow near surface formailons.
However, detalled gravlty along the selsmlc llnes wlll help to analyse
lndlvldual unlts as well as structure (schroder & Gorter, lgg4).

6.22 Bltter Sprlngs Volcanlc Horlzon

Bladon and Davles (1982) from the BMR drllled two holes ln the Southern
Amadeus Basln almed at lntersectlng the shallow source of a magnegc
anomaly. A magnetlc unlt was detected and interpreted to be wltnln the
Bltter sprlngs Formation. Thls lnformailon provlded the basls for an
alrborne survey by Weeks Petroleum carrled out ln the north-east corner
of the Ayers Rock 1:2501000 sheet. Thls area ls lmmedlately to the
south-west of oP 236. A summary of the survey results by wyatt, (1993)
reports that anomalles from the Bitter Sprlngs Formation have
amplltudes ranging from 30 to 300 nT. These are retated to Bitter
springs occurrences withln 100 metres of the surface. Thls would be
consistent wlth the modelling results discussed here, but no anomalles
ln oP 236 are larger than 20 to 30 nT. wyatt also predicted that the
anomalles from the Bitter sprlngs volcanlc unlt would be of the orderof 1 to 5 nT at 21000 metres depth. ln fact, the anomaly amplltudes
are sllghtly higher than thls with values ranging from s to 20 nT ln
the depth range 21000 to 41000 metres. Thls courd be attrlbuted to
llthological or thlckness changes within the votcanics. lf the
amplltudes were any lower, they could become lost in the anomalies from
the shallow lronstone formations.

The success of the Weeks survey also provided the ratlonale for the Op
236 aeromagnetlc survey by GeometrJc. The detalled modelling of the
Bltter sprlngs volcanlc horlzon has shown that lt ls posslble to
predlct the locatlon of major anticllnal axes at depth. However, the
accuracy of the method needs to be verifled by comparison wlth selsmlc
reflectlon data. The lnterpreted depth secilons have been plotted on

oP 236
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F19.6.2.2 for Lines 70, 180 and 310. The sectlon for Llne 560 relates
to a crystalllne basement magnetlc source.

These lnterpretatlons have been made wlth little control other than
occasslonal outcrop lnformatlon on the Bitter Springs Formatlon. Llne
310 shows the most rellef, whlle the others are relatively flat and may
have mlssed a number of antlcllnal structures. These results could be
lmproved by applicatlon of additional constraints from lnferred
subsurface geology or selsmlc reflectlon data.

On Llne 310 at 24 degrees 45 mlnutes there ls a maJor change in level
for the Bitter Sprlngs whlch could suggest a maJor cross cuttlng fault.
There does not appear to be any maJor surface evldence for such a
fault.

Interpretatlon of the gravlty data ls diff icult with an 11 km spacing,
especlally slnce the wavelength of many of the antlcllne-syncllne pairs
ls less than the 11 km spaclng. This will introduce a severe aliaslng
effect ln the gravlty data. lt ls expected, that much more useful data
wlll be obtained from the gravlty survey along the selsmic lines.
There ls no obvlous relatlonshlp between gravity lows and sediment
thlckness as suggested by the magnetlc interpretation. ln fact ln some
cases the contrasts are reversed. Such a reversal can be explalned by
a denslty lnverslon ln the geologlcal seguence. That ls, denslty
decreases wlth depth over a slgnlflcant length of sectlon. Such a
reversal has been reported by Schroder and Gorter (1984) for part of
the Amadeus sequence.

An attempt to explaln the gravity low trends ln a manner conslstent
wlth the magnetlc lnterpretatlon ls shown ln Flg. 6.2,3. The shaded
horlzon represents a qualltatlve estlmate of the location of a low
denslty unlt above the Bltter Sprlngs Formatlon. Where this unlt
outcrops, there.ls a gravlty low ln the resldual gravlty map (Flg.
5.5.3). In the gravlty map they correlate wlth two truncated east-west
llnear gravlty lows. Further to the west, the gravlty low turns north
ln a manner conslstent wlth the magnetic and geologlcal trends.

6.2.3 Grystalllne Basement

The true nature and depth of the crystalllne basement Is not obvlous
from the magnetlc data alone. The slmpllstlc models used for reglonal
analysis suggest depths of the order 15 km which appear much deeper
than the expected depths to the top of crystalllne basement. These
anomalles may be reflecting crustal deformatlon as suggested by Lambeck
(1983). By changlng the shape of the upper surface of the magnetlc
models, it should be posslble to decrease the lnterpreted depth by up
to 3000 metres.

The only magnetlc anomaly that appears to be related to the top of
crystalllne basement ls modelled on line 560 and plotted on
Fig. 6.2.2. The shallowest depth of thls feature ls 8r0OO metres. lts
susceptibllity ls approxlmately 0.0017 c.g.s. unlts whlch suggest a
basic or mafic rock unlt, perhaps simllar to those occurlng in the
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Arunta Complex on the northern margin of the Amadeus Basin. The trend
of thls zone ls north-west and correlates with a change ln direcgon of
the surface structures.

The reglonal gravlty fleld as deplcted in Fig. s.5.2 shows the hlnge
llne between the Amadeus North and Amadeus South baslns lies atong the
southern edge of OP 236. Thls ls a dominant regional feature whlch can
be seen clearly on the gravlty map of Australla. An lnteresilng
feature of this reglonal map ls the gravlty embayment along the eastern
edge of OP 236. Thls embayment corresponds generally wlth shallower
basement whlch would be expected to produce a local gravlty hlgh.

There are two posslble explanatlons for thls low:

Older sediments are lower ln density than the overlying
sediments,

or
Granite lntruslon wlthln the basement.

The latter concluslons would be conslstent with the magnetic data which
shows no positive response ln thls reglon. The north-eastern edge of
the gravity embayment lles along a maJor north-west trending gravity
llneament that extends beyond the Amadeus Basln (F1g.6.2.3). it ls
posslble that the parallel llneament lntepreted from the magneilcs on
the western slde of the embayment ls a sympathetlc regional structure.

6.2.4 Structure

The maJor.structural elements that have been lnterpreted from the
magnetlc and gravlty data are:

Antlcllne axes,
Syncllne axes,
Faults,

These elements have been plotted on Flgs 6.2.1 and 6.2.3. The more
easterly north-west trend ln Flg. 6.2,1 correlates wlth a dlsconilnulty
ln the mapped geology.

The anticllne and syncllne axes have been deduced from the shallow
source magnetic anomaly trends and are displayed in Flg. 6.2.1. The
basls for these lnterpretatlons has been discussed above.
Dlscontlnultles ln these trends has suggested the presence of two maJor
north-west trending faults whlch parallel the maJor gravity
discontinulty.

A further lnteresting structural feature ls a.warping of the magneilc
trendline in the western portion of the magnetlc survey. The trend of
thls warp changes from north-west to north as lt traverses a series of
antlcllnes. There are two possible explanations for this warp:

Orthogonal anticline,
or

Overthrust.
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The latter was suggested by Schrocter (1985) on the basls of brute stack
selsmlc sectlon from the 1985 selsmlc survey. Thls opUon appears more
plauslble slnce there ls no evldence for other north-south anticllnat
structures ln thls. area.

6,3 Dlrect lndlcatlon of Hydrocarbons

It was orlglnally proposed by Geometrlcs that the alrborne magneilc
survey data could also be used for the direct lndlcailon of
hydrocarbons. Thls assertlon ls based on emplrlcat results from
surveys over several oll flelcls ln the u.s.A. (Henderson et al, 1gg4).
The theory ls based on the presence of a reduclng envlronment above oll
reservolrs whlch ln turns provldes the necessary condlilons for the
alteratlon of non magnetlc lron oxldes to the magneilc form of
magnetlte. Thls converslon takes place above the water table and has
the effect of creatlng short wavelength nolse-llke anomalles on
aeromagnetlc profiles that are flown at low survey aliltudes.

There ls no certalnty that thls phenomenon wlll be recorded over all
oll flelds, but can be used as addltional lnformailon when asslgnlng
exploratlon prlorlties. ln the case of the Amadeus Basln, the 

-magnetic

results are domlnated by anomalles of thls nature whlch are attrlóuted
to lronstone bands ln the sedimentary unlts. As these are very shallowIt would be almost lmposslble to recognlse any direct hydrocar-bon
signature from a reductlon zone.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

The aeromagnetlc survey has been most successfut ln deflnlng detalls of
lhe geologlcal structures below much of the sand dune covei ln op 296.This lnformatlon should be useful ln asslstlng corretatlons between thewldely spaced selsmlc llnes from the 1985 selsmlc survey. The detalled
structural trends were obtalned from short wavetengÈh magneilc
anomalles assoclated wlth what ls belleved to be cõnformalbte lronstone
bands wlthln the sedimentary formailons. These were detecteo oy the
survey because lt was flown at an aliltude of lo0 metres above meanterraln helght. Thls clearance ls much tower than would be used lnmost alrborne surveys for petroleum and thls vatuable lnformailon woutd
otherwlse have been lost or not recognlsed.

ln additlon, detalled modelllng of some of the magneilc llnes has shownthat the Bitter Sprlngs volcanic horlzon can be màppeo as a congnuous
undulatlng unlt. The approxlmate depths and antlcilne tocauons ðan belnterpreted from these modets.

Two maJor north-west trending tlneaments or fautts that paraltet maJorgravlty llneaments have been detected. The maJor gravlty ilneament
appear on the natlonal gravlty map of Australla and-exteñd well beyondthe marglns of the Amadeus Basln.

dominated reglonal
to allow I Bltter
magneilc I source of
ated depth slt belowthe expected depth for crystalline basement. The source of the

anomalles probably relates to maJor crustat deformailons.

Reglonal gravlty data from the BMR provldes somq addiilonal lnformationat a reglonal scale. lt Is apparent that there may be some denslty
lnversions that compllcate the interpretailon. Thli relailonsup wliÍ
become more clear when the detalled gravlty data from tne sã¡smìc llnesls avallable.

It ls recommended that some secilon of the magneilc survey be
lnterpreted ln detall ln conJucilon wlth the selsñlc data, when thls
data becomes available. The obJect of thls detalled stuåy wlll oe-to
map the Bitter Sprlngs more accurately between selsmic llnes.

It ls also recommended that all the filght llne are reprocessed by thenew Werner deconvolutlon program after removat of tne crustal- magnegc
anomalles (reglonal). This will further asslst the mapplng of theBltter Sprlngs volcanlc horizon.
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