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ABSTRACT

An experimental seismograph survey was carried out near
Heywood in the Western District Basin, south-western Victoria,
during November and December, 1956 by the Bureau of Mineral
Resources, Geology and Geophysics. The work was requested by
Frome~Broken Hill Pty. Ltd., and was intended primarily to as-
certain i1f reflections from decper sediments could be recorded
through a surface layer of basalt which covers considerable
areas in the Western District of Victoria.

Several short traverses were shot during the survey at
places where a variety of surface conditions for seismic ex-
ploration could be tested. Pattern and air-shooting techniques
were tried as well as the conventional single shét-hole technique.,

Good reflections were recorded from depths down to eleven
thousand feet in areas where there was no basalt, Some
apparent reflections of poor quality were recorded at times as
great as 5 seconds after the shot was fired. An attempbt has
been made to correlate the reflections with stratigraphic
horiéons. | '

| .Refléctions were obtained from.strata beneath'a basalt

cover in some places when explosive chargés were fired in
Single'shthholes; reflectionhéuality was improved whén pattern
and air-shooting techniques were used. |

'It was not possible to record reflections throﬁgh a cover
of tuff‘bontaining basalt'bands onfthe slopes of Mt. Claye.
Pattern and air-~-shooting were tried unéuccessfully.

Sub-surface 1nformation in.the,Heywbod areg 1is obtain-
able by seismic exploration and techniques for gaining the

best information from the seismic method are discussed.,

© (dv)



1. INTRODUCTION

Heywood is in south-western Victoria, about sixteen
miles from the coast and about fifty miles from the Victoria-
South Australia Border. It is situated in a sedimentary basin
in which Tertiary marine sediments are exposed on the surface.
For the purposes of this report, this basin will be called the
Western District Basin.

The choice of the name "Western District Basin" was
made following a paper by Dr, D. E. Thomas on underground
water in Victoria (1954-55)., The name is used for convenience
and is not meant to be a firm name applied by the Bureau to the
area defined in Section 3 of this report. It 1s realised that
the choice of the name of the basin is not a good one, as
"Western District" applies to Victoria only whereas structurally
the basin extends into South Australia. Sprigg (1952) points
out that the basin is not a simple extension of the Murray
Basin around the nose of the Dundas Highlands and Grampian
Ranges but is separated from the Murray Basin by the Padthoway
Horst. Sprigg (1952) called the area to the south of the
Padthoway Horst the Gambier Sunklands, The extension of the
Gambier Sunklands into Victoria followed from.natural geological
reasons. Boutakoff has used another term "The Portland
Sunklands" to describe the area east of a tectonic swell called
the Dartmoor ridge.

Although "Portland Sunklands" and "Gambier Sunklands"
are appropriate local names they do not adequately describe the
area between Port Phillip Bay in Victoria and Robe in South
Australia. In an unpublished map drawn by the Geological
Section of the Bureau the name "Otway Basin" is shown correspond-
ing to the area. This name does not seem appropriate as it
originated from the Otway Ranges which according to Thomas
(195%-55) "introduce some structural complications" in the area
described by him as the Western District Artesian Basin,

Interest in this basin as a potential oil-bearing area
stems from an investigation by Dr. Wade in 1915, Since ‘then,
several petroleum geologists have investigated the area, and the
most recent geological mapping has been done by the Department
of Mines, Victoria, in collaboration with the Department of
Mines, South Australia (Boutakoff and Sprigg, 1953).

Several bores have been drilled in the Basin, the deepest
being at Nelson wheré Tertiary rocks are believed to be more
than 7,000 feet thick.

Geophysical work in the basin has been carried out by
Zinc Corporation Limited (airborne magnetometer survey), the
Bureau of Mineral Resources (ground magnetic and gravity surveys),
the South Australian Mines Department %gravity survey), and
Frome-Broken Hill Pty. Ltd. (gravity survey).

An experimental seismic survey, which is the subject of
this report, was made by the Bureau of Mineral Resources in
November and December, 1956, The application for the survey
was made by Frome-Broken Hill Pty, Ltd., through the Department
of Mines, Victoria. Frome-Broken Hill Pty. Ltd., has a Petrol-
eum Exploration Permit (No. 5) covering the Heywood areas

Much of the basin is covered by flows of basalt from
Pl;ocgne and Pleistocene volcanoces and the main object of the
selsnic survey was to determine whether it is possible to obtain
reflections from sediments beneath the basalt, The success of
the seismic experiments over the basalt-covered country near
Heywood would result in the earlier advancement of exploration
for petroleum by Frome-Broken Hill Pty, Ltd. as surface
geological methods are severely handicapped and the potential
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methods (gravity and magnetic) of geophysical prospecting are
difficult to interpret for sedimentary structure particularly
in areas with basalt capping.

The results of the test were discussed with officers
of the Frome-Broken Hill Cormpany and copies of the records and
other data were made available to the Company shortly after
the completion of the tests, for interpretation by the Company's
principals in New York. The results of the tests were con- '
sidered sufficiently encouraging to warrant a more extensive
survey and the Company has engaged a contractor who is at present
carrying out a seismic survey in the Western Districts Basin,

| | 2, GEOLOGY

The Western District Basin extends from the border area
between South Australia and Victoria eastward on the south side
of the Western Highlands to Port Phillip Bay, where it merges
with the Port Phillip Basin, The 1limit of its extension under
the Southern Ocean is not known, The Otway Ranges and the
Barrarbool Hills complicate the structure of the basin on the
eastern side (Thomas 1954-55), The fact that this basin contains
Tertiary marine sediments aroused interest in the possibility
of occurrences of petroleum.

Boutakoff (1952) described the area between the Dundas
Highlands in the north and the coast in the south as a series
of terraces with major faults forming the boundaries between
each terrace. Terrestrial Jurassic sediments crop out on the
northern margin of the Western District Basin and form the upper-
nost terrace, which is known as the Dundas Tablelands (Boutakoff,.
1952), These Jurassic sediments are currently considered to
form the basement of the basin as far as the possibility of oil
is concerned. The Dergholm and Normanby Platforms are two
sections of the next terrace and both have Tertiary sediments
exposed on the surface. The lowest land tarrace is the coastal
.plains, which are covered by Quaternary dune limestone, sand and
swamps., The. basin is thought to extend on to the continental
shelf, where sediments are still being deposited.

‘ The Western District Basin is divided by the Dartmoor
Ridge into two sections, the Mount Gambier Sunklands and the
Portland Sunklands, This is pointed out by Boutakoff (1952)

. on the evidence of bore hole data, and a gravity (Bouguer Anomaly)
map of the basin prepared by the Bureau but not yet published
(Wiebenga, 1957), shows the Dartmoor Ridge as a prominent feature.

The Bouguer Anomaly map indicates that the deepest part
of the basin is on the eastern side of the Dartmoor Ridge, be-
tween Heywood and Port Fairy. On the western side of the
Dartmoor Ridge, a deep trouzh runs south-east from near Mt.
Gambier, nsrth-east of Nelson, towards Portland,

The two main stratigraphic groups in the basin are :-

1+ The Knight Group, which consists of grits, glauconitic
-sands and carbonaceous shales. The age of this group
is thought to be Eocene and Palacocene.

2, The Glenelg Group, which contains fossiliferous marine
limestones, argillaceous limestones, marls and clays.
The Glenelg Group 1s the Victorian equivalent of the
South Australian Gambier Limestone and is thought to
be about Oligocene age.

An unconformity separates the Knight Group from the Glenelg
Group (Boutakoff and Sprigg, 1953). -
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The greatest known thickness of the Knight Group was
encountered in the Nelson bore, where it was found to be more
than 6,329 feet. The drill was still in the Knight Group
when operations ceased. The Glenelg Group was penetrated to
a depth of 2,265 feet in the Portland No. 1 Bore without striking
the base of the Group: this is the greatest recorded thickness
of the Glenelg Group {Boutakoff and Sprigg, 1953). Another
bore drilled in North Portland by Producing 0ilfields (Condon
et al, 1957) to 2,835 feet was probably still in the Glenelg
Group when operations ceased. The fossiliferous content of
the strata below 2,000 feet is not known (Crespin, 1954).

During Upper Pliocene and Pleistocene times, lava was
poured out from many volcanic craters such as Mt. écclesvand
Mt. Eckersley, and much of the Tertiary sediments around the
volcanoes was covered, Tuffaceous material associated with
these volcanic outbursts was mapped by Boutakoff during a geo-
logical investigation of south-western Victoria and South
Australia made jointly by the Victorian and South Australian
Mines Departments (Boutakoff and Sprigg, 1953).

The Tertiary rocks in the deeper parts of the Western
District Basin, as well as being masked on the surface by
coastal dunes and swamps, have the added disadvantage, as far
as prospecting is concerned, of being covered in part by lava
flows. .

3. PROGRAME

The Heywood area was selected as a suitable location for
the experimental seismic work, firstly because it was covered by
Petroleum Exploration Permit ZNo. 5) held by Frome-Broken Hill
Co. Pty. Ltd., secondly because basalt was known to overlie much
of the area, and thirdly because a gravity survey (Wiebenga,
1957) had indicated that the deepest part of the basin was in
this area.

Prior to the commencement of the survey, Mr. J. Bain,
geologist of Frome-Broken Hill Co. Pty. Ltd. mapped the surface
boundaries of the basalt flows and tuff in the Heywood area to
assist in drawing up the programme of seismic experimental work.

Traverses were pegged at 110-ft. intervals.  Every
twelfth peg (Z mile) was a shot point. The first twelve pegs
on eadh side of a shot point were geophone stations for that
shot point. The 24 geophone stations are called a "spread",

Traverse A was sited along a road where there was no
basalt cover over the Tertiary rocks. (Plate 1 ), to ascertain
whether reflections could be recorded from the Tertiary sediment-
ary section under the most favourable surface conditions for
fecording and shooting. Traverse B was selected so that the
first two holes shot were on similar country to that on traverse
A; the remainder of traverse B was on an area with basalt
COVET. The difference in results from differing surface con-
ditions could thus be observed., Traverse C was on the slopes
of Mt. Clay, over tuffaceous material which is covered in
Places by aeolian sands. Traverse D was in an area which is
covered by a vesicular basalt flow (stony country), which
apparently originates from Mt, Eccles.,

The location of the traverses, as described above, is
thought to be such that experimental data from a range of the
different types of volcanic cover likely to be encountered in
the Heywood area have been obtained.



®

- b o

The thickness of the surface volcanic material on
traverses B, C and D was not known at the beginning of the
survey. On scanty evidence from water bores, the basalt on
traverse B was estimated to be about 70 feet %hick. Geological
evidence that traverse B was survey.d over basalt was obtained
from a quarry where about 15 feet of weathered basalt is ex-
posed. Drill logs from the shot holes along traverse B
showed that no basalt was encountered in shot holes 9 to 1k,
Weathered basalt cuttings were obtained from shot holes 15 to
17, and cuttings of unweathered basalt were obtained only from
shot holes 18 and 184, The weathered condition of the basalt
made it difficult to determine the true thickness of the basalt
on traverse B, It is thought that in some holes where bands
were recorded in the drill logs as "sandstone" the bands are
weathered basalt (see Appendix A).

The drill logs revealed that on traverse C, clay and
basalt bands alternate. The basalt on traverse D is 1un-
weathered and vesicular. The two holes drilled on traverse
D showed that the basalt is more than 35 feet thick.

A refraction traverse was shot over Jurassic sandstones
at Digby to determine their velocity. These sandstones are
thought to underlie the Tertiary sediments of the basin.

Y, FIELD WORK

; The seismic party arrived at Heywood on 9th November,
1956. Shooting started on 14th November, 1956 and was com-
pleted on 7th December, 1956, The party comprised two geo-
physicists, one surveyor, two drillers, an observer, a shooter,
a mnechanic and seven fieid assistants., A field headquarters
was established in Heywood and accommodation for the entire
party of fifteen was arranged at the Heywood Hotel.

, The Party's equipment included a Failing 750 drill
which was engaged on two shifts for part of the survey, an
T.I.C. model 521 recording equipment. Later T.I.C. model

621 equipment was used for some of the recording, but this was
in the nature of experiment and testing of the equipment.

About 8 miles of traverse, in four different areas,
were shot during the survey. After permission had been ob-
tained from the Portland Shire Council, the traverses were
laid out along roads. Surveying was done by a surveyor and
assistant from the Commonwealth Department of the Interior,
and drilling was done by the Petroleum Technology Section of
the Bureau of Mineral Resources, The deepest shot hole drilled
was 200 feet and the total footage drilled was approximately
5,600 feet. Samples were taken at various depths in the shot
holes and were sent to the Geological Section of the Bureau
for investigation. Sanples from the shot holes were sent
also to Frome-Broken Hill Pty. Ltd.

Plate 1 shows a copy of the geologiecal sketch map
prepared by Mr, Bain and the layout of the traverses shot at
Heywood. Mr, M. Murray, a geophysicist of Standard Vacuum
0il Co. of America, who was at the time attached to Frome-
Broken Hill Pty. Ltd., was present as an observer for part of
the survey. Dr. Heyl, exploration manager for Frome-Broken
Hill Pty. Ltd., visited the party during the survey.

The Portland Harbour Trust gave the party permission
to store the main supply of explosive used on the survey in
its magazine at Blacknose. The seismic party's portable
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magazine was stationed in the grounds of the Portland Shire
Council's magazine at Heywood, and was used to store small
quantities of explosive for the immediate requirements of the
seismic party. This portable magazine was replenished from
time to time from the explosives stored at Blacknose. The -
type of explosive used during the Heywood survey was "Geophex",
made by Nobel (Australasia) Pty. Ltd., a subsidiary e mpany

of Imperial Chemical Industries of Australia and New Zealand
Ltd.

5, RESULTS

(a) Computing Methods.

On the profiles shown on plates Y and 5, the reflections
are plotted using an unmigrated correlation method. In this
method, reflection time to the geophones closest to the shot
point Zcentre time) is plotted vertically below the shot point,
and the times to the furthest geophones (end times) are plotted - °
vertically below the midpoint of the geophone spreads. All
line-ups of troughs (legs) of each reflection were plotted,

Each reflection was graded according to the system set down by
Gaby (1947). This grade and the times are shown on each
reflection.

An analysis of the differences (AT) between centre and
end times of all good reflections was made to find a general
relation between £ T and the reflection time, Ty (T~-AT. analysis).
From this analysis it was possible to :-

(1) Determine a spread correction to be applied to the
end times of each reflection before plotting.

(2) Calculate a velocity distribution with depth, so
that the reflection times could be plotted according
to a depth scale rather than a time scale. This
was done in the absence of velocity data from bore
holes.,

(b) T-AT Anslysis,

The T-AT curve obtained from the best reflections re-
corded on traverses A and B at Heywood is shown on Plate 6.
On Plate 7? the average velocity is plotted against depth and
the variation of velocity with intervals of depth is also plotted
against depth. This second curve is called the interval velocity
curve. Plate 8 shows the reflection time plotted against depth.

The interval velocity curve (Plate 7) indicates a sudden
increase in the velocity of the strata at a depth of about 2,300
feet. This change may be related to the stratigraphic boundary
between the Glenelg and the Knight Groups. The error in the
depth estimate of this change is probably about +500 ft. A
calculation of the depth of the Knight-Glenelg discontinuity
was nade from gravity data using an empirical formula derived by
Wiebenga (1957?. This calculation places the depth to the top
of the Knight Group at approximately 2,000 feet in the Heywood
area., The error in Wiebenga's formula is estimated at about
+400 feet. Thus a reasonable estimate of the depth to the top
of the Knight Group near Heywood would be between 2,000 and
2,500 feet, The Portland No. 1 bore was still in {ne Glenelg
Group at 2,265 feet. Since this report was drafted another
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bore has been drilled near Portland but no stratigraphic
information is available yet. -

Some caution should be exercised in 1nter1reting the
T-AT analysis as the data used in drawing up the curve are
not sufficient to give a statistically reliable result. The
survey at Heywood was limited in extent and the reflections
from only ten different shot points were used to carry out the
T-AT analysis. The velocity information after 1, 600 milli-
seconds (about 6,500 feet deep) will be partlcularly unreliable
as the T values are small and there are few points plotted
after that times The T-AT, velocity and depth curves are
shown as a broken line after. 1,600 milliseconds,

L comparison between the interval velocity curve and
the velocity obtained from the refraction shots at Digby is
nade under Section 5(g).

(¢) TIraverse A.

Plate 4 shows a profile of reflections recorded along )
Traverse A and on Plate 3A photographs of the best records obtained
from each shot hole along Traverse A are shown. The traverse
runs in an east-west direction along a road between Heywocod and
Bessiebelle (see Plate 1). Two and a half miles of traverse
were shot on clayey soil where there is no basalt,

Reflections obtained were of good quality, especially
in the early part of each record. Reflections of doubtful
quality were noticed as late as 5 seconds,

From a study of the records of Plate 3A and the profile
on Plate 4% there is some evidence that a change in reflection
"character" and in the consistency of plotted dins occurs at
about 0.9 seconds (about 3,000 feet), This apearent change may
have geological 519n1flcance and may perhaps correlate with the
interface between the Knight and the Glenelg stratigraphic groups.
This subject was discussed in Section 5(a) dealing with interval
velocities.

After 0.9 seconds (below about 3,000 feet), reflectlons
are of fair quality, but they are not as nunerous and their
dl)S are not as uniform as in the earlier part of the record.,

After 2,3 seconds (below about 11?OOO feet), the quality
is poorer and the number of reflections 1s significantly less
than above this depth. This discontinuity, the depth to which
may have an error of +1?OOO feet, may perhaps corresuond to the
top of the Jurassic sediments. That the Jurassic sediments may
be this deep is suggested by the data for the Portland and
Nelson bores,

The Portland No. 1 bore had not nerstrated the full
section of the Glenelg Group when drilling cezsed at 2 205
feet, and the Nelson bore passed u.arough 6,329 feet of "the
Knight Group w1thout going right throuﬂh 1% Assuming that
there is at least 6,329 feet of Knight Group below the Glenelg
Group at Portland, the minimum thickness of the Tertiary sed-
iments at Portland is 8 59 feet.. Allowing for the possibilty
of extra thickness of the Glenelg and Knight Groups, the estimate
from seismic results of 11,000 feet for the depth to the top of
the Jurassic sediments is not unreasonable,

No reliable evidence regarding the thickness of the
Tertiary sediments is forthcoming from the gravity survey of the
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Western District Basin, as Wiebenga (1957) found that there
was no significant density contrast between the Tertiary and
Jurassic rocks. In calculations by Wiebenga of the depth
to basement, the crystalline or metamorphosed Palaeozoic
rocks are considered to be the basement of the basin,

The deficiency in the number and quality of reflections
below S.P,6 on traverse A may be due to poor reflecting
horizons and surfacc conditions, but it is more probably due
to the recording equipment used. The model 621 T.I.C. equip-
- ment was used for the first time at S.P,6, and did not prove
as reliable as the model 521 equipment.

The general direction of dip of the sediments beneath
traverse A, although very slight, is to the west. This may
be significant as it appears from the Bouguer Anomaly map that
the Western District Basin deepens to the east along traverse
A,

(d) Traverse B.

Traverse B (see Plate 1) is along a north-south road
on the eastern side of the railway between Heywood and
Milltown.

Shot points 8 and 9, at the southern end of the traverse,
were in an area where there is no basalt cover. Shot holes
11 to 14 were thought to be on basalt but there is some doubt
about this, as there are discrepancies between Mr. Bain's
geological map and Dr. Boutakoff's. Cuttings from drill holes
at shot points 11 to 14 did not indicate any basalt along this
part of the traverse, Weathered and unweathered basalt cuttings
were taken from shot holes 15 to 18A4.

Plate 5 shows the reflection profile alomg traverse B
and the best record from each shot hole is illustrated on
Plate 3 (B and C).

Good-quality reflections, similar to those obtained on
traverse A, were recorded at shot points 9 and 10 on traverse
Ha The profile changes at a depth of about 2,500 feet, below
which reflections are less numerous and of slightly poorer
qualitys; this discontinuity nasy. poslibly correlate with the
apparent discontinuity at 3,000 feet on traverse A, A strong
band of reflections at a depth of 1,000 feet is outstanding on
the profile and records.

The profile representing the reflections recorded on
the remainder of traverse B (shot points 11 to 18A) shows only
one prominent band of reflections -~ at about 1,000 feet below
the surface, A few sporadic poor reflections were also re-
corded, The band of reflections at a depth of 1,000 feet
persists through traverse B regardless of the filter setting
used on the recording equipment and the depth at which the shot
was fired, The increase in the number and quality of re-
flections recorded at shot point 18 is due to a pattern shot
fired at that hole, Pattern shooting, depth of shot,
weathering and other technical data are discussed under a
separate heading.

The lack of reflections between shot points 11 and 184
appears to be associated with the presence of basalt on that
part of traverse B, It appears that the effect of the basalt
on the signal-to-noise ratio of reflected energy is such that
it does not prevent the reflections from the very good



reflecting horizon at about 1,000 feet being recorded, whereas
weaker reflections from deeper strata are obscured.

The Bouguer Anomaly mep indicates that northwards
along traverse B the sedimentary basin becomes shallower and
also that the sediments along traverse B are thinner than those
along traverse A. In general, the reflections recorded along
traverse B indicate a south component of dip. '

(e) Traverse C.

Traverse C is along a winding road on the slopes of
Mt. Clay, in the Mt. Clay State Forest (see Plate 1), Geo-
logical maps (Boutakoff, 1952 and Bain, 1956) show tuffs
originating from the Mt. Clay volcano in the area. In places
these tuffs are covered by aeolian sand. Drill logs from the
seismic shot holes record alternate bands of basalt and clay.
Only a very few poor and doubtful reflections were recorded
along traverse C, -

_ Distortion of the sub-surface strata, which could

cause a scattering of reflected energy, may account for the
deficiency in number and quality of the reflections recorded
along travase C even if the area were not basalt-covered, The
strata near the old volcano (Mt. Clay) may have been distorted
by the pressures associated with the volcanic activity.
Boutakoff (1952) suggested that the Kanawinka fault may con-
tinue under Mt. Clay, eventually appearing as the western
marzin of the continental shelf under Bass Strait and thewest
coast of Tasmania. (The gravity results, however, do not
support this theory.)

Photographs of the best records obtained from each shot
hole on traverse C are shown on Plates 3E(6) to 3F(2),

(f) Traverse D.

Traverse D lies along a north-south road across a
vesicular basalt flow from Mt. Eccles (sec Plate 1). Owing
to the slow rate of drilling along traverse D, only two holes
(28 and 29) were drilled and shot, The two holes were 35 feet
deep and both bottomed in basalt.

Some reflections of poor quality were recorded from
strata beneath the basalt, Copies of the records from the two
shot holes are shown on Plate 3G, Pattern and air shots are
discussed under Section 6(d).

(g) YVelocity Measurements in the Jurassic Sediments at Digby,

: One mile of traverse was surveyed in a north-easterly
direction over an outcrop of Jurassic sediments near Digby,
between Heywood and Casterton (see Plate 2),. Charges were
shot in drill holes at each end of the traverse to determine
the velocity of seismic waves through the Jurassic sediments
from the times that the refracted waves were recorded at each
geophone .

The times that the refracted waves were recorded at
each geophone are plotted on Plate 11 against the distances of
the geophones from the shot point. Two sets of points are
shown. The points marked with a cross represent recorded
times of arrival of refracted waves. The points marked with
a circle are corrected for weathering (Dix, 1952, p. 73),
assuming that a single-layer condition applies. L velocity
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of approximately 7,200 feet per second was calculated for the
Jurassic sediments. The velocity is very much lower than
the 14,400 feet per second corresponding to a depth of 11,000
feet on the interval velocity curve (Plate 7). i depth of
11,000 feet is considered to be a reasonable estimate for the
top of the Jurassic sediments at Heywood.

Lithological changes may account for such a large
difference in the two values of the velocity in the Jurassic
sediments, but the depth of burial of the Jurassic rocks at
Heywood 1s the more likely explanation. Faust (1951) points
out that Jurassic sandstones and shales with a velocity of
about 8,500 feet per second at a depth of 1,000 feet could be
expected to have a velocity of about 14,000 feet per second
at a depth of 11,000 feet,

The extrapolated part of the interval velocity curve
may be drawn a little high but, allowing for the unreliability
of the T- AT analysis, is of the order of the velocity to
be expegzted when a sandstone or shale with a velocity of 7,200
feet per second on the surface is buried to a depth of sone
thousands of feet.

6. TECHNIQUES USED iND THEIR INFLUENCE ON RECORD QUALITY.

(a) ZIraverse A,

Good records were obtained from single shot holes on
traverse A and the depth of the shot below weathering did
not appear to be critical. Records were taken from shots at
depths ranging from 10 to 100 fect. Surface shots were fired
using a close geophone spacing to determine the velocity of
the weathered layer., This was found to be about 1,500 feet
per second, and the thickness of the weathered layer 1s about
10 to 15 feet, The velocity of the sub-weathering (Dix, 1952,
pps 77 and 89) was 5,000 to 6,000 feet per second.

The drill encountered heavy clay for the first 10 to
20 feet, below which the formation is mainly limestone with
hard bands. Dufficulty in maintaining circulation of drill-
ing fluid was experienced in some places, but when bentonite
was mixed with the drilling mud the difficulty was usually
overcorne .,

The optimum filter setting used on the T.I.C. recording
equipment for shot holes along traverse A was in the range
L2 H3. Plate 9 shows the response curves for the different
filter settings of the T.I.C. model 521 equipment.

A pattern shot consisting of thirteen shot peoints 50
feet apart in a star shape (see Plate 10) was fired at shot
point 7 and a photograph of the record obtained is shown on
Plate 34(3), Plate 34(%) illustrates the record obtained
from a single shot hole at shot point 7 for comparison with
Plate 34(3). The thirteen charges of one and two-thirds 1bs.
each, which were used in the pattern shot, were set seven fect
deep and exploded simultaneously. The signal-to-noise ratio
of the record taken from the pattern shot is very much better
than for a singzle shote. The results obtained from this
pattern shot make it worth while considering the use of the
method in any proposed survey of similar areas in the Western
District Basin. The first seven feet can be drilled very
easlly and at little expense with a mechanical post hole digger.
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(b) Traverse B.

Shot points 9 to 10 on traverse B were similar to
the shot points on traverse A as regards drilling, shooting,
and recording conditions. Records taken at shot point 10
for measuring the velocity and depth of weathering indicated
that conditions were similar to those on traverse A,

A record taken over basalt at shot point 17 on traverse
B indicated that there are three layers of low-velocity material
overlying a sub-weathering layer of about 5,000 to 6,000 feet
per second., The velocities of the three layers, from the
surface downwards, were 800, 2,500 and 4,000 feet per second
respedtively.

Difficulty in maintaining circulation of the drilling
mud in many of the holes along traverse B caused abandonment
- of some holes after a depth of 40 to 50 feet had been reached.
New holes were drilled in the instances in which holes were
abandoned.

The depth at which the explosive was fired appeared to
make little difference to the quality of the records. Plates
3C(4) to 3C(9) and 3D(1) and 3D(2) show photographs of records
taken at shot point 15 for various depths of explosive from
180 feet to 20 feet, and using a slight vadation in filter
setting. Plates 3D(3) to 3D%9) and 3E(1) to 3E(5) show photo=-
graphs of records obtained at shot point 17 using a variety of
filter settings, and keeping the depth constant as far as
destruction of the shot hole by the explosions would allow,

It will be seen that filler settings near the middle of the
range available on the T.1.C. equipment give the best results.
On the whole, however, variation of filter setting and depth of
shot did not affect the quality of the reflections recorded to
any marked degree.

A thirteen hole star-shaped pattern, with shot holes
50 feet apart and charges at a depth of ten fect, was fired at
shot point 18 (see Plate 10 for lay=-out of pattern). A photo-
graph of the record obtained is shown on Plate 3B(3). The
number of the reflections recorded increased using the pattern
technique and there was a marked improvement in their quality.
A comparison between a single-~hole shot and the pattern shot
may be drawn from the photographs on Plate 3B(2 and 3). The
cross-section (Plate 5§ shows an increase in the depth from which
reflections were recorded; this.is due to the improved quality
of the record from the pattern shot.

The improved results obtained from the pattern-shooting
- technique signify that the method is applicable in the area,
Even zreater improvement in record quality may be expected by
experimenting to determine the best spacing of shot holes, the
best shot depth, the best type and size of pattern. The use
of multiple geophone arrays may be expected to give further
improvenent in record quality over that obtained by using
pattern shooting techniques.

(o) - Traverse C.

Some holes on traverse C were drilled to more than 100
feet depth. A little difficulty was experienced through loss
of circulation of the drilling fluid but this was overcome wh~+
bentonite was used. The formations through which the drill
- passed consist mainly of tuffaceous material with thin inter-

bedded clays and basalt,



= 44 =

- Velocity measurements of the weathered layers along
traverse C were difficult, as the first refraction breaks
were poor. This was probably caused by the thin beds of
high-velocity basalt separating layers of lower-velocity
material. Surface layers with velocities of 5,000 to 10,00¢
feet per second were measured, but these figures may be un-
reliable.

Few reflections were obtained and these ranged in
quality from very poor to doubtful. The best records ob-
tained from each shot hole on traverse C are sh~wn on Plates 3E(6)
to 3E(9) and 3F(1) and 3F(2). Shot point 25 was shot at
depths ranging from 120 feet to 13 feet and no significant
change was noticed in the records. These records are shown
on Plate 3F(3 to 7).

The filter setting favoured on this traverse was L3 H2.
Other filter settings were tried without improvement in record
quality. '

A thirteen-hole star pattern with 50-foot spacing be-
tween holes (sece Plate 10) was fired with charges at a depth
of ten feet at shot point 20. No significant improvement in
the record was noticeable, An air shot was fired 1,200 feet
from the traverse at shot point 20. Thirteen charges, 7 feet
above the ground, were set out at 50-foot intervals in a star-
shaped pattern (see Plate 10)., The method failed to improve
the quality of the record. Records obtained at shot point 20
are shown on Plate 3G(3 to 5).

After the failure to record reflections at shot point
20 by the methods described, a 36~hole diamond pattern was shot
at shot point 26. The plan of this pattern is shown on Plate
10s Charges were at a depth of 20 feect. This method effected
no improvement in the quality of the record and no reflections
were recognisable. Other patterns were tried, namely 17 holes
35 feet apart in the shape of a cross, 5 holes 35 feet apart in
the shape of a cross, and 3 holes 70 feet apart in line, but
these were all unsuccessful. The plan of each of these patterns.
is shown on Plate 10, Photographs of the records obtained from
pattern shots at shot point 22 are shown on Plates 3F(8) and
3F(9) and 3G(1) and 3G(2).

A shot was fired at shot point 26 with geophones at
25-foot intervals along traverse C and at right angles to
traverse C from shot point 25, This lay-out is shown on Plate
10, It was hoped that information regarding the frequency and
horizontal velocity of the noise which was probably masking re-
flections would be obtained but no conclusions were reached.
Photogzraphs of the records from this arrangement of geophones
are shown on Plate 3G(6 and 7).

(d) Traverse D.

Drilling of shot holes on traverse D was very difficult;
three and a half eight-hour shifts were spent in drilling two
shot holes 35 fect deep through the vesicular basalt. Poor
reflections were obtained from the single shot holes. Velocities
measured in the basalt were 10,000 to 11,000 feet per second.

The basaltic country contains numerous depressions
up to fifteen feet deep, some of which are partly filled with
wveters One of these depressions:.containing water was about -
50 feet from the traverse on a line at right angles to the
traverse from shot point 28, The pool was 30 feet in
diameter and six charges were placed at equal intervals
around the pool in 3 to 4 feet of water. Three
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such arrangements of charges were detonated and a record wu.
taken from each one using a different filter setting on the
equipment., Photographs of the records obtained are shown on
Plate 3H(3 to 5). Two records from a single shot-hole at

shot point 28 are shown on Plate 3H(1 and 2) for comparison
with the records from shots fired in the pool of water. Some
improvement is apparent in the records from the multiple-charge
water shots.

A 13-point, star-pattern air shot was fired from
a position 1,000 feet from traverse D on a line at right angles
to shot poin% 28, The charges were set 7 feet above the ground
and 50 feet apart, and were detonated simultaneously. Plate
10 shows a plan of the type of pattern used. A photograph of
the record obtained from the air shot is shown on Plate 3H(6).
The first line-up of troughs on the record is from refracted
waves. After about 0.35 seconds, reflections of very good
signal-to-noise ratio were recorded before the air wave dis-
turbed the record and masked the ground waves. The times that
refractions, reflections and air waves can be eXpected are
marked on Plate 3H(6). The results of the air shot showed
that air-shooting techniques may be effective on the stony
basalt-covered country around Heywood. A longer offset dis-
tance of the air shot would probably enable reflections to be
recorded from a greater depth. In that case, however,
refractions would be recorded for a greater length of time
and early reflections would be masked. = To record reflections
from the full section of sediments, two air shots would have
to be fired, one from a short offset distance of about® 1,000
feet and the other from a greater offset distance of say 3,000
feet, depending on the velocities of the strata and the depth
of the section,

(e) Eguipment.

T.I.C. geophones with a frequency of 20 c.p.s.
were used throughout the survey at Heywood. Four geophones
were used on each trace; they were connected in a series-
parallel arrangement and spaced five feet apart along the
traverse. Unfortunately, the geophones were permanently con-
nected in this arrangement and no others were available at the
time to experiment with different arrays. It is thought that
the use of larger numbers of geophones and differently spaced
geophone arrays might improve record quality in the Heywood
area,

A high-voltage blaster was used to explode the
multiple-charge pattern shots. 'The charges were connected in
series and no difficulty was encountered using this technique

7+ CONCLUSIONS.

The results of the experimental seismic survey at
Heywood indicate that the reflection method of seismic explor-
ation is applicable in this part of the Western District Basin.
Good reflections were obtained in areas where there 1s no basalt
“cover and techniques were evolved which enabled reflections to
be recorded from deeper sediments through some types of basalt.
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Except perhaps in the immediate vicinity of old
volcanic craters, it is considered that the seismic reflection
method will generally gilve results enabling any fairly pro-
nounced sub-surface structures to be mapped, regardless of
whether basalt flows are present at the surface.

Seismic surveys over the unweathered basalt flows
in the Heywood district seem impracticable due to the rugged

nature of the terrain.

Travel over the unweathered basalt is

almost impossible in most places and road-making would be very

expensive,

The cost of drilling would be prohibitive but

reasonable results may be obtainable using air shooting tech-

niques.

The seismic results along traverse A indicate the
presence of a sedimentary section, possible conformable and

probably unaltered, more than 10,000 feet thick.

The section

may be all of Tertiary age, but it is possible that Mesozoic
rocks are included in the estimated thickness.

The gravity results (Wiebenga, 1957) indicate that
the deepest part of the Western District Basin appears to be
between Heywood and Port Fairy, in the area known as the Portland

Sunklands (Boutakoff, 1952).
selsmic tests were made.,
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APPENDIX 1,
SUMMARY OF DRILLERS' LOGS OF SHOT-HOIES

TEAVERSE SHOT POINT DEPTH . FORMATION
L | 2 0 to 30 .Clay.
20 =~ 60 Limestone with hard bands and clay.

Other shot holes on Traverse A were similar,

B. 9 0 - 26 Clay.
26 -~ 106 Limestone, sandstone and clay.
106 - 216 Clay with sandstone bands.
Be 10 0 - 25 Clay.
25 « 100 Clay with limestone and sandstone
bandse
100 - 128 Clay with sandstone bands.
B. 11 0 - 25  Clay.
25 = § Fine clay.
By < 12 Clay and hard bands.
25 - L4 Clay with limestone bands,
B. 13 0 - 30 Clay.
- 30 - 116 No cuttings probably fine clay.
B. 14 0 - 5%  Clay. | |
54 - 192 - Clay with limestone and sandstone
bands.
B. 15 0 - 6 Clay..
6 - 58 Weathered basalt, .
58 -~ 202 Clay with hard sandstone bands.
B 16 0O - 9 Clay.,
9 - 26 Clay with sandstone bands.,
20. - 56 Weathered basalt.
56 - 202 Clay with sandstone bands and
' small quantities of basalt.
B 17 0 =~ 15 Claye.
15 -~ 76 Weathered basalt.
76 - 202 Clay with hard sandstone band.
B 18 0O - 28 Clay.
‘ 28 -~ 53 Basalt.
Be 18A 0 - 28 Clay.
28 - 53 Basalt. .
Je. 22 0 L6 Clay with sand. ‘
46 - 85 Basalt (hole caving in at 80 ft.)
CQ 23 O - 6 Sa.nd. .
6 - 48  Clay with sandstone bands.
48 -~ 56 Basalt.
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TRAVERSE SHOT POINT DEPTH FORMATION
Os 24 0 - 238 Clay with sandstone bands.
38 - 81 Basalt.
81 - 83 Clay.
83 -~ 87 Basalt.
87 - 106 Clay.
C. 25 o0 - 9 Sand.
9 == 37 Clay.
37 - 39 Blue Metal,
39 = 100 Clay.. '
100 - 158 Clay with hard limestone bands,
.C. 26 0O - 3 Sandy Clay.
3 48 Clay.
De 28 e - 35 Basalt.
D. 29 0 - 33  DBasalt,

NOTE: The descriptions of the formations encountered are in
general drilling terms. A more comprehensive examination
of samples taken from the shot-holes at Heywood is being
made by the Geological Section of the Bureau of Mineral
Resources, and the geological description of the formations
drilled will be known nore precisely,



APPENDIX 2.

NOTES ON DRILLING TIMES OF SEISMIC SHOT HOLES.

The following table sumarises the drilling time
and footage drilled during the Experimental Seismograph Survey
at Heywood. The table includes the time taken to redrill some
holes and also the footage redrilled. Loss of circulation
was the main reason for the redrilling of holes. Difficulty
in maintaining circulation was encountered on traverses A and B
and it was usually overcome by using bentonite in the drilling
fluid or by drilling another hole a few feet from the original
hole.

No. of operation shifts 23 equals 18% hrs,

Overtime 15 hrs.,
Total time 199 hrs.
No. of holes drilled | 131

Total footage 5,608 ft.:
Drilling time 106 hrs.,
Travelling and rigging time 42 hrs.
Time lost waiting for water 19% hrs,
Time lost due to rig repailrs 21 hrs.

Time lost due to miscellanecous eauses 10% hrs.,

Average depth of hole . 43 ft.
Deepest hole 216 ft,
Average penetration rate 53 ft. per hr.

Bentonite used 1% tons.



APPENDIX 3.

ANNOTATION OF PLATES 3A TO 3H WHICH SHOWWPHOTOGRAPHS OF SEISMIC
REFLECTION RECORDS

GENERAL NOTES:

_ The recording equipment used for each record
was TIC model 521, except records shown on plates 3A(1), 3A(2)
and 3A(5), for which model 621 equipment was used.. .
a Shot point numbers, traverse, wéight of charge
in pounds, depth of shot, filter setting and pre-suppression are
shown on the stamp at the beginning of each record: The heavy
timing lines on each record represent time intervals of one tenth
of a second. A plan of the traverses shot at Heywood is shown
on Plate 1 and response curves for the different filter settings
obtainable on the model 521 equipment are shown on Plate 9.

: The records obtained from the TIC equipment
are three times the scale shown on the photograph. The layout
of pattern shots used at Heywood is shown on Plate 10,

PLATES 3A(1) TO 34(9),

Records shown on these plates:were obtained
from Traverse A. Eight holes were shot at intervals of a quarter
of a mile and the records are laid out with the record from the
most easterly shot point (7B) as 34(1). This sequence corresponds
with the profile shown on Plate 4, Plate 3A(4) is a record from
shot point 7 using a single hole and, for comparison, Plate 3A(3)
is a record from a 13-hole pattern using the same spread of geo-
phones used for the record of Plate 3A(ﬁ).

PLATES 3B(1) TO 3C(3).

' The best records from Traverse B are shown on
these plates. The records on Plate 3B(1) to 3B(9) are laid out
with the record from the most northerly shot point (18A) at the
top. Records from shot points 9, 10 and 11 are shown on Plates
30?1), (2) and (3). The order has been inadvertently reversed.

To correspond with the profile on Plate 5, Plate 3C(3) should be

on top, 3C(2) underneath, and then 3C(1) to make the most northerly
shot point on top and also to continue on from Plate 3B(9). The
profile plotted from these records is shown on Plate 5. A com-
parison of a 13-hole pattern and a single shot-hole at shot point

18 is illustrated by Plates 3B(2) (single hole) and 3B(3) (pattern).

PLATES 3C(4) TO 3D(2).

The records obtalned from shot point 15 at
various depths are shown, beginning at Plate 3C(4) and continuing
on to Plate 3D(2), and arranged with the deepest shot first,
iome variation of filter setting was made while shooting up the

ole.

PLATES 3D(3) TO 3E(6).
Plates 3D(3) to 3E(6) show records from shot
point 17, Records were obtained using a wide range of filter

settings and shot depths. The depth of shot was kept constant
as far as practicable for a number of different filter settings.

PLATES 3E(7) TO 3F(2),

The records shown here were obtained on Traverse
C. ©Shot point 21 was not shot. The records are arranged with the
records from the most north-ecasterly end of the traverse on top.
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PLATES 3F(3) TO 3F(7).

_ Photographs of records from shot point 25
using various filter settings and different depths of shot
are shown on these plates.

PLATES 3F(8) TO 3G(2).

The four records shown were recorded at shot

point 26. 3F(8) was obtained from a 36~hole diamond pattern,

3F(9) from a 17-hole cross pattern, 3G(1) from a 5-hole cross
pattern and 3G(2) from a 3-hole in-line pattern. The plans of
these patterns including the hole spacing are illustrated on
Plate 10,

PLATES 3G TO 3G .

The reéords shown in these plates were recorded
at shot point 20, 3G(3) is a record from a single-hole shot,
3G(4) from a 13-hole pattern and 3G(5) from a 13-unit air shot,
offset 1200 feet south-east of shot point 20,

PLATES 3G(6) TO 3G(7).

These two records were recorded by two 300-feet
spreads of geophones, one at right angles to, and one along, the
traverse at shot point 25, from a charge of explosive set off in
a hole at shot point 26, The purpose of the records was to
analyse the noise frequency.

PLATES 3H(1) AND (2),

Both records were recorded at shot point 28 on
traverse Dy from a single shot-hole using different filter settings.
Traverse D passes over hard vesicular basalt,

PLATES 3H TO0 _3H .

These records were obtained when charges of
explosive were spaced about 15 feet apart in a pool of water and
explodeds The charges were about 3 feet under water. The pool
of water was in a depression in the basalt lava country about 50
feet away and at right angles to the traverse from shot point 28
on Traverse D. '

PLATE 3H(6).

This record was recorded from a 13-unit air
shot offset at right angles 1,000 feet from shot point 28, The
first energy to arrive was refracted and after this some reflections
were recorded before the air-wave struck the spread. The times
when energy would be expected to reach the geophones by refraction,
reflection and through the air are marked on the record.

PLATE 3H(7).

This plate shows a record from a single-hole at
shot point 29 on Traverse D,



FLATLD
.Q >Q
- s
> ~N
= N Ay
e cC EalGNIeIp R SJ —_ 38°%
3z & {.— ‘ t | N
| i
-
VVY PO e
S S
10— i
‘l'."‘.-.y‘;
M Ceacy, Y
U — —t— Y
\ ‘ 4
‘\ N T i \:/
T s p
~ vy
~ “-i
N v
v“ $
s Y
vl y
)
‘).,
N V\
‘J\
AN 7
v
v\ 7
v i
N\ pd
VA i - AN s Bessieneile
i i RN vl e
‘ e —_—
v /‘{ ‘
v\ "
v
VAN |
oS \
V\J\ hY \
v\ /'l,! 5
v / /
vv\ /i/'/l ]
T -
v ! v
A - g
P v v v v "
.J*;JL—-—LJJ v 1
v T Yy > )
e ~/ v, i ! {
“‘ rf‘, ~ v v , vl ! bt
¥ FLAREA ~ vy ! )
A -~y v Ve R 4 ; <
LR \(\ v '
LAY | |
"y @ — 230
; [ S ——
SUNIN . z a
) | !
| \"\ ! |
BN -
v v \'ITV A;——'\
VvV,
}v (% i
i
i
[ ' i
B L l I ‘H l ! _ e
3 U G 7 S0 So

W}
v,

o, ~ Ll N
0 LEGEND
o Q

2] o

SEISMIC TRAVERSE

AND SHOT POI/INTS

BOUNDARY OF BASALT FLOWS AND TUFF(AFTER BAIN)

At ol

S FHULARAT

MELBOURNLE

SCALE IN MLES

EXPERIMENT AL SEISMCGRAPH SURVEY,
HEYWOOD, WESTERN DiSTRICT BASIN, SOUTH-WESTERN VICTORIA
LOCALITY MAP AND LAYOUT OF SEISMIC TRAVERSES

14700 b

G268-2




1

MERING

Tooo ] = 2 e
37 ”rg:, ES - f r . 3 PLATE 2
o= < + <+ :’; _
<+
’ e .
“% N\CASTERTON
COLERAINE

35—

HAN/LTO/V
-
2 |
. sPL Yy
—34 "4 - - 34
1— ‘+— "f I RASSDALE _+_ _{> + + +
DICBY
g A
-\ EXPERIMENTAL SEISMOGRAPH SURVEY
1\3 el AT HEYWOOD, WESTERN DISTRICT BASIN, SOUTH-WESTERN VICTORIA
4 LOCALITY MAP AND LAYOUT OF
BRANXHOLME -
B | +a S 45 i s o REFRACTION TRAVERSE, DIGBY AREA
y, ) SCALE IN MILES
& : T e e —
o/ 2 1 o 2 4 b 8 10
: : 3 oy : 3 |
+ ¥ -
1 1 | 1 1 1 Gl




. | PR = e o
. . > - ; . S - v :
puare 340) - PUATE 34 () s PLATE 34 (6) 58 " e e PLATE 3A @) PLATE 3A() . PLATE 3A () Y -
LA TG CLLE LA R | ' ____--:‘-A,, 7 ‘.u:':[ v”""“-""--z'v;":""- ¥ sistiid i | g ' 3 L 11 .‘a'_?\ st || “ll" F il T“L=-?:=::'.-.=:l'+ ‘‘‘‘‘‘ * ?»L-‘ﬂ‘:IHWF:;:Z:?::‘ - han ) { -‘ Y;‘Bl!l‘slcssr:":“ PURPET.
5 I TTTTTR R (- Tl @iz & KRN 0 ISR v 3 =1 7 g 111 [RRE.¥) LIt | i — S E R EBEER S ey o X X o JAREELAL L | g FE nesemauns
I[,.‘ej*“ pLE ff-"-%g - | i npan i " ] I@";i..zsé?g- ‘}';E;E,Eﬂ‘l': .8 {iwwmag..m,mn: 2. 4 I&‘w X -"Hl T ! ![? IRERNARE.NARANTNNNL Yoot FTITERNR [TT3 11T e Q TR TTI RN (L LT 3
H?;L‘H' % HIMI‘ L H—’ I z SER3R |7 i3 y t‘;‘;;;z_-ﬂ_i_# ‘:‘*f-_]—]‘— hj ! I i LT T' i ’ :;’J ! | T 1] Fr - ziii’?ig_;i;i;;‘giai;?@%i’-ia: L afeefe i“"Eﬁliﬁi"iilﬂi‘ihltlibltjilj; »
T 1 LR - At oo | ; i ﬁl,‘ I (sl ‘ e i ‘:T““f:?““‘zﬁf‘*‘g-~;é-f ' :
T LT T T TS | (= i S At R i BE {4+ Bas.a WAERTE ' ey E cohavien T4 v o £ ;
ALITTITTES 1o siateenrssinimnst s | | W (ETAIRRRRS i oo N 10143t TR | NS ss o
M*’—..T _W it F_‘“r; o | | l E§ B i PF g4 | 1 o, t 4 $ L i : ~ ‘.5'," \:| _I e ES e
RS L2 [ e ox i k { ILRE. AL RRME b | | - %! 5 - n_;c,_f";f SsEERY -~ I Sy
oI TG , ;ﬁ EEN SR i HICTE kg, e SRS FERSTE
! ! L.a %] : 4 £ ioe L " TN (R B T 3w s ® 2334| [TA - 2 R A
LR 56 AR | Saie kg ! 3 ! g b Y| PRy F X T2 ey & ! 8
St 4} LPF ‘}“ ﬂ xR & * A#‘ E.lF.vF b ] ‘ e}! Y RS - ,-! {‘34 i - AR wam [
- n R Roa@ 4 | 13 Y Ll p i ax 8 » . b 3¥e L3 N R TE aW
¥ | z Fe @'.\ § S | g '?‘\ Ly T ONNN 3 { ;.l‘ 1 Y v i AR ! < %\
> i Bkl PR i 8 [ 3 } | | tRaks 9 3 e ¥ 3 a8 b 3
L8 &LFFF aRAm gl = BRTRE R ¢ i Ao KRR | RS - o I B i R [ éFE'L | SN

~/.
B
/ 4
o7 '
Dy "

\ \ LJ e
/ : L:\y}\%vp’ =
W A ]
.M{\w
RS

D
)

} oy {

§ ; LS e

i
St S

T
P A

r‘ ‘J
S *vs} §

> g :
: 530 L SRR : ot S o
. : I

. - > | B, 3 ‘ j’ 0SS S
> > so— 1 e — - : ; i § Q?I S g%}i
S

Zaa
(8
4 25, ~f 02 S PSS = E “ = ?{<§§
'} T S £ 2 (< B2 ass = 5y
== - :,_;i —:*"J' s c2e< X

E 2 S 3 , = |

>
>

= =2 G = : = > 5 A ¥ Ry B 4 S &
SEean sl Ao il

|
Sy, ‘

il R
MA N
AR
Mer \

‘J i
A A\ | Il
A S \ ~ \
-~ AU 0 «
J 5, NIOE 9 Y VLT |
TR £ A € A A "
LW, VA |
v ) A # v
N \‘Jf\/\/,.\ﬂ'\ % v N\ AW g o
~Y ‘,\/\«: 0 (e L (IR N ¥
% \ v fo, o) \ . 5
y AW N NN A £ I
\ n ' : 3
\ A / \ .
v \ s A 0, 0 'y v -
{ Javl
A A v \ o
\/ (v
) ' g
A
|

4\ A
v
¢

A
A
V. V71
VYA
vl

: = B L(ESELE
=N  E »>

\
2
)

< ‘;‘ S < '\

%
e
\/
WA
SNV
/
. e 1S
VAS A%V

A /A
PNV
'%ﬁv\/\/ 4

AN

\/

J “;' :/f",:‘&\ = «A: v ¥
VOAW VA
fg’;@/\@j

% N

T
vy
/‘\

“J&
X

AN

LAY |
'
\M\f

b “/\9" 4

J

\/
AV R VRY
2

N
N
Nx o
A~
\V

a
2
[
%4 “,\\' A i~
N ~‘V;R AV 7

A

A
AMA

NA
A/
<

oW
\ -‘r\nf*wv NG A
VAN v
Thdep

»
|

5 1 Bl . -
i

~

N VY AVALY
] YN WIK I %
\{jc\}(/\’ \

< A o A A AT
A AV A / VAV A
\ /A / \J A
’

NN
AN

B
<

~

>
o3

izé"i«f%::x :

< & 2’2%@&‘% B SRR
S , : = (6> L : : e E : = ¢

e S
TN
JRg >

/\‘\/"V"\/\/\/\ !

v
G ®
NS
A
A
ORI Y
Iy
\/
\/'\ Y

/%

Y ~ NN\
~ -
I\~
\/
NN e f v
NSNS N N
AV VYA
M \W/
/ v

‘355«""‘2}1 | RS0 «

<1 BN 1\\\‘%'??
% § Pl

J/\J—

NN A
€

S ; 2
. f: =N 5 IS ’QO?’
e 5 g‘@"%gg%*

<
S0,
X

e

: 1;%3':?}@%?
' 3 ‘()’ S = :

£¢

- 2 - ) ¥ i - A (CA\ ; >N
5 S Seade SR il ))) VXKD )
= i st AVZATRNN
= LR Y 5 '




N
ok
0k
™5
W
M~ R
S8
TR
I

PLATE 38(2)

e —

7
1
1
: | ,
3 ! Meyuseet  E
h.)w 7 5 s \N ‘0 2
7
2

wQ
e n st
: | . mMs -5z
i s o,
e nm
20 g Bt ‘\D
: g — pal
ot M ze/r0
5! ¢ T, TCS
e ) =
- = Tl pemT STAR
e i oy PaTIEAN
et SOPT IHTERVALS. |y,
oL AL A A e

7
i
BAE 72
’ Hegvod "3
3 6 52 g fod -
T A7
i 7
7 :
: E
4 7 515%)
v oo A v
413 b
1

1oNS

f° A LAt
9 =y,
| 0
2
7 <
£ e
f odyd
A
b g s

PLATE 38(5)

Y

]

PIATE 3807

k3

 PLATE 368@)

PLATE 38 )

I
?J‘ _
LT
N

¢

s JS2-/-5C
}\tq.\ 8
3/ /5. Ak

L It s

o
|
2|
|

RERERuk RS gtk kR |7

;
2
R
R

== vlll
b
= P

BYs 23
e pesoed
510" npper

- X3 /
i S R g
e A
Y S ity el —
oty ——
E e E——
~ -

22
n
NS AN\
T2 26 27 ay 1o
Vv
. ) V
i n ),\7\:p\l/\/\\/
Ve
/
\V(/\.\/ A
7\ - <P /
Y
R

NN AY F\A

A
y \“)\&\,
v v

SOOI AR
NNNADLRAN
PR [ INAANAAA
\ (.( P o s R A
NOATNAARS

\/

AL PN Y

/\V(\/\.cwy\

LALDAINLN A AT AT T Vo S ey R AT

AV

SN UA AN A A
NN VALY NN A ZVAT A
/ \/ %,\r/\/k)/\/\/r)

A AN AN
/ AV

,:\.(,}?WWN/\(YS,\,&\/W\\
,4\

AR RTINS VAR

AN A AN VA
VR Ve q\!x\f 74\»?\(/.,\/\‘/)\./ ./\\(.\,(f}
R

W I N ) SR
S | N~

TR NBNACAT A
AV
xﬁﬁam«@«%wgku%

NI N A P

A\, A N/




O

" ALATE 3C (1)

LI R
v

S EmaTE 30(2)

PLATE 3C(3)

| e

P

PLATE 3¢ ®)

ﬁm 23,29 51
7%
%

1624 4o

ﬁ”’”“*‘:‘:f?a:bbmz‘

T L3 M

S m\\\wo

\\ ns  47r-sc

\\N\;lm\ = 22/2%

AR ] A\ A \/\Y A
23 S INNCAP L ST 2 ¥ o v T/ W VARG ATAY, VAVAY N e % P 0 /
— A o AU At SNENOT Y RE e A - Ao Y, A v S\ AY/ /4 v f / o - ¢
f \ NN O = 2 f % / YRY JAY A /A A \ A
1% \ AT @ /N /A \ v/ , n AV VAN Uy SN A )\
| AU Gt Al WA :()r. )2 9,4 A O PN y, VA A% 3 v \/ f \ . \ KK 2\ WAV
% = i\ A GRVA j 0 RY (R, \ oy A ‘ z
. — Nt AN W\ g A A / e ) ! Y SAA | - g \Va " / LNy . A J
L IO SEY T\, WAL 47 V g i %\ . ..ﬂ / 5 ! R D% |
- 1% Ve W r v v \ “. i oM 5 29 s |

i Ly 2 2, \
p\
o~ A
Arr
—— /.
..1.\....3_%% AL
{0 (p ' ,
Illnfﬂrh \
Sty |
——— v
— et

Y

"
,
\

NAAY

\
A

\(r,m)hw& NIAL

a ><>?\(,)\/\ XN A

St Y 9 P
\ ;(‘ \/ ,\\/\(/\/\/(\/\/\/\\( ,\/\\/x//k“k(\mﬂﬂ v

P 7 3 D @ ¥ 3 id
Al

P/.ATE.,?’C )

PLATE 3C6)

prate 3¢()

9

PLATE 3(C

T h\ | o Mataf = 225" W f
e [ o s.-%ai:)?.kml 1l ‘WA 7 / {
B e o e e e O N "\
Y T 8 P S 13 f 1 ‘. ! / ‘ J/ 07 n :
e =g
— AVA
e ik "y
e —— . :
.;...
’- FLEW
e~ -
, ba
'
“ ,,H == e
R ——
w | | I’ 207 Hy 1I%
\ | MEVwosp .. B
B\ e v 2 - .
= M/ - MeZd
1 24— MIX A3V
| o i s o 40/2
e e o0
., e e a5 ER
bbb e
| S
.;-‘# 1 1 = e
r e
Ks . v
h e S i *
| A = |
| "
i 15— 2™ Mor!?
VEYwesp B |
o 25 10

PLATE 3¢ (8)

i c - SR |
& o —
- |
el
= ‘
| | —|
AT il 207, v v v
t - A A A - a - 2, - o A SN~
e\ k] PN AL N Aa N A AR A AN NN N VN SO MR
o . A AN XA AT A S AN S NANS A AN N
o G245 \ z
¥ LrH3 I\ AN AN SN AAN— AN~ AANSAN NN NN \,\/\/\/\,,\/\/\/\}\% I VAL AAA i
! w1 e % \v\.,\,/\/\n(!,\[} AN P NN, /\/)(IV.)(\\/V/\/.{V\/,\//(\(?)\/)\J\/\U} : Ay ,\Om\//\\/
LR 27) UV e S S N NS S A LA AR STA,S T ANAARANIANN N AN, NA NN Y T
oo B S A Vit S N0l e s toll B8 L 08 0 L Ladadub v A £ e G L0
. ; / AN — o~ 2 il S S e A e A - —
- o= e ) A g S (o e i e i w/fw// a2 \\,/X\\H«‘ A A A~ NSNS VNN
\ 4 v ¢ = N = %
e ’
/X 3
i \
; 5" 1" W & 4
NEYWoe) [~ .
12 /
MIN R
rrd -
= Y e, = ]
e
L4y, scan .
Gy “btts ]
V a7 T A N i NN RO TN e O s T = e o 1 i B B T ey e B < A d -
s o N R T e ......:Z:?f.l.::.‘_ ‘‘‘‘‘‘‘ T R R R R LT SR (). gy



e 3
=
=
S
~m N N ‘ |
1 -
/b , p S e A
P N,
\.V Y
/0 ” v ‘. ’e Ug “ | ” 4 y w0 o w AN 2y W 36 p 1 s9 | o
| wJ N
AN
% Wales
N
‘7 .......
R
SUPA
” 3 o Syse
M Lol
” o»\:w
m A
E*
Ml = \ .
s —
“l i = {
= \Tl\w - 2>
= Qh.i (/.D\/(
4 — - e V) N
= 1ok e
o —
i . -
T ———— 2 2y 3o °
.
&
@. 7S 23 %l J
Kyoood 4
?’w, . 3 s s >
: /7 Lo >
N ARG e Q
= - (;\/\
Q= | . ’
_ ! —_—
8 | ]
} Y !
ﬂ eV
e ¢ & . 5 -.Q.‘
0 ¢ 8
&
S
7 @Vt
N TS, s
} H T
N Lotk
<T | —
o~
NN
=
O
~ a8
W ‘ e
—m |w\}.
0N

" PLATE 300)

14 = T e

7M. -




7ys =
M \.:6.
v& T Was

<2 e
()

(]

PLATE 3£(9)

s %
T — — =
- [ 5 n4é A F A o n M- )] /Y 7 U 76 ’p 'l 4 /9 20
n = .
¢ LA \/ v
— \
37 = = 1 ) N
¥ il - i A\ !
O ——— 3 . A
.HK‘IMH b Y = ) np \
7 U e e e - i
x, e H— o] s - | \/ k
| e e e N NMV\\ - 'l U/ alA v moA N A
3 e e e pacd hN.\!\H., s a7 i 0 U % \ / v
o e e — s e N | V ) ,
2 e IR T TR VK i A
» | - > , e AL ,\r\._ ~\ ( n V A
] g = o e e O\ &t?, ¢ v O
) o x o =] YIRY,
P S | 18
% - — il \ A
- ﬂ ¢ e A— N .CP,(.,. / &/\ ,y\) i )
L - om0 N E- S ek i e s b o e Mialies 55 S5 osfons o i Moo CIRVAE A b R g e il B 0 s i A i Wl e
Seni e A e & [3 Ao 71— 3 1y 13 4 \% / e 3 22 4
RzeTIens ~—/ L/ | \ /
e et ] n r AV ‘ V) N
o) L i - J VY ) \
4 e i —— 4 /
¥, .l v \
T R T, S N P — — A\ X
o (e e e = - A v 0 ~ ~
R ke ——————— 3 11 ,45 | W s R
. o ee—————— =40 YT ! A :
. s S | L \ \ |
o s s v AU . 2315 T g 4 v 1 Y e A A , A/ Vo~ Q| e b A
- A ~ A A A A
i et %d - v \/ A N N\ ANV
SEEES Sy 3 ; \
* o k) ] T — = ~1 /
» = = N A7y 7 W\ (A A ,,C)\ o 7\ A
3 W - B W _,wv\r v!‘ﬂ\ b, \ % £ -
3 = A iy - 0 / f / ~ NN
by m m!l e ~ Y ARy ,}Aﬁ = / . : =] N
Y B L \ /
e |l T - / ) /N \/, ) o L%
e — ] = v N b \/ . . 5
& e a— \A g T NN AT
s —— m v \ e MYy Y Sy s ST | R N [ e S G P GO PR o e N e s Ot
—— 1] N 4
. gt " (TR O 1 A /
; v L W MM
L e g
Al
e
A J J
A LM | ,
It _S‘
YN \
TTT [ + A
H | |
bt , , A
m| ;, , Y _ |
1 1] i g{ !
) \
T Ty ( A
~t
T\
I c 5 e il | el B i | Ak e ek i Bl Sl . R I
..............................................................................
5 O .9 A A,
b ¢ W / .
| | T
- LM A AN
s | ﬁ S SN P
—t— | e S
> avayes i) QY Vo v
: AT (WAL SeSiaie
~ AT ) ] AL YO A SR 5
B ] wg |1 _.W m ) A 02va o' 441
o d 1 | | | —
b St 2 A%, 22 2"Ww LR | M | 7‘, il | V VNG L - [ . N
#..,! s S 1 % ' c ,,L [ ‘ | / | | | l | . | e =
TR o ! : ”A & s LY 1 : Pl , ~— —
:.n}.vfl.... SLFR MorwE iz S| s [ B
e — 3T A 43 42 LA Wyl
- B e LN £ 5)e o | cas
1‘,1_ 13 i ¢ W A nt , \ ) s
e § e T V Saias s
SN 4 " eusy Fosssr = X V) \ =5
3 wm..n ! MA onp wwrek seAVE 1(\HH % | \ - —~
o o g s | sotor ! [ f N VIS TS P NSRRI RNV MR AR AR AT A ARSRAAH SR SAS AR ANARATA
L ,/A\)L,?\,.\ [ | /| v ’ ' Prrthrrreprerrper preeprrree N I TR R N R N R N R R AR RNl Y terprr peperrpt|
i - - = o rtherree Grtvlragrerereeep ge ................. Freeree i VeXrreehrrreprerelee prrrrrrkreee A RN NN AN T
20 e P Vo
n i} L7 \ 4 N 7\ [ 4 \1 - N\ 73 " /7 # ’ £
-3 L . A ) A\ b N b \ A | [ | ol iy
d « gUEvATR: | e ! >\%’ e A Y =
» S ) : : 225y 2pne P & N MU O,
A Y \ LA/ A A~
e ACLIH \, : N
e VTR , v L <
* u“ Av““ 1 ,2) "\ \ %n% s
e “ bl | v ! A T R aS
S | = S ) ( * |
- 7 = (N I v V M\ / Y ' | I =
s ' = e — SRARY \/ | \ : ! ’ AR ~ S
- = 23 . 2o X } LY A\ N 7 f N | f ) N AN
b SAL: " o Weter < f “ / / / / N\ 7
b i — - ¢ u\wﬁ \ ! X ]\1’41 | =i S Y
[ 2 ..; A% e MAL_ - M2 5y /\,,\, v ] In 4 « \ \ | "\ ‘/\/}IJ.\I.
~ o e S S P Lidrm DR ! \ \elv A .\I\t\r\r\i\.{.}\/\‘/)\/\(nW\< ~—
N B e - e e X, I - | v ] ; , D . s BB SRR A ot ey
bl s r\:_u,wﬂ.hw“ . d T T VB : VKD ] y AN ) A LN AR ; Qi Siwi<d) (i (97 S iy Sl e
v WH&.HH.’BWM | gy mensir #P ( \/ / \ ( , i :
[: { = ewex seave | R ™ A
o g ﬂl =7 CLIENT WiNE




27 2y

3 =
W\ mad
"b’b ik \»‘2 \.n«,\

< TV
N

L N

" i /2
_ ¥l =¥ 4 ol Tx
= "
L sy oA 2
| [ ruex geRvE  ShICH

N/ | | I | I ! - ~
1 wree st ! [ Frerireiireeters I A ree I e " i I ™ s - -y :‘,\ | ™Y ™ T

'\ \ / M A 1
A b /e I A \ ‘ : WA IV AR TR,
| A A a T\
Y K)—\.\, A 1 A N n Al A v | |
1) ( V7 Ay J ] 4 / i / AL A - N . |
WLTRAK DL RN ALY M) ALY Al N )&ﬁ AN A T Ve M :
\ \ / , y f : \ A%
v A \ N TR,
Y, - TR v J n bl
w AR ~ ) H( / .1) \M‘a)si. |/
. y Ve i
. [ I 3 | 1 e > 3y u r ?
[ | we JUgRE S SNY A Ln auiyRe
& P \ i I 1
o A "\
s . 8 A
e o, \In W
) i
o0, = p
L T o 25 . 2" Hv/9e , | , |
i ¢ #érweop C AN \ | |
W i 28 I &/70 |
~ : il \
| nj 14X .. L4z TATRNM N
N | 5= = - R0 /20 .H\l\)&/kT“;ﬂ m Hn
OIM ; ¢’ T farvon ﬂ.}(ﬁ puva \
- ; 1 M N
- == | 14 +71 Y ovAR NI
e =i i == . has VN ~| H“ ]
£ I e == f | -
== N R it (o
" ! | e Wy L:?...Z.Z.I.,( AN XY tYIIN Y NN R Y] ] TN Pl PIELLLIRIIILEIILYL treeeer Prprrlrrr? Pk prre re PR eLLeRLL rrrtlErrr e prprrrtlrrer rhrrrrirrrre rt threr 5 terrrrhrr L ' "
0 ! ¥ [\ & N ( Al 7 & q 3\/ 4 I3 /5 / ) 1% [l o 3 > a3 I3 2> V3 29 20
: -/ 2 /) /
- e = ~ y \ A | ( A v D : ; A
| I o I / 0% \ \/ ot

iEd
NV , ) ]
, ——— s u.‘;?‘EL | [ U [\ X/ \/ r X NY M Y ) N |/ A | | A
—— w2 lwwop < ! \ f \ \ | \ 1./ , f f : , “

FUATE 3F @)
‘ si.‘f- , ‘
TS

Paz
l 351
(

=

g ) /
AN Nt
= oo T i DL T/ \ \V /
= P A A \ ) \
= A \ : \ WAV
o=l " o et SESTI TR TRARE o 3 Rt TV prie 7 il WY 5 cari s et Wroal oo N I R - o] SRR o 5,0 E (SRR TR, < S | e | R W el e N il o o fessigin & & Beaitis b diFRIHR ¢ S| B BT B R BAER 1§ AR & BRR 4 B E PR 3 § R % & iRt | PSTE S [s 1CP) Sliie] IQuosu| s iucil Eomiu St Vgl vmmen e s At L 1
A
ey .A -
4 |
[ — [} | (
e )
== — S v
== U
& | == ;
f =
F( { I e =7 v:, A
e
=g 25 .. 28 Ul (95%
g LW 7w —- *
W &R ot . m A v
M lE 2w |
~ MAX <14z | A W |
< = — S 15)s | , (V| WA \ , :
~ e .4 ... nc
’ ~— = ia  AS 1A speeelied e \
i e e Y I !
[ S5 (IR . o THINED
n_\ { b— ;HT Yo 564 pam ¢ ] Vi | [ |
= N
| e B B s TR SATARTRRT RUEATTRA] SO N 4 A3 A R R AR & R A R R o S T Iy M A, B . (SR SR S NP IR (O A P S S, o [T e v i R 4 5% B BRI B BRIRLE B EBRNEEE I v HERR D BARRIE § MBS AT HRRIPE R B R R B BRI e AR E Bt g SRR R 6 v B iy crrrrkrres
i = g 0, / i 3 i+ N A AT L/ N » s 73 7 "W »e 4 44 a2 du s 36 17 26 +9 30
)
| B et 2y )
~— i ~ — Y
| e — e oy = ’ \
|
s et .
T ——— .
) A \/ \
) 3 A\l | ‘
N = I||l.|l)\@4\..w/ L \ /
T =T M
| N S g '
o J 0 \ /\
— 25 . 20"ty 95¢ | | V A
3 J Fetwosp nbunM eeeesanilL | J \ | /
o e ==y
E : e Mo HE  mza W ! ? _
-~ 4 — | A
R e = *" \
i v AEHE | A " / | ]
Bl e & | G5 o B A
DL r," = = e - —— ; r Y \ ~
== Sl ooy Y TR |
st | o '\ | " Bttt R IO Bt 2 M B 0 - 0 o e B i (e S o oSl s ol sl i sl gl s gt i
S LB (B P S P e 1,\s ........ ARSI, | | I A S N A ST DT SRR TR D TR RER T YRR PR TR TR TR FERN AT TETEI AT SR SRR SRS SR SRS SN ATART R SRR TR STERTTAT] SRASEEREN SESTERRTE SRR SRTEEETE SYRFRITER] SETTITTIT] SRR ETET TISTRSTITY SRS PRTE P S R
1 9, | 20 124 > %3 L¥ 15 36 +? ! 34 e

li §
== <
e

=

=

-~

=

-

3

]

Cl

A

&

N

=

25 20"y 1356 , llll.t.J | f *

wéywor)

/ f | ) [ |
| | | | 1 {
& f v \ i | 14 | i i
T - L ! / | i
éF S ok b 7 | { / ” ? N ‘
o NE _ahZ2 SW SR EResaR I 6 A LACH ) Nl A \ \
MIX AW 'yl ! J \ Y I |

(4 ahs
4 T I¢

75 18 ) R R . B S Ot
b i

PLATE 3F(7) )
=

A |

PLATE 3F (8)
é

il , \ [\ \W\/ [ |
¢ ——— N
| . | . Ilv e |
S o5 oA
D i = : |
' i - T Zlee S| = ,
W 3 -] ¥ M| ATt , ] , , | f X ,
R = At A ! N ,, | el s AV VMLV Y Y , , | j y Al A A A VTV y A TE TV U | |
i 26 TR 1350 | | A (A A NA | | {f J [ Al \ Al i 11114 [ ~ AN \ L |
W e m | g . , , , \ AV Y x/\{ A A\ :
T . b, R 50 | ) J i ) f o ) - \ , \ C A ™\ .
§ M HE 9 v \
r € L Qbﬂ. £ | \ | NAN Y /\
t £ L5/
WM | PR
1 M= owece ParTEd n
| nl 35 APRAT w200
i o




TARL

o
<
=
:
7 5 =
?g
2
E

& ..me T
| = o et by ca swee rarren ”
| Lw e — 3SPT N TEVAL craSS

v \ \ \W \ \ \ v v, | '
AN S v y y \ | , ' N R <\ L\
] Y bV /) A . ) Y / \ \ A A Y \.V S §% A n >a8?/ \/ AV
/ T A {4\ \ PN/ : 8 \ A y \ \ ] \/ \ Y N N \ )K,X\, VAVRY /(r./.?/ v
+L i ' (, \ ,/\ /( /\ /\/\/Vo) J /-\ \ ,,, v /\ v ;\%( , O A S eI IY AN e el N v R ve .e R R R ) /\ Ceer e P IR b . e XB)\ b Q/\»

..............................................................................................................................

PLATE 3G (1)
3

-
4
25
’5
X ‘g
=
<
>
>
>
=2,
=, "
2,
S
<
>
8
3
3
S
g))
>
s
%(>
S
S
5
==
=
-
=
T
=

PLATE 3G@)
N
R.
=
==

ST e
3
P
((
3
=
=
(K\'
=~
e
=

1
|
p

O risre 36(3)
l
¥
>

PLATE 36 (4)
|
%ﬁ
i

e ﬁ.L/)\((nr\;)))h,))\l AN AY) WA LA A A MU A AN
, ey _ H«(((((L\(JH,\\(J\,I. v | A I WA
© =l 5 | \ "Vl ( (
= ot aVAUAY ittt y | Py
L | == . pudui sEagRaRpE) \ |
L ”‘,\w! RS m I sunan | W | ,:r r,,
S o / d VT _;( {' Uy \ "N
E ﬁ — 2 £ (L, n ) ,.;g ) % n N v A “ C)
ol Syt Al AN I / k1| o) , ]
Mot WE M20 W ! hglhdhpan f J 0 v [
- X REg PNSNPAGReARRAgERES & . v/ | : {
NG . @%ﬁéug AN AL At U
"“ ez L s selinee P S.E, ”\\M\l’\l\!ﬁ(/\l\/\/\(/ ,ﬂ v ,\ " / \ NJ, ;, v Y
SeEmEE e | i YRy
SEESSS . sl VUV W WY i !
e ¥y U Wy ig ey B o0 00 L0000 L YRR N 5100 13 0 RN YL VA1 VL g B S T LA U £ 04 A st a v s vy R0 s o g

T
Sartasosimas S k
l il e
T I ~T
lﬂ |
NN N i o e

AR AA A NS CODANVA : e e ki B e W -
\ Q//M\uﬂ\\/\/?&/y@/ AR
AT

T
N

i ol ||
%‘

=ieEA I I

R

PLATE 36(6)

+—] Mg po K7 W 3025
Jroais v“_‘\.‘m VTRAFERE VO Q:\%"
i 1 &

| ] e i B SR T 7 A C
. = | i
Bl | | g 209r7 SE SPRE
] —
f

e I
r s &9 ,) !
i ELevATIONn 0 ¢ e ,
| £ Wx s vV \ O
——1= it i
jo— Sl { Am‘., e \ \
G il S PG = e 5 %
= | e AV 0 \
/.,.lﬂv e e i o 28 o 17Ny i3S y )S ( N ,\.\,
. ™ - rwvoe _— | \
™M v:_” S 43/45 WA
W MISE  mozoSW \ \ /vi ’ '
W MAx - B “/ aaThY
< - e S . L‘\\«Fm | \ V )
N =i : s T oo e /! \ )
NN e — L] o pummome 16 ret \) ; A ,
f— b | ot 100° 3& rL \ T\\
e | - W s \Vii L Ji NN NG SN N U SN N NN e N T M N e e o s e e T B e VR AT B ST PR ARE AT ) eSS AR
Arig e | \
TWTLH NTEAF EAEN % V.. e




AN

PATE 3 H) &

[}
RANE FRARNLAY

I!lf‘ )
2g - W Hhe 5% —F ! 1l
NETWonp e g R
Jijpe Sy R
x4 \fmkh‘ ) 7 i
Y LaHy —_— "
i A==
4 zie’ Tl L
= >
—— \

L L Y
Ky

“PLare 34 @)
Ml
1]

% e Wl o zefee | ol
e ol T A Y
e b e e
o }
= comims , et e
i — et S b

A

&

- i i::;'“ .
PLATE 3N (3)

4
=
=

!
3
x as_ 7 ,
N v _|
m W Tl A
E MY — 2SS
1 =ar
~R5 4 ™ ¢
| 3E | s warerl
! S ! perve mwired &
L&t ! 1 —L
u 2
o ]
¥ b

®
5
ot
el |

PLATE 31 E)
g
i

s

- “
-« -
®
4,
N
s

1 r

| A
% - N et | M w ) : ,
4 5 v =
F== — e \ ,
——— pfge eV
[E"T | o / AN /)
Ml.v S . PtV YA N 0 /\ v | ‘ g )
o ~/ \ v y /

[ 8 Se | 284825 TN , epeee new W a8 pLif [ UL Al

= D NV W AAA A
W e Y7 P RTINS Y / I - VM [ ) p
W | .
« | 5= e

g J (
N r_vl o !
F »=, i =i RE2 A !
= - wT sma o ‘ \ N\ f , ,
= SorT wroami - Y | V § R
s FFET ABWE AW, P o ) Vol oY, XL iR o8 A i, (BB B O A A AT R S O AN AT AT o (h bk T L et " A PR £ X o [ g
S | wok) vesnvaon gashi] o ! J w0 i L . AN T A S S ATy SEA R A s Qi APESRORS SR g

/6 7 A / 20 ~
v,
!
Nt
A
> A AN
3 708, F~r-gz ! \ [ )x,\L\, W /\,
. 9> A OV 7 N\ /) A N y A AR .\/n( \ .S,;\x/ s VA% }\.;r(z., & VW)
—(w I I\ UA® : b a ] ~ A\ KA =N XA A A .\\ﬂ\M\)/L.\,,J,\, - ﬁ}/kﬁ
u Laedsy \ v \/ NS AR
N y N/ WA Y ,
# VS IA VAVAY Y,
: IR, AR AN

+




2901

5P

SURFACE

" ELEVATION

.

" - 200

PS5

L)

533_5}"35
_4,/ fF 4/6 FF & /’r,‘iB_ L 40

— 3000 .

ifag:%?:zfﬁi

1
|
. i '
- t b
|
i
S i
P ¥ NI
) 1
i
|
]
t

i
|
1
i

P&

Ji*ﬁmﬁﬁ:_‘_’i -

63 FF RER FF 849

42¢ PP407

iz

r

17 I’F o

t‘f zgnnﬁ“‘h
oS PP 529

Y32 PPEG

BPP 473

ggs' i 728

iﬁi-___ﬂ_..;_.q.

536_PP_s43 .FF%“'
59 E._ff_c.os bog |

F
%& %

|

Zir

ppg']‘l

>y ur 9"‘ 7,

lesd G F 84a

qsk F&ﬁﬂ-’%ﬁ&

- .

£0% [—"
AL

—

219
L ———

?F6 £

- A —

.. SP.74 _ “ﬁ_'hJSsz& .

FER22/

o

"éggz,agfojag

4ok 66 468 0O LG4
49765 437 3° E‘&I

- LT

IHOATANE

PLATE 4

. oot paum—

i

Bidi, S
par FF 434 = i
_ﬁ_fn Fr_ ag? [£& 45
B0 _FC .I.u._f_i._j..
sbe PP SkiI FEF 554
24s AP SR EESIL |-

687 PF LRI |

FF o9&s FERE3

QRS S £ = SRR |

| qm; E f o f Pﬁl& . el :
E 2 l I g fo Al | _4__;5}__2‘&,1;‘._ ionEsyeyl
? 3 | (047 PR 106 i A o w& : b 6! 66 /02T Gal/x
_ j : - ,,&1073 :z/:ﬁaﬁ.éfz osf | Lau::l;zgwmugwﬁﬁf&r ‘ ggblgFloﬁ e ﬁﬁ,.'z!.f.—?‘ il onfemefnf LAY, |
R : 1101 1093 !tﬂfzié—m p: 28934 WJ[—ZLLL( ep 112 ? g FEMIE. o
—400u --~—T-~--——'M2fgﬁﬁt—ﬁiu—2_ AL L : AL e e D 2 g PP fa iﬁ;-w s — PGS~
| A {: & ﬁfﬁlﬁﬁ- pEL i3 pag PP 1192 EELLL |
i i : t Jare AP - m.n ‘ ,ﬁg- i&‘i_f;!i_’%"f FFpad !
I : oy ; [ASRPE bk : g t
i ! f? t i
f Fmoﬁig% i %ET;P ’11‘3 ! Aapemre G | Pﬂa‘!a; P .
£oei | ‘ mmzzg_g{,_mh__m_-:%-, SESRURR T, - L SN ST o SEREGRSEY SHPSSIS 1 -1 T S
H ; : / | b 4 g ! T fe—— i
1 a N _»u""—"‘-“ww_ | PR T 2 sy, | | | :
! ! ok PP B ; 299 2P R T RO o e 98 pEI3TS | LAY,
; ! e : ! } ! i | \WS—- b L_&.ﬂ.f&l:&& . A%2STE vy
! : R I & | ; /“i ! - # T T— |
r i ! = i Pﬁf!{lfﬁ MAY | 189 ; F | _
) | T T R R WHE BB 12 A g T i Y e raria -
Sl : ’ "*“7‘?% LR P et — — _EE';._.J-é s i 16000
o ; A L SRE FeVECes 3 , s ifas ,520 op 1517 ¢ LWME_. = _
{ 3 '_a? . l i | 1 ")ﬂl ﬂf-i&_.’_, -4- !
; 1 . ISAKFFISE . 4"/ o HALEATYT %y : ‘ ‘
! . : Lol sl =" : | | ‘ | ' |
\ : f: 'E;L 595" | [ | ’ ; Li?’.ﬂ”ﬁ% t
| ! ' | . — ! ) ! | | { i A
L | | ‘ 1 | ! ; ; | | |
| | ! i " . | , i z ! ! o
2 B ] i . QIMP-IL_;___ - ! 3 — SRS S — — e e e — | - : e e ._.-..1 ——
i { | HRSPPURL kaigp 489 l ? 3 ﬁ : ‘ | f l tis
| g _&/ZJ’J/L."' o - ) | | ? 3 3 P zan | Lo
i o “@7:/ : | ‘ | | g 3 AN
! 24 - ¥ 1760176 El?IZ | ! )
| | l”’w%ufn il i iﬁ_vgam.un 25 - | * | |
{ | = | 1 | i .-
. | | !’;‘l”.i’ﬁ-%.’_".‘_fpfw T ﬁtffpm‘. | 8ol ] ‘3! ¢F 818 ; | | ! .
—£606 -+ ; ,_ ; e ey 1 g;v 7 fua Sl P v 25 R ISR i T ‘S_ s
| ! {2 ! i i | Igs8L i : |
| | | | | | i | ;
I I t i I ) } ‘
| ! | L208Pp/90, | I TENLT TP OO } < |
£ asdaghrLl ; | ! IERPITYL | 2 | !
: = i ! | Bl * ! | { PR :
— %s00. | Qr2ee b, EE——— T e St B e B coise, e o e B . ¢« ot e 0 € g
5 ‘ l kaf_iﬂb_ﬂfg_og ‘ | ‘ : N i aﬂb_ﬂfn@l » »
i ‘e psb A0S gé ' : apsa FERRE | g ' | X
! P ‘w o */ﬁﬂg_}g:o gsﬂf&“‘,&nﬁﬂ‘@aﬂ-{o{,&i’mof’ : -4 ! ! s e
| fosd FEdel 3op 0NeAL i B GBFEATRE | BRSEPIOR T2 FRef) |
I L L RS - | s prasie. Ai0kppte . | ' L |
: | MJ,BL | L e vt TNl SRRSO 1P S LA, D, - - || SICRE ' 7YY V. S
| s g | S ST o ushEP st
; s/ SIARSIE Ush oo B | b PRIEZ : ’ y | | ! h
E B ¥ 24 @Q%fﬂ{z/ f g7 ¢ APaITL | ' : f i = B SIS EF 280
E beinppagr | e Sprsregii | | | | s Pa] e s |
i B i % ! ‘ 1 | ’ !
i = | BFOCRD | i ~? 1 aaa, £R328 v B
_ : | | , : | 1 . :
pat o : e Py e | = FEEYT e
S 25 3 A —1 : 1 |
g 230 AP Y i g by - Ry » ;- ; i ‘
I vl @A SN A s -L‘ ! = ?Hﬁ? : fff’\-Pag ‘ | | g 4 e
ShANERIN . e it b x 2 == : =g ; i ; ! i :
g . S TR : %2— o S ; \ | |
e Mszese. ! ; 22 R -
i ; . 7 ‘ i : gﬂﬂgﬁ | v 430 £ P44
| - | | B i | | e
| i F l = { i ! ' |
!‘7"““‘; | i | 4 { S | AR (N S afs -loéi)iw____________.%&_“_
-t R ‘ | £ + i . ] =
| t ! ; : L3 PP i ‘ :
: bt i i i = ! RES2 A~ i
s s . - == i - : as{gg.;g_(, E : ~7f::;g
¢ TR 3 f | | | i | bood 3 Ll
! [ i | 3 | T N
. ; ! ! e e ol e——® e =k J H.@a@._._
R abadnsis ; [ ! 1 | ! .
b i i ‘» s | | | N
- 5 1 { 1 1 ‘ {
. : L é o & ;
i - ! | | %
15606 A % CTL BT < AR N S| NS WS ST KIS .-.-._r. ;539;;
e o ST ’ QMIRL 2556 i ; !
e | | i | =
' | } i | |
ey 1 i i
| . | |
1E68 i e Lact Af)“c i Ry L i b tooL0
Y ey | i | usp 3 ; s
| s ae | o
= | ; | | g,
! i " | | o
= 1 2 4 ’ ‘{ ! |
i ' | | ]
| {
S '174—;:){1% ! - o g ) o iy e P 77 2Pt
& F W 1 ‘ ' | T | . EAA A A
b : 4 f ! j ! i
! S | [ " ‘ b
- | ! ! : i
4E€ous i | ; | TP, u
i gl i T T L dhi i
4 ! ! i
¢ i 4 i i
| | | | B |
2Adsad L i { . { 13808
ToF e T T T T T T2
L 1 | {
] 2 | l i ;
: } - ] |
- 1 . ‘
= | g | | i
20 n/)A " | l a0 S ; ol PN e Mgy J - A.ﬂ 371
w v v‘vw‘ ‘! i ( ‘,r v:vv
, .
{ f ‘ « o ' '- i
| '55-’1“-—’-"“ % | = S
e E 35“4/_3(;( f [ ' ) ;
A LT b | } } EXPERIMENTAL SEISMOGRAPH SURVEY e
- 21006 s RO 35K . i AT HEYWOOD, WESTERN DJSIMBAM&WEBIA_“;&%___
e | s - < - .
: i i e ' | :
: g , - | SEISMIC REFLECTION CROSS'SE¢TION i i
: P o , lh i ! - TRAVERSEA™ f : f
= =000 E | ’f ? e e e R SN PEET ‘ 26l
1 | iy | . : i
i I | i | : : | !
‘ . | % 1060 o oo | 2000 | :
| . sty | - | S
== | | e Fohs | i |
Sasas g : = | = i - BRGoe —
| A, | ' | i i ‘ | G268-4 figt v §
13 : ’ : [ : ! | ' i o) '
e T 2 SIIT | | s e
- - | L ; | z i i Y Sl
1 ‘ %1 ; . | | l i [ e padey
IS | | | | ] | et
[ e o T8 g *49@0___



PLATE 5

- 490

t
|
}
|
]
]
|
|
i
]
i
l
f
|
1
:
|
!
?
Al
w
|
l
?
}
1
|
|
l
I
i
i
1

22 0l
ISAR =R o o

; 10 S
1Q 00
%‘,va

!
i

prerere
{1 4-806———-|

.....

e e e e e SRS

oA i RN .l.lvl.“\. B G (UEOURV S S AR il.ll.:i:li;!:,x_.ﬂ.v oA Py S | <P PEE—— C.J‘l(mw-\.fl.?. e T A A S .le!.. JA‘I o PSS Sl | T VEUUCaN S (SOl S S ~SRSSGRN, TR PSSR | SRR BRI A
| L . T | g | s

GO0 .

_ . e § ;_I-, (LN I i T peaw 1 el L I*P SR T P PN DI L T e e it i
|
_

|-
NS S ——— 4
P ed

IRt | PR

|

G268-5

}

e i e i et e i et e b R i e e i = inm e e R o e . s R B S ,.Hr PP 1S ||,i«J.!..:I
|

|
|

§

|
‘ TG .w

)
REEW s S
)
]
1
{
t
1
i
I
{
|
!
l
4
{
i
{
’

A
SLI8T _  laes  paremp——
t~ i
| \y |
\y ]
26—
barumblwe Fooe -

£7

PP5E) e
pP.508 :
34
5t ia

&

|

1

i _ . . ;

_ : : of
1

H

;

s 7

..... s IE SRS TS URUSSTRRE) IR TSR ) PR R SR PR SNSRI, e R S ST e S SRR e | LSS SN 5

o s ceb e b b e o i it b e e O e e e To0 e T

s

=

—— -

PHL

o &)

s
x4

gt

: 1
: Fffg‘fo.i ' ‘

é

|

o RF /304

i

|
et

|

i

{

ol Y i}

(105 Fp 179,

eI RATLIT
AHEE

—.7-‘.7-.

L
05 23
bz
Ll

1pp §<
L5 20T
s
s
k”l

b i e At S S

SEISMIC REFLECTION CROSS SECTION.

l}
)
H

i

|

: ]

k =1
SERNGr . c At - ¢ o

[

e (NS e s s e

1
Br
2 iy i g{' 3£ PISATS
15 FPF 100¥% FF m
SOUTH-WESTERN VICTORIA

Y 5PI®

<

1025 |
Loub FEL
13y FR 1244

IN FEET

- B et e e

VESSPEN SIS SRR S S i de S m T O T TSl

SPI7

TRAVERSE"B"

SCALES!

f
1
é
i
f
t
l
!
|
{
!
i
|
EXPERIMENTAL SEISMOGRAPH SURVEY

AT HEYWOOD, WESTERN DISTRICT BASIN,

i |
| m.
| | , w ! _ |
& i , i | ! |
o z 3 « _ | - -
- TN AN CICIRL BT RENEL N R Tt TERRT] SEAEREEI . MR MRS AETLOAE o7 A A M | So LAl [ERS4 RARN | AL e
< - 3 | BRAS B o | | | |
Q. AR S i : , ” “ | ,
et _ " | "
|
: m i { ‘ . W | . _,
g | (ST NN [T | N S es) S NI S (S S SRR £ ] (o SIS SCSAS SRS SOUR UL S Syl 1Y, SNSRI Gl S I UM (BN e r St T (T SR Y RS opmee [ SRIRCISY (R U DT, o 0 e O Y S PN TN N, L 1 S B 0. - LS L - T a R Y [T TTRN SANSSIN W) SO0, 0 M I
A | | ! i3 | @ RS 12 1 L |
e H { " <4} 1 , i
SRR | | | | _
o[u o _ _ , { ! |
: | _ AR i i |
s ST ESERAMESTRETE 1| | ENEETI. S WRTEEOSIPRIS Sy pEk. |FRESD- S SNBSS, SIS SRR N0 OF S S, SRy, S U o S0 S S G, B STt — o = —_— ST o 258 | IS S COPE SRV P S TR S .S LN R SN R [ - it (G S ST SR N [
| | B | | e | |
| | N . i ! ! i |
: L . ! _ _ B ! * ‘. v _ : : N i
R m | .. _ W | | ! g
~ i I i i | |
-— o L — i s i‘mllsl S s - 3 I — ~ S - gt S (S = = w.w N e et e i gt et e L g e SOV e oSl (S SES R, PO o S i PSRN ey S0 SRV SN (IO (SO NSNINC I, /NG Sn NSO SR ;S S O - ” RUEREEY | R, S S
: - | ! _ | i | Y f
| LA } | i | {
| ) “ ‘a ” i m | | , |
I _ &m ! m ” m | e 1=t
A" EEE | | 8 , | |
. _ . ™ —_—— " Lr»mr_ of N _v e s L. T | SR S o PSS s ) S et = h‘(;»llll L “_.y sl Al l;l.*v‘l..il. L e S T S | (NN BPSRTIRU T T Fepresg SO PSS PSSSSSRTIIOICTON | (P8 NESSECHON UCRI” (VL S A ::.:!iﬁwri.l il iA* s it S
o 5 wr,ﬁ | , H ﬁ N
- & Al . _ ey » , . _
4 o .J -, i | 1 !
O } | m i | | !
T by i~ | , | | | | | |
P _ b~ | _,. | ., " w ! M : |
. ) i ! o i i i | LT R | [ i —_— i i ‘ ,
E! T AT HLA B § W e . L & N L*: ey ) P | i 7 T . tlw T i ) ;1; i .
< | Jﬁ | ‘y B i “ m i § & , { _
E W Mm,f m\f _ . _ . « M W w |- |
0 { : i - : | ! o E _
o ) N\— ‘_ & u ] = { ” i
- Ty f\& | g ! i
.YP" b 2 & | i | ! ! ) . A .
=0y \ b | ! i i i
=- 1 _..?\.? ”l . .uw- e e o il A o MT e YT . L = S s Bleyge ety b - : - s ; |
| ! ER.. ! - : ; e ) L w - SECS R TSR G R SRS ML (SRS QY I L S S IS SO | SRS MRS, S0 ) SO S S S | SRS ) (NSNS SOy DUCT SRS S . (WSS G VS A | SO (S 0, (IS S S | e .. =
| M o j i i .
{ " Wb RE I : g Rt . ,

|
{

=
3 B

ot PO P I - SRS TR ) (SRS BAN K £ BN ! 32 3 : o= CERI R ) (MR : SEPRE eSS SE C B SO S5 el : o]

!

SPL

i

s o b
s : d ) i A M 5 : . 3 } z
,.. S AN FOL § . Sl e ™=Ce S < s ey 431 . wl\ SRS S (S 5 ﬂl et
! ) - T

[T 0 r—
|
|
:
|
L
pis

- RdEm

i

Ny pr wapun e
|}
|

1430
i543

LT

1’{.@!2

E)

SN IPLTA

—

Fie®

’-‘9_}‘
wye
— 1540
Bt
‘. gadle

- ee 4
781 60°

I
1
|
|
{
pp 2073 PR)L
]
!
|
t
i
I
|
1
!
[
l
l
1

pp 1L

Y PP sk

1
i
i
i
|

I e e S

4 e SPI0
P

SR S |..|.l.!,,..ln.i.,Lﬁ v bl e e I 4% S i

g

3 F
J’LJJ.&!
T3 R
lo3d. ppig3d £ 1025

s§l
p3258

2128

Al

N ad

SI8PF 35 coipp 558
peLlfs
bt
gt f
; ‘

: 1L £5

ot B&
, o i)
yf}i
TCET dall
!;
Win Fer

g FP Dk

2491 2E3b8EL
<1I1PPRTIA

.W_ e
|
EULE
utE
s

I

8
-‘__...—c ;.
DAFUM — — g e
|
|
f
{
| R =
i
{
i
|
|
i
{
+
|
»
1
H
{
L]
1
1
{
3
|
1
|
!
{
i
\
|
]
]
:
L

£8P 52 PE S IE] .
HEE

RILE;

19 1065 PRI
Ty ol
: ; . ; i
i | ;;;‘lé
§
Venbladl
Lose s
{
{
i
:
¥
i
2 HYpEa
Rﬁ,"
= =%
]
I
|
t
?}A
|
|
T
i
{
|
|
A
1
|
L
3

. N & — e et — e vt s e = =i

o065
A= s

EF

13000
o

l_gnnn
v WS
220000
~uoe

DL

L A A A
IIDHLD

Tw Vo
ADD0D.

- M’vvv
IS HL0.
tsrevv

————— 3Tt
2 A
— 2008
t
ol :
' |
. R ‘ .
: Tt
- |
. ) l v ok -
|
|
|
|
i
!
)
{
!
!
|
L0E
b
!
1
1
|
]
i
666+
:
l
i
L0050
[ gk vv’

et e o g e e




Py i, ¥’ B " = e o s e i e > . PSS | PSSO " Y| . S —
- ! —v o L]
| n 1
O M w
= | | o
—J . |
a i i |
. , . | : o
e py g L S e o el B ks , —— e i e .xL,.!!-.Yi(:.,.'.. s I e | l\fi‘ki:..v!swfx;..::. S 4\ S R . .lvx“.l g S iemm n e o
< | _ | . ] | ™
[ | g | ! . i ! i [
1
i |
W | o
S g IS -0 /S G (—— — ———e e e e —————— e 2 - S SO Sy (SRR TR SRS SOUGERIE 1 W — —
_ | M | “ | i ! ﬁ 9
, | i i i § N
' : i “ ' H i i
.. W M | | ! | “
! ! w | ! . ! ” ! %
1 } M _ _ _ | ! f ! : m
_ m | m A , | | A i . lm
“““ —re— = T Teasaseay 7 T = T T v N TSRS e
| | | | | W _ | N
! | W i M | { ,, i ,;
w | , ” M | .ﬂ |
i | V _“ : ! , , . ;
| | I J | ! | i ! {
! | { ! ! } j P - ! i
| “ : | | m | m |
i | ! : | | ) | ! 2
— _— — e e ———— e e e viw. —————— — e B TS b e e e - — : v _ - 4 —
| ! [ H [ | m i i 2
| f ! ] | | | i i | !
, ” | | “, ! M ” . _ !
w m “ | . i m m «
A i i ," ! M | | |
| w ” ! | | w “
t - I i ! { “ i S
e e I o SR a1 M “ + 4 e
i ! : | t 1 | I
Is | 4 z! | | m | R
s e O _. | ! | ,
{ ! 7 Lo % a | i i | -
| , s & o o! ~ ._ w “
| | & 22 2 & | ! d |
w % m i g dq z - » i , | X
I = - TS RS S B T B i . d B : ! — — —d % | —ER—. - S
B { et O o } M { ! o)
ow | oo -0 ol m ! i N
T T Q0 O u. | _ | !
D = (g e W Q! 3 1l ! i
w5 R TI TO > w ! !
£ M o = m _ “ |
a w fuw oy O | | v
v zZ ! w | | |
g .. > { ZzZ 3 >3 1 S
R — s _— 0 £ . 1 Oag = el . o ] 13 e ol e e e B el e
30 0iggoe | | |
b H . i | ¥
%w TR SR S ﬂ —H_ z iz i i i i
49 £ P ww O ! _ | |
l I S A - S = ; | | |
; < { woown | _ | ,_
< 42 L . 4 i P ! i ,
| e B & NGB B ool e L NS S
o i o e . | . - w N» s : o ! m } e
i S & = i z 2| | w | ®
| bdl m m ! - :A.__ ..HA._ ! } ] {
! y | = ‘ I N !
=5 = ! VM m m |
| g <o+ @ | | | |
.‘ | . _ w m ” 9
ek fLe e oo i o = 4= ——— e e — e —— e Fiae S 1
] ! N

AT HEYWPOD

12po

-+

=
?
|
|
|
|

|
|

-
|
|
|

TION \TIME {To) UN M/LL/SFCDNDS

RIS SIS YR A [ SR e

w M
| g
i { [Ny
.w I i “ = o - Wc
i e | i
| !
“ |
\ _ L
_ | !
m |
Rt e i s WA 5, SR | ; S
! | k S
g
] biriy
| aRE t
| | !
L @ W 3
| -
4 ‘
_
|

0 -

o

DS JUISSOUNY U S

|
}
|
s . {
|
!
!

'

|
% *
SANOIISITUN NI | (LV) LNQ-d3ILS
}
|

w
R

MRS - I
55

50
o'
a5
45
S ey [, 1 SRS
s
.
P ) S ,39 fomtcims

e & 1 5

ERREwAN | K

{
i
ik
I
aial




~ ! ] : I 1 | i
{ | { H f
| 8 i i .“
wi | i “ 4
= | 1 ! ]
=L | _ |
- i

{
)
'
|

{
e

|

|

§

i

{

S . @ NS 1.7 mieia iy
E/ i
=
e — S =y .U¢ s = s

N SIS

= [
|

I
et e o o st ey e e

URVEY -

STERN DISTRICT BASIN, SOUTH-WESTERN |

|
1
i

)
|

SEISMOGRAPH S

VICTORIA

=

{ h=

m s

} w

| 2

i@

g o
| a

| 4

| owe

AT HEYWOQOD, wff

“VARIATION OF INTERVAL ‘AND AVERAGE

|
s S

l

VELOCITIES WITH DEPTH,

12 dOO

i
1
-
{
{
|
o ) U e
)
i
|
1
i

svbo

F000

1
7000

15000

14000

— 13000

o iBb06-}—

~ 1600

10000
3000
8oo

aN033S Y3 13T NI ALl

20734

- 7000

6000

-5000

13000

3000

i
6000

!
D}PTH IN  FEET

30?0
?

2000

G268-7

I {
| i
1
|



<
0 ¢~ [l i S e O

O

_ :
- e, i W
! ! ! 3 ‘ . . -
f i 1 ," 1 i : . 44 ki
| . - | . _ . : D
| : ., V : , :

|
| 1

| O ORERR. ‘Lol %, 5 S IR R S TR S E - st R st MRS S —
i

2400
1
I
}
|

WAL L. ‘«w TRRE RS B8  SCnM WU | SR L R RS S CETE SRS A RO B Sl 4 S,
i
“

PLATE 8

R o e R o (B P om Te, MES ROt S ) S| Wi e e e o

!
{
|
3
i
}

: =3

oo Mb L ST TR SR PIC SR ST PP | T RS, S
N
'l

| EXPERIMENTAL SEISMOGRAPH SURVEY |
,AT HEYWOOD, WESTERN DISTRICT BASIN, SOUTH -WESTERN VICTORIA -

5 S R ST T T e S S —

i
it
i
|
Z000
1
t
|
i

TIME-DEPTH CURVE

[
o i . R RN SR O NS —— e N e U FEE R e WL | S PO . et n I .m; Mi.\on i
! / Sy
“ - ’b
“ / m ~
| | 3
| ? %
1 e S AL S SRR R SLELA. LR L. o TR s I ]
~
/ .
=
T e R i [ o G ki . X S el PENE s D ey SR LA b e ISR R s = SRS i e ‘I‘MHI i 3
W o
"
. N
Y
S o
PR e et et = i e i ¥ 53 dnera , S | M e
{ o TRy
iy
2
m_, o
L
R N a  H e R o gt S i (2= — : DS g e Sl % S - SRS RS S N
S
<
e ¥ E s
B.
|
W f
m :
T ﬁ .S BRI RSSO SRR I i b b | L0 AL SR WA o [0 (A R WEASREATR RIS - SR A
o
““““““ SRS, P W Sl IR A IR S SRS SIC TR .8 R Iy ) | B ,eli!m.l. S
|
| i
. 4 TR GRS el DRI 9 N S s S L AN el ) K el W8 I S | £ . , ) g -
| | \ i
| ‘ { i ‘
| | | | m
e | gesia _ % ,. ; : B = PR
3 o ‘n. -3 § [+ 2 :
g 3 2 m 2 g 3 E g 3 H 3
() s S , a Bl W el < :
4 _ L3734 NI H1d3a
: | |
cif “ 4 M |




PPPPPP

o T VAV A 9, VAN AN N

0 O e d LI AN K KK

o VAN AN |
o A7 07 NAAN |
& LI AN

R AT Y

£ 4 F 31 SR ERYR

B sl 1 90 "8 \

/// // // // \\\ N
[/]]] % 0 -

30 50
FREQUENCY (CYCLES PER SEC)

EEEEEEEEEEE




of
DIRECT/ON ;? OF TRAVERSE

\

/13 POINT STAR PATTERN

USED FOR HOLE SHOOTING AND AIR SHOOTING AT SHOT POINTS 7,/8.20 ANDZS.

L *
e L] .
L * . ®
L . e e "
.(5° DIRECTION
- ° o o o L
Yo OF TRAVERSE
» o ] ] ®
L] L] ® [ ]
L] L] L]
[ L

36 HOLE DIAMOND PATTERN

USED AT SHOT POINT &6

PLATE [O

L J
» 3004
o DIRECTION
- s e w ¢ @mipe a & » -t -Tseresc ...... o 5 9 8 @ &
’ OF TRAVERSE
W
* ©
O\
17 HOLE CROSS PATTERN
WIED AT sSHeT Po/NT 26 - .
X
©
T w
+ N
g
n
DIRECT 10N | OF TRAVERSE >
B e Gy 035‘. g m \
L
S HOLE CROSS PATTERN
USED AT SMOT PoINT 26
SCALE IN FEET
. - Lspze 4 e
P IRECTION OF TRAVERSE
ST e & . uia - 200 o) 100 400

GEOPHONE PATTERN ron amnevsine MOISE FREQUENCY
i e e e EXPERIMENTAL SEISMOGRAPH SURVEY
e AT HEYWOOD, WESTERN DISTRICT BASIN, SOUTH WESTERN VICTORIA

LAYOUT OF PATTERN SHOTS

SHOLE /N-LINE PATTERN

G268-9




PLATL II

NY
: N
F ML T « m
i W
BE
W
2
L EARNESE {11
|
i
A
{
|
*
]
m
A B

S s

| G 268-10

|
|
I
R} (NSRS TP P e
|
AENSEE S RS SRS S (T S TR T

{

:
W
|
|
~

—————

|

o NSRS S P TSN

.,A.
x
o]
3]
v )
2 z
| | | m_ ¥ &
x = = ose e L B m a1 5 w . ™ ; S _ -l = g H s .
.“ m W_ ﬁ & m _
W i > v =0
i 1 ) 2= ! w
> w i > jaa] [ O o
| w EIE w2 a2 a
M _, w5 20 | =9
| w 0 B | -8 =
5 DR st et R Ra RO tame g ek S0 W 10T A Aam e
| | | _ £ __Z pheg |
., | “ _ i o QO X 0w
. | | _ _ 8- Y @Wo >
: ! _, ! , Lm o Y m et m > w
j | W, | ot J ~ sle | SF3
il b ﬂ . N N S R { i TEHh O T Xoe e T r
i | M m “ siléd 25 K
| ! | , i .mm M | =
_ ” M . ~ - p g
| W w ,” , | %hﬂ S| )
W “ W | : ﬂ:& = _, =
| | | | | .- -3
TR | 5 o e + o s - S B ==
| ! “ | M “ e) _ S
{ { { | o)
u 4 ! “ = W
! { f ) > ,
.. _ 4 w ﬁ M |3 ,w
.Nmmk . { | M | m -
} i { {
= -M. = o 5, mw 2 WU n-;wllif s e . ii% SPEE P - S - SIS NSRS
2 N w " SONOISITIW N/, IW/L NOLLIGY 474
W mw 8 Q
| % N 2 S
| ﬁ “

8

39

10
f//VTEﬁVAL EQUALS 220 FEET)

1

12

3P3
/3

T.
4+ mlﬁ s
R

= Y
NS
Q.
S
-;m,_oWI kil
Sy
)

7

el Bl it

q

3

SONOIFSITTIW N

w
.
|
bE

{
beo—— e

RIS SRS S,

IWil NO/LD Ttk 3¢



	Front Cover
	Title Page
	Table of Contents (i)

	Table of Contents (ii)

	Abstract
	1.
Introduction
	2.
Geology
	3.
Programme
	4.
Field Work
	5.
Results
	a.
Computing Methods
	b. T-∆T Analysis

	c.
Traverse A
	d.
Traverse B
	e.
Traverse C
	f.
Traverse D
	g. Velocity Measurements in the Jurassic Rocks at Digby


	6.
Techniques Used and Their Influence on Record Quality
	a.
Traverse A
	b.
Traverse B
	c.
Traverse C
	d.
Traverse D
	e.
Equipment

	7.
Conclusions
	8.
References
	Appendix 1
	Appendix 2
	Appendix 3
	Illustrations
	Plate 1

	Plate 2

	Plate 3A

	Plate 3B

	Plate 3C

	Plate 3D

	Plate 3E

	Plate 3F

	Plate 3G

	Plate 3H

	Plate 4

	Plate 5

	Plate 6

	Plate 7

	Plate 8

	Plate 9

	Plate 10

	Plate 11





