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SIMEARY

Between August and December 1960 a seismic party from the
Bureau of Mineral Resources carried out a reconnaissance seismic survey,
using reflection and refraction techniques, across the Murray Basin.
Traverses were placed at selected localities at Carrathool, Hay, Maude,
Balranald, Wentworth, Merbein, Lake Victoria, and Loxton.

Reflection velocity data were established by means of t: t
analyses on all reflection traverses, and by velocity profiles at Hay,
Merbein, and Loxton.

In general, the results show that the Basin, at least along
the line of traverse, consists of essentially undisturbed sediments above
a high-velocity basement. The thickness of Basin sediments ranges from
about 900 ft at Carrathool to 2200 ft at Lake Victoria and Merbein. Most
of the sediments are of Tertiary age, with Mesozoic at Loxton and
Wentworth and perhaps at other traverses in the western part of the Basin.
The seismic velocity in the sediments has a typical value of about 6000
to 7000 ft/sec, while the velocity in the basement ranges from 15,750 ft/
sec (at Hay) up to 20,000 ft/sec (at Lake Victoria). The geological
nature of basement is not known, but it is considered that it definitely
marks the floor of the Tertiary (or Tertiary - Mesozoic) basin. Refraction
velocities alone are of doubtful value in identifying the floor, as it is
known that crystalline basement, metamorphosed sediments, or unmetamorphosed
sediments such as limestone, may have velocities within this range.

A gravity meter was read at all shot-point locations, and the
Bouguer values were computed. There is no clear relation between
these values and the thickness of Tertiary sediments from seismic
evidence After removing (by computation) the anomalies that arise from
the Tertiary - Cretaceous sediments, there are large anomalies remaining.
The greatest negative anomalies occur at Merbein and Wentworth, and may
indicate the presence of a large thickness of pre-Cretaceous sediments.

A test bore was drilled to 864 ft at Carrathool but it aid not
penetrate to any bed that could be associated with the 16,500-ft/sec
refractor calculated to be at about this depth.



1• INTRODUCTION

Geology

The Murray Basin (Plate 1) extends into South Australia,
New South Wales, and Victoria, and covers an area of roughly
100,000 square miles. Topographically it is an essentially
featureless expanse of thin Quaternary deposits dissected by the
Darling, Lachlan, Murrumbidgee, and Murray Rivers. Beneath this
cover is a succession of Tertiary sediments of a total thickness
of up to 2200 ft or perhaps a little more. The Murray River has
cut through the cover at its lower reaches in South Australia to
expose the Tertiary sediments.

It is known that the Tertiary sediments rest on Cretaceous
sediments at Loxton. The Loxton Bore of Australian Oil and Gas
Corporation Ltd penetrated 1320 ft of Tertiary limestone and sandstone,
and then entered 237 ft of Cretaceous clay and mudstone containing
microflora devoid of marine fossils, followed by14 fteshale with
marine foraminifera (0 1 Driscoll, 1960). The bore was not extended
beyond 1601-ft depth. The thickness of the Cretaceous sediments was
therefore not determined, and the nature of the formation below
the Cretaceous sediments is unknown. Similar results were obtained
from a nearby bore drilled by the Loxton Farming Company, in which
Cretaceous sediments were entered at 1596 ft, but the bore was
terminated in Cretaceous sediments at 1805 ft. Some Cretaceous sediments
crop out about 20 miles north of Menindie, and at Wilcannia, but it
is not known whether these beds occur under the main part of the
Tertiary basin, or whether they are absent except for a few scattered
patches.

The presence of other sediments underneath the Tertiary
cover is known at Oaklands, NSW where Permian coal measures and some
marine deposits occupy a basin in pre-Permian rocks and are covered
unconformably with several hundred feet of Tertiary sediments. There
is a possibility that the limit of the Permian may have transgressed
into the area now obscured by some of the main body of Tertiary
sediments, but gravity evidence so far does not support this.

The western boundary of the Tertiary rocks is formed, in
South Australia, by extensive outcrops of Upper Proterozoic rocks,
some Archaean rocks, and some granite. The northern and north-eastern
boundaries in New South Wales are marked by outcrops of upper Devonian
rocks and some Mesozoic rocks. The southern boundary, in Victoria,
merges into outcrops of Cambrian, Ordovician, Silurian, and Devonian
rocks, with many scattered granite outcrops.

It can be stated generally that, around the margin of
the present Tertiary Basin, the sediments older than middle Devonian
have been tightly folded or have been metamorphosed and intruded by
granite. Most of this has been closely connected with the
Tabberabberan (middle Devonian) Orogeny. It is possible, but not
certain, that the folded and metamorphosed sediments extend under,
and constitute the floor of, the present basin.

Sediments younger than middle Devonian also appear at the
margin but it is not known (except in the case of the Cretaceoue..
sediments) whether they extend under the Tertiary cover, nor what
might be the limits of such an extension.

Previous peoehvsical exploration

Gravita. Gravity surveys by the South Australia Mines
Department have covered much of the south-eastern corner of South
Australia, including some of the Murray Basin. The Australian Oil



and Gas Corporation Ltd (AOG) of Syaney, have collected their own
and other gravity meauromonbo (e.g. Frome -Broken Hill Pty Ltd)
into a map showing Bouguer values from Pooncarie in New South Wales,
through Wentworth, to as far south as Tailem Bend in South Australia.
There is, however, some difficulty in extending contours from one
survey area across to a neighbouring area because sometimes values,
and even trends, do not agree.

Accurate gravity surveys have been made by the Bureau
of Mineral Resources over the Oaklands -Coorabin Coalfield in
New South Wales (Thyer and Vale, 1952), and have recently been
extended (not yet published) to include the region between
Deniliquin and Swan Hill. This work is concerned mainly with features
that occur at the edge of the Tertiary basin and demonstrates
that it is difficult or impossible at this stage to extrapolate any
trends into the interior of the Basin. There is some likelihood that
the Oaklands Basin, as outlined by a gravity 'low', continues
northward with an arcuate trend towards the east, and is closed off
from the main Murray Basin by a ridge outlined by a gravity thigh'.
Although the gravity surveys covered several granite exposures, no
conclusion can yet be drawn as to the relation between the granite
occurrences and nearby gravity values.

Much gravity work has been done at the margins of the Basin,
and although some large anomalies have been outlined, the trends and
alignments are often doubtful. There is, however, a marked negative
anomaly passing in a south-westerly direction through Pooncarie
(New South Wales), following the Darling. River and entering Victoria
just west of Wentworth. One of the present seismic lines was placed
across this anomaly.

Aeromagnetic. Some traverses have been made by AOG,
Frame-Broken Hill Co.Fty Ltd, and the Bureau of Mineral Resources, in
New South Wales; by Frome -Broken Hill Co. Pty Ltd and the Bureau of
Mineral Resources in Victoria, and by the S.A. Mines Department,
Murray Basin Oil and the Bureau of Mineral Resources in South Australia.
In general, the steepest anomalies occur at the rim of the Basin;
the anomalies measured in the interior regions of the Basin indicate
the presence of non-magnetic sediments. However, north of Pooncarie
a magnetic anomaly indicates a shallow magnetic material; the
gravity anomaly in this region indicates the presence of low-density,
presumably non-magnetic sediments. The interpretations are therefore
in conflict (from a personal communication from L.A. Richardson,
consultant for AOG), and no conclusion can be drawn until more detailed
information is available.

Seismic. A short reflection survey at Loxton was made by
Hackathorn Oils Ltd while the present survey was in progress. Apart
from this, no seismic operations in the main Basin had been made up
to the time of this survey, but refraction traverses at Oaklands -
Coorabin (Thyer and Vale, 1952) yielded seismic velocities associated
with known outcrops at the Basin margin. The values are not
specifically diagnostic but they are of importance in making an
interpretation of refraction results obtained in the mid-basin area
where there are no outcrops. They are therefore tabulated below :
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TABLE

Velocity range
^

Geological equivAent

(ft/sec)

1
^

2500 - 7500
^

Tertiary

2^7500 - 8000^Tertiary or Permian

3^8000 - 10,000^Permian, with possibly
some pre-Permian partir.
cularly among the higher
velocities

4

5

6

7

Obiectivep

10,000 - 13,000

13,000 - 16,000

16,000 - 17,500

17,500 - 20,000

Basement - pre-Permian
sediments not highly
metamorphosed

Basement - pre-Permian
sediments highly
metamorphosed

Basement - highly
metamorphosed sediments
or granite

Basement - granite

The survey described in this Record was essentially a
reconnaissance survey of limited duration with the following main
objectives

(a) to determine the general cross-sectional outline of the
Murray Basin in the east-west direction, including a
determination of the thickness of sediments in various parts
of the Basin with a view to oil-producing potential, and
also including demarcation of Basin margins,

(b) to determine the structural significance of known gravity
and aeromagnetic anomalies and so provide a basis for
interpretation of gravity and aeromagnetic results in the Basin,

(c) to determine the structural relation of sediments within and
possibly also below, the Murray Basin,

(d) to determine the suitability of seismic surveying as a means
of prospecting for oil in the Basin.

Programme and operations

The programme to achieve the above objectives envisaged
the use of short reflection traverses at selected locations with
gaps of 20 miles or more between them. Refraction 'depth probes'
were to be recorded along reflection profiles as required, to
establish the thickness of the sediments and the possible nature
of the basement rocks. The seismic traverses were to be placed to
give a representative cross-section of the Basin, but special attention
was to be given to the placement of a traverse across the 'gravity
trough' near Wentworth.
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It was soon realised that weather conditions, problems
of access into suitable areas, and lack of time must necessarily limit
the extent of the operation. No work was done in the northern part
of the Basin.

The seismic traverses were surveyed along roads that could
be reached easily from suitable towns, and were located as shown
in Plate 1. The original plan of operations was modified as the
:survey progressed to include an attempt to drill through the Tertiary
sediments at Carrathool and so reach and examine the basement
refractor. The Failing 750 shot-hole drill was transferred to
Carrathool for this operation. Also, a refraction probe was done
at the AOG Loxton Bore in an attempt to correlate reflection and
refraction results with known bore hole data. Reflection data
along this traverse were made available by Hackathorn Oils Ltd.

Velocity analyses of reflection records were made at
Balranald, Hay, Carrathool, Maude, Wentworth, Merbein, and Lake
Victoria. In addition to this, long reflection profiles were recorded
at Hay, Merbein, and Loxton to give additional velocity information.

Because of the limited time available, the investigation
of magnetic anomalies, and the demarcation of the Basin margins,
could not be attempted.

2. BESUTS

Reflection and refraction

Traverse A Balranald (Plate ^Several reflections
show continuity across the cross-section at about 500 to 800-ft
depth, and some continuity is present among reflections down to
1000-ft depth. Below, this there are several scattered alignments
of no apparent significance.

Tra er e AA Balra ._.^ate • A refractor in which
.^the seismic velocity is 16,350 ft sec, was recorded from a depth

of 1000 ft below datum. With a shot-to-geophone distance of 7 miles,
no greater velocity was recorded.

From this it follows that

(a) the refractor at 1000-ft depth probably marks the base
of the Tertiary rocks, and is consistent with the presence
of granite or pre-Tertiary sediments (? metamorphosed) in the
geological cross-section,

(b) the reflection cross-section has been derived entirely
from reflections within the Tertiary rocks,

(c) if the 16 03504t/sec refractor is sedimentary, then
any high-velocity crystalline basement below it would
be relatively deep. For example, if basement is
assumed to be flat and the velocity in it is 20,000 ft/sec
then it would be at least 6000 ft deep. Lower velocities
could be shallower.

Traverse B. Balranald (Plate 4). Reflections with fair
to good continuity appear from 300 ft down to 1000-ft depth. Below
this there are a few scattered reflections, mostly of poor to
doubtful quality.
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Traverse BB, Balranald (Plate 5). A single high-velocity
refractor (15,800 ft/sec) was recorded at 1050 to 1150 ft below
datum, with a west dip of about one degree.

From the information shown on the cross-sections, it follows
that:

(a) the refractor at 1050 to 1150-ft depth probably marks the
base of the Tertiary rocks, and it is consistent with the
presence of pre-Tertiary sediments (possibly with some
metamorphism) in the geological cross-section,

(b) the reflection cross-section has been derived from
reflectors within the Tertiary rocks,

(c)^no estimation has been made of the probable depth of
crystalline basement.

Traverse C, Hay, (Plate 6). Reflection quality varies
from fair to doubtful, but there is good continuity for several
reflections across portions of the cross-section and at about 900-ft
depth there is one reflector that shows continuity across the whole
cross-section.

Below 1100 ft, the reflections are poor to doubtful and
show little continuity except between Shot-points 8 and 9i where a
band of reflections has been plotted between 2000 and 3000-ft depth.
The seismic record from Shot-point 14 shows many poor alignments
dawn to 1.722 seconds.

Traverse CC, Hay s (Plates 7 and 8). A 15,750-ft/sec
refractor was recorded from a depth of 1150 ft below datum at
Shot-point 12. At Shot-point 20 a 16,900-ft/sec refractor was
recorded from a depth of 1100 ft, using a shot-to-geophone distance
of 5 miles. These velocities and depths are so similar that it is
likely that they arise from the same refractor.

No velocity greater than 16,900 ft/sec was measured.

From this it follows that

(a) since all consistent reflectors are shallower than the
high-velocity refractor, that refractor probably marks
the top of the pre-Tertiary. The refractor velocity
is consistent with the presence of sediments with some
degree of metamorphism below the Tertiary sediments,
or possibly of granite,

(b) there are reflection alignments that may be from
deeper than the base of the Tertiary sediments, but
reflection velocities (Appendix D) indicate that some
or all may be caused by multiple reflections,

(c)^if the 16,900-ft/sec refraction is sedimentary, underlain
by crystalline basement assumed to be flat and in which
the seismic velocity is 20,000 ft/sec, then that basement
would be at least 5500 ft deep.
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Traverse D, Carrathool (Plate 9). There is a large group
of reflections with no dip from between 250 and 650 ft below datum.
Some alignments, of poor to doubtful quality, were reflected from
as deep as about 1200 ft. Their slight east dip makes it possible
that they arise from genuine reflectors and are not multiples
generated from shallower reflectors.

Traverse DD, Carrathool (Plate 10). A 16,500-ft/sec refractor
was recorded from about 650 ft below datum. No greater velocity
was recorded. From this it follows that

(a) the refractor marks the base of the Tertiary sediments, but
is consistent with the presence of pre-Tertiary sediments, that
probably have a high degree of metamorphism,

(b) most of the reflection cross-section has been derived from
reflectors within the Tertiary sediments, but there is some
evidence that reflecting surfaces may be present in the
sediments below the Tertiary sediments,

(c)^no estimation has been made of the probable depth to
crystalline basement.

Traverse E l Maude (Plate 11). The reflection cross-section
was obtained with spread lengths of 1320 ft. Good-quality continuous
reflections were recorded from a depth of 1000 ft. Below Shot-point
8 there appears to be a small fault or fold, with the reflector on the
west side lying about 100 ft shallower than on the east.

A reflector is plotted at a depth of 2000 ft. However, since .
the reflection time is essentially twice that of the good reflector
above it, this reflection possibly originates from a multiply reflected
wave.

a^

Traverse EE. Maude (Plate 12), A high -velocity.(19,700 ft/sec)
refractor was recorded from a depth of 1000 ft. No velocity
intermediate between this value and that of the low-velocity Tertiary
sediments was recorded, and therefore the depth estimation should have
good reliability.

The computed depth of 1000 ft for the refractor is
the same depth, or very nearly so, as the good reflector.

A velocity of 19,700 ft/sec is roughly that usually
associated with granite, but in view of gravity results to be discussed
later, this interpretation is not certain. However, it is evident
that there is a basement of an entirely different nature from that
found on Traverses A, B, C y and D.

An examination of the reflection and refraction cross-sections
shows that :

(a) the high-velocity refractor probably marks the base of the
Tertiary sediments,

(b) reflection alignments plotted as coming from below the base
of the Tertiary sediments are possibly due to multiple
reflections; this view is supported by the very large
velocity contrast between the Tertiary sediments and the
material below them,
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the refractor at the base of the Tertiary sediments
could be, on velocity consideration alone, of a
crystalline nature, but there is a possibility that
it could be high-velocity sediments that were not
encountered in refraction operations at Oaklands -Coorabin
(Thyer and Vale, 1952).

Traverse F, Wentworth (Plate 13). This traverse was
intended to cover the flanks of the gravity trough north of Wentworth.
Subsequent gravity readings taken by the Bureau show that the
traverse should have been extended farther to the north-west in order
to have the desired coverage.

Owing to floods, 2 miles of the traverse near the Darling
River was not recorded.

Along the portion of the traverse lying south-east of
the Darling River good reflections were recorded from down
to 1500 ft, and many scattered reflections from below 2000 ft. Three
hundred feet of north-west dip in a traverse of 2t - miles was calculated
for a reflector at the 1500-ft level whereas immediately above it the
reflectors are essentially flat. This indicates that, although there
is a total thickening towards the north-west, the greatest contribution
towards such thickening is made by the sediments at about the
1500-ft level.

Between Shot-points 18 and 24, which are north-west of the
river, a good cross-section was obtained down to the 2200-ft level.
A comparison of reflection character shows with fair certainty that
the beds at about the 2200-ft level under Shot-point 18 are the same
as the beds at about the 1500-ft level under Shot-point 9, indicating
a thickening of 700 ft in a miles.

Between Shot-points 24 and 26 a good-quality characteristic
reflection from about the 2200-ft level degenerates into one of poor
or doubtful quality. At reflection times of 0.696 and 0.718 sec under
Shot-point 26, and at times of 0.814, 0.852, and 0.876 sec under
shot-point 30, strong steeply-dipping reflections are recorded. These
soon die away and do not appear under Shot-point 31, but the
characteristic reflection, almost without dip, makes its appearance
again at 2000 fo 2100-ft depth. The steeply-dipping alignments have
therefore been interpreted as diffraction patterns originating from
a fault in the reflecting bed. A fault which is down-thrown on the
south-east has been drawn on the reflection cross-section. At the
2000-ft level the amount of throw is small, and may not exceed 150 ft,
but the fault plane, represented on the cross-section as being almost
vertical, is in fact not known. The reflectors above 1650-ft level
have not been affected by the fault.

As the reflectors at about the 2000 ft level under Shot-point
31 are traced north-west towards Shot-point 37, it is evident that
the thickness of sediments decreases by about 300 ft.

Many of the reflection alignments shown as being from
below the 2500-ft level may be suspected of being multiples, since
an increase in depth is related to an increase in dip. A velocity
analysis of the reflections does not provide conclusive evidence
of the presence of multiples because, although a small increase of
velocity with depth can be demonstrated, the number of reflections
included in the estimation is not large and, in addition, the estimation
could include both multiples and true reflections if both are present.

.(c)
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Traverse FF (FF1 and FF2) a Wentworth (plates 14 and 15).
Traverse FF1 lies on the reflection traverse south-east of the
Darling River. A 18,460-ft/sec refractor was recorded from a
depth of about 1500 ft, and it follows a good reflector between
Shot-points 5-1- and 9. Near Shot-point 5 the refractor diverges
from the reflector at a point on the cross-section where a reflection
of poor accuracy was recorded and appears between Shot-points 1 and
4 as the lower portion of a monoclinal fold. Over this portion it follows
a band of reflectors moderately well.

Traverse FF2 lies on the reflection traverse north-west of
the Darling River. A high-velocity refractor (18,900 ft/sec) was
recorded.

The depth assigned to this refractor was initially arrived
at by using a velocity of 6000 ft/sec in the overburden to compute a
depth that gives a satisfactory conformity with the reflection profile
(Tale and Smith, 1961, p. 13). At Shot-points 26, 30, 31, 32 there
is some conflict between the reflection and refraction profiles,
and the reason for this is not at present clear.

On the basis of information recently received from
AOG Wentworth No. 1 bore, located at Shot-point 30, it is reasonable
to use a velocity of 7000 ft/sec rather than 6000 ft/sec in computing
the depth of the cross- section at the region where the refractor
appears (Refer to Appendix D). In accordance with this an additional
depth scale (2) has been added to Plates 13 and 15.

With these adjustments, the depth of the refractor at
Shot-point 30 is estimated to be 2150 ft tolow the surface. This is
in fair agreement with the depth of 2071 ft at which the bore entered
lower-Permian conglomerate. It is therefore probable that the
18,900-ft/sec refractor is directly correlatable with this lower-Permian
conglomerate.

From a comparison between the reflection and refraction
cross-sections, it follows that :

(a) the sediments, including Tertiary, reach a thickness of
at least about 2400 ft.

(b) the high-velocity refractor marks the top of lower-Permian
conglomerate

Traverse G Merbeip (Plate 16). The quality of the records
on this traverse ranged from good to doubtful. Between 1000 ft and
2000 ft in depth the cross-section shows many reflectors with good
continuity. There are a few poor or doubtful reflections from below
2100 ft, and no reflections from below 2600 ft. The main reflecting
beds are not quite flat, but show a very slight west dip,

Traverse GG Merbein (Plate 17). A 16,840-ft/sec refractor
was recorded from a depth of about 2100-ft. This velocity is of a
magnitude that could represent crystalline basement. However, a
refractor in which the velocity was 18,210 ft/sec was recorded from
about 3600-ft depth. With a shot-to-goophone distance of 13 miles,
a refractor in which the velocity was not greatly different from
18,210 ftAec was recorded, and it was therefore considered that no
new refractor had been detected, and no deeper penetration had been
achietftd.
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From an examination of the reflection and refraction
cross-sections, it follows that

the base of the Tertiary (? Tertiary-Cretaceous) sediments
is at 2100 ft,

below these sediments lie further sediments in which the
velocity is 16,840 ft/sec; the latter are presumably of
Palaeozoic age, and metamorphosed to an unknown extent,

an 18,210-ft/sec refractor lies at a depth of 3600 ft.
It is not known whether this refractor represents the
basement.

Traverse H. Lake Victoria (Plate 18). This reflection
cross-section shows many fair to poor-quality reflections from down
to 2300 ft, with only a few poor-quality alignments from below that
depth. There is fairly good continuity and the beds are essentially
flat.

Traverse BR, Lake Victoria (Plate 19). An 8200-ft/sec
refractor was recorded from a depth of 350 ft. A 20,000-ft/sec
refractor was recorded from a depth of 2800 ft.

At Oaklands-Coorabin, a velocity of 20,000-ft/sec would
indicate a crystalline basement, and in the western part of the
Murray Basin it should also be regarded as basement, at least for
the present, although it is known that closely similar velocities can
occur in other materials, e.g. limestone.

From a comparison of the reflection and refraction cross-
sections it follows that

(a) the Tertiary (? Tertiary-Cretaceous) sediments do not
extend below about 2300 ft,

(b) the high-velocity 20,000 ft/sec material lies below the
reflecting cross-section and should be regarded at present
as marking the upper surface of crystalline ba sement, until the
true nature of it can be found by drilling.

Traverse I. Loxton (Plate 20). This reflection cross-section
has been drawn from data supplied by Hackathorn Oils Ltd. Depths are
based upon velocity data determined from reflection velocity
investigations made in this area by the Bureau.

Many reflections have been recorded from below 1650 ft,
but their significance is doubtful, and in view of the presence of
the high-velocity refractor at this depth, they could well be due to
multiple reflections.

Traverse II, Loxton (Plate 21). This refraction traverse
was recorded with its central point at the site of the AOG bore. A
high-velocity refractor (16,550 ft/sec) was recorded from a depth of
1620 ft. At Oakland-Coorabin this would indicate a granite basement,but as
here it is found on the western portion of the Basin, the conclusion
that it represents granite is not necessarily valid. This velocity
could indicate slightly-metamorphosed pre-Tertiary sediments.

Data from the refraction traverse and from the log of the
AOG bore at Loxton are shown on the reflection cross-section on
Plate 20. It can be seen that :
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(a) Tertiary and Cretaceous sediments both occur above the
high-velocity refractor,

(b) the bore did not penetrate through the whole of the
Cretaceous sediments and did not reach the high-velocity
refractor,

(c) the high-velocity refractor could represent the base of the
Tertiary-Cretaceous sediments,

(d) the refractor velocity does not necessarily indicate the
presence of a crystalline basement immediately below the
Cretaceous sediments.

Gravttv

A gravity meter was read at all shot-point locations; the
measured Bauguer anomalies are shown on Plates 22 and 23.

In order to assess what part of the anomalies are caused by
pre-Tertiary material, an average value of density contrast between
Ter9ary sediments and crystalline basement was assumed to be 0.6
g/ce, and the Tertiary sediments were assumed to approximate in form
to an infinite horizontal layer of finite thickness. The anomaly
caused by such a layer was computed for each traverse and the value
was then subtracted from the value of the Bouguer anomaly as
determined from measurements; the remaining anomalies are shown on
Plates 22 and 23. These represent the gravity effects of all the
material lying below the Tertiary or Tertiary-Cretaceous cover and
therefore combine the effect of changes in basement contours and
changes of density within the basement.

As refraction data at Merbein show that there is material
lying between the bottom of the reflection cross-section and the
deepest refractor reached, it can therefore be concluded that some,
if not all, of the remaining anomalies at this location are caused
by variation in the thickness of material between the Tertiary
sediments and the crystalline basement.

A comparison between the gravity values at Balranald and
Maude shows that at Maude, where a high-velocity (nearly 20,000 ft/sec),
refractor appears, the anomaly is appreciably less than at Balranald
where the Tertiary sediments are thicker.

namely :

(a) the 19,700-ft/sec refractor at Maude may not represent
granite basement, but merely a stratum of high-velocity
sediments. The low gravity could indicate a thick sequence
of unmetamorphosed sediments of pre-Tertiary age resting
on a granite basement of higher density.

(b) the 19,700-ft/sec refractor at Maude may be granite
basement. The low gravity could be caused by the
presence of granite intruded into denser, possibly
highly-metamorphosed, material.

At present this is subject to two different interpretations,
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Only an exploratory borehole could establish which is the
correct interpretation. Until this is done, refractor velocities
of about 20,000 ft/sec should not be compared too rigidly with those
of the Oaklands -Coorabin area as a means of identification of rock
types.

Carrathqp1 test bore'

The presence of a high-velocity (16,500 ftAec) refractor
immediately at the bottom of a comparatively thin Tertiary sequence
led to the consideration that it would be a possible geological
target for the Failing 750 drill, The drill was therefore set up
on Shot-point 4 with the object of drilling to the refractor and
obtaining a cored sample from it.

Details of the bore are given by McTavish (1960) and are
summarised below :

The sequence as deep as 840 ft was dominantly unconsolidated
sand and clay. At 840 ft there was a marked decrease in bit-
penetration rate, and from 850 ft to the total depth at 864 ft the
sequence comprised red and green claystone. Palynological
examination showed Tertiary spores in the samples taken from the
bit from the bottom of the hole, but the possibility of
contamination from upper beds can not be excluded. The claystone
at hole-bottom was evidence that the bit was still in sediments
at the total depth, and there is no evidence that the high-
velocity refractor is the claystone, or whether there are high-
velocity metamorphics or granite a little deeper than the point
to which the bit penetrated.

A brief lithological log of the bore (after McTavish) is
given below, the depths referring to the tops of lithological
sub-divisions

red-brown surface 2.9.ara.
light-greenish grey .clay.
coarse-grained Quartz sand and some
greenish-grey clay.

^93^ light -greenish-greysally, with minor
felspathic sand.

^

160^ medium to coarse quartz sand
light-greenish clay with ferruginous
pellets.

^

200^ very-coarse-grained (2-3 mms)
Quartz sand, and thin beds of pinkish-
yellow clay between 290 and 300 ft.

^

320^56^interbedded pinkish-yellow clay with
dark-grey carbonaceous pellets and
medium to coarse-grained quartz sand.

^370^106^buff and dark-grey clay with brownish-
grey-black pellets and traces of pyrite.

^

0^11•116

^20^=ID

75
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Depth below Depth below
surf ace datum
(ft) (ft)

447 183

460 196

480 216

790 526

800 536

840 576

850 586

864 600

Lithologv

black carbonaceous silt stone with
strong H2S odour.

brown-black massive play.

coarse-grained quartz sad and grit
with thin brown lignitic beds at 530 ft
and 565 ft, strong H2S odour and dark-
brown puritic clay; very strong H2S odour
at 671 and 767 ft.

brown, soft, sticky clay.

coarse to very coarse quartz sand.

white massive porcelaneous clavstoie,
sandy in parts. (sp. gr. - 2.55.

light-greenish-grey and red-brown
clavstone (probably banded).

total depth.

A core was cut from 846 to 850 ft, but most of the core
was lost on pulling out. Sufficient sample was collected to show the
lithology of the core, but dip, if any, could not be determined.

The exact nature of the floor of the Basin at this locality
remains undetermined.

3. INTERPRETATION

On the eastern portion of the Basin, as covered by the
Traverses A, B, C/D land E, there are consistent shallow reflectors with
very little dip. At the base of the shallow reflection cross-section
there is a refracting medium in which the velocity ranges from
15,750 ft/sec to 19,700 ft/sec. The shallow reflection cross-section
is interpreted as consisting of Tertiary sediments such as those
found at Carrathool, while the basal refracting medium consists of
Permian or pre-Permian sediments in various degrees of metamorphism,
or granite, such as was encountered at Oaklands-Coorabin (Thyer and
Vale 1952). In general, there are few reflection alignments obtained
from below the base of the Tertiary sediments. On account of the
structure of the Tertiary Basin, namely a flat series of low-average-
velocity sands and shales overlying a high-velocity material, it is
very likely that some multiple reflections would occur; these would
have apparent origins below the Tertiary sediments.
The probability that deep reflection alignments represent multiples
is strengthened by the results of velocity analyses; these do not
yield reflection velocities greatly different from 6000 ft/sec. Therefore
it seems that simple reflection techniques may not be of great use
in exploring for structure below the Tertiary rocks.

On the western portion of the Basin, as covered by Traverses
F, G, H I and I , the reflection and refraction cross-sections show the
presence of slightly thicker sediments above the high-velocity
refracting medium. If it is assumed that little or no tectonic movement
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has occurred since the Tertiary deposition, then the presence of
continuous reflectors showing fluctuation in dip on Traverse F
at 0.6 to 0.7 seconds points to the presence of pre-Tertiary
sediments at this part of the reflection cross-section. Reflections
on Traverse F that occur at times 'eater than 0.7 seconds are
possibly multiple reflections that arise in the shallower layers,
a view that is supported by estimations of depth, dip, and velocity.
This interpretation does not rule out the existence of reflection
events later than 0.7 seconds, but implies that if they are present
then they have been obscured by the multiples.

After the seismic operations were completed in this area, a
borehole was drilled at Shot-point 30 by AOG to a total depth of
2081 ft. Palynological examination of the cores (Evans, 1962) showed
that the bore passed from Tertiary into lower Cretaceous marine sediments
at either 1283 to 1335 ft, or 1407 to 1455 ft, and into probable
lower Permian at 1615 to 1645 feet. The bore entered, at 2071 ft,
conglomerate of probable lower-Permian age. A comparison of these
figures with the adjusted refraction interpretation shows that the
depth of about 2150 ft assigned to the 18,900-ft/sec refractor under
Shot-point 30 places it at, or near, the lower-Permian conglomerate.

The presence of a refractor with a similar velocity
(18,460 ft/sec) under the traverse on the south-eastern side of the
Darling River probably means that here also the lower Permian
underlies the shallow Tertiary or Tertiary-Cretaceous cover.

At Traverse I, Cretaceous sediments are known in the Loxton
bore at a point 400 ft higher in the cross-section than the
16,550-ft/sec refractor. The bottom of the Cretaceous sediments was
not located in the bore.

The cross-section shows reflections below the 16,50Q_ft/sec.
refractor. Three possibilities present themselves here, and it is
impossible to decide at present which correctly interprets the
cross-section :

(a) the refractor could be within the Cretaceous sediments,
and some of the reflections at least could represent
additional Cretaceous sediments;

(b) the refractor could represent the base of the Cretaceous
sediments, more likely the Cretaceous-Permian contact. Some
of the deeper reflections may then represent Palaeozoic
sediments;

the reflections below the refractor may be multiples, and
therefore may have no structural significance.

A velocity analysis of a small number of reflection
records from this traverse indicates that the reflection velocity
does not change appreciably with depth. Therefore, some or all
of the deeper reflections are multiples. However, gravity data
show the presence of a marked anomaly not caused by the Tertiary
sediments, and this could mean that, despite the fact that no useful
reflections are obtained from below the refractor, there are sediments
below it. Furthermore, the shape of the remaining gravity anomaly
suggests a basement 'high? with possible overlying anticlinal
structiare in such sediments. However, thero is no evidence to show
whether the refractor is in Cretaceous rocks or at the top of the
Permian rocks.

(c )
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At Traverse G there is no direct evidence to show whether
the reflection cross-section above the 16,840-ft/sec refractor is all
Tertiary sediments, or whether it has some Cretaceous sediments present
in a manner similar to the cross-section at Traverse I. On the other
hand it is certain that there is 1500 ft of sediments below it, at the
base of which the 18,210-ft/sec refractoTlies in a substantially horizontal
attitude. Since the Bouguer value shows an appreciable rate of change,
it follows that the anomaly must arise from below the deeper refractor,
or deeper than 3600 ft. On the western end of the Traverse, the
appearance of a marked gravity minimum would suggest a greater thickness
of sediments below the deep refractor.

Traverse H shows a shallow refractor at 350 ft in which the
velocity is 8200 ft/sec. This refractor is not regarded as being of great
thickness, because reflection velocities below it show the usual value
of about 6000 ft/sec which is associated with Tertiary sediments. There
is no evidence that Cretaceous sediments are present, as at Loxton and
Wentworth. The 20,000-ft/sec refractor that lies below the reflection
cross-section could indicate granite or even a high-velocity refractor
of sedimentary origin. The presence of a substantial negative gravity
anomaly that originates from below - the refractor may indicate either
low-density sediments or granite intruded into denser material, e.g.
metamorphic s.

The gravity anomalies existing across the general east-west
lino of seismic traverses suggest gravity 'highs 1 at Balranald and
between Mildura and Euston. West of Mildura, as at Wentworth, Merbein,
and Loxton, the anomalies suggest substantial low-density sediments
of pre-Tertiary (possibly pre-Cretaceous) age, or alternatively, granite
intrusions in higher-density basement.

4. CONCLUSIONS

The Murray Basin comprises a relatively thin blanket of Tertiary -
CretaceousCretaceous sediments that show some thickening towards the west, deposited
on a material in which the seismic velocity is 15,750 ft/sec to 20,000 ft/sec.
The refractor velocity seems to be of limited use at present in identifying
the material: A bore at Wentworth iridicates that PerMian sediments are
present. A velocity here assigned to the Permian falls Within the bracket
of values that would, from results at Oakland -Coorabin, otherwise be
associated with highly metamorphosed pre-Permian sediments and granite.

Until the correct identity of refractors can be established at
several points, either by drilling or by further refraction experiments
at outcrops, refraction techniques are of limited value in exploring
below the Tertiary-Cretaceous sediments. It may be difficult or impossible
to obtain refraction data concerning the assumed crystalline basement
at the true floor of the Basin owing to the high velocity of the refractors
in the Permian (or pre-Permian) sediments. An exploration borehole at
Maude to determine the nature of the 19,700-ft/sec refractor should be
attempted.

Long regional refraction lines should be considered in any
further refraction exploration, rather than widely-spaced depth probes,
so that continuity of refracting beds can be followed with certainty.
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Simple reflection techniques have so far proved of value only
in following reflectors in the Tertiary or Tertiary-Cretaceous sediments.
The small amount of energy transmitted below the high-velocity boundary
and the relatively large amount of energy dispersed as multiples would
tend to prevent usable true reflections from being obtained from
deeper sediments.

There is evidence that, in the area near Wentworth and Merbein,
the negative gravity anomalies are partly associated with an increase in
thickness of sediments below the Tertiary-Cretaceous cover. The gravity
coverage is incomplete. The gravity 'high' at Balranald, together with
what appears to be a gravity Ilow' just west of Balranald, calls for
clarification of this part of the Basin by means of a more complete
gravity coverage. The gravity !low' east of Maude should also be
clarified. Further gravity measurements should be made north of the
present gravity coverage to define the possible extension of the features
revealed here.

It is recommended that more extensive gravity and seismic work
be done in other parts of the Basin, both along east-west and north-south
traverses, reaching at least to the margins of the known Tertiary deposits.
The lines should tie-in to known Palaeozoic outcrops. It would be
preferable to use more refined methods of recording and of data
presentation than were available on the survey described in this Record.
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APPENDIX A

STAFF AND EQUIPMENT

STAFF

 

Party Leader

Geophysicists

S.J. Watson

F.J. Moss
K.F. Fowler

Surveyors^J.P. Dynes )
C.A. Den^) Department of the Interior
F.L. Clarke )

Clerk^E. Quinn

Observer^G.L. Abbs

Shooter^R. Cherry

Tool pusher^L. Hodgins

Drillers^L. Sprynskyj
L. Saraceni

Mechanic^A. Tregear

EQUIPFENT:

Seismic Amplifier^TIC, Model 521

Oscillograph^TIC, 10 inch

Geophones^TIC, 20 c/s and 6 c/s

Drills^1 Failing 750

2 Carey type H1

Tankers^4 Bedford 3 tont 4 x 4

Other vehicles^5 Landrovers

1 Bedford 3 ton 24 x 4

1 International 1 ton, 4 x 4



APPENDIX B

TABLE. OF OPERATIONS

Sedimentary Basin^Murray Basin

Area^ Carrathool (NSW) to Loxton (SA)

Headquarters locations^Hay, Balranald, Wentworth, Loxton

Date survey commenced^22nd August 1960

Date survey completed^19th December 1960

Miles surveyed^78

Total footage drilled^31,643

Explosives used (Geophex) 9136 lb

No. of Detonators used^652

Datum level^( MSL (Loxton)
( 100 feet above mean sea level for elsewhere.

Weathering velocity^2000 ft/sec

Elevation velocity^6000 ft/sec

Velocity distribution^Current t: At analyses

REFLECTION RECORDINGS:

Shot-point interval^660 to 1320 ft

Geophones^6 geophones per station, 20 c/s, bunched or
22 ft apart in line of traverse.

Goo:chow) station interval 55 ft or 110 ft

Usual filters^L2H3

Common charge size^5 lb

Grading^ After Gaby (1947)

Cross-sections were plotted using centre and end times and
plotting vertically below the subsurface reflecting points.

REFRACTION RECORDING:

Geophones^2 geophones per station, 6 c/s

Geophone station interval 220 ft

Recording filter^L1H5

No. of refraction traverses 11

Charge sizes^10 to 200 lb.

Reduction of results^After Vale and Smith (1961)



APPENDIX C

DRILLING DATA

No. of operation shifts^90

Total time for operation shifts^765 hr

Drilling time^ 308 hr

Travelling, rigging-up^144 hr

Maintenance^ 77 hr

Rig Repairs^ 25 hr

Time lost due to rain^7 hr

Time lost standing by recorder^169 hr

Time lost standing by shooter^22 hr

Time lost waiting for water^13 hr

Total time lost^ 313 hr

No. of holes drilled^354

Total footage^ 31,643 ft

Deepest hole^ 864 ft

Average depth of hole^89 ft

Bentonite used^ 58 bags

Barytes used^ 10 bags



APPENDIX D.

VELOCITY DATA

Velocity analyses of reflection records were made on all
traverses, and in addition special velocity-profiles were recorded at
Hay, Merbein, Lake Victoria, and Loxton. Velocity profiles confirmed
the average velocities derived from the reflection analyses. Refraction
velocities in the Tertiary-Cretaceous rocks were slightly higher than
the reflection. velocities.

Reflection velocities were found to vary only slightly with
depth for the first 1000 to 2000 ft of sediments and so for ease in
plotting, each reflection cross-section was plotted assuming that the

. reflection velocity was constant. Where reflection alignment was
recorded from deeper than about 1000 to 2000 ft, the data available for
analysis were poor and scattered, so the velocity estimation was not
very reliable. As the velocity at these depths did not appear
significantly different from that of the shallower reflections, it is
probable that many multiple reflections were included in the estimation.

At Wentworth, the t:6t analysis yielded an initial reflection
velocity of 5660 ft/sec increasing to 6600 ft/sec at a depth of about
2600 ft. As an average of 6000 ft/sec was used in plotting the
reflection cross-section, the deeper reflectors may have been plotted
about 10 percent too shallow.

From the data from AOG Wentworth No. 1 bore (received since the
completion of the field survey) a further velocity estimation was made at
Shot-point 30 on Traverse F. Assuming velocities of 6000, 8000, and
12,000 ft/sec in the Tertiary, Cretaceous , and Permian sediments
respectively, the average velocity in the rocbs down to the bottom of the
bore was estimated to be 7000 ft/sec These values are in accordance
with velocity measurements at Oakland by Thyer and Vale (1952). It can
be readily shown that if a basement in which the velocity is about
19,000 to 20,000 ft/sec underlies this sequence then the Cretaceous and
Permian velocities would be unlikely to appear as first-breaks in a
refraction investigation.

To provide a comparison, refraction computations have been
made with velocities of 6000 and 7000 ft/sec in the Basin sediments.
The comparison is shown in Plates 13 and 15.

At Loxton, six reflection records from Shot-points 22, 26, 31,
34, 49, and 51 were supplied by Hackathorn Oils Ltd. A velocity
analysis showed a reflection velocity of 6600 ft/sec down to 0.700 seconds.
But because a high-velocity refractor (16,550 ft/sec) is at a depth
represented by about 0.480 seconds, it would be expected that some
increase in reflection velocity would be found between 0.480 and 0.700
seconds, and the fact that such an increase was not observed lends
t.l.pport to the view that many of the deeper reflections are in fact

multiples.

The velocity data are summarised below:
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Location

Average
reflection
velocity
from t: at
(ft/sec)

Velocity
range from
velocity
profile
(ft/sec)

Refractor Basement
velocities velocity
above (ft/sec)
basement
(ft/sec)

Velocity
used in
calculat-
ing
thickness
of
refractor
(ft/sec)

Velocity
used in
plotting
reflection
section.
(ft/sec)

Balranald A 5500 6000 16,350 5500 5500

Balranald B 5500 6000 15,800 5500 5500

Hay C 5500 5300 - 5700 ( 5500 ( 15,750 5500 5500
( 5850 ( 16,900

Carrathool D 5500 - 6000 16,500 5500 5500

Maude E 5500 - 5800 19,700 5500 5500

Wentworth F (1) 6000 _ 6000 18,460 (1)6000 6000 and 7000
(2)7000

Wentworth F (2) 6000 6200 18,900 (1)6000 6000 and 7000
(2)7000

Merbein G 6000 5800 6400 (^6820 18,210 (^6000 6000
(16,840 (16,840

Lake Victoria H 6000 5700 - 6200 (^6000 20,000 6000 6000

(^8200

Loxton I 6600 5600 - 6600 6750 16,550 6600 6600
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