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ABSTRACT 

During 1957, an airborne magnetometer
survey of the Perth Basin was conducted by officers of
the Commonwealth Bureau of Mineral Resources. An area
of approximately 29,800 square miles was surveyed with
flight lines one mile apart and, in addition, exploratory
flights were extended seaward for considerable distances
from the coast.

A DC3 aircraft, fitted with flux—gate
magnetometer and various items of navigation equipment
including a Shoran radar system, was used during the survey.

A preliminary assessment of the results of
the survey shows that the magnetic anomalies recorded reveal
the principal structural features of the Basin and also
provide new information concerning the western off—shore
portion of the Basin.



1. INTRODUCTION

During the periods 27th February to 29th July and
20th September to 1st October, 1957, an airborne magnetometer
survey of the Perth Basin in Western Australia was carried out
by officers of the Commonwealth Bureau of Mineral Resources,
Geology & Geophysics using the Bureau's DC3 airi)raft VH-MIN.
An area of approximately 29,800 square miles was surveyed with
east-west flight lines spaced one mile apart.^Additional
exploratory lines were extended westwards every fifteen minutes
of latitude at least as far west as 114 °E. (Plate 1).

The Perth Basin occupies the coastal strip of Western
Australia south of Geraldton and extends on to the adjacent
continental shelf.^The Darling Fault forms the boundary between
the sedimentary basin on the 'vest and the Pre-Cambrian shield
on the east.^Over most of its length the Darling Fault is
marked by a prominent scarp (Darling Scarp).^In the north
where the scarp becomes insignificant the position of the
boundary fault has been established by geological mapping and
gravity surveys (Thyer and Everingham, 1956).^Little was
formerly known concerning the structure of the off-shore portion
of the Basin; no geophysical investigation having been carried
out west of the c.oast line, except for a few submarine gravity
observations by Vening Meinesz (1948).

The western boundary of the Basin has been established
only in the south where it coincides with the Dunsborough Fault
south of Cape Naturaliste.^The suggestion has been made by
Fairbridge (1948) and others that the ridge of Pre-Cambrian
rocks outcropping on the west side of the Dunsborough Fault may
continue northwards beneath Rottnest Island and roughly parallel
to the eastern boundary of the Basin, giving the Basin the form
of a rift valley or graben.^It will be seen from the results
of the aeromagnetic survey that the idea of a fairly simple
graben structure is no longer tenable.

The object of the airborne survey was to obtain complete
reconnaissance magnetic data over the entire land portion and as
much as possible of the off-shore portion of the Basin, and to
use the data for investigating the depth and principal structural
features of the Basin.^Particular interest was attached to the
relatively unknown off-shore portion and to the possible extension
northwards of the Pre-Cambrian ridge west of the Dunsborough
Fault.

Personnel from the Bureau who took part in the survey
were J.K. Newman (Party Leader), W.A.L, Forsyth, F.J. Merrick,
C,L. Cookson, R. Wells, C.Leary, W.A. Porta, P.G. Grimsley,
R.O. Franklin, M.A. Hazlebrook, F.S. Clements, D.W. Walker,
W.J. Bresser, J.P. Pigott, K.A. Mort, C.J. Braybrook, P.J. Muir
and E. Granville.^Personnel from Trans-Australia Airlines, who
assisted in the aircraft operations, were Captain D.K. Duffield,
First Officers J. Bartlett and P.E. Worley and Flight Engineers
M. Gatley, R. Luniss and C. Renshaw.

It is desired to acknowledge the assistance received
during the course of the survey from officers of the West
Australian Department of Lands and Surveys and Department of
Fbrests.

2. SURVEY TECHNIQUE

The survey was conducted at a nominal altitude of
1,500 feet above sea level.^Flight lines were east-west in
order to record profiles at right angles to the general strike
of the known boundary features.^North-south tie lines were
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flown at separations of approximately 25 miles to enable the
profiles to be reduced to a common datum and corrected for
instrumental drift and diurnal variation:

As indicated in Plate 1, the larger part of the area
was surveyed using Shoran control.^Shoran radar was employed
as both a navigational aid for the pilots and as a de -vice to
provide data for the final plotting of the flight lines,^In
some areas, also indicated in Plate 1, where the flight lines
did not extend over the sea, and where vertical aerial photo-
graphs were available ; pilotage was carried out using aerial
photographs instead of Shoran.^In these areas a vertical strip
camera was employed to take a continuous photograph of the track
of the aircraft.^The strip camera was also employed as a check
on the Shoran positioning method when the Shoran controlled work
extended over the land,

Apart from the area covered by flight lines spaced at
1-mile intervals, a number of exploratory flights were under-
taken at intervals of 15 minutes of latitude,^These flights
extended at least as far west as 11• °E^The first two
exploratory 1ines 7 at 34 0 15 S and 34 S 7 were navigated on
their western extension over the sea by dead reckoning, and the
track plotted from co-ordinates presented by a Ground Position
Indicator (G.P.I.) - a device which integrates with time the air
speed, compass heading and wind vector, to give the ground
position.^Unfortunately the G.P.I. plotting proved unreliable,
mainly because wind vectors could not be determined with
sufficient accuracy for the purpose,^During the remainder of
the exploratory flights the survey altitude was gradually raised
from 1,500 feet up to, in some instances, 4,000 feet on the far
western end, to maintain effective Shoran control by beacons
situated on the Darling escarpment.

- 3. EQUIPMENT 

(a)Magnetometer.

A modified AN/ASQ-1 fluxgate magnetometer was used to
record the variations in the earth's field.^To reduce the
effect of the large amount of permanent and induced magnetism
associated with the aircraft's engines and main landing gear, the
detector head of the magnetometer was mounted in a boom extending
from the tail cone of the aircraft,^In this position the
heading error recorded by the magnetometer, as the aircraft turned
through 360 0 , was a maximum of 15 gammas without compensation.
Compensation of the aircraft's permanent magnetic field reduced
the heading error to 7 gammas which was mainly due to induced
magnetism.^Compensation of the induced field was not attempted
as a heading error of 7 gammas is relatively insignificant on a
survey in which all the lines are flown on constant headings,

The output of the magnetometer was recorded by a Leeds
and Northrup Speedomax recorder on a chart 10 inches wide and with
a sensitivity (nominal) of 55 gammas per inch.^The range of the
recorder was extended by an automatic zero switching device to
6,075 gammas.

(b)Shoran.

An AN/APN-84 Shoran master station was fitted in the
aircraft and three AN/CPN-2A responder beacon stations were
fitted into Morris Commercial 4-wheel drive trucks,^The master
station worked two beacons at a time to give a continuous
triangulation fix of the aircraft's position.^Due to the elltal-ght
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line propagation of the Shoran signal's operating on carrier
frequencies of from 230 to 300 megacycles, the beacons had to
be located in prominent positions to ensure that the horizon did
not come between the aircraft and each ground beacon.^For the
Shoran controlled survey south of Perth the beacons were
established on high points of the Darling Scarp and the flight
lines continued in an unbroken line from the eastern to the
western boundary of the area.^North of Perth the problem of
finding adequate beacon sites became much more difficult and
generally it was necessary to break each line into two parts
controlled by separate beacon pairs.^All beacons were located
close to survey trig stations.

The two aircraft-to-beacon distances forming the Shoran
fix, were continuously displayed on repeater mileage counters
fitted to an instrument panel, which was photographed every 10
seconds.^The photographic record was processed and the Shoran
co-ordinates plotted on a scale of 2 miles per inch within 24 to
48 hours after each flight.

During the course of the survey several investigations
were conducted to examine the accuracy of the Shoran plot.
Various tie lines were flown over the coastal plain in each
Shoran area.^Intercepts of the ties with individual flight

, lines, as recorded on the Shoran plot, were compared with the
same intercepts as recorded on vertical strip photography.
The standard deviation of the Shoran plot, obtained by this
comparison, was t 0.04 mile.^A large part of this error was
probably due to the scale (2 mile per inch) of the plot, and
to the plotting interval (approximately 0.4 mile).^In a separate
investigation, where flight lines happened to cross the baseline
between two beacon stations, the minimum sum of the Shoran co-
ordinates was compared with baseline distances calculated from
the survey co-ordinates of the beacon positions.^In this

"investigation the maximum error was found to be 0.04 mile, with
an average error of approximately 0.02 mile.^Most of this error
was due to the fact that a Shoran fix depends on the continual
manual alignment of two sets of pulses on a cathode ray indicator.

(c) Vertical Camera. 

While flying over the land an Aero Service Corporation
35 mm, strip camera was employed to record the position of the
aircraft.^The strip negative so obtained was printed in Melbourne
and the print returned to the survey base for plotting on vertical
photographs.

Although the strip camera is much simpler and cheaper
in operation than the Shoran with its ground beacons and elaborate
airborne equipment, the plotting of the strip film on to vertical
photographs and the rectification of these photographs to produce
a map, has always been much more time consuming than the plotting
of Shoran co-ordinates on to a rectilinear grid.

Radio Altimeter. 

An STR-30A radio altimeter provided a continuous record
of the aircraft's altitude above the terrain.^As the aircraft
wns flown at a constant barometric height above sea level, the
principal function of the radio altimeter was to record the
position of the main physiographic feature, the Darling Scarp,
in its relation to the magnetometer trace.
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The Ground Position Indicator.

The ground position indicator operates by integrating
data from an air speed indicator and a master compass to give the
air position, which is compounded with the wind vector to give
the ground position.^Wind velocities have to be determined by
means of a Drift Meter.^At the comparatively low operating
altitude of 1,500 feet difficulties were experienced in getting
a reliable estimate of the aircraft's ground speed by operating
the Drift Meter and often, especially over the sea ; aircraft
drift was also difficult to obtain.^As both these factors are
required to calculate the wind velocity, the Ground Position
Indicator was unsatisfactory as a substitute for Shoran on the
far western exploratory flights,

4. RESULTS 

The final complete results of the survey will be produced
as a series of maps to a scale of 4 miles to 1 inch, showing
contours of total magnetic intensity.^For the purpose of this
preliminary report the only results shown are representative
magnetic profiles mainly at intervals of 15 minutes of latitude.
These have been reproduced on a reduced scale in Plate 2 and
include the profiles recorded on the western exploratory flights.
The flight line positions shown are only approximate,^The
results presented in Plate 2 are sufficient to illustrate only
the more important features recorded.^L detailed interpretation
of the results will not be possible until the final maps have been
completed.

In general there is an absence of sharp anomalies over
the Basin indicating that the basement rock is overlain by a
large thickness of non-magnetic sediments.^East of the Darling
Fault, the profiles show many anomalies, some with very steep
gradients.^The irregular nature of the profiles here contrasts
with the smoothness over the Basin and is consistent with the
pre-Cambrian basement being at or close to the surface. A fairly
definite line of demarcation can be traced between the magnetically
smooth area on the west and the irregular one on the east, which
corresponds closely with the trace of the Darling Fault as shown
by gravity measurements.^(Thyer and Everingham, 1956).

In the region south of Cape Naturaliste, there is a zone
of strong anomalies associated with the outcropping ridge of Pre-
Cambrian rocks, and the western boundary of the Basin is shown
by the transition between a disturbed and relatively smooth type
of profile.^As shown by the magnetic results, this boundary
corresponds to the known Dunsborough Fault. West of this fault,
and for a cohsiderable distance out to sea, the profiles indicate
relatively shallow basement rocks.

The profiles north of Cape Naturaliste indicate a marked
change in strike of the basement ridge which can be traced in a
north-westerly direction with certainty as north as flight line 122.
The broad anomalies occurring on the western portions of flight
lines 155 and 172 are probably associated with a further con-
tinuation of the same ridge, and the anomalies on lines 189 to
241B suggest that the ridge may be traced as far north as Latitude
31 °S.^It is of interest to note that, north of Latitude 33 ° ; the
line of anomalies attributable to this basement feature falls
outside the continental slope as indicated by available bathymetric
data.

The profile on line 241B shows a large anomaly centred
about 12 miles off the coast. The anomaly, which can be traced
for about 10 miles north and 15 miles south of line 241B, is
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considered to indicate a high fequre in the obasement.
Further north between Latitude 30 30 and 29 40' there is a
fairly continuous line of broad anomalies of varying amplitude
running approximately parallel to the coast.^This line of
anomalies was not covered in detail owing to the absence of
Shoran control for the seaward flights in the northern part
of the survey area.^However it is clear that the anomalies
are associated with a basement ridge.^The highest part of the
ridge appears to be situated approximately 30 miles north of
Jurien Bay and is estimated to be 4,000 to 5,000 feet below the
surface.

Approximately ten miles east of Busselton and
extending south-south-east for at least 20 tiles, a line of
negative anomalies was recorded.^The anomalies could be
attributed to a long basalt dyke or flow with reversed
polarisation, although the known ocurrences of basalt in the
area are all further east.

The profile on flight line 88 indicates that the Basin
becomes shallower in the area north of Bunbury and tends to
confirm the evidence from the gravity survey of a saddle between
the two deeper parts of the Basin - the Bunbury Trough and the
Dandaragan Trough (Myer and Everingham, 1956).

5. CONCLUSIONS

From the preliminary examination of the airborne
magnetometer results, it is considered that the survey will
provide valuable information concerning the structure of the
Basin as a whole.^The advantage of the airborne method in
making possible the extension of the magnetic survey into off-
shore areas is illustrated by the results obtained west of the
coast line.

The eastern boundary of the Basin which coincides
with the Darling Fault is clearly indicated by the magnetic
results.^Clear indication is also given of the Dunsborough
Fault forming the western boundary of the extreme southern part
of the Basin.^The off-shore results show that the basement•
ridge whieh crops out on the west side of the Dunsborough Fault
does not continue northwards beneath Rottnest Island as was
previously suggested, but has a marked change of strike towards
the north-west away from the coast line.^In its central
portion the Basin appears, from the magnetic results, to be very
broad and to extend as far west as the edge of the continental
shelf.^It is clear that the Basin can no longer be considered
as a simple graben structure.

When the complete results of the survey have been
prepared in contour form, it will be possible to examine in
detail the features mentioned briefly in this report and others
not completely shown by the profiles on Plate 2.^Estimations
of depth to basement in various parts of the Basin should be
possible from a study of the anomalies recorded.^It is expected
that full interpretation will provide a considerable amount of
basic information concerning the structure of the Basin which will
be of assistance in the exploration for oil in this region.
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