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INTERPRETATION OF THE AEROMAGNETIC EXPERIMENTAL SURVEY IN THE EROMANGA/COOPER BASIN
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ABSTRACT

Developments over the last decade in the measurement, record-
ing, processing and interpretation of the earth's magnetic field have
significantly extended the scope of acromagnetic surveys as a tool in
the exploration for hydrocarbons. Two principal methods are used in
the process of analysis and interpretation of the magnetic field:
energy spectral analysis applied to the grid data, and autormatic
curve matching — applied to the located profile data. Effective inter-
pretation of any data set depends on the use of appropriate methods
in a systematic manner. The interpretation of aeromagnetic survey
data over the sedimentary basin is carried out in several stages. It is
important to establish the magnetic character of the sediments and
basement rocks in planning an interpretation. It is necessary to deter-
mine the regional magnetic character of the area by applying energy
spectral analysis 10 the total magnetic intensity data set. Application
of the autematic curve fitting method to the line data provides
results concerning the sedimentary section and deeper paris of the
basin where control is provided by drill hole or seismic survey infor-
mation {calibration with seismic).

An experimental aeromagnetic survey flown over parts of the
Eromanga Basin and Cooper Basin as part of the Scouth Australian
Exploration Initiative in 1993 shows that magnetic layers in the sedi-
mentary rocks make this an appropriate area for exploration using
mer¢e detailed aeromagnetic surveys. It was possible to delineate
basement highs and troughs in a weakly magnetic basement, to
deteet major structures within the basement, to follow magnetic
horizens within the sedimentary section and to pick out fault and
joint patterns in the sediments. While the resolution of structures
obtained from interpretation of the acromagnetic data is limited, it is
clear from comparison that they are consistent with those derived
from areas with closely spaced seismic lines. In areas where the
basement is weakly magnetic and deeper than about 1.5 km, or
where the aeromagnetic interpretation is being used to delineate
magnetic layers within the sedimentary section, the methods dis-
cussed here are more effective when they are used to interpolate
between widely spaced seismic fines.

INTRODUCTION

In 1993 an aeromagnetic survey (Fig, 1) was flown by the
South Australian Department of Mines and Energy, and
Santos Ltd. in an area (referred to as B3) west of Moomba in
the northeastern part of Scuth Australia. The B5 survey was
conducted to test the contribution of a high-resolution aero-
magnetic survey to the exploration for hydrocarbons in an

area where the geology was well documented. The centre of
the L-shaped area is 139° 30'E and 28° 10'S (Fig. 1). The
survey was flown at a height of 70 m above ground level
with a line spacing of 200 m in the northwest (an area 30 km
by 30 km) and a line spacing of 400 m elsewhere {an area 30
km by 55 kmy}; the tie line spacing was 1250 m. The flight
line direction is 35° west of north. Total magnetic intensity
(TMI) was measured with a notse level of less than 0.25 nT
and the data were micro-levelled to provide the highest qual-
ity data possible. A gamma ray spectrometer recorded the
gamma ray flux over the region.

Frears and Tucker (1994) brought together the results of a
number of studies of the area covered by the survey. Their
report included a list of magnetic susceptibility measurements
of different lithological horizons of the Mesozoic sediments
and the underlying basement. This report also included a
series of “pseudo-depth slices”, structural studies relating the
magnetic anomalies from different depths and the structures
corresponding to known oil and gas fields, and a compilation
of basement faults determined from seismic data. There are
also presented results of two separate studies estimating the
depth of the underlying magnetic basement using conven-
tional modelling of magnetic anomalies and Euler deconvolu-
tion. The susceptibility information shows that the magnetic
layers determined from analysis of the magnetic anomalies
correspond to magnetic sedimentary layers.

Two methods have been found to be exceedingly effective
in defining geological structures within the sedimentary sec-
tion: energy spectral analysis applied to the grid data, and
automatic curve matching applied to profile data. Spectral
methods are used to identify the depth of the principal mag-
netic units in a region. From this analysis the optimum
parameters are set to get the greatest amount of detailed
information from the automatic curve matching method.

THE PRINCIPLES OF SPECTRAL ANALYSIS

Energy spectral analysis provides a technique for quantita-
tive studies of large and complex aeromagnetic data sets.
The principles of the method are based on the fundamental
work donte by Bhattacharyya (1965, 1966a, 1966b), and
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Fig. 1. Aeromagnetic Survey of area B5: Image of total magnetic intensity field.
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Fig. 2. Spectrum of total magnetic intensity field computed across the survey area B5.

Spector (1968, Spector and Bhattacharyya, 1966; Spector
and Granl. 19703, Over the years many other scientists con-
tributed to the development of this method (e.g.. Hou and
Shi, 1985).

The logarithm of the radial average of the energy spectrum
(the square of the Fourier amplitude spectrum} is plotted ver-
sus the radial frequency. The slopes of the linear segments of
the spectrum correspond Lo separate depth ensembles and
provide parameters used for the design of numerous filters.
The spectrum presented in Figure 2 shows a number of linear
scgments. The slope of each segment provides information
about the depth to the top of an ensemble of magnetic bod-
ies. The higher-frequency end of the spectrum is dominated
by the anomalies derived {rom shallow magnetic bodies and
magnetic noise; at the low-frequency end the main contribu-
tors to the energy spectrum are deep-seated magnetic bodies.

SPECTRAL ANALYSIS USING MOVING WINDOWS

The normal practice, which depends on the geology of the
arca investigated, is to apply the energy spectral method to
the whole region or 1o the greater part of it, using a window
which may be as large as 300 km by 300 km. From this the
longest wavelengths of the anomalies in the region are deter-
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mined. The process is repeated for smaller parts within the
main area to establish local characteristics. In this way the
magnetic units within the stratigraphy are discovered and
more precisely defined. In some cases the region is covered
systematically using smaller overlapping windows to follow
structures across the area being studied (Kivior, 1996: Kivior
and Boyd, 1998).

MAGNETIC CHARACTER OF THE ROCKS

A tull account of the geology of this scction of the
Eromanga Basin can be found in The Geology of South
Australin, Volume 2. The Phanecrozoic (Drexel and Preiss,
1995). A typical cross-section showing the geological
sequence and structure of the area. Figure 3. is taken from
figure 9.11 ol volume 2. This geological section which lies
to the northeast of the acromagnetic survey arca summarizes
the geologicat sctting of the study area. The Middle/Upper
Mesozoic sediments overlie the intracratonic Cooper Basin
which contains Late Carboniferous to Middle Triassic sedi-
mentary rocks. The Cooper Basin sediments overlie Cambro-
Ordovician Warburton Basin strata. A more detailed account
of stratigraphy and structure of the northwestern part of the
survey area cun be found in Oldham and Gibbins (1995).
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Fig. 3. Typical geological cross-section through the Cooper/ Eromanga Basins; based on figure 9.11, Geological Survey, South Australia. Bulletin. 54

Vol. 2.

Until recently there has been little interest in magnetic lay-
ers within the sedimentary section and it is oflen assumed
that the sediments are not significantly magnetic,
Consequently in many sedimentary basins very little is
known about the presence or nature of magnetic minerals in
the sediments. Even in this area where there has been a sub-
stantial effort to collect information (Frears and Tucker.
1994), this is limited 10 the knowledge that certain horizons
are of more than average magnetic susceptibility over thick-
nesses of several tens of metres. This information is impor-
tant when it comes to correlating sedimentary formations and
the magnetic layers determined from interpretation of the
aeromagnetic data. While it may seem obvious, it is impor-
tund to appreciate that results of the kind deseribed here can
only be obtained from magnetic surveys when there are mag-
netic layers in the sedimentary scetion!

In the B35 survey area the magnetic susceptibilities of the
sediments from core in a number of wells, reported by Frears
and Tucker (1994), provide information about the magnetic
layers determined from the analysis of the acromagnetic

data. The magnetic susceptibility of sediments 1s generally off

Clkty

the order of between 200 and 50 (SI units E-5). [E-5 mcans. ..
“times 10 to the minus 5.'] At the level of the Mackunda
Formation there is a section about 400 m thick in which sus-
ceptibility values of 200 (SE units E-5) are recorded. At the
level of the Cadna-owie Formation susceptibility values of
200 (ST units T-5) are measured over an interval which
varies in thickness from 200 i o 400 m in different wells.
Over a short range ol depths at the base of the Mesozoic sed-
iments susceptibilities of 300-500 (ST units E-5) are reported.

SPECTRAL ANALYSIS OF THE TMI paTA
COMPUTED OVER THE BS Area

The energy spectral analysis method was applied to TMI
grid data over an area covered by a 200 m flight line spucing
survey, The TMI grid was computed at a 30 m by 50 m gnd
cell size using the cubic spline algorithm. As mentioned
above, the spectral analysis of gridded magnetic data pro-
vides approxumate average depth values to the top of an
ensemble of magnetic sources within the analyzed map-win-
dow. The unulyzed area lics on the eastern side of the
Birdsville Track Ridge shown on Figure 3: the results are
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projectcd unlo the b(‘JC[]On as the survey arca lics some dis-

ogical section. The survey cov-
ers a length of only dbout 30 km of this section. As the dips
of the sediments arc tow in this part ol the arca it is appropri-
ate to use this method.

The analysis of the spectrum of TMI computed over the
B5 area has cstablished that there are magnetic horizons
within the Mesozoic sediments at depths below the land sur-
face of 180 m, 600 m, 1200 m and 2000 m. There arc
detectable magnetic sources al depths of 3600 m and 5700 m

within the pre-Permian basement which consists of the rocks
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cross-section of the Cooper/Eromangs Basin presented in
Figurc 3.

Precise correlition of the magnetic layers with the stratig-
raphy depends on having the necessary information about the
magnetic properties of the sediments as discussed above
Susceptibility measurements from cuttings and core from
various wells in the region confirm that magnetic sediments
oceur at about the level of the Mackunda Formatior and in
the Cadna-owice Formation.
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Fig. 5. Regional seismic lines (after Frears and Tucker, 1994} used to calibraie magnetic basement depths shown in Figure &.

The magnetic horizon at a depth of 180 m corresponds to
the Terliary unconformity at the top of the Mesozoic. The
discrimination of whether the magnetic layer is in the basal
layers of the Tertiary sediments or in the weathered layers at
the top of the Mesozoic is beyoend the accuracy of the spec-
tral method. A second magnetic horizon which lies at a depth
of about 600 m helow the land surface in the survey area cor-
responds 10 the Mackunda Formation which as noted above
contains rnagnetic sediments, and a third magnetic interfuce
was detected near the level of the Cadna-owic Formation.
The magnetic interfuce at a depth of about 2 km corresponds
to the hase of the Eromanga Basin sediments which le on
top of the sediments of the Warburton Basin. The deeper
magnetic boundaries lic within or below the underlying
Warburton Basin sediments but there is no seismic or drilling
information {rom this depth to check these depths,

Finer detail of the distribution of magnetic layers within
the scdimentary section is obtained by employing the method
of 4 moving window. After initial data analysis was applied
using 4 window of 15 km the energy spectral method was
applied again using what was effectively a 7.5 km square
“moving window” 1o compute the depth 1o on¢ of the mag-
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netic horizons established in the initial analysis of the results.
Frrom the depth obtained from the “moving window™ a map
ol a magnetic horizon about the depth of the Cadna-owie
Formation was produced. In places this horizon corre-
sponded closely to that determined from scismic surveys.

AUTOMATIC CURVE MATCHING

The automatic curve matching method wus applicd 10 the
original flight-line data to which corrections had been made
for the diurnal varation ol the magnetic field. The method
works by identifying u magnetic anomaly on a profile and
comparing the observed anomaly with onc that is computed
for a prisnw. varying the parameters and accepting the model
which provides the best fit, Analysis of magnetic anomalies
along the profile (Shi, 1991, 1993; Shi und Boyd. 1993) has
the advantage of a higher resolution of detected structures
than the energy spectrum.

There are four main outcomes from the application of the
automalic curve matching method to the profile data in the
B5 urea:

(). The results shown on Figure 4 have been consiructed
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NORTHING

from the depths obtained on three flight lines. one coin-
ciding with three scismic lines and the two adjacent
lines which were about 400 m on either side: depths
were projected from the adjacent aeromagnetic lines
onto the seismic line. There arc two very well defined
magnetic horizons in the top kilometre of the sediments.
The uppermost. at a depth ol between 150 m and 200 m,
occurs at the unconformity between the Tertiary and
Mesazoie sediments and has been omitted from the dia-
gram. The lower one occurs at a depth of about 600 m
and corresponds 1o the Mackunda Formation which
oceurs at about 700 ms two way time on the section. The
first layer may provide information about the low-veloc-
ity upper layers which may assist in making better static
corrzctions for the seismic surveys. The lower layer
would in less well-surveyed areas provide some infor-
mation about folds and other structures in the sediments.

(i1). The resolution of the depth estimates decreases Tor bod-

tes at greater depths. The depth estimates which occur at
between 1500 ms and 1600 ms on the seismic scetion
{Fig. 4) correspond to the sediments at the botten of the
Eromanga Basin and the top of the rocks in the
Warburton Basin which are considered, at present, as the
basement for almost all the known hydrocarbon accu-
mulations. The basement uphfe under the Nealyon |
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Fig. 6. Area B5: Depth to magnetic basement computed using automatic curve matching methed.

well is clearly indicated in the depths derived from the
acromagnetic data. With some contrel provided by
widely spaced seismic lines the magnetic results were
used to interpolate structures between the seismic lines
(Fig. 5). Based on about 2000 individual depth estimates
a map ol magnetic basement has been constructed (Fig.
6). This map of the magnetic interface corresponds with
the basement surface map (Fig. 7) constructed from all
available seismic data in the arca.

{ii1). The automatie curve matching method can also be used

(v

to show the position of the magnetic bodies which oceur
within the Mesozoic sediments. Some of the bodies cor-
respond with faults determined trom seismic surveys
iFig. 8y others may be due Lo areas of joints or to small-
throw faults which would not be detected by seismic but
which might play a significant part in the migration of
fTuids through the sediments. Similar observations of the
magnetic response 1o faults have been observed else-
where (Peiree et al., 1998,

It hus been suggested that the distribution ol magnetic
material within the sediments may also be of signifi-
cunce cither as part ol alteration haloes (similar as
detected by “moving window™) produced by the interac-
tion of hydrocarbons and iron in the sediments or as
indicators of facies variations within the sediments.
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Fig. 7. Area B5: Depth to basement derived from numercus seismic surveys (after Mines and Energy, South Australia).

CONCLUSIONS

Maodern high quality aeromagnetic surveys with a low
noise level and with data collected on closely spaced flight
lines, supported by a small amount of control concerning the
depth to economic basement from widely spaced seismic
lines can provide information which could assist with the
planning ot subsequent ¢xploration programs. The results
obtained show details about the basement structure, magnetic
horizons, folds and other structures within the sediments. and
also fault and joint patterns both within the sedimentary sec-
tion and underlying basement.
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