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ABSTRACT

A seismic reflection traverse was surveyed across

the Perth Basin through the township of Gingin. The traverse

was planned to give information on the thickness of the sedi-

mentary section, the structure of the Basin, and the aplicability

of the seismic method as a tool for both regional and detailed

investigation.

The traverse was chosen to cross a major negative

gravity anomaly (-110 milligals at Gingin) and to cross the

so-called "Hill River Fault".

A considerable thickness of section was indicated

(in excess of 17 9 000 feet) and tectonic structure, not apparent

in the surface geology, was shown.

A deep-seated anticline,. the Gingin Anticline, was

discovered.



10 INTRODUCTION.

The Gingin area is about 45 miles north of Perth, and
lies approximately in the centre of the Perth Basin, which extends
from the vicinity of Cape Lecuwin in the south to Geraldton in the
north. The Perth Basin has been recognised as sedimentary since
before 1850 (Pairbridge, 1949) but has generally been considered
to be a shallow basin.

Before the Australian Motorists Petrol Co.Ltd. took out
the Petroleum Leases of the Perth Basin in 1947, no major oil
coWany had considered the area worthy of investigation and explora-
tion. The leases were transferred to West Australian Petroleum
Pty. Ltd., in 1951. The first positive indication that a deep
basin may exist was shown by the gravity observations of Vening
Meinesz along a line across the Basin near Perth, during his
gravity investigations in the Indian Ocean in 1935 (Vening Yeinesz,
1948).

The Bureau of Mineral Resources, Geology and Geophysics
first carried out gravity observations at 7atheroo in 1949 and
at Bullsbrook in 1951, while socking sites for water bores. As a
result of the interest aroused by these observations, the Bureau
then made a reconnaissance gravity survey of the entire Basin during
portions of 1951 and.1952 (Thyer and Evaringham, 1956). The results
of that survey were very important. Bouguer gravity anomalies up
to -140 milligals were recorded. Steep gradients covering the
greater part of the anomalies occur within a strip 4 to 6 miles
wide, running along, and covering, the Darling Scarp. It was
difficult to account for such large anomalies with such steep
gradients without assuminr; a thickness of fairly light sediments of
the order of 30,000 feet on the western side of the scarp.

There was no known geological evidence to suggest the
existence or non-existence of such a, thickness of sediments. Con-
sequently, at the first available opportunity, the Bureau moved a
seismic party to the Perth -Basin with the principal object of
verifying, if possible, the interpretation of the gravity anomaly
in terms of a thick sedimentary section. The results obtained by
that party from the first traverse form the subject of this report.

2. GEOLOGY

In the following summary of the known geology of the
Perth Basin the author, by kind permission of the Government
Geologist of Western Australia, refers mainly for his information
and authority to an unpublished report by Fairbridge (1949).

The Perth Basin extends from near Cape Leeuwin in the
south to Geraldton in the north. It is bounded on the east by the
Darling Scarp and extends an unknown distance out to sea. The
continental part of the Basin is a long narrow strip of about
15,000 square miles, being about 400 miles long and about 55 miles
wide at the widest part.

The physiography and the positions of outcrops suggest
a pattern of major faults. As the geophysical results would
appear to confirm the fault hypothesis, it is assumed here (as
in Dr. Fairbridge's report) that the faults exist. The major faults,
together with an anticline (the Mullinga=a axis) exposing both
marine and fresh-water Permian reeks in the area of the Irwin River,
were the only known tectonic features in the Basin.

The most prominent feature is the Darling Scarp which
forms the demarcation line between the pro-Cambrian West
Australian Shield on the east and the Perth Basin on the west.
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From the geological and geophysical evidence there now seems to
be little doubt that, in the Gingin area at least, this prominent
feature is the surface expression of a very large normal fault
or series of faults with a total throw probably in excess of
20,000 feat. There is also some geological evidence indicating
that there was transcurrent movement along the fault. The other
faults, with the exception of the DunsborouEh Fault, are seen at
the surface mainly as fairly low escarpments with the high land
on the east. Outcrops of Mesozoic rocks on the high land and
Tertiary rocks on the low land are further evidence of faulting.

The geology shown on Plate 1 has been taken from Fair-
bridge's report.

3.  FIELD WORK.

The field party left Perth on 4th January, 1955, and
returned on the 18th February, 1955. This period included thirty-
four working days of which two were lost in travelling and four
were lost through rain. One hundred and six holes were drilled and
shot. The work of the party may be described -under the following
headings.

Surveying.

A surveyor and four assistants were supplied by the
Department of the Interior. The traverse was laid out using
theodolite and chain. Elevations above sea level of all shot
points and geophone stations were read. Plate 2 shows the location
of shot points. Where possible, the traverse was laid out within
road reserves consistent with the laying-out of quarter-mile straight
sections between shot holes and the need to avoid the township area
of Gingin, where the shooting could cause damage to property.

Drilling.

The drill - a Failing ,"750" type - and a driller were
supplied by the Petroleum Technology Section of the Bureau.
Another driller and three assistants were supplied by the Geophy-
sical Section. Two 700-gallon water tenders were used for carrying
water for drilling. Two drilling shifts per day were worked
throughout the survey. The day shift was operated by two men and
a tanker driver and the evening shift by two mon only. The drill
completed 109 holes, three of e;hich caved in before a charge could
be loaded. Four other hales were attempted but had to be abandoned
because the drillers were unable to prevent the sides caving in.
A number of re-drills were necessary before some of the holes could
be loaded. Approximately 2.17-; tons of American bentonite was used for
conditioning the holes.

A considerable quantity of very pure quartz sand was
encountered, ranging in grain size from fine to coarse. Most holes
encountered bands of other material ranging from clay to hard
limestone. The Gingin Chalk was encountered near Gingin and the
coastal limestone towards the western end of the traverse. The
limestones were generally soft, with occasional hard bands.
Cavities, generally immediately below hard bands, caused loss of
circulation on both the western and eastern ends of the traverse
and in a few other holes throughout the traverse. The drillers'
logs of the holes are plotted on the cross section shown on
Plate 3.
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Shot Record.

A modern set of 24-channel reflection equipment manu-
factured by the Technical Instrument Company was used. The
conventional split-spread continuous profiling technique of
shooting was employed. The traverse was surveyed with shot holes
at every quarter-mile and geophone stations every 110 feet (i.e.
eleven geophone stations between shot holes). Only one spread was
non-standard. No. 1 and No. 24 geophone stations were "offset" 15
feet from the adjacent shot holes.

Four geophones per station were used throughout the survey.
The geophones at each station were about 6 feet apart, in line with
the traverse.

The filter setting used mostly ranged from L i H A to L 2 H 3 ,
although other settings were used on occasions. A copt- of the
filter curves for the amplifiers is shown in Fig. 1. The amplifiers
were conventional for modern equipment and included both automatic
gain control and presuppression.

The recording unit consisted of a recording truck, shooting
truck and cable Landrover, and was manned by an observer, shooter and
three or four assistants.

4. COMPUTING METHODS

The cross-sections showing continuous correlations and
dip plotting are presented as Plates 3 and 4 respectively. The
section showing continuous correlation was plotted during the survey,
using an assumed velocity of 10,000 ft. per second. Some "wash
boarding" effect, due to the error in this assumption, is shown on
the shallow reflections.

The cross-section showing dip plotting was drawn after the
conclusion of the survey when a "t, at" analysis was made of the
recorded reflections and an aperoximate velocity distribution deter-
mined. The time-velocity curve used is shown on Fig. 2.

Reflection times were picked on traces 1 and 24, and the
mean picked between traces 12 and 13. These were corrected for
weathering and elevation, using velocities of 2,000 ft. per sec. and
6,000 ft. per sec. respectively. Only on a few spreads were these
velocities in any appreciable error for near-surface local variations.
For large variations in elevation over distances of several miles,
a more suitable value of velocity for elevation correction would
probably have been of the order of 7,500 ft. per sec. It is also
considered probable that the velocity distribution changes along the
length of the traverse, and that slightly decreasing values should
apply as the traverse progresses from west to east. There is in-
sufficient data to do more than guess at these refinements and it
is not considered likely that they would appreciably affect the basic
conclusions.

In the cross-section showing correlation plotting
(Plate 3) all corrected times are plotted vertically below the
traverse. In the cross-section showing dip plotting (Plate 4) the
apparent dip is calculated for the reflection (the reflection may
extend over 12 or 24 traces) and the reflection is plotted so that
(on the assumption that the traverse is normal to the strike) it is
in such a position that a straight ray from the shot point will be
normal to the plotted reflection. On this cross-section the verti-
cal displacement in feet over a horizontal distance of 660 feet is
shown on each reflection as a measure of the dip indicated.



:or

Three "phantom horizons" are shown. Each "phantom"
represents the mean dip of all reflections used in its construction.
The reflections used for phantom horizon "A" are all those above
the assumed uhconformity mentioned later in "Discussion of Results".
The reflections used for the construction of phantom horizon "B"
are all those from 3,000 feet below the phantom to either the base
of the unconformity or 3,000 feet above the phantom, whichever is
the dbser to the phantom. The reflections used for the construction
of phantom horizon "C" are all those within 3,000 feet above and
below the phantom.

DISCUSSION OF RESULTS

The following discussion is based on the cross-section
showing dip plotting (Plate 4).

A major unconformity is suggested in the section with its
surface rising from a depth of about 5,000 feet at S.P. 184 near the
eastern end of the traverse, to about 3,000 feet at S.P. 272 near
the western end. It may or may not exist in fact, but it provides
a useful working hypothesis at this stage.

Phantom horizon "A" shows the structure above the con-
formity, whereas phantom. horizon "B" shows the structure below the
unconformity.

Phantom horizon "C" was drawn to show the continuance of
conformity with depth and it is considered possible that, apart from
the effect of local thickening and thinning of the lower beds in the
section, this horizon may reflect to a large degree the regional
attitude of the surface of the basement. This assumes that the few
scattered reflections recorded below those reflections on which
phantom horizon "C" is based could be reflections from within the
basement. There is no really sound basis for this assumption, but
it is possible that the basement could consist of a thick section of
relatively unaltered sediments. Such sediments could give rise

' to reflections from within the basement. It is therefore considered
that the assumption is a reasonable one on which to base an initial
interpretation.

Phantom horizon "A" has been drawn in three parts at
different horizons within the zone it represents. It has been cal-
culated as a continuous horizon, but if drawn as such it would run
off the section. The two breaks in its continuity should not be
taken as representing possible faulting. if the assumption regarding
the position of the unconformity is correct, then phantom horizon
"A" indicates a considerable thickness of sediments above the um-
conformity; these sediments were subsequently truncated by erosion.

The most striking features shown by the section are:-

^(i)
^

The considerable thickness of sediments developed in the
basin, particularly on its eastern side where this thick-
ness probably exceeds 17,000 foot and may even exceed
20,000 feet.

ii
^

The high degree of unconformity between the beds re-
presented by phantom horizon "A" and -those represented
by phantom horizon "B".

(iii) . The high degree of conformity between phantom horizons
"B" and

(iv) The strong regional east dip of all the beds both above
and below the unconformity and, probably, of the base-
ment.
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(v)^The anticlinal reversal of dip with its crest below
S.P. 212 shown in the beds between 4 9 500 feet and
16,000 feet, and the fact that the anticline is more
strongly developed on phantom horizon "C" than it is on
phantom horizon "B". This would indicate that the
folding commenced during the early part of the sedimen-
tation and was completed before the time of the erosion
associated with the unconformity. There is no similar
folding indicated in the sediments above the unconformdty.

(vi
^

The lack of reflections at certain shot points may, in
some cases, be representative of faulting within the
section.

6. CONCLUSIONS.

The above results lead to the following conclusions:-

(i )

^

In the area of Gingin the Perth Basin is a deep sedimentary
basin which is more than 17,000 feet in depth and could
include sediments of lower Palaeozoic and pre-Cambrian age.
It reaches its maximum or near maximum depth near its
eastern margin, which is represented at the surface by
the Darling Scarp. The latter is probably the surface
expression of a major fault or fault system with a total
throw that is probably greater than the 17,000 feet
mentioned as the minimum depth of the Basin. The
faulting is presumably normal. Other faults may exist
along the traverse.

ii
^

An anticline, here named the Gingin Anticline, exists
with its crest below S.P. 212. It is potentially a ma j or
structure which, other factors being favourable, is suit-
able for the accumulation of oil. More than 1,400 feet
of relief is shown on phantom horizon "C" along this
traverse, and until shown otherwise closure of this order
must be considered possible.

From the above two main conclusions it may be stated
that

(a) The Perth Basin, primarily because of the thickness of
its section t may be potentially oil-bearing.

(b) If the Perth Basin should be oil-bearing then, because
of the tectonics revealed by the seismic work, it will
almost certainly have the structures necessary for the
accumulation of oil.

(c)^The results disclosed by this traverse indicate that
further immediate investigation is required (see below).

7. RECONEENDATIONS.

Further investigation should consist of :-

Seismic work to map the Gingin Anticline and investigate
further the possible faulting along the traverse.

(ii)^As the structure of the Gingin Anticline is worked out,
it should be surveyed by detailed gravity and magnetic
methods to establish whether these methods may be used
as reconnaissance tools to detect other possible
anticlines.

(±)
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(iii) An extensive seismic survey should be planned to
determine, as far as -possible and on a regional basis,
the depth and structure of the Perth Basin.

(iv) A scout boring programme should be commenced to assist in
solving the problem of faulting and to investigate the
assumed unconformity and the full section above it.
Item (iii) above will undoubtedly develop a continuing
programme for scout boring.

^

(v)^If a closure on the Gingin Anticline is proved, the
seismic work should be followed by a deep test with
equipment caDable of drilling to about 18,000 feet.
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