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ABSTRACT.

In March and April 1959, a seismic party from the
Bureau of Mineral Resources extended a seismic survey carried
out in 1958 in the Latrobe Valley. A seismic reflection
traverse was run across the Latrobe Syncline between TyerS and
Traralgon South to determine the structure of the coal measures,
the depth of basement and, if possible, the type of basement.

Results indicated that the Latrobe Syncline (the
structural feature which coincides with the Latrobe River Valley)
is a broad syncline in which the strata are more or less horizont-
ally bedded. The maximum thickness of coal measures is about
2200 ft. The survey provided information on the structures of
the limbs of the Latrobe syncline and on several minor structures
superimposed on the main syncline. It did not, however, show for
certain what type of basement rock underlies the coal measures.

The survey provided information on the structure of
the formations beneath the coal measures; and although some of
the seismic data is of poor quality, there is probably an uncon-
formity in the stratigraphic section between 5000 and 9000 ft.
Reflections recorded at times as great as 2700 millisec, show th%t
the sediments in the Latrobe Valley are probably between 10 2 5:,,)
and 15,000 ft. deep.



^

1.^INTRODUCTION.

In April 1958 an experimental seismic survey was dor .,.*
over brown coal deposits of the Latrobe Valley by a seismic peav
from the Bureau of Mineral Resources. Lodwick and Moss,(1959-) .

have described the field operations and presented an interpretation
of the results of that survey. Further seismic work, which is the
subject of this present report, was done in March and April 1959.
The survey was requested by the State Electricity Commission of
Victoria to help them interpret the complex geological structur-)
of the Latrobe Syncline.

The objects of the survey were-

(a) To map the structure of the coal measures
along a traverse across the Latrobe Syncline
and, if possible, to find the configuration
and depth of the basement underlying the coal
measures.^It was expected that the basement
would be either basalt or Jurassic sediments.

(b) To test under field conditions a Magnetic
Recorder (Electro-Tech. model DS-7) which the
Bureau had recently bought.

The seismic work in 1959 was an extension of the survey
along Traverse B begun in 1958 (Plate 1).^In 1958 the portion of
Traverse B between shot-points 22 and 28 was shot at quarter-mile
intervals using the continuous profiling technique of reflection
shooting. It was found, however, that much more information at
the shallow depths could be obtained if shot-point intervals were
reduced to one-eighth mile.^In 1959 the sections of Traverse B
between shot-points 28 and 51 and between 22 and 64 were shot using
the continuous profiling method with shot-points one-eighth mile
apart (Plate 1). The convention for numbering shot-points is that
whole numbers refer to shot-points at quarter-mile intervals and the
intermediate shot-points are denoted by half-numbers; e.g. shot-
point 34 - lies between shot-points 34 and 35. Thomas (1953) has
described the geology of the Latrobe Valley, and a short outline of
his work has been included in a report by Lodwick and Moss (1959).
Comprehensive gravity surveys have been done in the Latrobe Valley;
Neumann (1951) has presented the Bouguer anomaly maps and an inter-
pretation of them. Two seismic surveys at Avon (Vale, 1952) and
Darriman (Garrett,.1955) were done by the Bureau; the reports
have been consulted as a general background to this present report.

^

2.^FIELD WORK.

Lodwick and Moss (1959) have described the field
procedures and shooting techniques used in the 1958 survey.
Similar techniques were used in the present survey. The size
of the party and the arrangements made for drilling were also
unchanged.

Most of the drilling was through clay, coal seams,
and sand saturated with water. The clay was heavy and sometimes
caused difficulty by forming collars around the drill pipe and
preventing the return of drilling mud. The water-saturated sand
presented a serious problem, particularly on the flats of the
Latrobe River between shot-points 40 and 48, as, being unconsolidated,
it continually washed into the shot-hole. Bentonite failed to hold
this sand back, and probably the only way to keep the holes open
would be to case them. On the southern side of the Latrobe River
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it was possible to record reflections with the shots at the shallow
depths limited by this sand, but between shot-points 46 and 48 on
the northern side of the river the poor results showed that the
shots were not deep enough.

66 shot-holes were drilled; their total footage was
4954 ft.^The deepest hole was 117 ft.^The drilling log for each
shot-hole along Traverse B is shown above the reflection cross-section
on Plate 2.

Because of the heavy clay and coarse water-saturated
sand it was thought advisable to pre-load the shot-holes.^Sufficient
energy was usually recorded from a 5-lb. charge, but it was necessary
to pre-load with 20-lb. charges to clear the hole for a second shot.
Between shot-points 40 and 43 on the Latrobe River flats, the best
shooting depth was about 30 ft., and between shot-points 21 and 60
it was over 100 ft.^For the rest of the traverse the best shooting
depth was between 75 and 100 ft.^Depths at which shots were firod
in each hole are shown on Plate 2, which shows also the depth of shot
from which the best record was obtained.

The Model DS-7 magnetic recorder manufactured by Electro-
Technical Labs. of U.S.A., was used for the first time under field
conditions.^It was used in conjunction with Technical Instrument
Company Model 521 Amplifiers and ten-inch oscillograph camera, both
of which had to be modified to work with the magnetic recorder.
A . good deal of experiment was necessary during the survey; this
caused some delays and affected the quality of the records. Although
record quality was not entirely satisfactory during part of the survey,
the information obtained is considered sufficient for present purposes.

Nearly all magnetic tapes were recorded with the T.I.C.
521 amplifiers at their widest settings; that is, on L1 H1 (Plate 3)
which corresponds to a pass-band frequency of 20 to 70 c/s. The
filter setting which was found more suitable for re-playing magnetic
tapes was L3 H3 which corresponds to a pass-band of 28 to 60 c s.
Until the equipment had been successfully integrated it was necessary
to shoot 'conventional records without using the magnetic recorder.

3.^RESULTS.

Plate 2 shows the reflections recorded during the survey;
Lodwick and Moss (1959) have described the method of plotting.
Reflections have been graded using the system sot out by Gaby (1949).
As a constant velocity of 6000 ft/sec. has been assumed for the
vertical section down to 2500 ft., the reflection cross-section,
which is plotted on a linear depth scale of 1 in. = 500 ft., corresponds
also to a linear time scale.

The vertical section down to 2500 ft. is interpreted as
being Tertiary, and the assumed velOcity (6000 ft./sec4 -6losely
approximates the one derived from a (t -,A,t) analysis for the upper
part of the Latrobe Valley Coal Measures in 1958.^Below 2500 ft.
the assumed velocity has been increased with depth at a rate similarc
to that derived for the pre-Tertiary section in 1958.

From the results of short-distance refraction spreads
and up-hole times from the shot-holes, the weathering velocity was
determined as 2000 ft./soc.^The plotted times of the first breaks
on the records from each shot-point indicated a sub-weathering velocity
of 5500 ft./sec.^(The measured values for each spread length are
shown on Plato 2). These two velocities were used to calculate the
weathering and elevation corrections.
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The reflections recorded between shot-points 22 and 28
were recorded in 1958 (Lodwick, 19583 plate 4) and have been replotted
along.with the rest of Traverse B using the adjusted velocity distri-
bution.

Reflections of varying quality wore recorded along
Traverse B at times ranging from 130 millisec. to 2.7 sec.^Neither
the shallow reflections nor the deep ones, however, were persistent
throughout the traverse; reliable information was obtained from bands
of reflections between times of about 300 and 700 millisec. which
correspond to depths of about 900 and 2100 ft.^Between these depths
reflections were of fair quality over most of the traverse.

It has been possible on most records to distinguish
a change in character of reflections at a time approximately 600
to 700 millisec.^Reflections recorded earlier than this have a
well-developed relative amplitudes, and their troughs line up very
well.^Reflections recorded later however, besides being less
numerous, have low relative amplitudes, and line up poorly. This
change in character of the reflections is interpreted as a discon-
formity. On the deeper reflections minor and even pronounced changes
in apparent dip are commonly noticeable on the one reflection from a
single spread.

In a horizontal direction along the cross-section
(Plate 2) the reflection quality varies considerably.^On both
the south-eastern and north-western ends of Traverse B relatively
steeply-dipping reflections were recorded. They are of poor quality
on the north-wostern end of the traverse; this is probably due to
the nature of the surface conditions where loose sand would not allow
the shot holes to be drilled to the best shooting depth. A number
of holes between shot-points 44i and 51 have consequently been shot
in the weathering layer.^Between shot-points 60 and 21 near the
south-eastern end of the traverse only a few reflections of poor
quality were recorded. The poor reflections coincide with a sudden
change in elevation between shot-points 20 and 60 and an apparent
discontinuity or fault in the subsurface, which is indicated by a
displacement of apparently correlatable reflections on either side
of this section of the traverse. Faulting is probably, the cause of
the poor reflections between shot-points 60 and 21.

The section of traverse between shot-points 22 and 28
was shot in 1958 with shot-holes a quarter-mile apart.^Shallow
reflections were not recorded consistently. A synclinal feature
with its axis beneath shot-point 25 is indicated by reflections
recorded between 300 and 700 millisec.^Deep reflections (later
than 1200 millisec.) are few and of poor quality, and are usually
conformable with the shallower reflections.

Reflections recorded between shot-points 28 and 37-h-
are mostly of fair quality in the band between 300 and 700 millisoc.
Reflections indicate small anticlines with crests beneath shot-points
28 and 34. The seismic traverse crossed the Princes Highway and a
railway lino between shot-points 31 and 32, and records were not
taken over this portion.

Many reflections of poor quality were recorded later
than 1200 millisec, between shot-points 28 and 37i.

Poor or fair reflections were recorded between shot-points
37-i and 43 at various times between 200 and 2000 millisec.^The deep
bands of reflections wore not recorded as consistently as the band
between 300 and 700 millisec.
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Continuous profiling was interrupted between shot-points
37i and 38, and again between 38i and 39 - where the traverse crossed
a creek and a swamp. A further interruption in continuous profiling
was necessary between shot-points 43 and 44 - where the traverse crossed
the Latrobe River.^Steeply dipping reflections were recorded beneath
shot-points 39 and 40. Beneath shot-point 43 there was a sudden
change of about 20 millisec. on the record between the 19th and 20th
traces; traces 20 to 24 were delayed longer than on a normal reflection.
This is strongly indicative of a fault.

To aid in the interpretation of the cross-section, three
phantom horizons have been calculated and are drawn on the cross-section.
In addition a possible disconformity„ based on a change in character of
the reflections, is shown at a depth of about 2200 ft.

The first phantom horizon between shot-points 21 and 50
was constructed by correlating a particular reflection in the zone above
700 millisec, from one shot-point to the next.^In the portions where
it was not possible to correlate the particular reflection, the phantom
horizon was extended by correlating other reflections withii the zone.
This was considered reasonable as all the reflections above 700 millisec.
were conformable. To continue the phantom horizon across intervals where
there was a break in continuous profiling, the mean of the dips of
reflections either side of the break was used. This phantom horizon
probably represents the structure of the geological formations above the
change in character of the reflections at about 700 millisec. (or 2200 ft.)
fairly accurately. In some doubtful intervals the phantom horizon is
drawn with a broken line.

The second phantom horizon has been computed between shot-
points 21 and 50 9 averaging the dips of all reflections successively from
shot-point to shot-point in the zone between 700 and 1200 millisec.;
i.e. immediately below the change of character of the reflections. This
phantom horizon is drawn through the centre of the zone at an average
depth of approximately 3000 ft. The time interval between 700 and 1200
millisec, contains the most consistent reflections deeper than the change
in character of the reflections. Although most reflections recorded later
than 1200 millisec, are sporadic in their dips,and line up poorly, a poor
but persistent reflection was recorded at approximately 2000 millisoc.
between shot-points 28 and 43. A third phantom horizon has been drawn
through this reflection by correlating from one shot-point to the next
for most shot-points between 28 and 43.^Some of the correlations are
doubtful; where no correlation is possible, other reflections close to
the phantom horizon, either above or below, have been used to make the
phantom horizon continuous.

The structure of the shallow formation between shot-points
60 .and 64 is indicated by phantom horizon 1A (Plate 2).^It was drawn
by correlating the first trough of a reflection at a time of 347 millisec.
beneath shot-point 62, from one shot-point to the next.^Below this
horizon, reflections are fewer and poorer.^It is likely therefore that
this horizon, although much shallower, corresponds to the change in
character of reflections noted at approximately 700 millisoc, along the .
central part of the traverse.^The position of this possible disconformity
is marked just below phantom horizon 1A.

4.^INTERPRETATION.

Since there is a marked change in the character of the
cross-section below the phantom horizon 1A, it appears likely that this
horizon approximates to the base of the coal measures. Basalt is known



to crop out in the hills about a mile south-east of shot-point 64.
A likely interpretation of this portion of Traverse B9 therefore,
is that phantom horizon 1A represents in structure and approximately
in depth, the extension of basalt beneath the coal measures.^This
is similar to the structure on the south-eastern end of the 1958
Traverse A (Lodwick and Moss, 1959) where basalt was proved by the
refraction work and subsequent drilling.

The change in character of the reflections at about
700 millisec. (or 2200 ft.) along the rest of the traverse may
similarly be interpreted as the base of the Upper Latrobe Valley Coal
Measures.^It is not possible, however, to say definitely what formation
lies immediately beneath the coal measures along this part of the traverse;
it could be either Jurassic sediments or the' volcanic Narracan group
(Thomas, 1953; and Lodwick, 1959).^No basalt is known, on e north-
western end of Traverse B9 where the Latrobe Valley Coal Measures lie
directly over Jurassic rocks. Reflections on the north-western end
of the traverse are not good enough to trace the top of the Jurassic
formation beneath the Latrobe Valley Syncline.

The identity of the formation immediately below the
Upper Latrobe Valley Coal Measures is unlikely to be resolved with
certainty by surface exploration methods, as refraction seismic,
reflection seismic, and gravity surveys failed to give a conclusive .

result on Traverse A in 1958 (Lodwick^Moss, 1959).

If the foregoing interpretation is correct, the reflection
cross-section shows 2000 ft. of coal measures beneath shot-point 21
but only 1250 ft. beneath shot-point 60.^It is likely, therefore,
that there is either a fault or a steeply dipping monocline between shot-
points 21 and 60. Although there is no direct seismic evidence of a
fault or monocline, as reflections are poor over this portion of the
traverse, the poor reflection quality may itself be indicative of a
fault.^In this vicinity the traverse crosses a-gravity gradient
similar to that on the northern margin of the Loy Yang Dome which is
distinctly defined by the Bouguer Anomaly contours on Plate 1. Further
gravity work along Traverse B may provide more information on the nature
of the discontinuity between shot-points 21 and 60 (See Appendix).

Towards the northern end of Traverse B the general trend
of the gravity contours (slightly north of east) is interrupted by a
south-trending nose in the contours. Glee (1958) has suggested that
the eastern margin of this probably coincides with a monoclinal fold.
Reflections dip steeply to the south-east between shot-points 39 and
40i, and then less steeply to the north-west between shot-points 40i
and 41. The structure beneath shot-points 39 and 41 may be an asym-
metric anticline rather than a monoclinal fold.

Reflection quality at the north-western end of Traverse B
was very poor owing to difficulties in drilling shot-holes to the required
depth; but some doubtful reflections wore identified dipping steeply to
the south-east, and this agrees with geological and drilling evidence of
a steeply dipping monocline. A line extrapolated in the direction of
the steeply dipping shallow reflections cuts the surface at a point where
a near-surface formation with a velocity of 10,900 ft/sec. was doteoted
between shot-points 51 and 5* The high velocity here is probably due
to Jurassic rocks, which crop out immediately to the north-west.

Although the second phantom horizon does not conform with
the shallower one in detail, it gives no evidence of a major unconformity
at about 2200 foot. The change in reflection character at this depth,
however, suggests a significant change in the sedimentary formation, and
probably marks the base of the economic coal deposits. Above this, the
general structure of the Latrobe Syncline, indicated by the seismic work,
is that of a. broad valley filled with sediments, more or loss horizontally



6,

4

bedded, terminated in the north by monoclinal fold and in the south
by either a monoclinal fold or a fault.^The seismic reflection cross-
section suggests that superimposed on the general structure there are
several minor structures as follows:-

1. A gentle syncline with its axis beneath shot-point 25.

2. An anticline with its axis beneath shot-point 28.

3. A small anticline with its axis beneath shot-point 34-i.

4. An asymmetric anticlinal fold between shot-points 39 and 41.

5. A syncline with its axis beneath shot-point 40.

The structure of the sediments beneath the possible dis-
conformity (either Jurassic sediments or the volcanic Narracan Group)
is indicated by the second phantom horizon. Although the information
on which the second phantom horizon is based is of poor quality between
shot-points 38 and 45, it is likely that there is a synclinal structure
beneath shot-point 43. Apart from this syncline, the first and second
phantom horizons are similar in form, particularly in the anticlinal
feature beneath shot-point 28.

As the third phantom horizon could be drawn over only a
small part of Traverse B 9 it yields little information about the
structure at the depth equivalent of 2000 millisec. (about 10,500 ft.).
It shows a.general dip to the south-east, and suggests an angular
unconformity between the sediments represented by the second and third
phantom horizons. Possibly the third phantom horizon represents the
structure within the Silurian sediments. The information suggests that
if reliable data are required for depths of about 10,000 ft., special
techniques including pattern-hole shots and pattern geophones may be
necessary.
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APPENDIX. 

GRAVITY READINGS ALONG TRAVERSE B.

After the completion of the seismic survey, Mr. A. Flavelle,
an officer of the Bureau, took gravity readings at all shot-points along
Traverse B except shot-points 38i and 44. The resulting Bouguer anomaly
profile along Traverse B is shown on Plate 4. For easy reference the
three phantom horizons plotted in terms of depth are shown also.

The Bouguer anomaly curve between shot-points 63-i and 20
has a fairly steep uniform gradient of the kind which might be expeated
from a fault or monoclinal fold. This is consistent with the interpretation
of the seismic reflection cross-section indicated by phantom horizon
1A (Plate 2).^At the Northern end of Traverse B between shot-points
47 and 51 a similar steep gradient of the Bouguer anomaly profile
corresponds with a monoclinal fold suggested by the seismic reflection
cross-section and also proved by drilling.^(Gloe, 1958).

Between these two steep gradients at the northern and southern
ends of Traverse B 9 the Bouguer anomaly profile has a gentle uniform
gradient from shot-point 22. This part of the profile does not show
any agreement with either the first or second phantom horizons, but there
is some agreement with the third phantom horizon. The southerly gradient
of the Bouguer anomaly profile may therefore indicate the structure in the
deep sedimentary rocks (about 10,000 ft.).^Thyer (1959) has suggested
that this gradient may arise, in part at least, from a mass deficiency
in the Upper Coal Measures caused by thickening of the coal seams within
the coal measures from north to south. The gradient of the Bouguer
anomaly profile between shot-points 29 and 24 coincides with the northern
limb of a shallow syncline on phantom horizons 1 and 2. This gradient,,
however, seems much too steep to be explained by the synclinal feature
alone, and the possibility of thickening of the coal seams within the coal
measures is worthy of investi4ation.^Drilling near the Loy Yang Dome
has already shown that the coal seams increase in thickness from north
to south and from west to east. (Glee, 1958).

The almost flat portion of the Bouguer anomaly profile
between shot-points 38 and 30 corresponds with an upward trend of the
second phantom horizon. As no gravity readings were taken between
shot-points 38i and 44 no correlation can be made with the phantom
horizons there. From the downward trends of the Bouguer anomaly
between shot-points 44i and 44 and between shot-points re and 38
it .appears that the syncline shown by the second phantom horizon between
shot-points 44 and 4Gi may be correlated with a low Bouguer anomaly.

The Bouguer anomaly profile needs much more thorough
investigation than is attempted in this report. The seismic phantom
horizonSshow that there are many variables to be taken into account in
interpreting deep structural features from the Bouguer anomaly map.
However, there is probably a close relationship between the structure
of the formation below the coal measures (either Jurassic sediments
or the volcanic Narracan Group) and the Bouguer anomaly.
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