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ABSTRACT

069A Seismic Survey Report

The 069A land seismic survey was designed primarily to map
several prominent high basement features known from previous
gravity and magnetic surveys and from sparse seismic coverage.
The five features that were investigated are within the
boundaries of South Australia P.E.L. 8 and are named Beachport
Lake Eliza, Lucindale, Camelback and Mount Hope.

The seismic traverses showed that the areas of interest are
horst blocks in the basement formed by Lower Cretaceous faulting

. and are similar to, and contemporaneous with, the previously

recognized Beachport High. The traverses also helped define’
the top and bottom of the prospective reservoir unit in the area
of the seismic survey, and indicated that this unit tends to
drape these highs.
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The 069A Land Seismic Survey began on January 22nd, 1969 and was
completed on May 12th, 1969. The survey was conducted within P.E.L. 8
in South Australia, where Esso has a farm-in agreement with Alliance
Petroleum Australia NL, General Exploration of Australia and Beach
Petroleum NL. (See Index Map fig. 1).. One hundred and eighty two
miles of data were recorded of which one hundred and fifty five miles
were 6 fold C,D.P,, twenty four miles were 3 fold C.D.P. and three lees
were single fold.

INTERPRETATION

(A) OBJECTIVES

The objective of the 069A Land Seismic Survey was to detail
certain gravity and magnetic anomalies which were not controlled
or were poorly controlled by previous seismic work. These
anomalies which were interpreted to be caused by basement highs
seemed to offer good potential for hydrocarbon traps.

Existing maps showed major gravity anomalies near Beachport,
Lake Eliza and Lucindale (bibliography 1). The Beachport
anomaly was interpreted from seismic evidence produced by the

. EU 68 Marine Seismic Survey (bibliography 2) to be a basement
high with the prospective sand pinching out on its flanks. It
was hoped that the other gravity highs would also prove to be
favourable locations.

A land gravity survey on P.E.L. 8, the Otway EV-68 survey
. (biblio. 3) confirmed the Beachport, Lake Eliza and Lucindale
features and found residual anomalies in the Mount Hope and
Camelback areas. The 069A seismic survey was shot over the
five gravity features.

(B) REGIONAL GEOLOGY -

The survey area is within South Australia P.E.L. 8 in the north-

. western part of the Otway Basin and is north of the hinge line
which marks the boundary of thick Upper Cretaceous deposition.
This part of the basin is an onshore extension of the "Crayfish
Platform" which is bounded by the Lucindale Lineament to the
north and the Creataceous hinge line to the south (see fig. 1).
It is a platform only in the sense that Upper Cretaceous and

B f.f‘—~~——"Tert1arv rocks are. found in.relatively thin sequences thickening.

towards the sea. In Lower Cretaceous times an extensive
depositional trough existed in the area.
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The northern edge of the Otway Basin is formed by up-faulted
basement on a line approximately west-northwest from Melbourne
to Cape Jaffa. The basement rocks appear to be mainly
metamorphosed Paleozoic sediments related to the formation of
the Tasman Geosyncline which involved essentially the filling
and deformation of a series of north-south trending troughs.

The Otway Basin, which formed in Mezozoic times, however, trends
east-west and contains sediments ranging from Mezozoic to
Tertiary.

The lowermost unit, the Otway Group, comprises a thick section

of non-marine Lower Cretaceous. The bottom member of this Group,
the Pretty Hill Sandstone member, is a fresh water fluvial deltaic
quartzose sandstone up to 10,000 feet thick. The Pretty Hill
sandstone member is unconformably overlain by the finer grained
greywacke-shale-mudstone sequence of the Otway Group, and the
Lower Cretaceous is overlain discordantly by Upper Cretaceous
sediments. ‘ ' . '

Upper Cretaceous rocks although exceeding 10,000 feet in thickness
south of the Upper Cretaceous depositional hinge line are less
than a thousand feet thick over most of the survey area. The top
of the Upper Cretaceous is usually marked by a gentle angular
unconformity. '

The Eocene Paleocene sequence is a sandstone deposited in paralic
to neritic conditions on a southward dipping surface. These ‘rocks
thin by onlap in the shelfward direction, thicken basinward, then
thin over a gross regional clinoform to a southern zero edge.

The younger Tertiary sequences consist of shales, marls and lime-
stones.

Tertiary intrusive and extrusive rocks are common on the northern
and eastern margins of the basin.

EXISTING GEOPHYSICAL INFORMATION

1. South Australia Mines Department Air Magnetic Survey, contracted

by BMR, in 1955 and re-interpreted by CGG, in 1965.

2. Esso's EV-68 Gravity Survey consisting of 1044 miles of coverage
at ¥ mile intervals recorded in 1968-69.

3. South Australia Mines Department single-fold wiggle trace
shooting covering approximately 300 miles recorded between

1960 and 1965.

4. Single-fold, analog recording seismic sunéys byAAlliance 0il
Development including the following:
Kalangadoo - Lucindale, and Penola.

5. The Cape Grimm to Cape Jaffa Marine Single-Fold and Three-Fold
“Analog Seismic Survey by Hematite Exploration Pty. Ltd. 1965.

6. Offshore Otway Basin Marine Seismic Surveys, Esso Exploration

and Production Australia, 1967 and 1968 (EO, EP and ER Surveys).

7. Offshore Otway EU-68 Marine Seismic Survey by Esso on SA/P8
(Aquapulse 12-fold digital recording).
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HORIZONS MAPPED 00 (q

The enclosed structure contour depth maps are at a scale of
1:100,000. Datum is sea level. TFigure 2 is a reflection

. time vs depth plot based on the velocity scans that were

produced from the 069A Survey data. This time vs depth curve

~was used to convert the reflection times to depth for all mapped

horizons. Considerable scatter was observed between plots of
- individual velocity scans. No significant regional trend was

observed. The curve shown in figure 2 is an average of all scans.

The following maps are presented:

1. Plate 1 Structure on Economic Basement .

2. Plate 2 Structure on Pretty Hill sandstone member
3. Plate 3 Structure on Base of Tertiary

4. Plate 4 Shot point map

‘This discussion gives details of reflection characteristics, data

quality and pertinent geologic information relating to the mapped

1. Structure on Economic Basement, Plate 1

Economic Basement in the survey area may consist of either
crystalline rocks or paleozoic metamorphics. Basement at
Kalangadoo No. 1 was found to be slightly metamorphosed sand-
stone sequence of presumed Paleozoic age. Granite outcrops
are found a few miles north of the survey area. The seismic
event that is mapped ds economic basement is usually a high
amplitude signal that sometimes has weak unconformable events
beneath it and other times is simply the deepest reflection
event. The reflection quality is poor to fair.

Plate 1 is a structure map of Economic Basement. The
structural style is that of block faulting with the major
faults oriented NW-SE. TFive significant horst blocks were
located and are identified on the map as Lucindale, Camelback,
Lake Eliza, Beachport and Mt. Hope. Figure 3 is a composite
seismic section of portions of lines 5, 4 and 3 across the
Beachport structure. This section is typical of these fault
block structures. The three horizons that are mapped in this
report are marked on figure 3: Economic Basement, Top Pretty
‘Hill Sand and Base Tertiary. C

2. Structure on Pretty Hill Sandstone Member, Plate 2

This horizon is characterized by a high amplitude reflection
at an unconformity. Truncation of underlying beds and onlap
by younger strata are often observed. The reflection marks the
boundary between the mudstones of the Lower Cretaceous Otway
Group and the underlying Pretty. Hill sandstone member.

Reflection identification has been established by correlating

the land data with the marine work and tying the Esso Crayfish-1 "~

well. Reflection ties betwen the isolated portions-of.'the
069A survey were verified by reference to earlier seismic work
in the area by the South Australia Mines Department and

Alliance Petroleum.
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Plate 2 shows the structure on the top of the Pretty Hill
sand. Closure is mapped over all the anomalies that were
shown on the basement map. Two additional closures, Sugar
Loaf and Konetta were mapped from the earlier seismic control,
however, there is only one seismic line across each anomaly.

The Pretty Hill sand thins abruptly over the basement highs
and in the case of Beachport and Mt. Hope it is difficult to

distinguish both a Pretty Hill reflection and a basement event.

A sand pinch out has been interpreted on the crest of the
Beachport striuicture, however the area wherein the sand is
absent could be larger than presently mapped.

The data quality is fair to good and the presented map is
considered reliable within the limits of control.

3. Structure on Base of Tertiary Plate 3

The Base of Tertiary is a slight unconformity in the area
covered by the 069A survey and is difficult to correlate on
the seismic sections. The Upper Cretaceous sedimentary wedge
pinches out by onlap on the Lower Cretaceous surface as well

as through truncation by Tertiary beds. Further complications

are caused by the bedding patterns of the early Tertiary rocks
which prograde over both the Lower Cretaceous and Upper -

Cretaceous subcrop. Well control at Beachport-1 and Robe-1 was"

~an aid in horizon identification. The reflection quality was
poor to fair. ' :

The Base of Tertiary horizon does not reflect the buried base-
ment and Lower Cretaceous structures. The principal features
of the map are regional thinning to the north-east and a wide

trough extending NW-SE through the centre of the area.

4. Shot Point Map Plate &

This map is a compilation of all Esso and other company
shooting including South Australian Mines Department.  The
location of all permanent markers that were established during
the 069A survey is shown on this map as well as the location

of the velocity scans.
RESULTS

The 069A seismic survey has shown that the gravity anomalies at
Beachport, Lake Eliza, Lucindale, Camelback and Mt. Hope are

basement controlled structural features. The basement anomalies
are essentially flat-topped horst blocks. Closure on the Pretty
Hill sand has been mapped in all five areas. The Base of

Tertiary horizon was mapped and found to bear no resemblance to
the buried Lower Cretaceous structures.

+
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Twenty-three lines totalling 182.39 miles of the 069A survey

“were processed at the Geophysical Service International's digital.

processing center in St. Leonards, N.S.W. Final sections were
processed using the optimum parameters determlned through proceSSLng
experimentation and data analysis.

Field data recorded on S.I.E. analogue tapes were transcribed to two
millisecond sample rate in T.I.A.C. digital format, then processed
at four millisecond sample with corrections for near surface statics,

. amplitude equilization, six fold stack, and time varying deconvolution
- after stack. -

Final sections were plotted as varlable density film with time

. varying filter.

Near surface static corrections were adjusted for surface elevations
and shot elevations from uphole times. Reflection times were
corrected to sealevel datum using a sub-weathering velocity of 6000
feet/second. Part of line 069A-3 was recorded and processed single
fold due to irregular surface terrain. .

Computer automated velocity gathers were extracted from the six fold
data at intervals of approximately five miles. Velocity functions
input for normal moveout correctionswere derived from the gathers and
distributed over the line on the basis of single fold sectlon. The
velocity functions are identified on the section.

Quality of the final sections graded from fair to good.

" BIBLIOGRAPHY

1. Geological Interpretation of Seismic Time Sectlons in the Gambier
Embayment.
K. Rochow, Department of Mines, South’ Australla.

2. Final Sub31dy Report, EU-68 Marine Seismic Survey,
Esso Exploration & Production, Australia, Inc.

3. Final Subsidy Report, EV-68 Land Gravity Survey,
Esso Exploration & Production, Australia, Inc.



FIELD OPERATIONS AND STATISTICAL REPORT : 0012

Geophysical Associates Pty. Ltd. has prepared a statistical summary .
of the field operations which is attached as appendix 1 to this
_report. An experimental shooting programme was conducted at the
start of the survey. The results of these field tests are included
in the attached appendix 2.

The following is a list of Line numbers and shot points included in
the 069A survey:

1 ‘ 1 168
2 169 ' 289
: 393 438
3 439 521
. 573 601
' 385 388
4 290 316
, 332 359, 470
5 317 3D 3’
522 572
6 392, 602 634
7 950 978
979 1024 -
8 681 y 773
9 845 899
10 775 844
11 635 679
12 - 900 ‘ 949
13 not shot
14 : 1189 1239
15 1025 1106
16 1107 1188
17 1534 1635
18 , 1449 1518
19 1636 1702
20 e 1395 1448
1519 1533
21 : 1240 1308
21A 1309 1394
22 390,504,362 384,550, 389
23 1703 1770

24 - 1953 2037

By R. W. Wiggin
R. L. Graham
hY

Siieeas
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Appendix 1

OTWAY 069A LAND SEISMIC SURVEY"

OEL 22 SOUTH AUSTRALIA

ESSO STANDARD OIL (AUSTRALIA) LTD

BOX 4047 G.P.O, SYDNEY, N.S.W,

_ GEOPHYSICAL ASSOCIATES PIY. LID. . -

399 HONOUR AVENUE, GRACEVILLE, QUEENSLAND.

July, 1969
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(b)

I OPERATIONAL REPORT .
| 00l

Location and Date

Esso Exploration (Australia)
Ltd., Box 4047 G,P,0. Sydney, N.S.W, selected Geophysical
Associates Pty., Ltd., 399 Honour Avenue, Graceville, to
conduct land seismic survey 069A in 0Oil Exploration Lease
22, South Australia, :

The GAPL crew departed Bris-
bane January 16 1969 field operations commenced January
22, The programme was completed May 12, 1969, the crew
returning to Brisbane May 17, Recording totalled 1113
hours during which time 1855 locations were shot yielding
a subsurface coverage of 182,39 miles, (Figure 2)

_ Area 069A is located between
139945' to 140°30' east longitude, 37000' to 37035',south
latitude, A completely self contained camp was positioned
on the "Woakwine" property of Mr, A, McCourt some four
miles north of Beachport., The camp and the entire opera-
tion were supplied from Millicent (22 miles) and Mt,Gambier
(55 miles) on good paved roads.

Access and Clearing

The area is cut diagonally
by the Prince's Highway, this, together with a grid of
good sealed or gravel roads provided easy access to all

- parts of the project. The camp was not shifted during

the survey thus drives of almost 40 miles were necessary
to the distant portions of the project,

A Caterpillar D7 tractor

supplied by Mr, A, McCourt was utilized for line clearing.

This machine worked a total of 233 hours and was held in
standby for 129 hours, In addition, a grader was used
for 12% hours in March for levelling on lines 2 and 5.
Dozing was necessary on lines 3, 7, 8, 10, 15, 16 and 24,
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(d)

S : 0021
urveying

All lines were surveyed with
a Topcon -AG~2 theodolite., Surveying was greatly facilitated
by bench marks established during the EV68 Land Gravity
Survey (Esso April, 1969) which had been tied vertically
to the South Australia Land Department third order survey
and horizontally to trigonometrical stations at Mt. Muir-
head, Camelback, Richmond Park, Mt. Benson, Elgin, Furner
and Bradleys Hill, Accuracy was held to better than ¥ 1 ft
vertically and 300 ft horizontally, All intersections,
line-ends and at five mile intervals along traverses were
permanently marked with a five foot steel picket and alum-
inium tag. ' ‘

.A final shot point map,1:100, 000
scale showing shot point and permanent mark locations was sub-
mitted to Esso on completion of the survey.

Drilling

Soon after the start of the
seismic survey it became obvious that the three drills con-

- tracted for in the original agreement would be totally in-

adequate. Five hole patterns were found necessary., Drill-
ing was slow and difficult with hard limestone stringers,
shell beds, layers of sand and strong flows of underground
water that dictated the use of large amounts of drilling
mud, bran and other additives, Early in February four
extra drills (three from GAPL in Brisbane and one from

- Thompson Drilling, Millicent) were added to the drilling

complement, In addition, two water trucks were hired local-
ly. '

No trouble was experienced mov-
ing the drills in the area with the possible exception in
the sand hills along the beach front and on line 2 where a
deep bog caused the ebandonment of the line,

A line by line description of
the drilling encountered follows:

: Line 1 - Mainly hard limestone
stringers accompanied by unconsolidated sands., Occasioral



layers of hard sandstone were also encountered, Holes

were drilled to a depth of 50 ft, Solid surface conditions,
at the beginning of the line deteriorated westerly,

, Line 2. Hard limestone, un-
consolidated sand and clay were encountered, The presence
of loose rocks near the surface aggravated drilling con-
ditions in the central section of the line, The average
drilling depth was 50 ft. A reasonably level hard surface
presented no difficulties.

: Line 3, Beach sand, shell beds
and limestone stringers prevailed, Sand hills around Lake
George hampered severely the mobility of the rigs, Drilling
depth was increased in the sand hills to place charges on
a level plane, . :

Line 4, Strata consisted of
limestone, shell beds and sand, with occasional cavities
being encountered. The holes were drilled to a depth of
50 ft. No mobility difficulties arose,

Line 5. Limestone, clay and
sand strata with occasional cavities were the main features,
Drilling depth remained at 50 ft, and ahard level surface was
favourable. )

: ' Line 6. Poor drilling conditions

persisted with the presence of numerous cavities in hard lime-
stone stringers, shell beds, sand and clay., Hole depths were
mainly 50 ft but a few were left shallower as a result of the
adverse conditions. Surface conditions were good.

Line 7. Limestone, sand and
clay with occasional shell beds. The hilly terrain made
drilling difficult although mobility was unaffected. The
hole depths were increased with elevation increases in hilly
areas,

Line 8, Drilling conditions
'slightly better, but reasonable quantities of bran and mud
still required, in sand and limestone encountered,

\ Line 9., Some hard drilling
was experienced, Bran and mud was consistently used, holes
drilled to 50 ft, Fairly level terrain and reasonable sur-
face was encountered,
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. Line 10, Fair drilling
conditions, mainly limestone, sand and clay. No surface
difficulties were experienced, with holes at 50 ft depth,

Line 11. Hilly terrain with

‘some very soft areas in the west hampered operations,

Drilling through shell beds, limestone and numerous
cavities coupled with the presence of underground water

further contributed to the poor drilling conditions,

Holes were drilled to 50 ft, with a few shallower ex~-
ceptions.

Line 12, Drilling conditions
similar to line 9, Hole depths were 50 ft, Some surface
undulations but no difficulty in moving was experienced,

Line 14, Fair drilling on
this line, On the sand hills five hole patterns to 50ft
depth were drilled with single holes on the level portions
to depths of 100-120 ft,

, Line 15. Sand dunes still
encountered, mainly in central and south eastern sections.
Drilling conditions varied from poor to fair, Five hole
patterns at 50 ft depth in sand dune areas and single holes
of 80-100 ft in level areas were utilized,

Line 16, Similar conditions
to line 14, Fair drilling conditions experienced, Sand
dunes in north eastern sections necessitated 5 hole patterns
at 50 ft., The remainder of the line being shot using single
holes of 80-100 ft. '

Line 17. Consisted mainly of
limestone, sandstone and sand strata. Hole depths remained
at 50 ft. -

Line 18, Limestone, clay and
shell beds persisted, Holes remained at 50 ft depths, The
surface was mainly level with some rolling nhills in the
central and western areas,

Line 19. Limestone; clay-and
some sand continued to be present. Hole depths were 50 ft,

Line 20, Drilling conditions
were fair on this line, Still chiefly limestone and sand,
with hole depths of 50 ft. Surface conditions were hard
and level presenting no difficulties.
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Line 21, Fair drilling en-
countered, stratigraphically similar to line 20 with the
presence of occasional shell beds, Hole depths still 50ft
and the surface hard and fairly level,

_ , Line 22, Poor drilling was
experienced here, Cemented shell beds and sand coupled
with the soft surface of Lake George were contributing
factors. Patterns were 5 holes at 50 ft depth. Mobility
was restricted and a bulldozer was required to pull drllls
from bogs, : :

: Line 23, Poor drilling con-
ditions existed, Hard limestone lenses and numerous cavi-
ties necessitated the use of large quantities of mud and
bran to maintain circulation. The five hole patterns were
drilled to a depth of 50 ft., Hilly but hard surfaced
terrain was experienced,

Line 24, Poor drilling con-
ditions continued. Five holes at 50 ft depth, except for
S.P,'s 2000-2020 where 20 hole patterns at 20 ft depths
were used,

Shooting

Holes were extremely diffi-
cult to load throughout the area. The use of a preloader
was mandatory as holes left for only a few minutes after
drilling tended to block off, Two additional shooters
were employed in this capacity from February 1 to the end

- of the contract,

Early in February, following
several misfires in deeper holes where the powder burnt
rather than detonated, the crew was visited by explo-~
sives experts from I.C.I. Melbourne, Their advice, which
became. the general practise was that all charges be doubly
primed with RDX boosters, This reduced the misfire rate
but added appreciably to the loading time and the explo-
sives cost, :

The average charge was five
pounds per hole to the total drilled depth. After shooting,
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all holes were sealed at the surface with Dresser 8"
aluminium hole plugs. Subsequent to the completion
of ‘the survey, an investigation by Esso personnel
disclosed that many of the hole plugs had failed in
the soft near surface sand; others had been removed
by local scavengers in an attempt to recover detonator
wires. GAPL personnel reqguired almost two weeks to
remedy the situation,

Recording and Record Quality

- A test programme was initi-
ated on January 23 and concluded on January 24. This
programme commenced with a standard noise spread, and
continued on through various shot hole patterns, shot
depths, charge sizes, geophone arrays and spread lengths.

A shot point configuration
of five 40 ft holes with 50 ft separation and 5 pounds
of powder per hole was selected as the optimum shooting
nethod. '

Spread configuration (Figure 3),
was standardised at 200 ft intervals between geophone
centres with 24 series-parallel geophones per trace at
10 ft intervals. End on shooting techniques were util-
ized with 400 ft spacing between shot points, each shot
point coinciding with alternate geophone centres, the '
shot point 400 ft offend.

The instruments used during

the survey were manufactured by Dresser Industries, Houston,

Texas. They comprised one 24 channel SIE PT-100 portable
transistorized seismic amplifier system,a SIE model VRO-6
camera and a SIE PMR 20 magnetic recording system., The
monitor seismogram and FM tape were recorded simultaneous-
ly at each shot point with filter settings of out-out and
later 16-78, A quality control playback record was made
with filter settings of 16-78,

Record quality ranged from
poor to good and was dependant largely on the sub-
surface conditions, It was generally found that where
sand hills were encountered quality deteriorated.



0027

Line by line recording
techniques and record guality were;

. Line 1. Record quality
was. fair to good using an out-out filter setting and
400 ft spacing between shot points and 200 ft between
. group centres,

Line 2. Quality remained
fair to good using the same spread configuration. The
northern end of the line was deleted due to boggy surface
conditions, ‘ "

: Line 3. Here, record guality
and production were good, The line was shot using 500 ft
spacing between shot points and 250 ft between geophone
centres until shot point 394, Shot point 395 to 601 was
recorded using a split spread configuration of 800 ft
between shot points and 400 ft between geophone centres,
A lay down filter setting of 16-78 was used to reduce
noise level, Record quality was poor to fair over sand
hills. Three profiles of 4600 ft - 4800 ft in length
were recorded at the north end of the lire., Shots were
taken from each end of the cable for two way coverage,

Line 4, Record quality was
fair to good. Shot point spacing of 500 ft was used.

_ . Line 5. Record quality was
good using a 400 ft spacing between shot points with a
filter setting of 16-78 cps.

Line 6, Record quality was
fair to good using a 500 ft shot point spacing and filter
settings of 16-78 cps.

Line_7. Parts of line 7
produced records of very poor quality. The poor character
of these records was presumakly due to the large depth of
sand encountered, limestone caverns and the possibility
of the presence of faulting in this area, Four holes
were drilled at S.P. 950 to test record quality. These
holes were fired at 40/42 ft and 150/158 ft and yielded
poor results in both cases, The line was shot using a
shot point spacing of 500 ft, :
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: ‘Line 8. The record quality
varied from very poor to fair. The reason for the very
poor quality could be explained by the fact that for most
of its length the line runs at the base of a long low range
of hills where there is a possibility of faulting., This
line was shot using 500 ft spacing between shot points,

Line 9, The quality of
seismograms for the entire line were of very poor gquality.
Like line 8 this could possibly be contributed to limestone
caverns and poor near surface conditions,

Line 10. Record quality was
fair to poor, the line being shot at shot point spacing
of 500 ft.

.Line 11, Seismogram quality
ranged from poor to fair., Unconsolidated near surface
conditions contributing to weak signal return, This line
was shot using 500 ft shot point spacing. ‘

Line 12, The line which
intersects line 9 at the north end produced records of
the same poor quality. Again it is presumed that pcor
returns were due to the presence of limestone caverns
and poor near surface conditions, This line was record-
ed using 500 ft shot point spacing,

, : ~Line 14, Part of the line
was shot using the 500 ft spacing between shot points and
the remainder was shot using a spacing of 250 ft between
shot points, This was used in an attempt to enhance
shallower recorded data. Data was greatly affected by
topography and near surface conditions, Seismograms re-
corded over consolidated