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REPOR'l' ON IN'l'ERPRE'l'A'l'ION OF AIRBORNE GEOPHYSICAL 

DA'l'A, 1:250 000 SHEE'l' SE-53-02 'l'ANUMBIRINI, 

NOR'l'HERN 'l'ERRI'l'ORY 

IN'l'RODUC'l'ION 

During 1977, the Bureau of Mineral Resources, Department of National 

Development carried out an airborne geophysical survey over part of 

the McArthur River Basin in the Northern Territory of Australia. The 

surveyed area involved the 1:250 000 map sheet areas SE-53-02, -03, 

-04, -07 and -08 being Tanumbirini, Bauhinia Downs, Robinson River, 

Wallhallow and Calvert Hills. The BMR reference for the survey was 

Project 445. 

The total intensity of the earth's magnetic field was measured at 

approximately 60m intervals along east-west flight lines spaced 32 km 

apart with a proton precession magnetometer. The intensity of the 

radioactivity was measured by a gamma spectometer with the counts from 

a 5550 cubic centimetre crystal accumulated over the same 60m inter

val. The terrain clearance of the aircraft was measured using a radar 

altimeter. The nominal terrain clearance for the survey was 150m. 
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The digital data from the survey was purchased from the BMR in April 

1988 by Salient Geophysics to use in studying the petroleum potential 

of the Tanurnbirini sheet area. Depth estimates from the magnetometer 

data were expected to indicate basement depths while processing of the 

radiometric data could assist in determining the prospectivity of the 

geological basin. In particular the results were needed for the 

assessment of an exploration permit over the western half of the 

Tanumbirini sheet area. 

The Tanumbirini sheet area is contained between latitudes 16° and 17° 

South and longitudes 133°30' and 135°0' East. The inclination of the 

Total Magnetic Field within the sheet area is approximately 46° up 

from the horizontal north direction. 

METHOD 

The data tapes from the BMR were supplied to Exploration Computer 

Services of 68 Churchill Avenue, Subiaco, for construction of 

1: 100 000 scale flight path maps and reformatting of the data. The 

information from the 9 track tapes was used to form a data base. Then 

data pertinent to the Tanumbirini sheet area was extracted from the 

data base and placed on floppy disc with one file for each flight 

line. The files listed the fiducial number, the corrected magnetometer 

value, the corrected total, potassium, uranium and thorium counts and 

the altimeter reading. The floppy discs were used to load the data 

into a Hewlett-Packard Vectra PC upon which the data analysis was 

performed. 
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The Tanumbirini data was edited to provide a file for each flight line 

containing only the fiducial numbers and the magnetometer values. 

Lines numbered 1760 and 3920 each had a short string of missing 

magnetometer values. Dummy values were interpolated between the known 

values in order to provide a continuous data string for analysis. 

Flight lines 510 and 520 were flown along the same track in opposite 

directions. A section of magnetometer values from each of these lines 

was plotted onto the flight path map. No significant parallax error 

could be determined from these values so no parallax was applied later 

in plotting the source locations onto the interpretation map. 

(i) Radiometric Data 

The paper in Geophysics V01.52, No.11 (November 1987) pp.1547-1556 

entitled "Test of National Uranium Resource Evaluation gamma-ray 

spectral data in petroleum reconnaissance" by D.F. Saunders, S .A. 

Terry and C.K. Thompson, described an empirical relationship between 

oil fields and anomalously low potassium values. It had been the 

intention to apply the method from the above paper to the radiometric 

data collected over the Tanumbirini area. Inspection of the BMR data 

showed that it was not suitable for this application, as set out later 

in Discussion of Results. 

(ii) Magnetometer Data 

Power spectra were calculated from the magnetic data for the tie lines 

flown north-south across the area and for two of the east-west flight 

lines, namely numbers 1770 and 3810. The average depth to the magnetic 

sources along each line was estimated from the straight slope on the 

power spectra curves. In addition the wavelength at which the curve 
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reached the background noise level was estimated as the cutoff 

wavelength suitable for use in filtering high frequency noise from the 

data. 

A fourth order Butterworth filter was applied to the data with cutoff 

wavelengths of 300, 600 and 900m. In each case the resulting data 

exhibited a low amplitude sinusoidal wave superimposed on the normal 

profile of the line data. Eventually a 600m cutoff wavelength was 

applied together with an amplitude cutoff so that only responses above 

a selected amplitude were listed in the interpretation printout. 

Each line of magnetometer data was analysed using a computer routine 

based on the paper in Geophysics VOI.37, No.3 (June 1972) pp.S07-S17 

entitled "The Analytic Signal of Two-dimensional Magnetic Bodies with 

Polygonal Cross-section: Its Properties and Use for Automated Anomaly 

Interpretation" by M.N. Nabighian. Estimates of the location and depth 

to source of the magnetic responses were listed for the data from each 

flight line. 

The depths below ground level were plotted on the six 1: 100 000 map 

sheets that made up the 1 :250 000 Tanumbirini sheet area. Where 

correlation between flight lines was apparent on the data profiles, 

trends were marked between sources on adjoining lines. 

As the depth estimates were all relatively near surface, the 

interpretation routine was rerun on the data for tie line 510 using 

cutoff wavelengths of 15,OOOm and 20,OOOm in order to show the 

background regional field. 

Another approach was to apply upward continuation to the data from tie 

lines 510 and 530. According to the paper in Geophysics VOl.52, No.S 
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(August 1987) pp.1138-1148 entitled "A case for upward continuation as 

a standard separation filter for potential-field maps" by B.H. 

Jacobsen, upward continuation is the optimum filter for the separation 

of the regional field from deep sources from the residual field 

arising from shallow sources. 

Finally the statistical analysis of variance method was applied to the 

resultant depth estimates to determine the significance of the 

differences in depths from line to line. 

D7SCUSS70N OF RESULTS: 

(i) BMR Data Presentation 

The data from the survey of the Tanumbirini sheet area was processed 

by the BMR and presented on five maps at a scale of 1:250 000. These 

were 

(a) 'Radiometric Contours:Total Count' with a contour interval of 10 

counts per second, 

(b) 'Radiometric Profiles:Total Count' with a vertical scale of 200 

counts per second per centimetre, 

(c) 'Total Magnetic Intensity Contours' with a 10 nanoTesla contour 

interval, 

(d) 'Total Magnetic Intensity Profiles' with a vertical scale of 100 

nanoTesla per centimetre and 

(e) 'Flight Line System'. 

The map of Radiometric Contours:Total Count was derived from the field 

data after background subtraction, height correction and filtering had 

been applied. Only every thirtieth reading, i.e. readings about 1500m 



6 

apart, was used to derive the contour map. The contour values ranged 

from less than 10 to more than 260 counts per second. There was no 

obvious trend in the contour pattern. 

The map of Radiometric Profiles:Total Count was derived from the field 

data in the same way as for the Contours except that every reading was 

used in plotting the profiles, Le. readings about 60m apart. The 

profiles showed an irregular trace with a few distinct maxima. 

The Total Magnetic Intensity Contour map also used every thirtieth 

reading along each flight line to determine the contour pattern. The 

data was corrected for the International Geophysical Reference Field 

epoch 1977.5. The map displayed a broad maximum in the central east 

surrounded by smooth regular contour lines. Elsewhere on the sheet the 

contour lines were often irregular with extreme maxima or minima in 

isolated places. The values ranged from 4782 to 5172 nanoTeslas. 

There was a broad regional minimum in the central north of the area 

which extended across into the northeast corner. Another broad but 

less intense regional minimum occurred in the southwest quarter of the 

sheet area. Broad regional maxima were located in the central east and 

towards the southeast corner of the area. A ridge of maxima struck 

west-northwest from the centre of the area, swung around to the west 

and increased in intensity towards the western boundary of the sheet. 

At first glance the Total Magnetic Intensity Profiles appeared to be 

smooth, broad maxima and minima with a few isolated sharp maxima and 

minima and patches of irregular low amplitude variation. Closer 

inspection showed that there was little correlation from line to line 

and very low amplitude irregular variation occurred along most of the 

profiles. 
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(ii) Radiometric Data 

The intended method of treating the radiometric data involved 

normalising the potassium count rate for the variation in the thorium 

count. Visual inspection of the data showed that the count rates were 

too small for meaningful application of statist,ical techniques. An 

example of the thorium rates in counts per second is: 

Line No. 
1770 

3960 

4100 

Minimum 
0.0 

0.0 

0.0 

Mean 
1.5 

0.8 

0.7 

Maximum 
9.2 

9.1 

9.1 

The potassium counts ranged from negative values up to the order of 25 

counts per second. 

Other obstacles to using the data were apparent. The radio altimeter 

data was in the range O.Om to 99.9m when the nominal terrain clearance 

was 150m. There were changes of as much as 90m between consecutive 

readings which was clearly an impossible movement for an aircraft. If 

these altimeter readings were used in calculating the height 

corrections applied to the count rates then a significant part of the 

variability in the rates would be due to the inaccurate altimeter 

values. 

Radiometric surveys are usually flown with 16.8 or 33.6 litre detector 

crystals. The small crystal size of 5.55 litres used for the 

Tanumbirini survey partly explains the low count rates. Another factor 

would be the terrain clearance, commonly less than lOOm for surveys in 

which the radiometric data is the prime consideration. Below lOOm 

terrain clearance the counts reflect the radio element concentrations 

on the ground. Above lOOm the counts are largely generated by 

airborne radioelements such as dust and radon gas and by the 

scattering of cosmic and background radiation. 
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(iii) Hagnetometer Data 

The power spectra analysis of selected lines gave average depths to 

source of between 100 and 450m below ground level with a mean of 286m. 

Estimates of a satisfactory cutoff wavelength for filtering ranged 

from 250 to 470m with a mean of 370m. 

Visual inspection of selected sequences of magnetometer values showed 

that there was a high frequency component, classified as noise, which 

had an amplitude ranging from 0.5 to 0.8 nanoTeslas. This is the part 

of the spectrum that could be removed with a low-pass filter such as 

the Butterworth filter applied here. A cutoff wavelength of 300m or 

less would normally be adequate for a survey flown at a mean terrain 

clearance of 15Om. 

Filtering with cutoff wavelengths of 300, 600 and 900m showed that 

there was a persistent sinusoidal component of about 2 nanoTeslas 

amplitude. Later it was learnt that much of the area was covered by 

lateritic ridges and these are considered to be the source for this 

medium wavelength 'noise' component. As the aim of the interpretation 

was to estimate depths to basement, the cutoff wavelength of 600m was 

chosen to minimise the response from surface interference while not 

biasing the depth calculations too much towards overestimation. 

The estimated depths below ground level for sources giving rise to 

measured responses greater than a few nanoTeslas are shown on the 

accompanying maps. They appear to be a random scatter of near surface 

values ranging from 20m to 950m with a mean of 247.9m. In many places 

there is no correlation between lines with few clear trends apparent 

from the profile plots. 
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The geological map for the Tanumbirini sheet shows most of the area 

covered by Cainozoic 'laterite, lateritic rubble and soil' and Lower 

Cretaceous 'lateritised claystone, soft grey claystone, impure sand

stone, white quartz sandstone and conglomerate'. A schematic cross

section of the northern part of the sheet shows these to be on top of 

flat-lying Middle Cambrian Tindall Limestone and Lower Cambrian 

Nutwood Downs Volcanics and Bukalara Sandstone. These overlie an 

Undifferentiated Proterozoic basement. The depth of the Nutwood Downs 

Volcanics is shown as 300 to SOOm below ground level. 

The Nutwood Downs Volcanics is predicted to be the source for most of 

the responses for which depth estimates have been derived. Some of the 

variation in depths may be due to the variation in strike direction of 

the contact causing each magnetic response rather than a significant 

change in the depth to the contact. The method of interpretation was 

based on the assumption that the sources are prismatic bodies of large 

strike extent at right angles to the measured profile. Other strike 

directions could be expected to give rise to overestimation of the 

depths. 

The Upper Proterozoic Roper Group and the Lower Proterozoic Tawallah 

Group are shown on the geological map as outcropping in the northeast 

corner of the sheet. They consist mainly of sandstone striking north

west and dipping about 300 to the southwest. This is part of the area 

of regional minimum described previously. 

Only a few low-amplitude responses were detected in this area except 

for one prominent minimum. Depth estimates ranging from 170 to 200m 

were calculated for its source, which had a northwest strike. The 

profile shape indicates that the response arises from a flat-lying 
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body extending to the northeast rather than a unit dipping 30° to the 

southwest. 

Possibly the large area of regional minimum in the centre-north of the 

sheet signifies the presence of Proterozoic Roper Group and Tawallah 

Group immediately below flat-lying Nutwood Downs Volcanics. There is 

nothing on the geological map to indicate a likely source for the 

broad regional maxima across the centre of the sheet area to the south 

of the regional minima. Nor is there anything on the surrounding map 

sheets that might identify the source rock for the magnetic basement. 

TwO methods of separating the regional field from the near-surface 

responses were tried in order to calculate the depth to basement. Both 

attempts were unproductive. Use of a large wavelength cutoff with a 

Butterworth low-pass filter gave depths to basement that were 

dependent on the cutoff wavelength chosen. Upward continuation to 

2000, 3000 and 4000m still gave near surface depths to source. The 

method is optimal when the power spectra are the same for both the 

near surface and the deep sources. This is considered not to be the 

case for the Tanumbirini area. The near surface source is predicted to 

be a flat lying sheet with random shapes for its edges. The deep 

source may be near vertical dipping sheets or a rock mass such as 

granite. 

From the results of both methods it appeared as though the depth 

effect of the near surface sources was gradually diminished as the 

higher frequencies were reduced in amplitude. However this enhanced 

the effect from the horizontal width of the flat sheets. These 

dimensions may be of the same order as the depth to basement and thus 

obscure attempts to measure that depth. 
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Visual inspection of the profiles from the tie lines suggests that the 

depth to magnetic basement is in the range 5000 to lO,OOOm. 

The upward continuation method may be useful if it was applied to a 

two dimensional grid of values. This was not possible with the current 

data as the flight line interval was too large. Because of this factor 

the Total Magnetic Intensity contour map is misleading as it does not 

depict the high frequency component of the field. This is also 

obscured by the coarse scale used for the profile presentation. 

A much smaller line spacing is needed to adequately define the total 

magnetic field, for example 300m for a terrain clearance of l50m. 

Otherwise a much greater terrain clearance is required to produce a 

regional picture, for example lOOOm for a flight line spacing of 3 km 

with the lines flown north-south. 

At first glance the depth estimates appeared to be a random scatter of 

values. The statistical analysis of variance was applied to the depth 

estimates for all of the flight lines. It showed that there was a 

highly significant difference between the lines. Further testing 

showed that there was a more significant difference between east

heading and west-heading lines with the mean depth for the east

heading lines being ll.4m less than for the west-heading lines. 

The most obvious reason for the difference is that the mean terrain 

clearance of the aircraft was llm lower for the east-heading lines. 

The field data showed that the aircraft ground speed was usually 

slower on the east-heading lines. As this may have had an effect on 

the depth estimates a statistical t-test was applied to the corre

lation coefficient calculated from the means of the station interval 
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and the depth estimates for each line. The result indicated that there 

is no reason to expect the correlation not to be zero. 

Finally the analysis of variance showed that there was a statistically 

significant difference in the depth estimates for each line regardless 

of the direction in which it was flown. The trend in the mean depths 

shown on the accompanying table indicates that the mean depth 

increases going south. It is about 200m on the northern boundary, 

latitude 16° South, and about 300m at latitude 17° South. 

The source locations detected within the Nutwood Downs Volcanics are 

anticipated to be the edges of individual flows. Sheet 1 of the 

Interpretation Maps shows that there is a proliferation of these edges 

in the northwest of the Tanumbirini area. Note that the 10 km wide 

strip down the western edge of the sheet does not show any sources due 

to the exclusion of 200 fiducials from the depth analysis at each end 

of the flight lines. 

Sheet 2 is mostly covered by the same sources. However the southeast 

corner of the sheet is clear of source locations and there is a 

distinct boundary around the source-free zone. Presumably the zone is 

not underlain by Nutwood Downs Volcanics and the boundary marks were 

the flows stopped up against a topographic high in either Bukalara 

Sandstone or Undifferentiated Proterozoic rocks. 

Much of Sheet 3 is clear of source locations and depths and this part 

is also anticipated to be free of Volcanics. 
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TABLE 01' THE :MEAN 01' THE ESTIMATED DEPTHS FOR BACH LDIB 

Mean depth 
Line number Heading magnetic sources 

1770 E 200.6m 
3781 W 202.3m 
3791 E 197.7m 
3800 W 20S.4m 
3810 E 198.2m 
3820 W 236.6m 
3830 E 208.Sm 
3840 W 248.4m 
3850 E 250.7m 
3860 W 247.2m 
3870 E 219. Om 
3880 W 241.9m 
3890 E 253.0m 
3900 W 283.1m 
3910 E 249.3m 
3920 W 284.4m 
3930 E 297.0m 
3940 W 292.5m 
3950 E 2S2.3m 
3960 W 274.8m 
3970 E 260.0m 
3980 W 2S0.3m 
3990 E 254.6m 
4000 W 321. Om 
4010 E 279.Om 
4020 W 249.6m 
4030 E 280.7m 
4040 W 276.6m 
4050 E 245.7m 
4060 W 24S.0m 
4070 W 296.6m 
4080 E 289.0m 
4090 W 227.8m 
4100 E 297.8m 
4110 W 298.0m 
4120 E 302.2m 

Mean of all the depth estimates is 247.9m 
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Relative to Sheet 1 there are far fewer source locations on adjoining 

Sheet 4 and the depths are greater. Also more trends are marked on the 

sheet. The greater depth has caused the responses from individual 

edges to merge together and allow better correlation between lines. 

There are a few patches free of source locations. Sheet 5 is similar 

to 4 but with larger source-free patches. 

More than half of Sheet 6 is clear of source locations and this area 

is also expected to be free of Volcanics. 

Possibly the flows encroached from the northwest to provide the 

present extent of the Nutwood Downs Volcanics across the Tanumbirini 

area. Otherwise the northwest of the area was topographically low at 

the time of extrusion of the flows with the centre-east being a 

topographic high. 

CONCLUSiONS AND RECOMMENDATiONS 

A computer analysis of the magnetometer data from the BMR survey of 

the Tanumbirini sheet area has provided locations and sources for many 

of the detected magnetic responses. A multitude of low-amplitude, 1 to 

2 nanoTeslas, responses were disregarded. These are attributed to 

laterite ridges that are prevalent throughout the sheet area. 

The average depth to source was about 250m and the majority of the 

sources are considered to arise from flat-lying Nutwood Downs 

Volcanics. On the northern boundary the average depth to sources was 

200m while it was 300m at the southern boundary of the area. It seems 

likely that the flows encroached onto the area from the northwest. 
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The accompanying Interpretation Maps, sheets 1 to 6, show the 

calculated source locations and depths. There are patches free of 

these which are predicted to be also free of Nutwood Downs Volcanics. 

If drilling is to be undertaken in the area to test the Proterozoic 

rocks then these clear areas would be suitable if it is desirable to 

avoid drilling through the Volcanics. 

Attempts to filter out the response from these near-surface sources 

and enhance the regional field from the deep sources was unsuccess-

ful. Visual inspection of the north-south tie lines suggests a depth 

to magnetic basement of 5 to lOkm. 

The main problem in analysing the data was that the survey parameters 

were not suited to the magnetic responses encountered over the 

Tanumbirini sheet area. Either a much closer line spacing of 300m was 

needed to adequately define the near-surface sources or a greater 

survey altitude of lOOOm was needed to minimise the response from 

surface sources and properly define the regional field. 

The radiometric data was not suited to the analysiS originally 

suggested. The count rates were too small to provide statistically 

significant results. This was because the detector crystal volume was 

too small. In addition the radioaltimeter data was inaccurate. 

Depths to magnetic basement could best be achieved by reflying a few 

magnetometer traverses along north-south lines at a terrain clearance 

of 1000m or more. 

12 December 1988 
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